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Coronary artery disease (CAD) and its consequences are most important morbidity 
and mortality reasons in the developed and developing countries. To prevent hard 

end-points, early definitive diagnosis and optimum therapy play significant role. Novel 
advanced diagnostic tests which are biomarkers of inflammation, cell adhesion, cell 
activation and imaging techniques provide to get the best result in the detection and 

characterization of calcified or uncalcified atherosclerotic plaques. In spite of last 
developments in the imaging methods, coronary catheterization is still frequently 
performed. Following the first cardiac catheterization performed in 1844, date by 

date historical developments and the mechanics of cardiac catheterization techniques, 
risks associated with coronary angiography, and also, preventions and treatments 

of possible complications have been presented in this book. Other important issue is 
radiation exposure of patients and staff during coronary angiography and scintigraphy. 
Radiation dose reduction techniques, general radiation protection principles have been 

discussed in related chapters.
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Preface 
 

Coronary artery disease (CAD) and its consequences are the most important morbidity 
and mortality reasons in the developed and developing countries. Advanced imaging 
techniques (intravascular ultrasound, MR and CT angiography, SPECT/CT, PET/CT, 
PET/MRI) and novel serologic biomarkers (C-reactive protein, interleukin 6, matrix 
metalloproteinase, P-selectin, intracellular adhesion molecule 1 and tumor necrosis 
factor ) provide early diagnosis of CAD and protect patients from hard cardiac 
events. Non-invasive techniques are being widely used in the diagnosis and 
management while conventional CAG is still the most commonly performed test in the 
cases at high risk. Following the first cardiac catheterization performed, first selective 
CAG has been reported at the end of 1950's. Patient specific and procedure-related 
complications range widely from minor ones with short term sequelae to life 
threatening events that may cause irreversible end-point if urgent treatment is not 
adequately provided. The important risk factors for complications are older age, renal 
insufficiency, uncontrolled diabetes mellitus, morbid obesity, and iodine allergy. 
However, operator skills and the type of invasive procedure being performed remain 
as the most important predictors to undesired outcomes. The risk-to-benefit ratio of 
the CAG should be considered carefully on an individual basis.  

Coronary CTA and CMRA among advanced imaging systems offer anatomical 
informations not only for coronary vessels but also for peripheral vascular structures, 
and assessment of the left and right ventricular functions is possible in same image 
series. Quantified coronary artery calcification and many post-processing images (2-D 
images and the different 3-D rendering images such as volume rendering, multiplanar 
reformation, partial maximum intensity projection, curved multiplanar reformation) 
should be evaluated to increase diagnostic accuracy. High calcification level signs 
atherosclerotic changes in the coronary arteries, but is not specific for luminal 
obstruction. Because the absence of detectable calcium deposition has a high negative 
predictive value for CAD, CAC value is a significant predictive determinant for 
prognosis in asymptomatic patients. As with coronary angiography, myocardial 
perfusion abnormality may not be detected even there is coronary lesion causing a 
luminal narrowing of greater than 50 % defined by CTA and MRA. In asymptomatic 
and intermediate likelihood patients, assessment of myocardial perfusion by single 
photon emission computed tomography (SPECT) or positron emission tomography 
(PET) appears to be valuable even when coronary arteries are normal in angiography. 



X Preface 
 

If gated study is added, left ventricular systolic and diastolic functions can be 
investigated simultaneously with myocardial perfusion. This field includes a overview 
of molecular targeted imaging, permeability of the coronary vessel wall, and 
interventional coronary MR. Recent developments in the field of ultrasonography 
have allowed us to objectively quantify global and regional ventricular function, and 
also, to get real-time evaluation of coronary walls and calcium load of atherosclerotic 
plaques. While we achieve more knowledge about atherosclerotic lesions by IVUS, 
tissue Doppler imaging has attempted us to assess myocardial function. 

On the other hand, radiation exposure is the most limited factor for CTA and MPS 
gated SPECT procedures and needs particular attention. Ionizing radiation doses, 
hazardous effects and general radiation protection principles should be known for 
optimal protection of the patients. Mainly radiation safety rules, various techniques 
and equipments that may be used to reduce patient and staff radiation exposure 
during diagnostic and therapeutic procedures especially cardiac interventional 
fluoroscopic procedures have been detailed discussed in this book. In this field cardiac 
MR, which is a powerful non-invasive technique for the simultaneously assessment of 
coronary artery anatomy and function, has a great promise as a radiation-free method. 
But, it currently lays behind CTA for noninvasive coronary angiography because of 
some limitation factors such as metallic implants and equipment design.  

Selection of the most appropriate diagnostic test in special situations such as chronic 
kidney disease (CKD) and diabetes mellitus is an other important issue. Although 
coronary angiography is a valuable tool, the major challenges with coronary 
angiography relate to when it is appropriate to perform and what the risks are 
associated with the procedure. Because renal function may be more and more impair 
with contrast agents used during CAG, and sometimes dialysis may be needed. 
Therefore, stress echocardiography, MRA and nuclear cardiac tests are often 
recommended to rule out the presence of CAD in those patients and the presence of 
any risk factor must be assessed on an individual basis in order to prevent for a soft or 
hard local or systemic complications. Contrast induced nephropathy (CIN) remains an 
important clinical issue in these patients, pre-treatment with theophylline combined 
with volume expansion using sodium bicarbonate; acetylcysteine; use of the lowest 
possible dose of contrast material (CM), and ISO-osmolar CM or low osmolar CM are 
advised to prevent CIN. Contrast induced nephropathy is diagnosed if a rapid renal 
dysfunction is occurred after CM administration without obviously any other cause of 
acute kidney insufficiency. Serum creatinine (sCr) is the standard marker for detecting 
CIN; however little changes in sCr after CM exposure may be seen but it is not 
considered clinically relevant. Therefore, glomerular filtration rate which usually 
measured by creatinine clearance is usually accepted as the most accurate method for 
the assessment of kidney function. But, even in patients with stable sCr the GFR may 
significantly be declined. Recently more sensitive markers (Cystatin-C and 
Neutrophilic gelatinase associated lipocaline) than sCr for GFR have been developed 
and validated. Cystatin-C is presented as more accurate marker than sCr for 
predicting renal function. Readers will get detailed discussions about advantages, 

         Preface XI 
 

disadvantages and possible complications of invasive and non-invasive cardiac 
procedures, and test selection criteria based on patient’s characterizations, mechanism 
and definition of contrast induced nephropathy (CIN) and preventive therapy models 
in one more chapters of this task.  

Consequently, this book summarized the clinics of atherosclerotic heart diseases, 
pathogenesis covering possible genetic factors and risk factors, a current view on new 
biomarkers as a diagnostic, prognostic parameters and future complications, novel 
diagnostic imaging modalities for CAD, and their advantages and disadvantages. 
Insight to molecular basis of CAD in a special chapter focusing on the role of on 
TRAIL (Tumor necrosis factor (TNF)-related apoptosis-inducing ligand) in the 
cardiovascular disease is really interesting and useful to understand how 
atherosclerotic plaques occur and what the importance of administration of 
recombinant TRAIL in protective therapy as a powerful approach. 

 
Suna F. Kraç 

Pamukkale University, Faculty of Medicine, Denizli  
Turkey 
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Coronary Artery Disease 

Asghar Ghasemi1, Morteza Seifi2 and Mahmood Khosravi3 
1Tabriz Health Center 

2Department of Iranian Legal Medicine Organization 
3Hematology Department of Medicine Faculty, 

Ahvaz University of Medical Sciences 
 Iran 

1. Introduction 
Coronary artery disease (CAD) is one of the most common cardiovascular diseases and has 
a high incidence of morbidity and mortality. CAD is a major public health problem in 
developing and developed countries and its increasing prevalence is a cause of considerable 
concern in the medical community worldwide (He et al., 2005). CAD involves genetic and 
environmental factors and their interaction with each other. Traditional risk factors account 
for at most one-half of the prevalence of CAD (Zdravkovic et al., 2002). Despite attempts to 
establish the molecular and genetic determinants that could account for variations in CAD 
(Zdravkovic et al., 2002), the etiology and complex multigenic basis of atherosclerosis is still 
not completely understood. 
Completion of the sequencing of the human genome was a monumental achievement (Venter 
et al., 2001). Molecular researchers now take for granted the information provided by the 
sequence, however the clinical applications are not immediately obvious. A limitation of the 
Human Genome Project was that it produced only a single “reference” sequence. But in order 
to identify new disease causing mechanisms and cures for disease, we need to go beyond the 
“reference” and characterize the differences between our genomes, and in turn the effect that 
these differences have. The Human HapMap consortium (Frazer et al., 2007) and recent 
genome-wide association studies (GWAS) have set out to capture the interindividual 
differences that are associated with disease processes, including coronary artery disease. 
The association between genetic variations and CAD have been reviewed in several 
previous manuscripts (Lanktree et al., 2008), but in our knowledge so far there has been no 
study in the field of association between novel gene variations and CAD; therefore we 
focused on introducing some novel polymorphisms and their relationships with CAD.  

2. Genetics of coronary artery disease 
2.1 Genetic architecture of CAD 
The success of CAD gene mapping is dependent on its genetic architecture which refers to 
the number of disease genes that exist, their allele frequencies, the risks that they confer, and 
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the interactions between multiple genetic and environmental factors (Wright & Hastie, 2001; 
Reich & Lander, 2001). Although the total genetic contribution to CAD risk can be 
quantified, the determination of the size and number of contributing effects is impossible 
without identifying all CAD susceptibility genes. The multiple risk factors for CAD 
themselves have their own genetic architecture. The heritabilities of some of the risk factors 
for CAD are considerable - total cholesterol (40 to 60%), HDL-cholesterol (45 to 75%), total 
triglycerides (40 to 80%), body mass index (25 to 60%), systolic blood pressure (50 to 70%), 
Lp(a) levels (90%), homocysteine levels (45%), type 2 diabetes (40 to 80%), fibrinogen (20 to 
50%) (Lusis et al., 2004). Also, as CAD is rare before the age of 50 yr, it is unlikely to have an 
effect on reproductive success and hence less likely to have been subject to direct 
evolutionary selection pressure. Variants that confer susceptibility or protection for CAD 
might therefore have evolved neutrally in the past, and so could present at a wide range of 
frequencies. 
This is the basis of the Common Disease/Common Variant (CDCV) hypothesis which holds 
that the genetic variants underlying complex traits occur with a relatively high frequency 
(>1%), have undergone little or no selection in earlier populations and are likely to date back 
to >100,000 years ago (Lander et al., 1996).The other competing model is the Common 
Disease Rare Variant hypothesis, with an inverse relationship between the magnitude of 
genetic effect and allele frequency (Pritchard et al., 2001). This model argues that diseases 
are common because of highly prevalent environmental influences, not because of common 
disease alleles in the population (Wright & Hastie, 2001). A review of candidate gene 
associations and recent genome wide association study results support the importance of 
common alleles in CAD. At odds with this, rare allelic variants of three candidate genes 
(ABCA1, APOA1, LCAT) that influence HDL levels, were jointly found to make a 
substantial contribution to the population distribution of HDL levels (Cohen et al., 2004; 
Frikke-Schmidt et al., 2004). The most likely scenario would be that the allelic spectrum of 
the disease variants is the same as the general spectrum of all disease variants. Under this 
neutral model, although most susceptibility variants are rare with minor allele frequencies 
(MAF) <1 per cent, variants with MAF>1 per cent would account for more than 90 per cent 
of the genetic differences between individuals. It is plausible that these common variants 
might contribute significantly to those common diseases in which susceptibility alleles 
might not be under intense negative selection. 

2.2 Linkage and association studies 
The 2 general types of studies that evaluate the relation between gene polymorphisms and 
disease are linkage analysis and association studies. Linkage analysis investigates the 
cosegregation of polymorphic DNA markers with inheritance of disease in families and has 
been highly successful in the detection of monogenic disorders. However, it is a tedious and 
complicated undertaking in the investigation of polygenic diseases such as CHD. 
Association studies provide an alternative method for dissecting genetically complex 
diseases and typically use the candidate gene approach for their investigation. Based on the 
known pathophysiologic characteristics of a disease, assumptions are made about the genes 
involved in its processes and the hypothesis of the association of these genes with the 
disease is then tested. For a disease such as CHD it makes sense to analyze genes that 
contribute to lipoprotein metabolism, blood pressure, and to diseases such as diabetes 
mellitus, among others. 
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This approach is more directed than is the genome-scan linkage approach, but it is limited 
by our incomplete knowledge of disease mechanisms and thus may miss important 
causative genes. It is worth noting that whereas in linkage analyses “disease” alleles are 
tracked in families, genetic association is a phenomenon of populations and association 
studies compare populations of subjects with and without the disease of interest (Bernhard 
et al., 2000). 

2.3 Linkage studies  
Previous methods for determining genetic linkage of a complex disease relied chiefly upon 
the technique of genome wide scanning of microsatellites (short tandem repeat sequences). 
This required the laborious selection of hundreds of families, particularly sib pairs with MI 
or CAD. Using around 400 microsatellite markers distributed evenly across the genome, the 
goal was to identify a significant linkage peak defined by a logarithm of odds ratio (LOD) 
greater than 3.5 corresponding to a p<10-6 indicating a gene that is in linkage disequilibrium 
(LD) near or even within the microsatellite region. However, identifying disease causing 
genes interspersed within microsatellites has proved to be quite difficult and studies from 
different centers reported varying results - Finland (2q21.2-22 and Xq23-26) (Pajukanta et al. 
2000), Germany (14q32.2) (Broeckel et al., 2002), Iceland (13q12-13) ( Helgadottir et al., 2004), 
US (1p34-36 ,3q13 and 5q31)( Hauser et al., 2004) and UK (2p11, 17p11-17q21) (Farrall et al., 
2006; Samani et al. 2005).  Genomic regions identified in the published linkage studies as 
being correlated with CHF are largely non-overlapping, suggesting genetic and/or 
phenotypic heterogeneity. Two genes, ALOX5AP and MEF2A, have been identified by fine 
mapping studies following the original linkage analysis. The Icelandic locus was replicated 
in population-based studies from Iceland and England, with different haplotypes of the 
ALOX5AP gene (encoding 5-lipoxygenase activating protein) associated with CAD in the 
two countries, and the Icelandic haplotype was also associated with stroke in Iceland and in 
Scotland (Helgadottir et al., 2004; Helgadottir et al., 2005). MEF2A (myocyte enhancer factor 
2A) a transcription factor expressed in coronary artery endothelium was identified by 
linkage analysis in a pedigree in which 13 members had CAD, nine of whom had MI (Wang 
et al., 2003).   

2.4 Genome-wide association studies  
Genome-wide association studies (GWAS) became possible after the publication of the 
International Haplotype Map Project (HapMap) (International HapMap consortium, 2005; 
International HapMap consortium, 2007)  and the development of array-based platforms 
that enable the investigation of up to one million variants in cases and controls of a certain 
disease (or other phenotypic traits). The HapMap was a large collaborative project that 
described the frequencies of genetic variants with a minor allele frequency above 5% in four 
distinct populations: Han Chinese, Japanese, Black African from Nigeria, and Caucasian of 
European ancestryfrom the USA (International HapMap consortium, 2005; International 
HapMap consortium, 2007).   
The first GWAS to be conducted under these modalities  was a large case-control study by 
the Wellcome Trust Case-Control Consortium (WTCCC), in which 14,000 cases affected by 7 
among the most common complex diseases  (CAD, arterial hypertension, rheumatoid 
arthritis, Crohn’s disease, bipolar disorder, and diabetes mellitus types I and II) were 
compared with a set of 3,000 healthy controls. (Wellcome trust case control consortium, 
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the interactions between multiple genetic and environmental factors (Wright & Hastie, 2001; 
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effect on reproductive success and hence less likely to have been subject to direct 
evolutionary selection pressure. Variants that confer susceptibility or protection for CAD 
might therefore have evolved neutrally in the past, and so could present at a wide range of 
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This approach is more directed than is the genome-scan linkage approach, but it is limited 
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linkage analysis in a pedigree in which 13 members had CAD, nine of whom had MI (Wang 
et al., 2003).   
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Genome-wide association studies (GWAS) became possible after the publication of the 
International Haplotype Map Project (HapMap) (International HapMap consortium, 2005; 
International HapMap consortium, 2007)  and the development of array-based platforms 
that enable the investigation of up to one million variants in cases and controls of a certain 
disease (or other phenotypic traits). The HapMap was a large collaborative project that 
described the frequencies of genetic variants with a minor allele frequency above 5% in four 
distinct populations: Han Chinese, Japanese, Black African from Nigeria, and Caucasian of 
European ancestryfrom the USA (International HapMap consortium, 2005; International 
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The first GWAS to be conducted under these modalities  was a large case-control study by 
the Wellcome Trust Case-Control Consortium (WTCCC), in which 14,000 cases affected by 7 
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compared with a set of 3,000 healthy controls. (Wellcome trust case control consortium, 
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2007)  The WTCCC study identified 24 genetic variants associated with at least one of these 
complex diseases and helped to clarify key methodological issues, setting the stage for the 
more than 400 GWAS that were to follow. These GWAS have so far identified more than 250 
loci at which common variants influence the predisposition to diseases that are common 
(i.e., diabetes, autoimmune diseases, and several types of cancer), an achievement that by far 
outweighed that of the previous decade of genetic studies. Results are available in the 
catalogue of published GWAS prepared by the National Cancer Institute (NCI)-National 
Human Genome Research Institute (NHGRI). (Hindorff et al., 2010) The genetic variants 
that can be identified by GWAS are common variants (with at least 5% frequency in the 
population) and have a low effect size; the conferred relative risks, as expressed by odds 
ratio, usually range between 1.1 and 1.5. These results confirm the views that the genetic 
predisposition to common diseases consists of the combined effect of numerous common 
genetic variants, each of a small effect size. However, it should be noted that GWAS identify 
regions of the genome (loci) rather than variants of specific genes. Indeed, the specific 
variant(s) identified by GWAS may simply represent the signal of one or more hidden 
variant(s) (not typed in the arrays used in GWAS). Limitations of GWAS need to be 
mentioned. First, these studies need very large samples of cases and controls. Second, DNA 
and data quality control procedures and statistical analysis need to be carried out by expert 
centers. Third, the overall cost of GWAS, ranging from hundreds of thousands to millions of 
US dollars, is prohibitive for most research groups worldwide. And finally, even after and in 
spite of all quality control procedures, there is still the chance that the results of GWAS 
include false-positive results, so that an independent replication of these results is still 
important even after testing thousands of individuals (Pier et al., 2010)  

3. Candidate genetic factors 
CAD is a complex, multifactorial disorder in which interactions among various genetic and 
environmental influences play an important role. Many genes are likely to be involved in 
some way in the process for CAD (Table 1). Some genetic studies have suggested that 
several gene polymorphisms, including those in the genes for angiotensin-converting 
enzyme (Samadi et al., 2009) and paraoxonase (Fallah et al., 2010) increase the risk for CAD. 
Polymorphisms in the genes for insulin-like growth factor-I and lipoprotein lipase have 
been shown to increase the risk of both CAD and type 2 diabetes (Wang et al., 1996;  
Vaessen et al., 2001). 
There are certain genetic defects that affect activities of some enzymes (cystathionin β-
synthase, methyltransferase and 5, 10-methylenetetrahydrofolate reductase) which may lead 
to homocystinuria. Heterozygosity for deficiency of cystathionin β-synthase is known to be 
linked with arthrosclerosis and thrombotic disease including CAD (Bakir et al., 2001). 
Adiponectin gene locus, chromosome 3q27, is the candidate site for CAD. Adiponectin 
I164T mutation is associated with the metabolic syndrome and coronary artery disease. The 
I164T mutation in the adiponectin gene is reported to be a common genetic background 
associated with the metabolic syndrome and CAD in the Japanese population (Ohashi et al., 
2004) 
The Von Willebrand factor (VWF) may be causally associated with coronary heart disease or 
merely be a marker of endothelial damage. The G allele of the -1793 C/G promoter 
polymorphism in the VWF gene has been associated with higher plasma levels of VWF. Van 
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der Meer et al., (Van der Meer et al., 2004) found a clear association of G allele of the -1793 
C/G polymorphism in the VWF gene with an increased risk of Coronary heart disease. 
 

Location Gene name/Polymorphisms 
17q23 Angiotensin-Converting Enzyme 
 insertion/deletion (intron  16) 
1q42-q43 Angiotensinogen Met235Thr, −6G/A 
3q21-q25 Angiotensin II type1 Receptor 1166A/C 
8q21-q22 Aldosterone Synthase (CYP11B2) −344T/C, Lys173Ar 
14q32.1-q32.2  Bradykinin B2 receptor gene −58T/C 
6p24.1  Endothelin-1 Lys198Asn 
7q36  eNOS Glu298Asp, −786T/C 
17q21.32  Glycoprotein IIIa P1A1/A2 
5q23-31  Glycoprotein Ia 807T/C 
17pter-p12  Glycoprotein Ibα Thr145Met 
4q28  βfibrinogen −455G/A 
11p11-q12  Prothrombin 20210G/A 
7q21.3-q22  PAI-1 4G/5G (promoter region) 
7q21.3  Paraoxonase1 Arg192Gln, Leu54Met 
8p12-p11.2 Werner Helicase Gene Cys1367Arg 
1p36.3 Methylenetetrahydrofolate reductase 677C/T 
16q24  NADH/NADPH oxidase p22phox242C/T,   640A/G 
5q31.1 CD14  Monocyte Receptor −260C/T 
11q22.3  Stromelysin (MMP3) 5A/6A (promoter region) 
20q11.2-q13.1  Gelatinase B (MMP9) −1562C/T 
19q13.2  ApolipoproteinE E2/E3/E4 
16q21  Cholesteryl Ester Transfer Protein (CETP) Ile405Val 
9q31.1  ABCA1 gene Ile823Met 
3p25 PPAR-gamma Pro12Ala, Pro115Gln 
20q13.11-q13.13 Prostacyclin synthase gene 

Table 1. The common genetic polymorphisms which are thought to be associated with 
myocardial infarction or coronary artery disease. 

4. Novel genetic risk factors 
4.1 MLXIPL 
Triglycerides are produced from either fatty acids obtained directly from the diet or 
synthesized de novo when excess carbohydrates are consumed. Genes that respond to 
glucose contain a specific regulatory site, the carbohydrate response element (ChoRE), in 
their promoter regions. To date, ChoREs have been mapped within the promoter regions of 
the liver-type pyruvate kinase (PK), S14, fatty acid synthase (FAS), acetyl-CoA carboxylase 1 
(ACC), and thioredoxin-interacting protein genes (Towle et al., 2005; Minn et al., 2005). 
ChREBP is a basic helix-loop helix/leucine zipper transcription factor involved in mediating 
glucose-responsive gene activation (Yamashita et al., 2001). Mice with a disruption of the 
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predisposition to common diseases consists of the combined effect of numerous common 
genetic variants, each of a small effect size. However, it should be noted that GWAS identify 
regions of the genome (loci) rather than variants of specific genes. Indeed, the specific 
variant(s) identified by GWAS may simply represent the signal of one or more hidden 
variant(s) (not typed in the arrays used in GWAS). Limitations of GWAS need to be 
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include false-positive results, so that an independent replication of these results is still 
important even after testing thousands of individuals (Pier et al., 2010)  

3. Candidate genetic factors 
CAD is a complex, multifactorial disorder in which interactions among various genetic and 
environmental influences play an important role. Many genes are likely to be involved in 
some way in the process for CAD (Table 1). Some genetic studies have suggested that 
several gene polymorphisms, including those in the genes for angiotensin-converting 
enzyme (Samadi et al., 2009) and paraoxonase (Fallah et al., 2010) increase the risk for CAD. 
Polymorphisms in the genes for insulin-like growth factor-I and lipoprotein lipase have 
been shown to increase the risk of both CAD and type 2 diabetes (Wang et al., 1996;  
Vaessen et al., 2001). 
There are certain genetic defects that affect activities of some enzymes (cystathionin β-
synthase, methyltransferase and 5, 10-methylenetetrahydrofolate reductase) which may lead 
to homocystinuria. Heterozygosity for deficiency of cystathionin β-synthase is known to be 
linked with arthrosclerosis and thrombotic disease including CAD (Bakir et al., 2001). 
Adiponectin gene locus, chromosome 3q27, is the candidate site for CAD. Adiponectin 
I164T mutation is associated with the metabolic syndrome and coronary artery disease. The 
I164T mutation in the adiponectin gene is reported to be a common genetic background 
associated with the metabolic syndrome and CAD in the Japanese population (Ohashi et al., 
2004) 
The Von Willebrand factor (VWF) may be causally associated with coronary heart disease or 
merely be a marker of endothelial damage. The G allele of the -1793 C/G promoter 
polymorphism in the VWF gene has been associated with higher plasma levels of VWF. Van 
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der Meer et al., (Van der Meer et al., 2004) found a clear association of G allele of the -1793 
C/G polymorphism in the VWF gene with an increased risk of Coronary heart disease. 
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3q21-q25 Angiotensin II type1 Receptor 1166A/C 
8q21-q22 Aldosterone Synthase (CYP11B2) −344T/C, Lys173Ar 
14q32.1-q32.2  Bradykinin B2 receptor gene −58T/C 
6p24.1  Endothelin-1 Lys198Asn 
7q36  eNOS Glu298Asp, −786T/C 
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19q13.2  ApolipoproteinE E2/E3/E4 
16q21  Cholesteryl Ester Transfer Protein (CETP) Ile405Val 
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3p25 PPAR-gamma Pro12Ala, Pro115Gln 
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Table 1. The common genetic polymorphisms which are thought to be associated with 
myocardial infarction or coronary artery disease. 

4. Novel genetic risk factors 
4.1 MLXIPL 
Triglycerides are produced from either fatty acids obtained directly from the diet or 
synthesized de novo when excess carbohydrates are consumed. Genes that respond to 
glucose contain a specific regulatory site, the carbohydrate response element (ChoRE), in 
their promoter regions. To date, ChoREs have been mapped within the promoter regions of 
the liver-type pyruvate kinase (PK), S14, fatty acid synthase (FAS), acetyl-CoA carboxylase 1 
(ACC), and thioredoxin-interacting protein genes (Towle et al., 2005; Minn et al., 2005). 
ChREBP is a basic helix-loop helix/leucine zipper transcription factor involved in mediating 
glucose-responsive gene activation (Yamashita et al., 2001). Mice with a disruption of the 
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ChREBP gene or hepatocytes treated with siRNA to reduce ChREBP expression cannot 
induce lipogenic gene expression in response to carbohydrate (Iizuka et al., 2004; Dentin et 
al., 2004). In hepatocytes prepared from ChREBP null mice, the induction can be restored by 
the addition of a ChREBP expression vector (Ishii et al., 2004). Thus, ChREBP is essential for 
regulating lipogenic gene expression. However, it has previously reported that ChREBP 
requires an interaction partner, Mlx, to efficiently bind to ChoRE sequences and exert its 
functional activity (Stoeckman et al., 2004). Mlx is a basic helix-loop helix/leucine zipper 
protein that heterodimerizes with several partners, including ChREBP; MondoA, a paralog 
of ChREBP expressed predominantly in skeletal muscle; and the repressors Mad1, Mad4, 
and Mnt (Billin et al., 2000; Billin et al., 1999; Meroni et al., 2000). Expressing a dominant 
negative form of Mlx in hepatocytes completely inhibits the glucose response of a number of 
lipogenic enzyme genes, including PK, S14, ACC, and FAS (Ma et al., 2005). This inhibition 
is rescued by overexpressing ChREBP but not MondoA. Therefore, Mlx is an obligatory 
partner of ChREBP in regulating glucose-responsive lipogenic enzyme genes. 
Recently, SNPs localized within the MLXIPL (MLX intracting protein like; ChREBP, 
carbohydrate response element binding protein) loci have been associated with plasma 
triglycerides (Kooner et al., 2008; Kathiresan et al., 2008). The most significant association 
was described for the rs3812316 SNP (C771G, His241Gln); the CC genotype was associated 
with elevated TGs. The identified SNP is located at evolutionary conserved domain 
responsible for glucose dependent activation of MLXIPL. After activation and binding to the 
MLX, the complex increases the transcription of genes involved, among others, in 
lipogenesis and triglyceride synthesis. Since, elevated plasma triglycerides (TG) are an 
independent risk factor for cardiovascular disease development (Sarwar et al., 2007) and 
MLXIPL loci have been associated with plasma triglycerides, this gene might be a novel 
genetic risk factor for coronary artery disease ( Pan et al., 2009)  

4.2 Resistin 
Resistin is a 10 kDa protein composed of 94 amino acids. It was cloned in 2001 and was 
shown to be a thiazolidinedione (TZD)-regulated cytokine expressed in adipose tissue (Wolf 
et al., 2004). The effect of resistin on insulin action has been extensively investigated in 
laboratory models. It was shown to be involved in hepatic glucose and lipid metabolism and 
appears to play a pivotal role in hepatic insulin resistance (IR) induced by high-fat diet 
(Rajala et al., 2003). Resistin was suggested to affect endothelial function and the migration 
of vascular smooth muscle cells (Cohen & Horel., 2009), which are regarded as key 
pathophysiological mechanisms of atherosclerosis. Further, resistin has been noted to play a 
vital role in increasing the level of very low density lipoprotein (VLDL) and low density 
lipoprotein (LDL) in an obese person (Rizkalla et al., 2009) which is directly atherogenic. 
Resistin induces increases in MCP-1 and sVCAM-1 expression in vascular endothelial cells 
which suggest a possible mechanism that contribute to atherogenesis (Cohen & Horel., 
2009). Recent reports indicate that resistin promotes proliferation of VSMC that occurs 
through both ERK 1/2 and Akt signalling pathways (Calabro et al., 2004). Thus resistin is 
noted to enhance VSMC migration, which is a known component of athermanous plaque 
synthesis (Verma et al., 2003). Resistin promotes foam cell formation via dysregulation of 
scavenger receptors (SR-A) and ATP-binding cassette transporter-A1 (ABCA1) (Lee et al., 
2009) through PPAR gamma. In atherosclerosis, increased level of resistin causes elevation 
of soluble TNF-_ receptor 2, IL-6 and lipoprotein-associated phospholipase A2 (Lp- PLA2) 
(Reilly et al., 2005). 
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With respect to the reported resistin variants, the mostly extensively studied has been the 
promoter variant SNP-420C>G. Functional binding studies have been done with stimulatory 
proteins (Sp)-1 and 3, which bind to the promoter. Their binding has been described to be 
influenced by SNP-420C>G. Sp-1 and 3 were discovered to bind efficiently only to the G-
allele sequence and after binding to increase the activity of the promoter. (Chung et al., 
2005). It seems likely that the more active promoter with the SNP-420C>G G allele is the 
reason for several observations of higher plasma resistin concentration in the G allele 
carriers (Yamauchi et al., 2008). However, in contrast to these studies, it has also been 
reported that the genotypes of SNP-420C>G do not influence the plasma resistin 
concentration in Italian subjects (Norata et al., 2007). Furthermore in a small study of 
polycystic ovary syndrome patients noassociation was detected between SNP-420C>G 
genotype and the serum level of resistin (Escobar-Morreale et al., 2006). 
Recent studies have shown that the resistin levels are significantly correlated with coronary 
artery calcification and are predictive of coronary atherosclerosis in humans (Mohty et al., 
2009). Previous studies described the association among this -420 (C>G) polymorphism, the 
resistin levels and cardiovascular risk factors (Ukkola et al., 2006; Norata et al., 2007) 
However, the association between the serum resistin levels and CHD seemed to be negative, 
and might be controversial for this polymorphism and CAD.  (Norata et al., 2007; Kunnari et 
al. 2005) Differences in the cohorts might explain the different results, depending on which 
ethnic group was tested (Menzaghi et al., 2006; Hivert et al., 2009). Indeed, methodological 
limitations in the commercially available ELISA assays might also result in variations among 
serum levels, which might cause difficulties when comparing results from different 
publications. 

4.3 Renalase 
The kidney, in addition to maintaining fluid and electrolyte homeostasis, performs essential 
endocrine functions (Peart et al., 1977). Patients with end-stage renal disease are at high risk 
for cardiovascular events, even when provided optimal renal replacement therapy (Go et al., 
2004; Anavekar et al., 2004). It has been suggested that failure to replicate the endocrine 
functions of the kidney may contribute to this risk, in association with heightened 
sympathetic tone (Joles & Koomans 2004; Neumann et al., 2004; Wolfe et al., 1999). Renalase, 
a flavin adenine dinucleotide-dependent amine oxidase that is secreted into the blood by the 
kidney, metabolizes circulating catecholamines, and is deficient in chronic kidney disease 
(Xu et al., 2005). Excess catecholamines promote the activity, secretion, and synthesis of 
renalase, providing a novel pathway of negative feedback homeostatic control (Li et al., 
2008). In rodents, parenteral administration of renalase lowers blood pressure, heart rate, 
and cardiac contractility (Xu J, Desir GV 2007). During cardiac ischemia in rats, infusion of 
recombinant renalase reduces myocardial infarct size whereas neonatal nephrectomy leads 
to elevated sympathetic nervous system activity, renalase deficiency, and cardiac 
hypertrophy (Desir 2008; Ghosh et al., 2008). Human renalase is encoded by a 311Kbp gene 
with 10 exons located on chromosome 10q23.33. The major isoform of renalase contains 342 
amino acids comprising a signal peptide (amino acids 1–17), a flavin-adenine dinucleotide 
(FAD) binding domain (amino acids 4–45), and a monoamine oxidase domain (amino acids 
75–342). Evidence exists for at least four alternatively- spliced isoforms of renalase (Desir, 
2009). The most common isoform (renalase1) is encoded by exons 1–4, 6–7, and 9. It is the 
predominant human renalase protein detectable in plasma, kidney, heart, skeletal muscle, 
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is rescued by overexpressing ChREBP but not MondoA. Therefore, Mlx is an obligatory 
partner of ChREBP in regulating glucose-responsive lipogenic enzyme genes. 
Recently, SNPs localized within the MLXIPL (MLX intracting protein like; ChREBP, 
carbohydrate response element binding protein) loci have been associated with plasma 
triglycerides (Kooner et al., 2008; Kathiresan et al., 2008). The most significant association 
was described for the rs3812316 SNP (C771G, His241Gln); the CC genotype was associated 
with elevated TGs. The identified SNP is located at evolutionary conserved domain 
responsible for glucose dependent activation of MLXIPL. After activation and binding to the 
MLX, the complex increases the transcription of genes involved, among others, in 
lipogenesis and triglyceride synthesis. Since, elevated plasma triglycerides (TG) are an 
independent risk factor for cardiovascular disease development (Sarwar et al., 2007) and 
MLXIPL loci have been associated with plasma triglycerides, this gene might be a novel 
genetic risk factor for coronary artery disease ( Pan et al., 2009)  

4.2 Resistin 
Resistin is a 10 kDa protein composed of 94 amino acids. It was cloned in 2001 and was 
shown to be a thiazolidinedione (TZD)-regulated cytokine expressed in adipose tissue (Wolf 
et al., 2004). The effect of resistin on insulin action has been extensively investigated in 
laboratory models. It was shown to be involved in hepatic glucose and lipid metabolism and 
appears to play a pivotal role in hepatic insulin resistance (IR) induced by high-fat diet 
(Rajala et al., 2003). Resistin was suggested to affect endothelial function and the migration 
of vascular smooth muscle cells (Cohen & Horel., 2009), which are regarded as key 
pathophysiological mechanisms of atherosclerosis. Further, resistin has been noted to play a 
vital role in increasing the level of very low density lipoprotein (VLDL) and low density 
lipoprotein (LDL) in an obese person (Rizkalla et al., 2009) which is directly atherogenic. 
Resistin induces increases in MCP-1 and sVCAM-1 expression in vascular endothelial cells 
which suggest a possible mechanism that contribute to atherogenesis (Cohen & Horel., 
2009). Recent reports indicate that resistin promotes proliferation of VSMC that occurs 
through both ERK 1/2 and Akt signalling pathways (Calabro et al., 2004). Thus resistin is 
noted to enhance VSMC migration, which is a known component of athermanous plaque 
synthesis (Verma et al., 2003). Resistin promotes foam cell formation via dysregulation of 
scavenger receptors (SR-A) and ATP-binding cassette transporter-A1 (ABCA1) (Lee et al., 
2009) through PPAR gamma. In atherosclerosis, increased level of resistin causes elevation 
of soluble TNF-_ receptor 2, IL-6 and lipoprotein-associated phospholipase A2 (Lp- PLA2) 
(Reilly et al., 2005). 
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With respect to the reported resistin variants, the mostly extensively studied has been the 
promoter variant SNP-420C>G. Functional binding studies have been done with stimulatory 
proteins (Sp)-1 and 3, which bind to the promoter. Their binding has been described to be 
influenced by SNP-420C>G. Sp-1 and 3 were discovered to bind efficiently only to the G-
allele sequence and after binding to increase the activity of the promoter. (Chung et al., 
2005). It seems likely that the more active promoter with the SNP-420C>G G allele is the 
reason for several observations of higher plasma resistin concentration in the G allele 
carriers (Yamauchi et al., 2008). However, in contrast to these studies, it has also been 
reported that the genotypes of SNP-420C>G do not influence the plasma resistin 
concentration in Italian subjects (Norata et al., 2007). Furthermore in a small study of 
polycystic ovary syndrome patients noassociation was detected between SNP-420C>G 
genotype and the serum level of resistin (Escobar-Morreale et al., 2006). 
Recent studies have shown that the resistin levels are significantly correlated with coronary 
artery calcification and are predictive of coronary atherosclerosis in humans (Mohty et al., 
2009). Previous studies described the association among this -420 (C>G) polymorphism, the 
resistin levels and cardiovascular risk factors (Ukkola et al., 2006; Norata et al., 2007) 
However, the association between the serum resistin levels and CHD seemed to be negative, 
and might be controversial for this polymorphism and CAD.  (Norata et al., 2007; Kunnari et 
al. 2005) Differences in the cohorts might explain the different results, depending on which 
ethnic group was tested (Menzaghi et al., 2006; Hivert et al., 2009). Indeed, methodological 
limitations in the commercially available ELISA assays might also result in variations among 
serum levels, which might cause difficulties when comparing results from different 
publications. 

4.3 Renalase 
The kidney, in addition to maintaining fluid and electrolyte homeostasis, performs essential 
endocrine functions (Peart et al., 1977). Patients with end-stage renal disease are at high risk 
for cardiovascular events, even when provided optimal renal replacement therapy (Go et al., 
2004; Anavekar et al., 2004). It has been suggested that failure to replicate the endocrine 
functions of the kidney may contribute to this risk, in association with heightened 
sympathetic tone (Joles & Koomans 2004; Neumann et al., 2004; Wolfe et al., 1999). Renalase, 
a flavin adenine dinucleotide-dependent amine oxidase that is secreted into the blood by the 
kidney, metabolizes circulating catecholamines, and is deficient in chronic kidney disease 
(Xu et al., 2005). Excess catecholamines promote the activity, secretion, and synthesis of 
renalase, providing a novel pathway of negative feedback homeostatic control (Li et al., 
2008). In rodents, parenteral administration of renalase lowers blood pressure, heart rate, 
and cardiac contractility (Xu J, Desir GV 2007). During cardiac ischemia in rats, infusion of 
recombinant renalase reduces myocardial infarct size whereas neonatal nephrectomy leads 
to elevated sympathetic nervous system activity, renalase deficiency, and cardiac 
hypertrophy (Desir 2008; Ghosh et al., 2008). Human renalase is encoded by a 311Kbp gene 
with 10 exons located on chromosome 10q23.33. The major isoform of renalase contains 342 
amino acids comprising a signal peptide (amino acids 1–17), a flavin-adenine dinucleotide 
(FAD) binding domain (amino acids 4–45), and a monoamine oxidase domain (amino acids 
75–342). Evidence exists for at least four alternatively- spliced isoforms of renalase (Desir, 
2009). The most common isoform (renalase1) is encoded by exons 1–4, 6–7, and 9. It is the 
predominant human renalase protein detectable in plasma, kidney, heart, skeletal muscle, 
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and liver. The functional significance of the spliced isoforms is not known. It has weak AA 
similarities to MAO-A and MAO-B and distinct substrate specificity and inhibitor profile, 
which indicates that it represents a new class of FAD-containing monoamine oxidases. 
MAO-A and MAO-B are FAD containing, mitochondrial enzymes that metabolize 
intracellular catecholamines. MAO-A and MAO-B have overlapping substrate specificity; 
catabolize neurotransmitters such as epinephrine, norepinephrine, serotonin, and 
dopamine; and are specifically inhibited by clorgyline and deprenyl, respectively. 
Polyamine oxidase, the other known FAD-containing oxidase, is an intracellular oxidase 
that metabolizes spermine and spermidine and regulates cell growth (Jalkanen & Salmi, 
2001). Unlike MAO-A and MAO-B, which are anchored through the carboxyl terminus to 
the outer mitochondrial membrane (Binda et al., 2002) and confined to intracellular 
compartments, renalase is secreted into the blood, where it is detectable by Western blotting. 
Amine oxidase activity has been measured in human plasma and is believed to be mediated 
by vascular adhesion protein 1 (VAP-1), a copper-containing semicarbazide-sensitive amine 
oxidase that is secreted by smooth muscle cells, adipocytes, and endothelial cells (Salmi & 
Jalkanen, 2001). VAP-1’s substrate specificity and inhibitor profile are very different from 
that of renalase. It metabolizes benzylamine and methylamine and is inhibited by 
semicarbazide and hydroxylamine. Therefore, renalase is the only known amine oxidase 
that is secreted into blood and that metabolizes circulating catecholamines. While the 
hypotensive effect of renalase can be fully accounted for by the observed decrease in 
contractility and heart rate, we cannot categorically exclude the possibility that renalase’s 
effect may be partly receptor mediated. 
A common missense polymorphism in the flavin-adenine dinucleotide-binding domain of 
human renalase (Glu37Asp) has recently been described. This is the only reported common 
coding single-nucleotide polymorphism in the renalase gene, and was recently found to be 
associated with essential hypertension (Zhao et al., 2007). Whether common genetic 
variation at this locus affects cardiac structure, function, and ischemia in humans is not 
known. 

4.4 P-selectin 
P-selectin (GMP-140; granule membrane protein-140) is an adhesion molecule which 
mediates the interaction of activated endothelial cells or platelets with leukocytes. The 
selectin family of adhesion molecules also comprises E- and L-selectin. The genes coding for 
the three selectins are clustered on chromosome 1q21–q24 (Watson et al., 1990). The P-
selectin gene spans >50 kb and contains 17 exons, most of which encode structurally distinct 
domains. P-selectin is stored in a-granules of platelets  and the Weibel–Palade bodies of 
vascular endothelial cells (McEver et al., 1989) it rapidly shifts from the membranes of 
secretory granules to the surface of platelets and endothelial cells upon stimulation by 
oxidized low density lipoprotein (LDL) (Vora et al., 1997), oxygen radicals (Patel et al., 
1991), thrombin (Lorant et al., 1991), cytokines  and various other stimuli (Zimmermann, et 
al., 1990). P-selectin is required for efficient recruitment of neutrophils in acute and chronic 
inflammation (Johnson, R.C., et al. 1995) and recently has been shown to bind T cells on 
vascular endothelial cells. These properties suggest that P-selectin could contribute to 
atherogenesis (Hansson, G.K. , 1989, Libby, P. and Hansson, G.K.,1991). Actually, P-selectin 
expression has been demonstrated to be significantly increased in endothelium overlying 
atherosclerotic plaques, and it is focally expressed in the aorta of hypercholesterolemic 
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rabbits. It has been reported that P-selectin-deficient mice on an atherogenic diet develop 
significantly smaller fatty streaks than non-deficient mice (Johnson, R.C., et al. 1997). In 
humans, plasma P selectin levels have been shown to be increased in diabetic patients, in 
patients with unstable angina, post-angioplasty restenosis and after coronary artery spasm 
(Kaikita, K. , 1995). 
Recent study  that genotyped 5 single nucleotide polymorphisms (SNPs) in P-selectin (SELP) 
(V168M, S290N, N592D, V599L, T715P), 2 SNPs (M62I, S273F) in P-selectin glycoprotein 
ligand-1 (SELPLG), 5 SNPs in CD40LG (−3459A>G, −122A>C, −123A>C, 148T>C, intr4–
13T>C), the H558R SNP in SCN5A, and rs2106261 in ZFHX3. In addition, length 
polymorphisms in SELPLG (36bp-tandem repeat) and CD40LG (CA-repeat) were genotyped 
by PCR methods. None of the gene polymorphisms showed significant differences between 
AMI patients and healthy controls. Among patients with a history of VF (Ventricular 
fibrillation), however, the SELP 168M variant showed a significantly higher prevalence as 
compared with patients without VF. This was the first description of an association of the 
SELP gene variant 168M with primary VF during acute MI. This variant may be a novel 
polymorphism for evaluating the susceptibility for VF in the setting of acute MI. (Elmas, 2010)  

4.5 KDR 
Kinase insert domain-containing receptor/fetal liver kinase-1, also called VEGFR2 (KDR), is 
expressed in a wide variety of cells such as endothelial progenitor cells (EPCs), endothelial 
cells, and primitive and more mature hematopoietic cells. Kinase insert domain-containing 
receptor/ fetal liver kinase-1 is required for the differentiation of EPCs and for the 
movement of EPCs from the posterior primitive streak to the yolk sac, a precondition for the 
subsequent formation of blood vessels (Shalaby et al., 1997). Studies with KDR knockout 
mice have found that KDR plays critical roles in the development and formation of blood 
vessel networks (Fong et al., 1995). Vascular endothelial growth factor binds to 2 tyrosine 
kinase receptors, VEGF receptor-1 (VEGFR1, Flt-1) and KDR, in endothelial cells. The 
mitogenic and chemotactic effects of VEGF are mediated mainly through KDR in 
endothelial cells VEGF receptor signal transduction which is activated through 
autophosphorylation of tyrosine residues in the cytoplasmic kinase domain of KDR. This 
event is followed by activation of downstream signaling pathways such as mitogen-
activated protein kinases, Akt and eNOS, which are essential for migration and proliferation 
of endothelial cells, thereby stimulating angiogenesis (Matsumoto & Claesson-Welsh, 2001). 
After vascular endothelial growth factor (VEGF) binding to KDR, multiple early signaling 
cascades are activated in EPCs and in endothelial cells. An array of biological activities are 
subsequently elicited in vivo and in vitro, including angiogenesis, endothelial survival, 
proliferation, migration, and increased production of nitric oxide and prostaglandin I2 
(Gerber et al., 1994). Dysregulated vessel growth is implicated in the pathogenesis of a wide 
variety of diseases, including proliferative retinopathies, tumors, rheumatoid arthritis, 
atherosclerosis, as well as CHD. (Dimmeler et al., 2001; Rehman et al., 2004; Werner et al., 
2002). The variation of KDR gene may change the biological function of KDR. Bioinformatic 
analysis showed that the single nucleotide polymorphism (SNP) -604T/C (rs2071559) leads 
to structural alteration of the binding site for transcriptional factor E2F (involving in cell 
cycle regulation, interacting with Rb p107 protein) in KDR gene promoter region, which 
may alter KDR expression. Exonic polymorphisms SNP1192G/A (rs2305948, in exon 7) and 
SNP1719A/T (rs1870377, in exon 11) are located in the third and fifth NH2-terminal IG-like 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

8 

and liver. The functional significance of the spliced isoforms is not known. It has weak AA 
similarities to MAO-A and MAO-B and distinct substrate specificity and inhibitor profile, 
which indicates that it represents a new class of FAD-containing monoamine oxidases. 
MAO-A and MAO-B are FAD containing, mitochondrial enzymes that metabolize 
intracellular catecholamines. MAO-A and MAO-B have overlapping substrate specificity; 
catabolize neurotransmitters such as epinephrine, norepinephrine, serotonin, and 
dopamine; and are specifically inhibited by clorgyline and deprenyl, respectively. 
Polyamine oxidase, the other known FAD-containing oxidase, is an intracellular oxidase 
that metabolizes spermine and spermidine and regulates cell growth (Jalkanen & Salmi, 
2001). Unlike MAO-A and MAO-B, which are anchored through the carboxyl terminus to 
the outer mitochondrial membrane (Binda et al., 2002) and confined to intracellular 
compartments, renalase is secreted into the blood, where it is detectable by Western blotting. 
Amine oxidase activity has been measured in human plasma and is believed to be mediated 
by vascular adhesion protein 1 (VAP-1), a copper-containing semicarbazide-sensitive amine 
oxidase that is secreted by smooth muscle cells, adipocytes, and endothelial cells (Salmi & 
Jalkanen, 2001). VAP-1’s substrate specificity and inhibitor profile are very different from 
that of renalase. It metabolizes benzylamine and methylamine and is inhibited by 
semicarbazide and hydroxylamine. Therefore, renalase is the only known amine oxidase 
that is secreted into blood and that metabolizes circulating catecholamines. While the 
hypotensive effect of renalase can be fully accounted for by the observed decrease in 
contractility and heart rate, we cannot categorically exclude the possibility that renalase’s 
effect may be partly receptor mediated. 
A common missense polymorphism in the flavin-adenine dinucleotide-binding domain of 
human renalase (Glu37Asp) has recently been described. This is the only reported common 
coding single-nucleotide polymorphism in the renalase gene, and was recently found to be 
associated with essential hypertension (Zhao et al., 2007). Whether common genetic 
variation at this locus affects cardiac structure, function, and ischemia in humans is not 
known. 

4.4 P-selectin 
P-selectin (GMP-140; granule membrane protein-140) is an adhesion molecule which 
mediates the interaction of activated endothelial cells or platelets with leukocytes. The 
selectin family of adhesion molecules also comprises E- and L-selectin. The genes coding for 
the three selectins are clustered on chromosome 1q21–q24 (Watson et al., 1990). The P-
selectin gene spans >50 kb and contains 17 exons, most of which encode structurally distinct 
domains. P-selectin is stored in a-granules of platelets  and the Weibel–Palade bodies of 
vascular endothelial cells (McEver et al., 1989) it rapidly shifts from the membranes of 
secretory granules to the surface of platelets and endothelial cells upon stimulation by 
oxidized low density lipoprotein (LDL) (Vora et al., 1997), oxygen radicals (Patel et al., 
1991), thrombin (Lorant et al., 1991), cytokines  and various other stimuli (Zimmermann, et 
al., 1990). P-selectin is required for efficient recruitment of neutrophils in acute and chronic 
inflammation (Johnson, R.C., et al. 1995) and recently has been shown to bind T cells on 
vascular endothelial cells. These properties suggest that P-selectin could contribute to 
atherogenesis (Hansson, G.K. , 1989, Libby, P. and Hansson, G.K.,1991). Actually, P-selectin 
expression has been demonstrated to be significantly increased in endothelium overlying 
atherosclerotic plaques, and it is focally expressed in the aorta of hypercholesterolemic 
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rabbits. It has been reported that P-selectin-deficient mice on an atherogenic diet develop 
significantly smaller fatty streaks than non-deficient mice (Johnson, R.C., et al. 1997). In 
humans, plasma P selectin levels have been shown to be increased in diabetic patients, in 
patients with unstable angina, post-angioplasty restenosis and after coronary artery spasm 
(Kaikita, K. , 1995). 
Recent study  that genotyped 5 single nucleotide polymorphisms (SNPs) in P-selectin (SELP) 
(V168M, S290N, N592D, V599L, T715P), 2 SNPs (M62I, S273F) in P-selectin glycoprotein 
ligand-1 (SELPLG), 5 SNPs in CD40LG (−3459A>G, −122A>C, −123A>C, 148T>C, intr4–
13T>C), the H558R SNP in SCN5A, and rs2106261 in ZFHX3. In addition, length 
polymorphisms in SELPLG (36bp-tandem repeat) and CD40LG (CA-repeat) were genotyped 
by PCR methods. None of the gene polymorphisms showed significant differences between 
AMI patients and healthy controls. Among patients with a history of VF (Ventricular 
fibrillation), however, the SELP 168M variant showed a significantly higher prevalence as 
compared with patients without VF. This was the first description of an association of the 
SELP gene variant 168M with primary VF during acute MI. This variant may be a novel 
polymorphism for evaluating the susceptibility for VF in the setting of acute MI. (Elmas, 2010)  

4.5 KDR 
Kinase insert domain-containing receptor/fetal liver kinase-1, also called VEGFR2 (KDR), is 
expressed in a wide variety of cells such as endothelial progenitor cells (EPCs), endothelial 
cells, and primitive and more mature hematopoietic cells. Kinase insert domain-containing 
receptor/ fetal liver kinase-1 is required for the differentiation of EPCs and for the 
movement of EPCs from the posterior primitive streak to the yolk sac, a precondition for the 
subsequent formation of blood vessels (Shalaby et al., 1997). Studies with KDR knockout 
mice have found that KDR plays critical roles in the development and formation of blood 
vessel networks (Fong et al., 1995). Vascular endothelial growth factor binds to 2 tyrosine 
kinase receptors, VEGF receptor-1 (VEGFR1, Flt-1) and KDR, in endothelial cells. The 
mitogenic and chemotactic effects of VEGF are mediated mainly through KDR in 
endothelial cells VEGF receptor signal transduction which is activated through 
autophosphorylation of tyrosine residues in the cytoplasmic kinase domain of KDR. This 
event is followed by activation of downstream signaling pathways such as mitogen-
activated protein kinases, Akt and eNOS, which are essential for migration and proliferation 
of endothelial cells, thereby stimulating angiogenesis (Matsumoto & Claesson-Welsh, 2001). 
After vascular endothelial growth factor (VEGF) binding to KDR, multiple early signaling 
cascades are activated in EPCs and in endothelial cells. An array of biological activities are 
subsequently elicited in vivo and in vitro, including angiogenesis, endothelial survival, 
proliferation, migration, and increased production of nitric oxide and prostaglandin I2 
(Gerber et al., 1994). Dysregulated vessel growth is implicated in the pathogenesis of a wide 
variety of diseases, including proliferative retinopathies, tumors, rheumatoid arthritis, 
atherosclerosis, as well as CHD. (Dimmeler et al., 2001; Rehman et al., 2004; Werner et al., 
2002). The variation of KDR gene may change the biological function of KDR. Bioinformatic 
analysis showed that the single nucleotide polymorphism (SNP) -604T/C (rs2071559) leads 
to structural alteration of the binding site for transcriptional factor E2F (involving in cell 
cycle regulation, interacting with Rb p107 protein) in KDR gene promoter region, which 
may alter KDR expression. Exonic polymorphisms SNP1192G/A (rs2305948, in exon 7) and 
SNP1719A/T (rs1870377, in exon 11) are located in the third and fifth NH2-terminal IG-like 
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domains within the extracellular region, which are important for ligand binding, and result 
in nonsynonymous amino acid changes at residue 297V/I and 472H/Q, respectively. It is 
showed that patients carrying the KDR mutations are more susceptible to CHD. The higher 
CHD risk could be due to downregulation of the VEGF/KDR signaling pathway. However, 
the angiogenesis preceded by VEGF/KDR signaling pathway could be decreased due to low 
KDR activity. The SNP-604T/C decreases mRNA levels of KDR and both SNP1192G/A and 
SNP1719T/A resulted in slight but significant decrease in the VEGF binding efficiency to 
KDR. One can speculate that the decrease in KDR function is correlated with vascular 
dysfunction, including endothelial cell damage, impaired endothelial cell survival, 
decreased antiapoptotic effects of VEGF, and abnormal vascular repair. All of these can 
promote the progression of atherosclerotic disease. A previous study has suggested that -
907T/C, -11903G/A, and -18487A/T (now called SNP-604, SNP1192, and SNP1719, 
respectively) have no significant association with the development of coronary artery lesion 
in Japanese subjects with Kawasaki disease (Kariyazono et al., 2004). The differences 
between the studies could be due to the different pathologic mechanism between the 
coronary artery lesion with Kawasaki disease and CHD, different genetic background of the 
populations as well as the sample size in different studies. (Schmidt-Lucke et al., 2005). The 
genotype frequencies of the 3 SNPs from the HapMap data were similar to others. The 
rs2071559 can capture rs7667298 (exon_1, untranslated). No linkage disequilibrium was 
found in rs2305948 with other SNPs in HapMap CHB data. The rs1870377 (exon_11) can 
capture rs10016064 (intron_13), rs17085265 (intron_21), rs3816584 (intron_16), rs6838752 
(intron_17), rs1870379 (intron_15), rs2219471 (intron_20), rs1870378 (intron_15), rs13136007 
(intron_13), and rs17085262 (intron_21). The results showed that 2 blocks were captured by 
SNP-604 (rs2071559) and SNP1719 (rs1870377), respectively, and SNP1192 (rs2305948) were 
associated with CHD. 

5. Other novel polymorphisms 
Asymmetrical dimethylarginine (ADMA), an endogenous arginine analogue, inhibits nitric 
oxide synthases and plays an important role in endothelial dysfunction. The results suggest 
that the DDAH1 (dimethylarginine dimethylaminohydrolase 1) loss-of-function 
polymorphism is associated with both increased risk of thrombosis stroke and CAD (Ding et 
al., 2010). Growing evidence has shown that inflammation plays crucial roles in the 
development of coronary artery disease. Interleukin-16 (IL-16), a multifunctional cytokine, is 
involved in a series of inflammatory disorders. One finding indicates that IL-16 may be used 
as a genetic marker for CAD susceptibility (Wu et al., 2010). Two single-nucleotide 
polymorphisms (SNPs), rs1746048 and rs501120, from genome wide association studies of 
coronary artery disease map to chromosome 10q11 ~80 kb downstream of chemokine 
CXCL12. Coronary artery disease risk alleles downstream of CXCL12 are associated with 
plasma protein levels of CXCL12 and appear to be related to CXCL12 transcript levels in two 
human cell lines. This implicates CXCL12 as potentially causal and supports CXCL12 as a 
potential therapeutic target for CAD ( Nehal et al., 2011). 

6. Conclusion 
Studying only one SNP may be an overly simplistic method in investigating a complex 
disease such as CAD. Complex traits such as CAD, more large databases of high-quality 
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genetic and clinical data need to be established and since genes and environmental factors 
are both involved in this disease; environmental causes and gene-environment interactions 
must be carefully assessed. These results will provide clues to the involvement and 
investigation of novel candidate genes in association studies.  Large replication studies with 
different ethic samples are needed to investigate whether there are ethnic differences in the 
influence of novel polymorphisms on coronary artery disease. This issue should be 
investigated with different ethnic samples in the future. Therefore studies with large sample 
size of coronary artery disease and different ethnicity will be welcome to help elucidate the 
interconnection between novel genetics and pathogenesis of coronary artery disease.  

7. Abbreviations 
ABCA1: ATP-binding cassette transporter 1 
ACC: acetyl-CoA carboxylase 
ALOX5AP: Arachidonate 5-lipoxygenase-activating protein. 
APOA1: Apolipoprotein A1 
CAD: Coronary artery disease 
LCAT: Lecithin-cholesterol acyltransferase 
CHD: Coronary heart disease 
ChoRE: Carbohydrate response element 
ChREBP: Carbohydrate response element binding protein 
ELISA: Enzyme-linked immunosorbent assay 
EPCs: Endothelial progenitor cells  
ERK 1/2 : Extracellular signal-regulated kinases1/2 
FAD: Flavin-adenine dinucleotide  
FAS: Fatty acid synthase 
GWAS: Genome-wide association Studies 
HDL: High-density lipoprotein 
KDR: Kinase insert domain-containing receptor  
Lp- PLA2: Lipoprotein-associated phospholipase A2  
Mad1: Mitotic arrest deficient-like 1 
Mad4: Mitotic arrest deficient-like 4 
MAO-A: L-Monoamine oxidases A  
MAO-B : L-Monoamine oxidases B 
MEF2A: Myocyte enhancer factor 2A 
MlX: Max-like x protein 
PPAR: Peroxisome proliferator-activated receptors  
PK : Pyruvate kinase  
siRNA: Small interfering RNA 
SNPs: Single nucleotide polymorphisms 
Sp1: stimulatory proteins 1  
SR-A: Scavenger receptors A  
TNF: Tumor necrosis factors 
VAP-1: vascular adhesion protein 1  
VCAM-1:  Vascular cell adhesion protein 1 
VF: Ventricular fibrillation  
VLDL: Very low density lipoprotein  
VWF: Von Willebrand factor 
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domains within the extracellular region, which are important for ligand binding, and result 
in nonsynonymous amino acid changes at residue 297V/I and 472H/Q, respectively. It is 
showed that patients carrying the KDR mutations are more susceptible to CHD. The higher 
CHD risk could be due to downregulation of the VEGF/KDR signaling pathway. However, 
the angiogenesis preceded by VEGF/KDR signaling pathway could be decreased due to low 
KDR activity. The SNP-604T/C decreases mRNA levels of KDR and both SNP1192G/A and 
SNP1719T/A resulted in slight but significant decrease in the VEGF binding efficiency to 
KDR. One can speculate that the decrease in KDR function is correlated with vascular 
dysfunction, including endothelial cell damage, impaired endothelial cell survival, 
decreased antiapoptotic effects of VEGF, and abnormal vascular repair. All of these can 
promote the progression of atherosclerotic disease. A previous study has suggested that -
907T/C, -11903G/A, and -18487A/T (now called SNP-604, SNP1192, and SNP1719, 
respectively) have no significant association with the development of coronary artery lesion 
in Japanese subjects with Kawasaki disease (Kariyazono et al., 2004). The differences 
between the studies could be due to the different pathologic mechanism between the 
coronary artery lesion with Kawasaki disease and CHD, different genetic background of the 
populations as well as the sample size in different studies. (Schmidt-Lucke et al., 2005). The 
genotype frequencies of the 3 SNPs from the HapMap data were similar to others. The 
rs2071559 can capture rs7667298 (exon_1, untranslated). No linkage disequilibrium was 
found in rs2305948 with other SNPs in HapMap CHB data. The rs1870377 (exon_11) can 
capture rs10016064 (intron_13), rs17085265 (intron_21), rs3816584 (intron_16), rs6838752 
(intron_17), rs1870379 (intron_15), rs2219471 (intron_20), rs1870378 (intron_15), rs13136007 
(intron_13), and rs17085262 (intron_21). The results showed that 2 blocks were captured by 
SNP-604 (rs2071559) and SNP1719 (rs1870377), respectively, and SNP1192 (rs2305948) were 
associated with CHD. 

5. Other novel polymorphisms 
Asymmetrical dimethylarginine (ADMA), an endogenous arginine analogue, inhibits nitric 
oxide synthases and plays an important role in endothelial dysfunction. The results suggest 
that the DDAH1 (dimethylarginine dimethylaminohydrolase 1) loss-of-function 
polymorphism is associated with both increased risk of thrombosis stroke and CAD (Ding et 
al., 2010). Growing evidence has shown that inflammation plays crucial roles in the 
development of coronary artery disease. Interleukin-16 (IL-16), a multifunctional cytokine, is 
involved in a series of inflammatory disorders. One finding indicates that IL-16 may be used 
as a genetic marker for CAD susceptibility (Wu et al., 2010). Two single-nucleotide 
polymorphisms (SNPs), rs1746048 and rs501120, from genome wide association studies of 
coronary artery disease map to chromosome 10q11 ~80 kb downstream of chemokine 
CXCL12. Coronary artery disease risk alleles downstream of CXCL12 are associated with 
plasma protein levels of CXCL12 and appear to be related to CXCL12 transcript levels in two 
human cell lines. This implicates CXCL12 as potentially causal and supports CXCL12 as a 
potential therapeutic target for CAD ( Nehal et al., 2011). 

6. Conclusion 
Studying only one SNP may be an overly simplistic method in investigating a complex 
disease such as CAD. Complex traits such as CAD, more large databases of high-quality 
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genetic and clinical data need to be established and since genes and environmental factors 
are both involved in this disease; environmental causes and gene-environment interactions 
must be carefully assessed. These results will provide clues to the involvement and 
investigation of novel candidate genes in association studies.  Large replication studies with 
different ethic samples are needed to investigate whether there are ethnic differences in the 
influence of novel polymorphisms on coronary artery disease. This issue should be 
investigated with different ethnic samples in the future. Therefore studies with large sample 
size of coronary artery disease and different ethnicity will be welcome to help elucidate the 
interconnection between novel genetics and pathogenesis of coronary artery disease.  

7. Abbreviations 
ABCA1: ATP-binding cassette transporter 1 
ACC: acetyl-CoA carboxylase 
ALOX5AP: Arachidonate 5-lipoxygenase-activating protein. 
APOA1: Apolipoprotein A1 
CAD: Coronary artery disease 
LCAT: Lecithin-cholesterol acyltransferase 
CHD: Coronary heart disease 
ChoRE: Carbohydrate response element 
ChREBP: Carbohydrate response element binding protein 
ELISA: Enzyme-linked immunosorbent assay 
EPCs: Endothelial progenitor cells  
ERK 1/2 : Extracellular signal-regulated kinases1/2 
FAD: Flavin-adenine dinucleotide  
FAS: Fatty acid synthase 
GWAS: Genome-wide association Studies 
HDL: High-density lipoprotein 
KDR: Kinase insert domain-containing receptor  
Lp- PLA2: Lipoprotein-associated phospholipase A2  
Mad1: Mitotic arrest deficient-like 1 
Mad4: Mitotic arrest deficient-like 4 
MAO-A: L-Monoamine oxidases A  
MAO-B : L-Monoamine oxidases B 
MEF2A: Myocyte enhancer factor 2A 
MlX: Max-like x protein 
PPAR: Peroxisome proliferator-activated receptors  
PK : Pyruvate kinase  
siRNA: Small interfering RNA 
SNPs: Single nucleotide polymorphisms 
Sp1: stimulatory proteins 1  
SR-A: Scavenger receptors A  
TNF: Tumor necrosis factors 
VAP-1: vascular adhesion protein 1  
VCAM-1:  Vascular cell adhesion protein 1 
VF: Ventricular fibrillation  
VLDL: Very low density lipoprotein  
VWF: Von Willebrand factor 
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1. Introduction 
Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) belongs to the TNF 
ligand superfamily. As the name suggests, TRAIL was identified and cloned based on its 
sequence homology to the extracellular domain of TNF ligand family members (Pitti et al., 
1996; Wiley et al., 1995). Human TRAIL consists of 281 amino acids. TRAIL is a type II 
transmembrane protein with a short intracellular amino-terminal domain and an extracellular 
carboxy-terminal domain (Fig. 1). TRAIL is cleaved by cysteine proteases from the cell surface 
to form a soluble ligand, and when released soluble TRAIL is measurable in human blood. 
TRAIL contains cysteine residue (Cys 230) that interacts with the zinc ion, resulting in the 
formation of a TRAIL homotrimer (Hymowitz et al., 1999) (Fig. 1). This trimerization is 
necessary for TRAIL to bind to its receptors and to exert optimal biological activity, as is 
described below. (Hao et al., 2004; Johnstone et al., 2008; Wang, 2008; Wu et al., 2004).  
TRAIL binds to five different receptors found on a variety of cells. Of these receptors, two, 
TRAIL-R1 (DR4) and TRAIL-R2 (DR5), contain a cytoplasmic death domain and trigger 
TRAIL-induced apoptosis. Two decoy receptors lacking a functional death domain, TRAIL-
R3 (DcR1) and TRAIL-R4 (DcR2), compete with TRAIL-R1 and TRAIL-R2 for TRAIL 
binding, possibly antagonizing apoptotic signaling. In addition, osteoprotegerin (OPG) is a 
fifth soluble decoy receptor. Briefly, the TRAIL apoptosis pathway is initiated by the 
binding of a TRAIL trimer to TRAIL-R1 or TRAIL-R2, which leads to receptor trimerization. 
This receptor conformational change recruits the adaptor protein Fas-associated death 
domain (FADD) through the death domains (DD) of each protein. Subsequently, FADD 
interacts with caspase-8 and/or -10 through the death effector domain (DED) of each 
protein, resulting in the assembly of a death-inducing signaling complex (DISC). In the type 
I pathway, extrinsic signals proteolytically activate caspase-8 and/or -10 followed by 
stimulation of effector caspase-3 and -7, the key mediators of apoptosis, triggering 
apoptosis. In the type II intrinsic pathway, however, apoptotic commitment requires an 
amplification step involving the mitochondrial pathway triggered by caspase-8-dependent 
cleavage of the Bid protein to its active form, t-Bid (Corallini et al., 2006; Hao et al., 2004; 
Testa, 2010; Wang, 2008). Since TRAIL-R3, TRAIL-R4, and OPG lack intracellular functional 
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1. Introduction 
Tumor necrosis factor (TNF)-related apoptosis-inducing ligand (TRAIL) belongs to the TNF 
ligand superfamily. As the name suggests, TRAIL was identified and cloned based on its 
sequence homology to the extracellular domain of TNF ligand family members (Pitti et al., 
1996; Wiley et al., 1995). Human TRAIL consists of 281 amino acids. TRAIL is a type II 
transmembrane protein with a short intracellular amino-terminal domain and an extracellular 
carboxy-terminal domain (Fig. 1). TRAIL is cleaved by cysteine proteases from the cell surface 
to form a soluble ligand, and when released soluble TRAIL is measurable in human blood. 
TRAIL contains cysteine residue (Cys 230) that interacts with the zinc ion, resulting in the 
formation of a TRAIL homotrimer (Hymowitz et al., 1999) (Fig. 1). This trimerization is 
necessary for TRAIL to bind to its receptors and to exert optimal biological activity, as is 
described below. (Hao et al., 2004; Johnstone et al., 2008; Wang, 2008; Wu et al., 2004).  
TRAIL binds to five different receptors found on a variety of cells. Of these receptors, two, 
TRAIL-R1 (DR4) and TRAIL-R2 (DR5), contain a cytoplasmic death domain and trigger 
TRAIL-induced apoptosis. Two decoy receptors lacking a functional death domain, TRAIL-
R3 (DcR1) and TRAIL-R4 (DcR2), compete with TRAIL-R1 and TRAIL-R2 for TRAIL 
binding, possibly antagonizing apoptotic signaling. In addition, osteoprotegerin (OPG) is a 
fifth soluble decoy receptor. Briefly, the TRAIL apoptosis pathway is initiated by the 
binding of a TRAIL trimer to TRAIL-R1 or TRAIL-R2, which leads to receptor trimerization. 
This receptor conformational change recruits the adaptor protein Fas-associated death 
domain (FADD) through the death domains (DD) of each protein. Subsequently, FADD 
interacts with caspase-8 and/or -10 through the death effector domain (DED) of each 
protein, resulting in the assembly of a death-inducing signaling complex (DISC). In the type 
I pathway, extrinsic signals proteolytically activate caspase-8 and/or -10 followed by 
stimulation of effector caspase-3 and -7, the key mediators of apoptosis, triggering 
apoptosis. In the type II intrinsic pathway, however, apoptotic commitment requires an 
amplification step involving the mitochondrial pathway triggered by caspase-8-dependent 
cleavage of the Bid protein to its active form, t-Bid (Corallini et al., 2006; Hao et al., 2004; 
Testa, 2010; Wang, 2008). Since TRAIL-R3, TRAIL-R4, and OPG lack intracellular functional 
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portions, it is conceivable that they do not mediate apoptosis (Fig. 2.). However, even 
binding of TRAIL to death receptors such as TRAIL-R1 or TRAIL-R2 can antagonize 
apoptosis and induce cell proliferation under certain conditions in some cells. For example, 
TRAIL-R1 and TRAIL-R2 recruit receptor-interacting protein (RIP) through their DD, which 
can activate nuclear factor B (NFB). RIP-mediated NFB activation appears to induce cell 
proliferation by TRAIL (Hao et al., 2004). TRAIL triggers recruitment of cellular FLICE-like 
inhibitory protein (cFLIP) to DISC through their DED in some instances. Some cFLIPs 
appear to prevent TRAIL-induced apoptosis (Hao et al., 2004; Wang, 2008). TRAIL 
stimulation also recruits phosphoprotein enriched in diabetes (PED) to the DISC. This 
process inhibits downstream caspase activation in some cases (Hao et al., 2004) (Fig. 2.). 
Therefore, two contradictory steps should be considered when determining the biological 
effects of TRAIL besides simple apoptotic signaling. First, TRAIL has death receptors 
(TRAIL-R1 and TRAIL-R2) and antagonized decoy receptors (TRAIL-R3, TRAIL-R4, and 
OPG) at the cell surface level. Second, these death receptors can counteract apoptotic 
signaling at the intracellular level in certain contexts. Thus, TRAIL signaling is very 
complicated.  
 

 
TRAIL consists of 281 amino acids with a transmembrane domain that separates the short intracellular 
and extracellular domains. The extracellular domain of TRAIL is cleaved and released into the 
bloodstream. TRAIL forms a homotrimer through interactions between zinc ions and each cysteine 
residue.  

Fig. 1. The Structure of TRAIL.  

TRAIL has attracted clinical attention as a promising agent for the treatment of cancer since 
it can induce apoptosis in various tumor cells without having any toxic effects on normal 
cells (Finnberg and El-Deiry, 2008; Wang, 2008; Wu et al., 2004). Apart from high 
expectations in the field of cancer, TRAIL also exhibits diverse biological effects on the 
immune system, hematopoiesis, and metabolic disorders, including diabetes (Afford and 
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Adams, 2005; Benito-Martin et al., 2009; Corallini et al., 2006; Testa, 2010; Vaccarezza et al., 
2007). Recently, the involvement of TRAIL in atherosclerosis and cardiovascular diseases 
has been at the forefront of research efforts (Corallini et al., 2008; Kavurma and Bennett, 
2008; Martin-Ventura et al., 2007). In this review, we focus on the role of TRAIL in the 
cardiovascular system. 
 

 
Among the five known TRAIL receptors, TRAIL-R1 and –R2 can induce intracellular apoptotic signaling. 
Upon binding of TRAIL to TRAIL-R1 or –R2, a death-inducing signaling complex (DISC) is formed 
through the recruitment of Fas-associated death domain (FADD), and subsequently results in the 
activation of caspase-8/10. In the type I intrinsic pathway, this activation is sufficient to conduct apoptosis 
through downstream effector caspases. On the other hand, activated Bid by caspase-8 amplifies apoptotic 
signaling through the mitochondria, which is a necessary step to induce effective downstream signaling in 
the type II extrinsic pathway. In addition to this activation process, it appears that at least a few other 
factors, such as receptor-interacting protein (RIP), cellular FLICE-like inhibitory protein (cFLIP), and 
phosphoprotein enriched in diabetes (PED), are antagonistic to TRAIL-induced apoptosis.  

Fig. 2. TRAIL receptors and downstream apoptotic signaling.  

2. TRAIL and the cardiovascular system 
TRAIL and its receptors are known to be expressed in the cardiovascular system. Therefore, 
it is easily hypothesized that TRAIL systems may be involved in cardiovascular homeostasis 
and disorders. To begin with, we will summarize several in vitro findings that demonstrate 
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the direct effects of TRAIL on each cellular component in the arterial wall. We will then 
discuss how TRAIL can act on the cardiovascular system based on evidence from animal 
models. Subsequently, we try to make causal inferences relating to TRAIL’s role in 
cardiovascular diseases from cross-sectional and longitudinal clinical studies in humans. 
Finally, we report our recent clinical findings and debate whether TRAIL could be a 
common biomarker that reflects early to advanced stage atherosclerotic changes.  

2.1 Effects of TRAIL on cellular components in the arterial wall (in vitro findings) 
Endothelial cells (ECs) and vascular smooth muscle cells (VSMCs) are the principal cellular 
components of the normal arterial wall. Immune-inflammatory infiltrates such as activated 
T lymphocytes and macrophages play crucial roles in the onset and development of 
atherosclerosis (Libby, 2002; Weyand et al., 2008). This process is triggered and exacerbated 
by complicated interactions between modified lipoproteins and various cellular 
components. Since TRAIL and its receptors are expressed in both physiological and 
pathological arterial walls (Corallini et al., 2008; Kavurma and Bennett, 2008; Martin-
Ventura et al., 2007; Schoppet et al., 2004), it is hypothesized that TRAIL signaling could 
regulate vascular wall homeostasis and morbid atherosclerosis. TRAIL is expressed in each 
cellular component, both in resident cells (ECs, VSMCs) and in infiltrating cells (T 
lymphocytes and macrophages) (Corallini et al., 2008; Kavurma and Bennett, 2008). To 
determine the role of TRAIL in atherosclerosis, we must first determine the effects of TRAIL 
on each cellular component based on results from in vitro studies.   
ECs are located on the intima, which separates the blood stream from the vascular wall. In 
addition, these cells have a critical function not only as a simple barrier but also as a 
dynamic organ. Thus, ECs can regulate vascular tone, inflammation, thrombosis, and 
vascular remodeling. Balanced homeostasis in ECs protects against atherosclerosis while 
disruption of endothelial function results in the initiation and development of 
atherosclerosis (Sandoo et al., 2010). Human ECs, both human umbilical vein ECs 
(HUVECs) and human dermal microvascular ECs (HDMECs), express death receptors, 
TRAIL-R1 and TRAIL-R2. As expected, TRAIL could induce apoptosis in ECs, although this 
phenomenon was not observed in every cell (Li et al., 2003). This study also found that 
apoptosis in ECs could be reduced by treatment with caspase inhibitors and by transfection 
of dominant-negative FADD, suggesting the involvement of a FADD-caspase 8 pathway in 
this apoptotic process (Li et al., 2003). Subsequently, Secchiero et al. showed that both 
HUVECs and primary human aortic ECs express death TRAIL-R1, -R2 and decoy TRAIL-R3, 
-R4. As predicted, the removal of serum and endothelial cell growth factor (tropic 
withdrawal) from the cell culture system led to apoptosis. Surprisingly, TRAIL protected 
HUVECs from tropic withdrawal-induced apoptosis. Activation of phosphatidylinositol 3-
kinase (PI3K)/Akt pathway by TRAIL appears to be involved in this anti-apoptotic action. 
In addition to this unexpected anti-apoptotic property, TRAIL stimulated proliferation of 
ECs in an ERK 1/2 dependent manner in this cell system (Secchiero et al., 2003). It has also 
been reported that TRAIL alone can increase HUVEC cell proliferation (Alladina et al., 
2005). As reported above (Secchiero et al., 2003), inhibition of the PI3K/Akt pathway 
sensitizes EC cells to TRAIL-induced apoptosis (Alladina et al., 2005). More detailed 
investigations have found that inhibition of PI3K/Akt leads to activation of both extrinsic 
and intrinsic apoptotic pathways and appears to sensitize HUVECs to TRAIL-induced 
apoptosis by concurrent down-regulation of anti-apoptotic cFLIPs and Bcl-2 (Alladina et al., 
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2005). Taken together, these results suggest that the effects of TRAIL on ECs appear to 
depend on cell culture conditions. Aside from cell apoptosis/proliferation, ECs have a 
protective role against atherosclerosis by producing nitric oxide (NO), one of the most 
important vasoactive factors. NO, a potent vasodilator, has antithrombotic and anti-
inflammatory activity (Sandoo et al., 2010). Interestingly, TRAIL stimulates NO production 
through activation of endothelial NO synthase (eNOS) in HUVECs (Zauli et al., 2003). In 
particular, eNOS trafficking appears to be involved in TRAIL-induced eNOS activation. 
TRAIL can translocate eNOS from the cell membrane to the cytoplasm in HUVECs (Di 
Pietro et al., 2006). However, microtubule disruption with nocodazole inhibits the eNOS 
activity induced by TRAIL, suggesting that translocation of eNOS through cytoskeletal 
reorganization may be necessary for TRAIL-induced NO production (Di Pietro et al., 2006). 
NO synthesis with cytoskeletal alteration by TRAIL is possibly linked to the migration of 
HUVECs stimulated by TRAIL treatment (Zauli et al., 2003). 
In terms of atherosclerosis, attachment of blood leukocytes to ECs is recognized as the first 
step in the initiation of this phenomenon (Libby, 2002). It is probable that TRAIL regulates 
this process as well. An adhesion assay using co-cultured HUVECs and HL-60 leukocytes 
showed that TRAIL increased the binding of leukocytes to ECs (Li et al., 2003). A later report 
reproduced the pro-adhesive activity of TRAIL, although its effect was much less than that 
of pro-inflammatory cytokines such as TNF and interleukin-1 (Secchiero et al., 2005). 
When TRAIL and pro-inflammatory cytokines were evaluated at the same time, TRAIL pre-
treatment showed reverse inhibition of TNF and IL 1 induced HL-60 leukocyte 
adhesion to HUVECs. This inhibitory effect of TRAIL on cell attachment was mediated by 
down-regulation of the inflammatory chemokines CCL8 and CXCL10, which were 
stimulated by TNF (Secchiero et al., 2005). In particular, TRAIL-R1 and TRAIL-R2 
contributed to the TRAIL-induced down-regulation of chemokine release (Secchiero et al., 
2005). Again, TRAIL has multiple context-dependent effects. At any rate, TRAIL may play 
an important role in EC function, both physiologically and pathologically. 
Another physiological cellular component is the VSMCs, which are mainly localized in the 
media and constitute the vascular structure. Once VSMCs are transformed, however, they 
proliferate and migrate, contributing to the development of atherosclerosis (Ross, 1993). In 
advanced atheromatous plaques, apoptosis of VSMCs in the fibrous cap may be involved in 
plaque rupture. The former transformation exacerbates atherosclerosis (Libby, 2002), 
whereas the latter leads to poorer outcome (Clarke et al., 2006). TRAIL participates in the 
apoptosis and proliferation of VSMCs as well as ECs. For example, plaque-derived CD4 T 
cells expressing TRAIL induce apoptosis of VSMCs, probably through the interaction of 
TRAIL with TRAIL-R2 (Sato et al., 2006). On the other hand, TRAIL has been reported to act 
on human and rat VSMCs as an anti-apoptotic factor through TRAIL-R1 and –R2 (Secchiero 
et al., 2004). TRAIL promotes proliferation and migration of VSMCs through activation of 
ERK (Secchiero et al., 2004). Furthermore, Kavurma et al. reported that TRAIL stimulated 
proliferation of human VSMCs, although it induced apoptosis at high concentrations 
(Kavurma et al., 2008). Interestingly, they showed the importance of insulin-like growth 
factor-1 (IGF-1), one of the most potent growth factors, in TRAIL-induced proliferation of 
VSMCs. Thus, TRAIL up-regulates expression of the IGF-1 receptor in an NFB-dependent 
manner (Kavurma et al., 2008). It is thus too soon to decide whether TRAIL causes apoptosis 
or proliferation in VSMCs, even in vitro. 
In addition to the seemingly contradictory findings in ECs and VSMCs, a few reports have 
suggested that TRAIL has a pro-apoptotic effect on inflammatory lymphocytes (Janssen et 
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al., 2005) and macrophages (Kaplan et al., 2000). In either case, TRAIL appears to have 
multiple functions in both physiological and pathological cells under various conditions. As 
described previously, the existence of five different types of TRAIL receptors and the cross-
talk among multiple post-receptor signaling pathways may explain these diverse effects. On 
the basis of in vitro findings, it is very difficult to speculate the impact of TRAIL on 
atherosclerotic lesions in vivo, although the in vitro findings clearly indicate the involvement 
of the TRAIL/TRAIL receptor system in atherogenesis. In the next section, we try 
summarizing and discussing whether TRAIL protects against or exacerbates atherosclerosis 
in ways aside from its function as a mere pro-apoptotic factor.  

2.2 Role of TRAIL in atherosclerosis and vascular injury (in vivo findings) 
With regard to the role of TRAIL in the vascular wall, Secchiero et al. first demonstrated 
compelling in vivo findings using diabetic apolipoprotein E (apoE)-null mice that mimic the 
atherosclerotic lesions observed in humans (Secchiero et al., 2006). That is, intraperitoneal 
administration of recombinant human TRAIL into these mice resulted in a transient high 
concentration of TRAIL and subsequent protection against the development of 
atherosclerosis (Secchiero et al., 2006). Secchiero et al. carefully investigated the effects of 
TRAIL on in vivo atherosclerotic lesions using an adeno-associated virus containing TRAIL 
to ensure a low but sustained expression of TRAIL, similar to physiological conditions. 
TRAIL again attenuated the development of atherosclerotic plaques, even under these 
conditions (Secchiero et al., 2006). One of the mechanisms responsible for this effect may be 
selective apoptosis of infiltrating macrophages in plaque lesions. At the same time, 
increased VSMC levels were also observed in the fibrous caps of the atherosclerotic lesions. 
This increase may contribute to stabilization of the atherosclerotic plaques (Secchiero et al., 
2006). Therefore, TRAIL appears to act as a protective factor against atherosclerosis in vivo. 
Subsequently, Kavurma’s group showed the direct effects of TRAIL on VSMCs in vivo. They 
have already reported that TRAIL stimulates VSMC proliferation in vitro (Kavurma et al., 
2008). To prove this using an in vivo model, they used a cuff-induced vascular injury method 
in TRAIL-null mice. In wild-type mice, this procedure can induce VSMC proliferation and 
intimal thickening in response to vascular injury. However, TRAIL-null mice were protected 
from neointimal formation and displayed reduced VSMC proliferation, suggesting a 
significant role for TRAIL in VSMC proliferation in vivo (Chan et al., 2010). Although this 
report showed the direct effects of TRAIL on VSMCs, the lack of atherogenic factors 
involved in the formation of vascular lesions should be studied further. Very recently, it has 
been reported that TRAIL attenuates the development of atherosclerosis using TRAIL 
(TRAIL −/−)/apoE (apoE −/−) double-knockout mice (Watt et al., 2011). TRAIL −/− apoE 
−/− mice had significantly larger atheromatous lesions compared with apoE −/− control 
mice at 8 weeks. The larger lesions in TRAIL −/− apoE −/− mice appeared to be due to an 
increase in the number of lesional VSMCs, suggesting the anti-atherogenic action of TRAIL. 
Intriguingly, the difference in atheromatous lesion size among these mice became smaller at 
12 weeks. In contrast to Secchiero’s findings, the lack of TRAIL had no effect on the 
macrophage content in the atheromatous lesions. There are still unsolved and controversial 
issues with regard to the precise mechanisms by which TRAIL acts on the arterial wall. 
However, TRAIL at least appears to protect against atherogenic lesions as a whole in vivo.  

2.3 TRAIL and cardiovascular disease and prognosis (clinical findings) 
Clinical studies of the relationship between TRAIL and cardiovascular diseases are also of 
interest. Recently, a significant relationship has been reported by a number of studies. The 
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first study demonstrated that serum TRAIL levels were significantly lower in patients with 
acute coronary syndrome (ACS) compared with those with stable angina and normal 
coronary arteries (Michowitz et al., 2005). Subsequently, Schoppet et al. found a tendency 
for serum TRAIL levels to be lower in patients with coronary artery disease (CAD) 
compared with subjects without CAD, although this difference was not significant. To 
further investigate this relationship, we examined serum TRAIL levels in 285 subjects who 
underwent coronary angiography for suspected CAD. Interestingly, we found that serum 
TRAIL levels were inversely associated with the severity of CAD (Mori et al., 2010). In 
particular, TRAIL levels in patients with severe three-vessel disease (VD) were significantly 
lower than in those without CAD (Mori et al., 2010). Moreover, TRAIL was an independent 
and negative contributor for the presence of CAD (Mori et al., 2010). Taken together, these 
results suggest that lower TRAIL levels may reflect the advancement of CAD. 
In addition to cross-sectional findings, recent studies have also suggested that TRAIL can be 
a protective predictor against cardiovascular prognosis. As previously reported (Michowitz 
et al., 2005), Secchiero et al. showed that serum TRAIL levels were significantly lower in 
patients with acute myocardial infarction (AMI) at baseline (within 24 hours from 
admission) compared with healthy subjects (Secchiero et al., 2009). Interestingly, serum 
TRAIL levels at baseline were significantly lower in patients with in-hospital adverse events 
compared with those who did not experience these events (Secchiero et al., 2009). 
Subsequently, they observed that serum TRAIL levels in AMI patients gradually recovered 
at discharge. Furthermore, low TRAIL levels at discharge were associated with an increased 
incidence of cardiac death and heart failure in the 12-month follow-up (Secchiero et al., 
2009). The prognostic value of TRAIL was also examined in 351 patients with advanced 
heart failure (HF). Again, low serum TRAIL levels were related to a worse prognosis. The 
risk of mortality dropped by 70% in the highest quartile of TRAIL levels, suggesting that 
TRAIL is a strong inverse predictor of mortality in patients with advanced HF (Niessner et 
al., 2009). In addition, the role of TRAIL as a more general predictor of mortality and not 
limited to patients with AMI or advanced HF was investigated by a large prospective 
population-based study of older people (Volpato et al., 2011). Baseline TRAIL levels were 
inversely related to all-cause mortality over a period of six years (Volpato et al., 2011). As 
expected, more detailed analyses revealed that the prognostic effect of TRAIL levels was 
strong and highly significant in subjects with prevalent cardiovascular diseases (Volpato et 
al., 2011). These findings expand on the predictive ability of TRAIL at a population level 
with a longer follow-up period. Moreover, Secchiero et al. focused not only on TRAIL but 
also on OPG. As was described earlier, OPG is a soluble neutralizing receptor for TRAIL. In 
contrast to TRAIL, it is known that serum OPG levels are positively associated with the 
presence and severity of CAD and are inversely correlated with prognosis (Abedin et al., 
2007; Jono et al., 2002; Kiechl et al., 2004; Omland et al., 2008; Rhee et al., 2005; Schoppet et 
al., 2003). In this context, both TRAIL and OPG were evaluated at the same time. The 
researchers found that the OPG/TRAIL ratio was significantly higher in patients with acute 
AMI who developed HF during the follow-up period (Secchiero et al., 2010). The increase in 
OPG, which is a decoy TRAIL receptor, may act against TRAIL and thus negate its 
protective effects on the cardiovascular system. Thus, an unbalanced OPG/TRAIL ratio may 
be a more accurate predictor of prognosis after AMI.  

2.4 Modulating factors in TRAIL-associated biological and clinical effects 
Several reports suggest that expression and/or serum levels of TRAIL are modulated by 
certain factors. As described above, serum TRAIL levels drop after AMI. Since proteolytic 
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enzymes including matrix metalloproteinases (MMPs) are released following AMI, 
researchers have investigated whether MMPs could cleave TRAIL and thus decrease TRAIL 
levels, inducing AMI. In addition to MMPs, Secchiero et al. have simultaneously measured 
tissue inhibitors of MMPs (TIMPs) that antagonize MMPs (Secchiero et al., 2010). Among the 
examined MMPs and TIMPs, the circulating MMP2/TIMP2 ratio showed a significant 
inverse correlation with serum TRAIL levels in AMI patients (Secchiero et al., 2010). Indeed, 
MMP2 cleaved TRAIL and abrogated its biological activity in vitro (Secchiero et al., 2010). 
Therefore, an elevated MMP2/TIMP2 ratio following AMI may cause degradation of 
TRAIL, resulting in a poorer outcome. With regards to TRAIL expression, insulin has been 
reported to down-regulate TRAIL expression in VSMCs both in vitro and in vivo (Corallini et 
al., 2007). Since VSMCs are also known to release bioactive NO in response to TRAIL, it is 
hypothesized that chronic insulin exposure in VSMCs may induce vascular dysfunction 
through TRAIL suppression in diabetic patients with hyperinsulinemia or those undergoing 
insulin treatment. Moreover, it has been reported that activated protein C (APC), an 
antithrombotic and anti-inflammatory serine protease, inhibits TRAIL expression in 
HUVECs (O’Brien et al., 2007). In that study, intracellular signaling was thoroughly 
examined (O’Brien et al., 2007). However, there has been some criticism of APC-mediated 
decrease of TRAIL levels. It is currently unknown whether this reflects a decrease in cell-
surface TRAIL expression or of TRAIL release from its intracellular pool (Secchiero and 
Zauli, 2008). 
Statins also appear to down-regulate TRAIL expression in cytotoxic CD4 T cells in patients 
with ACS, resulting in protection against destabilization of plaques (Sato et al., 2010). That 
is, CD4 T cells are enriched in the blood of ACS patients and induce strong apoptosis of ECs, 
probably through TRAIL-R2 (DR5) (Sato et al., 2010). This EC apoptosis may be involved in 
the erosive progression of vulnerable plaques. Interestingly, statins directly block CD4 T 
cell-mediated EC apoptosis (Sato et al., 2010). Therefore, this protection against endothelial 
injury shown by statins may explain one of the pleiotropic effects of statins in cardiovascular 
events. On the other hand, it has been reported that statins augment TRAIL-induced 
apoptosis in tumor cells but not in normal cells (Jin et al., 2002), although this is not the case 
in vascular cells. In this regard, pioglitazone, an anti-diabetic agent, also enhances TRAIL-
induced apoptosis in tumor cells (Goke et al., 2000). In clinical studies, use of various 
medications against diabetes, hypertension, dyslipidemia, and so on is often unavoidable. 
To interpret the association between TRAIL and cardiovascular lesions, it is important to 
pay attention to the types of interventions used.  

2.5 TRAIL as a possible biomarker in early atherosclerotic lesions 
As noted above, lower TRAIL levels appear to be correlated with more severe 
cardiovascular lesions and poorer prognosis. Thus, the next question is whether TRAIL 
levels also inversely reflect early atherosclerotic lesions. We therefore examined the 
association between TRAIL and intima-media thickness (IMT), which is a surrogate marker 
for atherosclerotic changes, using ultrasonography in 416 diabetic patients. We found no 
significant association between serum TRAIL levels and IMT (Kawano et al., 2011). 
Interestingly, when we focused on subjects with macrovascular diseases such as CAD, 
cerebrovascular diseases, and arteriosclerosis obliterans, there was a significant and 
reproducible association between TRAIL levels and carotid IMT. These findings suggest that 
TRAIL may not be a good candidate biomarker for early atherosclerotic lesions. However, 
TRAIL still appears to be a good biomarker of advanced atheroscletoic lesions. 
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In contrast to IMT, which indicates morphological wall thickening, endothelial dysfunction 
is recognized as reflecting earlier functional vascular damage. Flow-mediated dilatation 
(FMD) is a representative method of non-invasive evaluation of endothelial function. This 
ultrasound-based method quantifies vasodilatation in response to NO production from 
endothelial cells induced by shear stress (Corretti et al., 2002; Patel and Celermajer, 2006; Ter 
Avest et al., 2007). Since in vitro findings have suggested various biological effects of TRAIL 
on endothelial cells (as described previously), investigation of the association between 
TRAIL and endothelial function is of interest. In this context, we tried measuring FMD and 
TRAIL levels in 109 subjects (57 men and 52 women, aged 48.4 ± 16.6 years). In the trial, we 
focused on the following two points: First, we targeted healthy subjects to avoid various 
confounding biases such as metabolic disorders with concomitant drug intervention. 
Second, we made sure of the accuracy of FMD. It is often noted that the value of FMD is 
highly dependent on the technique used by various institutions (Ter Avest et al., 2007). Very 
recently, semi-automated equipment (Unex Co. Ltd., Nagoya, Japan) has become available 
for evaluating FMD that gives good reproducibility (Tomiyama et al., 2008; Tomiyama and 
Yamashina, 2010). We used this new equipment in this study. The serum TRAIL level was 
measured by an enzyme-linked immunosorbent assay kit (R&D systems, Minneapolis, 
USA). The mean serum TRAIL level was 75.2 ± 20.7 pg/ml, with a range of 32.4–147.4 
pg/ml. The TRAIL level was not significantly correlated with FMD (ρ = −0.128, p = 0.184) 
(Fig. 3) (unpublished data). Again, these findings suggest that TRAIL may not be a good 
candidate as a biomarker of early atherosclerotic lesions. 
 

 
Fig. 3. The association of TRAIL with endothelial function in 109 healthy subjects.  

Flow-mediated dilatation (FMD) was used to evaluate endothelial function in 109 healthy 
subjects. There was no correlation between serum TRAIL levels and FMD (ρ = −0.128, p = 0.148).  
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examined MMPs and TIMPs, the circulating MMP2/TIMP2 ratio showed a significant 
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MMP2 cleaved TRAIL and abrogated its biological activity in vitro (Secchiero et al., 2010). 
Therefore, an elevated MMP2/TIMP2 ratio following AMI may cause degradation of 
TRAIL, resulting in a poorer outcome. With regards to TRAIL expression, insulin has been 
reported to down-regulate TRAIL expression in VSMCs both in vitro and in vivo (Corallini et 
al., 2007). Since VSMCs are also known to release bioactive NO in response to TRAIL, it is 
hypothesized that chronic insulin exposure in VSMCs may induce vascular dysfunction 
through TRAIL suppression in diabetic patients with hyperinsulinemia or those undergoing 
insulin treatment. Moreover, it has been reported that activated protein C (APC), an 
antithrombotic and anti-inflammatory serine protease, inhibits TRAIL expression in 
HUVECs (O’Brien et al., 2007). In that study, intracellular signaling was thoroughly 
examined (O’Brien et al., 2007). However, there has been some criticism of APC-mediated 
decrease of TRAIL levels. It is currently unknown whether this reflects a decrease in cell-
surface TRAIL expression or of TRAIL release from its intracellular pool (Secchiero and 
Zauli, 2008). 
Statins also appear to down-regulate TRAIL expression in cytotoxic CD4 T cells in patients 
with ACS, resulting in protection against destabilization of plaques (Sato et al., 2010). That 
is, CD4 T cells are enriched in the blood of ACS patients and induce strong apoptosis of ECs, 
probably through TRAIL-R2 (DR5) (Sato et al., 2010). This EC apoptosis may be involved in 
the erosive progression of vulnerable plaques. Interestingly, statins directly block CD4 T 
cell-mediated EC apoptosis (Sato et al., 2010). Therefore, this protection against endothelial 
injury shown by statins may explain one of the pleiotropic effects of statins in cardiovascular 
events. On the other hand, it has been reported that statins augment TRAIL-induced 
apoptosis in tumor cells but not in normal cells (Jin et al., 2002), although this is not the case 
in vascular cells. In this regard, pioglitazone, an anti-diabetic agent, also enhances TRAIL-
induced apoptosis in tumor cells (Goke et al., 2000). In clinical studies, use of various 
medications against diabetes, hypertension, dyslipidemia, and so on is often unavoidable. 
To interpret the association between TRAIL and cardiovascular lesions, it is important to 
pay attention to the types of interventions used.  

2.5 TRAIL as a possible biomarker in early atherosclerotic lesions 
As noted above, lower TRAIL levels appear to be correlated with more severe 
cardiovascular lesions and poorer prognosis. Thus, the next question is whether TRAIL 
levels also inversely reflect early atherosclerotic lesions. We therefore examined the 
association between TRAIL and intima-media thickness (IMT), which is a surrogate marker 
for atherosclerotic changes, using ultrasonography in 416 diabetic patients. We found no 
significant association between serum TRAIL levels and IMT (Kawano et al., 2011). 
Interestingly, when we focused on subjects with macrovascular diseases such as CAD, 
cerebrovascular diseases, and arteriosclerosis obliterans, there was a significant and 
reproducible association between TRAIL levels and carotid IMT. These findings suggest that 
TRAIL may not be a good candidate biomarker for early atherosclerotic lesions. However, 
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3. Conclusions 
Recent emerging evidence has suggested the definite involvement of TRAIL in 
cardiovascular diseases. Taken together, these results have shown that lower serum TRAIL 
levels appear to be associated with worse prognosis in patients with CAD and HF. One of 
most important question is why TRAIL levels are lower in such conditions. It is necessary to 
investigate how TRAIL is produced and cleared in humans in future studies. In addition, to 
confirm the direct effects of TRAIL on cardiovascular diseases, administration of 
recombinant TRAIL may be a powerful approach. In fact, recombinant TRAIL induces 
apoptosis in a wide variety of tumor cells and prevents tumor progression and metastasis in 
the field of cancer therapy (Johnstone et al., 2008; Wang, 2008; Wu et al., 2004). Further 
studies are needed to address these problems. 
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3. Conclusions 
Recent emerging evidence has suggested the definite involvement of TRAIL in 
cardiovascular diseases. Taken together, these results have shown that lower serum TRAIL 
levels appear to be associated with worse prognosis in patients with CAD and HF. One of 
most important question is why TRAIL levels are lower in such conditions. It is necessary to 
investigate how TRAIL is produced and cleared in humans in future studies. In addition, to 
confirm the direct effects of TRAIL on cardiovascular diseases, administration of 
recombinant TRAIL may be a powerful approach. In fact, recombinant TRAIL induces 
apoptosis in a wide variety of tumor cells and prevents tumor progression and metastasis in 
the field of cancer therapy (Johnstone et al., 2008; Wang, 2008; Wu et al., 2004). Further 
studies are needed to address these problems. 
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1. Introduction 
Since the first serendipitous selective coronary angiography was performed by pediatric 
cardiologist Dr. Mason Sones in 1958 during ventriculography and aortography (Sones et 
al., 1959), invasive coronary angiography has become well established as the diagnostic gold 
standard for coronary artery disease.  
Coronary angiography provides definitive information of “luminology” (radiographic 
outline using a contrast agent) of the coronary arteries. It is the standard with which other 
diagnostic modalities are compared. Millions are performed annually worldwide. Whilst the 
risk of coronary angiography of complications is very low in experienced hands the 
procedure is invasive and, requires dedicated infrastructure and expense. There are certain 
specific indications for coronary angiography. The general indication for a coronary 
angiography is to define the coronary artery anatomy. More detailed guidelines for 
coronary angiography date back to 1999 from the American College of Cardiology (Scanlon 
et al., 1999). This of course predated the enormous technological advancement over the past 
decade, the development in computed tomography coronary angiography, the widespread 
adoption of coronary stenting, the improvement afforded by drug eluting stents, and the 
availability of new antiplatelet therapy that enhanced the safety of all coronary 
interventions. 
This chapter examines the appropriate indications for invasive coronary angiography in the 
current era, assesses the role of non invasive CT coronary angiography, and incorporates the 
emerging adjunctive role in the management of patients undergoing percutaneous cardiac 
structural interventions. Case vignettes are included in this chapter to illustrate the 
indications and use of coronary angiography in the current era. 
It must be stressed whilst guidelines do provide recommendations regarding the indications 
for invasive coronary angiography, many more complex clinical and non clinical factors 
exist for each individual patient and the clinician must exercise clinical acumen to proceed 
to perform an invasive diagnostic and/or therapeutic procedure. 

2. Indications for coronary angiography 
Coronary angiography involves the opacification of the lumen in coronary arteries and 
acquisition of this luminogram under fluoroscopy. Consequently the indication for coronary 
angiography is predominantly focused on the diagnosis of any conditions that can lead to 
luminal compromise. This anatomical study defines the origin, course and pattern of 
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al., 1959), invasive coronary angiography has become well established as the diagnostic gold 
standard for coronary artery disease.  
Coronary angiography provides definitive information of “luminology” (radiographic 
outline using a contrast agent) of the coronary arteries. It is the standard with which other 
diagnostic modalities are compared. Millions are performed annually worldwide. Whilst the 
risk of coronary angiography of complications is very low in experienced hands the 
procedure is invasive and, requires dedicated infrastructure and expense. There are certain 
specific indications for coronary angiography. The general indication for a coronary 
angiography is to define the coronary artery anatomy. More detailed guidelines for 
coronary angiography date back to 1999 from the American College of Cardiology (Scanlon 
et al., 1999). This of course predated the enormous technological advancement over the past 
decade, the development in computed tomography coronary angiography, the widespread 
adoption of coronary stenting, the improvement afforded by drug eluting stents, and the 
availability of new antiplatelet therapy that enhanced the safety of all coronary 
interventions. 
This chapter examines the appropriate indications for invasive coronary angiography in the 
current era, assesses the role of non invasive CT coronary angiography, and incorporates the 
emerging adjunctive role in the management of patients undergoing percutaneous cardiac 
structural interventions. Case vignettes are included in this chapter to illustrate the 
indications and use of coronary angiography in the current era. 
It must be stressed whilst guidelines do provide recommendations regarding the indications 
for invasive coronary angiography, many more complex clinical and non clinical factors 
exist for each individual patient and the clinician must exercise clinical acumen to proceed 
to perform an invasive diagnostic and/or therapeutic procedure. 

2. Indications for coronary angiography 
Coronary angiography involves the opacification of the lumen in coronary arteries and 
acquisition of this luminogram under fluoroscopy. Consequently the indication for coronary 
angiography is predominantly focused on the diagnosis of any conditions that can lead to 
luminal compromise. This anatomical study defines the origin, course and pattern of 
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epicardial arteries, with a spatial resolution that is still superior to other non-invasive 
imaging modalities. There are however limitations to coronary angiography. Aside from the 
obvious invasive nature and attendant risks, it provides only a projection of the lumen 
outlined by contrast and hence no information on the extent of atheroma contained within 
the vessel wall or the functional significance of the stenosis which can only be inferred. Both 
of these limitations can be overcome by the use of intravascular modalities such as 
intravascular ultrasound, optical coherence tomography and fractional flow reserve 
assessment. When combined with these adjuncts, coronary angiography serves as a 
formidable tool in guiding revascularization strategies, with a body of scientific data that 
has been well validated to provide long term prognostic benefit.  
The guiding principle in determining the indication behind the decision to undertake 
coronary angiography in a given patients is similar to that underpinning the decision to 
undertake any invasive investigations in medicine. The decision to proceed is based on that 
the knowledge gained from the investigation outweighs the perceived risk, that the result 
will benefit the patient, in that it will likely change management and the available treatment 
option will improve symptoms and/or prognosis. The risks and complications of coronary 
angiography are covered elsewhere in this book and this chapter will focus on the 
indications of coronary angiography. Relative and absolute contraindications are also 
covered briefly. 
The indications for coronary angiography have been divided into the follow clinical 
categories: 
1. Coronary artery disease 

1. Stable pattern 
i. suspected coronary artery disease 
ii. known coronary artery disease 

2. Unstable pattern  
i. Acute coronary syndrome with unstable haemodynamics or rhythm  
ii. Unstable angina and Non-ST elevation MI 
iii. ST elevation MI 
iv. Out of hospital cardiac arrest 

3. Special considerations 
i. Congestive cardiac failure 
ii. Preoperative assessment for non cardiac surgery 
iii. The value of non invasive computed tomography coronary angiography 

4. Relative and absolute contraindications 
2. Prelude to structural cardiac disease/valvular heart disease intervention 
3. Case vignettes of the use of coronary angiography in the contemporary era 

3. Coronary artery disease 
Coronary angiography is pivotal in the diagnostic algorithm as the gold standard for the 
confirmation of coronary artery stenosis. A number of well defined clinical scenarios 
often lead to the suspicion of coronary artery disease. This section is separated into 
patients who present in stable pattern, symptomatic or asymptomatic; and patients who 
present in an acute manner highly suggestive of coronary artery disease, i.e. acute 
coronary syndromes. Specifics scenarios, such as the role of coronary angiography in the 
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investigation of congestive cardiac failure, pre-valvular surgery and the emerging role of 
computed tomography coronary angiography will be covered too. 

3.1.1 Coronary artery disease – stable pattern – suspected coronary artery disease 
The assessment of patients with symptoms suggestive of coronary artery disease (CAD) 
depends on three key factors: the clinical assessment of the quality of symptoms, the clinical 
risk profile, and the presence of existing abnormalities on surface electrocardiogram 
suggestive of CAD.  
The ACC/AHA guidelines on exercise testing (Gibbons, 2002) provide classification of 
symptoms as typical, atypical angina and non-anginal chest pain (table 1). It is well known 
symptoms alone have a poor predictive value and differ between males and females 
(Hemingway et al, 2006, 2008). Combined with the underlying clinical risk profile however, 
a more reliable pre-test probability on CAD can be generated (table 2).  
 

Chest pain Definition 

Typical/definite angina Substernal chest pain or equivalent 
 Provoked by exertion or emotional stress 
 Relieved by rest/nitroglycerin 

Atypical/probable 
angina 

Chest pain or discomfort with two characteristics of definite or 
typical angina 

Non-anginal chest pain Chest pain or discomfort that meets one or none of the typical 
angina characteristics 

Table 1. Classification of chest pain 

 

Age Sex Typical/definite 
angina 

Atypical/probable 
angina 

Nonanginal 
chest pain 

Asymptomatic 

<39 Male 
Female 

Intermediate 
Intermediate 

Intermediate 
Very low 

Low 
Very low 

Very low 
Very low 

40-
49 

Male 
Female 

High 
Intermediate 

Intermediate 
Low 

Intermediate 
Very low 

Low 
Very low 

50-
59 

Male 
Female 

High 
Intermediate 

Intermediate 
Intermediate 

Intermediate 
Low 

Low 
Very low 

>60 Male 
Female 

High 
High 

Intermediate 
Intermediate 

Intermediate 
Intermediate 

Low 
Low 

Table 2. Pretest probability of coronary artery disease based on age, sex and symptoms 
(adapted from Gibbons et al, 2002) 

The resting surface electrocardiogram (ECG) is important in the initial evaluation of the 
patient for two reasons. First, it provides a screening tool to assess for remote infarctions 
(Ammar et al 2004; Michael et al, 2007), with changes such as pathological Q waves, and other 
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epicardial arteries, with a spatial resolution that is still superior to other non-invasive 
imaging modalities. There are however limitations to coronary angiography. Aside from the 
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outlined by contrast and hence no information on the extent of atheroma contained within 
the vessel wall or the functional significance of the stenosis which can only be inferred. Both 
of these limitations can be overcome by the use of intravascular modalities such as 
intravascular ultrasound, optical coherence tomography and fractional flow reserve 
assessment. When combined with these adjuncts, coronary angiography serves as a 
formidable tool in guiding revascularization strategies, with a body of scientific data that 
has been well validated to provide long term prognostic benefit.  
The guiding principle in determining the indication behind the decision to undertake 
coronary angiography in a given patients is similar to that underpinning the decision to 
undertake any invasive investigations in medicine. The decision to proceed is based on that 
the knowledge gained from the investigation outweighs the perceived risk, that the result 
will benefit the patient, in that it will likely change management and the available treatment 
option will improve symptoms and/or prognosis. The risks and complications of coronary 
angiography are covered elsewhere in this book and this chapter will focus on the 
indications of coronary angiography. Relative and absolute contraindications are also 
covered briefly. 
The indications for coronary angiography have been divided into the follow clinical 
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i. Acute coronary syndrome with unstable haemodynamics or rhythm  
ii. Unstable angina and Non-ST elevation MI 
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3. Coronary artery disease 
Coronary angiography is pivotal in the diagnostic algorithm as the gold standard for the 
confirmation of coronary artery stenosis. A number of well defined clinical scenarios 
often lead to the suspicion of coronary artery disease. This section is separated into 
patients who present in stable pattern, symptomatic or asymptomatic; and patients who 
present in an acute manner highly suggestive of coronary artery disease, i.e. acute 
coronary syndromes. Specifics scenarios, such as the role of coronary angiography in the 
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investigation of congestive cardiac failure, pre-valvular surgery and the emerging role of 
computed tomography coronary angiography will be covered too. 

3.1.1 Coronary artery disease – stable pattern – suspected coronary artery disease 
The assessment of patients with symptoms suggestive of coronary artery disease (CAD) 
depends on three key factors: the clinical assessment of the quality of symptoms, the clinical 
risk profile, and the presence of existing abnormalities on surface electrocardiogram 
suggestive of CAD.  
The ACC/AHA guidelines on exercise testing (Gibbons, 2002) provide classification of 
symptoms as typical, atypical angina and non-anginal chest pain (table 1). It is well known 
symptoms alone have a poor predictive value and differ between males and females 
(Hemingway et al, 2006, 2008). Combined with the underlying clinical risk profile however, 
a more reliable pre-test probability on CAD can be generated (table 2).  
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Non-anginal chest pain Chest pain or discomfort that meets one or none of the typical 
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Table 2. Pretest probability of coronary artery disease based on age, sex and symptoms 
(adapted from Gibbons et al, 2002) 

The resting surface electrocardiogram (ECG) is important in the initial evaluation of the 
patient for two reasons. First, it provides a screening tool to assess for remote infarctions 
(Ammar et al 2004; Michael et al, 2007), with changes such as pathological Q waves, and other 
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non-specific ST segment and T wave changes. Second, any such changes may guide the choice 
of the appropriate functional study. The presence of a left bundle branch block, for example, 
essentially renders exercise stress electrocardiography uninterpretable and confounds 
assessment of stress echocardiography or perfusion studies (La Canna et al, 1992). 
Non-invasive tests such as exercise or pharmacological stress studies form an important 
pathway in the diagnostic algorithm. The value of a functional study cannot be 
overemphasized in patients with atypical or noncardiac chest pains. A negative functional 
study, such a negative treadmill test to 12 minutes on the Bruce protocol, provides sufficient 
prognostic information to negate any further investigations (Myers et al 2002; Marshall et al, 
2010). The ischaemic burden as determined from imaging tests also provides pertinent 
guidance as to the appropriateness of revascularization. A substudy (Shaw et al 2008) of the 
COURAGE trial (Boden et al, 2007), which showed no benefit of PCI over optimized medical 
therapy, did show mortality and MI benefit with revascularizing patients with >10% 
ischaemic myocardial burden. A well executed functional study may also assist in  
localizing the appropriate territory for revascularization, especially in the setting of multi-
vessel intermediate lesions.  
Patients with positive stress tests, especially with high risk features (table three), suggestive 
of significant ischaemic burden, should proceed to coronary angiography for risk 
stratification with a view to possible percutaneous or surgical revascularization. Indeed, of 
the indications of coronary angiography outlined in the ACC guideline for stable angina, a 
positive stress test with high risk features carries the highest level of evidence (Level A) 
compared to all other indications (level B to C).  
 

Noninvasive test results predicting high risk for adverse outcome (> 3% annual mortality rate) 

Severe resting left ventricular dysfunction (LVEF <35%) 

High-risk treadmill score (score  -11) 

Severe exercise induced left ventricular dysfunction (exercise LVEF <35%) 

Stress-induced large perfusion defect (particularly if anterior) 

Stress-induced moderate-size multiple perfusion defects 

Large, fixed perfusion defect with left ventricular dilatation or increased lung uptake 

Stress-induced moderate-size perfusion defect with left-ventricular dilatation or increased 
lung uptake 

Echocardiographic wall motion abnormality (involving >2 segments) developing at low 
dose of dobutamine ( 10mg/kg/min) or at a low heart rate (<120bpm) 

Stress echocardiographic evidence of extensive ischaemia 

Table 3. High risk features in noninvasive tests 

In some patients, however, it may be appropriate to consider coronary angiography as the 
initial investigation to confirm coronary artery disease. Patients who are symptomatic 
despite adequate or maximal antianginal therapy should proceed to coronary angiography 
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with a view to revascularization for symptomatic benefit. As outlined in the ESC guideline 
on myocardial revascularization (Wijns et al, 2010), patients deemed to have a high pretest 
probability of coronary disease are advised against (IIIA and IIIB recommendations) non-
invasive tests but to proceed to coronary angiography (IA recommendation). Patients 
intolerant of non-invasive testings, or with left ventricular dysfunction, could be considered 
for coronary angiography. Cardiac transplant patients continue to form an important group 
of the patients in whom coronary angiography is routinely performed for follow up for 
transplant vasculopathy. It continues to be a class II recommendation for patients awaiting 
organ transplant aged 40 years or older.  

3.1.2 Coronary artery disease – stable pattern – known coronary artery disease 
There is no role for surveillance routine coronary angiography in stable asymptomatic patients 
with known CAD, previous coronary interventions or coronary bypass surgery, unless as 
part of a research protocol. Patients who have documented coronary artery disease and 
previous interventions or CABG, who have developed recurred or worsening symptoms, 
coronary angiography is indicated and may be combined with percutaneous 
revascularization. It is reasonable to proceed to coronary angiography directly in these 
patients. Whilst functional non-invasive tests will still provide localizing data for inducible 
ischaemia, intravascular testing modalities such as intravascular ultrasound, optical 
coherence tomography and fractional flow reserve testing allow a robust evidence based 
approach to guide any revascularization (Tonino et al 2009; Pijls et al 2007). 

3.2 Coronary artery disease – unstable pattern 
3.2.1 Acute coronary syndromes – with haemodynamic instability or rhythm 
disturbance  
Patients who presented with acute coronary syndromes with clinical instability (table 4) 
should proceed to urgent angiography with a view to possible revascularization (Hochman 
et al, 2006) either percutaneously or surgically if indicated.  
 

Clinical instability in acute coronary syndromes 

Cardiogenic shock 

haemodynamic instability - severe hypotension on ischaemia 

Recurrent/Persistent ischaemia and/or chest pain 

Instability in cardiac rhythm e.g. major ventricular arrhythmia 

Table 4. Clinical instability in acute coronary syndromes 

3.2.2 Acute coronary syndromes – unstable angina and non ST elevation acute 
coronary syndromes (non STEACS) 
Non STEACS is the most frequent presentation of acute coronary syndromes and carries at 
least as poor an outcome as STEACS (Chan et al 2009, Polonski et al, 2010).  It is 
recommended (ESC and ACC class I recommendation) that patients who presented with 
non STEACS should be treated with an invasive strategy of coronary angiography. This is 
especially for patients with evidence of ischaemia on ECG or biomarkers, the two most 
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non-specific ST segment and T wave changes. Second, any such changes may guide the choice 
of the appropriate functional study. The presence of a left bundle branch block, for example, 
essentially renders exercise stress electrocardiography uninterpretable and confounds 
assessment of stress echocardiography or perfusion studies (La Canna et al, 1992). 
Non-invasive tests such as exercise or pharmacological stress studies form an important 
pathway in the diagnostic algorithm. The value of a functional study cannot be 
overemphasized in patients with atypical or noncardiac chest pains. A negative functional 
study, such a negative treadmill test to 12 minutes on the Bruce protocol, provides sufficient 
prognostic information to negate any further investigations (Myers et al 2002; Marshall et al, 
2010). The ischaemic burden as determined from imaging tests also provides pertinent 
guidance as to the appropriateness of revascularization. A substudy (Shaw et al 2008) of the 
COURAGE trial (Boden et al, 2007), which showed no benefit of PCI over optimized medical 
therapy, did show mortality and MI benefit with revascularizing patients with >10% 
ischaemic myocardial burden. A well executed functional study may also assist in  
localizing the appropriate territory for revascularization, especially in the setting of multi-
vessel intermediate lesions.  
Patients with positive stress tests, especially with high risk features (table three), suggestive 
of significant ischaemic burden, should proceed to coronary angiography for risk 
stratification with a view to possible percutaneous or surgical revascularization. Indeed, of 
the indications of coronary angiography outlined in the ACC guideline for stable angina, a 
positive stress test with high risk features carries the highest level of evidence (Level A) 
compared to all other indications (level B to C).  
 

Noninvasive test results predicting high risk for adverse outcome (> 3% annual mortality rate) 

Severe resting left ventricular dysfunction (LVEF <35%) 

High-risk treadmill score (score  -11) 
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Stress-induced large perfusion defect (particularly if anterior) 
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Echocardiographic wall motion abnormality (involving >2 segments) developing at low 
dose of dobutamine ( 10mg/kg/min) or at a low heart rate (<120bpm) 

Stress echocardiographic evidence of extensive ischaemia 

Table 3. High risk features in noninvasive tests 

In some patients, however, it may be appropriate to consider coronary angiography as the 
initial investigation to confirm coronary artery disease. Patients who are symptomatic 
despite adequate or maximal antianginal therapy should proceed to coronary angiography 
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with a view to revascularization for symptomatic benefit. As outlined in the ESC guideline 
on myocardial revascularization (Wijns et al, 2010), patients deemed to have a high pretest 
probability of coronary disease are advised against (IIIA and IIIB recommendations) non-
invasive tests but to proceed to coronary angiography (IA recommendation). Patients 
intolerant of non-invasive testings, or with left ventricular dysfunction, could be considered 
for coronary angiography. Cardiac transplant patients continue to form an important group 
of the patients in whom coronary angiography is routinely performed for follow up for 
transplant vasculopathy. It continues to be a class II recommendation for patients awaiting 
organ transplant aged 40 years or older.  

3.1.2 Coronary artery disease – stable pattern – known coronary artery disease 
There is no role for surveillance routine coronary angiography in stable asymptomatic patients 
with known CAD, previous coronary interventions or coronary bypass surgery, unless as 
part of a research protocol. Patients who have documented coronary artery disease and 
previous interventions or CABG, who have developed recurred or worsening symptoms, 
coronary angiography is indicated and may be combined with percutaneous 
revascularization. It is reasonable to proceed to coronary angiography directly in these 
patients. Whilst functional non-invasive tests will still provide localizing data for inducible 
ischaemia, intravascular testing modalities such as intravascular ultrasound, optical 
coherence tomography and fractional flow reserve testing allow a robust evidence based 
approach to guide any revascularization (Tonino et al 2009; Pijls et al 2007). 

3.2 Coronary artery disease – unstable pattern 
3.2.1 Acute coronary syndromes – with haemodynamic instability or rhythm 
disturbance  
Patients who presented with acute coronary syndromes with clinical instability (table 4) 
should proceed to urgent angiography with a view to possible revascularization (Hochman 
et al, 2006) either percutaneously or surgically if indicated.  
 

Clinical instability in acute coronary syndromes 

Cardiogenic shock 

haemodynamic instability - severe hypotension on ischaemia 

Recurrent/Persistent ischaemia and/or chest pain 

Instability in cardiac rhythm e.g. major ventricular arrhythmia 

Table 4. Clinical instability in acute coronary syndromes 

3.2.2 Acute coronary syndromes – unstable angina and non ST elevation acute 
coronary syndromes (non STEACS) 
Non STEACS is the most frequent presentation of acute coronary syndromes and carries at 
least as poor an outcome as STEACS (Chan et al 2009, Polonski et al, 2010).  It is 
recommended (ESC and ACC class I recommendation) that patients who presented with 
non STEACS should be treated with an invasive strategy of coronary angiography. This is 
especially for patients with evidence of ischaemia on ECG or biomarkers, the two most 
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powerful predictors of adverse events, as a prelude to definitive treatment for unstable 
coronary culprit lesions. Several meta-analyses including a Cochrane review (Hoenig et al, 
2006; Fox et al, 2010; Mehta et al, 2005) of randomized controlled trials have concluded a 
routine invasive strategy improved ischaemic endpoints - reducing recurrent ischaemia, 
rehospitalisation and revascularization; and a more recent meta-analysis of three RCTs 
(FRISC-II, ICTUS, RITA-3) in 2010 (Fox et al, 2010) showed the benefit of a routine invasive 
strategy in cardiovascular death or non fatal MI was maintained at five years. Whilst the 
meta-analysis was conclusive, one must note the heterogeneity in the trials included. The 
most controversial trial, published in 2005, comparing a routine invasive vs. conservative 
strategy, ICTUS (de Winter et al, 2005), was the only trial to show no difference in the 
ischaemic end points between the two strategies. Five year follow up data from this study 
continued to show no long-term benefit of an early invasive strategy in reducing death or 
MI (Damman et al, 2010). Notably, 54% of the initially conservatively treated patients 
received revascularization within one year. It is likely the ability of the ICTUS trial to 
demonstrate difference in clinical outcomes has been significantly compromised by the cross 
over rate (Cannon, 2004) from medical therapy to invasive treatment.  
As a result of the heterogeneity between trials (inclusion criteria, definitions of MI, intensity 
of pharmacological treatment and frequency of revascularization) and the confounding 
results, this issue of routine invasive vs. conservative treatment strategy continues to spurn 
passionate debate (Bittl & Maron, 2010; Thompson, 2010). The 2011 ACC guidelines 
(Anderson et al, 2011) acknowledge that in selective patients without high-risk features who 
have been stabilized, an initially conservative strategy may not be inappropriate, especially 
those with serious co morbidities or contraindications to angiography and intervention who 
have an elevated risk for clinical events, for example, patients with advanced malignancy 
and a history of contrast allergy who declines invasive procedures. The decision to avoid 
angiography in these patients may be made by considering the clinical evaluation of the 
physician and patient preference. It is those patients enjoying satisfactory quality of life who 
demonstrate the highest clinical risk profile that derive the most benefit and should receive 
an early invasive strategy. 
When an early invasive approach has been decided for a patient, the exact timing to 
invasive coronary angiography is not very well established and subject to ongoing research. 
This of course differs from the management in STEACS where urgent reperfusion is vital. 
Various trials have attempted to answer the question of timing of coronary angiography in 
NSTEACS. The risk of adverse cardiovascular events is time dependant. These events in the 
unstable patient group are more common in the early phase after initial clinical 
presentation. An early invasive treatment may prevent impending reinfarction or ischaemia, 
but the counterargument is that an adequate pre procedural period of pharmacotherapy 
may “prepare” the lesion better to minimize complications such as no reflow. The data is 
not definitive. Small trials (Neumann et al, 2003), non-clinical primary endpoints 
(Montalescot et al, 2009), possibly underpowered studies (Mehta et al, 2009) are all factors 
that make definitive evidence based recommendations difficult.  
Whilst the evidence differs between various trials, it is reasonable the low to intermediate 
risk NSTEACS patients undergo coronary angiography within 72 hours. This is reflected in 
the conservative arm of recent studies in whom a delayed approach is now considered a 
median of 24 hours after the onset of symptoms compared to 72 hours 10 years ago.  Based 
on subgroup analysis on the TIMACS study in which patients with a GRACE score >140 
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benefited most from an early invasive strategy, this group of high risk patients would 
benefit from prompt (<24 hours) coronary angiography. 
 
 Patients Study design Median 

early vs. 
Late 
difference 
(hrs)

Primary 
endpoint 

Results Other findings 

TACTICS 
TIMI 18 
(2001) 

NSTEACS Angiography 
4-48 vs. 
selective 
invasive

22hrs vs. 
79 hrs 

6 month death, 
MI, 
rehospitalization 
for MI

15.9% vs. 
19.4% 
(p=0.025)

ISAR-
COOL 
(2003) 

NSTEACS Angiography 
< 6 hrs vs. > 
72 hrs

2.4 hrs vs. 
86 hrs 

30 day death or 
large MI 

5.9% vs. 
11.6% 
(p=0.04)

TIMACS 
(2009) 

NSTEACS, 
<24 hrs of 
pain 

Angiography 
< 24 hrs vs. 
>36 hrs after 
randomization

14 hrs vs. 
50 hrs 

6 month death, 
MI, stroke 

9.6% vs. 
11.3% 
(p=0.15) 

Refractory 
ischaemia 3.3% 
vs. 1.0% 
(p<0.001) 

ABOARD 
(2009) 

NSTEACS Angiography 
“immediate” 
vs. delayed 

70 min 
vs. 21 hrs

Peak troponin I 
during 
hospitalization 

2.1 vs. 
1.7 
ng/mL 

20 death, MI, 
urgent 
revascularization 
13.7% vs. 10.2% 
p=0.31 

Table 5. Timing of coronary angiography in NSTEACS 

3.2.3 Acute coronary syndromes – ST elevation ACS 
The cornerstone of management in ST elevation ACS is the timely restoration of flow in the 
infarct related artery. The accepted strategies for reperfusion include primary PCI and 
thrombolysis. If available within a timely fashion from an experienced team, urgent 
coronary angiography and primary PCI offers better patient outcomes than thrombolysis in 
STEACS. In addition, primary PCI is recommended in patients with cardiogenic shock or 
contraindication to thrombolysis.  
In patients with failed thrombolysis, or recurrent ischaemia after initially successful 
thrombolysis, urgent coronary angiography should be considered, as shown in a meta-
analysis in 2007 (Wijeysundera et al, 2007). Rescue PCI is associated with significant risk 
reduction in reinfarction and heart failure, as well as a trend towards mortality reduction. In 
the REACT trial (Gerschlick et al, 2005), there was a significant reduction of the primary 
composite end point of death, reinfarction, stroke or severe heart failure at six months for 
rescue PCI, compared to both conservative treatment of repeat thrombolysis. Long term 
data (Carver et al, 2009), median 4.4 years, from this trial reinforced the mortality reduction 
of rescue PCI over both conservative treatment or repeat thrombolysis (RR 0.41, p=0.004; RR 
0.43, p=0.006, respectively). Repeat thrombolysis is contraindicated. It is associated with 
excessive bleeding and no benefit in reperfusion. In patients who presented to a non PCI-
capable centre, if transfer to a PCI-capable centre can be undertaken such that the delay 
between first medical contact and balloon inflation is less than two hours, patient should be 
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powerful predictors of adverse events, as a prelude to definitive treatment for unstable 
coronary culprit lesions. Several meta-analyses including a Cochrane review (Hoenig et al, 
2006; Fox et al, 2010; Mehta et al, 2005) of randomized controlled trials have concluded a 
routine invasive strategy improved ischaemic endpoints - reducing recurrent ischaemia, 
rehospitalisation and revascularization; and a more recent meta-analysis of three RCTs 
(FRISC-II, ICTUS, RITA-3) in 2010 (Fox et al, 2010) showed the benefit of a routine invasive 
strategy in cardiovascular death or non fatal MI was maintained at five years. Whilst the 
meta-analysis was conclusive, one must note the heterogeneity in the trials included. The 
most controversial trial, published in 2005, comparing a routine invasive vs. conservative 
strategy, ICTUS (de Winter et al, 2005), was the only trial to show no difference in the 
ischaemic end points between the two strategies. Five year follow up data from this study 
continued to show no long-term benefit of an early invasive strategy in reducing death or 
MI (Damman et al, 2010). Notably, 54% of the initially conservatively treated patients 
received revascularization within one year. It is likely the ability of the ICTUS trial to 
demonstrate difference in clinical outcomes has been significantly compromised by the cross 
over rate (Cannon, 2004) from medical therapy to invasive treatment.  
As a result of the heterogeneity between trials (inclusion criteria, definitions of MI, intensity 
of pharmacological treatment and frequency of revascularization) and the confounding 
results, this issue of routine invasive vs. conservative treatment strategy continues to spurn 
passionate debate (Bittl & Maron, 2010; Thompson, 2010). The 2011 ACC guidelines 
(Anderson et al, 2011) acknowledge that in selective patients without high-risk features who 
have been stabilized, an initially conservative strategy may not be inappropriate, especially 
those with serious co morbidities or contraindications to angiography and intervention who 
have an elevated risk for clinical events, for example, patients with advanced malignancy 
and a history of contrast allergy who declines invasive procedures. The decision to avoid 
angiography in these patients may be made by considering the clinical evaluation of the 
physician and patient preference. It is those patients enjoying satisfactory quality of life who 
demonstrate the highest clinical risk profile that derive the most benefit and should receive 
an early invasive strategy. 
When an early invasive approach has been decided for a patient, the exact timing to 
invasive coronary angiography is not very well established and subject to ongoing research. 
This of course differs from the management in STEACS where urgent reperfusion is vital. 
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median of 24 hours after the onset of symptoms compared to 72 hours 10 years ago.  Based 
on subgroup analysis on the TIMACS study in which patients with a GRACE score >140 
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benefited most from an early invasive strategy, this group of high risk patients would 
benefit from prompt (<24 hours) coronary angiography. 
 
 Patients Study design Median 

early vs. 
Late 
difference 
(hrs)

Primary 
endpoint 

Results Other findings 

TACTICS 
TIMI 18 
(2001) 

NSTEACS Angiography 
4-48 vs. 
selective 
invasive

22hrs vs. 
79 hrs 

6 month death, 
MI, 
rehospitalization 
for MI

15.9% vs. 
19.4% 
(p=0.025)

ISAR-
COOL 
(2003) 

NSTEACS Angiography 
< 6 hrs vs. > 
72 hrs

2.4 hrs vs. 
86 hrs 

30 day death or 
large MI 

5.9% vs. 
11.6% 
(p=0.04)

TIMACS 
(2009) 

NSTEACS, 
<24 hrs of 
pain 

Angiography 
< 24 hrs vs. 
>36 hrs after 
randomization

14 hrs vs. 
50 hrs 

6 month death, 
MI, stroke 

9.6% vs. 
11.3% 
(p=0.15) 

Refractory 
ischaemia 3.3% 
vs. 1.0% 
(p<0.001) 

ABOARD 
(2009) 

NSTEACS Angiography 
“immediate” 
vs. delayed 

70 min 
vs. 21 hrs

Peak troponin I 
during 
hospitalization 

2.1 vs. 
1.7 
ng/mL 

20 death, MI, 
urgent 
revascularization 
13.7% vs. 10.2% 
p=0.31 

Table 5. Timing of coronary angiography in NSTEACS 

3.2.3 Acute coronary syndromes – ST elevation ACS 
The cornerstone of management in ST elevation ACS is the timely restoration of flow in the 
infarct related artery. The accepted strategies for reperfusion include primary PCI and 
thrombolysis. If available within a timely fashion from an experienced team, urgent 
coronary angiography and primary PCI offers better patient outcomes than thrombolysis in 
STEACS. In addition, primary PCI is recommended in patients with cardiogenic shock or 
contraindication to thrombolysis.  
In patients with failed thrombolysis, or recurrent ischaemia after initially successful 
thrombolysis, urgent coronary angiography should be considered, as shown in a meta-
analysis in 2007 (Wijeysundera et al, 2007). Rescue PCI is associated with significant risk 
reduction in reinfarction and heart failure, as well as a trend towards mortality reduction. In 
the REACT trial (Gerschlick et al, 2005), there was a significant reduction of the primary 
composite end point of death, reinfarction, stroke or severe heart failure at six months for 
rescue PCI, compared to both conservative treatment of repeat thrombolysis. Long term 
data (Carver et al, 2009), median 4.4 years, from this trial reinforced the mortality reduction 
of rescue PCI over both conservative treatment or repeat thrombolysis (RR 0.41, p=0.004; RR 
0.43, p=0.006, respectively). Repeat thrombolysis is contraindicated. It is associated with 
excessive bleeding and no benefit in reperfusion. In patients who presented to a non PCI-
capable centre, if transfer to a PCI-capable centre can be undertaken such that the delay 
between first medical contact and balloon inflation is less than two hours, patient should be 
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transferred to the PCI-capable centre. Established logistics and personnel arrangement must 
be in place for this to take place.  
In patients with successful thrombolysis, the timing of transfer to a PCI-capable facility and 
the timing of angiography have been addressed in several contemporary trials and meta-
analyses. Several recent meta-analyses (Borgia et al, 2010; Desch et al, 2008; Savio et al, 2010) 
which included studies such as CARESS-AMI (Di Mario et al, 2009), TRANSFER-AMI 
(Cantor et al, 2010) and NORDISTEMI (Bøhmer et al, 2009), demonstrated that early transfer 
to a PCI capable facility is associated with a significant reduction in the combined endpoint 
of 30 day mortality, re-infarction, ischaemia. The benefit appears to be driven most by a 
reduction of re-infarction and ischaemia. Current ESC and ACC guidelines recommend this 
pharmacoinvasive strategy, or “drip and ship” strategy, the prompt transfer of 
thrombolyzed patients to a PCI capable hospital within 24 hours.  
The timing of coronary angiography deserves special mention. In stable patients 
successfully thrombolyzed, having been transferred to a PCI capable facility, coronary 
angiography and PCI should be deferred until 3 to 24 hours after thrombolysis. Whilst 
immediate coronary angiography appears attractive a proposition, evidence from 
“facilitated PCI” suggests otherwise. Facilitated PCI is  a strategy of immediate angiography 
and PCI after pharmacotherapy such as upstream full or half dose thrombolytic therapy, 
with or without glycoprotein IIb/IIIa inhibitor. Several trials have addressed this question. 
ASSENT-4 (ASSENT-4 investigators, 2006), assessing tenecteplase then PCI compared to 
primary PCI, showed increased rates of ischaemic and bleeding complications with 
facilitated PCI, and FINESSE (Ellis et al, 2008, reduced reteplace and abciximab then PCI vs. 
abciximab then PCI vs. PCI) showed no difference in the mortality, ventricular function or 
cardiogenic shock but excess bleeding. A meta-analysis (Keeley et al, 2006) of 18 trials over 3 
decades showed no benefit of facilitated PCI over primary PCI. There is currently no data to 
recommend the use of “facilitated” PCI. Pharmacoinvasive strategy is encouraged but 
facilitated PCI is not. 
Coronary angiography should be performed prior to definitive surgical treatment for 
mechanical complications of any myocardial infarction (e.g. ventricular septal defect, acute 
mitral regurgitation or ventricular aneurysm). There are some situation however where the 
delays associated with angiography may outweigh the benefits of defining the coronary 
anatomy. For example angiography should not delay emergent surgical treatment of VSD 
and shock or aortic dissection. 

3.2.4 Out of hospital cardiac arrest (OOHCA) 
Patients who have survived an out of hospital cardiac arrest with return of spontaneous 
circulation (ROSC) may or may not present with diagnostic ischaemic ECG changes. In 
patients with definitive changes such as ST elevation, they should be treated as outlined 
above with an immediate invasive strategy. In haemodynamically and rhythmically stable 
patients after cardiac arrest, the appropriate timing (immediate vs. deferred) of coronary 
angiography is the subject of particular interest. Up to 80% of OOHCA patients have had an 
acute coronary syndrome as the precipitant (Pell et al, 2003) and ECG changes are not 
necessarily predictive (Aurore et al, 2011). Given this finding, it was not surprising some 
studies (Dumas et al, 2010; Reynolds et al, 2009; Spaulding et al, 1997; Sunde et al, 2007; Stub 
et al 2010) have shown an improved outcome, including cardiac ejection fraction,  
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 Patients Study design Primary 

endpoints 
Results Hrs to PCI 

in transfer 
group 

Other 
findings 

CARESS-in-
AMI (2008)  

75 y.o. or 
younger 
STEACS, ½ 
reteplace 
with 
abciximab, 
heparin, 
aspirin 
within 12 
hours of 
pain 

Immediate 
transfer for 
angiography 
±PCI vs. 
standard 
treatment 
(with transfer 
for rescue if 
needed) 

30 day 
death, 
reinfarction, 
refractory 
ischaemia 

RR 0.40 
(p=0.004)

<3  
(median 2.2) 

 

TRANSFER-
AMI (2009)  

STEACS, 
tenecteplase 
within 12 
hours of 
pain 

Immediate 
transfer for 
angiography± 
PCI within 6 
hours vs. 
standard-
treatment 
(deferred > 
24 hrs) 

30 day 
death, 
reinfarction, 
recurrent 
ischaemia, 
new CCF, 
cardiogenic 
shock 

RR 0.64 
(p=0.004)

<6  
(median 3.9) 

 

NORDISTEMI 
(2010) 

75 y.o. or 
younger, 
STEACS, 
teneteplase
<6 hr of 
pain, 
tenecteplase

Immediate 
angiography 
±PCI vs. 
Deferred  

12 month 
death, 
reinfarction, 
stroke, new 
ischaemia 

RR 0.72 
(NS) 

As soon as 
possible 
(median 2.7) 

30 day 
death, 
reinfarction, 
stroke or 
new 
ischaemia 
(RR 0.49 
p=0.03) 

Table 6. Timing of transfer of STEACS patients to a PCI capable facility 

neurological recovery and survival, with this strategy. The largest study of this patient 
group is the PROCAT registry (Dumas et al, 2010) from Paris suggested that immediate 
angiography and successful PCI improved survival (odds ratio 2.06, p=0.013). Given the 
evidence leading centers have adoped a strategy of immediate coronary angiography and 
revascularisation as indicated after an OOHCA with ROSC. Indeed, this is the 
recommendation endorsed by the International Liaison Committee on Resuscitation 
(ILCOR, 2010) but the level of evidence is relatively low. Coma or significant neurological 
compromise are common in this patient group and these should not preclude consideration 
of angiography with full neurological recovery in initially comatose STEACS patients found 
in various registries (Garot et al, 2007; Hosmane et al, 2009). Further, the induction of 
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transferred to the PCI-capable centre. Established logistics and personnel arrangement must 
be in place for this to take place.  
In patients with successful thrombolysis, the timing of transfer to a PCI-capable facility and 
the timing of angiography have been addressed in several contemporary trials and meta-
analyses. Several recent meta-analyses (Borgia et al, 2010; Desch et al, 2008; Savio et al, 2010) 
which included studies such as CARESS-AMI (Di Mario et al, 2009), TRANSFER-AMI 
(Cantor et al, 2010) and NORDISTEMI (Bøhmer et al, 2009), demonstrated that early transfer 
to a PCI capable facility is associated with a significant reduction in the combined endpoint 
of 30 day mortality, re-infarction, ischaemia. The benefit appears to be driven most by a 
reduction of re-infarction and ischaemia. Current ESC and ACC guidelines recommend this 
pharmacoinvasive strategy, or “drip and ship” strategy, the prompt transfer of 
thrombolyzed patients to a PCI capable hospital within 24 hours.  
The timing of coronary angiography deserves special mention. In stable patients 
successfully thrombolyzed, having been transferred to a PCI capable facility, coronary 
angiography and PCI should be deferred until 3 to 24 hours after thrombolysis. Whilst 
immediate coronary angiography appears attractive a proposition, evidence from 
“facilitated PCI” suggests otherwise. Facilitated PCI is  a strategy of immediate angiography 
and PCI after pharmacotherapy such as upstream full or half dose thrombolytic therapy, 
with or without glycoprotein IIb/IIIa inhibitor. Several trials have addressed this question. 
ASSENT-4 (ASSENT-4 investigators, 2006), assessing tenecteplase then PCI compared to 
primary PCI, showed increased rates of ischaemic and bleeding complications with 
facilitated PCI, and FINESSE (Ellis et al, 2008, reduced reteplace and abciximab then PCI vs. 
abciximab then PCI vs. PCI) showed no difference in the mortality, ventricular function or 
cardiogenic shock but excess bleeding. A meta-analysis (Keeley et al, 2006) of 18 trials over 3 
decades showed no benefit of facilitated PCI over primary PCI. There is currently no data to 
recommend the use of “facilitated” PCI. Pharmacoinvasive strategy is encouraged but 
facilitated PCI is not. 
Coronary angiography should be performed prior to definitive surgical treatment for 
mechanical complications of any myocardial infarction (e.g. ventricular septal defect, acute 
mitral regurgitation or ventricular aneurysm). There are some situation however where the 
delays associated with angiography may outweigh the benefits of defining the coronary 
anatomy. For example angiography should not delay emergent surgical treatment of VSD 
and shock or aortic dissection. 

3.2.4 Out of hospital cardiac arrest (OOHCA) 
Patients who have survived an out of hospital cardiac arrest with return of spontaneous 
circulation (ROSC) may or may not present with diagnostic ischaemic ECG changes. In 
patients with definitive changes such as ST elevation, they should be treated as outlined 
above with an immediate invasive strategy. In haemodynamically and rhythmically stable 
patients after cardiac arrest, the appropriate timing (immediate vs. deferred) of coronary 
angiography is the subject of particular interest. Up to 80% of OOHCA patients have had an 
acute coronary syndrome as the precipitant (Pell et al, 2003) and ECG changes are not 
necessarily predictive (Aurore et al, 2011). Given this finding, it was not surprising some 
studies (Dumas et al, 2010; Reynolds et al, 2009; Spaulding et al, 1997; Sunde et al, 2007; Stub 
et al 2010) have shown an improved outcome, including cardiac ejection fraction,  
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 Patients Study design Primary 

endpoints 
Results Hrs to PCI 

in transfer 
group 

Other 
findings 

CARESS-in-
AMI (2008)  

75 y.o. or 
younger 
STEACS, ½ 
reteplace 
with 
abciximab, 
heparin, 
aspirin 
within 12 
hours of 
pain 

Immediate 
transfer for 
angiography 
±PCI vs. 
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treatment 
(with transfer 
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needed) 

30 day 
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ischaemia 

RR 0.40 
(p=0.004)

<3  
(median 2.2) 
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STEACS, 
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within 12 
hours of 
pain 

Immediate 
transfer for 
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PCI within 6 
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75 y.o. or 
younger, 
STEACS, 
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pain, 
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angiography 
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stroke, new 
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As soon as 
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30 day 
death, 
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Table 6. Timing of transfer of STEACS patients to a PCI capable facility 

neurological recovery and survival, with this strategy. The largest study of this patient 
group is the PROCAT registry (Dumas et al, 2010) from Paris suggested that immediate 
angiography and successful PCI improved survival (odds ratio 2.06, p=0.013). Given the 
evidence leading centers have adoped a strategy of immediate coronary angiography and 
revascularisation as indicated after an OOHCA with ROSC. Indeed, this is the 
recommendation endorsed by the International Liaison Committee on Resuscitation 
(ILCOR, 2010) but the level of evidence is relatively low. Coma or significant neurological 
compromise are common in this patient group and these should not preclude consideration 
of angiography with full neurological recovery in initially comatose STEACS patients found 
in various registries (Garot et al, 2007; Hosmane et al, 2009). Further, the induction of 
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hypothermia (Bernard et al, 2002; Wolfrum et al, 2008) should be incorporated as part of the 
treatment strategy for those undergoing immediate angiography.  

3.3 Special considerations 
3.3.1 Congestive cardiac failure 
Invasive coronary angiography is useful in the investigation of left ventricular systolic 
dysfunction for an ischemic aetiology, especially in the presence of suggestive features such 
as angina, remote history of severe angina or even silent infarction, ischaemia on surface 
electrocardiogram, or regional wall motion abnormalities on cardiac imaging. Since the 1999 
ACC guideline, the advance of non-invasive computed tomography coronary angiography 
(Andreini et al, 2009), with its high sensitivity and negative predictive value, may justify its 
use for this particular indication rather than invasive coronary angiography. The negative 
predictive value of a normal scan has been shown to approach 100%.  

3.3.2 Preoperative assessment for noncardiac surgery 
The premise of preoperative cardiac, in particular coronary, assessment for noncardiac 
surgery is to prevent peri operative cardiac adverse events and mortality. Surgery places 
significant physiological stresses that may cause cardiac ischaemia from stenosed epicardial 
arteries as well as inflammation and activation of the coagulation cascade possibly 
precipitating acute coronary syndromes.  
As a general rule, the patient should be managed as would be in a non-surgical setting and 
testing of any type should only be undertaken if it is likely to change peri operative 
management. As such, in any emergency life saving operations, it is accepted any cardiac 
investigations should not be performed. 
Coronary angiography has a limited role in the routine management of patients planned for 
non-cardiac surgery. A comprehensive discussion on the preoperative assessment of 
noncardiac surgery is beyond the scope of this chapter but the key determinants are: patient 
symptoms and clinical risk profile, surgical risk estimate (table 7) (Boersma et al, 2005), and 
the patient’s functional capacity.  
 

Surgical risk estimate (adapted from Boersma et al, 2005) – risk of MI and cardiac death at 
30 days 
Low risk <1% Intermediate risk 1-5% High risk >5% 
Breast Abdominal Aortic and major 

vascular surgery 
Dental Carotid Peripheral vascular 

surgery 
Endocrine Peripheral arterial angioplasty  
Eye Endovascular aneurysm repair  
Reconstructive Head and neck surgery  
Orthopaedic – minor e.g. 
knee 

Neurological/major 
orthopaedic 

 

Urologic – minor  Pulmonary/renal/liver 
transplant 

 

 Urologic – major   

Table 7. Risk of adverse cardiac events in different surgical scenarios 
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Patients who have stable angina or are asymptomatic can generally proceed with surgery. 
Patients who have worsening symptoms of ischaemia probably deserve further assessment, 
namely in the form of functional studies, prior to elective surgery. The same indications for 
coronary angiography and/or intervention should apply here as would be in the non-
surgical setting. The cardiac risks of the particular operation should be assessed. It is a class 
I recommendation (Poldermans et al, 2009) that pre-operative coronary angiography be 
performed in acute coronary syndromes as well as in patients with angina refractory to 
medical therapy. Pre-operative angiography is not recommended in cardiac-stable patients 
undergoing low-risk and even intermediate risk surgery. 
Evidence of improved outcome with revascularization prior to surgery however is lacking. 
There is little data pertaining to the benefit of revascularization in patients undergoing non 
cardiac vascular surgery, a subset of surgical patients known for high cardiac co-morbidity. 
One study (McFalls et al, 2004 - Coronary Artery Revascularization Prophylaxis CARP 
study) on stable CAD patients with preserved LV failed to demonstrate improved outcome 
with prophylactic revascularization compared to optimized medical therapy. Another study 
(Poldermans et al, 2007 - DECREASE-V pilot study), assessed the same concept on complex 
CAD with impaired LV systolic function, and reached the same conclusion. This was despite 
75% of these cases having three vessel or left main coronary artery disease. On the currently 
limited available data, prophylactic revascularization cannot be recommended.  

3.3.3 Non invasive computed tomography coronary angiography (CTCA) 
Over the past decade the technological advances in CTCA have meant that the technology is 
emerging as an important investigation in a range of clinical scenarios. Aside from its non-
invasive nature, CTCA provides information about both vessel lumen and important 
information on the composition of plaque and the vessel wall as well as other cardiac 
structures. However, it is important to note the spatial and temporal resolutions remain 
inferior to invasive coronary angiography with the current technology. Various multicentre 
studies (Budoff et al, 2008; Miller et al, 2008; Mowatt et al, 2008) on 64 slice CTCA have been 
published and confirmed its inferiority to invasive coronary angiography particularly in its 
specificity and the limitation on small vessel definition (table 8). The evidence for its clinical 
application continues to evolve.  
 
Study 
author 

Sensitivity 
per vessel 

Specificity 
per vessel 

Sensitivity 
per patient 

Specificity 
per 
patient 

Negative 
predictive 
value  
(per atient) 

Positive 
predictive 
value  
(per patient) 

Budoff et al 
2008 

84% 90% 95% 83% 99% 64% 

Meijboom 
et al 2008 

95% 77% 99% 64% 97% 86% 

Miller et al 
2008 

75% 93% 85% 90% 83% 91% 

Table 8. Meta-analyses of accuracy 64 slice CTCA compared to coronary angiography 
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As a general rule, the patient should be managed as would be in a non-surgical setting and 
testing of any type should only be undertaken if it is likely to change peri operative 
management. As such, in any emergency life saving operations, it is accepted any cardiac 
investigations should not be performed. 
Coronary angiography has a limited role in the routine management of patients planned for 
non-cardiac surgery. A comprehensive discussion on the preoperative assessment of 
noncardiac surgery is beyond the scope of this chapter but the key determinants are: patient 
symptoms and clinical risk profile, surgical risk estimate (table 7) (Boersma et al, 2005), and 
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Patients who have stable angina or are asymptomatic can generally proceed with surgery. 
Patients who have worsening symptoms of ischaemia probably deserve further assessment, 
namely in the form of functional studies, prior to elective surgery. The same indications for 
coronary angiography and/or intervention should apply here as would be in the non-
surgical setting. The cardiac risks of the particular operation should be assessed. It is a class 
I recommendation (Poldermans et al, 2009) that pre-operative coronary angiography be 
performed in acute coronary syndromes as well as in patients with angina refractory to 
medical therapy. Pre-operative angiography is not recommended in cardiac-stable patients 
undergoing low-risk and even intermediate risk surgery. 
Evidence of improved outcome with revascularization prior to surgery however is lacking. 
There is little data pertaining to the benefit of revascularization in patients undergoing non 
cardiac vascular surgery, a subset of surgical patients known for high cardiac co-morbidity. 
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study) on stable CAD patients with preserved LV failed to demonstrate improved outcome 
with prophylactic revascularization compared to optimized medical therapy. Another study 
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CAD with impaired LV systolic function, and reached the same conclusion. This was despite 
75% of these cases having three vessel or left main coronary artery disease. On the currently 
limited available data, prophylactic revascularization cannot be recommended.  
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Over the past decade the technological advances in CTCA have meant that the technology is 
emerging as an important investigation in a range of clinical scenarios. Aside from its non-
invasive nature, CTCA provides information about both vessel lumen and important 
information on the composition of plaque and the vessel wall as well as other cardiac 
structures. However, it is important to note the spatial and temporal resolutions remain 
inferior to invasive coronary angiography with the current technology. Various multicentre 
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predictive 
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Guidelines on the appropriateness of CTCA (Taylor et al, 2010) published in 2010 attempted 
to address the use of this rapidly evolving technology. The indications chosen mirrored that 
of invasive coronary angiography. In view of its high sensitivity, CTCA is particularly 
suited to low to intermediate risk patients in the setting of stable symptomatic patients, low 
risk acute coronary syndromes and heart failure patients. Patients with normal CTCA 
findings convey a very low risk of future cardiac events and cardiac mortality (Hulten et al, 
2011). Patients at high risk of coronary artery disease are advised against CTCA as this 
represents hindrance to timely diagnosis and management of CAD with the additional risk 
of contrast and radiation. It has no role in the preoperative assessment of non-cardiac 
surgery. It is deemed appropriate in the assessment of graft patency for symptomatic 
patients with previous CABG. To reflect the emerging role of left main stenting, CTCA has 
been deemed appropriate as a means for routine follow up screening of left main stent(s) in 
asymptomatic patients.  
Unless the limitations of CTCA can be sufficiently improved upon, it is likely CTCA will 
continue to be utilized in a complementary role to invasive coronary angiography in the 
assessment of CAD. Of course the major advantage of angiography remains the ability to 
proceed on to coronary intervention as part of the imaging procedure. 

3.4 Relative and absolute contraindications 
The only absolute contraindication is if a patient refuses the test fully understanding the risk 
and benefit of his/her decision, refuses any treatment for CAD regardless of the result of the 
coronary angiography, or if other medical co-morbidities rendering imaging of the 
coronaries and revascularization inappropriate or impossible. Subjecting the patient to even 
the small risks of a coronary angiogram with no foreseeable gain cannot be justified. 
Relative contraindications include situations which increase the likelihood of complications, 
e.g. bleeding diathesis, coagulopathy (iatrogenic i.e. warfarin or pathological), renal 
impairment, anaemia, contrast allergy, active infection and aortic valve vegetation. If these 
relative contraindications are reversible the patient should be appropriately prepared and 
coronary angiography deferred. 

4. Valvular heart disease and structural heart disease intervention 
The assessment of the coronary anatomy prior to cardiac valvular surgery is routine 
although not necessarily evidence driven. Whilst surgery for valvular heart disease has been 
performed for many years, percutaneous intervention for structural or valvular heart 
disease has been generating significant interest over the recent years. Transcatheter aortic 
valve implants (TAVI) have already demonstrated significant mortality benefit in patients 
deemed unsuitable for surgery compared to medical therapy, in the first RCT on TAVI 
(PARTNERS trial) (Leon et al, 2010). Several investigational percutaneous treatment options 
also exist for mitral regurgitation. Percutaneous coronary revascularization has been a 
prerequisite for the TAVI procedures and as such all patients underwent coronary 
angiography. The incidence of coronary disease in this patient group is high, up to 70% the 
PARTNERS trial. Coronary angiography is a pivotal part in the assessment for TAVI 
suitability. The increasing percutaneous treatment options will likely generate in the future 
specific college endorsed guideline to incorporate the role of coronary angiography in pre 
structural heart intervention.. 
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4.1 Pre valvular surgery 
It is routine to perform coronary angiography prior to valve surgery although there is no 
evidence to guide such practice (Bonow et al, 2006; Vahanian et al, 2007). This is especially 
logical in older patients with cardiac risk factors, or suggestion of CAD from symptoms, 
ECG, cardiac imaging or non-invasive function studies. The indication is less clear in 
younger patients, and special caution must be exercised in aortic valve surgery for infective 
endocarditis given the risk for vegetation embolization. No definitive data are available to 
define the clinical benefit of revascularization in the setting of corrective valve surgery. 
Whilst it is reasonable to expect benefit in prognostic disease, the same generalization may 
not apply to single vessel non prognostic lesions which would otherwise not necessarily be 
revascularized in a non-surgical setting. The role of CTCA is yet to be defined but its 
application here may reasonably mimic that outlined previously, in a low to intermediate 
risk group of patients undergoing valvular surgery (Meijboom et al, 2006). 

4.1.1 Pre percutaneous valve implant 
This is a developing area in which the role of coronary angiography appears crucial. 
Coronary angiography and if necessary percutaneous revascularization were a requisite for 
all TAVI trials so as to allow for direct comparison with the CABG + AVR subgroup. It 
seems nonetheless reasonable for this group of high risk patients, often with symptoms 
indistinguishable from ischaemia, to undergo coronary angiography. In addition, the left 
heart catheterization is pivotal for necessary measurement of aortic dimensions, angulation, 
coronary ostia position and origin, and assessment of vascular access. It should be noted the 
indication of revascularization in patients undergoing TAVI stems from its equivalent in 
surgical treatment, the exact timing and completeness of revascularization are yet to be 
defined. 
The more difficult question relates to the need for coronary angiography in patients who 
may not otherwise meet the indications for coronary angiography, e.g. pulmonary valve 
implant in a young congenital heart disease patient, mitral valve clip in severe functional 
mitral regurgitation. These patients are managed the patient in a similar fashion to the 
conventional indications for coronary angiography.  

4.1.2 Other structural cardiac interventions 
There is limited evidence to support routine coronary angiography in structural cardiac 
interventions such as patent foramen ovale and atrial septal defect closure, coarctation 
stenting, patent ductus arteriosus interventions. It is often performed however based on the 
individual patient’s clinical risk profile. The discovery of prognostically significant coronary 
artery disease not amenable to percutaneous coronary interventions may sway treatment 
towards a complete surgical treatment option. Coronary angiography does not increase the 
invasive nature of these procedures and add little incremental risk. 

5. Case vignettes of the use of coronary angiography in the contemporary 
era 
Case One – atrial septal defect with multi-vessel coronary artery disease 

A 73 year old female presented with NYHA (New York Heart Association) class II 
exertional dyspnoea. Her cardiac risk factors included hypertension and hyperlipidaemia. A 
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Guidelines on the appropriateness of CTCA (Taylor et al, 2010) published in 2010 attempted 
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transthoracic echocardiogram demonstrated two small secundum atrial septal defects 
(ASD), with moderate right ventricular dilatation and normal systolic function. 
Percutaneous ASD closure was attempted. Coronary angiography was performed, 
especially given the uncharacteristically late presentation of her ASD, as well as her cardiac 
risk factors. This demonstrated prognostically significant triple vessel disease (Figure 1a, 1b, 
2c), with an osital 90% left circumflex artery stenosis, 90% mid left anterior descending 
artery bifurcation stenosis and a 90% distal right coronary artery stenosis. Given the 
unfavourable percutaneous prospect for the coronary lesions, she was referred for surgical 
complete revascularization and ASD closure. She was discharged uneventfully one week 
after surgery. Coronary angiography should be considered prior to structural cardiac 
interventions in patients with cardiac risk factors and may alter management. 
 
 
 
 
 

 
 
 
 
 
 

Fig. 1a. Left anterior artery stenoses 
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Fig. 1b. Ostial left circumflex stenosis 

 

 
Fig. 1c. Posterolateral branch stenosis 
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Case Two – post TAVI angiogram 

An 84 year old male represented with angina two years after a successful transcatheter 
aortic valve implant (TAVI) with a bioprosthetic CoreValve®. His NYHA symptomatology 
improved from Class IV to Class I. His coronary angiogram and graft study prior to his 
TAVI showed patent grafts (LIMA-LADD1-LAD; SVG-OM1; SVG-PDA) but severe native 
disease including a severely diseased grafted PDA with no prospect for surgical or 
percutaneous revascularization. A coronary angiogram and graft study was performed 
through his CoreValve® to assess if his underlying disease had progressed (Figure 2a).  
 
 
 
 

 
 
 
 
 
 

Fig. 2a. Angiography with a 5 French Judkins Left 5 catheter through a CoreValve ® 
bioprosthesis 
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This demonstrated patent grafts as previously noted but progression in his PDA disease 
(Figure 2b). Percutaneous, or surgical, treatment remained an unfavourable prospect and he 
was successfully treated with intensified medical therapy with CCS (Canadian 
Cardiovascular Society) I angina. Coronary angiography can be safely performed through 
CoreValve struts but care must be exercised with the choice and manipulation of catheters. 
 

 
Fig. 2b. Severe native posterior descending artery disease not amenable to percutaneous 
treatment 

Case Three – percutaneous treatment of left main stenosis and aortic stenosis  

A 76 year old male with severe aortic stenosis was referred for possible percutaneous 
treatment due to his high surgical risk. Assessment for TAVI entailed a coronary angiogram, 
aortogram and an iliofemoral angiogram (Figure 3a). Coronary angiography revealed a 
significant left main stenosis (Figure 3b) which on intravascular ultrasound measured 5.8 
mm2. A multidisciplinary heart team assessed the data and concluded surgical treatment to 
be prohibitively high risk. The patient then underwent left main stenting with a drug eluting 
stent under IVUS guidance. Satisfactory stent expansion was attained with a final diameter 
of 4.5mm (Figure 3c). The patient then proceeded to a successful TAVI (CoreValve®) 
implant and continued to enjoy excellent symptom relief at six months.  
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Coronary angiography, and arterial (aortic, iliac, and femoral) assessment, form an integral 
part of TAVI assessment. Elderly patients with severe aortic stenosis often have severe co-
existing coronary artery disease as well as peripheral vascular disease as demonstrated by 
this case. Optimizations of the coronary status, as well as an appreciation of the peripheral 
vasculature, are absolutely paramount to a successful TAVI implant and to avoid vascular 
complications. 
 
 
 
 
 

 
 
 
 
 
 
 

Fig. 3a. Tortuous aorta and iliac arteries, important information for TAVI transfemoral 
access. 
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Fig. 3b. Mid shaft left main stenosis 
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Fig. 3b. Mid shaft left main stenosis 
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Fig. 3c. Drug eluting stent deployment in left main guided by IVUS 

Case Four – anomalous coronary artery 

A 63 year old male underwent coronary angiography after being successfully thrombolyzed 
for an inferior STEACS, 24 hours after his original pain onset. Coronary angiography via his 
right femoral artery showed a normal left coronary system but the origin of the right 
coronary artery (RCA) was not in the usual sinus. An Amplatz left catheter 2 (AL2) 
eventually revealed (Figure 4a) an anomalous RCA from the opposite sinus (ACAOS). A 
95% stenosis in the mid RCA was found and after trying various catheters, an EBU (extra 
back up) 3.5 guiding catheter (Medtronic ®), traditionally a left coronary catheter, made it 
possible for a successful intervention and the placement of a coronary stent (Figure 4b and 
4c). A CTCA (Figure 4d) was performed to ascertain the course of the RCA and confirmed 
ACAOS. Percutaneous coronary intervention in anomalous coronary arteries required 
innovative use of guiding catheters. 
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Fig. 4a. Right coronary artery injection with a 5Fr AL2 catheter showing an anomalous right 
coronary origin with impossible selective engagement 
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Fig. 4b. A 6Fr EBU catheter used to engage the anomalous origin. Traditional right coronary 
catheters would not have been useful. 
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Fig. 4c. Successful placement of a drug eluting stent in the mid RCA with no residual 
stenosis. 
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Fig. 4c. Successful placement of a drug eluting stent in the mid RCA with no residual 
stenosis. 
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Fig. 4d. CTCA 3D reconstruction shows the origin and course of the anomalous right 
coronary artery clearly and defines its ante-aortic course. 

Case Five – CTCA in graft assessment 
A 69 year old male developed atypical chest pain 12 months after his coronary bypass graft 
(LIMA-LAD; RA-ramus; SVG-OM1). During the initial angiographic assessment he 
underwent IVUS of his left main and left anterior descending artery indeterminate lesions. 
IVUS showed his LM to be 5.44mm2 and LAD 3.96mm2. These were thought be suggest 
significant stenoses. To investigate his current atypical chest pain an MPS (Figure 5a) was 
performed which showed no inducible ischaemia or symptoms. A CTCA (Figure 5b) was 
performed which however suggested possible occluded LIMA graft. A coronary angiogram 
and graft study (Figure 5c and 5d) confirmed this finding that the LIMA graft had become 
atretic and normal coronary flow seen in the LAD. His other grafts were patent as was 
shown on the CTCA. This case demonstrated the value of CTCA in identifying graft patency 
and position, often facilitating the location of the graft anastomosis at the aorta. The atypical 
symptoms, patent coronary arteries and grafts, correlated well with his negative functional 
study. The LIMA-LAD graft probably underwent atresia as a result of no physiological 
implication to his intermediate LM and LAD lesions even though the diameters measured 
fulfilled conventional criteria for significant lesions.  
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Fig. 5a. Myoperfusion study with no significant inducible ischaemia. 
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Fig. 5a. Myoperfusion study with no significant inducible ischaemia. 
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Fig. 5b. Position of two aortic grafts demonstrated clearly on CTCA. No LIMA flow 
demonstrated. 
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Fig. 5c. LAD artery with no obvious proximal stenosis and normal coronary flow.  
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Fig. 5c. LAD artery with no obvious proximal stenosis and normal coronary flow.  
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Fig. 5d. Small atretic LIMA. 

Case Six – balanced ischaemia on MPS in a high risk patient 

A 67 year old male with 20 years of diabetes mellitus II and 40 pack year history of smoking 
presented with six months of worsening exertional dyspnoea and chest pain. A 
myoperfusion study performed at a satisfactory level of workload demonstrated a small 
area of mildly reversible ischaemia in the inferolateral area. Given the abnormal findings, 
the patient proceeded to coronary angiography. This revealed severe distal left main artery 
stenosis, with a subtotally occluded left circumflex and a proximal severe RCA stenosis. Left 
ventricular function was normal. The extent and severity of disease was of prognostic 
significance. The patient underwent uneventful coronary bypass grafting and was 
discharged from the hospital one week after. This patient exhibited a high pretest 
probability based on the clinical profile. Whilst the myoperfusion study was suggestive, it 
underestimated the extent of disease likely due to the balanced ischaemia from the RCA and 
LM stenoses. Complex distal left main stenosis, especially bifurcation stenosis, is best 
treated with surgical revascularization. 
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Fig. 6a. Distal left main eccentric stenosis and ostial circumflex stenosis. 
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Fig. 6a. Distal left main eccentric stenosis and ostial circumflex stenosis. 
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Fig. 6b. Proximal right coronary artery stenosis 
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6. Conclusion 
Coronary angiography remains the most accurate diagnostic modality for coronary artery 
disease. It provides a definitive assessment of coronary artery lumen and provides an 
avenue to percutaneous intervention. It is pivotal in the treatment on unstable or acute 
coronary syndromes and life saving in cardiogenic shock and STEACSs. Indications for 
invasive coronary angiography have changed incrementally over the decade since 
ACC/AHA guidelines on the topic were published. The advent of noninvasive CTCA has 
changed the landscape for the diagnosis of CAD but CTCAs seem destined only for the low 
to intermediate risk patients. Coronary angiography also serves a pivotal role in the 
burgeoning field of percutaneous structural cardiac interventions, especially percutaneous 
valve implants. 
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ACC/AHA guidelines on the topic were published. The advent of noninvasive CTCA has 
changed the landscape for the diagnosis of CAD but CTCAs seem destined only for the low 
to intermediate risk patients. Coronary angiography also serves a pivotal role in the 
burgeoning field of percutaneous structural cardiac interventions, especially percutaneous 
valve implants. 
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1. Introduction 
Diagnostic cardiac catheterization is recommended whenever it is clinically important to 
define the presence of cardiac disease that cannot be evaluated adequately by noninvasive 
techniques. Because the risk of a major complication from cardiac catheterization is less than 
1% with mortality of less than 0.08%, many doctors can perform the catheterization safely 
now. We discuss the history of coronary angiography. 

2. X-ray 
We must talk about X-rays, at first, when we discuss the history of coronary angiography. 
In 1895, Roentgen discovered the x-rays. In 1896, X-rays of fractures had been obtained and 
published. Walter B. Cannon observed the movements of the opaque mass in the stomach 
and subsequently with mixing bismuth subnitrate described the nature and site of peristaltic 
activity in cats as seen on the fluoroscopic screen. 
Walsh published “The Röntgen Rays in Medical Work. New York: William Wood, 1898.” He 
reproduced a chest film that clearly showed the position and dimensions of the heart and 
describe a number of cardiac and aortic conditions that he visualized radiographically. The 
radiograph in his book required an exposure time of 20 minutes, with the tube only 30 
inches (76 cm) from the radiographic plate (Figure 1). 

3. Angiogram 
Visualization of human blood vessels was achieved in January 1896, during the month after 
the announcement of Roentgen’s discovery, when Haschek and Lindenthal injected 
Teichmann’s mixture, composed mainly of calcium carbonate, into the blood vessels of an 
amputated hand. A published photograph of their original roentgenogram clearly showed 
the potential of the method for visualizing the vascular bed (Figure 2). 
Morton who was a pioneer American radiologist wrote a text entitled “The X-ray, or, 
Photography of the Invisible and Its Value in Surgery. New York: American Technical  
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Fig. 1. The chest film from “The Röntgen Rays in Medical Work”. 

Book Company. 1896.” In this book, his remarks concerning contrast studies are 
intriguing. 
In teaching the anatomy of the blood vessels, the X-ray opens out a new and feasible 
method. The arteries and veins of dead bodies may be injected with a substance opaque to 
the X-ray and thus, their distribution may be more accurately followed than by any possible 
dissection. The feasibility of this method applies equally well to the study of the structures 
and organs of the dead body. To a certain extent, therefore, X-ray photography may replace 
both dissection and vivisection, and in the living body, the location and size of a hollow 
organ may be ascertained by causing the subject to drink a harmless fluid more or less 
opaque to the X-ray, or an effervescing mixture which will cause distention, and then taking 
the picture. 
In 1920, a radiographic atlas devoted only to the systemic arteries of the body was published 
in England, “The X-ray atlas of the systemic arteries of the body. London: Balliere, Tindall, 
and Cox, 1920,” by Orrin. The reproductions showed blood vessels in cadavers with great 
clarity (Figure 3).        
In 1910, Franek and Alwens introduced a suspension of bismuth and oil into the hearts of 
dogs and rabbits directly through the large veins and observed the passage of droplets from 
the heart into the lungs. In 1922, the work of Sicard and Forestier represented the next major 
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advance, when they used Lipiodol, an early oil-based contrast medium, to study the 
bronchial tree and then the spinal subarachnoid space. In 1923, they injected 5 ml of 
Lipiodol into the femoral vein of a dog and, with the aid of fluoroscopy, watched droplets 
move with increasing speed from the iliac vein into the heart. The Lipiodol was then 
pulverized by ventricular contraction, thrown with great speed into the pulmonary artery 
and finally spread as multiple emboli into the small vessels of the lungs, disappearing in 10-
12 minutes. Nextly, they repeated the experiment with human subjects, in whom they 
carefully observed the course of the opaque oil from the antecubital vein to the pulmonary 
capillaries. They reported that the patients coughed as the oil reached the lungs but suffered 
no other ill effects. 
In 1923, Berberich and Hirsch reported the first arteriograms and venograms obtained in 
human subjects, using 20% strontium bromide (Figure 4). In 1924, Brooks described the 
intraarterial injection of sodium iodide as a means of showing vessels of the lower 
extremities in humans (Figure 5). 
In 1928, Moniz et al. described carotid angiography and its application to the study of 
cerebral lesions (Figure 6). 
 

 
 

Fig. 2. A roentgenogram made by Haschek and Lindenthal after the injection of Teichman’s 
mixture into the blood vessels of an amputated hand (Haschek E. Lindenthal O’F. A 
contribution to the practical use of the photography according to Röntgen. Wien Klin 
Wochenschr 1896:9:63.). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

70

 
Fig. 1. The chest film from “The Röntgen Rays in Medical Work”. 

Book Company. 1896.” In this book, his remarks concerning contrast studies are 
intriguing. 
In teaching the anatomy of the blood vessels, the X-ray opens out a new and feasible 
method. The arteries and veins of dead bodies may be injected with a substance opaque to 
the X-ray and thus, their distribution may be more accurately followed than by any possible 
dissection. The feasibility of this method applies equally well to the study of the structures 
and organs of the dead body. To a certain extent, therefore, X-ray photography may replace 
both dissection and vivisection, and in the living body, the location and size of a hollow 
organ may be ascertained by causing the subject to drink a harmless fluid more or less 
opaque to the X-ray, or an effervescing mixture which will cause distention, and then taking 
the picture. 
In 1920, a radiographic atlas devoted only to the systemic arteries of the body was published 
in England, “The X-ray atlas of the systemic arteries of the body. London: Balliere, Tindall, 
and Cox, 1920,” by Orrin. The reproductions showed blood vessels in cadavers with great 
clarity (Figure 3).        
In 1910, Franek and Alwens introduced a suspension of bismuth and oil into the hearts of 
dogs and rabbits directly through the large veins and observed the passage of droplets from 
the heart into the lungs. In 1922, the work of Sicard and Forestier represented the next major 

 
History of Coronary Angiography 

 

71 

advance, when they used Lipiodol, an early oil-based contrast medium, to study the 
bronchial tree and then the spinal subarachnoid space. In 1923, they injected 5 ml of 
Lipiodol into the femoral vein of a dog and, with the aid of fluoroscopy, watched droplets 
move with increasing speed from the iliac vein into the heart. The Lipiodol was then 
pulverized by ventricular contraction, thrown with great speed into the pulmonary artery 
and finally spread as multiple emboli into the small vessels of the lungs, disappearing in 10-
12 minutes. Nextly, they repeated the experiment with human subjects, in whom they 
carefully observed the course of the opaque oil from the antecubital vein to the pulmonary 
capillaries. They reported that the patients coughed as the oil reached the lungs but suffered 
no other ill effects. 
In 1923, Berberich and Hirsch reported the first arteriograms and venograms obtained in 
human subjects, using 20% strontium bromide (Figure 4). In 1924, Brooks described the 
intraarterial injection of sodium iodide as a means of showing vessels of the lower 
extremities in humans (Figure 5). 
In 1928, Moniz et al. described carotid angiography and its application to the study of 
cerebral lesions (Figure 6). 
 

 
 

Fig. 2. A roentgenogram made by Haschek and Lindenthal after the injection of Teichman’s 
mixture into the blood vessels of an amputated hand (Haschek E. Lindenthal O’F. A 
contribution to the practical use of the photography according to Röntgen. Wien Klin 
Wochenschr 1896:9:63.). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

72

 
 
 
 
 

 
 
 
 
 
Fig. 3. Reproduction of a 1920 roentgenogram of a cadaver after the injection of opaque 
medium into the cerebral vessels (Orrin HC. The x-ray atlas of the systemic arteries of the 
body. London: Balliere, Tindall, and Cox,1920.). 
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Fig. 4. Venographic studies obtained by Berberich and Hirsch in 1923. They injected 20% 
strontium bromide into the veins of the upper extremity (Berberich J Munchen Klin 
Wochenschr 1923;49:2226). 
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Fig. 5. The first femoral arteriogram obtained in a human subject. Brooks used sodium 
iodide as a means of demonstrating the vessels of the lower extremities in 1924(Brooks B. 
Intraarterial injection of sodium iodide. JAMA 1924; 82:1016.). 
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Fig. 6. Reproduction of a cerebral arteriogram (Moniz E. J Radiol Electrol Med Nucl 
1928;12:72.)  

4. Cardiac catheterization 
As Andre Cournand remarked in his Nobel lecture of Decenber, 11th, 1956 
(http://nobelprize.org/nobel_prizes/medicine/laureates/). Cournand and his colleagues 
led us into a new era in the understanding of cardiac function in humans. According to 
Cournand, cardiac catheterization was performed and so named by Claude Bernard in 
1844. The subject was a horse, and both the right and left ventricles were entered by 
retrograde approach from the jugular vein and carotid artery. 
His careful application of scientific method to the study of cardiac physiology using the 
cardiac catheter demonstrated the enormous value of this technical innovation. An era of 
investigation of cardiovascular physiology in animals then followed, resulting in the 
development of many important techniques and principles (pressure manometry, the Fick 
cardiac output method), which awaited direct application to the patient with heart 
disease. 
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In 1928, Werner Forssmann, having practiced on a cadaver, inserted a 65 cm catheter into his 
own antecubital vein until he felt that it had reached the right atrium [1] (Figure 7). With the 
catheter dangling from his arm, he walked through a hospital basement to the radiographic 
room. There he obtained a roentgenogram that confirmed his belief that the catheter tip had 
in fact reached the right atrium. 
During the next 2 years, Forssmann continued to perform catheterization studies including 
six additional attempts to catheterize himself. Bitter criticism, based on an unsubstantiated 
belief in the danger of his experiments, caused Forssmann to turn his attention to other 
concerns, and he eventually pursed another catheter-related career as a urologist. 
Nevertheless, for his contribution and foresight he shared the Nobel Prize in Medicine with 
Andre Cournand and Dickinson Richards in 1956. Forssmann’s primary goal in his 
catheterization studies was to develop a therapeutic technique for the direct delivery of 
drugs into the heart. 
He wrote, “If cardiac action cases suddenly, as is seen in acute shock or in the heart disease, 
or during anesthesia or positioning, one is forced to deliver drugs locally. In such cases the 
intracardiac injection of drugs may be life saving. However, this may be a dangerous 
procedure because of many incidents of laceration of coronary arteries and their branches 
leading to cardiac tamponade, and death. Because of such incidents, one often waits until 
the very last moment and valuable time is wasted. Therefore I started to look for a new way 
to approach the heart, and I catheterized the right side of the heart through the venous 
system.” 
Others, however, appreciated the potential of using Forssmann’s technique as a diagnostic 
tool. In 1930, Klein reported 11 right heart catheterizations, including passage to the right 
ventricle and measurement of cardiac output using Fick’s principle. In 1932, Padillo and 
coworkers reported that right heart catheterization and measurement of cardiac output in 
two subjects. Except for these few early studies, application of cardiac catheterization to 
study the circulation in normal and disease states was fragmentary until the work of Andre 
Cournand and Dickinson Richards, who separately and in collaboration produced a 
remarkable series of investigations of right heart physiology in humans [2]. In 1947, Dexter 
reported his studies on congenital heart disease and passed the catheter to the distal 
pulmonary artery, describing “the oxygen saturation and source of pulmonary capillary 
blood” obtained from the pulmonary artery wedge position [3]. Subsequent studies from 
Dexter’s laboratory [4] and by Werko elaborated the use of this pulmonary artery wedge 
position and reported that pressure measured at this position was a good estimate of 
pulmonary venous and left atrial pressure. During this exciting early period, catheterization 
was used to investigate problems in cardiovascular physiology by McMichael and Sharpey-
Shafer in England. Lenegre and Maurice in Paris and Warren, Stead, Bing, Dexter, 
Cournand and others in the United States [5-9]. 
Further developments came rapidly in the 1950s and 1960s. Retrograde left heart 
catheterization was first reported by Zimmerman and others [10] and Limon-Lason and 
Bouchard in 1950. The percutaneous (rather than cut-down) technique was developed by 
Seldinger in 1953 and was soon applied to cardiac catheterization of both the left and right 
heart chambers [11]. Trans-septal catheterization was first developed by Ross [12] and 
Cope [13] in 1959 and quickly became accepted as a standard technique. Selective 
coronary angiography was reported by Sones and others in 1959 and was perfected to 
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remarkable excellence over the ensuing years [14]. Coronary angiography was modified 
for a percutaneous approach by Ricketts and Abrams [15] in 1962 and Judkins [16] in 1967. 
In 1970, Swan and Ganz introduced a practical balloon-tipped, flow-guided catheter 
technique enabling the application of catheterization outside the laboratory [17]. Better 
radiographic imaging techniques and less toxic radiographic contrast agents have been 
developed progressively, as many numbers of diagnostic catheterizations has performed 
(Figure 8). 
In 1977, Grüntzig and others introduced the technique of balloon angioplasty, known as 
percutaneous transluminal coronary angioplasty (PTCA) [18]. 
 
 
 

 
 
 
Fig. 7. The first documented cardiac catheterization. At age 25, while receiving clinical 
instruction in surgery at Eberswalde, Werner Forssmann passed a catheter 65 cm through 
one of his left antecubital veins until its tip entered the right atrium. He then walked to the 
radiology department where this roentgenogram was taken (Klin Wochenschr 1929;8:2085. 
Springer-Verlag, Berlin, Heidelberg, New York). 
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Fig. 8. Normal coronary angiogram. Left panel: left coronary artery. Right Panel: right 
coronary artery. 

5. Equipments for coronary angiography 
In the l960s, great strides were made in the quality of image amplification, particularly with 
the introduction of the cesium iodide tube. Simultaneously, powerful generators capable of 
millisecond exposures and high contrast levels were developed. Cine cameras evolved into 
dependable instruments with fine-quality lenses that provide extraordinarily good 
resolution in modern 35-mm cine angiocardiography. Videotape recording techniques 
improved strikingly. Instantaneous playback of tape-recorded images has afforded great 
utility and safety in determining whether desired anatomic and physiologic information has 
been attained, thereby precluding additional unnecessary studies (Figure 8). 
The introduction of angled views for the study of congenital and acquired heart disease was 
an important technical innovation [19]. Equipment companies responded with engineering 
advances that made angled views relatively simple: the C-arm, the U-arm, and the 
parallelogram. 
Recently, the development of non-invasive angiography device is advancing. 
Echocardiography, scintigraphy, cardiac computed tomography and cardiac magnetic 
resonance imaging play increasingly important roles in the evaluation of the heart and great 
vessels, non-invasively. It is already an established technique for the evaluation of 
congenital heart disease, cardiac tumors and disorders of the aorta and pericardium. They 
can evaluate ventricular function and regurgitation of blood across heart valves. 

6. Conclusion 
Medicine moves so fast that its evolution tends to be forgotten. In particularly, techniques 
that have become an integral part of the standard device of diagnosis or therapy are passed 
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to each new generation of physicians and trainees. We perform them without their having 
sense of efforts involved in the initial development of those techniques. 
In this one decade, we would be astonished at how far the field has come and how much 
information can be gathered on the structure and function of the heart from diagnostic 
imaging. A century is a short time in the history of medicine, but it has been an eventful 
lifetime. 
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Fig. 8. Normal coronary angiogram. Left panel: left coronary artery. Right Panel: right 
coronary artery. 
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the introduction of the cesium iodide tube. Simultaneously, powerful generators capable of 
millisecond exposures and high contrast levels were developed. Cine cameras evolved into 
dependable instruments with fine-quality lenses that provide extraordinarily good 
resolution in modern 35-mm cine angiocardiography. Videotape recording techniques 
improved strikingly. Instantaneous playback of tape-recorded images has afforded great 
utility and safety in determining whether desired anatomic and physiologic information has 
been attained, thereby precluding additional unnecessary studies (Figure 8). 
The introduction of angled views for the study of congenital and acquired heart disease was 
an important technical innovation [19]. Equipment companies responded with engineering 
advances that made angled views relatively simple: the C-arm, the U-arm, and the 
parallelogram. 
Recently, the development of non-invasive angiography device is advancing. 
Echocardiography, scintigraphy, cardiac computed tomography and cardiac magnetic 
resonance imaging play increasingly important roles in the evaluation of the heart and great 
vessels, non-invasively. It is already an established technique for the evaluation of 
congenital heart disease, cardiac tumors and disorders of the aorta and pericardium. They 
can evaluate ventricular function and regurgitation of blood across heart valves. 

6. Conclusion 
Medicine moves so fast that its evolution tends to be forgotten. In particularly, techniques 
that have become an integral part of the standard device of diagnosis or therapy are passed 

 
History of Coronary Angiography 

 

79 

to each new generation of physicians and trainees. We perform them without their having 
sense of efforts involved in the initial development of those techniques. 
In this one decade, we would be astonished at how far the field has come and how much 
information can be gathered on the structure and function of the heart from diagnostic 
imaging. A century is a short time in the history of medicine, but it has been an eventful 
lifetime. 
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1. Introduction 
Diseases of coronary system and heart are the main reason of deaths in highly civilized 
population. Then the appropriate diagnostic methods and treating of early disorders are 
very important for a population health care. As the imaging techniques play a great role in 
good diagnosis they are intensively used and developed. Among the most commonly used 
methods is coronary angiography, which involves coronary vessels visualization during 
exposure to x-rays, after filling them up with contrast agents. 
There are two versions of the procedure: 
CCA – conventional coronary angiography, performed under control of x-ray unit with C-arm, 
CTA - CT angiography, performed under control of computerized tomography (CT scanner). 

2. CCA 
2.1 Description of the procedure 
A patient lies in a supine position on the table which is a part of the C-arm unit. The x-ray 
tube moves rotationally in two perpendicular planes (horizontal and vertical); it makes 
possible any needed type of projection. (The most common projections are: LAO, 
LAO/Cranial, LAO/Caudal, RAO). The principal current-voltage parameters are chosen 
automatically. 
Good practice rules require keeping the x-ray tube under the table. This allows avoiding an 
unnecessary irradiation of the staff and makes the doses to a patient lower. 
To visualize coronary vessels a contrast agent is administered intravenously. intravenously: 
first a thin catheter is introduced the brachial artery or the femoral artery (there are two 
alternative access routes) and its movement is traced by fluoroscopy and observed on 
monitor by the operator. 
(Physiological parameters of a patient of patient are permanently monitored during the 
procedure.) 
The operating team consists of 3 to 4 persons: usually there are an operator (with assistant if 
necessary), instrumenting nurse and anaesthetic nurse. All the staff remind around the 
patient table and thus may be exposed to quite high doses of radiation. (There are mainly 
scattered x-rays). The most exposed member of the team is the operator: the doses registered 
for such persons may achieve the highest level measured for occupational exposures [1,2]. 
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Patient exposure results mainly from the primary x-ray beam which covers a part of the 
back surface (the area of left shoulder) by the most time of the procedure. The remaining 
parts of the patient’s body are exposed rather to scattered radiation. 
The images created during the procedure can be registered in three ways: 
a. Real-time images (fluoroscopic images) observed only by the operator, 
b. Some chosen moments of the procedure recorded in radiography mode (so-called 

acquisition), 
c. Long periods of exposure can be recorded in so-called “cine-mode” (if this mode is 

implemented in the x-ray system). 
The results of CCA procedure are analyzed by cardiologists during its performance and also 
retrospectively afterwards. 
Most of x-ray units used nowadays in cardiology are equipped with the digital image 
recording system. They are two types of them: (1) image intensifier based systems and (2) 
flat-panel fluoroscopy systems. 
The first one uses conventional technology: the output screen of image intensifier is 
projected in a video camera or a CCD camera to produce an electronic information. (In the 
previously used conventional image intensifier analogue system the output screen had been 
projected on the film by optical lens). 
In the flat-panel systems signals created by x-rays are electronic and are thus recorded 
simultaneously.  
(The fundamental difference between “analogue” and “digital” systems concerns to way of 
image archiving (i.e. film or electronic information). The both systems produce the “real-
time” image, although the flat-panel systems create the image by dividing the primarily 
detected signal. That is why the modern x-ray system has much higher output capacity and 
thus higher doses are possible). 

2.2 Technical requirements for x-ray systems used for CCA 
X-ray system used for CCA procedures should be equipped as follows: 
- constant potential generator of minimum 80 kW (in possibly rectangular pulses), 
- x-ray tube focuses 1.2/0.5mm, 
- overcouch image detector, 
- distance between x-ray tube and image detector is tracked (minimum focus skin 

distance 30 cm), 
- concave couch top for patient comfort (made from low-attenuating materials), 
- dose-area product meter (display visible for operator),  
- staff protective shielding.  
The system should also have the following additional tools and fulfil the following 
requirements: 
- display of fluoroscopy time, total dose-area product (fluoroscopy and radiographic) 

and estimated skin entrance dose, 
- minimum two dose-rate options (Low-Medium-High or Low- Standard), 
- additional filtration (Cu preferred) and collimators incorporating circular shutters, 
- flexibility of pulsed fluoroscopy mode, 
- image hold system, 
- possibility of AEC mode choice by the user by the user (IMAGE or DOSE weighted). 
Additionally in some x-ray systems there are also available partially absorbent contoured 
filters to control the bright spots produced by the lung tissue bordering the heart. 
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2.3 X-ray dosimetry in CCA 
The quantities used to assess radiation risk in interventional radiology are following: 
Entrance air kerma (EAK), surface dose , dose-area product (DAP), absorbed organ dose, 
effective dose. 
EAK, surface dose and DAP are available for measurements. The remaining can be evaluated 
experimentally or theoretically. 
EAK and surface dose can be measured directly (using appropriately calibrated devices) or 
indirectly (by thermoluminescence  (TL) dosimeters or film badges). The indirect methods 
need a calibration of dosimeters by the comparison to a reference meter for the standardized 
exposure (in a competitive laboratory). These methods are routinely applied to individual 
dosimetry of occupationally exposed persons, but are also used for patients in radiological 
procedures. (TL dosimeters are preferred for the staff in interventional procedures.) 
X-ray systems used for CCA are obligatory equipped with  a DAP-meter to summarize the 
emission in all modes of work (i.e. fluoroscopy, radiography, cine). (Dose Area Product= 
DAP [mGy.cm2]). Measurements are performed by the transmission chamber placed on the 
x-ray tube output.  
Absorbed organ doses are necessary for evaluation of a possible effect for an exposed human. 
They can be estimated theoretically or experimentally. Theoretical evaluation relies on 
Monte Carlo simulation performed for mathematical human phantom at assumed exposure 
conditions. In the experimental method the physical anthropomorphic phantom is used 
which is exposed at assumed exposure conditions while the dosimeters are placed inside. 
(TL dosimeters are used usually for this purpose.) 
On the basis of the absorbed organ doses the evaluation of the equivalent dose and the 
effective dose are possible [3,4]. 
Equivalent dose (in an organ or body part)  

Ti=wR.Di  [Sv] where wR-the radiation weighting factor (wR=1 for x-rays, γ-rays and 
electrons), Di- the dose absorbed in “i” organ (or body part). 
Effective dose (whole body) 

Eff= ∑wi.Di  [Sv] had been implemented to evaluate overall risk for health resulted from 
exposure to ionizing radiation. This value is fully justified if irradiation of the body is 
uniform enough: if opposite deterministic effects can appear despite the very low value of 
the Eff . 
Both quantities (Ti and Eff) are used for the dose limits applied for occupational exposure. 

2.4 Doses to patients  
The doses obtained by the patients undergoing CCA procedures are dependent on: 
- patient architecture (BMI-body mass index),  
- emission effectiveness of the x-ray system, 
- applied dose-rate mode, 
- total exposure time, 
- mode of work (number of acquisitions -radiographic or cine). 
The entrance surface dose to patient dramatically increased when the focus-to-skin distance 
becomes too short. 
The patient doses are significantly higher when the high dose-rate mode is activated or if 
pulsed fluoroscopy of high number of pulses per second is chosen. These doses are also 
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inversely proportional to the diameter of the image intensifier. The entrance dose to skin 
may locally achieved values exceeding the threshold of deterministic effects and the skin 
injuries of patients undergoing interventional procedures are reported [5]. 
Generally, exposure of the patients during CCA procedures is extremely non-uniform:high 
doses are received on a small are of the back while the remaining parts of the body 
practically stay out of the primary beam. Although effective dose is not a good measure of 
radiation risk for that, this quantity is used after all. The measurable quantities, i.e. entrance 
surface dose (or air kerma) and DAP, have more practical meaning. These quantities are 
proportional to each other:  

 DAP = EAKc. S  

where EAKc –the entrance air kerma in the centre of the beam, S – mean value of incident x-
ray beam are (on patient’s skin). 
(Both values are averaged over the total exposure time, because their varies from one 
projection to another.) 
DAP (and EAKc) values have to be displayed on the monitors of x-ray system and should be 
registered in the patient record. (Especially when EAKc>1Gy and exceeds the threshold  of 
deterministic skin effects.) 
As the doses to patients in CCA are affected by a number of factors the range of their values 
is very wide. The examples are presented in Table 1 and Table 2. 
To keep the radiation risk to patients on an acceptable level and control it the reference 
levels are introduced also for interventional cardiology procedures (like for another 
radiological procedures).  
 
Number of 
patients DAP [Gy.cm2] Time of 

fluoroscopy [min]
Number of 
frames Reference 

130 72 +/-55 0.35+/-0.25 1550+/-775 [7] 
78 73 9.9 1079 [8] 
100 60.6 - 412 [9] 
117 1.1 – 11.3 0.3 - 22 - [10] 
8 22 - 93 2 - 21 Doctor 1 [11] 

 3 14 - 44 1 – 4  Doctor 2 
106 35 - 160 4.8+/-3.5 39+/-11 [12] 

 62 37-190 4.2+/-3.0 30+/-10 
90 3.1-57.2 1.5-5.1 639 [13] 
76 44.5  6 10 [14] 
194 64 - 281 0.4 - 33 200-1911 [6] 

Table 1. The doses to patients in CCA procedures (according to [6]) 

Effect of pulsed fluoroscopy on the patient dose in  CCA  were investigated by [16]: 
X-ray systems with pulsed fluoroscopy (5 vendors): 10 units;  average surface dose rate: 
22.52+/-4.5 mGy/min, (25, 30 and 50 pulses/sec); 
X-ray systems with conventional fluoroscopy (3 vendors): 3 units; average surface dose rate: 
23.93+/-2.77 mGy/min. 
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X-ray system DAP [Gy.cm2] Time of fluoroscopy [min] 
median range median range 

CCD 30.0 1.1-135.2 3.8 1.1 – 57.0 
FP 31.0 14.7-75.9 4.0 0.8- 39.4 

Table 2. Median and range of DAP and  fluoroscopy time in CCA for different x-ray 
systems [15] 

2.5 Doses to staff 
The main inconvenience of CCA procedures (generally – interventional radiology) is the 
necessity to work standing near the patient during exposure, i.e. in the radiation field. Thus 
the staff is also exposed mainly to scattered radiation, but primary x-rays are also possible. 
The factors affecting staff dose are as follows: 
- relative position with respect to patient, 
- patient body typ (BMI), 
- irradiated patient volume, 
- x-ray tube position, 
- time of exposure, 
- effective use of protection shielding. 
Thus, staff and patient doses are partially linked: higher exposure for patient means higher 
irradiation to staff. This is especially true for an operator and the person standing nearby 
him (an assistant or instrumenting nurse). Additional factor determining the doses to staff is 
an professional experience and good training in the procedure performance: good manual 
skills make the exposure time shorter. 
Patients with high BMI  need a high dose-rate to produce the diagnostic image and then the 
scattered x-rays also achieve high intensity (especially near the patient). 
X-ray tube in undercouch position allows to reduce the doses (mainly for eyes and thyroid 
of the operator) and also allows avoiding the contact with primary x-rays. (The old x-ray 
systems had the tube in overcouch position which caused very high doses to operator’s  
hands). 
The problem of radiation risk to staff in interventional cardiology had been widely 
discussed many times. The resulting essential conclusions are the recommendations 
concerning performance of the interventional procedures and elaboration of the 
methodology for evaluation radiation risk for the staff [1,17]. 
The main recommendations concerning the proceeding of the staff during CCA can be 
summarized in the three points: 
- time of exposure possibly short, 
- distance to patient possibly long, 
- protection shield used effectively. 
The recommendations concerning radiation risk rely upon evaluation of the doses  to the 
staff. 
Because of  the spatial distribution of x-rays affecting staff exposure the special dosimetric 
requirements are introduced for this group of workers: they should have been equipped 
with minimum two dosimeters, one under the protective apron (at the chest level) and the 
second over the apron at the collar level. The first dosimeter is used to evaluate the effective 
dose and the second can be used to evaluate the equivalent dose to the eyes. (Also for the 
thyroid if it is not shielded.) Additional dosemeter(s) can be use to evaluate the equivalent 
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proportional to each other:  

 DAP = EAKc. S  

where EAKc –the entrance air kerma in the centre of the beam, S – mean value of incident x-
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registered in the patient record. (Especially when EAKc>1Gy and exceeds the threshold  of 
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levels are introduced also for interventional cardiology procedures (like for another 
radiological procedures).  
 
Number of 
patients DAP [Gy.cm2] Time of 

fluoroscopy [min]
Number of 
frames Reference 
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78 73 9.9 1079 [8] 
100 60.6 - 412 [9] 
117 1.1 – 11.3 0.3 - 22 - [10] 
8 22 - 93 2 - 21 Doctor 1 [11] 

 3 14 - 44 1 – 4  Doctor 2 
106 35 - 160 4.8+/-3.5 39+/-11 [12] 

 62 37-190 4.2+/-3.0 30+/-10 
90 3.1-57.2 1.5-5.1 639 [13] 
76 44.5  6 10 [14] 
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Table 1. The doses to patients in CCA procedures (according to [6]) 

Effect of pulsed fluoroscopy on the patient dose in  CCA  were investigated by [16]: 
X-ray systems with pulsed fluoroscopy (5 vendors): 10 units;  average surface dose rate: 
22.52+/-4.5 mGy/min, (25, 30 and 50 pulses/sec); 
X-ray systems with conventional fluoroscopy (3 vendors): 3 units; average surface dose rate: 
23.93+/-2.77 mGy/min. 
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X-ray system DAP [Gy.cm2] Time of fluoroscopy [min] 
median range median range 
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FP 31.0 14.7-75.9 4.0 0.8- 39.4 

Table 2. Median and range of DAP and  fluoroscopy time in CCA for different x-ray 
systems [15] 

2.5 Doses to staff 
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The factors affecting staff dose are as follows: 
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The problem of radiation risk to staff in interventional cardiology had been widely 
discussed many times. The resulting essential conclusions are the recommendations 
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The main recommendations concerning the proceeding of the staff during CCA can be 
summarized in the three points: 
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The recommendations concerning radiation risk rely upon evaluation of the doses  to the 
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Because of  the spatial distribution of x-rays affecting staff exposure the special dosimetric 
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thyroid if it is not shielded.) Additional dosemeter(s) can be use to evaluate the equivalent 
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dose(s) to the hands. The protective aprons used by the staff in interventional procedures 
should have Pb-equivalent of 0.35mm. 
As the doses to staff in CCA are affected by a number of factors the range of their values is 
very wide (the same concerns patients) and many studies were performed to evaluate them. 
The range of the doses shows the results given in the paper from the USA [18], where on 
the basis of the rich collection of published data the exposure for operators in 
cardiovascular procedures  from the early 1970’s through the present was analyzed. The 
range of  effective doses from 0.02μSv to 38 μSv per one cardiac diagnostic catheterization 
procedure was found. 
Another survey had been performed by European research group SENTINEL in a sample of 
European cardiac centres and the results have been published recently [19]. According to 
this study the results for the first operator are as follows: 
a. annual effective dose: median 1.3mSv, third quartile 1.4mSv, 
b. equivalent dose over the apron: median 11.1mSv, third quartile 14mSv. 
Although the above values are rather low it should be underlined that they may be many 
times higher (even up the annual limits) , especially for inexperienced staff or in a case of 
clinically difficult patient.   

3. CTA 
A very dynamic development computerized tomography (CT) Which occurred during last 
decade creates quite new possibilities for this imaging method. The rotation  time below one 
second together with a rich software allow applying CT to diagnostics of dynamic 
physiological processes and quickly moving objects (organs). On the other hand, increasing 
frequency of heart diseases in population linked the health needs With technological 
achievements in the CT technique to implement this imaging method to cardiology. 
Although traditional (conventional) coronary x-ray diagnostics remain a gold standard 
these procedures are invasive and resulted in high radiation doses both to patients and to 
staff. Therefore CT procedures became an alternative and comfortable method for heart 
diagnosis. 
For technological reasons the possibilities of CT are limited to diagnostics, without further 
therapeutic activity (i.e. angioplasty). However, cardiovascular CT plays an increasingly 
important role in planning for cardiovascular interventions (those are performed under C-
arm x-ray units). 
Improvements in spatial and temporal resolution, scan time, scan range and advanced 
image postprocessing (very important in clinical practice) have made CT angiography (CTA) 
an excellent tool for identifying patients in need of invasive therapy and for mapping out 
the best percutaneous or surgical approach. In some cases CTA provides complementary 
information to conventional angiography (CCA). 
As coronary disease is jointed with calcification of coronary arteries evaluation of this 
process is a good indicator of pathology. CTA gives possibility to display calcifications (3D) 
and to assess them quantitatively: it is so-called “calcium scoring”. 
Although history of CTA had begun with four-slice scanners, the real development came 
with 64-slice scanners with appropriate combination of spatial and temporal resolution.  
Generally, the heart can be imaged well if its structures do not move significantly during the 
scanning time. This condition is fulfilled during the diastolic phase of cardiac cycle. For 
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selection of the proper phase for CT images recording ECG gating (triggering) is applied. 
Additionally, to collect sufficient image data the table speed should not exceed v= SC . fH      
and pitch should not exceed p=fH. trot, 
where SC- total collimation width (CT primary beam), fH- frequency of heart, trot- rot1ation time. 
(For example: if trot=0.5sec and fH=60bpm then p≤0.5 ) 
The main benefit from CTA is the evaluation of cardiac structure and function. That 
concerns coronary anomalies, right and left ventricular function, left ventricular ejection 
fraction and myocardial viability assessment, when the results of other modalities are 
inadequate  [1,2]. 
According the American College of Cardiology Foundation (ACCF)  the principal 
indications to cardiac CT are as follows [3]: 
- low and intermediate pretest probability of obstructive coronary artery disease (CAD), 
- noncontrast CT calcium scoring for patients at intermediate risk of coronary heart 

disease, and for low-risk patients with a family history of disease, 
- coronary CT is especially recommended for patients with reduced left ventricular 

ejection fraction at low or intermediate pretest probability of disease, 
- preoperative CT angiography for both heart surgery and noncoronary indications in the 

setting of risk of CAD. 

3.1 Description of the procedure 
General rules for exposure parameters: 
Slice thickness <1mm, pitch<1, trot≤0.5sec, kilovoltage U≥100kV, mAs and physical filtration 
are dependent on the CT scanner, ECG-gating. 
The main stages of CT study protocol are as follows: 
- The heart rate control and regulation (if necessary: should have been lower than 

65bpm), 
- Calcium scoring, 
- i.v. injection of contrast agents, 
- CT angiography. 
Ad.1. The required heart rate is dependent on the scanner software: at the high cardiac rate 
the registered imaging data also have to be reconstructed very quickly (practically 
immediately). This is possible only with the newest scanners. Lowering the heart rate is 
achieved pharmacologically. 
Ad.2. Calcium scoring is performed on the basis of pre-contrast images. The high 
attenuation of x-ray in calcified structure allows to differentiate them from the soft tissues. 
Ad.3. Contrast agent (iodine compound) is injected automatically in the rate adapted to data 
acquisition. 
Ad.4. CT coronary angiogram: the data acquisition starts automatically when the signal in 
the descending aorta reaches a predefined threshold (usually 100 HU). The entire volume 
of the heart is scanned during a few seconds: the newest versions of CT scanners (≥64-
slice) do it during one breath-hold (<10sec) under ECG control. The tube voltage, anode 
current and gantry rotation time are dependent on the scanner type and model and 
version of software. 
After completing acquisition of primary data, elaboration of them (post-processing) begins. 
The software dedicated to coronary procedures is necessary for that. Such software is 
offered by the vendors on user’s requirement. 
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selection of the proper phase for CT images recording ECG gating (triggering) is applied. 
Additionally, to collect sufficient image data the table speed should not exceed v= SC . fH      
and pitch should not exceed p=fH. trot, 
where SC- total collimation width (CT primary beam), fH- frequency of heart, trot- rot1ation time. 
(For example: if trot=0.5sec and fH=60bpm then p≤0.5 ) 
The main benefit from CTA is the evaluation of cardiac structure and function. That 
concerns coronary anomalies, right and left ventricular function, left ventricular ejection 
fraction and myocardial viability assessment, when the results of other modalities are 
inadequate  [1,2]. 
According the American College of Cardiology Foundation (ACCF)  the principal 
indications to cardiac CT are as follows [3]: 
- low and intermediate pretest probability of obstructive coronary artery disease (CAD), 
- noncontrast CT calcium scoring for patients at intermediate risk of coronary heart 

disease, and for low-risk patients with a family history of disease, 
- coronary CT is especially recommended for patients with reduced left ventricular 

ejection fraction at low or intermediate pretest probability of disease, 
- preoperative CT angiography for both heart surgery and noncoronary indications in the 

setting of risk of CAD. 

3.1 Description of the procedure 
General rules for exposure parameters: 
Slice thickness <1mm, pitch<1, trot≤0.5sec, kilovoltage U≥100kV, mAs and physical filtration 
are dependent on the CT scanner, ECG-gating. 
The main stages of CT study protocol are as follows: 
- The heart rate control and regulation (if necessary: should have been lower than 

65bpm), 
- Calcium scoring, 
- i.v. injection of contrast agents, 
- CT angiography. 
Ad.1. The required heart rate is dependent on the scanner software: at the high cardiac rate 
the registered imaging data also have to be reconstructed very quickly (practically 
immediately). This is possible only with the newest scanners. Lowering the heart rate is 
achieved pharmacologically. 
Ad.2. Calcium scoring is performed on the basis of pre-contrast images. The high 
attenuation of x-ray in calcified structure allows to differentiate them from the soft tissues. 
Ad.3. Contrast agent (iodine compound) is injected automatically in the rate adapted to data 
acquisition. 
Ad.4. CT coronary angiogram: the data acquisition starts automatically when the signal in 
the descending aorta reaches a predefined threshold (usually 100 HU). The entire volume 
of the heart is scanned during a few seconds: the newest versions of CT scanners (≥64-
slice) do it during one breath-hold (<10sec) under ECG control. The tube voltage, anode 
current and gantry rotation time are dependent on the scanner type and model and 
version of software. 
After completing acquisition of primary data, elaboration of them (post-processing) begins. 
The software dedicated to coronary procedures is necessary for that. Such software is 
offered by the vendors on user’s requirement. 
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It should be underlined that imaging possibilities of each CT scanner are determined by its 
technical configuration (number of detectors, generator, etc.) but even more by the installed 
version of software. 
The principal algorithms for image post-processing are [4]: 
- curved and multiplanar reformats (MPR), 
- shaded-surface display (SSD), 
- maximum intensity projection (MIP),  
-  volume rendering (VR). 
The axial images produced by hardware (so-called row data) are essential and should be 
used but reformatted images may improve lesion detection and classification (particularly 
coronal and oblique views). The axial images and MPRs are used for diagnosis and the SSD 
and MIPs are for display purposes. 
The results of CTA are evaluated or consulted by a cardiologist. 

3.2 Dosimetry in CT 
Because of special exposure system CT needs the special dosimetry quantities, i.e.: dose-
length-product (DLP) and computed-tomography-dose- index (CTDI).  
CTDI is treated as an estimation of mean absorbed dose to the whole scanned volume. This 
quantity also  evaluates the level of radiation risk for given procedure at assumed exposure 
parameters. 
CTDI is calculated automatically by scanner software  on the basis the selected exposure 
parameters  and is displayed on CT monitor. The DLP is then computed as a product of 
CTDI (averaged over the whole scan length) and the scan length: such value is displayed on 
CT monitor after the examination is completed.  
Independently, CTDI can be computed on the basis of measurements performed for particular 
dosimetric phantoms. For that purpose DLP is measured using special pencil-shaped 
chamber (external probe) to summarize the dose from incident photons during the tube 
rotation on the whole length of scanned object. (This is also performed during the 
acceptance or constancy Quality Control (QC) tests for CT scanner.)  
Final evaluation of risk to patient in CT procedures is based on the effective dose. As in the 
other radiological techniques this quantity can be estimated theoretically (Monte Carlo 
simulation) or experimentally (TL dosimeters inside the anthropomorphic phantom). 
Additionally – the effective dose obtained in the particular procedure can be estimated 
indirectly: 

 Eff= k . DLP  

where  DLP – value for the procedure, k – transition coefficient for the examined body part 
(computed theoretically). The above evaluation is applied for adult patients only. 
For coronary examinations the transition coefficient k=0.014 mSv.mGy-1.cm-1 is used which 
corresponds to the chest as the examined region [5]. 
The problem of doses in CTA is considered only for patients as the staff is out of radiation area.  

3.3 Doses to patients and radiation protection in CTA 
Because of exposure conditions in CTA (thin slices and low pitch) the doses to patients are 
relatively high, especially at 64-slice scanners. It was an inspiration to implement the 
methods of dose reduction without loss of image quality.  
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The doses can be reduced by lowering of current-voltage parameters, implementation of x-
rays intensity modulation (for three axis) and  shortening of  scanned body length. 
The special solution for dose reduction being dedicated to cardiac CT examinations is 
change of image acquisition technique from RGH to PGA [6].  
RGH = Retrospectively Gated Helical: the patient and table move through the gantry at a 
steady speed. A low pitch (0.2 to 0.4) is needed to cover the entire cardiac volume, especially 
to compensate for any ectopic beats, which can result in misregistration and gaps in 
coverage. Thus, the same anatomy can be exposed to the x-ray beam many time (up to five) 
to ensure enough coverage, causing the high absorbed doses. 
PGA= Prospectively Gated Axial: the table is stationary during PGA image acquisition, then 
moves to the next location for another scan that is initiated by the next normal cardiac cycle. 
The x-rays emission is then dynamically predicted on the basis of ECG signal. 
Diagnostic values of images obtained for PGA protocol were not found to be lower for RGH  
while the doses where substantially lower [6]. In the same study including 203 CTA exams 
(82 with routine RGH and 121 with the PGA) the doses were evaluated for protocol 
including scout images, low-dose calcium scoring scans, test-bolus scan and  CT coronary 
angiogram. The exams were performed by using 64-slice CT scanner (LightSpeed VCT XT, 
GE). The effective doses were as follows: 
RGH: (8.7-23.2) mSv, mean: 18.4 mSv; 
PGA: (0.75-6.67) mSv; mean: 2.84 mSv. 
For comparison,  the results of the big study involved nearly 2000 patients examined (CTA) 
in 50 hospitals  in 2007 in Germany and US show the range of effective dose (8-18) mSv with 
median 12 mSv. The reduced 100 kV tube voltage was used in 5% of patients, with 
sequential scanning in 6%. ECG  gating was applied in 73% exams [7]. 
The influence of lower tube voltage is illustrated also by the results CTA performed using 
320-MDCT for anthropomorphic phantom (ECG gating was simulated) [8]. 
The results are given in Table 3. 
 
 

Heart rate= 60bpm 100kV 120kV 135kV 
Midbreast 13.4±3.6 21.7±4.1 29.3±5.2 
Breast 11.8±0.6 18.9±1.1 24.8±1.5 
Lung 12.2±2.6 19.1±3.2 26.5±5.0 
Thyroid 0.4±0.1 0.7±0.1 0.9±0.2 
Heart rate=75bpm 100kV 120kV 135kV 
Midbreast 38.3±2.0 59.7±3.1 77.8±3.7 
Breast 26.2±1.7 44±1.1 52.8±4.1 
Lung 38.0±1.6 58.9±1.7 78±2.9 
Thyroid 0.8±0.2 1.0±0.2 2.2±0.5 

 
 

Table 3. The effect of tube voltage and heart rate on absorbed doses [mGy] in CTA 
(according to [8]). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

88

It should be underlined that imaging possibilities of each CT scanner are determined by its 
technical configuration (number of detectors, generator, etc.) but even more by the installed 
version of software. 
The principal algorithms for image post-processing are [4]: 
- curved and multiplanar reformats (MPR), 
- shaded-surface display (SSD), 
- maximum intensity projection (MIP),  
-  volume rendering (VR). 
The axial images produced by hardware (so-called row data) are essential and should be 
used but reformatted images may improve lesion detection and classification (particularly 
coronal and oblique views). The axial images and MPRs are used for diagnosis and the SSD 
and MIPs are for display purposes. 
The results of CTA are evaluated or consulted by a cardiologist. 

3.2 Dosimetry in CT 
Because of special exposure system CT needs the special dosimetry quantities, i.e.: dose-
length-product (DLP) and computed-tomography-dose- index (CTDI).  
CTDI is treated as an estimation of mean absorbed dose to the whole scanned volume. This 
quantity also  evaluates the level of radiation risk for given procedure at assumed exposure 
parameters. 
CTDI is calculated automatically by scanner software  on the basis the selected exposure 
parameters  and is displayed on CT monitor. The DLP is then computed as a product of 
CTDI (averaged over the whole scan length) and the scan length: such value is displayed on 
CT monitor after the examination is completed.  
Independently, CTDI can be computed on the basis of measurements performed for particular 
dosimetric phantoms. For that purpose DLP is measured using special pencil-shaped 
chamber (external probe) to summarize the dose from incident photons during the tube 
rotation on the whole length of scanned object. (This is also performed during the 
acceptance or constancy Quality Control (QC) tests for CT scanner.)  
Final evaluation of risk to patient in CT procedures is based on the effective dose. As in the 
other radiological techniques this quantity can be estimated theoretically (Monte Carlo 
simulation) or experimentally (TL dosimeters inside the anthropomorphic phantom). 
Additionally – the effective dose obtained in the particular procedure can be estimated 
indirectly: 

 Eff= k . DLP  

where  DLP – value for the procedure, k – transition coefficient for the examined body part 
(computed theoretically). The above evaluation is applied for adult patients only. 
For coronary examinations the transition coefficient k=0.014 mSv.mGy-1.cm-1 is used which 
corresponds to the chest as the examined region [5]. 
The problem of doses in CTA is considered only for patients as the staff is out of radiation area.  

3.3 Doses to patients and radiation protection in CTA 
Because of exposure conditions in CTA (thin slices and low pitch) the doses to patients are 
relatively high, especially at 64-slice scanners. It was an inspiration to implement the 
methods of dose reduction without loss of image quality.  

 
Coronary Angiography - Physical and Technical Aspects 

 

89 

The doses can be reduced by lowering of current-voltage parameters, implementation of x-
rays intensity modulation (for three axis) and  shortening of  scanned body length. 
The special solution for dose reduction being dedicated to cardiac CT examinations is 
change of image acquisition technique from RGH to PGA [6].  
RGH = Retrospectively Gated Helical: the patient and table move through the gantry at a 
steady speed. A low pitch (0.2 to 0.4) is needed to cover the entire cardiac volume, especially 
to compensate for any ectopic beats, which can result in misregistration and gaps in 
coverage. Thus, the same anatomy can be exposed to the x-ray beam many time (up to five) 
to ensure enough coverage, causing the high absorbed doses. 
PGA= Prospectively Gated Axial: the table is stationary during PGA image acquisition, then 
moves to the next location for another scan that is initiated by the next normal cardiac cycle. 
The x-rays emission is then dynamically predicted on the basis of ECG signal. 
Diagnostic values of images obtained for PGA protocol were not found to be lower for RGH  
while the doses where substantially lower [6]. In the same study including 203 CTA exams 
(82 with routine RGH and 121 with the PGA) the doses were evaluated for protocol 
including scout images, low-dose calcium scoring scans, test-bolus scan and  CT coronary 
angiogram. The exams were performed by using 64-slice CT scanner (LightSpeed VCT XT, 
GE). The effective doses were as follows: 
RGH: (8.7-23.2) mSv, mean: 18.4 mSv; 
PGA: (0.75-6.67) mSv; mean: 2.84 mSv. 
For comparison,  the results of the big study involved nearly 2000 patients examined (CTA) 
in 50 hospitals  in 2007 in Germany and US show the range of effective dose (8-18) mSv with 
median 12 mSv. The reduced 100 kV tube voltage was used in 5% of patients, with 
sequential scanning in 6%. ECG  gating was applied in 73% exams [7]. 
The influence of lower tube voltage is illustrated also by the results CTA performed using 
320-MDCT for anthropomorphic phantom (ECG gating was simulated) [8]. 
The results are given in Table 3. 
 
 

Heart rate= 60bpm 100kV 120kV 135kV 
Midbreast 13.4±3.6 21.7±4.1 29.3±5.2 
Breast 11.8±0.6 18.9±1.1 24.8±1.5 
Lung 12.2±2.6 19.1±3.2 26.5±5.0 
Thyroid 0.4±0.1 0.7±0.1 0.9±0.2 
Heart rate=75bpm 100kV 120kV 135kV 
Midbreast 38.3±2.0 59.7±3.1 77.8±3.7 
Breast 26.2±1.7 44±1.1 52.8±4.1 
Lung 38.0±1.6 58.9±1.7 78±2.9 
Thyroid 0.8±0.2 1.0±0.2 2.2±0.5 

 
 

Table 3. The effect of tube voltage and heart rate on absorbed doses [mGy] in CTA 
(according to [8]). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

90

4. Comparing CCA and CTA  
Primary x-ray beam in the CCA is focused on nearly the same area of a patient’s body by 
most time of the procedure, and then very high local doses are possible. (Skin injuries and 
even of x-ray burn cases were reported in the paper [9]).  
Moreover, a possibility to destroying the vessel wall during catheter operations also exists.   
Patient entrance doses change with body thickness, required image quality and distance to 
x-ray tube focus. Because medical staff have to work in direct neighbourhood of x-ray 
source and x-rays scattered on a patient’s body, the doses to the staff are related to the 
patient doses. 
Thus, the procedures  are still treated as invasive and risky for both patients and the staff 
despite the benefit from “traditional” angiographies.  
Good spatial and temporal resolution of modern CT scanners is the reason of positive 
features of CTA in comparison to conventional angiography [10,11,12], i.e.: 
- better detection of stenosed lesions, 
- possibility to delineate a cross-sectional cut of the artery, 
- non-invasive procedure contrary to the conventional angiography or intravascular 

ultrasound. 
All of the above reasons have made CTA an excellent technique for quick (emergency) 
cardiac diagnosis and for qualification patients for angioplasty.  Moreover, coronary  CTA 
includes a complete evaluation of the lungs and chest. Contrary to to conventional cardiac 
angiography  (CCA)  the staff are completely unexposed in CTA. 
The only deficiency  of CTA in comparison to CCA is its exclusive diagnostic character: any 
further intervention as angioplasty is not possible in CTA technique. That needs continuing 
of treatment action in more “traditional” way – at C-arm unit control. 
For comparison of doses to patients in both imaging techniques techniques the 
measurements were performed using multislice CT scanners (MSCT) and C-arm units. 
The measurements were performed for  
- two sixteen-slice CT scanners (made by two manufacturers), 
- one sixty-four-slice CT scanner, 
- three C-arm units of different manufacturers. 
For each controlled C-arm unit the organ doses in “traditional” coronary angiography were 
distributed extremely non-uniformly: from up to 100 mGy in the area of the primary x-ray 
beam interaction to about zero in quite near vicinity of that. For that in all the phantom 
examinations doses for both lungs  and doses for elements of skeleton differed significantly 
in dependence on the composition of projections. 
That was not observed for CTA procedures, when the magnitude of doses inside the 
scanned volume was similar. 
The detailed results were published [13]. Below the most important values  of are  presented 
in the Tables 4 to 6. 
To summarize of the presented results: 
1. In coronary angiography carried out by C-arm units patient organ doses are distributed 

non-uniformly inside patient body (from up to 100 mGy in area of primary x-ray beam 
to about zero in quite near vicinity). Therefore, a low effective dose does not mean the 
low absorbed doses at all. 
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2. Doses to patients in CTA procedures covering the chest are distributed more uniformly 
and are dependent on the scanner configuration and protocol of the procedure.  

 
 

CCA CTA 
1st manufacturer: 0.9 – 1.4 16-slice scanner: 5.4 
2nd manufacturer: 1.3 – 3.2 64-slice scanner: 23.1 

3rd manufacturer: 6.2 – 18.8 (The both scanners made by 1st 
manufacturer.) 

 
 

Table 4. Effective doses to patients in coronary procedures [mSv] 
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designed by three 
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Table 5. Range of absorbed doses [mGy]  in CCA 
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Table 6. Absorbed doses [mGy] to patients in CTA (both CT scanners made by 1st 
manufacturer) 
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Procedural Techniques 
of Coronary Angiography 

Jasmin Čaluk  
BH Heart Center Tuzla 

Bosnia-Herzegovina 

1. Introduction 
Coronary angiography is an invasive diagnostic procedure in which radiocontrast is injected 
into the coronary arteries under X-ray guidance in order to display the coronary anatomy 
and possible luminal obstruction. Despite the advances in other diagnostic methods, it 
remains to be "the golden standard" of coronary disease diagnostics. Although today the 
complication rate is far lower than previously, the possibility of complication still exists, and 
an invasive cardiologist must be able to complete the procedure flawlessly, and to 
competently deal with complications, should they occur. In order to be able to do that, 
he/she must master the proper techniques in performing the coronary angiography 
procedure, and be comfortable with all the available access-sites.  

2. Cath lab 
The procedure is performed in a specifically designed room, very much resembling the 
operating room, called the catheterization laboratory, or cath lab (Fig.1). Recordings are made 
using a special X-ray machine, called cardioangiograph (Fig.1). Today, these machines are 
completely digitalized, enabling superb picture quality, with the lowest possible radiation 
doses, and some additional features, such as precise measurements and quantifications of the 
recorded angiograms, connections to additional devices, such as intravascular ultrasound, 
easy and large-capacity data storage etc. It is convenient to have a wide choice of spare 
catheters, multi-packs, guidewires, coronary angioplasty ballons, coronary stents, and other 
equipment in the cath lab itself, so it can be used without time-delay. The space should be 
intuitively organized, and the spare devices, sterile gowns, gloves, drapes etc. must be easily 
accesible. Defibrillator, endotracheal tubes, temporary pacemakers and leads, oxygen supply, 
and other cardiopulmonary resuscitation equipment must be held in the cath lab at all times. 
Just outside of the cath lab is the control-station with monitors for angiogram, patient data, 
electrocardiogram (ECG), haemodynamics etc (Fig.2).  Modern cardioangiographs allow for 
data analysis both from the control station outside the cath lab, as well as from within the cath 
lab, using specifically designed control-commands at the table.  

3. Coronary angiography: Preparation 
Coronary angiography is performed under local anesthesia. The procedure is sterile, and all 
potential access sites must be disinfected, shaved, and sterilized. At the beginning of the 
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procedure, the patient lays down in supine position on the cardioangiograph table, and is 
prepared for the procedure in sterile conditions (Fig.3).  
 

 
 

Fig. 1. Catheterization laboratory 

 

 
 

Fig. 2. Control-station with monitors outside the catheterization laboratory 
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Fig. 3. The patient in supine position on the cardioangiograph table 

Coronary angiography is performed with the patient in the fasting state, except in 
emergency cases, e.g. acute myocardial infarction, in which the degree of urgency prevails 
over the risks of aspiration incidents, which are generally very rare. In many institutions 
today, it is common not to administer pre-medication prior to coronary angiography, except 
in certain specific conditions. In other institutions, the patients are given 10 mg diazepam 
p.o. and 25 mg diphenhydramine p.o. 30-60 min before the procedure. If the patient has a 
known allergy to radiocontrast, prednisone can be administered at 60 mg p.o. every 8 hours 
for two days prior to the procedure. Other institutions have the policy to administer 
hydrocortisone 80-120 mg IV some 30 min before the procedure, along with 50 mg 
diphenhydramine p.o. The patients with a history of radiocontrast allergy must be 
monitored after coronary angiography for signs of acute allergy: urticas on skin or itchy 
skin, swelling of tongue, stuffy nose or signs of respiratory distress. 
The table set for coronary angiography (Fig. 4) can differ from one institution to another, but 
generally it has the following list of items and equipment: 
- sterile drapes to cover the patient and radiation-protection screens, 
- sterile swabs for cleaning the arterial access site, 
- a bowl of Betadine solution for cleaning the arterial access site,  
- lidocaine for local anesthesia, 15-20 ml of 2% solution (in some cases, for more sensitive 

patients, more may be needed) 
- punction neelde for arterial cannulation, 
- an 11-mm or 15-mm blade, 
- syringes and needles, 
- two containers, one with 500 ml of saline solution with 5,000 U of heparin added, 
- arterial sheath with a dilator, 
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- a J-shaped guidewire, 
- diagnostic catheters for coronary angiography; start with the most common JL4 and JR4 

with angulated pigtail if left ventriculography and/or aortography is planned, 
- a three-outlet manifold which is to be connected to pressure transducer, saline solution 

container, and radiocontrast container on side-outlets, to the syringe for radiocontrast 
application on the proximal end, and with its distal end to diagnostic/therapeutic 
catheters during the procedure. 

During the procedure, the patient must be monitored by several systems, and the ECG is 
absolutely essential. The patient also must have an ECG recording done just before the 
procedure actually starts. For practical reasons, during the angiography itself, there is really 
no need to apply the precordial leads, since the basic four electrodes can provide enough 
information for ECG monitoring during coronary angiography and percutaneous coronary 
interventions (PCI). Four electrodes should be placed on the calf or thigh and on the 
shoulders or upper arms (Watson & Hunter, 2011).  
The area of the puncture site must be shaved, disinfected, then anesthetized, and only then 
punctured. The center of the field for shaving and disinfection is the puncture site. The 
disinfection is performed starting at the center, and spiraling outwards, at least twice, using 
Betadine. Thereafter, the site is wiped off with a third swab. If the procedure is planned to 
be performed via the femoral artery, than both right and left groins must be shaved and 
disinfected, in case that the operator must switch to contralateral artery. Only after the 
disinfection of the puncture site, the patient is covered with a sterile drape. Most centers 
today use single-use pre-packed sterile drapes. These drapes have openings conveniently 
placed at the location of patient's left and right inguinal area (Fig.5, Fig. 6).  
 

 
Fig. 4. The table set for coronary angiography 

The patient must be warned not to move his/her hands downward, towards the disinfected 
areas of planned vascular access. The radiation shield and image intensifier/digital flat 
panel detector are also covered with sterile covers. The manifold is connected and flushed, 
and then zeroed for pressure monitoring.  
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Fig. 6. Sterile drape openings in patient's inguinal area 
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4. Catheter menu 
Coronary angiography is performed with the use of specifically designed diagnostic 
catheters. More than 95% of all procedures can be completed using catheters Judkins left 4 
(JL4), and Judkins right 4 (JR4). Also, a pigtail catheter is used for obtaining left 
ventriculogram, if it is recorded. Usually the catheters come pre-packed in a sterile 
envelope, in which JL4, JR4 and pigtail catheters are present. Diagnostic catheters are more 
elastic than the catheters used for PCI, and can be manipulated into the coronary ostium. 
However, sometimes the anatomy of the aortic arch and coronary ostia requires the use of 
different types of catheters. Today, the catheter menu is abundant with different versions, 
and at least one of the available catheters will be able to adequately cannulate even the most 
difficult and distorted coronary ostia (Fig.7).  It is necessary to know the shapes of those 
catheters in order to choose the appropriate-ones for certain anatomical variants. 
Therapeutic (guiding) catheters are somewhat stiffer and do not forgive an imperfect 
position, because the insertion of interventional equipment (coronary guidewires, 
angioplasty balloons, stents etc.) creates much more backforce than does the radiocontrast 
injection. Therefore, an unstable catheter with inadequate backup will be frequently 
displaced out of the coronary ostium. This is why coronary stenting, even more than 
diagnostic coronary angiography, requires the use of dedicated guiding catheters.  

5. Arterial puncture 
The standard technique of arterial puncture used today is Seldinger technique (Powell & 
Moxey, 2011), cleverly developped by Sven-Ivar Seldinger, a Swedish radiologist, in 1953. 
The procedure of arterial puncture is performed as follows: firstly, at the site of arterial 
puncture, an appropriate pulse has to be palpated in order to locate the artery (Fig.5). A 
local anesthesia is applied, usually with 10-15 ml of 1% or 2% lidocaine for local infiltration 
of the skin and subcutaneous tissues. Then, a percutaneous puncture of the desired vessel 
with a hollow beveled tapered-tip needle is made. The pointy tip at the distal end of the 
needle is the first one in contact with the skin, and subsequently with the artery, while the 
distal needle opening faces upwards. The needle is held in the operator's hand like a pencil, 
at an angle of 30º-45º against the surface of the skin. Arterial puncture is made by advancing 
the needle to the site of the arterial pulse. An experienced operator will usually feel when 
the needle has punctured the arterial wall. A correct arterial puncure is confirmed by the 
pulsatile back-flow of the bright-red blood from the proximal end of the needle (Fig.8).  
It is not necessary to have a syringe attached to the needle during arterial puncture, because 
the arterial pressure will produce a pulsatile jet of blood when the needle tip reaches the 
arterial lumen. If the backflow is slow and barely pulsatile (or seems to be continuous, 
without pulsations), and the blood is dark-red, the needle tip has punctured the vein. In 
certain circumstances, however, even correct arterial puncture may resemble venous 
puncture: shock, hypotension, severe bradycardia, very low oxygen saturation, cardiac 
arrest and/or resuscitation etc. 
After the arterial puncture, an atraumatic, curved-tipped guide wire (J-wire with moveable 
inner core) is passed through the needle and advanced into the artery (Fig.9). The needle is 
then removed, leaving the guide wire in the vessel. The site of puncture at the skin level is 
usually widened by a couple of milimetres using a small and shallow cut by a surgical 
scalpel, an 11-mm or 15-mm blade to facilitate the passage of the arterial sheath. The  sheath 
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with a plastic dilator inside of it is advanced over the guide wire, and into the artery. The 
dilator is removed, leaving the sheath in the vessel, and a haemostatic valve prevents 
bleeding through the sheath. It also provides access for the passage of catheters and other 
devices into the vessels, with no blood loss. The side arm of the sheath is aspirated and 
injected with heparinized saline before the advancement of catheters. During arterial 
puncture and sheath placement, the patient may develop a vasovagal reaction due to 
puncture and vessel manipulation, which will manifest as hypotension and bradycardia. 
Atropine IV usually swiftly reverts the condition, and sometimes elevation of patient's legs 
and high-rate saline infusion with oxygen supplementation should be implemented 
additionally. The technique of direct arterial approach, with the preparation and direct 
visualization of the artery at the puncture site is today very rarely used, and therefore 
discussed elsewhere. 
 
 

 
Fig. 7. Diagnostic catheter curves, picture courtesy of Medtronic 
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Fig. 8. Pulsatile back-flow of the bright-red blood from the proximal end of the needle 

 

 
 

Fig. 9. J-wire is passed through the needle and advanced into the artery 
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6. Vascular access 
6.1 Femoral approach 
Preferences of particular access sites vary in different centers, but the most commonly used 
are right femoral and right radial artery. The percutaneous transfemoral approach has been 
routinely used for cardiac catheterization and coronary angioplasty (Kwac et al, 2010). Right 
transfemoral approach is favoured because of the larger artery diameter, and therefore the 
possibility to insert larger arterial sheaths, catheters and bulkier devices, in comparison with 
the transradial approach. If there is a peripheral vascular problem, the left femoral, or right 
or left radial or brachial approaches can be used. The femoral approach is the most 
comfortable access for the operator. Its main disadvantage is the time-delay after the 
angiography and before mobilizing the patient. After the femoral pulse is palpated (Fig.5) 
and local anesthesia applied, the puncture of the femoral artery is performed some 2 cm 
below the inguinal ligament (Fig.10), at the punctum maximum of the pulse. The inguinal 
ligament is attached to spina illiaca anterior superior on one end, and with the pubic bone on 
the other (Fig.10). This makes determining of its anatomical location easier, because 
overlapping skin crease in obese patients can be located more distally, thus deceptively 
making the less experienced operators prone to puncturing too distally. Puncture through 
the ligament itself will make the haemostasis very difficult, because the ligament is a firm 
structure which precludes adequate pressure application against the artery after 
angiography.  
 

 
Fig. 10. Inguinal area anatomy; 1 – spina iliaca anterior superior, 2 – inguinal ligament, 3 – 
skin crease, 4 – common femoral artery, 5 – common femoral vein, 6 – femoral nerve, 7 – 
deep femoral artery, 8 – saphenous vein, 9 – pubic bone, 10 – superficial femoral artery, 11 – 
sartorius muscle, 12 – abductor longus muscle 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

102 

 

 
 

Fig. 8. Pulsatile back-flow of the bright-red blood from the proximal end of the needle 

 

 
 

Fig. 9. J-wire is passed through the needle and advanced into the artery 

 
Procedural Techniques of Coronary Angiography 

 

103 

6. Vascular access 
6.1 Femoral approach 
Preferences of particular access sites vary in different centers, but the most commonly used 
are right femoral and right radial artery. The percutaneous transfemoral approach has been 
routinely used for cardiac catheterization and coronary angioplasty (Kwac et al, 2010). Right 
transfemoral approach is favoured because of the larger artery diameter, and therefore the 
possibility to insert larger arterial sheaths, catheters and bulkier devices, in comparison with 
the transradial approach. If there is a peripheral vascular problem, the left femoral, or right 
or left radial or brachial approaches can be used. The femoral approach is the most 
comfortable access for the operator. Its main disadvantage is the time-delay after the 
angiography and before mobilizing the patient. After the femoral pulse is palpated (Fig.5) 
and local anesthesia applied, the puncture of the femoral artery is performed some 2 cm 
below the inguinal ligament (Fig.10), at the punctum maximum of the pulse. The inguinal 
ligament is attached to spina illiaca anterior superior on one end, and with the pubic bone on 
the other (Fig.10). This makes determining of its anatomical location easier, because 
overlapping skin crease in obese patients can be located more distally, thus deceptively 
making the less experienced operators prone to puncturing too distally. Puncture through 
the ligament itself will make the haemostasis very difficult, because the ligament is a firm 
structure which precludes adequate pressure application against the artery after 
angiography.  
 

 
Fig. 10. Inguinal area anatomy; 1 – spina iliaca anterior superior, 2 – inguinal ligament, 3 – 
skin crease, 4 – common femoral artery, 5 – common femoral vein, 6 – femoral nerve, 7 – 
deep femoral artery, 8 – saphenous vein, 9 – pubic bone, 10 – superficial femoral artery, 11 – 
sartorius muscle, 12 – abductor longus muscle 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

104 

6.2 Radial approach 
Alternative access when femoral puncture is unavailable or cannot be used, is radial or 
brachial approach. While the femoral access is still most widely used in the USA and the 
most of Europe, Asia and Americas, radial access is becoming more and more popular in 
Europe, thanks to its advantage of avoiding prolonged periods of patients' bed-rest after the 
procedure. The transradial approach has gained popularity in recent years mainly because 
of the significantly decreased access-site complications and the greater patient comfort it 
offers (Tomassini et al, 2011). However, the prevalence of transradial approach for coronary 
procedures worldwide is still quite low and nowadays, in the United States, for example, the 
favourite strategy for bleeding prevention is mostly based on the adoption of new 
antithrombotic drugs (such as bivalirudin and fondaparinux) rather than on the selection of 
an alternative, safer vascular access route (Rigattieri et al, 2010). Also, radial approach is 
somewhat more difficult to master, and requires more training than the femoral one. The 
main setback is the small diameter of the vessel, and the fact that the radial artery is prone to 
spasm. Allen's test is also mandatory to determine the ability of the ulnar artery to take over 
the circulation to the hand in case of an irreversible damage to the radial artery. Another 
disadvantage of right radial approach is the considerable technical difficulty in evaluating 
left interior mammary arterial graft. Instead, the left radial approach can be used. The third 
reason because of which radial artery might not be used is the inability to use that particular 
artery as a potential free arterial bypass-graft, should the bypass-surgery be indicated. Also, 
there has been some controversy in radiation dose to the operator when using radial 
approach. There were reports of significantly higher radiation doses for the operator in 
comparison to femoral approach, especially during the learning phase. Before proceeding 
with transradial coronary angiography, it is wise to administer premedication in order to 
reduce the probability of radial artery spasm or thrombosis. Premedication cocktail 
containing nitroglycerin and verapamil has been documented to be effective in preventing 
radial spasms. However, verapamil is relatively contraindicated for some patients with left 
ventricular dysfunction, hypotension and bradycardia. Intra-arterial premedication with 100 
μg of nitroglycerin and 3,000 units of heparin is effective in preventing radial spasms during 
transradial cardiac catheterization, according to Chen et al (2006). Some authors recommend 
an intra-arterial cocktail  consisting of 5 mg of verapamil plus 200 µg nitroglycerine in 10 ml 
of normal saline, and others (Pancholy et al, 2006) use 200 µg/ml of nitroglycerin solution 
injected on the lateral and medial aspect of the previous location of the radial artery 
pulsation, should the arterial spasm occur after administration of lidocaine for local 
anesthesia, and before radial cannulation. During transradial coronary angiography, the 
wire should always go smoothly. If the operator feels some resistance, a peripheral radial 
angiogram should be taken. There is a possibility that a radial loop with recurrent radial 
artery exists, and the operator will be forced to change the access site. Left radial approach 
can be used comfortably: it is possible to bend the patient's arm over the abdomen and 
perform the procedure. Left radial approach is also favoured when re-evaluating left interior 
mammary artery (LIMA) to left anterior descending coronary artery (LAD) bypass grafts. 
The transradial approach can be safely proposed for all patients, with a low conversion rate 
to transfemoral approach when an attempt on both radial arteries is considered first 
(Guédès et al, 2010). Instead of JL4 used in transfemoral approach, for an average sized 
patient, a JL3.5 can be used. The catheters should always be exchanged over a long wire, so 
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that renegotiating the wire through this spasm-prone and often tortuous vessel can be 
avoided. Some population studies have shown that patients prefer radial access because of 
early ambulation (Cooper et al, 1999) and some cardiologists also strongly prefer it. 
However, one should bear in mind that the most important indication for PCI today is acute 
myocardial infarction. This important setting must be considered when discussing the 
preffered vascular access, because this is the primary circumstance in which PCI improves 
survival. It can be expected that difficulties with radial approach and conversion to femoral 
approach may delay time to reperfusion, jeoppardizing the lives of critically ill patients, 
especially those in cardiogenic shock, requiring intra-aortic balloon pump, for example. So 
the question is: with the increased use of radial approach, should it become the new 
standard of care, especially regarding emergency interventions for acute myocardial 
 infarction, and can primary PCI (pPCI) be routinely performed through radial 
approach?And the answer is: No. As for the setting of acute myocardial infarction (AMI), 
Vorobcsuk et al (2009) performed a systematic review and meta-analysis of 12 trials 
comparing the radial versus the femoral approach. They found no significant difference in 
the time to reperfusion between the two groups but found access site failure when 
transradial approach was used, which contributed to longer procedure times (Jolly et al, 
2009). Recent systematic reviews and meta-analyses of trials in the acute setting of ST-
elevation AMI, where time is of the essence, have shown radial access to be associated with 
a 10% crossover rate increasing "time to reperfusion" in the individual case (Vorobcsuk et al, 
2009). Those trials usually excluded unstable patients in cardiogenic shock requiring 
additional treatment options, such as intra-aortic balloon pumps, central venous access or 
temporary pacing. These patients are automatically treated using femoral access as it is 
more convenient and appropriate to use one access site. In some circumstances these 
patients arrest on the table necessitating cardiopulmonary resuscitation, and femoral access  
is simply easier and less fiddly under difficult circumstances (Patterson & Foale, 2011). 
Radial artery puncture can only be attempted once. If that attempt fails, the morbidity 
associated with access site crossover occurs, including the risk of radial artery occlusion, but 
also the need for double site post-procedural care (Stella et al, 1997). The radial approach 
therefore increases procedure times, not only because of the steep learning curve to this 
technically more challenging approach. Radial artery anomalies are also relatively common 
and are a cause of transradial procedure failure even for experienced radial operators (Lo et 
al, 2009). Even when operators achieve equal procedural times using radial and femoral 
approach, there is still significantly greater fluoroscopy time with radial approach PCI. 
Inevitably an increase in the irradiation of staff and patient follows (Brasselet et al, 2008). 
Femoral access is easier for training, not limited by anomalous radial artery anatomy, and 
allows for both left and right mammary arterial bypass graft evaluation. It is also convenient 
if a venous puncture is necessary for obtaining haemodynamic measurements. In these 
circumstances, an adjecent femoral vein puncture requires "same-site" postprocedural 
management. Surely this does not mean that the transradial technique should be dismissed 
as a cardiology fashion. It should be learned because it has certain advantages in diagnostic 
coronary angiography and elective PCI, it is associated with an earlier patient discharge, and 
can be applied in circumstances of severe aortoiliac disease which precludes the use of 
femoral approach. However, in primary PCI, the current enthusiasm for using transradial 
approach is not sufficiently justified in evidence, and especially not justified enough to 
dismiss the femoral route from current training programmes. 
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6.3 Brachial approach 
Brachial approach remains an option too, most commonly the right brachial approach. The 
brachial artery is the distal continuation of the axillary artery, and itself separates distally 
into ulnar and radial arteries. Percutaneous transbrachial approach is useful and safe 
alternative for performing coronary angiography as well as PCI. The advantage of the 
brachial approach as an alternative to the radial one is that brachial approach needs no 
special premedication, and can be performed using the exactly same equipment (arterial 
sheath and catheters), often even the larger-ones, including 7 Fr size, although most 
operators usually use the shorter brachial sheaths. For brachial approach it is necessary that 
an arm-board be placed for the patient's arm and hand during the preparation of the patient 
for the procedure. The antecubital fossa should be prepped and draped, and the technique 
of local anesthesia, arterial puncture, sheath placement etc. is generally similar to the one 
used for femoral access. When puncturing the brachial artery, care must be taken not to 
puncture the posterior arterial wall too. The complication rate is relatively low, and in the 
large series has not exceeded 2% (Gonzalez et al, 1991). Complications of this site of arterial 
access include: brachial artery thrombosis, hemmorhage, pseudoaneurysm formation, 
cellulitis, phlebitis, and median nerve traction with possible irreversible damage. 

6.4 Axillar approach 
Axillary artery cannulation is a useful technique for obtaining central arterial access in 
patients with severe peripheral vascular disease in the lower and upper extremities, 
although it is very rarely used today. The axillary artery, which is the direct continuation of 
the subclavian artery, courses from the outer margin of the first rib to the tendon of musculus 
teres major, where it becomes brachial artery. The lateral portion of the axillary artery is 
cannulated, just lateral to the head of musculus pectoralis minor. The patient's underarm must 
be shaved and prepped in sterile fashion. The arm is hyperabducted and externally rotated 
in order to access the artery (Gonzalez et al, 1991). After applying local anesthesia, a skin 
incision is made using a no. 11 blade, and through that incision, an 18-gauge needle is 
advanced until pulsatile backflow is obtained. Care must be taken to only perform a single-
wall puncture. Then, a J-wire and thereafter a side-arm sheath-dilator are placed into the 
artery as with other accesses, and angiography can be conducted. After the procedure, the 
patient is advised not to use the arm for at least one day to avoid bleeding. Complications of 
axillary arterial cannulation include arterial thrombosis, brachial plexus injury, hemorrhage, 
and pseudoaneurysm formation.  

7. Performing the coronary angiography 
Through the sheath placed into peripheral artery through which the vascular access is 
enabled, and over the guidewire, the first coronary diagnostic catheter is introduced 
through the peripheral artery (Fig.11), and farther into the aorta. Care must be taken that the 
atraumatic J-tip of the guidewire precedes the catheter, as to avoid injury to the vascular 
endothelium. The J-wire is 0.035 or 0.038 inch in diameter. There are many different types of 
guidewires, different in length, structure, coatings, diameter, tip structure and shape, and 
materials, available for different diagnostic and interventional vascular procedures. The 
usual choice is the 0.035 inch wire with a 3 mm J-tip. For tortuous vessels, a hydrophilic 
wire, such as Terumo Glidewire, or Wholey Wire with soft, floppy tip may be used. 
Glidewire should not be used through the needle, because of the possibility to damage the 
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hydrophilic coating. Also, when advancing the catheter, the proximal part of the J-wire has 
to be visible on the outside of the catheter and secured by the operator's hand (Fig.11), as to 
avoid embolization of the J-wire into the patient's circulation. That would require an 
emergency vascular surgical procedure to remove the J-wire from the patient's aorta. Under 
the X-ray guidance, the guidewire tip is advanced up to the ascending aorta, and into the 
aortic root. Holding it in place, the coronary diagnostic catheter is advanced over the 
guidewire until it reaches the ascending aorta.  
After the catheter reaches the Valsalva sinus in the aorta, the guidewire is withdrawn 
leaving the catheter in place. The outside portion of the catheter is connected to a manifold 
(Fig.12). The manifold is on the other side connected to the syringe (or an automated 
injection-device) for radiocontrast application, and on its side arms to the saline infusion, to 
the transducer for invasive blood-pressure monitoring, and to a radiocontrast container 
from which radiocontrast is taken into the syringe. Through the manifold, the operator 
controls the contrast injection, blood pressure, injections of heparinized saline if necessary, 
etc. To ensure that there is no air or clot within the coronary catheter, a syringe is connected 
to the catheter to aspirate and discard at least some 5 ml of blood. This is the approximate 
volume of the catheter lumen. Some operators instead just allow a small ''bleed back'' from 
the catheter, after which the catheter is connected to the three-port manifold. 
 

 
Fig. 11. Through the arterial sheath and over the guidewire, the first coronary diagnostic 
catheter is introduced into the artery; note the proximal end of the wire outside of the 
catheter 

When connecting the catheter to the manifold, it is important to connect using the fluid-
against-fluid method, i.e. to let the blood back-bleed from the catheter, and at the same time 
to allow saline flush from the manifold. This manner of connecting the catheter to the 
manifold prevents air embolism from air bubbles from within the catheter, or from within 
the manifold. 
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Fig. 12. Manifold with connections 

7.1 Left coronary artery engagement 
Under fluoroscopic guidance, the catheter is advanced into the coronary ostium, and several 
recordings of the left coronary artery are taken. The most commonly used catheter 
diameters are 6 Fr, but diameters from 4 Fr to 8 Fr can also be used. Diagnostic and 
therapeutic coronary catheters are pre-shaped to suite specific aortic and coronary anatomy. 
The most commonly used diagnostic catheters for coronary angiography are JL4 (Judkins 
left 4 cm curve) for the left, and JR4 for the right coronary artery. Both types of catheters 
were ingeniously designed by Judkins, and are easy to use, because they can engage the 
coronary ostia with very little manipulation. In fact, Judkins himself said that "no points are 
earned for coronary catheterization – the catheters know where to go if not thwarted by the 
operator" (Judkins, 1968). When cannulating the left coronary artery, the catheter is 
supposed to be unfolded in en face position in the ascending aorta. The best view to see the 
coronary ostia (both left and right) and to perform the ostial coronary cannulation is left 
anterior oblique (LAO) 50°, because sinus of Valsalva and aortic root are not superimposed 
on either of the coronary ostia. Cannulating the left coronary artery (LCA) in antero-
posterior (AP) position is not recommended because it is difficult to appreciate the ostium, 
and ostial Left Main Coronary Artery (LMCA) stenoses can be easily missed. 
For  engagement of the LCA, the J-wire is advanced to the level of aortic valve. Then, the JL4 
catheter is placed as low as possible facing the left coronary ostium. The guidewire is slowly 
withdrawn, and the catheter tip is already in the LMCA or just below it. If it is below the 
ostium, than it should be withdrawn ever so slightly, and it will fall into the LMCA ostium. 
Some operators fear that this method might be a bit risky, so they prefer to leave the catheter 
tip above the level of the left sinus of Valsalva, then withdraw the guidewire from the 
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catheter, and thereafter advance the catheter tip downwards and into the LMCA ostium. 
This, on the other hand, carries some risk of scratching the surface of the aortic endothelium 
and embolizing atheromas if they are located in catheter's path. If the catheter tip is at the 
level of the ostium, but not within the ostium itself, it is usually easily inserted into the 
ostium by a clockwise or counter-clockwise torque. An injection of 5-10 ml of contrast close 
to the expected location of the coronary ostium reveals the position of the catheter tip within 
the aortic root and facilitates a precise cannulation. If the aorta is dilated, a JL5 or JL6 
catheters may be required, while in small individuals, or with small aortic arches, a JL3.5 or 
even JL3 catheters may be used to cannulate the left coronary artery. Multiple recordings are 
taken from diffrerent perspectives. The optimal positions for recording the left coronary 
artery are discussed later in the chapter. 

7.2 Right coronary artery engagement 
After recording the luminograms of the left coronary artery, the catheter is removed over 
the J-wire, and another catheter, the one for the right coronary artery (RCA) is inserted 
through the sheath and into the aorta, up to the right coronary ostium, also in the LAO 
position. After reaching the ascending aorta with the tip of the right coronary catheter and 
removing the guidewire from inside of it, the catheter is aspirated and connected to 
manifold. The JR4 catheter is advanced into the aortic root, some 2 cm above the valve 
level. Then, the operator applies a clockwise rotation with some traction to the catheter. 
The catheter is slowly rotated using the rotation swivel at the distal portion of the 
manifold, where the coronary catheter is attached. As the catheter rotates, the torque 
should be reduced, so that there is no overshoot of the catheter over the right coronary 
ostium. The catheter rotates and descends somewhat, thereafter cannulating the right 
coronary ostium. If the first rotation is unsuccessful in cannulating the artery, the catheter 
should be rotated counter-clockwise to the initial position as to avoid the kinking of the 
catheter. The problem to find the coronary artery is most commonly due to the origin of 
the RCA superiorly and more leftwards than usual. It may even arise from the left 
coronary sinus, close to the LMCA. Using an Amplatz left (AL) 1 or 2 coronary catheter 
can be helpful to perform selective cannulation of such an RCA. Usually two, but 
sometimes more right coronary artery luminograms from different projections are 
recorded, and the catheter is removed. If the right coronary artery ostium is oriented 
straight downwards, a multipurpose (MP) catheter may be required. In contrast, if the 
ostium is oriented upwards, a "shepherd's crook" (SC) catheter or internal mammary (IM) 
catheter may be required. The optimal positions for recording the right coronary artery 
are discussed later in the chapter. 

7.3 Contrast injection technique 
The syringe with radiocontrast is held with the handle elevated, so that any air-bubbles 
inside of the syringe can rise to plunger, and are less likely to be injected into the patient's 
coronaries. A significant air-embolism into a coronary artery may result in asystole, and 
cardiac massage should be initiated. This usually reverts pretty quickly, as the air 
components of the bubble (nitrogen, oxygen, carbon-dioxide etc) are dissolved in the blood. 
Of course, the operator must previously make sure that there are no air-bubbles inside of the 
syringe. The radiocontrast must be injected vigorously enough to ensure that it temporarily 
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replaces the blood in the coronaries, with a continuous back-flow into the aortic root. A 
weak injection may appear as a pulsatile contrast flow with filling-defects, and fail to 
display the coronary lumen adequately. It sometimes causes the operator to declare a 
coronary stenosis existence in a place where only a simple contrast filling defect exists. On 
the contrary, a too-forceful injection can, in extreme cases, cause a coronary dissection, 
although this event is extremely rare today. If there is no contrast back-flow to the aortic 
root, or if the back-flow is inadequate, there may be an ostial lesion present. 

7.4 Pressure damping 
During the cannulation of the coronary artery ostia, a special care must be taken to 
monitor the blood pressure. A sudden fall in blood pressure may lead to ventricular 
fibrillation and cardiac arrest. An immediate defibrillation usually restores the normal 
heart rhythm, although sometimes a full spectre of cardiopulmonary resuscitation has to 
take place, along with the cardiac massage, endotracheal intubation, artificial ventilation 
etc. This usually occurs if there is a severe ostial stenosis in the LMCA or the RCA, or if 
the artery is very prone to severe spasms, or if the conus branch is superselectively 
cannulated during the RCA engagement. It is a sign of a total coronary obstruction. 
Pressure damping or "ventricularization", called so because the pressure waveform 
resembles that of the ventricle, especially with very low diastolic pressure, can also be the 
result of placement of the catheter tip with the end-hole against the vessel wall, or 
presence of a thrombus, or an air bubble inside the catheter lumen, and sometimes also 
occurs after kinking the catheter body. 
Whenever blood-pressure damping occurs during the coronary artery engagement, it is 
best to remove the catheter immediately (Conti et al, 1980). A repeated, careful 
cannulation may be attempted, best preceded by administration of nitroglycerin. If 
pressure damping occurs again, the angiogram can be swiftly recorded, and the operator 
must remove the catheter immediately. Sometimes, a non-selective or semi-selective 
opacification from the aortic root, with the catheter just in front of the coronary ostium 
may be sufficient to delineate the ostial coronary disease. There is also an option to use 
the side-hole catheters, which enable coronary perfusion through the sideholes located 
just proximally to the catheter tip.  

8. Coronary anatomy and the purposeful angiographic projections 
Since the coronary arteries are three-dimensional structures, and the X-ray image is two-
dimensional, several different perspectives of observing the coronary luminograms are 
necessary in order to adequately depict the coronary artery anatomy, the location, the 
extent, and the degree of coronary obstruction. The projections are defined according to the 
position of the digital flat panel detector, or image intensifier, depending on what kind of 
cardioangiograph is used. The X-ray tube is under the cardioangiograph table (Fig.1), i.e. 
under the patient. The positions can be defined as a combination of antero-posterior (AP), 
cranial, caudal, left or right lateral, and left or right anterior oblique (LAO and RAO, 
respectively). Extremely rarely, practically almost never, are posterior oblique positions 
used in diagnostic coronary angiography. The eleven regularly used positions at varying 
angles are: AP, AP-cranial, AP-caudal, left lateral, right lateral, RAO (right anterior oblique), 
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RAO-cranial, RAO-caudal, LAO (left anterior oblique), LAO-cranial, and LAO-caudal. These 
positions are also defined by angles to cranial or caudal, and angles to the left or to the right. 
These angles may vary depending on patients' anatomy, coronary anatomy, position of the 
heart etc. 

8.1 Radiological coronary anatomy 
Left coronary artery is a complex structure, and demands usually at least 4-5 projections. In 
those, the Left Main (LM, or LMCA) coronary artery has to be clearly visible, along with its 
bifurcation and branches. The LMCA is a short artery, with variable length, usually 
bifurcating into the left anterior descending and left circumflex coronary artery. Sometimes 
LMCA can be very short, almost non-existant as such, in which case there is a "shotgun-
ostium" of the left anterior descending (LAD) and the left circumflex (CX) coronary artery.  
The LMCA is rarely longer than 2 cm.  
The LAD passes down the anterior interventricular sulcus and usually extends around the 
heart's apex. It usually gives rise to two diagonal branches (D-1 and D-2), although they 
may also vary in number. Diagonal branches are positioned on the left anterolateral part of 
the heart's surface. The LAD also gives rise to septal perforators. The first one (1st septal) is 
usually the largest of all the perforators. It marks the border between the proximal and the 
mid portion of the LAD. The distal portion of the LAD is the distal 1/3 of the vessel, and has 
no specific landmark as to define it against the mid part. It is important to note the largest 
septal branch if the patient is to be subjected to alcohol septal ablation for hypertrophic 
obstructive cardiomyopathy.  
The circumflex artery is positioned in the atrio-ventricular (AV) groove and is located on the 
left side of the heart. It gives rise to several atrial branches, but also to very important 
marginal branches. As they are positioned on the margo obtusus cordis, they are called the 
obtuse marginal (OM) branches. There are usually three of them (OM-1, OM-2, and OM-3), 
but their number can also vary individually. Marginal branches are important to define, 
because they are an available target for coronary bypassing if surgical revascularization is 
planned. The CX artery is usually anatomically non-dominant, meaning that it does not give 
rise to posterior lateral (PLA), nor posterior-descending (PDA) artery, which in that case 
originate from the right coronary artery (RCA). If the CX continues through the AV-groove 
and gives rise to PLA, while the PDA originates from RCA, than CX and RCA are co-
dominant. If the CX gives rise to both PLA and PDA, while the RCA is small and terminates 
before bifurcating to PLA and PDA, than the CX is anatomically dominant. In this case, it is 
usually the largest artery in coronary circulation. If it is non-dominant, than the territories of 
blood supply of both LAD and RCA are larger and more significant than the CX one.  
The right coronary artery (RCA) can vary in the position of its ostium. It gives rise to conus-
branch, which supplies the right ventricular infundibulum. The second most proximal 
branch of the RCA is the sinoatrial node artery. The RCA continues on along the right-side 
AV-sulcus giving rise to a few right-atrial branches. It also gives rise to one or two acute 
marginal branches, called so because they are positioned on the margo acutus cordis. They 
supply the right ventricular myocardium. Before reaching the crux cordis, the RCA also 
gives off a few posterior right ventricular branches on the right-diaphragmatic surface of the 
heart. Finally, at the crux cordis, on the heart's posterior wall, the RCA is bifurcating into the 
PLA and the PDA. This RCA dominance is the most common situation, present in some 85% 
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although this event is extremely rare today. If there is no contrast back-flow to the aortic 
root, or if the back-flow is inadequate, there may be an ostial lesion present. 

7.4 Pressure damping 
During the cannulation of the coronary artery ostia, a special care must be taken to 
monitor the blood pressure. A sudden fall in blood pressure may lead to ventricular 
fibrillation and cardiac arrest. An immediate defibrillation usually restores the normal 
heart rhythm, although sometimes a full spectre of cardiopulmonary resuscitation has to 
take place, along with the cardiac massage, endotracheal intubation, artificial ventilation 
etc. This usually occurs if there is a severe ostial stenosis in the LMCA or the RCA, or if 
the artery is very prone to severe spasms, or if the conus branch is superselectively 
cannulated during the RCA engagement. It is a sign of a total coronary obstruction. 
Pressure damping or "ventricularization", called so because the pressure waveform 
resembles that of the ventricle, especially with very low diastolic pressure, can also be the 
result of placement of the catheter tip with the end-hole against the vessel wall, or 
presence of a thrombus, or an air bubble inside the catheter lumen, and sometimes also 
occurs after kinking the catheter body. 
Whenever blood-pressure damping occurs during the coronary artery engagement, it is 
best to remove the catheter immediately (Conti et al, 1980). A repeated, careful 
cannulation may be attempted, best preceded by administration of nitroglycerin. If 
pressure damping occurs again, the angiogram can be swiftly recorded, and the operator 
must remove the catheter immediately. Sometimes, a non-selective or semi-selective 
opacification from the aortic root, with the catheter just in front of the coronary ostium 
may be sufficient to delineate the ostial coronary disease. There is also an option to use 
the side-hole catheters, which enable coronary perfusion through the sideholes located 
just proximally to the catheter tip.  

8. Coronary anatomy and the purposeful angiographic projections 
Since the coronary arteries are three-dimensional structures, and the X-ray image is two-
dimensional, several different perspectives of observing the coronary luminograms are 
necessary in order to adequately depict the coronary artery anatomy, the location, the 
extent, and the degree of coronary obstruction. The projections are defined according to the 
position of the digital flat panel detector, or image intensifier, depending on what kind of 
cardioangiograph is used. The X-ray tube is under the cardioangiograph table (Fig.1), i.e. 
under the patient. The positions can be defined as a combination of antero-posterior (AP), 
cranial, caudal, left or right lateral, and left or right anterior oblique (LAO and RAO, 
respectively). Extremely rarely, practically almost never, are posterior oblique positions 
used in diagnostic coronary angiography. The eleven regularly used positions at varying 
angles are: AP, AP-cranial, AP-caudal, left lateral, right lateral, RAO (right anterior oblique), 
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RAO-cranial, RAO-caudal, LAO (left anterior oblique), LAO-cranial, and LAO-caudal. These 
positions are also defined by angles to cranial or caudal, and angles to the left or to the right. 
These angles may vary depending on patients' anatomy, coronary anatomy, position of the 
heart etc. 

8.1 Radiological coronary anatomy 
Left coronary artery is a complex structure, and demands usually at least 4-5 projections. In 
those, the Left Main (LM, or LMCA) coronary artery has to be clearly visible, along with its 
bifurcation and branches. The LMCA is a short artery, with variable length, usually 
bifurcating into the left anterior descending and left circumflex coronary artery. Sometimes 
LMCA can be very short, almost non-existant as such, in which case there is a "shotgun-
ostium" of the left anterior descending (LAD) and the left circumflex (CX) coronary artery.  
The LMCA is rarely longer than 2 cm.  
The LAD passes down the anterior interventricular sulcus and usually extends around the 
heart's apex. It usually gives rise to two diagonal branches (D-1 and D-2), although they 
may also vary in number. Diagonal branches are positioned on the left anterolateral part of 
the heart's surface. The LAD also gives rise to septal perforators. The first one (1st septal) is 
usually the largest of all the perforators. It marks the border between the proximal and the 
mid portion of the LAD. The distal portion of the LAD is the distal 1/3 of the vessel, and has 
no specific landmark as to define it against the mid part. It is important to note the largest 
septal branch if the patient is to be subjected to alcohol septal ablation for hypertrophic 
obstructive cardiomyopathy.  
The circumflex artery is positioned in the atrio-ventricular (AV) groove and is located on the 
left side of the heart. It gives rise to several atrial branches, but also to very important 
marginal branches. As they are positioned on the margo obtusus cordis, they are called the 
obtuse marginal (OM) branches. There are usually three of them (OM-1, OM-2, and OM-3), 
but their number can also vary individually. Marginal branches are important to define, 
because they are an available target for coronary bypassing if surgical revascularization is 
planned. The CX artery is usually anatomically non-dominant, meaning that it does not give 
rise to posterior lateral (PLA), nor posterior-descending (PDA) artery, which in that case 
originate from the right coronary artery (RCA). If the CX continues through the AV-groove 
and gives rise to PLA, while the PDA originates from RCA, than CX and RCA are co-
dominant. If the CX gives rise to both PLA and PDA, while the RCA is small and terminates 
before bifurcating to PLA and PDA, than the CX is anatomically dominant. In this case, it is 
usually the largest artery in coronary circulation. If it is non-dominant, than the territories of 
blood supply of both LAD and RCA are larger and more significant than the CX one.  
The right coronary artery (RCA) can vary in the position of its ostium. It gives rise to conus-
branch, which supplies the right ventricular infundibulum. The second most proximal 
branch of the RCA is the sinoatrial node artery. The RCA continues on along the right-side 
AV-sulcus giving rise to a few right-atrial branches. It also gives rise to one or two acute 
marginal branches, called so because they are positioned on the margo acutus cordis. They 
supply the right ventricular myocardium. Before reaching the crux cordis, the RCA also 
gives off a few posterior right ventricular branches on the right-diaphragmatic surface of the 
heart. Finally, at the crux cordis, on the heart's posterior wall, the RCA is bifurcating into the 
PLA and the PDA. This RCA dominance is the most common situation, present in some 85% 
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of all human hearts. The PLA and the PDA have several smaller branches, e.g. the posterior 
septal perforators originating from the PDA. In the crux region, the atrioventricular node 
artery origins from the RCA, and passes vertically upward towards the AV-node. This is 
why ischemia in the region of RCA at the time of an acute inferior-wall myocardial 
infarction can be associated with different degrees of heart block.  

8.2 The best projections for evaluating the left coronary artery 
Left caudal view (LAO-caudal, or "spider" view) is excellent for evaluation of the LMCA 
and its bifurcation into the LAD and CX, or trifurcation into the LAD, CX and intermediate 
branch if it exists (Di Mario and Sutaria, 2005). Interventionalists use it in many cases for 
wiring the LAD or the CX.  It forshortens the mid and the distal segment of the LAD, and 
should not be used to evaluate these segments, although it can pretty nicely separate LAD 
from diagonals and septals. Also, it can be very useful in viewing ostia of high marginal 
branches, and therefore is used for wiring these branches too. It is usually done in 25-40º 
caudal and 30-50º to the left. 
Left cranial (LAO-cranial) view is very good for showing the ostium of the LMCA, but 
considerably forshortens the proximal half of the LAD. It is convenient for separating the 
diagonals and the septals from the LAD, though, and can be used to guide the guidewire 
into and from these branches during interventions. The CX and its high-originating 
branches are not appreciated well in this projection, but if the CX is dominant, this 
projection can be useful to depict the very distal parts of the CX. 
Cranial (AP-cranial) projection displays the ostium of the LMCA (Di Mario and Sutaria, 
2005), similarly to the LAO-cranial view. Although some operators use it to intervene on the 
proximal LAD, the aouthor's opinion is that the overlap of the CX is too distracting, and that 
there are better projections for interventions and evaluation of the proximal LAD than the 
AP-cranial. This projection can be useful for evaluating the mid and distal segments of the 
LAD and diagonals' take-off, although the diagonal ostia can be overlapped with the main-
course LAD. The CX in this view often looks confusing for the inexperienced operator, 
especially in its proximal and mid segments, but if it is dominant, this can be a very useful 
projection for evaluating the very distal portions of the CX. 
Caudal (AP-caudal) is a very good projection for evaluation of the LMCA, its bifurcation (or 
in some cases trifurcation), ostial LAD, and the intire CX if it is not dominant. This is the 
author's favourite projection for interventions on the CX. It can be useful for ostial stent 
placement in the LAD, similarly to LAO-caudal. Some operators prefere wiring of the 
marginal branches in RAO-caudal, but in that projection, the marginal ostia are often 
overlapped with the main course CX. The author feels that AP-caudal is the best projection 
for evaluating the CX in its entirety, including the marginal ostia, meaning that this 
projection is also probably the best for wiring those too. It is especially good for treating 
bifurcational lesions on CX + marginals, but in author's experience also good for treating 
bifurcation lesions on LMCA + LAD + CX, along with the spider-view. However, if the CX 
is anatomically dominant, the distal portions of the artery will usually overlap with 3rd 
marginal branch, PLA and/or PDA. For these, in the case of CX dominance, the cranial 
projections should be used. 
Right cranial (RAO-cranial) projection is the most useful if it is performed with increased 
cranial angulation of 30º, or in some cases even more. This projection shows nicely the mid 
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part of the LAD with the take-offs of diagonal branches and can in most instances be very 
useful for treating bifurcation lesions within the LAD + diagonals. Sometimes, the diagonal 
ostia will overlap, and LAO-cranial, LAO-caudal or AP-cranial will be better for that 
purpose. If the LMCA is very short, even proximal and ostial LAD can be nicely appreciated 
in steep RAO-cranial. The CX can be appreciated in this view only if it is dominant, and that 
goes only for its most distal parts. The proximal and the mid segment of the CX cannot be 
adequately evaluated in this view. 
Right caudal (RAO-caudal) view is very good for evaluating the distal LAD. The proximal 
and the mid part of the LAD are overlapped with diagonals in most cases, so this should be 
taken into consideration when evaluating LAD in RAO-caudal. Still, some stenoses of the 
LAD can only be seen here, so it requires operator's attention. The LMCA is displayed in 
this view, although the bifurcation itself is being overlapped in most patients by the ostial 
segments of the LAD and the CX. The CX artery can be nicely evaluated in RAO-caudal, but 
to be sure, the AP-caudal should always be taken.  
Left lateral is rarely used today. It can be useful to display LIMA-LAD anastomosis, the mid 
and the distal portions of the LAD, and to separate the LAD from the diagonals, LAD being 
the closest to the sternum. Pure RAO is rarely used today, since it does not display any of 
the LCA segments ideally, except it can be useful for evaluating the distal LAD. Pure LAO is 
very useful for cannulation of both LCA and RCA, but is not very useful in evaluating LCA 
or its branches, so it is not being routinely used for LCA today. Straight AP is also not an 
ideal projection for evaluation of the LCA, and for any of the segments, there are many more 
useful projections. 

8.3 The best projections for evaluating the right coronary artery 
Many operators believe that two projections can be quite enough for evaluation of the RCA 
since it has less complex anatomy in comparison to the LCA. The RCA can be viewed nicely 
in LAO, but even better in LAO-caudal, which is better than the former one in displaying 
the crux. The crux with the bifurcation of the RCA into the PLA and the PDA is also very 
nicely displayed in AP-cranial, and in some cases in RAO-cranial projection. Some operators 
use only simple LAO and RAO to evaluate the RCA. Left cranial (LAO-cranial) displays best 
the proximal and the distal RCA and is very good for displaying the crux. It can also be 
pretty good for displaying the PLA and  the PDA (Di Mario and Sutaria, 2005). Cranial (AP-
cranial), sometimes with just a small angulation to the right (5-10º) is very good for 
displaying the crux, the PLA and the PDA. The mid-RCA is best displayed in lateral and the 
RAO-view, but in most cases, LAO can be sufficient for this segment also. 

8.4 Angiographic studies and engagement of coronary bypass grafts 
When a previously operated patient, who had undergone a bypass-coronary 
revascularization, is subjected to coronary angiography, beside evaluating the native 
coronary arteries, a study of  bypass-grafts is also necessary. The operator should read the 
surgical report in order to find out how many, and which bypass grafts there are. The 
venous, or free arterial bypass grafts, i.e. the bypass grafts for aorto-coronary bypassing are 
best cannulated from RAO 40°, but some operators cannulate them from LAO 50°, just as 
they do for native coronaries. Still, from RAO 40° there is the best depiction of the grafts' 
origin from the aorta. The bypass graft for the RCA can usually be cannulated using the 
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of all human hearts. The PLA and the PDA have several smaller branches, e.g. the posterior 
septal perforators originating from the PDA. In the crux region, the atrioventricular node 
artery origins from the RCA, and passes vertically upward towards the AV-node. This is 
why ischemia in the region of RCA at the time of an acute inferior-wall myocardial 
infarction can be associated with different degrees of heart block.  

8.2 The best projections for evaluating the left coronary artery 
Left caudal view (LAO-caudal, or "spider" view) is excellent for evaluation of the LMCA 
and its bifurcation into the LAD and CX, or trifurcation into the LAD, CX and intermediate 
branch if it exists (Di Mario and Sutaria, 2005). Interventionalists use it in many cases for 
wiring the LAD or the CX.  It forshortens the mid and the distal segment of the LAD, and 
should not be used to evaluate these segments, although it can pretty nicely separate LAD 
from diagonals and septals. Also, it can be very useful in viewing ostia of high marginal 
branches, and therefore is used for wiring these branches too. It is usually done in 25-40º 
caudal and 30-50º to the left. 
Left cranial (LAO-cranial) view is very good for showing the ostium of the LMCA, but 
considerably forshortens the proximal half of the LAD. It is convenient for separating the 
diagonals and the septals from the LAD, though, and can be used to guide the guidewire 
into and from these branches during interventions. The CX and its high-originating 
branches are not appreciated well in this projection, but if the CX is dominant, this 
projection can be useful to depict the very distal parts of the CX. 
Cranial (AP-cranial) projection displays the ostium of the LMCA (Di Mario and Sutaria, 
2005), similarly to the LAO-cranial view. Although some operators use it to intervene on the 
proximal LAD, the aouthor's opinion is that the overlap of the CX is too distracting, and that 
there are better projections for interventions and evaluation of the proximal LAD than the 
AP-cranial. This projection can be useful for evaluating the mid and distal segments of the 
LAD and diagonals' take-off, although the diagonal ostia can be overlapped with the main-
course LAD. The CX in this view often looks confusing for the inexperienced operator, 
especially in its proximal and mid segments, but if it is dominant, this can be a very useful 
projection for evaluating the very distal portions of the CX. 
Caudal (AP-caudal) is a very good projection for evaluation of the LMCA, its bifurcation (or 
in some cases trifurcation), ostial LAD, and the intire CX if it is not dominant. This is the 
author's favourite projection for interventions on the CX. It can be useful for ostial stent 
placement in the LAD, similarly to LAO-caudal. Some operators prefere wiring of the 
marginal branches in RAO-caudal, but in that projection, the marginal ostia are often 
overlapped with the main course CX. The author feels that AP-caudal is the best projection 
for evaluating the CX in its entirety, including the marginal ostia, meaning that this 
projection is also probably the best for wiring those too. It is especially good for treating 
bifurcational lesions on CX + marginals, but in author's experience also good for treating 
bifurcation lesions on LMCA + LAD + CX, along with the spider-view. However, if the CX 
is anatomically dominant, the distal portions of the artery will usually overlap with 3rd 
marginal branch, PLA and/or PDA. For these, in the case of CX dominance, the cranial 
projections should be used. 
Right cranial (RAO-cranial) projection is the most useful if it is performed with increased 
cranial angulation of 30º, or in some cases even more. This projection shows nicely the mid 
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part of the LAD with the take-offs of diagonal branches and can in most instances be very 
useful for treating bifurcation lesions within the LAD + diagonals. Sometimes, the diagonal 
ostia will overlap, and LAO-cranial, LAO-caudal or AP-cranial will be better for that 
purpose. If the LMCA is very short, even proximal and ostial LAD can be nicely appreciated 
in steep RAO-cranial. The CX can be appreciated in this view only if it is dominant, and that 
goes only for its most distal parts. The proximal and the mid segment of the CX cannot be 
adequately evaluated in this view. 
Right caudal (RAO-caudal) view is very good for evaluating the distal LAD. The proximal 
and the mid part of the LAD are overlapped with diagonals in most cases, so this should be 
taken into consideration when evaluating LAD in RAO-caudal. Still, some stenoses of the 
LAD can only be seen here, so it requires operator's attention. The LMCA is displayed in 
this view, although the bifurcation itself is being overlapped in most patients by the ostial 
segments of the LAD and the CX. The CX artery can be nicely evaluated in RAO-caudal, but 
to be sure, the AP-caudal should always be taken.  
Left lateral is rarely used today. It can be useful to display LIMA-LAD anastomosis, the mid 
and the distal portions of the LAD, and to separate the LAD from the diagonals, LAD being 
the closest to the sternum. Pure RAO is rarely used today, since it does not display any of 
the LCA segments ideally, except it can be useful for evaluating the distal LAD. Pure LAO is 
very useful for cannulation of both LCA and RCA, but is not very useful in evaluating LCA 
or its branches, so it is not being routinely used for LCA today. Straight AP is also not an 
ideal projection for evaluation of the LCA, and for any of the segments, there are many more 
useful projections. 

8.3 The best projections for evaluating the right coronary artery 
Many operators believe that two projections can be quite enough for evaluation of the RCA 
since it has less complex anatomy in comparison to the LCA. The RCA can be viewed nicely 
in LAO, but even better in LAO-caudal, which is better than the former one in displaying 
the crux. The crux with the bifurcation of the RCA into the PLA and the PDA is also very 
nicely displayed in AP-cranial, and in some cases in RAO-cranial projection. Some operators 
use only simple LAO and RAO to evaluate the RCA. Left cranial (LAO-cranial) displays best 
the proximal and the distal RCA and is very good for displaying the crux. It can also be 
pretty good for displaying the PLA and  the PDA (Di Mario and Sutaria, 2005). Cranial (AP-
cranial), sometimes with just a small angulation to the right (5-10º) is very good for 
displaying the crux, the PLA and the PDA. The mid-RCA is best displayed in lateral and the 
RAO-view, but in most cases, LAO can be sufficient for this segment also. 

8.4 Angiographic studies and engagement of coronary bypass grafts 
When a previously operated patient, who had undergone a bypass-coronary 
revascularization, is subjected to coronary angiography, beside evaluating the native 
coronary arteries, a study of  bypass-grafts is also necessary. The operator should read the 
surgical report in order to find out how many, and which bypass grafts there are. The 
venous, or free arterial bypass grafts, i.e. the bypass grafts for aorto-coronary bypassing are 
best cannulated from RAO 40°, but some operators cannulate them from LAO 50°, just as 
they do for native coronaries. Still, from RAO 40° there is the best depiction of the grafts' 
origin from the aorta. The bypass graft for the RCA can usually be cannulated using the 
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standard JR4, or JR3.5, sometimes JR3 catheter. The origin of the graft to the RCA is usually 
in the ascending aorta, just above the sinotubular junction. The cannulation is performed by 
placing the catheter high in the ascending aorta, applying clockwise-rotation, and, at the 
same time, pushing the catheter a bit downwards. If Judkins catheters are inadequate, RCB 
(right coronary bypass) catheter can also be used for cannulating the SVG (saphenous vein 
graft) to RCA.  
The JR4 or JR3.5 catheters can also be used to cannulate all the other bypass grafts. Those 
grafts' origins are usually located higher in the ascending aorta, just beneath the arch. If the 
grafts for LAD, diagonals, intermediate, and obtuse marginals are unreachable with JR 
catheter, an LCB (left coronary bypass), or an AL catheter can be used. If grafts cannot be 
found selectively, an aortography in LAO position can be used to determine their origin, 
position, or stumps if they are occluded. For obtaining a proper evaluation, after 
aortography, a selective cannulation of the grafts should be reattempted. 
Left internal mammary arterial graft can be cannulated using the IMA (internal mammary 
artery) catheter, but JR4, JR3.5, JR3, or short tip JR can also be used in certain situations. The 
ostium of the left internal mammary artery (LIMA) is engaged in 50° LAO position, 
although sometimes it can be viewed better from AP or RAO 40° position. First in 50° LAO, 
a J-wire is passed into the left subclavian artery, beyond LIMA. Than the IMA catheter is 
passed over the wire, also beyond the LIMA origin. Then, from the position best suited for 
the operator (AP, LAO 50°, or RAO 40°), the catheter is slowly withdrawn, rotating the tip 
counterclockwise. Small test-injections are needed to display the ostium of the LIMA. The 
angiography should be performed from several positions, especially paying attention to the 
distal anastomosis with the LAD, since this position is the one most prone to iatrogenic 
injury from manipulation during the grafting procedure, thus being the most prone to 
developing a significant stenosis. A 90° left-lateral position is almost mandatory in 
displaying LIMA-LAD graft, since it is very good to depict the distal anastomosis. 
For cannulating the right interior mammary artery (RIMA), the brachicephalic artery is 
engaged, J-wire is advanced distally to the RIMA origin, from the right subclavian to the 
right axillary artery. The IMA catheter is advanced also distally over the wire. In the LAO 
50° projection, after removing the J-wire, the catheter is slowly withdrawn, and with 
occasional test-injections engaged into the RIMA ostium. 
The right gastroepiploic artery has been used for coronary bypass, although very rarely. 
Surgeons sometimes use it when mammary arteries and saphenous vein grafts are 
unavailable. It is cannulated by first entering the hepatic artery using the cobra catheter. The 
operator must then advance a hidrophylic guidewire into the gastroduodenal artery, and 
then into the right gastroepiploic artery. Selective angiography of the letter will be enabled 
by switching the catheter, usually to right Judkins (Di Mario and Sutaria, 2005). The 
procedure is performed very rarely, and because of the unusual anatomy for the invasive 
cardiolgist, can be time-consuming. 

9. After the procedure 
The operator should always review his/her angiographic recordings before withdrawing 
the catheter, because standard projections used may not adequately reveal the condition of 
the coronary circulation, and additional shots may be necessary. The further therapeutic 
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strategy should be considered (medical, surgical or interventional treatment). After the 
catheter is removed, and the procedure is finished, the patient is transfered out of the 
catheterization laboratory. Arterial sheath is removed, and manual pressure is applied onto 
the site of arterial puncture in order to stop the bleeding. That is followed by mechanical 
compression of that site in order to definitely stop the bleeding. The patient is later 
mobilized, and if there is no indication for the patient to stay in the hospital further, he/she 
is discharged on the next day, or sometimes on the same day after the procedure.  

9.1 Haemostasis 
Haemostasis is an important practical matter. Complications from diagnostic cardiac 
catheterization are rare, but if they happen, those related to haemostasis are the most 
common ones. When a patient comes out of the hospital after coronary angiography or 
coronary stenting, and gets a groin haematoma, he/she will most likely quickly forget the 
top-notch, several million euros costing equipment used during the procedure, as well as 
the skills of the operator who performed sometimes very difficult intervention, but will 
remember a large haematoma, and often complain about it to his family, neighbours, and 
friends. Therefore, it is very important to adequately perform haemostasis, not only for 
obvious medical, but also for "public-relation" reasons. The details of haemostasis and its 
possible complications are discussed elsewhere. However, there are a few points that need 
to be noted. Haemostasis may be difficult if the patient is obese, if there is high blood 
pressure (always try to regulate the blood pressure prior to sheath removal), or if clotting 
time is prolonged. If there is no vital indication, coronary angiography should be avoided if 
INR is >1.6, otherwise, the sheath should be sutured and removed upon achieving a more 
appropriate INR value. A significant aortic regurgitation with pulsus celer et altus can also 
make the post-sheath-removal hold difficult. 
Large sheaths create bigger holes in the arterial wall, so the bigger the sheath diameter, the 
more difficult haemostasis will be. The patients who frequently elevate intra-abdominal 
pressure by sneezing, coughing or performing Valsalva maneuvers can prolong bleeding 
from the vascular access site. Same is true for restless patients, so those sometimes need to 
be sedated and observed by a nurse. In order to facilitate the haemostasis process, 
haemostatic devices have been developed, such as: collagen plugs, external pressure 
devices, vascular clips, external C clamps, topical haemostatic accelerators etc. 

10. Non-coronary left heart catheterization 
Sometimes, an additional catheter, called pigtail-catheter (because of its shape) is inserted 
into ascending aorta to perform aortography, and/or into the left ventricle to perform left 
ventriculography. Today, with skilled echocardiographers and top-notch cardiac ultrasound 
devices, these additional procedures are rarely used, but will be described too, so as to give 
the readers the necesary technical information about the value of these procedures, as well 
as how they should be performed. 

10.1 Left ventriculography 
Today, with skilled echocardiographers and excellent cardiac ultrasound equipment, there 
is far less need to perform left ventriculoghaphy than previously. With reliable 
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standard JR4, or JR3.5, sometimes JR3 catheter. The origin of the graft to the RCA is usually 
in the ascending aorta, just above the sinotubular junction. The cannulation is performed by 
placing the catheter high in the ascending aorta, applying clockwise-rotation, and, at the 
same time, pushing the catheter a bit downwards. If Judkins catheters are inadequate, RCB 
(right coronary bypass) catheter can also be used for cannulating the SVG (saphenous vein 
graft) to RCA.  
The JR4 or JR3.5 catheters can also be used to cannulate all the other bypass grafts. Those 
grafts' origins are usually located higher in the ascending aorta, just beneath the arch. If the 
grafts for LAD, diagonals, intermediate, and obtuse marginals are unreachable with JR 
catheter, an LCB (left coronary bypass), or an AL catheter can be used. If grafts cannot be 
found selectively, an aortography in LAO position can be used to determine their origin, 
position, or stumps if they are occluded. For obtaining a proper evaluation, after 
aortography, a selective cannulation of the grafts should be reattempted. 
Left internal mammary arterial graft can be cannulated using the IMA (internal mammary 
artery) catheter, but JR4, JR3.5, JR3, or short tip JR can also be used in certain situations. The 
ostium of the left internal mammary artery (LIMA) is engaged in 50° LAO position, 
although sometimes it can be viewed better from AP or RAO 40° position. First in 50° LAO, 
a J-wire is passed into the left subclavian artery, beyond LIMA. Than the IMA catheter is 
passed over the wire, also beyond the LIMA origin. Then, from the position best suited for 
the operator (AP, LAO 50°, or RAO 40°), the catheter is slowly withdrawn, rotating the tip 
counterclockwise. Small test-injections are needed to display the ostium of the LIMA. The 
angiography should be performed from several positions, especially paying attention to the 
distal anastomosis with the LAD, since this position is the one most prone to iatrogenic 
injury from manipulation during the grafting procedure, thus being the most prone to 
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50° projection, after removing the J-wire, the catheter is slowly withdrawn, and with 
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Surgeons sometimes use it when mammary arteries and saphenous vein grafts are 
unavailable. It is cannulated by first entering the hepatic artery using the cobra catheter. The 
operator must then advance a hidrophylic guidewire into the gastroduodenal artery, and 
then into the right gastroepiploic artery. Selective angiography of the letter will be enabled 
by switching the catheter, usually to right Judkins (Di Mario and Sutaria, 2005). The 
procedure is performed very rarely, and because of the unusual anatomy for the invasive 
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9. After the procedure 
The operator should always review his/her angiographic recordings before withdrawing 
the catheter, because standard projections used may not adequately reveal the condition of 
the coronary circulation, and additional shots may be necessary. The further therapeutic 
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strategy should be considered (medical, surgical or interventional treatment). After the 
catheter is removed, and the procedure is finished, the patient is transfered out of the 
catheterization laboratory. Arterial sheath is removed, and manual pressure is applied onto 
the site of arterial puncture in order to stop the bleeding. That is followed by mechanical 
compression of that site in order to definitely stop the bleeding. The patient is later 
mobilized, and if there is no indication for the patient to stay in the hospital further, he/she 
is discharged on the next day, or sometimes on the same day after the procedure.  

9.1 Haemostasis 
Haemostasis is an important practical matter. Complications from diagnostic cardiac 
catheterization are rare, but if they happen, those related to haemostasis are the most 
common ones. When a patient comes out of the hospital after coronary angiography or 
coronary stenting, and gets a groin haematoma, he/she will most likely quickly forget the 
top-notch, several million euros costing equipment used during the procedure, as well as 
the skills of the operator who performed sometimes very difficult intervention, but will 
remember a large haematoma, and often complain about it to his family, neighbours, and 
friends. Therefore, it is very important to adequately perform haemostasis, not only for 
obvious medical, but also for "public-relation" reasons. The details of haemostasis and its 
possible complications are discussed elsewhere. However, there are a few points that need 
to be noted. Haemostasis may be difficult if the patient is obese, if there is high blood 
pressure (always try to regulate the blood pressure prior to sheath removal), or if clotting 
time is prolonged. If there is no vital indication, coronary angiography should be avoided if 
INR is >1.6, otherwise, the sheath should be sutured and removed upon achieving a more 
appropriate INR value. A significant aortic regurgitation with pulsus celer et altus can also 
make the post-sheath-removal hold difficult. 
Large sheaths create bigger holes in the arterial wall, so the bigger the sheath diameter, the 
more difficult haemostasis will be. The patients who frequently elevate intra-abdominal 
pressure by sneezing, coughing or performing Valsalva maneuvers can prolong bleeding 
from the vascular access site. Same is true for restless patients, so those sometimes need to 
be sedated and observed by a nurse. In order to facilitate the haemostasis process, 
haemostatic devices have been developed, such as: collagen plugs, external pressure 
devices, vascular clips, external C clamps, topical haemostatic accelerators etc. 

10. Non-coronary left heart catheterization 
Sometimes, an additional catheter, called pigtail-catheter (because of its shape) is inserted 
into ascending aorta to perform aortography, and/or into the left ventricle to perform left 
ventriculography. Today, with skilled echocardiographers and top-notch cardiac ultrasound 
devices, these additional procedures are rarely used, but will be described too, so as to give 
the readers the necesary technical information about the value of these procedures, as well 
as how they should be performed. 

10.1 Left ventriculography 
Today, with skilled echocardiographers and excellent cardiac ultrasound equipment, there 
is far less need to perform left ventriculoghaphy than previously. With reliable 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

116 

echocardiograms, avoiding left ventriculography spares the patient from additional contrast 
administration, which is especially important if the patient already has impaired renal 
function. Also, without left ventriculography there is less radiation both for the patient and 
for the operator. If the patient is in heart failure or cardiogenic shock, every additional 
volume intake can prove to be risky for his/her condition. However, some operators and 
some centers prefer to perform the left ventriculography, especially if there is doubt about 
echocardiography findings, or if there is no echocardiography finding available.  
In order to perform the left ventriculoghaphy, the operator advances the pigtail catheter 
over a J-wire to the aortic root. The author's choice is usually the angled version of the 
pigtail catheter. The J-wire is withdrawn into the catheter, with the J-wire tip just inside the 
catheter tip to add to the catheter stiffness in order to successfully pass over the aortic valve. 
The position of the digital flat-panel detector or the image intensifier is in RAO 30°. The 
catheter with the wire inside of it is advanced farther, so that the body of the catheter 
"bounces off" the aortic valve, and the distal curve faces upwards. Then the catheter is 
rotated in a clockwise fashion, being at the same time slowly withdrawn. This causes the 
catheter to rotate, and when the aortic valve opens, slip through the aortic ostium and into 
the left ventricle. If there are difficulties to pass the catheter into the left ventricle this way, 
the catheter tip is withdrawn into the ascending aorta, and the valve is probed with the J-
wire. When the wire passes into the ventricular cavity, the catheter is advanced into the 
ventricle over the wire. Sometimes, a Glidewire with hydrophyllic coating must be used to 
pass the aortic valve, especially if there is a tight aortic stenosis. Also, sometimes it might be 
easier to pass the valve with a Judkins right coronary catheter.  
The catheter is then held with the tip in the middle of the ventricle. The proximal end of the 
catheter is connected to the injector after it has been adequately aspirated and flushed. 
Through the automated injector, some 35–50 ml of contrast is injected into the ventricle at 
the rate of 12-15 ml/s, delineating the left ventricular cavity and displaying the left ventricle 
contractility. Intracavitary thrombi can be seen as hypodensities or filling-defects of contrast 
within the left ventricle. Mitral regurgitation, if exists, can be seen and semi-quantified, 
using degrees from 1 to 4, with 4 being the most severe. Care must be taken when advancing  
the pigtail catheter into the left ventricle, because the mechanical contact with endocardium 
can provoke premature ventricular beats, even ventricular tachicardia. It can also provoke a 
complete heart block if the patient already has a right bundle-branch block, and the catheter 
irritates the left bundle-branch upon contact with left ventricular endocardium. If there are 
foreign masses within the left ventricle, such as thrombi or vegetations, those can be 
fragmented and embolized into systemic circulation, causing potentially catastrophic 
outcomes. A combination of a fragile myocardium and too vigorous catheter manipulation 
can cause myocardial rupture with fatal cardiac tamponade and refractory shock. 
Entanglement of the catheter into the chordae tendineae of the mitral valve or hooking the 
catheter tip on a mitral cusp can result in seemingly severe mitral regurgitation, so care 
must be taken to avoid this. In exceptional circumstances, catheter tip can theoretically rip a 
mitral cusp or break up a chorda or two, causing acute mitral regurgitation of various 
degree, thus complicating the left ventriculography. 
After the ventriculography, the catheter is connected to manifold to record pressures in the 
left ventricle. Upon withdrawal of the catheter over the aortic valve, pressure curves in the 
aorta are also noted, and pressure values recorded. The systolic pressures in the aorta and 
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the left ventricle are noted for transvalvular aortic pressure gradient. Care must be taken not 
to declare aortic stenosis in patients with previously unrecognized hypertrophic obstructive 
cardiomyopathy with high pressure-gradients across the left ventricular outflow tract, 
which may mimic the haemodynamics of aortic stenosis, with pressure gradients between 
the middle of the left ventricle and the ascending aorta. 
Calculation of the left ventricular ejection fraction (LVEF) is usually performed using the 
software already incorporated into the imaging review station. Some operators use the semi-
quantitative eye-ball method in LVEF estimation, which has, when used by experienced 
operators, shown a surprisingly good correlation with the actual value of LVEF measured 
invasively in several studies. The software calculates LVEF by subtracting left ventricular 
end-systolic volume from the left ventricular end-diastolic volume.  
Mastering the left ventriculography is important as the transfemoral – transcatheter aortic 
valve implantation is being performed increasingly. For severely stenosed aortic valves, it 
may be easier to pass the valve using an AL catheter and a Glidewire. 

10.2 Aortography 
Aortography is defined as a radiographic recording of injection of a large volume of 
radiocontrast into the aortic root. Most commonly, some 50 ml of radiocontrast, at a rate 
of 15-25 ml/sec with a 0.5 sec linear rise is used. The catheter of choice is a sidehole 
catheter, usually the pigtail shape. The best projection for estimation of aortic 
regurgitation is LAO 45°. Aortic regurgitation is semi-quantified and described in degrees 
from 1 to 4, much like mitral regurgitation. If the patient is subjected to invasive 
diagnostics because of suspected coarctation of aorta, the coarctation will be best visible if 
aortography is performed in LAO 20° position. Using the pressure monitoring, the 
gradient across the coarctation can also be measured. For evaluation of a suspected patent 
ductus arteriosus, the shot is usually taken at a very steep LAO projection. Aortography is 
usually done for evaluating the ascending aorta for dilation or aneurysm, and/or aortic 
regurgitation. The J-wire and the catheter are positioned in the ascending aorta, inside the 
root or at the level of sinotubular junction. Anatomy and  dimensions of the ascending 
aorta and aortic arch are noted, as well as aortic regurgitation (if such a disorder exists), 
and/or aorto-coronary bypass grafts, also if they exist. Care must be taken that the 
catheter does not protrude back into the left ventricle during injection, which can make 
quantification of the aortic regurgitation difficult. 

11. Conclusion 
Invasive cardiologists today generally continue their education and become 
interventionalists. Anyone who wants to become a good interventionalist must be able to 
routinely perform diagnostic coronary angiography and to be able to solve the problems 
that might occur during the procedure. Therefore, the techniques of performing coronary 
angiography must be mastered by an invasive cardiologist. That creates the conditions for 
swift procedures, informative findings, purposefull conclusions and further 
recommendations, and last, but not least, the maximum safety for the patient. However, 
even with most carefully conducted coronary angiograms, there can be false readings. This 
is especially true for less experienced operators, who can sometimes misinterprete the 
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echocardiograms, avoiding left ventriculography spares the patient from additional contrast 
administration, which is especially important if the patient already has impaired renal 
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volume intake can prove to be risky for his/her condition. However, some operators and 
some centers prefer to perform the left ventriculography, especially if there is doubt about 
echocardiography findings, or if there is no echocardiography finding available.  
In order to perform the left ventriculoghaphy, the operator advances the pigtail catheter 
over a J-wire to the aortic root. The author's choice is usually the angled version of the 
pigtail catheter. The J-wire is withdrawn into the catheter, with the J-wire tip just inside the 
catheter tip to add to the catheter stiffness in order to successfully pass over the aortic valve. 
The position of the digital flat-panel detector or the image intensifier is in RAO 30°. The 
catheter with the wire inside of it is advanced farther, so that the body of the catheter 
"bounces off" the aortic valve, and the distal curve faces upwards. Then the catheter is 
rotated in a clockwise fashion, being at the same time slowly withdrawn. This causes the 
catheter to rotate, and when the aortic valve opens, slip through the aortic ostium and into 
the left ventricle. If there are difficulties to pass the catheter into the left ventricle this way, 
the catheter tip is withdrawn into the ascending aorta, and the valve is probed with the J-
wire. When the wire passes into the ventricular cavity, the catheter is advanced into the 
ventricle over the wire. Sometimes, a Glidewire with hydrophyllic coating must be used to 
pass the aortic valve, especially if there is a tight aortic stenosis. Also, sometimes it might be 
easier to pass the valve with a Judkins right coronary catheter.  
The catheter is then held with the tip in the middle of the ventricle. The proximal end of the 
catheter is connected to the injector after it has been adequately aspirated and flushed. 
Through the automated injector, some 35–50 ml of contrast is injected into the ventricle at 
the rate of 12-15 ml/s, delineating the left ventricular cavity and displaying the left ventricle 
contractility. Intracavitary thrombi can be seen as hypodensities or filling-defects of contrast 
within the left ventricle. Mitral regurgitation, if exists, can be seen and semi-quantified, 
using degrees from 1 to 4, with 4 being the most severe. Care must be taken when advancing  
the pigtail catheter into the left ventricle, because the mechanical contact with endocardium 
can provoke premature ventricular beats, even ventricular tachicardia. It can also provoke a 
complete heart block if the patient already has a right bundle-branch block, and the catheter 
irritates the left bundle-branch upon contact with left ventricular endocardium. If there are 
foreign masses within the left ventricle, such as thrombi or vegetations, those can be 
fragmented and embolized into systemic circulation, causing potentially catastrophic 
outcomes. A combination of a fragile myocardium and too vigorous catheter manipulation 
can cause myocardial rupture with fatal cardiac tamponade and refractory shock. 
Entanglement of the catheter into the chordae tendineae of the mitral valve or hooking the 
catheter tip on a mitral cusp can result in seemingly severe mitral regurgitation, so care 
must be taken to avoid this. In exceptional circumstances, catheter tip can theoretically rip a 
mitral cusp or break up a chorda or two, causing acute mitral regurgitation of various 
degree, thus complicating the left ventriculography. 
After the ventriculography, the catheter is connected to manifold to record pressures in the 
left ventricle. Upon withdrawal of the catheter over the aortic valve, pressure curves in the 
aorta are also noted, and pressure values recorded. The systolic pressures in the aorta and 
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the left ventricle are noted for transvalvular aortic pressure gradient. Care must be taken not 
to declare aortic stenosis in patients with previously unrecognized hypertrophic obstructive 
cardiomyopathy with high pressure-gradients across the left ventricular outflow tract, 
which may mimic the haemodynamics of aortic stenosis, with pressure gradients between 
the middle of the left ventricle and the ascending aorta. 
Calculation of the left ventricular ejection fraction (LVEF) is usually performed using the 
software already incorporated into the imaging review station. Some operators use the semi-
quantitative eye-ball method in LVEF estimation, which has, when used by experienced 
operators, shown a surprisingly good correlation with the actual value of LVEF measured 
invasively in several studies. The software calculates LVEF by subtracting left ventricular 
end-systolic volume from the left ventricular end-diastolic volume.  
Mastering the left ventriculography is important as the transfemoral – transcatheter aortic 
valve implantation is being performed increasingly. For severely stenosed aortic valves, it 
may be easier to pass the valve using an AL catheter and a Glidewire. 

10.2 Aortography 
Aortography is defined as a radiographic recording of injection of a large volume of 
radiocontrast into the aortic root. Most commonly, some 50 ml of radiocontrast, at a rate 
of 15-25 ml/sec with a 0.5 sec linear rise is used. The catheter of choice is a sidehole 
catheter, usually the pigtail shape. The best projection for estimation of aortic 
regurgitation is LAO 45°. Aortic regurgitation is semi-quantified and described in degrees 
from 1 to 4, much like mitral regurgitation. If the patient is subjected to invasive 
diagnostics because of suspected coarctation of aorta, the coarctation will be best visible if 
aortography is performed in LAO 20° position. Using the pressure monitoring, the 
gradient across the coarctation can also be measured. For evaluation of a suspected patent 
ductus arteriosus, the shot is usually taken at a very steep LAO projection. Aortography is 
usually done for evaluating the ascending aorta for dilation or aneurysm, and/or aortic 
regurgitation. The J-wire and the catheter are positioned in the ascending aorta, inside the 
root or at the level of sinotubular junction. Anatomy and  dimensions of the ascending 
aorta and aortic arch are noted, as well as aortic regurgitation (if such a disorder exists), 
and/or aorto-coronary bypass grafts, also if they exist. Care must be taken that the 
catheter does not protrude back into the left ventricle during injection, which can make 
quantification of the aortic regurgitation difficult. 

11. Conclusion 
Invasive cardiologists today generally continue their education and become 
interventionalists. Anyone who wants to become a good interventionalist must be able to 
routinely perform diagnostic coronary angiography and to be able to solve the problems 
that might occur during the procedure. Therefore, the techniques of performing coronary 
angiography must be mastered by an invasive cardiologist. That creates the conditions for 
swift procedures, informative findings, purposefull conclusions and further 
recommendations, and last, but not least, the maximum safety for the patient. However, 
even with most carefully conducted coronary angiograms, there can be false readings. This 
is especially true for less experienced operators, who can sometimes misinterprete the 
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finding, thus affecting the final recommendation for further treatment. These pitfalls may 
be: inadequate number of projections, ostial coronary occlusions without visible stumps, 
superselective injection, e.g. especially if LAD and CX have (almost) separate ostia, catheter 
induced coronary spasm, congenital coronary anomalies, pulsatile injection of radiocontrast 
with filling defects mimicking coronary atherosclerotic obstruction, myocardial bridging – 
the key to recognize it is the fact that the lumen normalizes upon muscle relaxation, i.e. 
during diastole. Today, coronary angiogram projections must be observed by the operator in 
the context of future percutaneous coronary intervention. The lesions are not assessed only 
as significant or non-significant, but are evaluated regarding their length, their position 
regarding side-branches and other caracteristics important for the possible intervention. 
Therefore, it is of paramount importance to adequately display the coronary arteries and 
their lesions, in appropriate projections, with an adequate number of different views, still 
remaining rational regarding radiation and contrast medium consumption. Interventional 
procedures in cardiology today have expanded beyond the treatment of coronary artery 
disease. We are witnessing a technopharmacological improvement which enabled the 
interventional, catheter-based treatment of valvular heart disease, closure of interatrial and 
interventricular septal defects, relief of aortic coarctations, interventional treatment of 
hypertrophic obstructive cardiomyopathies, paravalvular leak closure, left atrial appendage 
closure, peripheral vascular disease treatment etc, and the basis for performing any of the 
interventional procedures, especially percutaneous coronary interventions, is mastering 
coronary angiography first. 

12. References 
Brasselet C, Blanpain T, Tassan-Mangina S, Deschildre A, Duval S, Vitry F, Gaillot-Petit 

N, Clément JP, Metz D. (2008) Comparison of operator radiation exposure with 
optimized radiation protection devices during coronary angiograms and ad hoc 
percutaneous coronary interventions by radial and femoral routes. Eur Heart J 2008 
Jan;29(1), pp. 63-70, ISSN  0195-668x 

Chen CW, Lin CL, Lin TK, Lin CD. (2006) A simple and effective regimen for prevention of 
radial artery spasm during coronary catheterization. Cardiology. 2006;105(1): pp. 43-
7, ISSN 1878-5409 

Conti CR, Levin DC, Grossman W. (1980). Coronary Angiography, In: Cardiac catheterization 
and angiography, Grossman W, pp. 147-169, Lea & Febiger, ISBN 0-8121-0712-4, 
Philadelphia, Pa, USA 

Cooper CJ, El-Shiekh RA, Cohen DJ, Blaesing L, Burket MW, Basu A, Moore JA. (1999). 
Effect of transradial access on quality of life and cost of cardiac catheterization: a 
randomized comparison. Am Heart J  1999 Sep;138(3 Pt 1): pp. 430-6, ISSN 0002-
8703 

Di Mario C & Sutaria N. (2995). Coronary angiography in the angioplasty era: projections 
with a meaning. Heart 20052005;91: pp. 968-976, ISSN 1355-6037 

Gonzalez A, Rahimtoola SH, Kulick DL. (1991). Technique of Vascular Access, In: Techniques 
and Applications in Interventional Cardiology, Kulick DL and Rahimtoola SH, pp. 1-18, 
MosbyYear Book, ISBN 0-8151-7048-3, St. Louis, MO, USA 

 
Procedural Techniques of Coronary Angiography 

 

119 

Guédès A, Dangoisse V, Gabriel L, Jamart J, Chenu P, Marchandise B, Schroeder E. (2010) 
Low rate of conversion to transfemoral approach when attempting both radial 
arteries for coronary angiography and percutaneous coronary intervention: a study 
of 1,826 consecutive procedures. J Invasive Cardiol. 2010 Sep;22(9): pp. 391-7, ISSN 
1042-3931 

Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR. (2009). Radial versus femoral access for 
coronary angiography or intervention and the impact on major bleeding and 
ischemic events: a systematic review and meta-analysis of randomized trials. Am 
Heart J 2009 Jan;157(1): pp. 132-40, ISSN 0002-8703 

Judkins MP: Percutaneous transfemoral selective coronary angiography. Radiol Clin North 
Am 6 1968 Dec;6(3): pp. 467-92, ISSN 0033-8389 

Kwac MS, Yoon SJ, Oh SJ, Jeon DW, Kim DH, Yang JY. (2010). A rare case of radial 
arteriovenous fistula after coronary angiography. Korean Circ J. 2010 Dec;40(12): pp. 
677-9, ISSN 1738-5520 

Lo TS, Nolan J, Fountzopoulos E, Behan M, Butler R, Hetherington SL, Vijayalakshmi K, 
Rajagopal R, Fraser D, Zaman A, Hildick-Smith D. (2009). Radial artery anomaly 
and its influence on transradial coronary procedural outcome. Heart 2009;95: pp. 
410-415, ISSN 1355-6037 

Pancholy SB, Coppola J, Patel T.  (2006). Subcutaneous administration of nitroglycerin to 
facilitate radial artery cannulation. Catheter Cardiovasc Interv. 2006 Sep;68(3): pp. 
389-91, ISSN 1522-1946 

Patterson T, Foale RA. (2011) If the radial artery is the new standard of care in primary 
percutaneous coronary intervention, why is most intervention done by the femoral 
approach? Heart 2011;97: pp. 521-522, ISSN 1355-6037 

Powell D & Moxey CF. (2011). Diagnostic Catheterization, In: Invasive Cardiology: a manual 
for cath lab personnel, 3rd Edition, Watson S & Gorski KA, pp. 143-162, Jones & 
Bartlett Learning, ISBN 978-0-7637-6468-5, Sudbury, MA, USA. 

Rigattieri S, Di Russo C, Silvestri P, Fedele S, Loschiavo P. (2010). Our technique for 
transradial coronary angiography and interventions. Indian Heart J. 2010 May-
Jun;62(3): pp. 258-61. ISSN 0019-4832 

Stella PR, Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van der Wieken R. (1997). 
Incidence and outcome of radial artery occlusion following transradial artery 
coronary angioplasty. Cathet Cardiovasc Diagn 1997 Feb;40(2): pp. 156–8, ISSN 0098-
6569 

Tomassini F, Gagnor A, Varbella F. (2011). Successful use of an extra-long hydrophilic-
coated sheath in enlarged aorta to overcome extreme tortuosity of right subclavian 
artery via transradial approach during coronary angiography. J Invasive Cardiol. 
2011 Mar;23(3): pp. 56-7, ISSN 1042-3931 

Vorobcsuk A, Konyi A, Aradi D, Horváth IG, Ungi I, Louvard Y, Komócsi A. (2009) 
Transradial versus transfemoral percutaneous coronary intervention in acute 
myocardial infarction: systematic overview and meta-analysis. Am Heart J 2009 
Nov;158(5): pp. 814-21, ISSN 0002-8703 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

118 

finding, thus affecting the final recommendation for further treatment. These pitfalls may 
be: inadequate number of projections, ostial coronary occlusions without visible stumps, 
superselective injection, e.g. especially if LAD and CX have (almost) separate ostia, catheter 
induced coronary spasm, congenital coronary anomalies, pulsatile injection of radiocontrast 
with filling defects mimicking coronary atherosclerotic obstruction, myocardial bridging – 
the key to recognize it is the fact that the lumen normalizes upon muscle relaxation, i.e. 
during diastole. Today, coronary angiogram projections must be observed by the operator in 
the context of future percutaneous coronary intervention. The lesions are not assessed only 
as significant or non-significant, but are evaluated regarding their length, their position 
regarding side-branches and other caracteristics important for the possible intervention. 
Therefore, it is of paramount importance to adequately display the coronary arteries and 
their lesions, in appropriate projections, with an adequate number of different views, still 
remaining rational regarding radiation and contrast medium consumption. Interventional 
procedures in cardiology today have expanded beyond the treatment of coronary artery 
disease. We are witnessing a technopharmacological improvement which enabled the 
interventional, catheter-based treatment of valvular heart disease, closure of interatrial and 
interventricular septal defects, relief of aortic coarctations, interventional treatment of 
hypertrophic obstructive cardiomyopathies, paravalvular leak closure, left atrial appendage 
closure, peripheral vascular disease treatment etc, and the basis for performing any of the 
interventional procedures, especially percutaneous coronary interventions, is mastering 
coronary angiography first. 

12. References 
Brasselet C, Blanpain T, Tassan-Mangina S, Deschildre A, Duval S, Vitry F, Gaillot-Petit 

N, Clément JP, Metz D. (2008) Comparison of operator radiation exposure with 
optimized radiation protection devices during coronary angiograms and ad hoc 
percutaneous coronary interventions by radial and femoral routes. Eur Heart J 2008 
Jan;29(1), pp. 63-70, ISSN  0195-668x 

Chen CW, Lin CL, Lin TK, Lin CD. (2006) A simple and effective regimen for prevention of 
radial artery spasm during coronary catheterization. Cardiology. 2006;105(1): pp. 43-
7, ISSN 1878-5409 

Conti CR, Levin DC, Grossman W. (1980). Coronary Angiography, In: Cardiac catheterization 
and angiography, Grossman W, pp. 147-169, Lea & Febiger, ISBN 0-8121-0712-4, 
Philadelphia, Pa, USA 

Cooper CJ, El-Shiekh RA, Cohen DJ, Blaesing L, Burket MW, Basu A, Moore JA. (1999). 
Effect of transradial access on quality of life and cost of cardiac catheterization: a 
randomized comparison. Am Heart J  1999 Sep;138(3 Pt 1): pp. 430-6, ISSN 0002-
8703 

Di Mario C & Sutaria N. (2995). Coronary angiography in the angioplasty era: projections 
with a meaning. Heart 20052005;91: pp. 968-976, ISSN 1355-6037 

Gonzalez A, Rahimtoola SH, Kulick DL. (1991). Technique of Vascular Access, In: Techniques 
and Applications in Interventional Cardiology, Kulick DL and Rahimtoola SH, pp. 1-18, 
MosbyYear Book, ISBN 0-8151-7048-3, St. Louis, MO, USA 

 
Procedural Techniques of Coronary Angiography 

 

119 

Guédès A, Dangoisse V, Gabriel L, Jamart J, Chenu P, Marchandise B, Schroeder E. (2010) 
Low rate of conversion to transfemoral approach when attempting both radial 
arteries for coronary angiography and percutaneous coronary intervention: a study 
of 1,826 consecutive procedures. J Invasive Cardiol. 2010 Sep;22(9): pp. 391-7, ISSN 
1042-3931 

Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR. (2009). Radial versus femoral access for 
coronary angiography or intervention and the impact on major bleeding and 
ischemic events: a systematic review and meta-analysis of randomized trials. Am 
Heart J 2009 Jan;157(1): pp. 132-40, ISSN 0002-8703 

Judkins MP: Percutaneous transfemoral selective coronary angiography. Radiol Clin North 
Am 6 1968 Dec;6(3): pp. 467-92, ISSN 0033-8389 

Kwac MS, Yoon SJ, Oh SJ, Jeon DW, Kim DH, Yang JY. (2010). A rare case of radial 
arteriovenous fistula after coronary angiography. Korean Circ J. 2010 Dec;40(12): pp. 
677-9, ISSN 1738-5520 

Lo TS, Nolan J, Fountzopoulos E, Behan M, Butler R, Hetherington SL, Vijayalakshmi K, 
Rajagopal R, Fraser D, Zaman A, Hildick-Smith D. (2009). Radial artery anomaly 
and its influence on transradial coronary procedural outcome. Heart 2009;95: pp. 
410-415, ISSN 1355-6037 

Pancholy SB, Coppola J, Patel T.  (2006). Subcutaneous administration of nitroglycerin to 
facilitate radial artery cannulation. Catheter Cardiovasc Interv. 2006 Sep;68(3): pp. 
389-91, ISSN 1522-1946 

Patterson T, Foale RA. (2011) If the radial artery is the new standard of care in primary 
percutaneous coronary intervention, why is most intervention done by the femoral 
approach? Heart 2011;97: pp. 521-522, ISSN 1355-6037 

Powell D & Moxey CF. (2011). Diagnostic Catheterization, In: Invasive Cardiology: a manual 
for cath lab personnel, 3rd Edition, Watson S & Gorski KA, pp. 143-162, Jones & 
Bartlett Learning, ISBN 978-0-7637-6468-5, Sudbury, MA, USA. 

Rigattieri S, Di Russo C, Silvestri P, Fedele S, Loschiavo P. (2010). Our technique for 
transradial coronary angiography and interventions. Indian Heart J. 2010 May-
Jun;62(3): pp. 258-61. ISSN 0019-4832 

Stella PR, Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van der Wieken R. (1997). 
Incidence and outcome of radial artery occlusion following transradial artery 
coronary angioplasty. Cathet Cardiovasc Diagn 1997 Feb;40(2): pp. 156–8, ISSN 0098-
6569 

Tomassini F, Gagnor A, Varbella F. (2011). Successful use of an extra-long hydrophilic-
coated sheath in enlarged aorta to overcome extreme tortuosity of right subclavian 
artery via transradial approach during coronary angiography. J Invasive Cardiol. 
2011 Mar;23(3): pp. 56-7, ISSN 1042-3931 

Vorobcsuk A, Konyi A, Aradi D, Horváth IG, Ungi I, Louvard Y, Komócsi A. (2009) 
Transradial versus transfemoral percutaneous coronary intervention in acute 
myocardial infarction: systematic overview and meta-analysis. Am Heart J 2009 
Nov;158(5): pp. 814-21, ISSN 0002-8703 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

120 

Watson S & Hunter J. (2011)  Cath Lab Staff Duties, In: Invasive Cardiology: a manual for cath 
lab personnel, 3rd Edition, Watson S & Gorski KA, pp. 119-129, Jones & Bartlett 
Learning, ISBN 978-0-7637-6468-5, Sudbury, MA, USA. 

7 

Risks and Complications of Coronary 
Angiography: Contrast Related Complications 

S. Mohammad Reza Khatami 
Nephrology Research Center, Tehran University of Medical Sciences 

Iran 

1. Introduction 
Since Wilhelm Röntgen reported his novel discovery of the X- Ray in 1895(Röntgen, 1898 as 
cited in Weinmann etal., 2005), the Diagnostic imaging has been an integral part of 
medicine. He was decorated by the second class of Prussian crown medal and he was also 
awarded the first physic Nobel Prize at 1901. Levy- Dorn was another pioneer in radiology 
who understood the potential importance of X-ray in medicine and opened a daily private 
office for medical examination with X-ray in 1896 just one year after innovation of X-ray by 
Röntgen. He pointed to the danger of this method to the living organism very early 
(Hierholzer K & Hierholzer J 1997; Nitze, 1895; as cited in Hierholzer K & Hierholzer J, 2002)  
Since X-rays are not sufficiently absorbed by soft tissue, contrast media (CM) is used to 
highlight organs or pathologies. Osborne etal reported that inorganic Iodine enhanced the 
urinary tracts X-ray images (Osborn etal., 1923). But the most important contributor to the 
field of urological imaging came from the field of agriculture when A Binz and C Räth, two 
scientists from the Berlin agricultural college synthesized a new organic iodinated molecule 
"Selectan"(Binz & Räth 1928 as cited in Hierholzer K & Hierholzer J, 2002), and a research 
fellow used this agent in clinical investigations. (Swick 1929a, 1929b as cited in Hierholzer K 
& Hierholzer J, 2002; Weinmann etal., 2005). 
 In 1928 an urologist, Forssmann, used one of these agents in his own coronary arteries 
(Hricak & Barbarive 1984).This was an unexpected methodological contribution of 
urological research to cardiology.   
From 1929 on, serial production of Uroselectan was established. This agent was a big step 
forward in safety, because ionic iodide (Sodium Iodide and Lithium Iodide) cannot be used 
in a clinical setting. In the early 1950s, a new generation of iodinated agents was launched, 
which were derivatives of triiodinated benzoic acid, e.g. diatrizoate (Urografin etc.). These 
agents became standard in diagnostic imaging for the next 30 years and are still widely used 
in many countries. Almen suggested that non-ionic molecules could reduce osmolality 
(Almen, 1969, as cited in Weinmann etal., 2005), an idea that was the basis of safer 
compounds that entered routine clinical use in the 1980s. Water-soluble, non-ionic iodinated 
contrast agents are now the workhorses in contrast based imagings. More than 90% of 
contrasts media are used in western countries are non-ionic CM. 
There are two main complications of contrast media. The aim of this chapter is to discuss 
these two major side effects of CM. the most important of these two complication is contrast 
induced nephropathy (CIN) which will be described in details and the other is anaphylaxis 
reactions to the CM which will be mentioned briefly at the end of the chapter. 
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2. Contrast induced nephropathy 
According to the report of American Heart Association statistics committee and stroke 
statistics subcommittee updated at 2007, from 1979 to 2004 the number of cardiac 
catheterization has been increased 334%. Meanwhile from 1987 to 2004 the number of 
percutaneous coronary intervention (PCI) has also increased 326%.IN 2004 more than 
1,297.000 cardiac catheterization and in 2006 at least 1,313,000 PCI were performed in U.S 
(American Heart Association statistics committee and stroke subcommittee, 2007). In 2003, 
about 80 million doses of CM were used worldwide (Persson, 2005). Now in U.S more tha 10 
millions radiological examinations with CM are performed annually which 4 millions of 
these procedures are cardiac catheterizations. In western countries 6000 diagnostic cardiac 
catheterization and 2000 therapeutical procedure are done per 1million habitants (Costa, 
2004; Ultramari etal., 2006). On the other hand the physicians are dealing with a significant 
increase in the prevalence and incidence of cardiovascular diseases, chronic kidney diseases 
and diabetes which are considered as risk factors of CIN development. All these patients are 
in increased need to such a diagnostic and the therapeutical maneuver.  
CIN is a very interesting Issue for researchers. It is a type of acute kidney injury (AKI) which 
in contrast to all other causes of AKI, the exact time of injurious insult is known. 
Accordingly, it may help the investigators to find a more preciously diagnostic tool beside 
to develop more effective prophylactic and therapeutical interventions. 
CIN is a matter of health conflicts. It is an important causes of increased resource utilization, 
prolonged hospital stay, increased in hospital and long term mortality and provoke the 
progression of CKD (Bartholomew etal., 2004; Goldenberg etal., 2009; Gruberg etal., 2000; 
James etal., 2010; McCullough etal., 1997; Solomon etal., 2009; Subramanian etal., 2007). 

2.1 Physicochemical properties and classification of Contrast Media (table1) 
CM is derivatives of tri-Iodinated benzene and is classified according to their Ionization, 
osmolality and structural properties. The ionized media are dissociated in water, while the 
nonionic agents are not dissociated although they are soluble in water. The ratio of iodine to 
dissolved particles, describes an important relationship between opacification and 
osmotoxicity of a contrast agent, higher this ratio, more desirable. In high osmolal CM this 
ratio is 1.5, which in low-osmolal and iso-osmolal CM this ratio is 3 and 6 respectively. With 
lowering the osmolality, the viscosity will increase. Viscosity has some deleterious effect on 
renal blood flow and urinary flow in tubules. Contrast agents are completely filtered. With 
reabsorption of water in tubules the concentration of CM reaches 50-100 times of plasma 
concentration. 
The first generation CM was Ionic. They had 3 atoms of Iodine, one atom of sodium and 2 
active osmotic particles in each molecule,therefore their osmolality was very high (1200-1800 
mosm/kgH2o), so they called hyper-osmolal contrast media (HOCM). From late 80s, the 
next generation of these agents has been marketed. They are non-Ionic. They have only one 
somatically active particle. They have been known as Low-osmolal Contrast Media (LOCM) 
because their osmolality is lower than first generation but yet significantly higher than 
plasma osmolality (600—900 mosm/kgH2o). The third generation of CM is Iso-osmolal 
Contrast Media (IOCM) (≈300 mosm/kgH2o). They are non-ionic dimers. They have two 
benzene rings rather than one ring of previous generations. This structure allows 6 Iodine 
atoms to attach to the one cosmetically active particle. 
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Type Name osmolality ionicity mono/dimer amount of 
iodine 

iodine 
ratio viscosity 

  (mosm/kg water)   mg/mL  mPa.sec at 370c 
   

HOCM Iothalamat 1695 Ionic monomer 400 3:2 2.8 
LOCM Iomeprol 720 nonionic monomer 350 3:1 4.8 
LOCM Iopentol 683 nonionic monomer 310 3:1 6.5 
LOCM Iopromide 586 nonionic monomer 350 3:1 4.7 
LOCM Iopamidol 653 nonionic monomer 300 3:1 4.6 
LOCM Ioversol 719 nonionic monomer 320 3:1 6 
LOCM Iohexol 667 nonionic monomer 300 3:1 5.7 
LOCM Ioxaglate 584 ionic dimer 320 3:2 7.8 
IOCM Iodixanol 290 nonionic dimer 320 6:1 11.4 

Table 1. Types of contrast media and their physicochemical properties 

2.2 Definition & diagnosis 
Definition of CIN is a matter of controversy and there is no a unique accepted definition. 
CIN is a rapid decline in renal function after CM administration while there is obviously no 
other causes of acute kidney injury (AKI). 
Serum creatinine is the standard marker for detecting CIN. Small changes in serum 
creatinine after CM exposure are seen but it is not considered clinically relevant. 
In last two decade, different criteria of renal function deterioration were defined in clinical 
trials. But the two most popular are: 1- A 25% relative increase of serum creatinine from 
baseline and 2- An absolute increase of 0.5 mg/dl of serum creatinine from the base. It will 
happen within 2 days to one week after contrast exposure. None of these two criteria are 
accurate. The most common method for the assessment of kidney function consists of using 
the Glomerular Filtration Rate (GFR) which usually measured by creatinine clearance. But 
serum creatinine is not a real-time marker of change in kidney function. It is neither a 
specific nor a sensitive marker of GFR evaluation.  In the case of rapid changes in kidney 
function serum creatinine has a 48-72 hours delay related to GFR changes. It cannot show 
the small changes of GFR too, and other factors rather than GFR may affect the blood level 
of serum creatinine. Even in patients with stable serum creatinine the GFR may significantly 
be declined. So many investigators are trying to redefine the cutoff point level of serum 
creatinine increment. For instance the recent definition of AKI, considers a 0.3 mg/dl 
increase of serum creatinine as an evidence of AKI development rather than a 0.5 mg/dl 
increase (Shah & Mehta, 2006). Weisbord etal showed that only a 0.25-0.3 mg/dl increase in 
serum creatinine after coronary angiography was accompanied with significant increase of 
mortality within 30 days of procedure (Weisbord etal., 2006). In another study only a 5% 
increases of serum creatinine within 12 hours after the contrast exposure had 75% sensitivity 
and 72% specificity for detecting CIN. It also had a strong correlation with the development 
of renal failure during next 30 days (Ribichini etal., 2010). 
Recently more sensitive markers of GFR have been developed and validated. The most 
promising markers are Cystatin-C and Neutrophilic Gelatinase Associated Lipocaline 
(NGAL). Cystatin-C may be more accurate than serum creatinine in predicting renal 
function. In patients with GFR lower than 60ml/min, Cystatin-C may be a better marker of 
both early detection of CIN and prediction of major side effects like death and chronic 
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dialysis. But it is not known whether the increased level of Cystatin-C is due to the 
decreased GFR or it is released from atherosclerotic plaques during angiography .If 
Cystatin-C increases by more than 10% within 24 hours, then it is a good marker of CIN 
occurrence and further events. But an increase of less than 10% from baseline will rule out 
the diagnosis of CIN and the patient can be discharged without any caution (Briguori etal., 
2010).There is no study to evaluate the validity of Cystatin-C in earlier time. Cystatin-C has 
to be better validated in different situations.  
NGAL is also an early diagnostic biomarker of acute kidney injury, but studies for 
validating this biomarker in CIN are limited. It’s specificity and sensitivity in diagnosis of 
CIN in children has been identified (Hirsch etal., 2007). 
 The most accurate method for measuring GFR is radionuclide techniques which are 
expensive and labor-intensive. The Cockcroft-Gault or MDRD equations are useful for the 
calculation of GFR in clinic. 
The problem with Studies, regarding CIN is that nearly in all these studies contrast 
nephropathy is defined by serum creatinine increment which is a soft outcomes value. If 
hard outcomes like the need for dialysis, readmission, other clinical complications and death 
are considered, it may cause better understanding the nature of AKI including CIN and 
therefore its better management.  It may also be more useful if RIFLE classification is taken 
into account rather than Acute Kidney Injury Network criteria for better definition of CIN. 
Further studies should be done to validate this classification for CIN diagnosis. 
The differential diagnosis of CIN is cholesterol atheroemboli, volume depletion and 
interstitial nephritis. 

2.3 Incidence 
CIN is the third cause of AKI in hospitalized patients. The cumulative incidence of CIN is 
10% of all AKI (Tepel etal., 2006). The incidence of CIN in patients without any risk factor is 
0.6-2.3%, but in high risk patients it will be raised up to 90% (McCullough etal., 2006A ; 
Toprak & Cirit 2002). In two studies in 1979 and 2002, CIN was the third cause of in-hospital 
AKI (Nash etal., 2002). These studies showed no change in the incidence of CIN in this 
period (12% in 1979 and 11% in 2002).  
 Three factors increase the incidence of CIN in future: 1) increase in burden of CKD, 2) 
Increase in incidence of diabetes, and 3) increase in diagnostic and therapeutically measures 
requiring CM. 
The incidence of CIN is dependent on the renal function. With serum creatinine more than 
1.3mg/dl and more than 1 mg/dl in men and women respectively the risk of CIN will 
significantly increase (Lamiere etal., 2006). It has been shown that by increasing serum 
creatinine from 1.2 to 2.9mg/dl the risk of CIN increases from 4% to 20% (Barrett etal., 
1992;). The incidence of CIN in patients with serum creatinine of 3 mg/dl with or without 
diabetes is more than 30%.In another study the risk of CIN in patients with serum creatinine 
equal to1.5mg/dl was 8%, but with serum creatinine of 6.8mg/dl the risk of CIN has been 
increased to 92% (McCullough etal.,1997). In patients with normal renal function, even in 
the presence of diabetes or other risk factors the incidence of CIN is less than 2% ( Lamiere 
etal., 2006). The incidence of CIN in diabetic patients with normal serum creatinine is 3.7% 
(Rihal etal., 2002).In patient with severe renal failure and diabetes the need to dialysis will 
be increase to 12% if CIN develops after CM exposure (Manske etal.,1990). 
With regards to coronary angiography the incidence of CIN after this procedure has been 
reported to be 3-14%. Only 2% of patients without diabetes and with serum creatinine of 1.1 
mg/dl will develop CIN after coronary angiography (McCullough etal.,1997; Rihal etal., 2002).  
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2.4 Natural course 
The natural history of CIN includes an increase of serum creatinine mostly after 24 hours of 
CM exposure, which picks in 3-7 days and return to normal within 2 weeks. Most patients 
are non-oliguric but the urine output is usually declined (Rudnick etal., 1995).   
CIN is generally and potentially a reversible acute renal failure, but it should not be 
considered as a benign disorder, because in 30% of patients, renal function would not be 
fully recovered (Maydoon etal., 2001). The patients with CIN rarely need dialysis. According 
to a study among 0.8% of patients who needed dialysis after PCI, 13% remained on dialysis 
for lifetime (McCullough etal., 1997). Another study reported that 13-50% of CIN patients 
who had needed renal replacement therapy, they may remain on dialysis for the rest of life 
(Toprak, 2007). If even CIN recovered completely, it will cause more morbidities including 
bleeding, infection, prolonged hospital stay, increased resource utilization, increase in the 
risk of CKD and increased in-hospital and long term mortality rate (Gruberg etal., 2000; 
Perazella, 2009; Rihal etal., 2002). CIN also causes increase in cardiovascular morbidities. 
The rate of both in-hospital and long term mortality will also significantly be increased due 
to CIN (Gruberg etal., 2000; Liss etal., 2006; Marenzi etal., 2004; McCullough etal., 1997; 
Rihal etal., 2002, Weisbord etal., 2006). The overall mortality rate of patients with CIN is 1.1-
34%, but it is not obvious that CIN perse is the cause of mortality or CIN is more prevalent 
in patients who are sicker and their co-morbidities are more than control patients 
(McCullough etal., 1997 Rudnick & Feldman, 2008). 
 The in-hospital mortality rate of CIN is estimated to be 22-25%. Meanwhile the rate of death 
within 5 years is significantly higher in this group of patients in comparison with control 
group (McCullough etal., 1997; Rihal etal., 2002). Odds of in-hospital death are related to 
rate of serum creatinine increment (Weisbord etal., 2006). CIN is a cause of CKD in the 
coming months (Liss etal., 2006). Although it is not known that whether the direct 
nephrotoxic effect of contrast agents is the cause of CKD or the background renal disease 
will be unmasked by CIN. 

2.5 Risk factors 
The risk factors of CIN are shown in table 2. Previous chronic kidney disease (CKD) is the 
leading and the single most important risk factor of CIN (McCullough etal., 2006B; Rihal 
etal., 2002; Rudnick etal., 1995). The most important cause of delaying or cancelling 
angiography is renal failure. In a recent cohort, the Glomerular Filtration Rate (GFR) of 60 
ml/min considered as a cutoff point (Bartholomew etal., 2004; Mehran etal., 2004). Diabetes 
is the second most important risk factor of CIN (McCullough etal., 1997,2006; Rudnick etal., 
2006; Weisberg etal., 1994). It remains unclear whether diabetes is a risk factor of CIN perse 
or it makes the patient prone to this complication because nearly all diabetic patient have 
overt or covert renal disease (Manske etal., 1990). So the diabetic patients with CKD are the 
highest risk group (McCullough etal., 2006aTepel etal., 2006; Toprak & Cirit, 2006).  
Class IV heart failure is another risk factor of CIN (McCullough etal., 2006B). Many of these 
patients also have several other risk factors like renal disease (atherosclerotic renal disease) 
or decreased effective circulating volume and low GFR. Acute myocardial infarction (AMI) 
is another independent risk factor of CIN if the CM is given within 24hours after the AMI 
(Rihal etal., 2002; Marenzi etal., 2006a). S-T elevation myocardial infarction (STEMI) also 
increases the risk of CIN in the time of PCI. The mortality rate of these patients is high too. 
There is a positive correlation between the mortality rate of these patients and the volume of 
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2.3 Incidence 
CIN is the third cause of AKI in hospitalized patients. The cumulative incidence of CIN is 
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period (12% in 1979 and 11% in 2002).  
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1992;). The incidence of CIN in patients with serum creatinine of 3 mg/dl with or without 
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equal to1.5mg/dl was 8%, but with serum creatinine of 6.8mg/dl the risk of CIN has been 
increased to 92% (McCullough etal.,1997). In patients with normal renal function, even in 
the presence of diabetes or other risk factors the incidence of CIN is less than 2% ( Lamiere 
etal., 2006). The incidence of CIN in diabetic patients with normal serum creatinine is 3.7% 
(Rihal etal., 2002).In patient with severe renal failure and diabetes the need to dialysis will 
be increase to 12% if CIN develops after CM exposure (Manske etal.,1990). 
With regards to coronary angiography the incidence of CIN after this procedure has been 
reported to be 3-14%. Only 2% of patients without diabetes and with serum creatinine of 1.1 
mg/dl will develop CIN after coronary angiography (McCullough etal.,1997; Rihal etal., 2002).  
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2.4 Natural course 
The natural history of CIN includes an increase of serum creatinine mostly after 24 hours of 
CM exposure, which picks in 3-7 days and return to normal within 2 weeks. Most patients 
are non-oliguric but the urine output is usually declined (Rudnick etal., 1995).   
CIN is generally and potentially a reversible acute renal failure, but it should not be 
considered as a benign disorder, because in 30% of patients, renal function would not be 
fully recovered (Maydoon etal., 2001). The patients with CIN rarely need dialysis. According 
to a study among 0.8% of patients who needed dialysis after PCI, 13% remained on dialysis 
for lifetime (McCullough etal., 1997). Another study reported that 13-50% of CIN patients 
who had needed renal replacement therapy, they may remain on dialysis for the rest of life 
(Toprak, 2007). If even CIN recovered completely, it will cause more morbidities including 
bleeding, infection, prolonged hospital stay, increased resource utilization, increase in the 
risk of CKD and increased in-hospital and long term mortality rate (Gruberg etal., 2000; 
Perazella, 2009; Rihal etal., 2002). CIN also causes increase in cardiovascular morbidities. 
The rate of both in-hospital and long term mortality will also significantly be increased due 
to CIN (Gruberg etal., 2000; Liss etal., 2006; Marenzi etal., 2004; McCullough etal., 1997; 
Rihal etal., 2002, Weisbord etal., 2006). The overall mortality rate of patients with CIN is 1.1-
34%, but it is not obvious that CIN perse is the cause of mortality or CIN is more prevalent 
in patients who are sicker and their co-morbidities are more than control patients 
(McCullough etal., 1997 Rudnick & Feldman, 2008). 
 The in-hospital mortality rate of CIN is estimated to be 22-25%. Meanwhile the rate of death 
within 5 years is significantly higher in this group of patients in comparison with control 
group (McCullough etal., 1997; Rihal etal., 2002). Odds of in-hospital death are related to 
rate of serum creatinine increment (Weisbord etal., 2006). CIN is a cause of CKD in the 
coming months (Liss etal., 2006). Although it is not known that whether the direct 
nephrotoxic effect of contrast agents is the cause of CKD or the background renal disease 
will be unmasked by CIN. 

2.5 Risk factors 
The risk factors of CIN are shown in table 2. Previous chronic kidney disease (CKD) is the 
leading and the single most important risk factor of CIN (McCullough etal., 2006B; Rihal 
etal., 2002; Rudnick etal., 1995). The most important cause of delaying or cancelling 
angiography is renal failure. In a recent cohort, the Glomerular Filtration Rate (GFR) of 60 
ml/min considered as a cutoff point (Bartholomew etal., 2004; Mehran etal., 2004). Diabetes 
is the second most important risk factor of CIN (McCullough etal., 1997,2006; Rudnick etal., 
2006; Weisberg etal., 1994). It remains unclear whether diabetes is a risk factor of CIN perse 
or it makes the patient prone to this complication because nearly all diabetic patient have 
overt or covert renal disease (Manske etal., 1990). So the diabetic patients with CKD are the 
highest risk group (McCullough etal., 2006aTepel etal., 2006; Toprak & Cirit, 2006).  
Class IV heart failure is another risk factor of CIN (McCullough etal., 2006B). Many of these 
patients also have several other risk factors like renal disease (atherosclerotic renal disease) 
or decreased effective circulating volume and low GFR. Acute myocardial infarction (AMI) 
is another independent risk factor of CIN if the CM is given within 24hours after the AMI 
(Rihal etal., 2002; Marenzi etal., 2006a). S-T elevation myocardial infarction (STEMI) also 
increases the risk of CIN in the time of PCI. The mortality rate of these patients is high too. 
There is a positive correlation between the mortality rate of these patients and the volume of 
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contrast that is being used for coronary angiography (Marenzi etal., 2006b). Old age 
(Iokavou etal., 2003), hypovolemia (McCullough etal., 2006B) and hypotension are other risk 
factors of CIN. Hypovolemia is among few risk factors which are preventable and should be 
corrected promptly before starting the procedure. The medications that cause extra-cellular 
contraction like diuretics or cause vascular tonicity changes like non-steroidal anti-
inflammatory drugs (NSAIDS) may be involved in development of CIN or at least may 
increase the severity of the disease. The use of angiotensin converting enzyme inhibitors 
(ACIs) or angiotensin receptor blockers (ARBs), while the blood pressure is in normal range 
are not considered contraindicated and could be continued. 
 
Patient related factors                                                Procedure related factors 
CKD                                                                              hyper-osmolal CM 
Diabetes mellitus                                                           high volume of CM 
Age                                                                                repeated exposure to CM within 24 hours 
Hypovolemia                                                                 intra-arterial injection of CM 
Hypotension 
Low ejection fraction 
Class IV CHF 
Concomitant use of other nephrotoxics 
Hypoalbumenimeia (<3.5g/dL) 
Renal transplantation 
Recent AMI (24 hours before angiography) 
Anemia 
_________________________________________________________________________________ 

Table 2. Risk factors for CIN 

Low hematocrite is associated with increased risk of CIN (Nikolsky etal., 2005), but there is 
no study to show that correction of anemia will decrease the incidence of CIN. 
There are few retrospective studies showing high incidence of CIN in renal transplanted 
patients (up to 21%), but these patients had other risk factors like diabetes, renal failure, 
concomitant use of nephrotoxic agents and volume depletion (Ahuja etal., 2000). The 
coronary artery bypass graft (CABG) at the day of angiography will also increase the risk of 
CIN (Ranucci etal., 2008). Nowadays in contrast to what is mentioned in the literature 
multiple myeloma is not considered as a risk factor for CIN. 

2.6 Type of CM  
The safety of a contrast agent depends in large part on the amount of CM that must be 
administered. The body’s ability to tolerate any substance depends on the amount given. 
Even isotonic saline is toxic at very large doses. High dosages that disturb the ionic and 
osmotic balance in the body will elicit adverse reactions without exhibiting a direct 
interaction with other molecules (chemotoxicity). This kind of toxicity is based on the 
osmotic activity of the agent or, more precisely, on the osmotic load (mosmol/kg body 
weight). The important properties of a CM that determine its nephrotoxicity are: osmolality, 
volume, and repeated use, route of use, viscosity and Ionicity. 
Here we briefly review the role of each of the properties of a CM in the development of 
CIN. 
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2.7 Osmolality / viscosity (Table2) 
Now the HOCM is completely replaced by LOCM or IOCM. There is no doubt that 
osmolality is a main factor in nephrotoxicity of a CM (Barrett & Carlisle, 1993; Rudnick & 
Goldfarb, 2003). Although in patients with normal renal function this factor is not important 
(Barrett & Carlisle, 1993). But in chronic renal failure patients, particularly in diabetic 
patients, use of HOCM is contraindicated (Solomon, 2005, Solomon & Dumouchel, 
2006).The incidence of CIN with HOCM in patients with risk factors is two times in 
comparison with LOCM (Barrett & Carlisle, 1993). 
All studies showed that nephrotoxicity of low osmolal media is lower than hyperosmolal 
one (Barrett & Carlisle, 1993; Rudnick etal., 1995), but there are many controversies about 
the difference of LOCM and IOCM in terms of CIN (Aspelin etal., 2003; Barrett etal., 2006; 
Carraro etal., 1998; Liss etal., 2006; McCullough etal., 2006C; Rudnick etal.,2006; Solomon 
etal.,2007; Thomsen etal., 2008).The viscosity of IOCM is higher than LOCM and this 
property of IOCM may offset the benefit of lower osmolality of newer developed agents 
(Aspelin etal., 2003; Barrett & Carlisle, 1993; Rudnick & Goldfarb, 2003, Seeliger etal., 2007). 
Systematic reviews were not also able to solve the contradictory results concerning the 
difference between low and iso-osmolal CM (Heinrich etal., 2009, Reed etal., 
2009,McCullough etal., 2006C., Solomon & Dumouchel, 2006). NEPHRIC study showed that 
with IOCM the risk of CIN in high risk diabetic patients is significantly lower than LOCM 
(Aspelin etal., 2003). This study is criticized by few numbers of patients. In a meta-analysis it 
was also shown that IOCM are less nephrotoxic than LOCM (McCullough etal,. 2006C), but 
in another larger meta-analysis there was no significant difference between LOCM and 
ICOM in term of nephrotoxicity (Heinrich etal., 2009). In a retrospective study, LOCM was 
less nephrotoxic than IOCM (Liss etal., 2006). This study showed that the risk of renal failure 
in future is increased by IOCM whether they had CIN or not. 
According to the published studies, the American college of cardiology/American Heart 
association (ACC/AHA) recommended that there is no difference between low and iso-
osmolal agents in CKD patients. The exception is Iohexol and Ioxaglate. The IOCM has 
lower probability of CIN than these two LOCM (Kushner etal., 2009). 
The exact role of Ionicity in development of CIN is not known. The only meta-analysis in 
this regard showed that Ionic IOCM is similar to nonionic LOCM (Barrett & Carlisle, 
1993). 

2.8 Contrast Media volume 
There is a direct relation between dose of CM and CIN development (Manske etal., 1990; 
McCullough etal., 1997; Rudnick et al., 1995). The probability of CIN is increased with 
higher volume of CM. On average, in coronary angiography, PCI and CT scan 130cc, 190cc 
and 100 to150cc CM is used. Although it has been shown that no patient with less than 100cc 
CM has developed CIN (Gruberg etal., 2001; McCullough etal., 1997), but unfortunately 
wide range of the volume of CM defined as cut off value (30-200cc). The relation between 
the dose of CM and CIN is particularly evident in moderate to severe renal failure patients 
(CKD3-5) which they should be received ultra-low dose of CM. Unfortunately, the need for 
CM for interventional purposes is much higher than this safe volume (250-300cc). In the 
study of Rihal etal it has been shown that with each 100cc CM, the risk of CIN will be 
increased 12% (Rihal etal., 2002). In another study the risk of CIN is serious when the 
volume of CM exceeds more than 3.7 fold of creatinine clearance (Laskey etal., 
2007).Repeated use of CM within 72 hours increases the risk of CIN  
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contrast that is being used for coronary angiography (Marenzi etal., 2006b). Old age 
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Low hematocrite is associated with increased risk of CIN (Nikolsky etal., 2005), but there is 
no study to show that correction of anemia will decrease the incidence of CIN. 
There are few retrospective studies showing high incidence of CIN in renal transplanted 
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multiple myeloma is not considered as a risk factor for CIN. 
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The safety of a contrast agent depends in large part on the amount of CM that must be 
administered. The body’s ability to tolerate any substance depends on the amount given. 
Even isotonic saline is toxic at very large doses. High dosages that disturb the ionic and 
osmotic balance in the body will elicit adverse reactions without exhibiting a direct 
interaction with other molecules (chemotoxicity). This kind of toxicity is based on the 
osmotic activity of the agent or, more precisely, on the osmotic load (mosmol/kg body 
weight). The important properties of a CM that determine its nephrotoxicity are: osmolality, 
volume, and repeated use, route of use, viscosity and Ionicity. 
Here we briefly review the role of each of the properties of a CM in the development of 
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Goldfarb, 2003). Although in patients with normal renal function this factor is not important 
(Barrett & Carlisle, 1993). But in chronic renal failure patients, particularly in diabetic 
patients, use of HOCM is contraindicated (Solomon, 2005, Solomon & Dumouchel, 
2006).The incidence of CIN with HOCM in patients with risk factors is two times in 
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the difference of LOCM and IOCM in terms of CIN (Aspelin etal., 2003; Barrett etal., 2006; 
Carraro etal., 1998; Liss etal., 2006; McCullough etal., 2006C; Rudnick etal.,2006; Solomon 
etal.,2007; Thomsen etal., 2008).The viscosity of IOCM is higher than LOCM and this 
property of IOCM may offset the benefit of lower osmolality of newer developed agents 
(Aspelin etal., 2003; Barrett & Carlisle, 1993; Rudnick & Goldfarb, 2003, Seeliger etal., 2007). 
Systematic reviews were not also able to solve the contradictory results concerning the 
difference between low and iso-osmolal CM (Heinrich etal., 2009, Reed etal., 
2009,McCullough etal., 2006C., Solomon & Dumouchel, 2006). NEPHRIC study showed that 
with IOCM the risk of CIN in high risk diabetic patients is significantly lower than LOCM 
(Aspelin etal., 2003). This study is criticized by few numbers of patients. In a meta-analysis it 
was also shown that IOCM are less nephrotoxic than LOCM (McCullough etal,. 2006C), but 
in another larger meta-analysis there was no significant difference between LOCM and 
ICOM in term of nephrotoxicity (Heinrich etal., 2009). In a retrospective study, LOCM was 
less nephrotoxic than IOCM (Liss etal., 2006). This study showed that the risk of renal failure 
in future is increased by IOCM whether they had CIN or not. 
According to the published studies, the American college of cardiology/American Heart 
association (ACC/AHA) recommended that there is no difference between low and iso-
osmolal agents in CKD patients. The exception is Iohexol and Ioxaglate. The IOCM has 
lower probability of CIN than these two LOCM (Kushner etal., 2009). 
The exact role of Ionicity in development of CIN is not known. The only meta-analysis in 
this regard showed that Ionic IOCM is similar to nonionic LOCM (Barrett & Carlisle, 
1993). 

2.8 Contrast Media volume 
There is a direct relation between dose of CM and CIN development (Manske etal., 1990; 
McCullough etal., 1997; Rudnick et al., 1995). The probability of CIN is increased with 
higher volume of CM. On average, in coronary angiography, PCI and CT scan 130cc, 190cc 
and 100 to150cc CM is used. Although it has been shown that no patient with less than 100cc 
CM has developed CIN (Gruberg etal., 2001; McCullough etal., 1997), but unfortunately 
wide range of the volume of CM defined as cut off value (30-200cc). The relation between 
the dose of CM and CIN is particularly evident in moderate to severe renal failure patients 
(CKD3-5) which they should be received ultra-low dose of CM. Unfortunately, the need for 
CM for interventional purposes is much higher than this safe volume (250-300cc). In the 
study of Rihal etal it has been shown that with each 100cc CM, the risk of CIN will be 
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3. Pathogenesis 
The primary mechanism of CIN is Ischemia and direct tubular toxicity of CM to epithelial 
tubular cells.In experimental studies, after contrast infusion there is an early brief 
vasodilatation of renal vasculature, followed by a long term vasoconstriction (Arakawa etal., 
1996; Seeliger etal., 2007). This biphasic response has not been evident in human and mostly 
increase of renal blood flow has been shown (Weisberg etal.,1992). These studies carried out 
the direct measurement of blood flow by hemodilution techniques. Nevertheless, if renal 
blood flow is measured directly by an intra-renal artery guide-wire, no difference of blood 
flow could be detected at the time of ventriculography, while subsequently by further CM 
infusion, the blood flow is decreased by3.7-39.5% from base (Mockel etal., 2008).Although 
these studies showed mild to moderate decrease of renal blood flow after exposure to CM, 
these findings nevertheless cannot describe the longitudinal decrement of GFR in CIN 
patients. 

3.1 Medullary Hypoxemia 
To overcome the discrepancy between renal blood flow rate and GFR decrement, medullary 
Hypoxemia due to regional blood flow changes is in the focus of attention in describing the 
pathophysiology of CIN. According to this hypothesis, the pathogenetic axel of CIN is 
medullary hypoxemia (Agmon etal., 1994; Heyman etal, 2008). 
Physiologically, blood flow in outer medulla is low and this part of nephron works in 
relatively hypoxic state. The cause of this condition is the unique structure of vasa recta 
which is vital for countercurrent solute exchange. Low blood flow of medulla is also 
important to maintain the gradient in distal nephron. Meanwhile the thick ascending Limb 
of Henle as a hard worker of nephron needs a high level of oxygen. Due to this 
contradictory status, this part of nephron is more vulnerable to ischemic injuries. The 
decrease of blood flow in outer medulla is critical. In normal physiological conditions, the 
mechanisms responsible for blood flow and tubular transport are tubule-glomerular 
feedback, autoregulation and glomerulo-tubular balance which operate hand in hand to 
maintain the integrity of nephron and the system to work properly. The vasodilators (nitric 
oxide, prostaglandins, adenosin, dopamin, urodilantin) and vasoconstrictors (local 
endothelin, AngiotensinII, vasopressin) and transport inhibitors (PDF2, Adenosin, 
dopamine) together balance the supply and demand of oxygen in this part of nephron. 
Release of vasoconstrictor mediators or blockade of vasodilator mediators may play a role in 
the pathogenesis of CIN (Heyman etal., 1994). CM makes imbalance of these mediators. 
They cause decrease of oxygen tension both in cortex and medulla. It may be due to 
increased work of active transport in medullary tick ascending limb of Henle in response to 
osmotic diuresis of hyperosmolal agents.  
Proximal tubules reabsorb a scant amount of CM. The osmotic property of CM causes less 
water reabsorption and increased intra-tubular pressure. The distal delivery of salt and 
water will be increased in this state which in turn activates tubule glomerular feedback and 
decreased GFR. 
Increased pressure of intrestitium is also a factor for decreasing GFR. It also causes 
medullary hypoxia. CM may decrease renal blood flow by direct vasoconstriction of renal 
vasculature. This effect may be due to the change of calcium metabolism (Bakris & Burnett, 
1985), or local increase of adenosin (Pflueger etal., 2000) and endothelin (Bagnis etal., 1997). 
By CM infusion, the oxygen tension in outer medulla is decreased, nevertheless the sodium 
delivery to thick ascending Limb of Henle is increased due to osmotic diuresis of CM but 
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the low oxygen pressure in this part of nephron is not related to the osmolality of CM (Liss 
etal., 1998). Administration of A1 adenosin receptor antagonists could not humiliate the 
decreased oxygen tension (Liss etal., 2004), but it seems that prostaglandins and nitric oxide 
could counteract vasoconstrictor effect of CM (Agmon etal., 1994). In animals, nitric oxide 
depletion has an effective role in vasoconstriction (Agmon etal., 1994; Ribeiro etal., 2004).  

3.2 Reactive oxygen species 
The role of oxidative stress in pathogenesis of Ischemia/reperfusion injuries is well known. 
Activation of oxidative stress processes in ischemia produce reactive oxygen species (ROS) 
which have a known role in AKI. The diseases which are considered as risk factors of CIN 
(CKD, CHF, and Diabetes) are associated with high oxidative stress state.  
Experimental studies demonstrated that therapeutical strategies reduce the production of 
ROS and/or increase the nitric oxide activity and by these mechanisms halt the renal 
injuries due to Ischemia in different models of AKI including CIN.  The rational use of 
antioxidants such as acetylcystein or allopurinol in preventing CIN is to lower or inhibit the 
oxidative stress processes. 

3.3 Direct cytotoxicity 
It is not known how much physicochemical properties of Iodinated CM are responsible for 
CIN and whether direct cytotoxicity of CM play any role in pathogenesis of CIN or not. In 
vitro studies showed that CM particularly HOCM is cytotoxic to mesangial and tubular cells 
(Itoh etal., 2006; Peer etal., 2003). The mechanism of such cytotoxicity is not known, but 
possibly cellular energy failure, disintegration of calcium homeostasis, apoptosis 
mechanisms and oxidative stress play a role (Beeri etal., 1995; Haller & Hizoh, 2004; Humes 
etal., 1987;). Internalization of non-ionic agents are seen in proximal tubules, (nephrosis 
osmotic), but these pathologic findings are also seen in patients who take CM without renal 
function deterioration (Persson & Tepel, 2006).CM may cause vasoconstriction by direct 
action on smooth muscles of arteries. More studies, should be run to show the relation of 
these changes with iso-osmolal contrast agents. 

3.4 Others 
In experimental studies CM can decrease capillary blood flow by decreasing the velocity of 
erythrocytes and increasing the red blood cells aggregation. HOCM also decreases 
erythrocyte volume and alters its membrane deformability. Recently hemeoxygenase 
activator is introduced as a pathomechanism of CIN development. Hemeoxygenase inhibits 
ROS production, suppresses pro-apoptotic proteins, activate anti-apoptotic proteins and has 
anti-inflammatory and vasodilatory effects. In future this enzyme may play an important 
role in CIN prophylaxis in human. 

4. Prophylaxis 
If CIN happens, the management is supportive, and because the time of insult is known the 
best measure is prophylaxis. Although in many studies, meta-analysis and systematic 
reviews have focused on prophylactic measures of CIN, nevertheless there is no an 
evidence-based guideline for clinical use. 
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the low oxygen pressure in this part of nephron is not related to the osmolality of CM (Liss 
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No general consensus is present about the prophylactic measures of CIN other than 
stopping nephrotoxic agents, hydration and use of the lowest possible volume of CM and 
not using HOCM. Published guidelines are according to limited studies on very heterogenic 
patients. So they cause more confusion rather than better understanding and enlightment of 
the issue of CIN to provide the best reliable prophylactic measures. Probably the European 
Society of Urogenital Radiology (ESUR) guideline is yet valid (Morcos etal.,1999) and 
further studies within last 13 years have not been demoted its validity. 

4.1 Volume expansion 
Theoretically, volume expansion suppresses renin-angiotensin system activity, decreases 
vasoconstrictor hormones like endothelin, increases sodium diuresis, inhibits tubulo-
glomerular feedback, prevents tubular obstruction, protects cells against ROS and finally 
dilutes the CM in tubules. Overall the toxicity of CM is decreased on tubules by hydration.  
Large numbers of studies are about the role of volume expansion in preventing CIN. No 
controversy is present about the effectiveness of volume expansion. Up to now the volume 
expansion is known as the most effective measure in nephroprotection of CIN (Thomsen, 
2006).This benefit has been shown in many randomized controlled trials (Bader etal.,2004; 
Dussol etal., 2006; Merten etal., 2004; Mueller etal., 2002; Taylor etal, 1998; Trivedi etal., 
2003). But it is difficult to show that which type of fluid in how much dose and at which 
time is more suitable (McCullough & Soman, 2005). This obscurant is due to the 
heterogeneity of the studies and different definitions for CIN are used. Unfortunately these 
studies rarely reported the hard clinical endpoints.  
Solomon et al has done the first randomized controlled trials (RCT) in this regard (Solomon 
etal., 1994). They showed that forced diuresis with diuretic or manitol is worse than 
hydration with isotonic salin or 0.45% salin. This Study did also very clearly show that 
volume expansion is highly effective in prevention of CIN in high risk patients and since 
then this prophylactic measure is the key stone of CIN prevention. Intravenous fluid 
therapy is also superior to oral hydration (Weisbord & Pavelsky, 2008) as it was shown in 
the study of Solomon etal .They reported that the control group had had 10 times more CIN 
than case controls. Because of such significant difference, this study was stopped early. 
Mueller etal also showed superiority of isotonic saline to 0.45% salin in patients with normal 
renal function, but if renal failure is present, there is no difference between two types of 
fluids (Mueller etal., 2002). The study of Merten etal compared sodium bicarbonate with 
isotonic saline in preventing CIN. Although this study showed better results with 
bicarbonate, but the study is criticized in different aspects (Merten etal., 2004).  
In some studies intravenous bolus of isotonic saline just before procedure, or oral hydration 
from the night before the procedure, or use of NaCl tablets from 2 days before contrast 
exposure were examined with different results. (Bader etal.,2004; Dussol etal., 2006; Taylor 
etal, 1998; Trivedi etal., 2003) Volume expansion with isotonic saline is safe, simple and 
cheap, but not all patients taking CM will unfortunately suffer it. We showed that in 
patients that use of isotonic salin may be associated with the hazard of overload, use of 
0.45% salin may be as effective as isotonic salin (Vasheghani-Farahani etal., 2010). It has 
been demonstrated that 26% of high risk patients have not been received any kind of 
intravenous fluid, and there was no standard about the volume and the type of fluid that 
were being used in the remaining patients. Urine volume more than 150cc / hour is shown to 
be a good sign of decreased risk of CIN (Stevens etal., 1999). Cardiologists are the main 
target group who should know and use the strategies of volume expansion.  
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4.2 Sodium bicarbonate 
The mechanism of sodium bicarbonate in preventing CIN is not clearly understood. 
Theoretically Sodium bicarbonate can expand the extracellular volume. 
Alternatively it has been suggested that sodium bicarbonate will decreased the amount of 
ROS by increasing the PH of medulla. So the kidney will be protected from oxidant injuries 
(Atkins, 1986; Bakris etal., 1990; Merten etal., 2004; Morcos etal., 2005; Weisbord etal., 2008). 
Through this line of explanation, the main protective effect of sodium bicarbonate is not 
through volume expansion.  
There are many concerns about the role of bicarbonate in prevention of CIN (Briguori etal., 
2007; From etal., 2008; Masuda etal., 2007; Ozcan etal., 2007, Recio-Mayoral etal., 2007).Most 
studies compared isotonic saline and sodium bicarbonate have reported contradictory 
results. Masuda etal., showed Bicarbonate is more effective than saline in prevention of CIN 
(1.7% Vs 13%) (Masuda etal.,2007). In a meta-analysis, comparing saline and bicarbonate, it 
was shown that rise of serum creatinine in bicarbonate group is less than salin group, but in 
term of need to dialysis and death there was no difference between the two groups(Hogan 
etal., 2008).In the largest RCT comparing salin and bicarbonate, No differences between two 
groups was shown (Maioli etal., 2008). In another retrospective study including 7977 
patients it was shown that the risk of CIN in sodium bicarbonate is significantly higher than 
salin group (From etal., 2008).We showed that addition of sodium bicarbonate to isotonic 
salin added no benefit to isotonic salin alone in preventing CIN (Vasheghani-Farahani etal., 
2009).These controversial results and heterogeneity of studies make it difficult to be able to 
extract a conclusion that bicarbonate is even equal to salin in preventing CIN.  

4.3 N-Acetyl Cysteine (NAC) 
The main mechanism of NAC may be due to its known antioxidant peculiarity. It may 
diminish the oxidative stress markers ((Drager etal., 2004; Efrati etal., 2003) and / or its 
vasodilatory effect (Fishbane etal., 2004; Stenstorm etal., 2008).CM decrease urinary nitric 
oxide and NAC may inhibit this effect of CM. But it has been shown that NAC has no effect 
on F2- isoprostane a known marker of oxidative stress (Efrati etal., 2003).  
NAC has wide first-pass metabolism, so its bioavailability will be very low if it is 
administered orally. Meanwhile many centers use oral NAC without any evidence-based 
guidelines (Marenzi etal., 2006b).  The drug has also wide intra-patient variation. Its half-life 
after intravenous injection is 40 minutes. It has wide plasma and tissue protein binding. 
After oral or intravenous administration of NAC the drug cannot be detected in systemic 
circulation. So its effectiveness may be due to secondary effects like induction of glutathione 
synthesis rather than its direct effect. Because there are no tool to measure these secondary 
effects, no optimal dose of NAC can be defined and the dose of drug for prevention of CIN 
is empirical.  
Clinically the use of NAC was controversial from the early time. Positive and negative 
results about NAC have created confusions about the role of this agent in CIN prophylaxis 
protocols. When the first report of NAC was published by Tepel and his coworkers (Tepel 
etal., 2000), it caused a universal trend to use NAC in all patients have been taking CM. 
They showed significant decrease in the rate of CIN in patients on NAC (2% Vs 12%). Since 
then many studies have been conducted with contradictory results. Now After 12 years of 
use of NAC in prevention of CIN, there is no general consensus about this pharmacological 
agent. In last decade many RCTs, non-randomized studies and meta-analyses were 
performed with NAC (Alonso etal., 2004; Bagshaw etal., 2006, Bagshaw & Ghali, 2004; Birck 
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etal., 2003; Duong etal., 2005; Dzgoeva etal., 1995, Isenbarger etal., 2003; Kshirsagar etal., 
2004; Liu etal., 2005; Nallamothu etal., 2004; Onbasili etal., 2007; Pannu etal., 2004; Spargias 
et al., 2004; Zagler etal., 2006). Some of these studies showed that there is no positive effect 
for NAC in prevention of CIN (Onbasili etal., 2007; Spargias et al., 2004). On the other hand 
some meta-analyses showed effectiveness of NAC but the most of these meta- analyses had 
inconclusive results (Bagshaw etal., 2006; Nallamothu, 2004). In conclusion although huge 
data is available, the role of NAC in preventing CIN is moot yet. This discrepancy may be 
due to bias in the publishing of studies with positive results, so these studies should be 
considered with skepticism (Fishbane etal., 2008).  
In a study on patients with myocardial infarction high dose intravenous NAC (1200mg) was 
effective in prevention of CIN (Marenzi etal., 2006b). Surprisingly no patient in this study 
had received fluid for volume expansion. An interesting but confusing issue in studies about 
NAC is the decrement of serum creatinine after CM exposure (Baker etal., 2003; Drager etal., 
2004; Kay etal., 2003; Marenzi etal., 2006b). Probably NAC can decrease serum creatinine 
directly without affecting renal function (Drager etal., 2004). In this study the GFR of 
patients who were taken NAC four days before CM exposure was significantly higher than 
those patients were taken NAC only for two days. Interestingly this study and study of 
Hoffmann and coworkers showed that NAC may decrease serum creatinine in patients that 
had not received CM (Hoffmann etal., 2004). There are concerns that NAC with increasing 
tubular secretion of creatinine decreases the serum creatinine without any change in GFR. A 
recent meta-analysis found that NAC was more protective than saline infusion and the 
authors recommended the use of NAC because of its low cost, availability and paucity of 
side effects (Cigarroa etal., 1989). In contrast to this recommendation which is based on 
safety of the NAC, there is a report of anaphylactic reaction in 3-6% of patients receiving 
intra-venous NAC (Kanter, 2006). 
Briefly, NAC may increase GFR in normal patients and restore GFR in high risk patients for 
CIN. But it is not known whether these effects are due to direct protective effect of NAC on 
kidney or it is due to alteration in creatinine metabolism. Some studies reported good effect 
of NAC while others did not find such positive effects. 
In conclusion, there is no agreement about the NAC. Otherwise there is no guideline about 
the route of administration of NAC or the dose or the time of its administration. There is an 
important question whether its effect on serum creatinine is real or spurious. It is obvious 
that we need more good designed RCTs to solve these controversies.   

4.4 Type and dose of Contrast Media 
It is obvious that HOCM is associated with higher risk of CIN. So for prophylactic purposes 
it is recommended not to use this type of CM in any patients particularly in the patients 
with moderate or high risk of CIN. In analysis of present studies about the type of contrast, 
it is possible that different monomer CM have different toxic effects (Bettmann, 2005; 
Solomon etal., 2005). Up to now there is no evidence that CIN is more prevalent with LOCM 
than IOCM. There is a trend to use Iodixanol which is a dimeric IOCM (Barrett & Carlisle, 
1993). But different studies showed no superiority of this agent over the other IOCM or 
LOCM (Baker etal., 2003; Boccolandro etal., 2003; Briguori etal., 2005). Over all, it seems that 
there is no difference between LOCM and IOCM in regard of CIN. 
The other issue in preventing measures for CIN in the term of CM is the dose of the agent. 
So it is advised that the lowest possible dose of the CM should be administered in patients at 
risk of CIN. It is obvious that the higher the volume of the CM is associated with the higher 
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incidence of CIN (Cigarroa etal., 1989; Manske etal., 1990), but there is no magical dose of 
contrast to believe that below that dose, the CIN will not occur. The renal function is an 
important limiting factor for dose of CM. In study of Laskey etal. it was reported that if the 
volume of CM exceeded 3.7 times of creatinine clearance, the risk of CIN will be higher 
(Laskey eal., 2002). So the absolute value of contrast volume may be too low. There are 2 
formulas for calculating relatively the safe volume of CM according to renal function. 

 dose of CM 
5       
 

 ( )

ml contrast media
kg

mgserumcreatinine
dl

  (1) 

Or, 

 
300         

 
mlcontrast media

serumcreatinine
  (2) 

In any case the dose of contrast should not be exceeded by 300 ml. For IOCM and LOCM the 
dose may increase by 1.5 times. 

4.5 Other preventive strategies 
Several studies examined different pharmacologic agents to prevent CIN.  Studies about 
fenoldopam, dopamin, calcium channel blockers, atrial natriuretic peptide, L-arginine and 
statines   are inconclusive. Use of ATP-MgCl2 also failed to show beneficial effect. Mesna is 
another pharmacologic agent that can inhibit ROS related renal injury. 

4.5.1 Theophylin 
High level of adenosin is a possible mechanism for occurrence of CIN. It causes afferent 
arteriole vasoconstriction (Haller etal., 2004; Pflueger etal., 2000). Theophylin is a non 
specific antagonist of adenosin receptor, so it may theoretically be beneficial. Studies about 
the theophylin like studies of NAC are not conclusive. Few studies showed effectiveness 
of theophylin or aminophylin in prevention of CIN , but in a meta-analysis no positive effect 
of this drug was shown (Bagshaw & Ghali, 2005). So the routine use of theophylin is not 
recommended. In a study on patients in ICU, infusion of 200mg theophylin half an hour 
before contrast exposure was superior to NAC (Huber etal., 2006) but arythmogenesity of 
theophylin is a problem in coronary artery disease. It is possible that in the future, 
theophylin is replaced by a selective adenosin receptor antagonist with less toxicity and 
more effectiveness than theophylin in CIN prophylaxis protocols (Pflueger etal., 2000). 

4.5.2 Prostaglandin analogues 
Prostaglandin I1 and E1 may have some protective effects , but it is associated with severe 
hypotension. So their routine use is not suggested. Prostacyclin may also have such a role.  

4.5.3 Ascorbic acid 
Studies about the ascorbic acid are inconclusive (Briguori etal., Spargias etal., 2004). 3 grams 
of ascorbic acid 2 hours before contrast exposure and 2 grams at night and in the morning 
after procedure may decrease the risk of CIN (Spargias etal., 2004). 
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after procedure may decrease the risk of CIN (Spargias etal., 2004). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

134 

4.5.4 Trimetazidine 
This novel pharmacologic agent interferes with different metabolic pathways. It can prevent 
Ischemia-reperfusion injuries. In a RCT it was effective in preventing CIN (Onbasili etal., 
2007). 

4.5.5 Erythropoietin 
Erythropoietin may have some role in CIN prophylaxis. Its effect has been shown in some 
studies (Yokomaku etal., 2008).  

4.6 Renal replacement therapy 
The rationality for use of renal replacement therapy after contrast exposure is to remove the 
CM rapidly to prevent CIN (Frank etal., 2003; Marenzi etal 2003,2006b; Vogt, 2001).Each 
session of dialysis can remove 60-90% of administered CM (Deray etal., 2006). CM are 
totally eliminated by the kidneys. They are handled by the kidneys like Inulin. Different 
extracorporeal techniques can efficiently remove CM. So it is rational to use these techniques 
just after contrast exposure to prevent or reduce the risk of CIN. Recent study on severe 
CKD patients not on dialysis(GFR less than 15ml/min) comparing isotonic salin and 
prophylactic hemodialysis showed that patients on hemodialysis were discharged from the 
hospital while 5% of them need hemodialysis. Meanwhile, the rate of chronic dialysis at the 
time of discharge in salin group was 45% (Solomon etal., 2004). Nevertheless, other studies 
demonstrated that hemodialysis in patients with previous history of renal failure was not 
beneficial and the incidence of CIN will not be changed by this modality (Deray, 2006; Vogt, 
2001).One meta-analysis has supported this result (Cruz etal., 2006). Patients on dialysis do 
not also need dialysis after contrast exposure (Hamani etal., 1998; Morcos etal., 2002). 
 Only few study reported the prophylactic usefulness of hemodialysis (Lee etal., 2007;  
McCullough & Soman, 2005). But repeatedly it has been shown that hemodialysis has no 
role in preventing CIN (Cruz etal., 2006; deray, 2006; Marenzi etal., 2006b). In contrast to 
positive studies one RCT showed that prophylactic dialysis caused more reduction of renal 
function and these patients need more dialysis after exposure to contrast (Vogt etal., 2001). 
In one meta-analysis (Cruz etal., 2008), the beneficial effect of pre-procedural extracorporeal 
blood purification was obscure. 
It has been shown that serum creatinine four days after contrast exposure is less in dialysis 
group, but this difference was not significant.  
CRRT, hemodiafiltration (CVVHD) and hemofiltration are also evaluated in this regard 
(Gabutti etal., 2003, Marenzi etal., 2003). The only technique with enthusiasm was CVVH. 
But this procedure is very complex and expensive and even if further studies prove its 
efficacy in large clinical trials, it cannot be ordinarily used in clinic (Klarenbach etal., 2006).  
Overall, given the cost and logistic necessity of extra corporeal modalities, it is difficult to 
suggest routine use of these techniques in prophylactic protocols of CIN and further studies 
may show its advantage or disadvantage. 

4.7 Drugs which should be stopped before procedure 
At the time of planning for procedures with CM, all drugs which are taken by patients 
should carefully be reviewed. There is no RCT about the harmfulness of drugs, but 
generally speaking the following drugs may be associated with increased risk of CIN. 
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4.7.1 Non-Steroid Anti-Inflammatory Drugs (NSAIDs)  
Case reports and clinical experiences have shown that NSAIDs may increase the incidence 
of CIN. There is no difference between selective or non selective cycloxygenase inhibitors. 
They should be stopped several days before procedure. 

4.7.2 Antihypertensive agents 
No antihypertensive drug is contraindicated for patients that undergo for imaging with CM. 
But if they cause hypotension, the risk of CIN may be increased. The use of angiotensin 
converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) should not 
be stopped (Erley, 2006). Although In patients with serum creatinine 2 mg/dl or higher it 
may increase the rate of CIN. Cirit etal.  have reported an increased risk of CIN with ACEIs 
(Cirit etal., 2006), nonetheless another study showed its preventive effect (Dangas etal., 
2005).There is also a report that Captopril may cause decrease in incidence of CIN in 
diabetic patients(Gupta etal., 1999). 
There is no study about ARBs. 

4.7.3 Metformin 
Metformin causes lactic acidosis in patients with renal failure. Otherwise uncontrolled 
diabetes is a risk factor of CIN. There is no RCT about metformin and CIN. It is 
recommended to continue the use of the drug until the night before the procedure (Bailey 
etal., 1996). Others have suggested the continuation of metformin in patients with normal 
renal function. If metformin is stopped, it is better to start it again when the physician is sure 
that CIN has not been happened. 

4.7.4 Diuretics 
Use of furosemide, manitol and endothelial receptor antagonists were associated with 
increased risk of CIN (Anto etal., 1981; Solomon etal., 1994; Weisberg etal., 1994).Forced 
diuresis increases the risk of CIN. Although there is no RCT about diuretics, nevertheless it 
is not theoretically rational to expand the volume from one hand and to contract it from the 
other hand. So it is recommended to discontinue diuretics 12 hours before the procedure 
and to restart it 24 hours after that. 

4.7.5 Manitol 
Like diuretics it may increase the risk of CIN in patients with forced diuresis (Solomon etal., 
1994). The problem is raised in neurosurgical patients on manitol. It is suggested to stop the 
drugs several hours before CM administration and to monitor the hydration status of the 
patients very carefully (Erley, 2006) 

5. Tools for assessment of patients at risk of CIN 
In published study there is no controversy about the risk factors of CIN. But nearly all 
patients undergoing imaging with CM have more than one risk factor, so the investigators 
are looking for an innovative risk stratification model to detect the patients who are at a 
higher risk of CIN. There are different scoring tools that could detect the patients at risk of 
CIN before the procedure and accordingly the physicians can provide and modify the 
different preventive measures for these patients to decrease the risk of CIN.  
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Up to the present time there are two popular scoring models. Both of which have been 
introduced at 2004 and provide good tools for estimating the odds of the CIN. They are 
more or less similar with few differences in the terms of risk factors and scoring. According 
to the data of 8357 PCI patients, Mehran et al. determined the independent predictive factors 
of CIN and provided a scoring model for estimating potential risk of patients (Mehran etal., 
2004). Bartholomew et al. also suggested another risk stratification model at the same year 
(Bartholomew etal., 2004). They evaluated the data of 2047 patients and determined the risk 
factors and their risk scoring. Table 3 shows these two models comparatively. 
According to Mehran's model the risk score of less than 5 is associated with 7.2% risk of CIN 
and nearly no patients need dialysis (0.04%) but risk score more than 16 will increase the 
risk of CIN up to 57.7% and need to dialysis to 12.6%. 
 Bartholomew et al. reported no patients with risk score of less than 1 developed CIN and 
CIN had occurred in 25% of patients with risk score more than 9. 
In regards to risk stratification models, some factors are not predictable before the procedure 
(like need to balloon pump or volume of contrast), so according to these models it is 
impossible to estimate the exact reliable and accurate risk of CIN in every patient. 
 

Mehran model Bartholomew model 
Risk factor Point Risk factor point 
Hypotension(BP<80 mmHg)   5 Hypotension 1  
CHF 4 CHF 1 
Intra-aorta balloon pump 5 Intra-aorta balloon pump 2 
Diabetes 3 Diabetes 1 
Volume of contrast 1(/ each100cc) Volume of contrast(>260cc/) 1 
Previous CKD:  
Serum Creatinine> 132 mmol/L 
Or: 
GFR 40-60 ml/min 
GFR 20-40 ml/min 
GFR <20 ml/min 

 
4 
 
2 
4 
6 

Creatinine clearance<60ml/min 2 

Anemia 3 Peripheral vascular disease 1 
Age > 75 years 4 Emergent PCI 2 

Table 3. Two most popular risk starfication models of cin 

6. Recommendations 
Until more accurate and universally accepted guidelines are developed, following 
recommendations which are based on different studies are useful in preventing CIN.The 
important issue is how to find the patients at risk before imaging procedures. There are 
some recommendations in this regard. 
The American Radiology College (ARC) has suggested the measurement of serum creatinine 
in all patients who are suspected of having renal disease or those at risk of nephrotoxicity 
before the procedure (The committee on drugs and contrast media of the American College 
of Radiology, 2010). The patients at risk are those with a positive answer to any of the 
following statements: history of renal disease (including tumor or transplantation), familial 
history of renal disease, on diabetes therapy, having paraproteinemia disorders, having 
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collagen vascular disease, taking specific drugs such as metformin or NSAIDs or 
Nephrotoxic antibiotics. The ESUR has also recommended to measure serum creatinine in 
some specific patients (Thomsen & Morcos, 2005). Accordingly, the patients with a history 
of renal disease, renal surgery, proteinuria, hypertension, diabetes, gout, recent use of 
nephrotoxic drugs are considered high risk patients. The Urogenital Radiology Association 
also suggests that serum creatinine should be measured in all patients with history of 
chronic renal failure or those who are candidates for intra-arterial angiography or patients 
with at least one positive answer to the questioner (Thomsen & Morcos, 2006). 99% of 
patients with negative answers to all questions had serum creatinine less than 1.7 mg/dl 
(Thomsen, 2005).A good alternative surrogate marker to the serum creatinine is to measure 
GFR according to one of the MDRD formulas in all patients with any risk factors of CIN, 
because the serum creatinine has limitation to find CKD patients. 
After finding the high risk patients there are some different preventive measures for people 
at different risks. But some general recommendations should be taken into account for all 
patients whether they have risk factor(s) or not. 

6.1 General recommendations for all patients taking CM 
1. Evaluation of risks in all patients planned to take CM. 
2. Measurement of serum creatinine in all high risk patients before and after 

procedure. 
3. List the risk factors according to present risk score models. 
4. Encouraging all patients to drink water before procedure. 
5. All patients should be taken LOCM or IOCM. 
6. The dose of CM should be as low as possible.  
7.  Continuing use of angiotensin converting enzyme inhibitors and angiotensin receptor 

blockers is not contraindicated  
8. NSAIDS should be stopped several days before procedure. 
9. Use of furosemide and manitol should be stopped 12-24 hours before CM 

administration. 
10. Stop metformin the night before procedure until ensure of not happening CIN. 
11. No repetition of procedure until to be sure that CIN has not been developed. 

6.2 Recommendations for low risk patients 
(Normal renal function and risk score≤5 according to Mehran's score) 
1. All recommendations for no risk patients 
2. Oral hydration (at least 500cc pre-procedure and 2500cc within 24 hours post 

procedure) 
3. Intravenous isotonic salin in patients who are not taking oral intake at rate of 1 

ml/kg/hour starting 4 hours before procedure and continuing at least for 6 hours post 
procedure . It is best to continue the hydration for 24 hours after procedure. 

4. No repetition of procedure until serum creatinine returns to base value. 

6.3 Recommendation for moderate risk patients 
(Patients with CKD1-3 and/or risk score 5-15 according to Mehran's score) 
1. All recommendations for low risk patients 
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2. Delaying the procedure in volume depleted patients or those who have blood 
circulation collapse or patients with CHF until stability of hemodynamic is achieved. 

3. Infusion of 0.45% salin in patients at risk of volume overload. 
4. If the time to procedure is less than 6 hours (in emergent angiography) a simultaneous 

administration of oral and IV Fluid with the dose of 3 ml/kg/hour and maximum 300cc 
fluid/hour is recommended. The fluid administration should be started one hour 
before procedure. After procedure the fluid is continued with the rate of 1 ml/kg/hr for 
12 hours. 

5. Use of NAC 1200mg twice daily in the day and day after the procedure. In emergency 
situations use of 1200mg intravenous bolus of NAC instead of first oral dose is 
appropriate. 

6. Measurement of serum creatinine 24-48 hours after procedure in patients with 
moderate and severe risk factors 

6.4 Recommendations for high risk patients 
(CKD4-5 and/or risk score >15 according to Mehran's score) 
1. All recommendations in moderate risk patients 
2. Nephrology consultation 
3. Use of hydration should be individualized according to volume status of each patient 

with considering overload hazards. 
4. In ICU patients use of 200mg theophylin 30minutes before procedure, particularly if 

hydration protocol could not completely be follow. But remember the side effects of this 
drug.  

7. Anaphylactic reactions 
Anaphylactic reactions to CM are well known from the early use of these agents. These 
reactions are dermal allergic type reactions, edema, pulmonary edema, angina pectoris, 
arrhythmia and hypertension crisis. Mostly these side effects are mild and there is no need 
to treatment. The occurrence of the serious side-effects is within 20 minutes of CM 
administration. They are exhibited by nausea and vomiting, urticaria, pulmonary edema, 
bronchospasm, laryngospasm, hypotension, tachycardia, vaso-vagal responses and seizure.      
 In last decade the reactions to CM have significantly decreased from 5-12% to 0.2-0.7% 
(Sayol & Bush, 2011). It may be due to shift from HOCM to LOCM and IOCM. Anaphylactic 
reaction to HOCM is more than LOCM.  Ionicity is also a cause of reaction to these agents 
and nonionic monomers are less anaphylactic. These reactions are either chemotoxic or 
Anaphylactic (Idio or nonidiosynchratic).The chemotoxic reaction is related to 
physicochemical property of CM and its severity is dependent on the dose and 
concentration of the agent. 
The mechanisms of anaphylactic reaction are not well understood. Histamine, Leukotriens, 
Basophiles and prostaglandins may be mediators of this type reaction. It is unlike that 
antigen- antibody interaction plays any role. 
Aging, history of allergy and asthma and previous history of reaction to CM, are the risk 
factors of anaphylactic reactions. The patients with CKD, cardiovascular disease and 
epilepsy are also at increased risk. Beta blockers may increase the threshold and severity of 
anaphylactic reactions (Kadivar & McClennan, 2010). 
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Treatment of anaphylactic reactions is mostly supportive. In mild reactions anti histaminic 
drugs are effective, but in more severe cases use of short acting steroids is mandatory and 
even some critical care facilities may be necessary.  

8. Alternatives to Contrast Media 
Very high risk patients may be in need for other imaging techniques rather than using 
contras media. One of these agents is Carbone dioxide which may be a good alternative to 
iodinated CM. It may be used solely or in conjunction with low dose of iodinated CM. The 
procedure is simple and the quality of images is good. With using modern technologies such 
as digital subtract angiography the nephrotoxicity of this method is neglectable (Kessel etal., 
2002; Liss etal., 2005; Shaw & Kessel, 2006).  
The other alternative is magnetic resonance angiography (MRA). Its main complication in 
renal failure is nephrogenic systemic fibrosis (NSF). SO in patients with moderate to severe 
renal failure it is contraindicated and in patients with mild renal failure its use is cautiously 
recommended.  

9. Conclusion 
Contrast agents are associated with many complications. There are two more prevalent and 
important complications related to contrast media: allergic reactions and CIN. The allergic 
reactions are preventable by knowing the high risk patients and premedication with steroids 
and antihistamines. 
The most important complication of contrast agents is CIN, which is usually a mild to 
moderate AKI that is rapidly recovered. But it could be associated with increased significant 
morbidity and mortality. There is no treatment for developed CIN, so it should be 
prevented by some measures. The proved modalities for prevention of CIN are saline 
administration, the lowest possible dose of CM, and use of IOCM or LOCM. 
All patients at risk should be evaluated carefully before the procedures with CM and the 
risk factors should be stratified according to available risk stratification models. 
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2. Delaying the procedure in volume depleted patients or those who have blood 
circulation collapse or patients with CHF until stability of hemodynamic is achieved. 

3. Infusion of 0.45% salin in patients at risk of volume overload. 
4. If the time to procedure is less than 6 hours (in emergent angiography) a simultaneous 

administration of oral and IV Fluid with the dose of 3 ml/kg/hour and maximum 300cc 
fluid/hour is recommended. The fluid administration should be started one hour 
before procedure. After procedure the fluid is continued with the rate of 1 ml/kg/hr for 
12 hours. 

5. Use of NAC 1200mg twice daily in the day and day after the procedure. In emergency 
situations use of 1200mg intravenous bolus of NAC instead of first oral dose is 
appropriate. 

6. Measurement of serum creatinine 24-48 hours after procedure in patients with 
moderate and severe risk factors 

6.4 Recommendations for high risk patients 
(CKD4-5 and/or risk score >15 according to Mehran's score) 
1. All recommendations in moderate risk patients 
2. Nephrology consultation 
3. Use of hydration should be individualized according to volume status of each patient 

with considering overload hazards. 
4. In ICU patients use of 200mg theophylin 30minutes before procedure, particularly if 

hydration protocol could not completely be follow. But remember the side effects of this 
drug.  

7. Anaphylactic reactions 
Anaphylactic reactions to CM are well known from the early use of these agents. These 
reactions are dermal allergic type reactions, edema, pulmonary edema, angina pectoris, 
arrhythmia and hypertension crisis. Mostly these side effects are mild and there is no need 
to treatment. The occurrence of the serious side-effects is within 20 minutes of CM 
administration. They are exhibited by nausea and vomiting, urticaria, pulmonary edema, 
bronchospasm, laryngospasm, hypotension, tachycardia, vaso-vagal responses and seizure.      
 In last decade the reactions to CM have significantly decreased from 5-12% to 0.2-0.7% 
(Sayol & Bush, 2011). It may be due to shift from HOCM to LOCM and IOCM. Anaphylactic 
reaction to HOCM is more than LOCM.  Ionicity is also a cause of reaction to these agents 
and nonionic monomers are less anaphylactic. These reactions are either chemotoxic or 
Anaphylactic (Idio or nonidiosynchratic).The chemotoxic reaction is related to 
physicochemical property of CM and its severity is dependent on the dose and 
concentration of the agent. 
The mechanisms of anaphylactic reaction are not well understood. Histamine, Leukotriens, 
Basophiles and prostaglandins may be mediators of this type reaction. It is unlike that 
antigen- antibody interaction plays any role. 
Aging, history of allergy and asthma and previous history of reaction to CM, are the risk 
factors of anaphylactic reactions. The patients with CKD, cardiovascular disease and 
epilepsy are also at increased risk. Beta blockers may increase the threshold and severity of 
anaphylactic reactions (Kadivar & McClennan, 2010). 

 
Risks and Complication of Coronary Angiography: Contrast Related Complications 

 

139 

Treatment of anaphylactic reactions is mostly supportive. In mild reactions anti histaminic 
drugs are effective, but in more severe cases use of short acting steroids is mandatory and 
even some critical care facilities may be necessary.  

8. Alternatives to Contrast Media 
Very high risk patients may be in need for other imaging techniques rather than using 
contras media. One of these agents is Carbone dioxide which may be a good alternative to 
iodinated CM. It may be used solely or in conjunction with low dose of iodinated CM. The 
procedure is simple and the quality of images is good. With using modern technologies such 
as digital subtract angiography the nephrotoxicity of this method is neglectable (Kessel etal., 
2002; Liss etal., 2005; Shaw & Kessel, 2006).  
The other alternative is magnetic resonance angiography (MRA). Its main complication in 
renal failure is nephrogenic systemic fibrosis (NSF). SO in patients with moderate to severe 
renal failure it is contraindicated and in patients with mild renal failure its use is cautiously 
recommended.  

9. Conclusion 
Contrast agents are associated with many complications. There are two more prevalent and 
important complications related to contrast media: allergic reactions and CIN. The allergic 
reactions are preventable by knowing the high risk patients and premedication with steroids 
and antihistamines. 
The most important complication of contrast agents is CIN, which is usually a mild to 
moderate AKI that is rapidly recovered. But it could be associated with increased significant 
morbidity and mortality. There is no treatment for developed CIN, so it should be 
prevented by some measures. The proved modalities for prevention of CIN are saline 
administration, the lowest possible dose of CM, and use of IOCM or LOCM. 
All patients at risk should be evaluated carefully before the procedures with CM and the 
risk factors should be stratified according to available risk stratification models. 
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1. Introduction 
Cardiac catheterization was primarily a diagnostic procedure that was used to evaluate 
hemodynamics, ventricular function, and coronary anatomy. However, the introduction of 
improved angioplasty equipment and new interventional devices in the 1980s made 
catheterization an important tool in the treatment of cardiovascular disease. 
Although diagnostic catheterization and percutaneous coronary intervention are done by 
skin puncture rather than incision, and under local rather than general anesthesia, they can 
cause a variety of adverse events, ranging from minor problems without long-term sequelae 
to major complications requiring immediate corrective action. Furthermore, newer 
interventional procedures may be associated with different and, in some cases, more 
frequent complications. 

2. Major complications 
The risk of producing a major complication (death, myocardial infarction, or major 
embolization) during diagnostic cardiac catheterization is generally well below 1 percent. As 
a result, the risk-to-benefit ratio still favors performing this procedure as a part of the 
evaluation of potentially fatal or lifestyle limiting cardiac disease. 
The risk of an adverse event, for the individual patient, is dependent upon demographics, 
cardiovascular anatomy, clinical circumstances including comorbidities, the experience of 
the operator, and the type of procedure being performed (table 1 A-C) [1]. Severe peripheral 
artery disease is a risk factor for all of the major complications. 

2.1 Death  
Death following diagnostic cardiac catheterization is now rare. Compared with the 1 percent 
mortality rate seen in the 1960s, the second registry of the Society for Cardiac Angiography 
revealed that the procedural mortality had fallen to 0.1 percent in the more than 200,000 
patients catheterized between 1984 and 1987 [2]. 
High-risk subgroups have been identified in multiple large series [1-9]: 
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  Percent 
Mortality 0.11 
Myocardial infarction 0.05 
Cerebrovascular accident 0.07 
Arrhythmia 0.38 
Vascular complications 0.43 
Contrast reaction 0.37 
Hemodynamic complications 0.26 
Perforation of heart chamber 0.28 
Other complications 0.28 
Total of major complications 1.70 

Noto, TJ Jr, Johnson, LW, Krone, R, et al. Cardiac catheterization 1990: A report of the Registry of the 
Society for Cardiac Angiography and Interventions (SCA&I). Cathet Cardiovasc Diagn 1991; 24:75.  

Table 1. (A): Risk of cardiac catheterization and coronary angiography (based on 59,792 
patients) 

 
Variable Odds ratio 

Moribund 10.22 
Shock 6.52 
Acute MI <24 h 4.03 
Renal insufficiency 3.30 
Cardiomyopathy 3.29 
Aortic valve disease 2.72 
Mitral valve disease 2.33 
Heart failure 2.33 
New York Heart Association Functional 
   Class I 1.00 
   Class II 1.15 
   Class III 1.32 
   Class IV  1.52 
Hypertension 1.45 
Unstable angina 1.42 
Outpatient/inpatient 0.63 

Moribund indicates a patient who responds poorly due to a life threatening condition.  
MI: myocardial infarction. 
Scanlon, PJ, Faxon, DP, Audet, AM, et al, J Am Coll Cardiol 1999; 33:1756. 

Table 1. (B): Multivariate predictors of major complications of coronary angiography (based 
on 58,332 procedures) 
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Acute renal failure 

Chronic renal failure secondary to diabetes 

Active gastrointestinal bleeding 

Unexplained fever, which may be due to infection 

Untreated active infection 

Acute stroke 

Severe anemia 

Severe uncontrolled hypertension 

Severe symptomatic electrolyte imbalance 

Severe lack of cooperation by patient due to psychological or severe systemic illness 

Severe concomitant illness that drastically shortens life expectancy or increases risk of 
therapeutic interventions 

Refusal of patient to consider definitive therapy such as PTCA, CABG, or valve 
replacement 

Digitalis intoxication 

Documented anaphylactoid reaction to angiographic contrast media 

Severe peripheral vascular disease limiting vascular access 

Decompensated heart failure or acute pulmonary edema   

Severe coagulopathy 

Aortic valve endocarditis 

PTCA: percutaneoas transluminal coronary angioplasty; CABG: coronary artety bypass graft.  
Scanlon, PJ, Faxon, DP, Audet, AM, et al, J Am Coll Cardiol 1999; 33:1756. 

Table 1. (C): Relative contraindications to coronary angiography 

 Patients with valvular heart disease, chronic kidney disease, diabetes mellitus requiring 
insulin therapy, peripheral artery disease, cerebrovascular disease, and pulmonary 
insufficiency all appear to have an increased incidence of death and major 
complications from cardiac catheterization. Mortality is especially high in those with 
preexisting renal insufficiency who have further deterioration of renal function within 
48 hours after the procedure, particularly when dialysis is required [10]. 

 A similar increase in risk is seen with severe disease of the left main coronary artery 
(compared to single vessel disease) and with a left ventricular ejection fraction (LVEF) 
below 30 percent (compared to an LVEF above 50 percent). 

 Age above 60 years and below one year and women have an increased mortality rate 
after catheterization. 

 New York Heart Association functional class IV is associated with an almost tenfold 
increase in mortality compared with classes I and II (table 2). 
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Class 
New York Heart 

Association functional 
classification

Canadian Cardiovascular Society 
functional classification Specific activity scale 

I 

Patients with cardiac 
disease but without 

resulting limitations of 
physical activity. Ordinary 
physical activity does not 

cause undue fatigue, 
palpitation, dyspnea, or 

anginal pain. 

Ordinary physical activity, such 
as walking and climbing stairs, 
does not cause angina. Angina 

with strenuous or rapid 
prolonged exertion at work or 

recreation. 

Patients can perform to 
completion any activity 
requiring ≥7 metabolic 

equivalents, eg, can carry 
24 lb up eight steps; do 
outdoor work (shovel 
snow, spade soil); do 
recreational activities 

(skiing, basketball, squash, 
handball, jog/walk 5 mph). 

II 

Patients with cardiac 
disease resulting in slight 

limitation of physical 
activity. They are 

comfortable at rest. 
Ordinary physical activity 

results in fatigue, 
palpitation, dyspnea, or 

anginal pain. 

Slight limitation of ordinary 
activity. Walking or climbing 
stairs rapidly, walking uphill, 
walking or stair climbing after 

meals, in cold, in wind, or when 
under emotional stress, or only 

during the few hours after 
awakening. Walking more than 

two blocks on the level and 
climbing more than one flight of 
ordinary stairs at a normal pace 

and in normal conditions. 

Patients can perform to 
completion any activity 
requiring ≤ 5 metabolic 
equivalents, eg, have 

sexual intercourse without 
stopping, garden, rake, 

weed, roller skate, dance 
fox trot, walk at 4 mph on 
level ground, but cannot 

and do not perform to 
completion activities 

requiring ≥ 7 metabolic 
equivalents. 

III 

Patients with cardiac 
disease resulting in 

marked limitation of 
physical activity. They are 
comfortable at rest. Less 
than ordinary physical 
activity causes fatigue, 

palpitation, dyspnea, or 
anginal pain. 

Marked limitation of ordinary 
physical activity. Walking one to 

two blocks on the level and 
climbing more than one flight in 

normal conditions. 

Patients can perform to 
completion any activity 
requiring ≤ 2 metabolic 
equivalents, eg, shower 

without stopping, strip and 
make bed, clean windows, 
walk 2.5 mph, bowl, play 

golf, dress without 
stopping, but cannot and 

do not perform to 
completion any activities 
requiring > 5 metabolic 

equivalents. 

IV 

Patient with cardiac 
disease resulting in 

inability to carry on any 
physical activity without 
discomfort. Symptoms of 
cardiac insufficiency or of 
the anginal syndrome may 
be present even at rest. If 
any physical activity is 

undertaken, discomfort is 
increased.

Inability to carry on any physical 
activity without discomfort - 

anginal syndrome may be present 
at rest. 

Patients cannot or do not 
perform to completion 
activities requiring > 2 
metabolic equivalents. 

Cannot carry out activities 
listed above (Specific 

activity scale III). 

Table 2. Comparison of three methods of assessing cardiovascular disability 
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2.2 Myocardial infarction 
Although periprocedural myocardial ischemia is fairly common, infarction is rare. The 
general risk of myocardial infarction (MI) in most series is less than 0.1 percent [2-7]. 
However, the risk of precipitating an MI in an individual patient is influenced by patient-
related and technique-related factors. Risk factors that predispose patients to MI during the 
procedure include:  
 Recent non-ST elevation acute coronary syndrome. 
 Extension of disease (0.17 percent with left main coronary disease versus 0.06 percent in 

single vessel disease) [2]. 
 Diabetes mellitus requiring insulin therapy [1]. 

2.3 Stroke and transient ischemic attack  
A stroke is a rare but potentially devastating complication of cardiac catheterization. The 
incidence of stroke was 0.07 to 0.10 percent in an analysis of two large databases [2,11] and 
has more recently been reported to be as high as 0.2 to 0.4 percent [12]. Risk factors for 
stroke include the severity of coronary artery disease, the length of fluoroscopy time, 
diabetes, hypertension, prior stroke, or renal failure [11,12]   
Stroke and transient ischemic attacks are thought to be caused by disruption of 
atheromatous plaques on the walls of the aorta. The risk of intracerebral hemorrhage is 
increased in those receiving anticoagulation or thrombolytic therapy as well as with any  of 
the following: age ≥75 years; female sex; systolic blood pressure ≥160 mmHg; black race; and 
low body weight (table 3). Based on the number of the risk factors present, the rate of 
intracerebral hemorrhage varies from less than 1 percent to more than 4 percent.  
 

Risk Factors* 
Age ≥75 years 
Black race 
Female sex 
Prior history of stroke
Systolic blood pressure ≥160 mmHg
Weight ≤65 kg for women or ≤80 kg for men
INR >4 or PT >24•
Use of alteplase (versus other thrombolytic agent)

Risk score Rate of intracranial hemorrhage, percent
0 or 1 0.69

2 1.02
3 1.63
4 2.49

≥5 4.11
* Each risk factor is worth 1 point if present, 0 points if absent. Points are added to determine the risk 
score. 
• INR: international normalized ratio; PT: prothrombin time. 

Brass, LM, Lichtman, JH, Wang, Y, et al. Intracranial hemorrhage associated with thrombolytic therapy 
for elderly patients with acute myocardial infarction: results from the cooperative cardiovascular 
project. Stroke 2000; 31:1802. 

Table 3. Cooperative cardiovascular project risk model for intracranial hemorrhage with 
thrombolytic therapy 
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Table 2. Comparison of three methods of assessing cardiovascular disability 
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2.2 Myocardial infarction 
Although periprocedural myocardial ischemia is fairly common, infarction is rare. The 
general risk of myocardial infarction (MI) in most series is less than 0.1 percent [2-7]. 
However, the risk of precipitating an MI in an individual patient is influenced by patient-
related and technique-related factors. Risk factors that predispose patients to MI during the 
procedure include:  
 Recent non-ST elevation acute coronary syndrome. 
 Extension of disease (0.17 percent with left main coronary disease versus 0.06 percent in 

single vessel disease) [2]. 
 Diabetes mellitus requiring insulin therapy [1]. 

2.3 Stroke and transient ischemic attack  
A stroke is a rare but potentially devastating complication of cardiac catheterization. The 
incidence of stroke was 0.07 to 0.10 percent in an analysis of two large databases [2,11] and 
has more recently been reported to be as high as 0.2 to 0.4 percent [12]. Risk factors for 
stroke include the severity of coronary artery disease, the length of fluoroscopy time, 
diabetes, hypertension, prior stroke, or renal failure [11,12]   
Stroke and transient ischemic attacks are thought to be caused by disruption of 
atheromatous plaques on the walls of the aorta. The risk of intracerebral hemorrhage is 
increased in those receiving anticoagulation or thrombolytic therapy as well as with any  of 
the following: age ≥75 years; female sex; systolic blood pressure ≥160 mmHg; black race; and 
low body weight (table 3). Based on the number of the risk factors present, the rate of 
intracerebral hemorrhage varies from less than 1 percent to more than 4 percent.  
 

Risk Factors* 
Age ≥75 years 
Black race 
Female sex 
Prior history of stroke
Systolic blood pressure ≥160 mmHg
Weight ≤65 kg for women or ≤80 kg for men
INR >4 or PT >24•
Use of alteplase (versus other thrombolytic agent)

Risk score Rate of intracranial hemorrhage, percent
0 or 1 0.69

2 1.02
3 1.63
4 2.49

≥5 4.11
* Each risk factor is worth 1 point if present, 0 points if absent. Points are added to determine the risk 
score. 
• INR: international normalized ratio; PT: prothrombin time. 

Brass, LM, Lichtman, JH, Wang, Y, et al. Intracranial hemorrhage associated with thrombolytic therapy 
for elderly patients with acute myocardial infarction: results from the cooperative cardiovascular 
project. Stroke 2000; 31:1802. 

Table 3. Cooperative cardiovascular project risk model for intracranial hemorrhage with 
thrombolytic therapy 
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Meticulous attention to technical factors such as wire and catheter exchanges is mandatory 
in all patients, regardless of risk. Transient neurologic deficits may also result from the 
injection of high osmolar contrast agents into the carotid or vertebral arteries. The majority 
of patients with a periprocedural stroke have an unfavorable neurologic outcome and, in 
one study, the in-hospital mortality was 32 percent [11]. 

2.4 Role of valvular aortic stenosis 
The risk of stroke may be particularly high in patients with valvular aortic stenosis (AS) who 
undergo retrograde catheterization of the aortic valve [13,14]. This was demonstrated in a 
study of 152 patients with severe AS (mean age 71 years) who were randomly assigned to 
cardiac catheterization with or without catheter passage through the valve [13]. The 
following findings were noted:  
 Detailed neurologic examination done before and after the catheterization 

demonstrated clinically apparent deficits in 3 percent of those who underwent 
retrograde catheterization, but in none of the other patients.  

 Cranial MRI done before and after the catheterization demonstrated focal lesions 
consistent with cerebral emboli in 22 percent of those who underwent retrograde 
catheterization of the aortic valve, but in none of the patients who did not. 

As a result, retrograde catheterization should be performed with caution in patients with 
severe calcific AS and only when the information sought cannot be reliably obtained 
noninvasively [14]. 

2.5 Asymptomatic embolic events  
The incidence of stroke after cardiac catheterization was 0.07 to 0.10 percent in an analysis of 
two large databases [2,11]. However, asymptomatic embolic events are much more common 
[13,15,16].  
This was illustrated in a prospective study of 48 patients (mean age 62 years) who 
underwent cardiac catheterization and angiography and, in some patients, percutaneous 
coronary intervention; magnetic resonance imaging (MRI) was performed before and about 
24 hours after the procedure [15]. There were no embolic lesions on diffusionweighted 
imaging at baseline, but seven patients (15 percent) had nine cerebral infarcts after the 
procedure; all were asymptomatic. 
Similar findings were noted in a report of 47 unselected patients in whom transcranial 
Doppler was used to detect microemboli and MRI to detect new lesions [16]. The median 
number of solid (ie, not gaseous) microemboli was significantly higher with a transradial 
compared to a transfemoral access (57 versus 36). New MRI lesions occurred in 5 of 33 
patients (15 percent) after transradial catheterization, compared to none of nine after 
transfemoral catheterization. Most of the patients with new lesions remained asymptomatic.  
These observations suggest that catheter manipulation in the diseased aortic root releases 
small pieces of atherosclerotic debris more commonly than suspected, based upon the 
fortunately low incidence of clinically apparent stroke. The same principles presumably 
apply to peripheral embolism. 

3. Local vascular complications 
Local complications at the site of catheter insertion are among the most common problems 
seen after cardiac catheterization. 
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These problems may include acute thrombosis, distal embolization, dissection or poorly 
controlled bleeding (which may be manifested as free hemorrhage or contained hematoma 
in the femoral or retroperitoneal areas), pseudoaneurysm, or arteriovenous fistula. 
Hemorrhage and hematoma are usually evident within 12 hours after the procedure by 
virtue of local discomfort, hypotension, or falling hematocrit, which lead to confirmatory 
noninvasive testing (ultrasound or CT). In contrast, other complications such as 
pseudoaneurysm and arteriovenous fistula may not become apparent for days to weeks 
afterward. 

3.1 Hemostasis at the access site 
The traditional approach to catheter removal at the conclusion of cardiac catheterization       
was local hand-applied pressure for 15 to 30 minutes.  
Two alternative approaches are available: mechanical clamp compression and more 
importantly, arterial puncture closing devices: 

3.1.1 Mechanical clamp 
Mechanical clamp compression reduces the amount of staff time and effort required to 
assure hemostasis, and may reduce the rate of vascular complications. One trial randomly 
assigned 778 patients to hand applied pressure or mechanical clamp pressure; the latter 
reduced the frequency of ultrasound-defined femoral vascular complications (femoral artery 
thrombosis, echogenic hematoma, pseudoaneurysm, or arteriovenous fistulae formation) by 
63 percent [17]. However, clamping does not decrease the importance of having staff in 
attendance to ensure that the device is placed and remains in the correct position. 
The circumstances which may make mechanical clamps the preferred method of achieving 
hemostasis include procedures where longer hemostasis time is anticipated: larger sheaths, 
excessively anticoagulated patients, recognized hematoma, and dual antiplatelet therapy 

3.1.2 Closure devices  
Arterial puncture closing devices (APCDs) eliminate the need for prolonged arterial 
compression and reduce the subsequent interval of bed rest that is otherwise required. Two 
types of APCDs in clinical use include collagen hemostatic puncture closure devices [18-21] 
and suture-mediated devices [22]. 
APCDs may increase the risk of local vascular complications. In a meta-analysis of 30 trials 
including 4000 patients who underwent coronary angiography or PCI, nonsignificant 
increases in the incidence of groin hematoma, bleeding, and pseudoaneurysm formation 
were associated with use of these devices compared to manual compression [23]. When only 
those trials with an intention-to-treat analysis were included, the relative risks of groin 
hematoma and pseudoaneurysm formation were significantly increased (1.89 and 5.40, 
respectively). 
A larger meta-analysis that included 30 studies involving 37,066 patients concluded that the 
risk of complications depended upon the specific device used and whether the procedure 
was a diagnostic catheterization or a PCI [24]. In the overall analysis, there was a significant 
increase in risk with an APCD (odds ratio [OR] 1.34, 95% CI 1.01- 1.79). For reports limited 
to diagnostic studies, there were no significant differences between APCDs and mechanical 
compression, although there were trends toward fewer complications with the AngioSeal 
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noninvasive testing (ultrasound or CT). In contrast, other complications such as 
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Two alternative approaches are available: mechanical clamp compression and more 
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The circumstances which may make mechanical clamps the preferred method of achieving 
hemostasis include procedures where longer hemostasis time is anticipated: larger sheaths, 
excessively anticoagulated patients, recognized hematoma, and dual antiplatelet therapy 

3.1.2 Closure devices  
Arterial puncture closing devices (APCDs) eliminate the need for prolonged arterial 
compression and reduce the subsequent interval of bed rest that is otherwise required. Two 
types of APCDs in clinical use include collagen hemostatic puncture closure devices [18-21] 
and suture-mediated devices [22]. 
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to diagnostic studies, there were no significant differences between APCDs and mechanical 
compression, although there were trends toward fewer complications with the AngioSeal 
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device (OR 0.71) and toward more complications with the VasoSeal and Perclose devices 
(OR 1.85 and 1.51, respectively).   
For reports limited to PCI, there were no significant differences between APCDs and 
mechanical compression overall. However, there was a significant increase in vascular 
complications with the VasoSeal device (OR 2.52).   
Closure devices also increase the risk of local infection or endarteritis [25,26]. Although this 
complication is infrequent (0.3 percent in one series) [26], it can be serious when it occurs. 
Consideration should be given to periprocedural antibiotics in immunocompromised 
patients following prolonged arterial access or when sterility has been breached when a 
closure device is used. It may also be prudent for the operator to change gloves prior to 
using an arterial closure device. (See 'Infection' below.) An angiogram of the femoral artery 
should be performed prior to use of an APCD. Use ofclosure devices should be avoided if a 
hematoma has formed during the procedure, or in the presence of severe iliofemoral 
vascular disease, and when the access site is below the bifurcation of the superficial and 
profunda femoral arteries. 

3.1.3 Prior warfarin therapy  
Among patients who are being treated with warfarin, the optimal approach is to withhold 
warfarin and wait until the INR reaches 1.5 before proceeding with catheterization. When 
the procedure cannot be delayed, it has been suggested that, in patients with an INR of 2.0 
to 3.0, manual pressure hemostasis may be sufficient to prevent excess bleeding [27]. In 
patients with an INR >3.0, administration of fresh frozen plasma prior to arterial sheath 
removal may be warranted. The transradial approach may also be useful in such cases. The 
risk of local bleeding in warfarin-treated patients is likely to be greater in those undergoing 
PCI who are often treated with heparin, clopidogrel, and a glycoprotein IIb/IIIa inhibitor. 
These patients typically have longer intraarterial times and more manipulation of the 
arterial access site.increase in risk is seen with severe disease of the left main coronary artery 
(compared to single vessel disease) and with a left ventricular ejection fraction (LVEF) below 
30 percent (compared to an LVEF above 50 percent). 

3.2 Hematoma formation 
Hematoma formation is not uncommon in the soft tissue of the upper thigh and the patient 
should be advised that the development of a large area of ecchymosis is likely. Although 
most resolve over a period of days, femoral nerve compression can occur, which may take 
weeks to months to resolve. Patients should be advised to avoid strenuous activity or lifting 
heavy objects within the first week following arterial catheterization. Surgical repair for a 
hematoma is generally not required. 

3.2.1 Retroperitoneal extension 
If the arterial puncture occurs above the inguinal ligament, hematoma may extend into the 
retroperitoneal space, causing hypotension and ipsilateral flank pain. CT scanning or 
abdominal ultrasonography can help to establish the diagnosis. Treatment is usually 
conservative, consisting of bed rest and blood transfusion rather than surgical correction. 
Reversal of systemic anticoagulation may be indicated if bleeding persists or is associated 
with hemodynamic compromise.  

 
Complications of Cardiac Catetherization 

 

157 

3.3 Arteriovenous fistula 
Ongoing bleeding from the arterial puncture site may decompress into the adjacent venous 
puncture site, leading to the formation of an arteriovenous fistula. This complication may be 
recognized by the presence of a thrill or continuous bruit at the site of catheter insertion. 
Surgical repair is usually necessary, since fistulae tend to enlarge over time. The most 
common finding at surgery is a puncture site below the common femoral artery, which 
illustrates the importance of careful technique in avoiding this complication [1].  

3.4 Prior pseudoaneurysm 
If a hematoma remains in continuity with the arterial lumen, a pseudoaneurysm may 
develop with blood flow into and out of the hematoma cavity during systole and diastole. A 
pseudoaneurysm is most often recognized by the presence of a pulsatile mass with a systolic 
bruit over the catheter insertion site; it can be confirmed by duplex ultrasonography. Almost 
all pseudoaneurysms occur within the first three days after removal of the arterial sheath, 
and most of the remaining cases by seven days after sheath removal [28]. 
The main risk factor for pseudoaneurysm formation is an inadequate period of manual 
compression. This was illustrated in a series of 581 angiographic procedures involving 
transfemoral arterial catheterization [29]. A pseudoaneurysm occurred in 14 percent of the 
first 300 procedures in which standard manual compression was performed, compared to 
1.1 percent of the next 281 procedures when manual compression was continued for at least 
five minutes after local bleeding had stopped. 
Other risk factors include large bore sheaths, postprocedural anticoagulation, antiplatelet 
therapy during the intervention, age >65 years, obesity, hypertension, peripheral artery 
disease, hemodialysis, cannulation of the superficial rather than common femoral artery, 
and complex interventions [28-30].  
Surgical management should be performed when a pseudoaneurysm occurs at the site of a 
vascular anastomosis, becomes very large and threatens or causes skin necrosis, is 
expanding rapidly, occurs spontaneously, as it may be infected, or there is a failure of a 
minimally invasive procedure [30]. Expanding hematomas have a propensity towards 
eventual rupture, especially if the patient is maintained on anticoagulation [1,7,31,32].  
Treatment of smaller pseudoaneurysms may be accomplished with either direct ultrasound-
guided compression or with ultrasound-guided local injection of thrombin or collagen into 
the pseudoaneurysm cavity, which has a higher success rate [28,33-35]. Although an 
effective approach, ultrasound-guided compression is uncomfortable for both the patient 
and the person applying compression. 
The success rate of ultrasound-guided injection of bovine thrombin was illustrated in a 
series of 240 patients with simple or complex pseudoaneurysms [28]. The primary success 
rate was 96 percent with simple pseudoaneurysms and 89 percent with complex 
pseudoaneurysms. The secondary success rate was 99.6 percent (all but one patient). The 
authors also reviewed 34 studies with 1388 patients; the overall success rate was 97.2 
percent.  
The high success rate of ultrasound-guided injection has made it the treatment of choice for 
most postcatheterization pseudoaneurysms [30]. However, the procedure should not be 
performed when, as defined above, there is an indication for surgical management. 
In rare cases, pseudoaneurysms less than 2 cm can be managed conservatively and 
monitored by serial imaging to confirm spontaneous resolution.  
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eventual rupture, especially if the patient is maintained on anticoagulation [1,7,31,32].  
Treatment of smaller pseudoaneurysms may be accomplished with either direct ultrasound-
guided compression or with ultrasound-guided local injection of thrombin or collagen into 
the pseudoaneurysm cavity, which has a higher success rate [28,33-35]. Although an 
effective approach, ultrasound-guided compression is uncomfortable for both the patient 
and the person applying compression. 
The success rate of ultrasound-guided injection of bovine thrombin was illustrated in a 
series of 240 patients with simple or complex pseudoaneurysms [28]. The primary success 
rate was 96 percent with simple pseudoaneurysms and 89 percent with complex 
pseudoaneurysms. The secondary success rate was 99.6 percent (all but one patient). The 
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The high success rate of ultrasound-guided injection has made it the treatment of choice for 
most postcatheterization pseudoaneurysms [30]. However, the procedure should not be 
performed when, as defined above, there is an indication for surgical management. 
In rare cases, pseudoaneurysms less than 2 cm can be managed conservatively and 
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3.5 Arterial thrombosis 
Arterial thrombosis is rare and occurs slightly more often when the brachial approach is 
used [3,4]. Predisposing factors to femoral artery thrombosis include small vessel lumen, 
peripheral artery disease, diabetes mellitus, female sex, placement of a large diameter 
catheter or sheath (eg, intraaortic balloon pump), or a long catheter dwell time [2-7,31,32]. 
Patients with lower extremity pain or paresthesia, plus reduced or absent distal pulses not 
responding to catheter removal, should be evaluated for possible flow obstructing thrombus 
or dissection. Urgent vascular surgery or thrombectomy may be required for preservation of 
the limb. 

3.6 Radial artery access 
Local vascular complications appear to occur less frequently with radial artery access. This 
issue was best addressed in a meta-analysis that evaluated 12 randomized trials including 
3224 patients comparing radial with femoral access [36]. The risk of major adverse cardiac 
events was similar for the two approaches. Radial access was associated with a significantly 
lower incidence of access site complications (odds ratio 0.20, 95% CI 0.09-0.42), but a 
significantly higher rate of procedural failure (odds ratio 3.30. 95% CI 1.63-6.71), probably 
due to the specific technical skills required for this method. 

3.6.1 Integrity of the palmar arch 
Radial artery cannulation is associated with a 5 to 19 percent chance of radial artery 
occlusion [37]. This complication is not clinically important in most patients because the 
hand is perfused by both the radial and ulnar arteries with extensive collateral flow between 
the two. However, some patients have incomplete palmar arches, which may diminish 
collateral perfusion, possibly leading to hand ischemia in the presence of radial artery 
occlusion.  
The modified Allen test has traditionally been used to identify patients at increased risk 
from radial artery catheterization. However, many centers now use pulse oximetry and 
plethysmography.  
The modified Allen test, originally developed to evaluate patients with thromboangiitis 
obliterans, assesses the adequacy of collateral blood supply from the ulnar artery to the 
hand via the palmar arches. The test consists of the following steps: 
 The patient's hand is initially held high while the fist is clenched and both radial and 

ulnar arteries are compressed; this allows the blood to drain from the hand. 
 The hand is then lowered and the fist is opened. 
 After pressure is released over the ulnar artery, color should return to the hand within 

six seconds, indicating a patent ulnar artery and an intact superficial palmar arch. The 
test is considered abnormal if 10 seconds or more is required for color to return. 

In two large series of patients undergoing cardiac catheterization, an abnormal Allen test 
result was obtained in 6 and 27 percent [38,39]. The importance of an abnormal test was 
evaluated in a study of 55 patients undergoing coronary angiography, 20 of whom had an 
abnormal test [37]. After 30 minutes of subsequent radial artery occlusion, the patients with 
an abnormal test had significantly reduced blood flow to the thumb and an elevated thumb 
capillary lactate. 
Based upon such observations, radial artery catheterization is usually not performed in 
patients with an abnormal modified Allen test. A possible exception occurs in patients with 
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an excessive estimated risk from a femoral approach (eg, severe peripheral artery disease, 
large abdominal aortic aneurysm, morbid obesity) [37].  
The results of the modified Allen test can be altered by a number of factors, including 
overextension of the wrist, skin tension over the ulnar artery, and operator error. As a result, 
an appreciable number of false positive and false negative results have been reported [38]. 
As an alternative, many centers use a more direct assessment of blood flow to the thumb 
during radial artery occlusion, which can be accomplished with pulse oximetry and 
plethysmography [38,40]. 
The traditional modified Allen test was compared to pulse oximetry and plethysmography 
in a consecutive series of 1010 patients referred for diagnostic cardiac catheterization [38]. 
The modified Allen test was considered abnormal if palmar blanching persisted for ≥10 
seconds after release of ulnar compression. Plethysmography was observed for two minutes 
during radial artery compression. Plethysmography was characterized as follows: 
 A: no change in the amplitude of the pulse tracing during compression 
 B: reduction in amplitude with compression 
 C: loss of pulse tracing with initial compression, but recovery of flow during two 

minutes of compression (signifying development of collateral flow) 
 D: loss of pulse tracing with no recovery 
Patients in categories A, B and C were considered to have a patent ulnopalmar arch, and 
therefore eligible for radial catheterization. 
The modified Allen test was abnormal in significantly more patients than plethysmography 
(6.3 versus 1.5 percent). The authors concluded that plethysmography more accurately 
demonstrates the adequacy of the ulnopalmar arch, and that the modified Allen test may 
unnecessarily exclude some patients from radial artery catheterization. However, the 
number of patients who underwent radial artery catheterization was not reported, and the 
value of either test for predicting ischemic complications following radial artery 
catheterization was not assessed. 

4. Arrhythmias 
A variety of arrhythmias and conduction disturbances can occur during catheterization. The 
most common, ventricular premature beats, may be induced by catheter introduction into 
the right or left ventricle, and are generally without clinical importance or impact. 

4.1 Ventricular tachycardia or fibrillation 
Ventricular tachycardia or fibrillation is rare complications of catheterization, occurring in 
0.4 percent of cases in the second registry of the Society for Cardiac Angiography [2]. These 
arrhythmias may result from excess catheter manipulation or, more commonly, from 
intracoronary contrast injection. This complication occurs more commonly when ionic and 
hyperosmolar contrast agents are used. 

4.2 Atrial arrhythmias 
Atrial arrhythmias can be induced by cardiac catheterization, especially in response to 
catheter placement into or out of the right atrium during right heart catheterization. These 
arrhythmias usually do not require immediate treatment unless they produce ischemia or 
hemodynamic instability.  
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most common, ventricular premature beats, may be induced by catheter introduction into 
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4.1 Ventricular tachycardia or fibrillation 
Ventricular tachycardia or fibrillation is rare complications of catheterization, occurring in 
0.4 percent of cases in the second registry of the Society for Cardiac Angiography [2]. These 
arrhythmias may result from excess catheter manipulation or, more commonly, from 
intracoronary contrast injection. This complication occurs more commonly when ionic and 
hyperosmolar contrast agents are used. 
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catheter placement into or out of the right atrium during right heart catheterization. These 
arrhythmias usually do not require immediate treatment unless they produce ischemia or 
hemodynamic instability.  
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Atrial flutter is generally well tolerated and can be treated with burst atrial pacing, or 
electrical or pharmacologic cardioversion. Atrial fibrillation, on the other hand, can cause 
clinical sequelae in the setting of a rapid ventricular response or if the loss of atrial systole 
results in hypotension, as in a patient with mitral stenosis or diastolic ventricular 
dysfunction. Synchronized cardioversion should be performed immediately in patients who 
are hemodynamically unstable.  

4.3 Bradycardia 
Bradycardia commonly occurs during coronary angiography, most often at the end of the 
injection of ionic contrast into the right coronary artery. Forceful coughing helps to clear the 
contrast, support perfusion, and restore normal cardiac rhythmtachycardia or fibrillation is 
rare complications of catheterization, occurring in 0.4 percent of cases in the second registry of 
the Society for Cardiac Angiography [2]. These arrhythmias may result from excess catheter 
manipulation or, more commonly, from intracoronary contrast injection. This complication 
occurs more commonly when ionic and hyperosmolar contrast agents are used. 
Vasovagal reactions, which can include bradycardia, hypotension, yawning, and/or sweating, 
are seen in up to 3 percent of patients, particularly if they have pain or are anxious [2]. These 
reactions may occur with palpation or compression of the artery prior to needle access. 
Treatment usually consists of volume administration, atropine (0.5 to 1.0 mg intravenously), 
and removal of the painful stimulus. Patients with critical coronary or valvular disease may 
undergo irreversible decompensation from vagally-mediated hypotension. As a result, rapid 
reversal of hypotension is crucial in this setting.  

4.4 Conduction disturbances 
Conduction disturbances are a rare cause of bradycardia in the catheterization laboratory. 
Patients with pre-existing left bundle branch block may develop asystole with right heart 
catheterization. Patients with pre-existing right bundle branch block may develop asystole 
during left heart catheterization. Atropine is rarely helpful in patients who develop 
complete heart block, but its administration is still recommended. Coughing may help 
support the circulation while the right heart catheter is exchanged for a temporary pacing 
wire. Prophylactic placement of a temporary pacemaker is not necessary, even in patients 
with bundle branch block or intervention in the right coronary artery.  
Frank asystole is rare and there is generally sufficient time for insertion of a pacing wire 
through   a venous sheath [41]. 

5. Perforation of the heart or great vessels 
Perforation is an extremely rare complication of cardiac catheterization. Higher risk 
procedures are those that involve stiffer catheters, including transseptal catheterization, 
endomyocardial biopsy, balloon valvuloplasty, needle pericardiocentesis, and placement of 
a pacing catheter. Older adult women appear to be at particular risk. 
Cardiac perforation is generally heralded by bradycardia and hypotension due to vagal 
stimulation induced by blood in the pericardium. If the patient is hemodynamically stable, 
echocardiography is suggested to document the presence of blood in the pericardial space. 
However, emergent pericardiocentesis should be performed via the subxiphoid approach in 
the presence of hemodynamic instability. 
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Since pericardiocentesis is itself associated with complications, it is best performed under 
echocardiographic guidance or with pressure monitoring. In a study of 91 cases of acute 
tamponade during catheterization, pericardiocentesis was the only therapy necessary in 82 
percent [42]. 
Reversal of anticoagulation may cause blood in the pericardial space to "gel." As a result, we 
generally try to aspirate the majority of the blood in the pericardial space prior to the 
administration of protamine [1]. 

6. Allergic reactions  
Allergic reactions during catheterization may be precipitated by three agents: the local 
anesthetic, the contrast agent, or protamine sulfate.  

6.1 Local anesthetic 
In patients claiming previous reaction to a local anesthetic, the use of a preservative-free 
agent (such as bupivacaine or mepivacaine) may be a safe alternative [1]. 

6.2 Iodinated contrast agents 
Reaction to the contrast agent occurs in up to 1 percent of patients [2-7]. The risk of such a 
reaction is highest in patients with a history of prior contrast reactions. Other conditions, 
such as asthma and other atopic diseases, also confer some risk.  
There are several steps that can reduce the incidence of a reaction in a high-risk patient: 
 Premedication with corticosteroids and H1 antihistamines can reduce the incidence of a 

severe reaction (eg, bronchospasm or shock) to below 1 percent (table 4). 
 The patient should receive a nonionic contrast agent. The incidence of crossreactivity in 

patients who have had previous reactions to older agents is low, although all patients 
with previous reactions should be premedicated [1]. In the past, nonionic contrast 
agents were used selectively, given their higher cost.  

 

Prednisone 50 mg orally 13,7, and 1 h prior to procedure
[In children: 0.5 to 0.7 mg/kg orally, up to 50 mg]
Diphenhydramine 50 mg PO/IM/ or IV 1 h prior to procedure
[In children: 1.25 mg/kg orally, up to 50 mg]
Lower / iso-osmolar RCM should be recommended
Emergency therapy should be available

Table 4. Pretreatment for patients with previous adverse reactions to RCM 

However, the cost of nonionic contrast has fallen significantly. Thus, we recommend using 
nonionic contrast in all patients undergoing coronary angiography. 
If a severe reaction does occur, it should be treated in the same manner as anaphylaxis, and 
can be sometimes be reversed by using boluses of intravenous epinephrine (1:10,000 
epinephrine so that 1 mL = 0.1 mg). One mL of this solution should be administered 
approximately every minute until the arterial pressure is restored.  
However, the rapidity of dosing must be adjusted by the degree of hypotension and the 
level of assessed hypoperfusion. It is rare for a patient to require a total dose of more than 
1.0 mg (10 mL). 
Contrast-induced acute renal failure represents another complication that is discussed 
below.  
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6.3 Protamine 
Allergic reactions to protamine sulfate occur occasionally, more often in insulin-dependent 
diabetic patients who have received NPH insulin (which contains protamine) in the past [1]. 
The rapid administration of protamine sulfate can also provoke back pain of unknown 
etiology. 
In current practice, protamine is rarely administered. Most diagnostic catheterizations are 
done without heparin anticoagulation and in most interventional procedures the heparin is 
either allowed to wear off over the next two to three hours prior to sheath removal, or the 
sheath is removed in the fully anticoagulated state using an arterial closure device. 

7. Atheroembolism  
During the process of cardiac catheterization, atheromatous debris is often scraped from the 
aortic wall. This debris can cause systemic embolization, including cutaneous, renal, retinal, 
cerebral, and gastrointestinal emboli (photo 1 and photo 2 and photo 3). To minimize the 
risk of stroke or visual impairment, arterial catheter exchanges are best performed over a 
wire in the descending aorta at the level of the diaphragm (for closed loop catheters) and in 
the ascending aorta for angiographic catheters. Once arterial access has been obtained, the 
practice of readvancing the guidewire through the infrarenal aorta rather than exchanging it 
through a catheter should be avoided. 
 

 
Blue toes are a classic manifestation of peripheral embolization of atheromatous material from proximal 
arterial sources (eg, aorta); the pedal pulses are often normal. This patient, who has a 30-year history of 
type 1 diabetes and severe peripheral vascular disease, presented with foot pain and discoloration. 
Cholesterol microemboli from the aorta were suspected to be the cause.  

Photo 1. Blue toe syndrome 
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The high rate of release of atheromatous debris was illustrated in a series of 1000 patients 
undergoing percutaneous coronary intervention: 51 percent had aortic atheromatous 
material retrieved from the catheter after back flow of blood [43]. There were no associated 
in-hospital ischemic complications, probably due to sufficient withdrawal of blood 
containing the debris prior to the injection of contrast. 
The reported incidence of atheroembolic events varies from 0.6 to 0.9 percent in 
retrospective studies to 1.4 to 1.9 percent in prospective series [44].  
 

 
Patient with lupus and anti-phospholipid antibodies with livedo reticularis (manifested by a reddish-
cyanotic, reticular pattern of the skin) which has resulted in ulcer formation (arrows).  

Photo 2. Livedo reticularis 

The clinical features of atheroembolism after diagnostic cardiac catheterization were 
examined in a prospective evaluation of 1786 patients ≥40 years of age [45]. The following 
observations were made:  
 25 patients (1.4 percent) were diagnosed with atheroembolism; 12 had cutaneous signs 

(eg, "blue toes" syndrome, livedo reticularis) (photo 1 and photo 2) and 16 had acute 
renal failure that was considered to be atheroembolic in origin because it persisted for 
at least two weeks (while contrast nephropathy typically reverses within the first week).  

 Eosinophil counts were significantly higher in patients suffering from atheroembolism 
both before and after catheterization. 

 Four patients with atheroembolism died in hospital (16 percent); all had progressive 
renal dysfunction. The mortality rate was much lower (0.5 percent) in the patients 
without atheroembolism. 
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Photo 3. Hollenhorst plaque (cholesterol crystal, arrow) in retinal artery 

8. Acute renal failure  
There are three major causes of renal dysfunction related to cardiac catheterization: contrast-
induced acute renal failure, renal atheroemboli, and hemodynamic instability with renal 
hypoperfusion.  

8.1 Contrast nephropathy  
At least 5 percent of patients who undergo cardiac catheterization experience a transient rise 
in the plasma creatinine concentration of more than 1.0 mg/dL (88 micromol/L) due to 
contrast-induced renal dysfunction [46]. 
However, there is substantial variability in risk among patients, some of whom have a risk 
that exceeds 50 percent. The risk is greatest in patients with moderate to severe renal 
insufficiency and diabetes. 
The plasma creatinine concentration usually returns to baseline within seven days, and less 
than 1 percent of patients, usually diabetic patients with underlying severe chronic kidney 
disease, go on to require chronic hemodialysis.  
Nonionic low osmolal contrast agents are now administered for the majority of radiologic 
procedures using intravascular contrast media, as a result of increased patient tolerability and 
decreased hypersensitivity reactions. However, in patients at risk for contrast nephropathy, we 
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prefer the use of iso-osmolal agents (approximately 290 mosmol/kg) rather than low osmolal 
agents (500 to 850 mosmol/kg) because of a lower risk of contrast nephropathy.  
The 2007 focused update of the ACC/AHA/SCAI 2005 PCI guidelines recommended the use 
of iso-osmolal in preference to low osmolal agents in patients with chronic kidney disease [47]. 

8.2 Renal atheroemboli  
The kidney is one of the principal end organs that may be affected by atheroembolic events. 
(See 'Atheroembolism' above.) There are three main findings that suggest that atheroemboli 
rather than contrast nephropathy is responsible for the development of acute renal failure 
after catheterization:    
 The presence of other signs of embolization such as blue toes (photo 1), livedo reticularis 

(photo 2), Hollenhorst plaques in the retina (photo 3), and/or abdominal pain. 
 Transient eosinophilia and hypocomplementemia. 
 Persistent renal failure after seven days. 
In a review of 1786 consecutive patients undergoing cardiac catheterization, acute renal 
failure developed in 0.9 percent overall and in 64 percent of those with evidence of any 
atheroembolism [45]. In this report, acute renal failure was considered to be due to renal 
atheroembolism if it had persisted for at least two weeks, well beyond the time at which 
contrast nephropathy should have resolved. 

9. Infection  
Cardiac catheterization procedures are performed using sterile technique. Thus, both local 
infection and bacteremia are rare and endocarditis prophylaxis during cardiac 
catheterization is not recommended for patients with valvular disease. Infection is 
approximately 10 times more common with the brachial approach compared to the femoral 
approach (0.6 versus 0.06 percent) [2-7]. 
Infection control guidelines for the cardiac catheterization laboratory were updated in 2006 
by the Society for Cardiovascular Angiography and Interventions [48]. These guidelines 
emphasize the importance of handwashing caps, gowns, gloves, and masks to protect the 
patient against bacterial infection, and measures such as eye wear and vaccination for 
hepatitis B to protect laboratory personnel. 

10. Radiation exposure  
Patients undergoing diagnostic and interventional cardiac catheterization receive substantial 
radiation exposure.  

11. Endomyocardial biopsy 
Endomyocardial biopsy of right ventricular tissue is made using a relatively stiff catheter. 
Complications such as perforation of the heart or great vessels, life threatening arrhythmias, 
or heart block requiring permanent pacing occur uncommonly.  

12. Conclusions 
Cardiac catheterization is a common proceduce with very low incidence of complications 
nowadays. We can consider different kind of adverse events. On the one hand, the events 
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hypoperfusion.  

8.1 Contrast nephropathy  
At least 5 percent of patients who undergo cardiac catheterization experience a transient rise 
in the plasma creatinine concentration of more than 1.0 mg/dL (88 micromol/L) due to 
contrast-induced renal dysfunction [46]. 
However, there is substantial variability in risk among patients, some of whom have a risk 
that exceeds 50 percent. The risk is greatest in patients with moderate to severe renal 
insufficiency and diabetes. 
The plasma creatinine concentration usually returns to baseline within seven days, and less 
than 1 percent of patients, usually diabetic patients with underlying severe chronic kidney 
disease, go on to require chronic hemodialysis.  
Nonionic low osmolal contrast agents are now administered for the majority of radiologic 
procedures using intravascular contrast media, as a result of increased patient tolerability and 
decreased hypersensitivity reactions. However, in patients at risk for contrast nephropathy, we 
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prefer the use of iso-osmolal agents (approximately 290 mosmol/kg) rather than low osmolal 
agents (500 to 850 mosmol/kg) because of a lower risk of contrast nephropathy.  
The 2007 focused update of the ACC/AHA/SCAI 2005 PCI guidelines recommended the use 
of iso-osmolal in preference to low osmolal agents in patients with chronic kidney disease [47]. 

8.2 Renal atheroemboli  
The kidney is one of the principal end organs that may be affected by atheroembolic events. 
(See 'Atheroembolism' above.) There are three main findings that suggest that atheroemboli 
rather than contrast nephropathy is responsible for the development of acute renal failure 
after catheterization:    
 The presence of other signs of embolization such as blue toes (photo 1), livedo reticularis 

(photo 2), Hollenhorst plaques in the retina (photo 3), and/or abdominal pain. 
 Transient eosinophilia and hypocomplementemia. 
 Persistent renal failure after seven days. 
In a review of 1786 consecutive patients undergoing cardiac catheterization, acute renal 
failure developed in 0.9 percent overall and in 64 percent of those with evidence of any 
atheroembolism [45]. In this report, acute renal failure was considered to be due to renal 
atheroembolism if it had persisted for at least two weeks, well beyond the time at which 
contrast nephropathy should have resolved. 

9. Infection  
Cardiac catheterization procedures are performed using sterile technique. Thus, both local 
infection and bacteremia are rare and endocarditis prophylaxis during cardiac 
catheterization is not recommended for patients with valvular disease. Infection is 
approximately 10 times more common with the brachial approach compared to the femoral 
approach (0.6 versus 0.06 percent) [2-7]. 
Infection control guidelines for the cardiac catheterization laboratory were updated in 2006 
by the Society for Cardiovascular Angiography and Interventions [48]. These guidelines 
emphasize the importance of handwashing caps, gowns, gloves, and masks to protect the 
patient against bacterial infection, and measures such as eye wear and vaccination for 
hepatitis B to protect laboratory personnel. 

10. Radiation exposure  
Patients undergoing diagnostic and interventional cardiac catheterization receive substantial 
radiation exposure.  

11. Endomyocardial biopsy 
Endomyocardial biopsy of right ventricular tissue is made using a relatively stiff catheter. 
Complications such as perforation of the heart or great vessels, life threatening arrhythmias, 
or heart block requiring permanent pacing occur uncommonly.  

12. Conclusions 
Cardiac catheterization is a common proceduce with very low incidence of complications 
nowadays. We can consider different kind of adverse events. On the one hand, the events 
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related with the artery access, that are the most common, like haematoma, pseudoaneurysm 
or dissection. On the other hand, we can observe complications more severe like 
embolizations, renal failure or allergic reactions. Death is an uncommon complication, with 
a is generally well below 1 percent.  It is very important to know the potential adverse 
events of these procedures in order to be aware to prevent it as better as possible. 
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1. Introduction  
Since its introduction several decades ago, coronary angiography and intervention has 
become a widely and ever increasingly popular diagnostic and therapeutic modality. 
However, it is not devoid of occasional systemic and local complications, and their 
immediate detection and management are crucial to achieving a favourable clinical course. 
This chapter focuses on the mechanism, diagnosis and treatment of the inherent risks of 
coronary angiography and intervention.  

2. Systemic complications  
Coronary angiography and intervention comprise local procedures performed via a 
percutaneous vascular approach. Untoward hemodynamic and systemic hormonal changes 
and toxic effects of the contrast agents used might occur during and after procedures. 
Patient’s general status, comorbid conditions and degree of systemic atherosclerosis are the 
most important factors predisposing to the development of systemic complications. 
Effective pre-procedural preparation and immediate proper treatment help prevent event 
occurrence and its subsequent deterioration to permanent sequelae.   

2.1 Side effects of contrast agent 
Use of contrast agents has a long history since the introduction of X-ray technology in 1895, 
and progressive changes after Douglas Cameron of Minnesota recommended the use of 
sodium iodide for retrograde phelography reduced toxicity leading to current angiography 
practices. The side effects of contrast agents are related to their osmolarity, hydrophilicity 
and viscosity, and there currently are different kinds of contrast media available which can 
be classified according to their chemical characteristics (Table 1).  
Osmolarity is the most important characteristic of contrast agents, which thereby are 
classified into high-osmolar (∼2,000 mOsm/kg), low-osmolar (600∼800 mOsm/kg) and iso- 
osmolar (290 mOsm/kg) contrast media. Commonly, high osmolar contrast agents induce 
fluid shift into vessels, which can cause a febrile sensation and pain. Also, high osmolar 
contrast media take cellular fluid from cells including red blood cells and therefore lead to 
dehydration and morphological changes. Hemodilution and hypervolemia can further 
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However, it is not devoid of occasional systemic and local complications, and their 
immediate detection and management are crucial to achieving a favourable clinical course. 
This chapter focuses on the mechanism, diagnosis and treatment of the inherent risks of 
coronary angiography and intervention.  

2. Systemic complications  
Coronary angiography and intervention comprise local procedures performed via a 
percutaneous vascular approach. Untoward hemodynamic and systemic hormonal changes 
and toxic effects of the contrast agents used might occur during and after procedures. 
Patient’s general status, comorbid conditions and degree of systemic atherosclerosis are the 
most important factors predisposing to the development of systemic complications. 
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and progressive changes after Douglas Cameron of Minnesota recommended the use of 
sodium iodide for retrograde phelography reduced toxicity leading to current angiography 
practices. The side effects of contrast agents are related to their osmolarity, hydrophilicity 
and viscosity, and there currently are different kinds of contrast media available which can 
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fluid shift into vessels, which can cause a febrile sensation and pain. Also, high osmolar 
contrast media take cellular fluid from cells including red blood cells and therefore lead to 
dehydration and morphological changes. Hemodilution and hypervolemia can further 
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aggravate heart failure when present. In the past 60 years, high–osmolar contrast media 
with osmolarity 5∼8 times higher than that of plasma have been replaced by low-osmolar 
contrast media having osmolarity 2∼3 times higher than that of plasma.  
 

Osmolarity Molecular 
structure 

Component Iodine 
concentration 

(mg/mL) 

Osmolarity 
(mOsmol/kg) 

Viscosity 
at 37oC 

(cps) 

High- 
osmolar 

Ionic 
monomer 

Sodium 
iothalamate 

Meglumine 
diatrizoate 
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dimer 

Iotrolan 240 320 8.1 
Iodixanol 320 290 11.4 

Table 1. Characteristics of contrast media 

Cell membranes consist of phospholipid bilayers which are resistant to hydrophilic 
molecules. Therefore hydrophilic contrast agents are safer than hydrophobic ones.  
Viscosity increases as iodine concentration increases and temperature decreases; therefore, 
contrast agents should be heated from room temperature to body temperature before use.  
Early ionic contrast agents were associated with high incidence of early systemic side effects 
such as nausea, urticaria, pain, and heat sensation by comparison to non-ionic agents. 
Therefore, ionic agents have been replaced with non-ionic agents. However, the incidence of 
late skin reaction, i.e., 24 hours after injection of non-ionic dimeric agents is relatively high 
as compared to monomeric agents (Sutton et al 2001).    
The side effects of contrast media are divided into anaphylactoid and non-anaphylactoid 
reactions. Most of the adverse effects occur within 20 minutes after administration of 
contrast agents. Therefore, the patient’s systemic symptoms, blood pressure, heart rate and 
rhythm, and respiratory status should be carefully monitored early after contrast injection. 
Furthermore, the catheterization laboratory always should be ready for cardiopulmonary 
resuscitation.    

2.1.1 Anaphylactoid reactions  
Anaphylactoid reaction is a life-threatening side-effect of contrast media which occurs 
within 20 minutes and requires immediate, intensive therapy; the incidence of use of high 
osmolar contrast agent is approximately 1∼3 % and a fatal reaction has been estimated at 0.9 
cases per 100,000 exposures (Krause 2010). The term anaphylactoid reaction refers to a 
syndrome that albeit clinically similar to anaphylaxis differs from true hypersensitivity 
reactions by mast cell or basophil degranulation which is independent from 
immunoglobulin-E mediation, not requiring previous sensitisation, and not consistently 
recurring in an experienced patients (Hong et al 2002). Mild symptoms include urticaria, 
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pruritus, dizziness, mild dyspnea, nausea and vomiting and these are usually self-limiting 
and resolving with minimal medical therapy. In severe cases, symptoms such as 
hypotension, bronchospasm, laryngeal edema, abdominal cramps, pulmonary edema, 
syncope, and serious arrhythmias can occur and lead to death and therefore require 
intensive treatment. In patients who are at high risk of an anaphylactoid reaction to contrast 
media, H1 antihistamines and corticosteroids prior to the administration of ionic contrast 
may be useful in preventing anaphylactoid reactions to contrast agents (Delaney et al 2006). 
The treatment of anaphylactoid reactions depends on the severity of symptoms and clinical 
findings. Monitoring of the respiratory status and oxygen concentration is very important. If 
mild bronchospasm occurs, patient can be treated with oxygen supplementation and/or 
bronchodilator inhalation. In moderate cases, 0.1-0.3 mL of 1:1000 epinephrine should be 
subcutaneously administered carefully, especially in patients with cardiac disease. In more 
severe cases, 1 mL of 1:10,000 epinephrine can be administered intravenously for 5 minutes, 
which can be repeated every 10 minutes. Additionally, antihistamines may be administered.   
Hypotension is another serious side effect of contrast agents. Immediate oxygen 
supplementation and isotonic fluid supplement is necessary, and if ineffective, dopamine at 
an infusion rate of 2-20 μgm/kg/min can be administered.  

2.1.2 Non-anaphylactoid reactions  
Early (<24 hours) and late (24 hours ∼ 7 days) reactions may occur after injection of contrast 
agents. The mechanisms of the late reactions are unknown and their manifestations are very 
diverse and non-specific, including flulike symptoms such as general weakness, headache, 
fever, chill, vomiting, abdominal pain, constipation or diarrhea, pruritus and rash. Most 
symptoms are self-limiting and respond well to symptomatic treatment and fluid 
administration.     
Hypotension and bradycardia as consequence of vasovagal stimulation associated with 
high-osmolar contrast infusion are common. Isotonic fluid and atropine administration 
(0.5∼1 mg, intravenously, repeated every 3-5 minutes) are effective in most cases.  Life 
threatening cardiac arrhythmias such as ventricular tachycardia and ventricular fibrillation 
can occur after rapid injection of contrast media, especially in patients with acute 
myocardial infarction. Careful ECG monitoring after first contrast injection and immediate 
cardioversion or defibrillation should be performed.  
Contrast-induced nephropathy (CIN), an important complication in the use of contrast 
media, is associated with increased frequency of late cardiovascular events after coronary 
intervention as well as increased risk of death. The commonly used definition of CIN is a 
rise in serum creatinine level of 0.5 mg/dL or a 25% increase from baseline value, assessed 
at 48 hours after angiography (Solomon et al 2010). The incidence of CIN in patients 
undergoing coronary intervention varies depending on the definition, preventive 
management, baseline renal function and procedures, and it ranges between 2∼37% 
(Solomon et al. 2010, Gruberg et al 2000). There are several known risk factors for CIN 
(Table 2). The type of contrast media used is one of the important factors for the 
development or aggravation of renal failure. A meta-analysis showed that low-osmolarity 
contrast media was associated with significantly lower rates of CIN than high-osmolarity 
contrast media, especially  in patients with pre-existing renal failure (Barrett et al 1993). 
Also, iso-osmolar contrast media have been shown to be associated with a lower risk of CIN 
than low-osmolar contrast media in patients with high risk for the development of CIN.   
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aggravate heart failure when present. In the past 60 years, high–osmolar contrast media 
with osmolarity 5∼8 times higher than that of plasma have been replaced by low-osmolar 
contrast media having osmolarity 2∼3 times higher than that of plasma.  
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reactions. Most of the adverse effects occur within 20 minutes after administration of 
contrast agents. Therefore, the patient’s systemic symptoms, blood pressure, heart rate and 
rhythm, and respiratory status should be carefully monitored early after contrast injection. 
Furthermore, the catheterization laboratory always should be ready for cardiopulmonary 
resuscitation.    

2.1.1 Anaphylactoid reactions  
Anaphylactoid reaction is a life-threatening side-effect of contrast media which occurs 
within 20 minutes and requires immediate, intensive therapy; the incidence of use of high 
osmolar contrast agent is approximately 1∼3 % and a fatal reaction has been estimated at 0.9 
cases per 100,000 exposures (Krause 2010). The term anaphylactoid reaction refers to a 
syndrome that albeit clinically similar to anaphylaxis differs from true hypersensitivity 
reactions by mast cell or basophil degranulation which is independent from 
immunoglobulin-E mediation, not requiring previous sensitisation, and not consistently 
recurring in an experienced patients (Hong et al 2002). Mild symptoms include urticaria, 
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pruritus, dizziness, mild dyspnea, nausea and vomiting and these are usually self-limiting 
and resolving with minimal medical therapy. In severe cases, symptoms such as 
hypotension, bronchospasm, laryngeal edema, abdominal cramps, pulmonary edema, 
syncope, and serious arrhythmias can occur and lead to death and therefore require 
intensive treatment. In patients who are at high risk of an anaphylactoid reaction to contrast 
media, H1 antihistamines and corticosteroids prior to the administration of ionic contrast 
may be useful in preventing anaphylactoid reactions to contrast agents (Delaney et al 2006). 
The treatment of anaphylactoid reactions depends on the severity of symptoms and clinical 
findings. Monitoring of the respiratory status and oxygen concentration is very important. If 
mild bronchospasm occurs, patient can be treated with oxygen supplementation and/or 
bronchodilator inhalation. In moderate cases, 0.1-0.3 mL of 1:1000 epinephrine should be 
subcutaneously administered carefully, especially in patients with cardiac disease. In more 
severe cases, 1 mL of 1:10,000 epinephrine can be administered intravenously for 5 minutes, 
which can be repeated every 10 minutes. Additionally, antihistamines may be administered.   
Hypotension is another serious side effect of contrast agents. Immediate oxygen 
supplementation and isotonic fluid supplement is necessary, and if ineffective, dopamine at 
an infusion rate of 2-20 μgm/kg/min can be administered.  

2.1.2 Non-anaphylactoid reactions  
Early (<24 hours) and late (24 hours ∼ 7 days) reactions may occur after injection of contrast 
agents. The mechanisms of the late reactions are unknown and their manifestations are very 
diverse and non-specific, including flulike symptoms such as general weakness, headache, 
fever, chill, vomiting, abdominal pain, constipation or diarrhea, pruritus and rash. Most 
symptoms are self-limiting and respond well to symptomatic treatment and fluid 
administration.     
Hypotension and bradycardia as consequence of vasovagal stimulation associated with 
high-osmolar contrast infusion are common. Isotonic fluid and atropine administration 
(0.5∼1 mg, intravenously, repeated every 3-5 minutes) are effective in most cases.  Life 
threatening cardiac arrhythmias such as ventricular tachycardia and ventricular fibrillation 
can occur after rapid injection of contrast media, especially in patients with acute 
myocardial infarction. Careful ECG monitoring after first contrast injection and immediate 
cardioversion or defibrillation should be performed.  
Contrast-induced nephropathy (CIN), an important complication in the use of contrast 
media, is associated with increased frequency of late cardiovascular events after coronary 
intervention as well as increased risk of death. The commonly used definition of CIN is a 
rise in serum creatinine level of 0.5 mg/dL or a 25% increase from baseline value, assessed 
at 48 hours after angiography (Solomon et al 2010). The incidence of CIN in patients 
undergoing coronary intervention varies depending on the definition, preventive 
management, baseline renal function and procedures, and it ranges between 2∼37% 
(Solomon et al. 2010, Gruberg et al 2000). There are several known risk factors for CIN 
(Table 2). The type of contrast media used is one of the important factors for the 
development or aggravation of renal failure. A meta-analysis showed that low-osmolarity 
contrast media was associated with significantly lower rates of CIN than high-osmolarity 
contrast media, especially  in patients with pre-existing renal failure (Barrett et al 1993). 
Also, iso-osmolar contrast media have been shown to be associated with a lower risk of CIN 
than low-osmolar contrast media in patients with high risk for the development of CIN.   
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Patient comorbidities Diabetes mellitus 
Congestive heart failure 
Acute hypotension 
Anemia 
Myocardial infarction 
Nephrotoxic drugs 
Volume depletion 
Reduced renal function (eGFR <60 mL/min/1.73 m) 

Procedural factors Contrast volume 
Type of contrast  
Periprocedural hypotension 

Table 2. Risk factors for contrast-induced nephropathy(Solomon et al. 2010, McCullough 
2008) 

The pathophysiology of CIN remains unknown; however, it is believed to result from 
release of acute vasoconstrictors induced by adenosine, endothelin, prostaglandin leading to 
ischemic injury and death of renal tubular cells (McCullough 2008). Although more clinical 
studies are needed, some effective preventive measures have been suggested based on 
postulated mechanisms and clinical trial results (Table 3). Volume expansion is the easiest 
and most effective method although there are limited data on optimal solution and volume. 
Although many pharmacological agents including antioxidants, ascorbic acid, statins, 
prostaglandins, aminophylline/theophyllines and N-acetylcysteine (NAC) have been 
suggested for the prevention of CIN, none has been proven effective. Also, there are 
inconsistent data regarding the renal protective effect of hydration, N-acetylcysteine, and 
theophylline. Among them, NAC is considered as a cost effective and safe agent, and the 
combination of volume expansion and NAC is more effective than NAC alone (Briguori et al 
2007). A meta-analysis showed N-acetylcysteine as more renoprotective than hydration 
alone; theophylline also might reduce risk for contrast-induced nephropathy however the 
detected association did not achieve statistical significance (Kelly et al 2008). 
 

Pre- and post-procedure Hold nephrotoxic agents  
- Anti-inflammatory drugs 
- High dose diuretics 
- Aminoglycosides 

Volume expansion (Isotonic saline with/without 
bicarbonate solution) 
- 1.0 mL /kg/hr, 12 hours before and 12 hours 

after procedure 
- Urine flow : >150 mL/hr 

N-acetylcysteine  
- 1200 mg oral bid pre-and post-procedure 

During procedure Use iso- or low-osmolar contrast 
Lowest dose of contrast 

Post-procedure Dialysis and hemofiltration 

Table 3. Suggestive preventive measures for contrast-induced nephropathy in patients at 
risk 
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2.2 Cholesterol embolization syndrome 
Cholesterol embolization syndrome (CES), known as blue toe syndrome, is caused by 
systemic embolization of cholesterol crystals from aortic atherosclerotic plaques. CES is 
suggested by the gradual onset of peripheral cutaneous manifestations, livedo reticularis, 
accompanied by progressive increases in blood urea nitrogen and creatinine levels following 
an arterial catheterization procedure. The aortic plaques easily come off the aortic wall and 
embolize to the brain, eyes, kidneys and extremities. Eosinophilia which is present in up to 
80% of cases might be an important clue to early detection of cholesterol embolization 
syndrome (Wilson et al 1991). The clinical incidence is 0.09∼1.4%, varying according to the 
aggressiveness of procedures such as diagnostic angiography, coronary intervention and 
peripheral vascular intervention (Fukumoto et al 2003, Scolari et al 1996). Elevation of 
baseline plasma C-reactive protein (CRP) level is a risk factor independently associated with 
CES indicating an important association between systemic inflammation and CES 
(Fukumoto et al. 2003). The clinical presentation varies from asymptomatic to multi-organ 
failure. In-hospital mortality is 16% which is increased to 70∼90% in patients with diffuse 
embolism and multi-organ failure (Fine et al 1987). When CES is suspected, it is 
recommended to discontinue anticoagulation because several case reports have suggested 
that patients are more likely to develop CES when they are anticoagulated (Bruns et al 1978). 
Most of the treatments are supportive with symptomatic measures. 

2.3 Stroke  
The cerebral embolism rate associated with coronary angiography is dependent on the 
clinical characteristics of the patients, catheterization methods, imaging modalities for the 
diagnosis, and clinical severity. In one series, silent ischemic cerebral lesions detected by 
diffusion-weighted MRI were found in 5-22% patients after cardiac catheterization (Hamon 
et al 2006, Busing et al 2005). After diagnostic coronary angiography via femoral approach, 
stroke occurred in 0.11%, with a persistent neurological defect in only 0.04% (Ammann et al 
2003). Although radial access for coronary angiography is more prone than femoral access to 
generating more particulate cerebral microemboli which can pass the right middle cerebral 
artery, femoral and radial access are associated with similar rates of stroke.  

3. Local complications  
Local vascular puncture and closure necessary in all catheterization procedures can cause a 
variety of local complications, ranging from minor problems resolving with time to major 
complications with long-term sequelae. For the individual patient, the risk is dependent 
upon cardiovascular anatomy, the experience of the operator, and the type of procedure 
being performed. Immediate detection and proper treatment is vital for the prevention of 
catastrophic events. 

3.1 Local hematoma and bleeding 
Local bleeding and hematoma at the arterial puncture site are the most common 
complications of angiography. Small hematomas at the femoral puncture site are relatively 
common and usually insignificant; however, severe bleeding and hematoma requiring 
transfusion occur in 1.5∼5.8% of the cases. Most hematomas occur within 12 hours after 
sheath removal. Immediate bleeding occurring after sheath insertion is induced by arterial 
laceration at the site of the atherosclerotic vessel wall. Otherwise, delayed bleeding after 
sheath removal is due to inappropriate compression or coagulation disorders. Clinically, 
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2.2 Cholesterol embolization syndrome 
Cholesterol embolization syndrome (CES), known as blue toe syndrome, is caused by 
systemic embolization of cholesterol crystals from aortic atherosclerotic plaques. CES is 
suggested by the gradual onset of peripheral cutaneous manifestations, livedo reticularis, 
accompanied by progressive increases in blood urea nitrogen and creatinine levels following 
an arterial catheterization procedure. The aortic plaques easily come off the aortic wall and 
embolize to the brain, eyes, kidneys and extremities. Eosinophilia which is present in up to 
80% of cases might be an important clue to early detection of cholesterol embolization 
syndrome (Wilson et al 1991). The clinical incidence is 0.09∼1.4%, varying according to the 
aggressiveness of procedures such as diagnostic angiography, coronary intervention and 
peripheral vascular intervention (Fukumoto et al 2003, Scolari et al 1996). Elevation of 
baseline plasma C-reactive protein (CRP) level is a risk factor independently associated with 
CES indicating an important association between systemic inflammation and CES 
(Fukumoto et al. 2003). The clinical presentation varies from asymptomatic to multi-organ 
failure. In-hospital mortality is 16% which is increased to 70∼90% in patients with diffuse 
embolism and multi-organ failure (Fine et al 1987). When CES is suspected, it is 
recommended to discontinue anticoagulation because several case reports have suggested 
that patients are more likely to develop CES when they are anticoagulated (Bruns et al 1978). 
Most of the treatments are supportive with symptomatic measures. 

2.3 Stroke  
The cerebral embolism rate associated with coronary angiography is dependent on the 
clinical characteristics of the patients, catheterization methods, imaging modalities for the 
diagnosis, and clinical severity. In one series, silent ischemic cerebral lesions detected by 
diffusion-weighted MRI were found in 5-22% patients after cardiac catheterization (Hamon 
et al 2006, Busing et al 2005). After diagnostic coronary angiography via femoral approach, 
stroke occurred in 0.11%, with a persistent neurological defect in only 0.04% (Ammann et al 
2003). Although radial access for coronary angiography is more prone than femoral access to 
generating more particulate cerebral microemboli which can pass the right middle cerebral 
artery, femoral and radial access are associated with similar rates of stroke.  

3. Local complications  
Local vascular puncture and closure necessary in all catheterization procedures can cause a 
variety of local complications, ranging from minor problems resolving with time to major 
complications with long-term sequelae. For the individual patient, the risk is dependent 
upon cardiovascular anatomy, the experience of the operator, and the type of procedure 
being performed. Immediate detection and proper treatment is vital for the prevention of 
catastrophic events. 

3.1 Local hematoma and bleeding 
Local bleeding and hematoma at the arterial puncture site are the most common 
complications of angiography. Small hematomas at the femoral puncture site are relatively 
common and usually insignificant; however, severe bleeding and hematoma requiring 
transfusion occur in 1.5∼5.8% of the cases. Most hematomas occur within 12 hours after 
sheath removal. Immediate bleeding occurring after sheath insertion is induced by arterial 
laceration at the site of the atherosclerotic vessel wall. Otherwise, delayed bleeding after 
sheath removal is due to inappropriate compression or coagulation disorders. Clinically, 
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risk factors are old age, female gender, high blood pressure, use of large sized sheaths, long 
procedural times and use of anticoagulants and glycoprotein IIb/IIIa receptor antagonists 
before or after procedures. Many arterial closure devices are available as an alternative to 
traditional mechanical compression. Although these devices have the potential to reduce the 
time to hemostasis, facilitate patient mobilization and decrease hospital length of stay, the 
incidence of access-site-related complications is similar or somewhat higher compared with 
mechanical compression (Nikolsky et al 2004, Biancari et al 2010). Local bleeding is 
transformed to hematoma, which spontaneously resolves in 1∼2 weeks in small hematomas, 
or in several weeks or months in large hematomas. Table 4 describes the general 
recommendations for postprocedural hemostasis after femoral artery access listed in the 
American College of Cardiology/Society for Cardiac Angiography and Interventions 
Clinical Expert Consensus Document on Cardiac Catheterization Laboratory Standards 
(Bashore et al 2001). 
 

Situation      Recommendation 
Following hemostatic closure device 1–2 h recumbent in position of comfort, 

then ambulate 3 30 min before discharge 
  Following removal of venous sheath  1 h with leg straight, then ambulate 3 30 

min before discharge 
Following removal of femoral arterial 
sheath (ACT ,175 s) 
Manual compression    10–20 min (until hemostasis achieved) 
Clamp     15 min to 1 h to achieve hemostasis 
Bedrest     Leg straight, slight head elevation X 2–6 h 
Ambulation     30 min to 1 h before discharge 

Table 4. General recommendations regarding postprocedural hemostasis after prior femoral 
artery access(Bashore et al. 2001) 

3.2 Pseudoaneurysm  
After removal of the sheath and compression, the puncture site is surrounded and blocked 
by local hematoma. Inappropriate compression favours come-and-go blood flow between 
artery lumen and aneurysm surrounded by hematoma. Femoral peudoaneurysm is the 
second most  common complication occurring in 0.1% to 0.2% of diagnostic angiograms and 
3.5% to 5.5% of interventional procedures (Demirbas et al 2005, Kronzon 1997). If hemostasis 
is achieved using manual compression, the pseudoaneurysm rate is higher in superficial 
femoral artery than common femoral artery access, however rates are similar when using 
closure devices (Gutzeit et al 2011). In patients with acute coronary syndrome who are 
undergoing emergency angiography and possible intervention, pseudoaneurysm rate 
needing closure is lower in radial compared with femoral angiography (HR 0·30, 95% CI 
0·13—0·71; p=0·006) (Jolly et al 2011). Small femoral pseudoaneurysm is usually filled with 
clots and does not require treatment, however, larger femoral pseudoaneurysms may lead 
to secondary complications including rupture, local pain and compression of the adjacent 
femoral vein or nerve (Kronzon 1997). Color Doppler ultrasonography is the best diagnostic 
tool with a positive diagnostic rate of 95%, however other imaging modalities such as 3-
dimentional CT angiography and angiography are useful. Using color-Doppler 
ultrasonography, flow inside the aneurysm sac and the “to-and-fro flow” at the neck of the 
lesion is definitely diagnostic. Application of good external compression after sheath 
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removal, selecting a small-bore introducer and sheath removal at a low activated clotting 
time (<200 sec) are important factors preventing pseudoaneurysm. Ultrasonography guided 
compression of the communicating canal of the pseudoaneurysm stops the blood flow and 
leads to clotting and obliteration with a success rate of 84-93% in patients without 
anticoagulation (Lange et al 2001, Gabriel et al 2007, Schaub et al 1994). Ultrasound-guided 
thrombin injection is another effective means with a success rate of 97-100% (Schneider et al 
2009, Weinmann et al 2002). Other endovascular approaches, such as stent graft repair and 
coil embolization, are also available. Open surgical repair should be considered after non-
surgical procedure failure.  
 

 
Fig. 1. Doppler ultrasonography image showing a flow jet from superficial femoral artery to 
pseudoaneurysm surrounded by huge hematoma 
 

 
Fig. 2. Computerized tomographic (CT) findings of pseudoaneurysm in a patient who 
underwent coronary angiography. A: Contrast enhanced pseudoaneurysm (arrow) is seen at 
anterior aspect of the superficial femoral artery. B: Three-dimensional reconstruction of the 
same patient showing saccular pseudoaneurysm (arrow), superficial femoral artery and 
anteria profunda femoris.   
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risk factors are old age, female gender, high blood pressure, use of large sized sheaths, long 
procedural times and use of anticoagulants and glycoprotein IIb/IIIa receptor antagonists 
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traditional mechanical compression. Although these devices have the potential to reduce the 
time to hemostasis, facilitate patient mobilization and decrease hospital length of stay, the 
incidence of access-site-related complications is similar or somewhat higher compared with 
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or in several weeks or months in large hematomas. Table 4 describes the general 
recommendations for postprocedural hemostasis after femoral artery access listed in the 
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Situation      Recommendation 
Following hemostatic closure device 1–2 h recumbent in position of comfort, 

then ambulate 3 30 min before discharge 
  Following removal of venous sheath  1 h with leg straight, then ambulate 3 30 

min before discharge 
Following removal of femoral arterial 
sheath (ACT ,175 s) 
Manual compression    10–20 min (until hemostasis achieved) 
Clamp     15 min to 1 h to achieve hemostasis 
Bedrest     Leg straight, slight head elevation X 2–6 h 
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Table 4. General recommendations regarding postprocedural hemostasis after prior femoral 
artery access(Bashore et al. 2001) 

3.2 Pseudoaneurysm  
After removal of the sheath and compression, the puncture site is surrounded and blocked 
by local hematoma. Inappropriate compression favours come-and-go blood flow between 
artery lumen and aneurysm surrounded by hematoma. Femoral peudoaneurysm is the 
second most  common complication occurring in 0.1% to 0.2% of diagnostic angiograms and 
3.5% to 5.5% of interventional procedures (Demirbas et al 2005, Kronzon 1997). If hemostasis 
is achieved using manual compression, the pseudoaneurysm rate is higher in superficial 
femoral artery than common femoral artery access, however rates are similar when using 
closure devices (Gutzeit et al 2011). In patients with acute coronary syndrome who are 
undergoing emergency angiography and possible intervention, pseudoaneurysm rate 
needing closure is lower in radial compared with femoral angiography (HR 0·30, 95% CI 
0·13—0·71; p=0·006) (Jolly et al 2011). Small femoral pseudoaneurysm is usually filled with 
clots and does not require treatment, however, larger femoral pseudoaneurysms may lead 
to secondary complications including rupture, local pain and compression of the adjacent 
femoral vein or nerve (Kronzon 1997). Color Doppler ultrasonography is the best diagnostic 
tool with a positive diagnostic rate of 95%, however other imaging modalities such as 3-
dimentional CT angiography and angiography are useful. Using color-Doppler 
ultrasonography, flow inside the aneurysm sac and the “to-and-fro flow” at the neck of the 
lesion is definitely diagnostic. Application of good external compression after sheath 
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removal, selecting a small-bore introducer and sheath removal at a low activated clotting 
time (<200 sec) are important factors preventing pseudoaneurysm. Ultrasonography guided 
compression of the communicating canal of the pseudoaneurysm stops the blood flow and 
leads to clotting and obliteration with a success rate of 84-93% in patients without 
anticoagulation (Lange et al 2001, Gabriel et al 2007, Schaub et al 1994). Ultrasound-guided 
thrombin injection is another effective means with a success rate of 97-100% (Schneider et al 
2009, Weinmann et al 2002). Other endovascular approaches, such as stent graft repair and 
coil embolization, are also available. Open surgical repair should be considered after non-
surgical procedure failure.  
 

 
Fig. 1. Doppler ultrasonography image showing a flow jet from superficial femoral artery to 
pseudoaneurysm surrounded by huge hematoma 
 

 
Fig. 2. Computerized tomographic (CT) findings of pseudoaneurysm in a patient who 
underwent coronary angiography. A: Contrast enhanced pseudoaneurysm (arrow) is seen at 
anterior aspect of the superficial femoral artery. B: Three-dimensional reconstruction of the 
same patient showing saccular pseudoaneurysm (arrow), superficial femoral artery and 
anteria profunda femoris.   
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Fig. 3. Angiographic findings of pseudoaneurysm before (A) and after (B) coil embolization.  

3.3 Arteriovenous fistula 
Although iatrogenic femoral arteriovenous fistula is very rare with an incidence of 0.22%, it 
is a significant complication after femoral puncture technique (Sidawy et al 1993). The 
fistulas originating at the superficial femoral artery or at the profunda femoris artery drain 
to the superficial femoral, profunda femoris vein or its lateral circumflex branch. Below the 
femoral artery bifurcation, profunda femoralis vein crosses laterally behind the proximal 
superficial femoral artery and then lies in a posterior location to the profunda femoris 
artery. Therefore, it is important to avoid a low groin puncture by identifying the level of 
the inguinal ligament or localizing the distal half of the femoral head by fluoroscopy 
(Sidawy et al. 1993, Lamar R 1990). Early angiography and surgical correction are 
recommended for optimal results.  

3.4 Retroperitoneal hematoma  
Retroperitoneal hematoma occurs in less than 1% of cases of percutaneous coronary 
intervention. Clinical signs and symptoms include decreased haematocrit, back or 
inguinal pain, abdominal pain, diaphoresis, bradycardia and hypotension. Early 
recognition of retroperitoneal hematoma is very important because the diagnosis is often 
delayed as symptoms are nonspecific and difficult to recognize because blood silently 
tracks in the loose retroperitoneal fatty tissue. Factors predisposing to retroperitoneal 
hematoma are female gender, low body surface area, and higher femoral artery puncture 
(Farouque et al 2005). It can be easily detected on computerized tomography as an 
abnormal, high-density soft-tissue mass originating at the puncture site and contiguous 
with the retroperitoneum with resultant compression or distortion of the normal 
retroperitoneal structures. There is lack of clinical evidence for the best management of 
retroperitoneal haematoma. Inguinal compression is not effective in most cases. 
Retroperitoneal hematoma after femoral artery puncture can usually be treated by volume 
replacement, correction of coagulopathy and blood transfusion. A small subset of patients 
who are unresponsive to volume resuscitation require open repair of bleeding vessel 
(Kent et al 1994). 
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Fig. 4. Contrast-enhanced CT scan showing retropelvic hematoma one day after coronary 
angiography via right femoral artery 

3.5 Spasm 
Arterial spasm near the puncture site occurs when arterial size is too small for the sheath. 
The transradial approach for coronary angiography or angioplasty is increasingly being 
used as an alternative to femoral access due to its low rate of local complications. Arterial 
spasm is the most common complication of this technique especially in female patients. Use 
of hydrophilic coated sheath, but not long sheath, reduces the incidence of radial artery 
spasm during transradial coronary procedures (Rathore et al 2010). Intra-arterial or 
subcutaneous infusion of nitroglycerin reduces arterial spasm and facilitates introduction of 
catheters (Candemir et al 2009).  

4. Conclusion  
It is critical to make every attempt at minimizing occurrence of complications during and 
after coronary angiography and interventional procedures; beyond operator’s experience 
and the patient factors noted, this involves care and attentiveness. The impact of improved 
understanding and techniques in intervention should be added to management 
considerations. Coronary angiography and intervention is continuously evolving and 
knowledge acquired through clinical experience and availability of new devices should 
therefore allow safer procedures in the future.  
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1. Introduction 
Radiologic procedures such as coronary angiography utilizing intravascular contrast media 
(CM) injections are being widely applied for diagnostic and therapeutic purposes. These led 
to a parallel increase in the incidence of contrast-induced nephropathy (CIN). Renal failure 
requiring dialysis after contrast media administration is associated with a 40% in-hospital 
mortality rate and has a 2-year mortality rate of 80%. Approximately $180 million are spent 
annually to manage CIN in the US. The large number of patients who are severely affected 
by CIN underscores the importance of addressing known risk factors and preventions for 
CIN. Patients at risk for CIN can often be identified with a routine medical history, physical 
examination and laboratory analysis before the procedure. Two of the major risk factors of 
CIN are pre-existing renal failure and diabetes mellitus. After the high-risk patient 
population has been identified and risk factors addressed, the next step in preventing CIN is 
the use of different prophylactic therapies. The following chapter provides an overview of 
current risk factors and preventive methods of CIN. 

2. Definition, differential diagnosis and incidence of CIN 
The most commonly used definition for CIN in clinical trial is the elevation of serum 
creatinine by ≥0.5mg/dl or ≥25% occurring within 48 hours after administration of CM, and 
the absence of an alternative etiology. Serum creatinine is the standard marker to detect 
CIN. However, serum creatinine demonstrates major limitations. Using the Cockcroft-Gault 
and the Modification of Diet in Renal Disease equations are useful in estimation of the GFR. 
Serum cystatin C has been proposed as an alternative endogenous marker of GFR showing 
higher correlation to standard clearance methods such as inulin or iohexol clearance. Serum 
cystatin C may detect CIN one to two days earlier than creatinine. Also, recent studies 
documented that serum and urine neutrophil gelatinase-associated lipocalin is an early 
predictive biomarker of CIN in patients underwent coronary angiography (Shaker et al., 
2010). Cholesterol atheroemboli, volume depletion, and interstitial nephritis should consider 
in differential diagnosis of CIN. Before coronary angiography, the volume status of high-
risk patients can be assessed through the inferior vena cava index or bioimpedance 
spectroscopy. The incidence of CIN is reported to be 0.6-2.3% in general population who do 
not have any risk factor for CIN, but the incidence can be increased to 90% in patients at 
high risk for CIN (Toprak, 2007). 
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population has been identified and risk factors addressed, the next step in preventing CIN is 
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the absence of an alternative etiology. Serum creatinine is the standard marker to detect 
CIN. However, serum creatinine demonstrates major limitations. Using the Cockcroft-Gault 
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2.1 Pathophysiology of CIN 
The pathogenesis of CIN is unclear. The proposed mechanisms are medullary hypoxia due 
to decreased renal blood flow secondary to renal artery vasoconstriction, tubular obstruction 
and direct tubular toxicity of the CM due to apoptosis and oxidative damage. Endothelial 
dysfunction and renal microcirculatory alterations also may play a role. The development of 
CIN is affected by changes in renal hemodynamics, such as increased activity of renal 
vasoconstrictors and decreased activity of renal vasodilators. Other factors that may 
decrease renal blood flow include increased viscosity of CM and increased erythrocyte 
aggregation induced by CM, which results in diminished oxygen delivery. Contrast agents 
have been found to reduce antioxidant enzyme activity, and direct cytotoxic effects 
mediated by oxygen free radicals. Apoptosis is also involved as a result of cellular injury. 
Hyperosmolar contrast agents induce renal hemodynamic changes caused by osmolar-
driven solute diuresis with activation of tubuloglomerular feedback or an increase in tubular 
hydrostatic pressures, which may cause compression of the intrarenal microcirculation and a 
decreased GFR. Also hyperosmolar contrast agents have direct toxic effects on renal 
epithelial cells. In addition, DNA fragmentation was increased in cells exposed to 
hyperosmolar CM.  

2.2 Clinical course and outcomes 
CIN may range in severity from asymptomatic, nonoliguric transient renal dysfunction to 
oliguric severe renal failure that necessitates permanent dialysis. CIN is reported to be the 
third leading cause of in-hospital acute renal failure after hypotension and surgery. 
Approximately $180 million is spent annually to manage CIN in the US. Dangas et al. 
showed that in-hospital outcomes such as death (6.3% vs 0.8%), cardiac death (4.0% vs 
0.5%), coronary artery bypass grafting (5.8% vs 0.5%), major adverse cardiac event (9.3% vs 
1.1%), packed red cell transfusion (28% vs 6%), vascular surgery of access site (5.6% vs 
2.6%), post-procedure length of stay (6.8±7.1 vs 2.3±2.5) were significantly higher in CIN 
developed patients compare with control (p<0.0001). In cumulative one-year outcome death, 
out-of-hospital death and major adverse cardiac events were significantly higher in CIN 
developed patients (p<0.0001) (Dangas et al., 2005). In a study of acute myocardial infarction 
patients undergoing primary angioplasty, it was found that CIN developed patients have 
significantly higher incidence of high-rate atrial fibrillation (p=0.01), high-degree conduction 
disturbances requiring permanent pacemaker (p=0.04), acute pulmonary edema (p=0.008), 
respiratory failure requiring mechanical ventilation (p<0.0001), cardiogenic shock requiring 
intra-aortic balloon (p<0.0001), and acute renal failure requiring renal replacement therapy 
(p<0.0001) ( Marenzi et al., 2004).  

2.3 Risk factors for CIN 
Specific factors that increase the risks for development of CIN are related to the patient, the 
contrast media, and the procedure (Table 1).  

2.3.1 Patient-related risk factors 
Older age 
The possible reasons of the high incidence of CIN in elderly were age-related changes in 
renal function, more difficult vascular access following tortuosity, calcification of the vessels  
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Risk Factors Odds Ratio (95%CI) p Value 
Kidney Related Risk Factors   
Pre-existing renal failure   
  Preprocedural creatinine 2.0-2.9 mg/dl 7.37 (4.78-11.39) <0.0001 
  Preprocedural creatinine ≥ 3mg/d 12.82 (8.01-20.54) <0.0001 
Diabetes mellitus-Diabetic nephropathy   
  Preprocedural creatinine≤ 1.1mg/dl 1.86 (1.20-2.89) 0.005 
  Preprocedural creatinine 1.2-1.9 mg/dl 2.42 (1.54-3.79) <0.001 
Use of nephrotoxic drugs   
Low effective circulatory volume 1.19 (0.72-1.95) 0.05 
Cardiovascular System Related Risk Factors   
Class III-IV congestive heart failure 2.20 (1.60-2.90) <0.0001 
Left ventricle ejection fraction<40% 1.57 (1.14-2.16) 0.005 
Acute myocardial infarction ≤ 24 h 1.85 (1.31-2.63) 0.0006 
Hypertension 2.00 (1.40-2.80) 0.0001 
Periprocedural hypotension 2.50 (1.70-3.69) <0.00001 
Multi-vessel coronary involvement 3.24 (1.07-9.82) 0.038 
Peripheral vascular disease 1.90 (1.40-2.70) <0.0001 
Preprocedure shock 1.19 (0.72-1.96) 0.05 
Using intra-aortic balloon pump 15.51 (4.65-51.64) <0.0001 
Bypass graft intervention 4.94 (1.16-20.9) 0.03 
Time-to-reperfusion ≥6 h 2.51 (1.01-6.16) 0.04 
Pulmonary edema 2.56 (1.42-4.52)  0.001 
Demographic Risk Factors   
Age >75 years 5.28 (1.98-14.05) 0.0009 
Female gender 1.4 (1.25-1.60) 0.0001 
Contrast Media Related Risk Factors   
High total dose of contrast agent (>300 ml) 2.8 (1.17-6.68) 0.02 
Osmolality (Low- vs. high-osmolality) 0.50 (0.36-0.68)  
Short duration of two contrast administration 4.4 (2.9-6.5) <0.0001 
Other Possible Risk Factors   
Procedural success 0.27 (0.19-0.38) <0.0001 
Baseline hematocrit 0.95 (0.92-0.97) <0.00001 
Hyperuricemia 4.71 (1.29-17.21) 0.019 
ACE inhibitors 3.37 (1.14-9.94) 0.028 
Angiotensin Receptor Blockers 2.70 (1.25-5.81) 0.011 
Metabolic Syndrome 426 (1.19-15.25) 0.026 
Hypoalbuminemia 5.79 (1.71-19.64) 0.005 
  Hypercholesterolemia   
  Renal transplant   
  Multiple myeloma   
  Diuretics   
  Intra-arterial contrast administration   
  Sepsis, cirrhosis   

Table 1. Risk factors for the development of contrast-induced nephropathy 
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requiring greater amount of CM, defective prostaglandin synthesis, and the presence of 
renovascular disease. Furthermore, hypovolemia is very common in elderly patients. In a 
prospective study in which elderly patients (≥70 years) were subjected to cardiac 
catheterization, 11% developed CIN (Rich & Crecelius, 1990).  In another study, CIN 
incidence was 17% in elderly patients (>60 years) as compared with 4% in younger patients 
(Kohli et al., 2000). In 208 patients with acute myocardial infarction who underwent 
coronary intervention, it was found that an age of ≥75 years was an independent risk for 
CIN (OR=5.28, p=0.0009) (Marenzi et al., 2004). 
Gender 
In a retrospective study of 8628 patients who underwent PCI, female sex was an 
independent predictor of CIN (OR=1.4, p<0.0001). One-year outcome analyses by gender 
showed a higher mortality among females than among males in a cohort of CIN patients 
(14% vs 10%, p=0.05) (Iakovou et al., 2003). The findings of this study contradict those of a 
previous randomized controlled trial of ionic vs nonionic CM, in which a multivariate 
analysis identified male gender as an independent risk factor for CIN (Rudnick et al., 1995). 
Whether female gender is truly an independent predictor of CIN will require further 
confirmatory studies. 
Pre-existing renal disease 
The major risk factor for CIN is a GFR<60 ml/min/1.73 m2. Chronic kidney disease is 
associated with decreased vasodilatory response, which is important in developing CIN, 
and in patients with renal insufficiency, the clearance of CM is slower than in normal 
subjects. In a study of 7586 patients who underwent coronary intervention, CIN developed 
in 22.4% of the patients who had serum creatinine levels of 2.0 to 2.9 mg/dl and in 30.6% of 
those with serum creatinine levels of 3.0 mg/dl or higher, compared with 2.4% of patients 
with serum creatinine levels <1.1 mg/dl ( Rihal et al., 2002). Two other studies (Moore et al., 
1992; Barrett et al., 1992) reported that the incidence of CIN increased from 4% to 20% as the 
baseline serum creatinine increased from 1.2 to 2.9 mg/dl. In another study, the incidence of 
CIN increased from 8% to 92% as the serum creatinine increased from 1.5 to 6.8 mg/dl. 
Furthermore, the probability of CIN requiring dialysis increases from 0.04% to 48% as the 
baseline GFR decreases from 50 to 10 ml/min (McCullough et al., 1997). 
Diabetes mellitus 
Patients with diabetes constitute an important group at high risk of developing CIN. 
Patients with diabetic nephropathy and a mean serum creatinine of 6.8 mg/dl had a 92% 
incidence of CIN after coronary angiography (Weinrauch et al., 1977). Patients with diabetes 

who have advanced chronic renal failure because of causes other than diabetic nephropathy 

are at significantly higher risk of developing CIN like diabetic nephropathy. On the other 
hand, studies have shown that when pre-existing renal disease is present, patients with and 
without diabetes are similarly at risk of CIN, which correlates with the degree of renal 
disease. Some authors have suggested that DM in the absence of nephropathy, particularly 
in insulin-dependent patients with diabetes, is associated with an increased risk of CIN 
(McCullough et al., 1997; Toprak 2007). In a study, it was found that the incidence of CIN 
was rather low (2%) in patients with neither diabetes nor azotemia, significantly higher 
(16%) in individuals with diabetes but preserved renal function, and much higher (38%) in 
patients who had both diabetes and azotemia (Lautin et al., 1991). In another study, the 
incidence of CIN was found to be 2% in patients without diabetes and 3.7% in patients with 
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diabetes with a baseline creatinine of 1.1 mg/dl or less (OR=1.86, p=0.005). When renal 
function is mildly impaired (serum creatinine level 1.2 to 1.9 mg/dl), the risk of CIN in 
patients with diabetes mellitus increases to 4.5% (OR=2.42, p<0.001) ( Rihal et al., 2002).  
Other studies have failed to corroborate this connection (Parfrey et al., 1989). However, 
given that, those with diabetes alone were found to be at slightly higher risk of CIN than the 

general population. 
Pre-diabetes 
In a study of 421 patients who underwent coronary angiography with renal insufficiency, 
we presented that pre-DM increase the incidence of CIN 2.1-fold in comparison to patients 
with normal fasting glucose (NFG) but pre-DM is not as strong as DM as a risk of 
developing CIN. CIN occurred in 20% of the DM (RR=3.6, p=0.001), 11.4% of the pre-DM 
(RR 2.1, p=0.314) and 5.5% of the NFG group. The decrease of GFR was higher in DM and 
pre-DM (p=0.001 and p=0.002, respectively). Length of hospital stay was 2.45 ± 1.45 day in 
DM,  2.27 ± 0.68 day in pre-DM, and  1.97 ± 0.45 day in NFG (p<0.001, DM vs. NFG and 
p=0.032, pre-DM vs. NFG). The rate of major adverse cardiac events was 8.7% in DM, 5% in 
pre-DM, and 2.1% in NFG (P=0.042, DM vs. NFG). Hemodialysis was required in 3.6% of 
DM, and 0.7% in pre-DM (P=0.036, DM vs. NFG), and the total number of hemodialysis 
sessions during 3 months was higher in DM and pre-DM (P<0.001). Serum glucose ≥124 
mg/dl was the best cut-off point for prediction of CIN (Toprak et al., 2007). 
Congestive heart failure and reduced left ventricular ejection fraction 
Studies have shown that reduced left ventricular ejection fraction (LVEF) (≤49%) and 
advanced congestive heart failure are independent risk factors for CIN. In a study, Dangas 
et al. showed that LVEF below 40% is an independent predictor of CIN (Dangas et al., 2005). 
We have previously reported that if the LVEF is greater than 30%, this condition does not 
show any significant effect on the development of CIN (Toprak et al., 2003). In a study it was 
shown that congestive heart failure was an independent risk for CIN (OR=1.53, p=0.007) 
(Rihal et al., 2002). In a cohort study it was found that congestive heart failure is a risk for 
CIN in patients who underwent PCI (OR=2.2, p<0.0001) (Bartholomew et al., 2004). 
Hypertension 
Hypertension has been categorized as a risk factor for CIN in some research. In a study of 
8628 patients who underwent percutaneous interventions, hypertension was found to be an 
independent predictor of CIN (OR=1.2, p=0.0035) (Iakovou et al., 2003). In another cohort 
study, hypertension was a risk for CIN in patients who underwent PCI (OR=2.0, p=0.0001) 
(Bartholomew  et al., 2004). 
ACE Inhibitors and angiotensin receptor blockers 
ACE inhibitors have been identified as a risk factor for CIN because of their potential to 
reduce renal function. On the other hand, some small studies have shown that the 
nephrotoxicity of CM may be reduced because of decreased renal vasoconstriction by 
inhibition of angiotensin II. In a randomized controlled study with 71 patients with diabetes 
who underwent coronary angiography randomized to captopril or control, 25-mg captopril 
was given three times daily. There was a significant decrease in CIN in the patients who 
received captopril compared with the control group (6% vs 29%, respectively, p<0.02) 
(Gupta et al., 1999). We have performed a randomized controlled study in 80 patients with 
serum creatinine below 2 mg/dl who underwent coronary angiography. Captopril was 
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diabetes with a baseline creatinine of 1.1 mg/dl or less (OR=1.86, p=0.005). When renal 
function is mildly impaired (serum creatinine level 1.2 to 1.9 mg/dl), the risk of CIN in 
patients with diabetes mellitus increases to 4.5% (OR=2.42, p<0.001) ( Rihal et al., 2002).  
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administered in 48 patients before coronary angiography. Five patients (10.4%) in the 
captopril group developed CIN, compared with only one patient (3.1%) in the control group 
(p=0.02) (Toprak et al., 2003). In a study of 230 patients with renal insufficiency and age ≥65 
years we found that chronic ACE inhibitor administration was a risk for developing CIN. 
CIN occurred in 17 patients (15.6%) in the ACE inhibitor group and 7 patients (5.8%) in the 
control group (p=0.015). Chronic ACE inhibitor administration was a risk indicator of CIN 
(OR=3.37, p=0.028) (Cirit et al., 2006). In another study, 421 patients with renal insufficiency 
who underwent coronary angiography, use of ACE inhibitors or ARB was a risk for CIN in 
multivariate analysis (OR=2.7, p=0.011) (Toprak et al., 2007). In a recent study, the impact of 
renin-angiotensin and aldosterone system blockade on the frequency of CIN was assessed 
retrospectively. Patients treated with ACE inhibitors or ARB (n=269) and were not treated 
with them (n=143) underwent coronary angiography included to the study. CIN developed 
11.9% in ACE-inhibitor using group and 4.2% in control group (p=0.006). Use of ARB or 
ACE inhibitors was found as a risk for CIN (OR=3.08, p=0.016) (Kiski et al., 2010). Checking 
the use of ACE inhibitors or ARB before coronary angiography seems to be a useful guide in 
tracking risk assessment for CIN.  
Nephrotoxic drugs 
Sulfonamides, aminoglycosides, and their combination with furosemide are particularly 
potent. Cyclosporin A may intensify medullary hypoxia, and cisplatin can attach to 

sulfhydryl groups. Mannitol can increase the metabolic workload in the kidney, and 
amphotericin B can cause the effect of a combination of mannitol and cyclosporine A. 
However, the individual roles of these medications as independent risk factors of CIN have 
not been determined in large trials. Nonetheless, it seems quite likely that nonselective 
NSAIDs and selective COX-2 inhibitors decrease the vasodilatory prostaglandins in the 
kidney and potentiate the vasoconstrictive effect of CM. 
Multiple myeloma 
The pathomechanism of this process has been explained by the precipitation of CM molecules 
together with Tamm–Horsfall proteins and other abnormal proteins, tubular epithelial cells 
damaged and desquamated as a result of ischemia, direct contrast toxicity, or disturbed 
function of integrins. In studies conducted on animals, intratubular light chains, particularly in 
the setting of intravascular volume depletion, have been found to augment the nephrotoxic 
potential of CM (Holland et al., 1985).  Studies showed an incidence of CIN of only 0.6–1.25% 
in patients with myeloma if dehydration is avoided (McCarthy & Becker, 1992). 
Metformin 
The oral antidiabetic agent metformin is not itself nephrotoxic, but it is known that patients 
who are receiving metformin may develop lactic acidosis as a result of CIN. A decline in 
renal function after contrast exposure could adversely affect the clearance of metformin. The 
complication was almost always observed in diabetic patients with decreased renal function 
before injection of CM. It seems safer to instruct patients especially at high risk for CIN not 
to take this drug for 48 h or so after CM administration and resume taking the drug only if 
there are no signs of nephrotoxicity. 
Hypercholesterolemia 
In the literature, there are limited studies on the relationship between hypercholesterolemia 
and CIN. According to these studies, hypercholesterolemia aggravates CIN through the 
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reduced production of nitric oxide (Yang et al., 2004). Altered nitric oxide-dependent renal 
vasodilatation, which is important in the pathogenesis of CIN, is prevalent in 
hypercholesterolemia. 
Hyperuricemia 
It has been suggested that tubular obstruction by uric acid plays a role in the pathogenesis 
of CIN. In a prospective cohort study we evaluated 266 patients who undergoing elective 
coronary angiography and we found that patients with hyperuricemia are at risk of 
developing CIN (OR=4.71, p=0.019). CIN occurred in 15.1% of the hyperuricemic group and 
2.9% of the normouricemic group (p<0.001). Length of hospital stay (p<0.001) and CIN 
requiring renal replacement therapy (p=0.017) were significantly higher in hyperuricemic 
group. Serum uric acid  7 mg/dl in males and 5.9 mg/dl in females were found the best 
cut-off value for prediction of CIN (Toprak et al., 2006). 
Multivessel coronary involvement, peripheral vascular disease, and renal artery stenosis 
Factors related to accelerated or diffuse atherosclerosis are linked to the development of 
CIN. The treatment of multivessel disease, challenging chronic total occlusions and 
extensively diseased coronary segments, may require high doses of CM for providing an 
optimal image quality, thus enhancing the potential toxic effects on the renal function. If a 
patient has multivessel coronary involvement, the other vessels in the body, such as the 
renal artery, can be involved. In a study of 177 patients who underwent cardiac 
catheterization, subjects were also evaluated for renal artery stenosis. Coronary artery 
disease was detected in 110 patients (62%), and significant renal artery stenosis was detected 
in 19 patients (11%). Using multivariate analysis, it was found that the extent of coronary 
artery disease was an independent predictor of renal artery stenosis (Weber-Mzell et al., 
2002). In a study a total of 5571 patients who underwent PCI were evaluated for CIN risk 
factors, and it was found that multivessel coronary involvement was only a univariate 
predictor of CIN (p=0.003) (Mehran et al., 2004). In two other cohort studies it was found 
that peripheral vascular disease is a risk for CIN in patients who underwent PCI (OR=1.9, 
p<0.0001 and OR=1.71, p=0.001, respectively) (Bartholomew et al., 2004; Rihal et al., 2002).  
In a study a total of 219 non-diabetic patients who underwent coronary angiography we 
have found that multivessel coronary involvement is a risk for CIN (OR=3.24, p=0.038) 
(Toprak et al., 2006). 
Hypovolemia 
Decreased effective circulating volume and reduced renal perfusion potentiate renal 
vasoconstriction after administration of intravascular CM. The toxic effects of CM on the 
renal tubular lumen may be exacerbated in hypovolemia. At present the most convincing 
preventive procedure of CIN is adequate hydration with isotonic saline or sodium 
bicarbonate, and intravenous hydration seems to have better results than does oral 
hydration. Before angiography, the volume status of patients can be assessed through the 
inferior vena cava index, mean atrial pressure, noninvasive pulmonary-capillary wedge 
pressure or bioimpedance spectroscopy (Toprak & Cirit, 2005). 
Renal transplantation 
Patients with renal transplantation may be at a higher risk of CIN due to concomitant use of 
cyclosporine and higher prevalence of diabetes and renal insufficiency. In a study, 33 
patients with a functioning renal allograft who underwent different contrast studies, the 
incidence of CIN was 21.2% (Ahuja et al., 2000). 
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administered in 48 patients before coronary angiography. Five patients (10.4%) in the 
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renin-angiotensin and aldosterone system blockade on the frequency of CIN was assessed 
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11.9% in ACE-inhibitor using group and 4.2% in control group (p=0.006). Use of ARB or 
ACE inhibitors was found as a risk for CIN (OR=3.08, p=0.016) (Kiski et al., 2010). Checking 
the use of ACE inhibitors or ARB before coronary angiography seems to be a useful guide in 
tracking risk assessment for CIN.  
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Sulfonamides, aminoglycosides, and their combination with furosemide are particularly 
potent. Cyclosporin A may intensify medullary hypoxia, and cisplatin can attach to 

sulfhydryl groups. Mannitol can increase the metabolic workload in the kidney, and 
amphotericin B can cause the effect of a combination of mannitol and cyclosporine A. 
However, the individual roles of these medications as independent risk factors of CIN have 
not been determined in large trials. Nonetheless, it seems quite likely that nonselective 
NSAIDs and selective COX-2 inhibitors decrease the vasodilatory prostaglandins in the 
kidney and potentiate the vasoconstrictive effect of CM. 
Multiple myeloma 
The pathomechanism of this process has been explained by the precipitation of CM molecules 
together with Tamm–Horsfall proteins and other abnormal proteins, tubular epithelial cells 
damaged and desquamated as a result of ischemia, direct contrast toxicity, or disturbed 
function of integrins. In studies conducted on animals, intratubular light chains, particularly in 
the setting of intravascular volume depletion, have been found to augment the nephrotoxic 
potential of CM (Holland et al., 1985).  Studies showed an incidence of CIN of only 0.6–1.25% 
in patients with myeloma if dehydration is avoided (McCarthy & Becker, 1992). 
Metformin 
The oral antidiabetic agent metformin is not itself nephrotoxic, but it is known that patients 
who are receiving metformin may develop lactic acidosis as a result of CIN. A decline in 
renal function after contrast exposure could adversely affect the clearance of metformin. The 
complication was almost always observed in diabetic patients with decreased renal function 
before injection of CM. It seems safer to instruct patients especially at high risk for CIN not 
to take this drug for 48 h or so after CM administration and resume taking the drug only if 
there are no signs of nephrotoxicity. 
Hypercholesterolemia 
In the literature, there are limited studies on the relationship between hypercholesterolemia 
and CIN. According to these studies, hypercholesterolemia aggravates CIN through the 
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reduced production of nitric oxide (Yang et al., 2004). Altered nitric oxide-dependent renal 
vasodilatation, which is important in the pathogenesis of CIN, is prevalent in 
hypercholesterolemia. 
Hyperuricemia 
It has been suggested that tubular obstruction by uric acid plays a role in the pathogenesis 
of CIN. In a prospective cohort study we evaluated 266 patients who undergoing elective 
coronary angiography and we found that patients with hyperuricemia are at risk of 
developing CIN (OR=4.71, p=0.019). CIN occurred in 15.1% of the hyperuricemic group and 
2.9% of the normouricemic group (p<0.001). Length of hospital stay (p<0.001) and CIN 
requiring renal replacement therapy (p=0.017) were significantly higher in hyperuricemic 
group. Serum uric acid  7 mg/dl in males and 5.9 mg/dl in females were found the best 
cut-off value for prediction of CIN (Toprak et al., 2006). 
Multivessel coronary involvement, peripheral vascular disease, and renal artery stenosis 
Factors related to accelerated or diffuse atherosclerosis are linked to the development of 
CIN. The treatment of multivessel disease, challenging chronic total occlusions and 
extensively diseased coronary segments, may require high doses of CM for providing an 
optimal image quality, thus enhancing the potential toxic effects on the renal function. If a 
patient has multivessel coronary involvement, the other vessels in the body, such as the 
renal artery, can be involved. In a study of 177 patients who underwent cardiac 
catheterization, subjects were also evaluated for renal artery stenosis. Coronary artery 
disease was detected in 110 patients (62%), and significant renal artery stenosis was detected 
in 19 patients (11%). Using multivariate analysis, it was found that the extent of coronary 
artery disease was an independent predictor of renal artery stenosis (Weber-Mzell et al., 
2002). In a study a total of 5571 patients who underwent PCI were evaluated for CIN risk 
factors, and it was found that multivessel coronary involvement was only a univariate 
predictor of CIN (p=0.003) (Mehran et al., 2004). In two other cohort studies it was found 
that peripheral vascular disease is a risk for CIN in patients who underwent PCI (OR=1.9, 
p<0.0001 and OR=1.71, p=0.001, respectively) (Bartholomew et al., 2004; Rihal et al., 2002).  
In a study a total of 219 non-diabetic patients who underwent coronary angiography we 
have found that multivessel coronary involvement is a risk for CIN (OR=3.24, p=0.038) 
(Toprak et al., 2006). 
Hypovolemia 
Decreased effective circulating volume and reduced renal perfusion potentiate renal 
vasoconstriction after administration of intravascular CM. The toxic effects of CM on the 
renal tubular lumen may be exacerbated in hypovolemia. At present the most convincing 
preventive procedure of CIN is adequate hydration with isotonic saline or sodium 
bicarbonate, and intravenous hydration seems to have better results than does oral 
hydration. Before angiography, the volume status of patients can be assessed through the 
inferior vena cava index, mean atrial pressure, noninvasive pulmonary-capillary wedge 
pressure or bioimpedance spectroscopy (Toprak & Cirit, 2005). 
Renal transplantation 
Patients with renal transplantation may be at a higher risk of CIN due to concomitant use of 
cyclosporine and higher prevalence of diabetes and renal insufficiency. In a study, 33 
patients with a functioning renal allograft who underwent different contrast studies, the 
incidence of CIN was 21.2% (Ahuja et al., 2000). 
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Acute myocardial infarction 
A study by Rihal et al. showed that acute myocardial infarction within 24 h before 
administration of the CM is a risk factor for CIN (OR=1.85, p=0.0006). This study 
demonstrates that CIN is a frequent complication in acute myocardial infarction, even in 
patients with a normal baseline renal function. (Rihal et al., 2002). In a study of 208 acute 
myocardial infarction patients who underwent primary PCI, anterior acute myocardial 
infarction was significantly higher in patients who developed CIN (p=0.0015). However, in 
multivariate analysis, anterior acute myocardial infarction (OR=2.17, p=0.09) was not a risk 
for CIN (Marenzi et al., 2004). In 2082 percutaneous interventions for acute myocardial 
infarction, it was reported a more than seven-fold (3.2% vs 23.3%) increase in 1-year 
mortality in patients who developed CIN (Sadeghi et al., 2003). 
Low hematocrit level 
A baseline hematocrit value of less than 39% for men and less than 36% for women is a risk 
for CIN. The relationship between low hematocrit levels and CIN has been investigated in a 
prospective study of 6773 patients who underwent PCI (Nikolsky et al., 2005). A lower 
baseline hematocrit was an independent predictor of CIN; and each 3% decrease in baseline 
hematocrit resulted in a significant increase in the odds of CIN in patients with and without 
chronic kidney disease (11% and 23%, respectively). Dangas et al. showed that the baseline 
hematocrit level is an independent predictor of CIN in patients with chronic kidney disease 
(OR=0.95, p<0.00001) (Dangas et al., 2005). 
Low serum albumin 
Hypoalbuminemia impairs endothelial function, enhances renal vasoconstriction, impairs 
the synthesis and release of nitric oxide, and decreases antioxidant enzyme activity. In a 
study, low serum albumin (<3.5 g/dl) was identified as a risk factor for CIN in patients 70 
years of age or older who underwent cardiac catheterization (Rich, et al., 1990). Also we 
have found that in 230 patients who underwent coronary angiography with renal 
insufficiency, serum albumin level ≤3.5 g/dl was a risk factor for CIN (OR=5.79, p=0.005) 
(Cirit et al., 2006). 
Hypotension, sepsis, cirrhosis, and pulmonary edema 
A systolic blood pressure of less than 80 mm Hg for at least 1 h that requires inotropic 
support with medications is a risk factor for CIN. A study by Dangas et al showed that 
periprocedural hypotension and pulmonary edema are independent predictors of CIN in 
patients with chronic kidney disease (OR=2.50, p<0.00001 and OR=2.56, p=0.001, 
respectively) (Dangas et al., 2005) Sepsis, through direct damage by bacterial toxins to renal 
tubules and impairment of circulation, has also been reported as a risk factor. Reduction of 
effective intravascular volume caused by liver cirrhosis has been reported as contributing to 
pre-renal reduction in renal perfusion, thus enhancing the ischemic insult of CM (Toprak, 
2007). 
Metabolic syndrome, impaired fasting glucose and hypertriglyceridemia 
In a prospective cohort study of 219 non-diabetic elderly patients with reduced kidney 
function who underwent elective coronary angiography, we reported that metabolic 
syndrome was a risk indicator of CIN (OR=4.26, p=0.026). CIN occurred in 14% of the 
metabolic syndrome group and 3.6% of the non-metabolic syndrome group (relative risk 
3.93, p=0.007). Impaired fasting glucose (OR=4.72, p=0.007), high triglyceride (OR=4.06, 
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p=0.022); and multi-vessel involvement (OR=3.14, p=0.038) in the metabolic syndrome 
group were predictors of CIN (Toprak et al., 2006). 

2.3.2 Procedure-related risk factors 
Short duration of the two contrast administration and urgent/emergency procedure  
In those who have no risk factors for CIN, angiography should be delayed more than 48 
hours after a previous exposure to intravascular contrast media. In patients with diabetes or 
preexisting renal disease, this time interval should be increased to more than 72 hours. In a 
cohort study, urgent/emergency procedure was found as a predictor of CIN (OR=4, 
p<0.0001) (Bartholomew et al., 2004). The higher risk of developing CIN in patients with 
urgent status was irrespective of baseline renal function.  
Use of intra-aortic balloon pump 
In 208 consecutive acute myocardial infarction patients undergoing percutaneous coronary 
intervention, use of intra-aortic balloon pump was a risk predictor of CIN (OR=15.51, 
p<0.0001) (Marenzi et al., 2004). In a study, it has demonstrated that, intra-aortic balloon 
pump use is an independent predictor of CIN in patients with chronic kidney disease 
(OR=2.27, p=0.004) (Dangas et al., 2005). In another study, it was found that the use of intra-
aortic balloon pump was a risk factor for CIN requiring dialysis after PCI (OR=1.94) 
(Gruberg et al., 2001). In another derivation and validation cohort study, intra-aortic balloon 
pump use was a risk for CIN in patients undergoing coronary intervention (OR=5.1, 
p<0.0001) (Bartholomew et al., 2004). 
Bypass graft intervention and delayed reperfusion  
Procedures with bypass angiography and intervention may be associated with higher 
complexity, longer duration, and limited success, thus indicating an unstable post-
procedural period with impaired cardiac output. Gruberg et al. showed that the risk of CIN 
requiring dialysis after PCI was increased with bypass graft intervention (OR=4.94) 
(Gruberg et al., 2001). In a study of 208 acute myocardial infarction patients undergoing 
primary PCI, the risk of CIN was increased if the time-to-reperfusion is ≥6 h (OR=2.51, 
p=0.04) (Marenzi et al., 2004) 

2.3.3 Contrast medium-related risk factors 
Increased dose of contrast medium 
According to different sources, the relatively safe cutoff point of contrast amount varies 
from 70 ml up to 220ml. However, doses as low as 20 to 30 ml are capable of inducing CIN. 
In a study that patients undergoing coronary angiography, each 100 ml of contrast medium 

administered was associated with a significant increase of 12% in the risk of CIN (OR=1.12, 
p=0.02) (Rihal et al., 2002). Marenzi et al. showed that contrast volume >300 ml is an 
independent risk for CIN (OR=2.80, p=0.02) (Marenzi et al., 2004). In another study patients 
with preexisting renal failure revealed a 10-fold risk of CIN when more than 125 ml of 
contrast media was administered (Taliercio et al., 1986). 
High-osmolar and ionic CM 
In a large study which comparing the non-ionic low-osmolality agent iohexol to the ionic 
high-osmolality agent meglumine/sodium diatrizoate in patients with pre-existing renal 
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A study by Rihal et al. showed that acute myocardial infarction within 24 h before 
administration of the CM is a risk factor for CIN (OR=1.85, p=0.0006). This study 
demonstrates that CIN is a frequent complication in acute myocardial infarction, even in 
patients with a normal baseline renal function. (Rihal et al., 2002). In a study of 208 acute 
myocardial infarction patients who underwent primary PCI, anterior acute myocardial 
infarction was significantly higher in patients who developed CIN (p=0.0015). However, in 
multivariate analysis, anterior acute myocardial infarction (OR=2.17, p=0.09) was not a risk 
for CIN (Marenzi et al., 2004). In 2082 percutaneous interventions for acute myocardial 
infarction, it was reported a more than seven-fold (3.2% vs 23.3%) increase in 1-year 
mortality in patients who developed CIN (Sadeghi et al., 2003). 
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A baseline hematocrit value of less than 39% for men and less than 36% for women is a risk 
for CIN. The relationship between low hematocrit levels and CIN has been investigated in a 
prospective study of 6773 patients who underwent PCI (Nikolsky et al., 2005). A lower 
baseline hematocrit was an independent predictor of CIN; and each 3% decrease in baseline 
hematocrit resulted in a significant increase in the odds of CIN in patients with and without 
chronic kidney disease (11% and 23%, respectively). Dangas et al. showed that the baseline 
hematocrit level is an independent predictor of CIN in patients with chronic kidney disease 
(OR=0.95, p<0.00001) (Dangas et al., 2005). 
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Hypoalbuminemia impairs endothelial function, enhances renal vasoconstriction, impairs 
the synthesis and release of nitric oxide, and decreases antioxidant enzyme activity. In a 
study, low serum albumin (<3.5 g/dl) was identified as a risk factor for CIN in patients 70 
years of age or older who underwent cardiac catheterization (Rich, et al., 1990). Also we 
have found that in 230 patients who underwent coronary angiography with renal 
insufficiency, serum albumin level ≤3.5 g/dl was a risk factor for CIN (OR=5.79, p=0.005) 
(Cirit et al., 2006). 
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A systolic blood pressure of less than 80 mm Hg for at least 1 h that requires inotropic 
support with medications is a risk factor for CIN. A study by Dangas et al showed that 
periprocedural hypotension and pulmonary edema are independent predictors of CIN in 
patients with chronic kidney disease (OR=2.50, p<0.00001 and OR=2.56, p=0.001, 
respectively) (Dangas et al., 2005) Sepsis, through direct damage by bacterial toxins to renal 
tubules and impairment of circulation, has also been reported as a risk factor. Reduction of 
effective intravascular volume caused by liver cirrhosis has been reported as contributing to 
pre-renal reduction in renal perfusion, thus enhancing the ischemic insult of CM (Toprak, 
2007). 
Metabolic syndrome, impaired fasting glucose and hypertriglyceridemia 
In a prospective cohort study of 219 non-diabetic elderly patients with reduced kidney 
function who underwent elective coronary angiography, we reported that metabolic 
syndrome was a risk indicator of CIN (OR=4.26, p=0.026). CIN occurred in 14% of the 
metabolic syndrome group and 3.6% of the non-metabolic syndrome group (relative risk 
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p=0.022); and multi-vessel involvement (OR=3.14, p=0.038) in the metabolic syndrome 
group were predictors of CIN (Toprak et al., 2006). 

2.3.2 Procedure-related risk factors 
Short duration of the two contrast administration and urgent/emergency procedure  
In those who have no risk factors for CIN, angiography should be delayed more than 48 
hours after a previous exposure to intravascular contrast media. In patients with diabetes or 
preexisting renal disease, this time interval should be increased to more than 72 hours. In a 
cohort study, urgent/emergency procedure was found as a predictor of CIN (OR=4, 
p<0.0001) (Bartholomew et al., 2004). The higher risk of developing CIN in patients with 
urgent status was irrespective of baseline renal function.  
Use of intra-aortic balloon pump 
In 208 consecutive acute myocardial infarction patients undergoing percutaneous coronary 
intervention, use of intra-aortic balloon pump was a risk predictor of CIN (OR=15.51, 
p<0.0001) (Marenzi et al., 2004). In a study, it has demonstrated that, intra-aortic balloon 
pump use is an independent predictor of CIN in patients with chronic kidney disease 
(OR=2.27, p=0.004) (Dangas et al., 2005). In another study, it was found that the use of intra-
aortic balloon pump was a risk factor for CIN requiring dialysis after PCI (OR=1.94) 
(Gruberg et al., 2001). In another derivation and validation cohort study, intra-aortic balloon 
pump use was a risk for CIN in patients undergoing coronary intervention (OR=5.1, 
p<0.0001) (Bartholomew et al., 2004). 
Bypass graft intervention and delayed reperfusion  
Procedures with bypass angiography and intervention may be associated with higher 
complexity, longer duration, and limited success, thus indicating an unstable post-
procedural period with impaired cardiac output. Gruberg et al. showed that the risk of CIN 
requiring dialysis after PCI was increased with bypass graft intervention (OR=4.94) 
(Gruberg et al., 2001). In a study of 208 acute myocardial infarction patients undergoing 
primary PCI, the risk of CIN was increased if the time-to-reperfusion is ≥6 h (OR=2.51, 
p=0.04) (Marenzi et al., 2004) 

2.3.3 Contrast medium-related risk factors 
Increased dose of contrast medium 
According to different sources, the relatively safe cutoff point of contrast amount varies 
from 70 ml up to 220ml. However, doses as low as 20 to 30 ml are capable of inducing CIN. 
In a study that patients undergoing coronary angiography, each 100 ml of contrast medium 

administered was associated with a significant increase of 12% in the risk of CIN (OR=1.12, 
p=0.02) (Rihal et al., 2002). Marenzi et al. showed that contrast volume >300 ml is an 
independent risk for CIN (OR=2.80, p=0.02) (Marenzi et al., 2004). In another study patients 
with preexisting renal failure revealed a 10-fold risk of CIN when more than 125 ml of 
contrast media was administered (Taliercio et al., 1986). 
High-osmolar and ionic CM 
In a large study which comparing the non-ionic low-osmolality agent iohexol to the ionic 
high-osmolality agent meglumine/sodium diatrizoate in patients with pre-existing renal 
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dysfunction undergoing angiography, patients with renal insufficiency receiving diatrizoate 
were 3.3 times as likely to develop CIN compared to those receiving iohexol (Rudnick et al., 
1995). NEPHRIC trial is a randomized, prospective study comparing the nonionic iso-
osmolar CM iodixanol with the nonionic low-osmolar CM iohexol in 129 renal impairment 
patients with diabetes undergoing coronary or aorto-femoral angiography. The incidence of 
CIN was 3% in the iodixanol group and 26% in the iohexol group (p=0.002) (Aspelin et al., 
2003). In another randomized study, the renal tolerance of iodixanol and iohexol was 
compared in 124 patients with creatinine >1.7 mg/dl. The incidence of CIN was 3.7% in 
iodixanol group and 10% in iohexol group (p>0.05) (Chalmers et al., 1999). The available 
data do not provide clear evidence that the whole iso-osmolar CM class offers an 
improvement over the low-osmolar CM class. Other studies with iodixanol in renal failure 
patients have shown a higher incidence of CIN than that observed in the NEPHRIC study 
(21% in the RAPPID trial, 30% in the CONTRAST trial) (Baker et al., 2003: Stone et al., 2003). 
In addition to their osmolarity, contrast medias are characterized as ionic versus non-ionic. 
Small clinical trials of low-risk patients undergoing coronary angiography have shown little 
difference in the risk of CIN between the 2 types of CM. However, a randomized trial of 
1196 patients undergoing coronary angiography showed that non-ionic CM reduced the 
incidence of CIN in patients with preexisting renal disease with or without diabetes 
(Rudnick et al., 1995).  In addition, symptomatic or hemodynamic adverse drug events have 
been shown to occur less often with non-ionic, low-osmolality CM compared with ionic, 
high-osmolality CM. In high-risk patients, it is reasonable to don’t use the high-osmolar and 
ionic CM to minimize the risk of CIN. 
Intra-arterial administration of the contrast media 
Intra-arterial contrast administration is a risk for CIN. This effect is thought to be due to the 
fact that the acute intra renal concentration of CM is much higher after intra arterial rather 
than intravenous injection. 

2.3.4 Scoring method to predict high risk patients for CIN 
Mehran et al. developed a simple scoring method that integrates eight baseline clinical 
variables to assess the risk of CIN after percutaneous coronary intervention (PCI). These are 
hypotension (score 5), use of intra-aortic balloon pump (score 5), congestive heart failure 
(score 5), serum creatinine>1.5 mg/dl (score 4), age>75 years (score 4), anemia (score 3), 
diabetes mellitus (score 3), and volume of CM (score 1 per 100 ml). If the total score is 5 or 
less, the risk category is low; if the total score is 16 or higher, the risk category is very high 
(Mehran et al., 2004) 

2.4 Prevention strategies for CIN 
Extracellular volume expansion with intravenous saline or sodium bicarbonate, minimizing 
the dose of CM, using low-osmolar non-ionic CM instead of high osmolar ionic CM, 
stopping the intake of nephrotoxic drugs and avoiding short intervals between procedures 
requiring CM have all been shown to be effective in reducing CIN. Alternatives to ordinary 
CM, such as carbon dioxide or gadolinium chelates, can be used in patients at high risk of 
CIN (Table 2). 
Volume expansion 
Volume expansion is the single most important measure that has been documented to be 
beneficial in preventing CIN. A standardized saline hydration protocol has been proven  
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Clinical evidence advocating 
their use  Don’t use  With conflicting or  

limited evidence 

Extracellular volume 
expansion 

Nonsteroidal anti-
inflammatory drugs, COX-2 
inhibitors,  aminoglycoside, 
cisplatin 

Acetylcystein  

Saline or sodium bicarbonate Loop diuretics  Theophylline  
Low or iso-osmolar contrast Mannitol  Calcium channel blockers  
Minimizing the  dose of 
contrast 

Multiple use of contrast 
within 72 h Fenoldopam  

Alternative imaging 
techniques Large doses of contrast Captopril  

Monitoring serum creatinine  High-osmolar contrast Ascorbic acid  
Delaying contrast procedures 
until hemodynamic status is 
corrected 

Metformin usage especially in 
patients with renal failure Atrial natriuretic peptide 

≥48 h between contrast 
procedures  Endothelin antagonist 

  PGE1 
  Hemofiltration 
  Nebivolol 
  Statins 
  B-type natriuretic peptide 
  Pentoxifylline 

Table 2. Prevention strategies for contrast-induced nephropathy in high-risk patients 

effective in reducing the risk of CIN and should be used routinely. The most widely 
accepted protocol is administering isotonic saline at 1 to 1.5 ml/kg/h beginning 6 to 12 
hours prior to the procedure and continuing for up to 12 hours following 
contrastadministration. In a randomized trial, two different hydration regimens were 
compared in 1620 patients undergoing coronary interventions. They showed that the 

incidence of CIN was significantly lower among patients given an isotonic saline solution 
than among those given a hypotonic saline solution (0.7% vs. 2.0% respectively, p=0.04) 
(Mueller et al., 2002). In another trial, a total of 119 patients with serum creatinine exceeding 
1.1 mg/dl were randomized to receive isotonic solution of sodium bicarbonate (n=59) or 
isotonic saline (n=60) at a rate of 3 ml/kg/h for 1 hour before and 1 ml/kg/h for 6 hours 
after contrast administration. CIN developed in only 1 patient (1.7%) compared with 8 
patients (13.6%) in the saline group (p=0.02) (Merten et al., 2004). The authors postulated 
that a reduction in oxidative injury may have conferred protection against CIN. However, 
further studies are required to clarify the role of hydration with sodium bicarbonate in 

preventing CIN. In a prospective study, the effect of combination intravenous and oral 
volume supplementation on the development of CIN was studied in 425 patients 
undergoing percutaneous coronary intervention. Patients were randomly assigned to 
receive hydration with either isotonic or half-isotonic. In addition patients were encouraged 
to drink plenty of fluids (at least 1500 ml). They found that applying the combination of 
intravenous and oral volume supplementation results in a very low incidence of CIN (1.4%) 
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dysfunction undergoing angiography, patients with renal insufficiency receiving diatrizoate 
were 3.3 times as likely to develop CIN compared to those receiving iohexol (Rudnick et al., 
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CIN was 3% in the iodixanol group and 26% in the iohexol group (p=0.002) (Aspelin et al., 
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(score 5), serum creatinine>1.5 mg/dl (score 4), age>75 years (score 4), anemia (score 3), 
diabetes mellitus (score 3), and volume of CM (score 1 per 100 ml). If the total score is 5 or 
less, the risk category is low; if the total score is 16 or higher, the risk category is very high 
(Mehran et al., 2004) 

2.4 Prevention strategies for CIN 
Extracellular volume expansion with intravenous saline or sodium bicarbonate, minimizing 
the dose of CM, using low-osmolar non-ionic CM instead of high osmolar ionic CM, 
stopping the intake of nephrotoxic drugs and avoiding short intervals between procedures 
requiring CM have all been shown to be effective in reducing CIN. Alternatives to ordinary 
CM, such as carbon dioxide or gadolinium chelates, can be used in patients at high risk of 
CIN (Table 2). 
Volume expansion 
Volume expansion is the single most important measure that has been documented to be 
beneficial in preventing CIN. A standardized saline hydration protocol has been proven  
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effective in reducing the risk of CIN and should be used routinely. The most widely 
accepted protocol is administering isotonic saline at 1 to 1.5 ml/kg/h beginning 6 to 12 
hours prior to the procedure and continuing for up to 12 hours following 
contrastadministration. In a randomized trial, two different hydration regimens were 
compared in 1620 patients undergoing coronary interventions. They showed that the 

incidence of CIN was significantly lower among patients given an isotonic saline solution 
than among those given a hypotonic saline solution (0.7% vs. 2.0% respectively, p=0.04) 
(Mueller et al., 2002). In another trial, a total of 119 patients with serum creatinine exceeding 
1.1 mg/dl were randomized to receive isotonic solution of sodium bicarbonate (n=59) or 
isotonic saline (n=60) at a rate of 3 ml/kg/h for 1 hour before and 1 ml/kg/h for 6 hours 
after contrast administration. CIN developed in only 1 patient (1.7%) compared with 8 
patients (13.6%) in the saline group (p=0.02) (Merten et al., 2004). The authors postulated 
that a reduction in oxidative injury may have conferred protection against CIN. However, 
further studies are required to clarify the role of hydration with sodium bicarbonate in 

preventing CIN. In a prospective study, the effect of combination intravenous and oral 
volume supplementation on the development of CIN was studied in 425 patients 
undergoing percutaneous coronary intervention. Patients were randomly assigned to 
receive hydration with either isotonic or half-isotonic. In addition patients were encouraged 
to drink plenty of fluids (at least 1500 ml). They found that applying the combination of 
intravenous and oral volume supplementation results in a very low incidence of CIN (1.4%) 
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(Mueller et al., 2005). Most studies have found that hydration alone is better than hydration 
combined with a diuretic. In a study, 78 patients with serum creatinine >1.6 mg/dl were 
randomized to three groups: hydration alone, hydration with mannitol and hydration with 
furosemide. Half-isotonic saline was used for hydration. CIN occurred in 11%, 28% and 40% 
of patients in the three groups, respectively (p=0.02), thus showing that forced diuresis is of 
no benefit in preventing CIN. In a meta-analysis it was found that the administration of 
sodium bicarbonate is superior to the administration of saline alone in the prevention of 
CIN (Solomon et al., 1994). However, further controlled clinical trials are needed due to 
significant study heterogeneity and publication bias. The effectiveness of sodium 
bicarbonate treatment to prevent CIN in high-risk patients remains uncertain. 
N-acetylcysteine 
It had been postulated that antioxidant N-acetylcysteine (NAC) might scavenge oxygen free 
radicals, thus attenuate the cytotoxic effects of CM. NAC may also have direct vasodilating 

effects on the kidneys through an increase in the biologic effects of nitric oxide. Tepel et al. 
were evaluated the effects of NAC (600 mg orally twice daily), at first time, in 83 patients 
undergoing computed tomography. Two percent of the patients in the NAC group had CIN 
versus 21% in the placebo group (p=0.01) (Tepel et al., 2000). Since then, a number of trials 
have been published. Results from these trials have been inconsistent. In a randomized, 
placebo-controlled study it was found that NAC is protective against CIN Fifty-four patients 
were randomized to receive either 600 mg of NAC twice daily for 4 doses or placebo. The 
incidence of CIN was 8% in the NAC group versus 45% in the placebo group (p=0.005) 
(Diaz-Sandoval et al., 2002). In addition to oral administration, intravenous administration 
of NAC to protect against CIN has also been evaluated. In a study, Baker et al. randomly 
assigned 80 patients to receive either NAC infusion (n=41) versus saline infusion (n=39). 
CIN developed in only 2 (5%) of patients in the NAC group compared with 8 (21%) in the 
saline group (p=0.04) (Baker et al., 2003). The authors concluded that NAC infusion protects 
against CIN. In a meta-analysis, evaluating more than 800 patients at high risk of 
developing CIN also documented a positive impact of NAC prophylaxis on CIN (Birck et 
al., 2003). In another meta-analysis, nine randomized controlled trials were included and the 
difference in mean change in creatinine between the NAC treated group and controls was -
0.27 mg/dl. The relative risk of developing CIN was 0.43 in subjects randomized to NAC. 
They suggest that NAC helps prevent declining renal function and CIN (Liu et al., 2005). In 
contrast to these reports, some studies failed to find a significant effect of NAC on the 
occurrence of CINA total of 183 patients with preexisting renal insufficiency undergoing 
contrast study were randomly assigned to receive NAC at a dose of 600 mg twice daily on 
the day before and the day of the contrast study plus saline infusion or saline alone. The 
incidence of CIN was 6.5% in the NAC group versus 11% in the control group (p=0.22) 
(Briguori et al., 2002).  In a multi centric double blind clinical trial 156 patients undergoing 
coronary angiography or percutaneous coronary intervention with creatinine clearance <50 
ml/min were randomly assigned to receive N-acetylcysteine 600 mg orally twice daily for 
two days or placebo. Sixteen patients developed CIN. Eight of 77 patients (10.4%) in the 
NAC group and eight of 79 patients (10.1%) in the placebo group (p=1.00). No difference 
was observed in the change in endogenous creatinine clearance, p=0.28). They concluded 
that oral NAC did not prevent CIN in patients at low to moderate risk undergoing cardiac 
catheterisation with ionic low osmolality CM (Gomes et al., 2005). In another study, 50 
patients undergoing elective diagnostic coronary angiography with serum creatinine values 
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above 1.3 mg/dl were included and CIN was detected in 3 of 25 patients (12%) in the NAC 
group and 2 of 25 patients (8%) in the control group (p>0.05). It was detected that in patients 
planned to undergo elective diagnostic coronary angiography with renal dysfunction, oral 
NAC and hydration before the procedure was not more effective than hydration alone in the 
prevention of CIN (Gulel et al., 2005). A direct renoprotective effect of NAC remains 
questionable. To date, only a few trials described the effects of NAC not only on serum 
creatinine but also on clinical end points. The serum creatinine can be decrease in 
administration of NAC without renoprotective effect.  In a prospective study, NAC was 
given at a dose of 600 mg every 12 h for a total of four doses to the volunteers with a normal 
renal function who did not receive contrast agent. There was a significant decrease of the 
mean serum creatinine (p<0.05) and a significant increase of the GFR (p<0.02), whereas the 
cystatin C concentration did not change significantly (Hoffmann et al., 2004). In patients 
undergoing emergency diagnostic procedures, in whom a full hydration protocol is not 
possible, an abbreviated hydration regimen plus oral or intravenous administration of NAC 
can be recommended. NAC may be of benefit mostly in high-risk patients. If NAC is to be 
used as a preventative measure, it should be given at a dose of 600 mg orally twice daily on 

the day before and day of the procedure. 
Ascorbic acid 
Prophylactic oral administration of ascorbic acid may protect against CIN. In a randomized, 
placebo-controlled trial in 231 patients with serum creatinine concentration ≥1.2 mg/dl who 
undergoing coronary angiography showed that the use of ascorbic acid was associated with 
a significant reduction in the rate of CIN. CIN occurred in 11 of the 118 patients (9%) in the 
ascorbic acid group and in 23 of the 113 patients (20%) in the placebo group (OR=0.38; 
p=0.02) (Spargias et al., 2004). Further prospective studies are needed to validate these 
preliminary results. 
Fenoldopam 
Fenoldopam mesylate is a selective dopamine-1 receptor agonist that produces systemic, 
peripheral and renal arterial vasodilatation. Several investigators have reported a positive 
impact of fenoldopam against CIN in small studies. In a placebo-controlled, double-blind, 
multicenter trial, 315 patients with creatinine clearance of less than 60 ml/min were 
randomized to receive fenoldopam infusion [0.05 µg/kg/min titrated to 0.1 µg/kg/min 
(n=157)] or matching placebo (n=158). CIN occurred in 33.6% of patients in the 
fenoldopam group compared with 30.1% of patients in the placebo group (p=0.61) (Stone 
et al., 2003). The authors concluded that fenoldopam did not protect against CIN. In 2 
other large studies comparing fenoldopam with NAC treatment with fenoldopam either 
had a similar, non significant effect as that of NAC or was inferior to it (Allaqaband et al., 
2002; Briguori et al., 2004). Therefore, the routine use of fenoldopam cannot be 
recommended at the present time. 
Adenosine antagonists  
CM stimulate the intrarenal secretion of adenosine, which binds to the renal adenosine 
receptor and acts as a potent vasoconstrictor, reducing renal blood flow and increasing the 
generation of oxygen free radicals as it is metabolized to xanthine and hypoxanthine. 
Theophylline and aminophylline, adenosine antagonists, have also been studied in the 
prevention of CIN in a number of trials. Studies with these agents have used varying doses 
and dosage forms and yielded conflicting results (Erley et al., 1999; Kapoor et al., 2001). 
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(Mueller et al., 2005). Most studies have found that hydration alone is better than hydration 
combined with a diuretic. In a study, 78 patients with serum creatinine >1.6 mg/dl were 
randomized to three groups: hydration alone, hydration with mannitol and hydration with 
furosemide. Half-isotonic saline was used for hydration. CIN occurred in 11%, 28% and 40% 
of patients in the three groups, respectively (p=0.02), thus showing that forced diuresis is of 
no benefit in preventing CIN. In a meta-analysis it was found that the administration of 
sodium bicarbonate is superior to the administration of saline alone in the prevention of 
CIN (Solomon et al., 1994). However, further controlled clinical trials are needed due to 
significant study heterogeneity and publication bias. The effectiveness of sodium 
bicarbonate treatment to prevent CIN in high-risk patients remains uncertain. 
N-acetylcysteine 
It had been postulated that antioxidant N-acetylcysteine (NAC) might scavenge oxygen free 
radicals, thus attenuate the cytotoxic effects of CM. NAC may also have direct vasodilating 

effects on the kidneys through an increase in the biologic effects of nitric oxide. Tepel et al. 
were evaluated the effects of NAC (600 mg orally twice daily), at first time, in 83 patients 
undergoing computed tomography. Two percent of the patients in the NAC group had CIN 
versus 21% in the placebo group (p=0.01) (Tepel et al., 2000). Since then, a number of trials 
have been published. Results from these trials have been inconsistent. In a randomized, 
placebo-controlled study it was found that NAC is protective against CIN Fifty-four patients 
were randomized to receive either 600 mg of NAC twice daily for 4 doses or placebo. The 
incidence of CIN was 8% in the NAC group versus 45% in the placebo group (p=0.005) 
(Diaz-Sandoval et al., 2002). In addition to oral administration, intravenous administration 
of NAC to protect against CIN has also been evaluated. In a study, Baker et al. randomly 
assigned 80 patients to receive either NAC infusion (n=41) versus saline infusion (n=39). 
CIN developed in only 2 (5%) of patients in the NAC group compared with 8 (21%) in the 
saline group (p=0.04) (Baker et al., 2003). The authors concluded that NAC infusion protects 
against CIN. In a meta-analysis, evaluating more than 800 patients at high risk of 
developing CIN also documented a positive impact of NAC prophylaxis on CIN (Birck et 
al., 2003). In another meta-analysis, nine randomized controlled trials were included and the 
difference in mean change in creatinine between the NAC treated group and controls was -
0.27 mg/dl. The relative risk of developing CIN was 0.43 in subjects randomized to NAC. 
They suggest that NAC helps prevent declining renal function and CIN (Liu et al., 2005). In 
contrast to these reports, some studies failed to find a significant effect of NAC on the 
occurrence of CINA total of 183 patients with preexisting renal insufficiency undergoing 
contrast study were randomly assigned to receive NAC at a dose of 600 mg twice daily on 
the day before and the day of the contrast study plus saline infusion or saline alone. The 
incidence of CIN was 6.5% in the NAC group versus 11% in the control group (p=0.22) 
(Briguori et al., 2002).  In a multi centric double blind clinical trial 156 patients undergoing 
coronary angiography or percutaneous coronary intervention with creatinine clearance <50 
ml/min were randomly assigned to receive N-acetylcysteine 600 mg orally twice daily for 
two days or placebo. Sixteen patients developed CIN. Eight of 77 patients (10.4%) in the 
NAC group and eight of 79 patients (10.1%) in the placebo group (p=1.00). No difference 
was observed in the change in endogenous creatinine clearance, p=0.28). They concluded 
that oral NAC did not prevent CIN in patients at low to moderate risk undergoing cardiac 
catheterisation with ionic low osmolality CM (Gomes et al., 2005). In another study, 50 
patients undergoing elective diagnostic coronary angiography with serum creatinine values 
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above 1.3 mg/dl were included and CIN was detected in 3 of 25 patients (12%) in the NAC 
group and 2 of 25 patients (8%) in the control group (p>0.05). It was detected that in patients 
planned to undergo elective diagnostic coronary angiography with renal dysfunction, oral 
NAC and hydration before the procedure was not more effective than hydration alone in the 
prevention of CIN (Gulel et al., 2005). A direct renoprotective effect of NAC remains 
questionable. To date, only a few trials described the effects of NAC not only on serum 
creatinine but also on clinical end points. The serum creatinine can be decrease in 
administration of NAC without renoprotective effect.  In a prospective study, NAC was 
given at a dose of 600 mg every 12 h for a total of four doses to the volunteers with a normal 
renal function who did not receive contrast agent. There was a significant decrease of the 
mean serum creatinine (p<0.05) and a significant increase of the GFR (p<0.02), whereas the 
cystatin C concentration did not change significantly (Hoffmann et al., 2004). In patients 
undergoing emergency diagnostic procedures, in whom a full hydration protocol is not 
possible, an abbreviated hydration regimen plus oral or intravenous administration of NAC 
can be recommended. NAC may be of benefit mostly in high-risk patients. If NAC is to be 
used as a preventative measure, it should be given at a dose of 600 mg orally twice daily on 

the day before and day of the procedure. 
Ascorbic acid 
Prophylactic oral administration of ascorbic acid may protect against CIN. In a randomized, 
placebo-controlled trial in 231 patients with serum creatinine concentration ≥1.2 mg/dl who 
undergoing coronary angiography showed that the use of ascorbic acid was associated with 
a significant reduction in the rate of CIN. CIN occurred in 11 of the 118 patients (9%) in the 
ascorbic acid group and in 23 of the 113 patients (20%) in the placebo group (OR=0.38; 
p=0.02) (Spargias et al., 2004). Further prospective studies are needed to validate these 
preliminary results. 
Fenoldopam 
Fenoldopam mesylate is a selective dopamine-1 receptor agonist that produces systemic, 
peripheral and renal arterial vasodilatation. Several investigators have reported a positive 
impact of fenoldopam against CIN in small studies. In a placebo-controlled, double-blind, 
multicenter trial, 315 patients with creatinine clearance of less than 60 ml/min were 
randomized to receive fenoldopam infusion [0.05 µg/kg/min titrated to 0.1 µg/kg/min 
(n=157)] or matching placebo (n=158). CIN occurred in 33.6% of patients in the 
fenoldopam group compared with 30.1% of patients in the placebo group (p=0.61) (Stone 
et al., 2003). The authors concluded that fenoldopam did not protect against CIN. In 2 
other large studies comparing fenoldopam with NAC treatment with fenoldopam either 
had a similar, non significant effect as that of NAC or was inferior to it (Allaqaband et al., 
2002; Briguori et al., 2004). Therefore, the routine use of fenoldopam cannot be 
recommended at the present time. 
Adenosine antagonists  
CM stimulate the intrarenal secretion of adenosine, which binds to the renal adenosine 
receptor and acts as a potent vasoconstrictor, reducing renal blood flow and increasing the 
generation of oxygen free radicals as it is metabolized to xanthine and hypoxanthine. 
Theophylline and aminophylline, adenosine antagonists, have also been studied in the 
prevention of CIN in a number of trials. Studies with these agents have used varying doses 
and dosage forms and yielded conflicting results (Erley et al., 1999; Kapoor et al., 2001). 
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Based on the conflicting information found in clinical studies, adenosine antagonists should 
not be routinely used in patients as a preventative measure at this time. 
Calcium channel blockers 
The calcium channel antagonists verapamil and diltiazem have been found to attenuate the 
renal vasoconstrictor response after exposure to CM. However, when the efficacy of the 
felodipine, nitrendipine and nifedipine was evaluated, results were inconsistent. Two small 
studies performed the use of sublingual nifedipine given prior to contrast administration. 
Patients (n=20) who received sublingual nifedipine did not have a significant increase in 
serum creatinine, while those in the placebo group did (Rodicio et al., 1990).  In another 
study, patients (n=30) who received nifedipine had an increase in renal plasma flow 
following administration of contrast, while patients in the placebo group had a decrease in 
renal flow (Russo et al., 1990). One other study showed that nitrendipine use cause a 
significant reduction in the GFR in the placebo group compared to little or no change in GFR 
in the nitrendipine group (Neumayer et al., 1989). In another study, 27 patients with normal 
to moderately reduced renal function underwent femoral angiography randomized to 
receive either oral felodipine or placebo. Patients in the felodipine group had a significant 
increase in serum creatinine from baseline, while patients in the placebo group did not 
demonstrate a similar increase (Spangberg-Viklund et al., 1996). More large-scale trials are 
needed before calcium channel blockers can be routinely recommended in patients prior to 
contrast administration. 

Prostaglandin E1 
PGE1 has vasodilatory effects that may be beneficial in preventing CIN. In one study, 130 
patients were randomly assigned to receive either placebo or one of three doses of PGE1. The 
increase in serum creatinine level was smaller in all of the three PGE1 groups than in the 
placebo group, but the difference was significant only in the medium-dose (20 ng/kg/min) 
of PGE1 group (Koch et al., 2000). More studies need to be done to better understand the role 
of prostaglandin E1, but results from this pilot study appear promising. 

Atrial natriuretic peptide (ANP) 
ANP may prevent CIN by increasing renal blood flow. In a study, ANP was included in one 
of the four arms. In which dopamine, mannitol, and ANP caused an increase in CIN in 
diabetic patients as compared to saline alone (Weisberg et al., 1994). In another trial patients 
were randomized to one of four treatment arms: fluid alone or one of three doses of ANP. 
Results showed no statistically significant differences in the incidence of CIN between any of 
the four treatment arms (Kurnik et al., 1998) Based on these results and the limited clinical 
data, ANP cannot be advocated in the prevention of CIN.  

Endothelin antagonists 
Endothelin-1 is a potent endogenous vasoconstrictor, is thought to play a role in the 
development of CIN. Endothelin-1 has two primary receptors. In animal studies, endothelin-
A antagonists were shown to reduce the incidence of CIN (Liss et al., 2003). However, in a 
randomized study of 158 patients, the use of a mixed endothelin-A and B antagonist was 
associated with a significantly higher incidence of CIN than was placebo (56% vs. 29%, 
p=0.002) (Wang et al., 2000). Endothelin antagonists currently have no role in prevention of 

CIN. 
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Low-dose of dopamine 
At low doses (1-3 mcg/kg/min), dopamine activates two types of dopamine (DA) receptors, 
DA-1 and DA-2. Activation of the DA-1 receptor results in an increase in natriuresis and 
renal blood flow. Since dopamine, at low doses, is believed to be more selective for the DA-1 

receptors, it has been investigated in the prevention of CIN. Kapoor et al. randomized 40 
patients with diabetes scheduled to undergo a coronary angiography to either dopamine or 
placebo control. None of the patients in the dopamine group developed CIN compared to 
50% of patients receiving placebo (Kapoor et al., 2002). In another prospective, randomized 

trial, Hans et al. evaluated 55 patients (40% had diabetes) with chronic renal insufficiency. 
Patients were randomized to receive dopamine or an equal volume of saline. The group 
receiving dopamine had a significantly lower incidence of CIN as compared to the control 
group (Hans et al., 1998). In contrast to the trials showing a potential benefit of dopamine, 
other studies have failed to demonstrate this benefit. Abizaid et al. performed a randomized, 
prospective study involving patients with renal insufficiency who underwent coronary 
angioplasty. Patients were randomized to continue with the saline, receive aminophylline in 
addition to the saline, or receive dopamine plus saline. In the dopamine plus saline group, 
50% of patients developed CIN, while only 30% of the patients in the saline-alone group 
developed CIN. This difference did not reach statistical significance, but it appeared that use 
of dopamine might worsen outcomes (Abizaid et al., 1999). Low-dose dopamine use cannot 
be supported at this time.  
Statins 
Whether additional benefits can be achieved with the use of statin in decreasing the risk of 
CIN remains undetermined. In a recent meta analysis of randomised controlled trials 
comparing statin pretreatment with non-statin pretreatment for the prevention of CIN, it 
was found that, the incidence of CIN was not significantly lower in statin pretreatment 
group as compared with control group (RR=0.76, p=0.30) (Zhang et al., 2011). The current 
cumulative evidence suggests that statin pretreatment may neither prevent CIN nor reduce 
the need for renal replacement therapy. 
Hemofiltration and hemodialysis 
Currently available data do not support use of prophylactic hemodialysis for prevention of 
CIN. In a trial of 113 patients, reported that CIN occurred in 24% of the hemodialysis group 
as compared with 16% of non-hemodialysis group (Vogt et al., 2001). Clinically relevant 
events also were not different in two groups. Only continuous venovenous hemofiltration 
has been shown to protect against CIN. In a study, 114 patients with chronic renal failure 
undergoing percutaneous coronary intervention were divided in two groups: 56 patients 
received normal saline and 58 patients underwent hemofiltration at a rate of 1000 ml/h 
(Marenzi et al., 2003).  Hemofiltration seems to have a protective effect, including significant 
reduction in in-hospital and 1-year mortality compared with routine hydration. The 
mechanisms of this benefit are not clear. Further studies are needed to confirm the results of 
this trial.  
New types of contrast medias 
Gadolinium-enhanced magnetic resonance coronary angiography is a non-invasive method 
for evaluation of coronary arteries. It has been suggested that gadolinum-based CM could 
be used in stead of iodinated CM for radiological examinations in patients with significant 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

194 

Based on the conflicting information found in clinical studies, adenosine antagonists should 
not be routinely used in patients as a preventative measure at this time. 
Calcium channel blockers 
The calcium channel antagonists verapamil and diltiazem have been found to attenuate the 
renal vasoconstrictor response after exposure to CM. However, when the efficacy of the 
felodipine, nitrendipine and nifedipine was evaluated, results were inconsistent. Two small 
studies performed the use of sublingual nifedipine given prior to contrast administration. 
Patients (n=20) who received sublingual nifedipine did not have a significant increase in 
serum creatinine, while those in the placebo group did (Rodicio et al., 1990).  In another 
study, patients (n=30) who received nifedipine had an increase in renal plasma flow 
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patients were randomly assigned to receive either placebo or one of three doses of PGE1. The 
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placebo group, but the difference was significant only in the medium-dose (20 ng/kg/min) 
of PGE1 group (Koch et al., 2000). More studies need to be done to better understand the role 
of prostaglandin E1, but results from this pilot study appear promising. 

Atrial natriuretic peptide (ANP) 
ANP may prevent CIN by increasing renal blood flow. In a study, ANP was included in one 
of the four arms. In which dopamine, mannitol, and ANP caused an increase in CIN in 
diabetic patients as compared to saline alone (Weisberg et al., 1994). In another trial patients 
were randomized to one of four treatment arms: fluid alone or one of three doses of ANP. 
Results showed no statistically significant differences in the incidence of CIN between any of 
the four treatment arms (Kurnik et al., 1998) Based on these results and the limited clinical 
data, ANP cannot be advocated in the prevention of CIN.  

Endothelin antagonists 
Endothelin-1 is a potent endogenous vasoconstrictor, is thought to play a role in the 
development of CIN. Endothelin-1 has two primary receptors. In animal studies, endothelin-
A antagonists were shown to reduce the incidence of CIN (Liss et al., 2003). However, in a 
randomized study of 158 patients, the use of a mixed endothelin-A and B antagonist was 
associated with a significantly higher incidence of CIN than was placebo (56% vs. 29%, 
p=0.002) (Wang et al., 2000). Endothelin antagonists currently have no role in prevention of 
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Low-dose of dopamine 
At low doses (1-3 mcg/kg/min), dopamine activates two types of dopamine (DA) receptors, 
DA-1 and DA-2. Activation of the DA-1 receptor results in an increase in natriuresis and 
renal blood flow. Since dopamine, at low doses, is believed to be more selective for the DA-1 

receptors, it has been investigated in the prevention of CIN. Kapoor et al. randomized 40 
patients with diabetes scheduled to undergo a coronary angiography to either dopamine or 
placebo control. None of the patients in the dopamine group developed CIN compared to 
50% of patients receiving placebo (Kapoor et al., 2002). In another prospective, randomized 

trial, Hans et al. evaluated 55 patients (40% had diabetes) with chronic renal insufficiency. 
Patients were randomized to receive dopamine or an equal volume of saline. The group 
receiving dopamine had a significantly lower incidence of CIN as compared to the control 
group (Hans et al., 1998). In contrast to the trials showing a potential benefit of dopamine, 
other studies have failed to demonstrate this benefit. Abizaid et al. performed a randomized, 
prospective study involving patients with renal insufficiency who underwent coronary 
angioplasty. Patients were randomized to continue with the saline, receive aminophylline in 
addition to the saline, or receive dopamine plus saline. In the dopamine plus saline group, 
50% of patients developed CIN, while only 30% of the patients in the saline-alone group 
developed CIN. This difference did not reach statistical significance, but it appeared that use 
of dopamine might worsen outcomes (Abizaid et al., 1999). Low-dose dopamine use cannot 
be supported at this time.  
Statins 
Whether additional benefits can be achieved with the use of statin in decreasing the risk of 
CIN remains undetermined. In a recent meta analysis of randomised controlled trials 
comparing statin pretreatment with non-statin pretreatment for the prevention of CIN, it 
was found that, the incidence of CIN was not significantly lower in statin pretreatment 
group as compared with control group (RR=0.76, p=0.30) (Zhang et al., 2011). The current 
cumulative evidence suggests that statin pretreatment may neither prevent CIN nor reduce 
the need for renal replacement therapy. 
Hemofiltration and hemodialysis 
Currently available data do not support use of prophylactic hemodialysis for prevention of 
CIN. In a trial of 113 patients, reported that CIN occurred in 24% of the hemodialysis group 
as compared with 16% of non-hemodialysis group (Vogt et al., 2001). Clinically relevant 
events also were not different in two groups. Only continuous venovenous hemofiltration 
has been shown to protect against CIN. In a study, 114 patients with chronic renal failure 
undergoing percutaneous coronary intervention were divided in two groups: 56 patients 
received normal saline and 58 patients underwent hemofiltration at a rate of 1000 ml/h 
(Marenzi et al., 2003).  Hemofiltration seems to have a protective effect, including significant 
reduction in in-hospital and 1-year mortality compared with routine hydration. The 
mechanisms of this benefit are not clear. Further studies are needed to confirm the results of 
this trial.  
New types of contrast medias 
Gadolinium-enhanced magnetic resonance coronary angiography is a non-invasive method 
for evaluation of coronary arteries. It has been suggested that gadolinum-based CM could 
be used in stead of iodinated CM for radiological examinations in patients with significant 
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renal impairment. However, its use has been questioned on the basis of reports of 
nephrotoxicity and its association with nephrogenic systemic fibrosis, a rare and serious 
syndrome that involves fibrosis of skin, joints, eyes, and internal organs. In a study by 
Hoffmann et al. the effect of gadopentetate dimeglumine (iodine-based CM) was studied in 
181 patients with normal renal function and the effect of gadolinium was studied in 198 
patients with pre-excisting renal failure. There was no statistically significant change in 
serum creatinine concentration after gadopentetate dimeglumine. In contrary, serum 
creatinine levels decreased significantly after the administration of gadolinium (p<0.01) 
(Hoffmann et al., 2005).  In a retrospective study, the safety of gadolinium was evaluated in 
91 patients with stage 3 and 4 renal failure who underwent angiographic MRI procedures. 
Eleven of 91 patients developed CIN (12.1%) (Ergun et al., 2006). In another randomized 
study gadobutrol, a gadolinium-based CM, was compared with standard iohexol, an 
iodinated CM, in 21 patients with renal dysfunction. The incidence of CIN was 50% in 
gadobutrol group and 45% in iohexol group (p=0.70). In this study, gadolinium showed no 
benefit over iohexol in patients with severely impaired renal function (Erley et al., 2004). 
More studies need to be done to better understand the role of gadolinum on CIN. 
Ultrasound contrast agents are micro-bubbles which produce acoustic enhancement. They 
are pharmacologically almost inert and safe. 

3. Conclusion 
The development of CIN is associated with adverse outcomes including prolonged 
hospitalization, the potential need for renal replacement therapy, and most important, 
increased mortality. The treatment of established CIN is limited to supportive measures and 
dialysis. For this reason, screening for high-risk patients before CM including cardiac 
procedures and taking the appropriate prophylactic regimens is important in reducing CIN. 
Pre-existing renal dysfunction, especially when secondary to diabetic nephropathy, is the 
most important risk factor. Extra cellular volume expansion and use of low osmolar CM are 
the two most effective measures to prevent CIN. Acetylcysteine may use in high-risk 
patients, but this finding has not been uniform or always demonstrated by currently 
available trials.  
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renal impairment. However, its use has been questioned on the basis of reports of 
nephrotoxicity and its association with nephrogenic systemic fibrosis, a rare and serious 
syndrome that involves fibrosis of skin, joints, eyes, and internal organs. In a study by 
Hoffmann et al. the effect of gadopentetate dimeglumine (iodine-based CM) was studied in 
181 patients with normal renal function and the effect of gadolinium was studied in 198 
patients with pre-excisting renal failure. There was no statistically significant change in 
serum creatinine concentration after gadopentetate dimeglumine. In contrary, serum 
creatinine levels decreased significantly after the administration of gadolinium (p<0.01) 
(Hoffmann et al., 2005).  In a retrospective study, the safety of gadolinium was evaluated in 
91 patients with stage 3 and 4 renal failure who underwent angiographic MRI procedures. 
Eleven of 91 patients developed CIN (12.1%) (Ergun et al., 2006). In another randomized 
study gadobutrol, a gadolinium-based CM, was compared with standard iohexol, an 
iodinated CM, in 21 patients with renal dysfunction. The incidence of CIN was 50% in 
gadobutrol group and 45% in iohexol group (p=0.70). In this study, gadolinium showed no 
benefit over iohexol in patients with severely impaired renal function (Erley et al., 2004). 
More studies need to be done to better understand the role of gadolinum on CIN. 
Ultrasound contrast agents are micro-bubbles which produce acoustic enhancement. They 
are pharmacologically almost inert and safe. 

3. Conclusion 
The development of CIN is associated with adverse outcomes including prolonged 
hospitalization, the potential need for renal replacement therapy, and most important, 
increased mortality. The treatment of established CIN is limited to supportive measures and 
dialysis. For this reason, screening for high-risk patients before CM including cardiac 
procedures and taking the appropriate prophylactic regimens is important in reducing CIN. 
Pre-existing renal dysfunction, especially when secondary to diabetic nephropathy, is the 
most important risk factor. Extra cellular volume expansion and use of low osmolar CM are 
the two most effective measures to prevent CIN. Acetylcysteine may use in high-risk 
patients, but this finding has not been uniform or always demonstrated by currently 
available trials.  
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1. Introduction 
Cardiovascular disease, mostly coronary artery disease (CAD), remains an important cause 
of morbidity and mortality in patients with any degree of renal dysfunction. Presently, 
according to the United States Renal Data System, the size of the population with chronic 
kidney disease (CKD) stage V reached a new high in 2008, with almost 550,000 patients 
under treatment (U.S. Renal Data System, 2010). Sadly, it is expected that half of them will 
die from cardiovascular disease; moreover, it is noteworthy that even patients with less 
advanced stages of CKD are at greater risk of death from CAD than of reaching the final 
stages of renal failure that would eventually require renal replacement therapy (Sarnak et 
al., 2003). In these patients, about 50% to 60% of all cardiovascular deaths are due to acute 
myocardial infarction, sudden death, or ischemic heart disease (Herzog et al., 2008). 
The interplay between CKD and CAD is a very complex one and can only be partly 
explained by the fact that patients with CKD share many of the so-called traditional risk 
factors also linked to CAD, such as long-standing diabetes, hypertension, low levels of 
HDL-cholesterol, and hypertriglyceridemia (McCullough, 2002a). Additionally, a pro-
inflammatory state and high oxidative stress levels are usually seen in patients with 
advanced CKD, which may contribute to accelerated atherosclerosis, plaque instability, 
acute coronary syndromes, and myocardial fibrosis (Yerkey et al., 2004). The result of this 
clustering of traditional and nontraditional risk factors may explain the epidemiological 
observation that patients with CKD stage V have more than a 10-fold increased risk of death 
from CAD than a patient with 5 Framingham risk scores (McCullough, 2002b).  
The prevalence of CAD in CKD patients undergoing dialysis varies with such factors as age, 
diabetic status, time of follow-up, and the diligence with which CAD is investigated. In a 
group of 4,024 new dialysis patients, including 44% with diabetes, 32% had a history of 
CAD (Foley, 2003), which is conceivably more than 3 times the figure corresponding to CAD 
in the general population (Levey & Eknoyan, 1999). The prevalence of angiographically 
confirmed CAD, on the other hand, defined as luminal reduction >50%, ranges from 24% in 
low-risk patients to 85% in older, diabetic patients (Goldsmith & Covic, 2001). Nevertheless, 
most of these data originated from studies in which coronary angiography was performed 
only in patients with clinical evidence and/or noninvasive studies suggestive of CAD, 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

202 

Toprak, O., Cirit, M., Esi, E., Postaci, N., Yesil, M., & Bayata, S. (2007). Hyperuricemia as a 
Risk Factor for Contrast-Induced Nephropathy in Patients with Chronic Kidney 
Disease. Catheterization and Cardiovascular Interventions, Vol.67, No.2, (February 
2006), pp. 227-235, ISSN 1522-1946 

Toprak, O., & Cirit, M. (2006). Risk Factors and Therapy Strategies for Contrast-Induced 
Nephropathy. Renal Failure, Vol. 28, No. 5, (January 2006), pp. 365-381, ISSN 0886-022X 

Toprak, O., & Cirit, M. (2005). Investigating the Volume Status Before Contrast 
Nephropathy Studies. Nephrology Dialysis Transplantation, Vol.20, No.2, (February 
2005), pp. 464, ISSN 0931-0509 

Toprak, O., Cirit, M., Bayata, S., Yesil, M., & Aslan, SL. (2003). The Effect of Pre-procedural 
Captopril on Contrast-Induced Nephropathy in Patients who Underwent Coronary 
Angiography. Anadolu Kardiyoloji Dergisi, Vol. 3, No.2, (June 2003), pp. 98-103, ISSN 
1302-8723 

 Toprak, O., Cirit, M., Bayata, S., Aslan, SL., Sarioglu, F., & Cetinkaya, GS. (2003). Is There 
Any Relationship Between Left Ventricul Ejection Fraction and Contrast Induced 
Nephropathy? Türkiye Klinikleri Journal of Medical Sciences, Vol 23, No. 2, (March 
2003), pp. 104-107 , ISSN 1300-0292 

Vogt, B., Ferrari, P., Schonholzer, C., Marti, HP., Mohaupt, M., Wiederkehr, M., Cereghetti, 
C., Serra, A., Huynh-Do, U., Uehlinger, D., & Frey, FJ. (2001). Prophylactic 
Hemodialysis after Radiocontrast Media in Patients with Renal Insufficiency is 
Potentially Harmful. The American Journal of Medicine, Vol.111, No.9, (December 
2001), pp.692-698, ISSN 0002-9243 

Wang, A., Holcslaw, T., Bashore, TM., Freed, MI., Miller, D., Rudnick, MR., Szerlip, H., 
Thames, MD., Davidson, CJ., Shusterman, N., & Schwab, SJ. (2000). Exacerbation of 
Radiocontrast Nephrotoxicity by Endothelin Receptor Antagonism. Kidney 
International, Vol.57, No.4, (April 2000), pp.1675-1680, ISSN 0085-2538 

Weber-Mzell, D., Kotanko, P., Schumacher, M., Klein, W., & Skrabal, F. (2002). Coronary 
Anatomy Predicts Presence or Absence of Renal Artery Stenosis. A Prospective 
Study in Patients Undergoing Cardiac Catheterization for Suspected Coronary 
Artery Disease. European Heart Journal, Vol.23, No.21, (November 2002), pp.1684–
1691, ISSN 0195-668x 

Weinrauch, LA., Healy, RW., Leland, OS Jr., Goldstein, HH., Kassissieh, SD., Libertino, JA., 
Takacs, FJ., & D'Elia, JA. (1977). Coronary Angiography and Acute Renal Failure in 
Diabetic Azotemic Nephropathy. Annals of Internal Medicine, Vol.86, No.1, (January 
1977), pp.56-59, ISSN 0003-4819 

Weisberg, LS., Kurnik, PB., & Kurnik, BR. (1994). Risk of Radiocontrast Nephropathy in 
Patients with and without Diabetes Mellitus. Kidney International, Vol.45, No.1, 
(January 1994), pp.259-265,ISSN 0085-2538 

Yang, DW., Jia, RH., Yang, DP., Ding, GH., & Huang, CX. (2004). Dietary 
Hypercholesterolemia Aggravates Contrast Media-Induced Nephropathy. Chinese 
Medical Journal, Vol. 117, No.4 (April 2004), pp.542–546, ISSN 0366-6999. 

Zhang, L., Zhang, L., Lu, Y., Wu, B., Zhang, S., Jiang, H., Ge, J., & Chen, H. (2011). Efficacy of 
Statin Pretreatment for the Prevention of Contrast-Induced Nephropathy: A Meta-
Analysis of Randomised Controlled Trials. International Journal of Clinical 
Practice,Vol.65, No.5, (May 2011), pp.624-30, ISSN 1368-5031 

11 

Coronary Angiography in Patients  
with Chronic Kidney Disease 

Luís Henrique Wolff Gowdak and  
José Jayme Galvão de Lima 

Heart Institute (InCor), University of  
São Paulo Medical School 

Brazil 

1. Introduction 
Cardiovascular disease, mostly coronary artery disease (CAD), remains an important cause 
of morbidity and mortality in patients with any degree of renal dysfunction. Presently, 
according to the United States Renal Data System, the size of the population with chronic 
kidney disease (CKD) stage V reached a new high in 2008, with almost 550,000 patients 
under treatment (U.S. Renal Data System, 2010). Sadly, it is expected that half of them will 
die from cardiovascular disease; moreover, it is noteworthy that even patients with less 
advanced stages of CKD are at greater risk of death from CAD than of reaching the final 
stages of renal failure that would eventually require renal replacement therapy (Sarnak et 
al., 2003). In these patients, about 50% to 60% of all cardiovascular deaths are due to acute 
myocardial infarction, sudden death, or ischemic heart disease (Herzog et al., 2008). 
The interplay between CKD and CAD is a very complex one and can only be partly 
explained by the fact that patients with CKD share many of the so-called traditional risk 
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group of 4,024 new dialysis patients, including 44% with diabetes, 32% had a history of 
CAD (Foley, 2003), which is conceivably more than 3 times the figure corresponding to CAD 
in the general population (Levey & Eknoyan, 1999). The prevalence of angiographically 
confirmed CAD, on the other hand, defined as luminal reduction >50%, ranges from 24% in 
low-risk patients to 85% in older, diabetic patients (Goldsmith & Covic, 2001). Nevertheless, 
most of these data originated from studies in which coronary angiography was performed 
only in patients with clinical evidence and/or noninvasive studies suggestive of CAD, 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

204 

leaving out patients in whom asymptomatic, undiagnosed, significant CAD might be 
already present; therefore, the actual prevalence of CAD might even be higher. 
Adding to the importance of CAD in patients with CKD, observational data also show that 
CAD remains a significant clinical problem even if a patient undergoes successful kidney 
transplantation (Aakhus et al., 2004). The annual risk of CVD death is 3.5% to 5% in renal 
transplant recipients, which is 50-fold higher than that in the general population (Ojo, 2006). 
Acute coronary syndrome is highly prevalent in the early posttransplant period, and on 
average, CVD mortality accounts for 30% and 75% of early and late posttransplant deaths, 
respectively. 
Therefore, coronary angiography is a valuable tool, very often used in patients with CKD 
both in the acute as well as in the chronic setting of CAD, for the purpose of either the 
diagnosis of, or the treatment of CAD by means of percutaneous coronary intervention. The 
major challenges with coronary angiography relate to when is it appropriate to perform it as 
part of the cardiovascular assessment in patients with CKD and what are the risks 
associated with the procedure. The ultimate management of CAD, should it be found after 
the diagnostic procedure, is beyond the scope of this chapter. 

2. Screening for coronary artery disease in patients with CKD 
Based on the above considerations, screening for the presence and severity of CAD in 
patients with CKD, and especially in those being considered for renal transplantation, is a 
fundamental step during routine cardiovascular risk assessment; in the setting of kidney 
transplantation, for instance, numerous studies indicate that not only are the majority of 
serious cardiovascular events in renal transplant recipients related to CAD but also these 
events tend to occur during the first few months following transplant (Kahwaji et al., 2011). 
The last observation strongly suggests that relevant CAD could have been missed before 
patients were actually included on renal transplant waiting lists, although they had been 
screened for it during routine pretransplant workups according to current guidelines. 
According to the American Society of Transplantation recommendations (Kasiske et al., 
2001), patients with diabetes, a prior history of ischemic heart disease or an abnormal ECG, 
or age 50 years should be considered at high risk for CAD and referred for a cardiac stress 
test, and only in those with a positive stress test, for coronary angiography. 
This strategy, however, is under dispute for the now recognized reduced sensitivity and 
specificity of noninvasive testing in renal patients compared with that in the general 
population (Marwick et al., 1990; Schmidt et al., 2001; Welsh et al., 2011), a finding that 
prompted many investigators to recommend direct diagnostic coronary angiography in 
high-risk patients. In agreement with the last view, in a previous study, our group showed 
that significant CAD, as defined by coronary angiography, was the best predictor of 
cardiovascular events compared with radionuclide myocardial perfusion study or 
dobutamine-atropine stress echocardiography in renal transplant candidates (De Lima et al., 
2003), even taking into account that coronary angiography is an expensive, invasive 
procedure, not free from complications. However, in the same investigation, we also found 
that the prevalence of significant CAD was less than 50%, suggesting a need for better 
screening mechanisms that could identify high-risk individuals in whom coronary 
angiography could be avoided without incurring an increased risk of future events. 
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2.1 The challenge of referring patients with CKD for coronary angiography 
Tables 1 and 2 show the most recent guidelines for coronary angiography to establish the 
diagnosis in patients with suspected angina and for risk stratification in patients with chronic 
stable angina, respectively (Fraker Jr et al., 2007).   
Invasive coronary angiography has received a Class I indication for patients with known or 
possible angina pectoris who have survived sudden cardiac death. For risk stratification in 
patients with chronic stable angina, coronary angiography should be performed in: a) 
patients with disabling (Canadian Cardiovascular Society classes III and IV) stable angina 
despite medical therapy; b) patients with high-risk criteria on noninvasive testing; c) 
patients with angina and symptoms and signs of heart failure; d) patients with clinical 
characteristics indicating a high likelihood of severe CAD.  
 

Coronary angiography is 
indicated to establish the 

diagnosis of CAD in patients with 
suspected angina in those with… 

Level of 
Evidence Comment for Patients with CKD 

Known or possible angina pectoris 
who have survived sudden cardiac 

death 
B Survival rates much lower than rates 

for the general population 

Table 1. Class I indication of the AHA/ACC Guidelines for coronary angiography to 
establish a diagnosis in patients with suspected angina in the general population. Modified 
from Fraker Jr, et al. (2007). 
 

Coronary angiography is 
indicated for risk stratification in 

patients with chronic CAD in 
those with… 

Level of 
Evidence Comment for Patients with CKD 

Disabling chronic stable angina 
despite medical therapy B Uncommon clinical presentation for 

patients with CKD 

High-risk criteria on noninvasive 
testing regardless of angina 

severity 
B Lower sensitivity than that in the 

general population  

Angina who have survived sudden 
cardiac death or serious ventricular 

arrhythmia 
B Survival rates much lower than those 

in the general population 

Angina and symptoms and signs of 
congestive heart failure C 

May be confused with hypertensive 
cardiomyopathy, fluid overload,  

subdialysis 

Clinical characteristics that indicate 
a high likelihood of severe CAD  C Lower specificity than that in the 

general population 

Table 2. Class I indications of the AHA/ACC Guidelines for coronary angiography for risk 
stratification in patients with chronic stable angina. Modified from Fraker Jr, et al. (2007). 
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subdialysis 

Clinical characteristics that indicate 
a high likelihood of severe CAD  C Lower specificity than that in the 

general population 

Table 2. Class I indications of the AHA/ACC Guidelines for coronary angiography for risk 
stratification in patients with chronic stable angina. Modified from Fraker Jr, et al. (2007). 
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Although these guidelines have been extensively tested and validated in the general 
population, for patients with CKD the data supporting that approach is less robust. The 
main pitfalls of applying the same criteria recommended for patients with normal renal 
function to patients with CKD are briefly described below. 

2.1.1 Clinical presentation 
Although angina pectoris is usually a reliable indicator of the presence of CAD in the 
general population, it is not so among patients with CKD, particularly in the more advanced 
stages of renal failure. For instance, chest pain is commonly observed in the dialysis 
population; nevertheless, its characteristics make the discomfort often described as 
“atypical,” and the pain does not correlate with the presence of significant CAD. In fact, 
fewer than 50% of dialysis patients with acute myocardial infarction present with chest pain, 
which likely explains why myocardial infarction is infrequently suspected on admission 
(Herzog et al., 2007). Reasons for the different presentations of ischemia are not well 
understood but may be related to associated diabetic or uremic neuropathy. Diagnosis of 
ischemia is further complicated by the fact that other symptoms of ischemia, such as 
dyspnea on exertion, fatigue, and hypotension, are common in dialysis patients and may be 
attributed to dialysis-related factors, such anemia, volume overload, acidosis, non-
compliance with fluid intake or dialysis or to ultra-filtration during dialysis (Sosnov et al., 
2006). Furthermore, silent ischemia occurs frequently in patients with CKD.  
We previously found that, in a group of high-risk renal transplant candidates who 
underwent coronary angiography per protocol, regardless of symptoms, the prevalence of 
significant CAD was 40% in patients with, and 58% in patients without, angina (De Lima et 
al., 2003). Disabling symptoms, even in the presence of significant and extensive CAD, are 
quite uncommon in patients with CKD. 

2.1.2 Noninvasive testing 
2.1.2.1 Resting and exercise electrocardiogram 
The interpretation of resting and exercise electrocardiograms for the diagnosis of CAD in 
patients on dialysis is often hampered by the presence of concurrent left ventricular 
hypertrophy, anemia, and electrolyte disturbances that may cause electrocardiographic 
changes resembling those of ischemia (Sharma et al., 2007). Also, most patients with CKD 
have poor physical stamina, limiting the utility of exercise electrocardiography as a 
diagnostic tool. The overall specificity and sensitivity of both tests for the diagnosis of CAD 
are lower (<50%) in patients with CKD than in the general population. 
2.1.2.2 Myocardial perfusion assessment 
Dipyridamole radionuclide stress testing with single-photon emission tomography (SPECT) has 
been widely used as a screening test for CAD in patients with a variety of clinical conditions. 
The reported specificity and sensitivity of the test are close to 70% and 80%, respectively. 
Among patients with CKD, however, the results are highly variable with sensitivity often <60% 
compared to that of coronary angiography (Holley et al., 1991; Sharma et al., 2007). The reasons 
for the unexpected low sensitivity and great variability of cardiac scintigraphy in patients with 
CKD are unclear but may reflect the increased levels of circulating adenosine, reduced coronary 
flow reserve, or left ventricular hypertrophy. Combined dipyridamole-exercise thallium 
imaging reportedly increases the sensitivity and specificity of the test.  
Dobutamine-atropine stress echocardiography has been associated with better and more 
consistent results for detecting significant (>70%) coronary stenosis in patients with CKD, 
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with a sensitivity and negative predictive value between 70% and 80% (Herzog et al., 1999; 
Ferreira et al., 2007). However, the utility of this test is limited, because dobutamine often 
increases blood pressure, causing interruption of the test in about 15% of patients.  
Until a few years ago, magnetic resonance imaging (MRI) had been used for assessment of 
myocardial function and detection of myocardial ischemia and scar tissue in patients with 
CKD (Andrade et al., 2009). Myocardial stress perfusion studies performed with MRI  
adequately detected CAD, and there was a good correlation between these results and those 
from coronary angiography and radionuclide studies (Andrade et al., 2004). Unfortunately, 
further development of this imaging modality was halted, because of the description of a 
serious complication related to the use of gadolinium-based contrast media in patients with 
CKD, called nephrogenic systemic fibrosis (Grobner, 2006). Thus, starting in 2007, the 
United States Food and Drug Administration issued a boxed warning about this 
progressive, debilitating and, occasionally fatal condition recommending that the use of 
gadolinium-based contrast agents should be avoided in patients with acute or chronic renal 
insufficiency with a glomerular filtration rate < 30mL/min/1.73m2. 
2.1.2.3 Coronary angiotomography 
Multidetector-row computed tomography (MDCT) has been recently applied to the 
detection of CAD in patients with ESRD (Rosário et al., 2010). This method allows not only 
the detection of coronary calcifications but also the detailed visualization of the arterial wall 
and lumen, and therefore, may become an alternative to coronary angiography. Experience 
with this method in patients with CKD is still very limited. 
2.1.2.4 Clinical implications 
Thus, referring patients with CKD for coronary angiography is not an easy task (De Lima et 
al., 2010; Lentine et al., 2010). One could be very “conservative,” only referring patients with 
overt, unequivocal symptoms of angina or extensive myocardial ischemia on noninvasive 
testing to undergo coronary angiography. 
This approach would most likely yield a prohibitively large number of “false negatives,” 
meaning that many patients with significant CAD will be deemed free of disease. It is quite 
easy to see the clinical implications of such an approach, especially for renal transplant 
candidates. Alternatively, one could be very “aggressive” and refer all patients with CKD 
stages IV or V for coronary angiography. We would be able to diagnose every single patient 
with CAD in adopting this strategy. The downside is that coronary angiography is a 
somewhat risky, costly procedure and as many as 50% to 60% of all patients will have no 
significant CAD at all and, therefore, will not be further referred for coronary interventions 
(percutaneous or surgical). Finally, patients still not on renal replacement therapy might not 
only not benefit from this strategy but might also have worsening of their residual renal 
function because of the contrast-induced nephropathy.  
As a matter of fact, it is still unclear whether the benefits outweigh the harms of routine 
screening and prophylactic revascularization to prevent coronary artery disease (CAD) in 
asymptomatic kidney transplant candidates. To help clarify that issue, an ongoing 
randomized clinical trial is being performed to study the effect of CAD screening on major 
adverse cardiac events (Kasiske et al., 2011). 

3. In whom should coronary angiography be performed? 
The same indications presented in Tables 1 and 2 should be applied to patients with CKD. 
The greatest challenge facing the clinical cardiologist called upon to assess a patient with 
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detection of CAD in patients with ESRD (Rosário et al., 2010). This method allows not only 
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easy to see the clinical implications of such an approach, especially for renal transplant 
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CKD regarding the presence and severity of CAD is, based on the previous considerations, 
which additional patients should be referred for coronary angiography, especially those 
asymptomatic patients being assessed before renal transplantation. 
In a previous study, we sought to determine the clinical predictors more closely related to 
CAD in 301 renal transplant candidates treated by hemodialysis (Gowdak et al, 2007). CAD 
(> 70% stenosis) was found in 45% of patients, and the clinical variables significantly 
associated with CAD were diabetes, peripheral vascular disease, and previous myocardial 
infarction. More important, the prevalence of CAD increased with the number of clinical 
predictors from 26% (none) to 100% (all present), while the incidence of events increased 2-, 
4-, and 6-fold in those with diabetes, peripheral vascular disease, or previous myocardial 
infarction, respectively (p < .0001). This approach would allow reducing the prevalence of 
unnecessary angiography from 55% (when all patients undergo angiography) to 26%. 
However, we believe that missing the diagnosis of CAD in one-fourth of patients is still not 
totally satisfactory. 
Another approach should be to restrict the use of coronary angiography as a predictive tool 
of cardiovascular events in patients with CKD in which this strategy is powerful enough to 
discern between patients at high- and low-risk, comparatively to either clinical stratification 
alone or to noninvasive testing. We compared the efficacy of clinical stratification, 
noninvasive testing, and coronary angiography in predicting cardiovascular events in 
patients with CKD being considered as potential renal transplant candidates (De Lima et al., 
2006; Gowdak et al., 2008). We were able to show that, for patients considered at low-risk for 
CAD (age < 50 years, with no diabetes, and no history of cardiovascular disease), additional 
noninvasive or invasive testing, added no capability in predicting cardiovascular events 
beyond that given by clinical stratification. On the other hand, for patients at high-risk for 
CAD, defined by the presence of any 2 risk factors combined (age  50 years or diabetes or 
cardiovascular disease), noninvasive testing failed to identify patients at higher risk for 
cardiovascular events; indeed, the finding of significant CAD by angiography (luminal 
stenosis  70%) was the strongest predictor of events. For patients at intermediate-risk for 
CAD, defined by the presence of any single risk factor alone, noninvasive testing was a good 
tool in identifying patients at higher risk of events, should an abnormal myocardial 
perfusion scan be found. Figure 1 shows the proposed algorithm for risk stratification of 
CAD in renal transplant candidates. 

4. Contrast-induced Acute Kidney Injury 
Very often, the highlighted importance of coronary angiography for the diagnosis and/or 
management of CAD in patients with CKD is offset by the possibility of contrast-induced 
acute kidney injury (AKI) that may follow the use of any iodinated contrast media. 
Contrast-induced AKI is a common and potentially serious complication after the 
administration of contrast media in patients at risk for acute renal injury (McCullough, 
2008). Unfortunately, the most important risk factor for contrast-induced AKI is an already 
compromised baseline renal function. The knowledge that not only contrast-induced AKI 
adversely affects the short- and long-term prognosis but also implies greater health costs 
prompted cardiologists to be particularly careful whenever coronary angiography is 
recommended to patients with any degree of CKD. 
Many definitions currently exist in practice regarding contrast-induced AKI; it can be 
simply defined as an increase in serum creatinine (SCr) occurring within the first 24h after 
contrast exposure and peaking up to 5 days afterwards. The rise in Scr can be expressed 
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either in absolute terms (0.5 to 1.0mg/dL) or as a proportional rise in SCr of 25% to 50% 
above the baseline value (Gleeson & Bulugahapitiya, 2004). 
 

 
Fig. 1. Proposed algorithm for coronary angiography in patients with CKD awaiting renal 
transplantation. 
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CKD regarding the presence and severity of CAD is, based on the previous considerations, 
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The increase in SCr seen in patients with contrast-induced AKI is associated with a 
significant increase in the risk of death. In a large retrospective study comprising over 16,000 
patients undergoing procedures, those who developed contrast-induced AKI had a 5.5-fold 
increased risk of death during hospitalization (Levy et al., 1996). Another study with more 
than 7,000 patients confirmed the short-term worse prognosis in patients with AKI but 
extended the greater risk of death up to 5 years after the procedure: the mortality rates at 1 
year after development of contrast-induced AKI (12.1%) and at 5 years (44.6%) were higher 
compared with rates of 3.7% and 14.5%, respectively, in patients who did not develop 
contrast-induced AKI, indicating that the increased risk of death persisted in the long term 
(Rihal et al., 2002). 
Besides the increased mortality, contrast-induced AKI also poses a high morbidity risk. Its 
occurrence has been linked to late cardiovascular events after percutaneous coronary 
intervention (such as myocardial infarction), bleeding requiring transfusion, and vascular 
complications. As a consequence of more serious adverse events, the in-hospital stay is 
longer with an estimated US$10,000 to US$12,000 added to the final bill during the first year 
(Subramanian et al., 2007). 

4.1 Pathophysiology of contrast-induced Acute Kidney Injury 
Centrally to the pathophysiology of contrast-induced AKI is the presence of a reduced 
nephron mass, a hallmark of chronic kidney disease. It has already been demonstrated that 
in patients with CKD, defined by an estimated glomerular filtration rate < 
60mL/min/1.73m2, there is a considerable loss of nephron units, making the residual renal 
function prone to further declines with renal insults (Figure 2). When serum creatinine or 
eGFR is unavailable, then a survey may be used to identify patients at higher risk than the 
general population for contrast-induced AKI. Iodinated contrast, after causing a brief 
(minutes) period of vasodilation, causes sustained (hours to days) intrarenal 
vasoconstriction and ischemic injury. The ischemic injury sets off a cascade of events largely 
driven by oxidative injury causing death of renal tubular cells. If a sufficient mass of 
nephron units is affected, then a recognizable rise in serum creatinine will occur. Any 
superimposed insult, such as sustained hypotension in the catheterization laboratory, micro-
showers of atheroembolic material from catheter exchanges or the use of intraaortic balloon 
counterpulsation, or a bleeding complication can amplify the injury processes occurring in 
the kidney (McCullough et al., 2006a). 
Renal function must be assessed before administration of contrast medium so appropriate 
caution may be exercised to avoid additional risks. The National Kidney Foundation Kidney 
Disease Outcome Quality Initiative recommends that clinicians use an eGFR calculated from 
the SCr as an index of renal function rather than using SCr in stable patients. In such a 
situation when an eGFR cannot be obtained prior to the procedure, clinicians should inquire 
about risk markers for AKI after iodinated contrast (Table 3). 
The presence of multiple contrast-induced AKI risk factors in the same patient or high-risk 
clinical scenarios can create a very high risk (50%) for contrast-induced AKI and (15%) 
acute renal failure requiring dialysis after contrast exposure. 
In the setting of emergency procedures, where the benefit of very early imaging outweighs 
the risk of waiting, the procedure can be performed without knowledge of serum creatinine 
or eGFR. 
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Risk markers for contrast-induced acute kidney injury 

previous renal disease diabetes mellitus 

prior renal surgery hypertension 

proteinuria gout 

use of nephrotoxic drugs, such as 
nonsteroidal anti-inflammatory agents  

Table 3. A brief 7-item survey to identify patients at higher risk for AKI. 

 

 
Fig. 2. Postulated pathophysiology of contrast-induced AKI (McCullough, 2008). 
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with the lowest risk of contrast-induced AKI. Iodixanol (an iso-osmolar contrast media) has 
been shown to have the lowest risk for contrast-induced AKI in patients with CKD and 
diabetes mellitus compared with low-osmolar contrast media (McCullough et al. 2006b). The 
American College of Cardiology/American Heart Association guidelines for the management of 
acute coronary syndromes in patients with CKD listed the use of iso-osmolar contrast media 
as a class I, Level of Evidence: A recommendation. The National Kidney Foundation Kidney 
Disease Outcome Quality Initiative guidelines have also recommended use of iso-osmolar 
contrast media in renal dialysis patients to minimize the chances of volume overload and 
complications before the next dialysis session. 
Higher contrast volumes (100 mL) are associated with higher rates of contrast-induced 
AKI in patients at risk. However, even small (30 mL) volumes of iodinated contrast in 
very high-risk patients can cause contrast-induced AKI and acute renal failure requiring 
dialysis, suggesting the absence of a threshold effect (Manske et al., 1990). As a general 
rule, the volume of contrast received should not exceed twice the baseline level of eGFR in 
mL.  
Finally, intraarterial administration of iodinated contrast appears to pose a greater risk of 
contrast-induced AKI above that with intravenous administration. 

4.3 Strategies to further reduce the risk of contrast-induced Acute Kidney Injury 
4.3.1 Volume expansion 
Adequate intravenous volume expansion with isotonic crystalloid (1.0–1.5 mL/kg/h) for 3–
12 h before the procedure and continued for 6–24 h afterwards can lessen the probability of 
contrast-induced AKI in patients at risk (Mueller et al., 2002). Achieving a good urine output 
(150 mL/h) in the 6h after the procedure has been associated with reduced rates of AKI in 
one study. The data on oral as opposed to intravenous volume expansion as a contrast-
induced AKI prevention measure are insufficient. 

4.3.2 Pharmacologic agents 
No adjunctive medical or mechanical treatment has been proven to be efficacious reducing 
the risk of AKI after exposure to iodinated contrast. With iodinated contrast, the 
pharmacologic agents tested in small trials that deserve further evaluation include the 
antioxidants ascorbic acid and N-acetylcysteine (NAC), aminophylline/theophylline, 
statins, and prostaglandin E1. 

4.3.2.1 Ascorbic acid 
Only ascorbic acid has been tested in a multicenter, blinded, placebo-controlled trial (n=231) 
and been shown to reduce rates of contrast-induced AKI. The dose of ascorbic acid (vitamin 
C over the counter) used in this trial was 3g orally the night before and 2g orally twice a day 
after the procedure (Spargias et al., 2004).  

4.3.2.2 N-acetylcysteine 
Although popular, NAC has not been consistently shown to be effective. Nine meta-
analyses have been published, all documenting the significant heterogeneity between 
studies and pooled odds ratios for NAC approaching unity (Stacul et al., 2006). Importantly, 
only in those trials where NAC reduced SCr below baseline values because of decreased 
skeletal muscle production did renal injury rates appear to be reduced.  
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However, NAC as an antioxidant has been shown to lower rates of AKI and mortality after 
primary PCI in 1 trial. The recently published REMEDIAL (Renal Insufficiency Following 
Contrast Media Administration) trial suggested that the use of volume supplementation 
with sodium bicarbonate together with NAC was more effective than NAC alone in 
reducing the risk of AKI (Briguori et al., 2007; Brown et al., 2009). Dosing of NAC has varied 
in the trials; however, the most successful approach has been with 1,200 mg orally twice a 
day on the day before and after the procedure. 
4.3.2.3 Other agents 
Fenoldopam, dopamine, calcium-channel blockers, atrial natriuretic peptide, and L-arginine 
have not been shown to be effective in the prevention of contrast-induced AKI. Furosemide, 
mannitol, and an endothelin receptor antagonist are potentially detrimental (Stacul et al., 
2006). 
In general, cardiovascular patients undergoing procedures with iodinated contrast have 
either high risk for atherosclerosis or have the anatomic presence of disease. Therefore, the 
vast majority of patients should be on statin therapy with a common low-density lipoprotein 
cholesterol target of <70 mg/dL. Several studies have demonstrated that patients continuing 
on statins during cardiovascular procedures including PCI and coronary artery bypass 
grafting have lower rates of AKI (Khanal et al., 2005). All small, randomized trials published 
to date support this concept as well. Preservation of endothelial function at the level of the 
glomerulus and reductions in systemic inflammatory factors are postulated mechanisms by 
which statins may have renoprotective effects. 
4.3.2.4 Dialysis and hemofiltration 
Prophylactic hemodialysis or hemofiltration has not been validated as an effective strategy, 
even when carried out within 1 h or simultaneously with contrast administration. 
Hemofiltration, however, performed 6 h before and 12 to 18 h after contrast deserves 
consideration, given reports of reduced mortality and need for hemodialysis in the 
postprocedure period in very high-risk patients (Marenzi et al., 2003).  

4.3.2.5 Withdrawal of additional nephrotoxic drugs 
Despite the lack of more robust data in this area, it is a reasonable practice to withhold 
nonsteroidal anti-inflammatory drugs, calcineurin inhibitors, high-dose loop diuretics, 
aminoglycosides, and other nephrotoxic agents if possible for several days before contrast 
exposure (McCullough, 2008). It is routine practice to withhold metformin before all contrast 
procedures, not because metformin itself is nephrotoxic but because in the setting of AKI if 
metformin is continued, lactic acidosis can develop leading to systemic complications and 
death. As a general rule, metformin should not be restarted until the clinician is confident 
that the patient has not developed AKI. 

4.4 Management of patients receiving iodinated contrast media 
An integrated proposed algorithm for the management of patients receiving iodinated 
contrast media is presented in Figure 3. Since there are no approved pharmaceutical agents 
for the prevention of this complication, the practitioner should be cautious with the use of 
any of the drugs suggested. We also recommend that all patients at risk for contrast-induced 
AKI should have follow-up serum creatinine and electrolyte monitoring daily while in the 
hospital, and then at 48 to 96h after discharge. 
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Fig. 3. Proposed algorithm for management of contrast-induced AKI (McCullough, 2008). 

5. Conclusion 
Patients with chronic kidney disease are at high-risk for CAD and, therefore, coronary 
angiography is very often needed to establish the diagnosis and severity of CAD. The major 
challenges in this regard are how to select those patients more likely to have significant 
CAD, in the absence of typical symptoms suggestive of CAD or myocardial perfusion 
defects disclosed by noninvasive testing. Moreover, the possibility of contrast-induced acute 
kidney injury should signal the need for a careful and more judicious decision-making 
approach by the cardiologist, working in tandem with the nephrologist, when trying to 
establish the risk-benefit ratio for each patient being considered for invasive assessment. 
Having decided that an invasive procedure is clearly needed, all preventive and therapeutic 
measurements should be applied to minimize the risk of worsening residual renal function.      
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1. Introduction 
Cardiomyopathies are a group of heart diseases that influence muscles directly and are not 
related to congenital, valvular, and pericardial diseases (Salehifar et al., 2008). 
Cardiomyopathies are usually classified on the basis of structural or functional causes. Thus, 
dilated cardiomyopathy is characterized by an enlarged ventricular chamber size and 
reduced cardiac contractility, hypertrophic cardiomyopathy is characterized by hypertrophy 
of the ventricular walls and increased cardiac performance and finally the restrictive form is 
characterized by stiff ventricular walls which restrict diastolic filling of the ventricle while 
systolic performance is not impaired (Ammash et al., 2000; Dec & Fuster ,1994). The 
classification by the American Heart Association Scientific Statement panel divides 
cardiomyopathy into primary and secondary causes (Maron et al., 2006).In this classification 
primary cardiomyopathies are subdivided into genetic, mixed and acquired groups. 

2. Dilated cardiomyopathy 
Dilated cardiomyopathy (DCM) is characterized by enlargement of one or both ventricles 
accompanied by impaired myocardial systolic function.DCM is the most common 
cardiomyopathy. Patients with DCM usually have symptoms and signs of congestive heart 
failure and there are many cardiac and systemic causes leading to DCM. However, in about 
50 percent or more of the patients with DCM, the etiology can not be identified. Thus, the 
patient is called as having an idiopathic DCM (Felker et al., 2000). 

2.1 Natural history and prognosis 
Because of different etiologies patients have variable presentations. Asymptomatic patients 
with left ventricular dysfunction to advanced stages of heart failure are two sides of the 
spectrum of presentations of the patients. The annual mortality ranges between 10 and 50 
percents (Levy et al., 2006).While survival of some patients is good, some cardiomyopathy 
patients have poor prognosis. For example, cardiomyopathy patients with human 
immunodeficiency virus and amyloidosis do not have long-term survival (Levy et al., 2006).  
Patients with idiopathic DCM have variable natural history. Some patients may be stable 
over years or even decades. This stability may be in response to pharmacological or device 
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therapy or it can be due to spontaneous reverse remodeling. On the other hand, the clinical 
stability of some patients deteriorates suddenly and the hemodynamic situation requires 
inotropic or mechanical support (Teuteberg et al.,2006). 

2.2 Etiology 
DCM is the major cause of congestive heart failure (CHF).Other most frequent specific 
Cardiomyopathies causing CHF include ischemic or hypertensive cardiomyopathies and 
nonsystolic heart failure (Owan et al.,2006).In DCM after excluding the specific disease 
about 50 percent is called idiopathic DCM( Felker et al., 2000).However, some of these 
idiopathic DCM cases are caused by genetic abnormalities or some environmental etiologies 
that are not diagnosed at the time of primary presentation and with more imaging or 
molecular evaluation, many of these idiopathic cases will have a specific etiology. 

2.3 Specific forms of dilated cardiomyopathy 
There are many important causes of secondary CMP including alcohol, HIV infection, 
metabolic impairments and cardiotoxic drugs such as doxorubicin. There are four specific 
causes of dilated CMP with more probability of recovery. 

2.3.1 Tachycardia-induced cardiomyopathy 
Patients with recurrent or permanent tachycardia such as atrial fibrillation or 
supraventricular tachycardia may develop CHF or DCM. Atrial fibrillation is a frequent 
disease among patients affected by CHF (Ghaemian et al., 2011).There is a high probability 
of recovery by controlling the arrhythmia (Redfield et al., 2000).Thus , patients should be 
treated to restore normal sinus rhythm. 

2.3.2 Peripartum cardiomyopathy 
This form of cardiomyopathy presents between 6 months to the last month of pregnancy 
(Elkayam et al., 2001).Usually the prognosis is good. However, women who recover the first 
attack are at increased risk of recurrence during the next pregnancies. 

2.3.3 Broken heart or tako-tsubo syndrome 
This CMP is usually caused by a stressful condition. This CMP is more common in women 
and the patients usually recover with treatment. Electrocardiogram may show findings of 
myocardial infarction, but in coronary angiography epicardial coronary arteries do not show 
stenosis. 

2.3.4 Alcoholic cardiomyopathy 
This form of CMP usually is related to the amount of consumption of alcohol with recovery 
by cessation of alcohol. The mechanism usually is direct toxicity of the alcohol (Fernandez-
sola et al.,2006).This CMP is more common in men, patients usually have a history of 
excessive consumption of alcohol for more than 10 years. Patients may have a fulminant 
course with biventricular failure. Alcohol may precipitate some arrhythmias including atrial 
fibrillation or supraventricular tachycardia. Many electrocardiographic abnormalities 
including QT interval prolongation are common. Hemodynamic and echocardiographic 
findings are similar to those of DCM patients. Cessation of consumption of the alcohol is the 
main component of treatment. 
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2.4 Clinical presentation of the dilated cardiomyopathy 
DCM is more frequent in middle age man, but it affects all ages. The incidence if ischemic 
CMP is higher than DCM. The clinical presentation of patients with DCM is variable. While 
some patients gradually become symptomatic, others may develop symptoms over only 
weeks and yet some of them have fulminant course of congestive heart failure (McCarthy et 
al., 2000).The most frequent symptoms of patients are dyspnea and fatigue. 

2.5 Laboratory evaluation 
Screening the biochemical testing including serum electrolytes, calcium, phosphorus and 
serum creatinine is necessary. Rheumatological tests such as antinuclear antibody (ANA) 
and erythrocyte sedimentation rate should also be obtained. Endocrine tests including 
thyroid function test and urinary examination of catecholamine levels may be helpful. 
Serum troponin levels to assess myocardial necrosis and brain natriuretic peptide levels are 
usually obtained. 

2.5.1 Electrocardiography 
Nonspecific electrocardiographic changes include sinus tachycardia, interventricular 
conduction delay and poor R progression and left bundle branch block. Other 
electrocardiographic abnormalities such as ST segment and T wave abnormalities may also 
be seen. Patients may show a wide spectrum of supraventricular and ventricular 
arrhythmia. 

2.5.2 Echocardiography 
By two-dimensional echocardiography ventricular size and function are usually evaluated. 
Doppler echocardiography is helpful to evaluate valvular stenosis or regurgitation and 
restrictive filling patterns. Dobutamine stress echocardiography is helpful to differentiate 
ischemic from idiopathic DCM and also to assess contractile reserve of myocardium. 

2.5.3 Radionuclide imaging 
This imaging technique is useful to identify ischemic CMP and also can assess cardiac 
function and ejection fraction of both ventricles. 

2.5.4 Magnetic Resonance Imaging (MRI) 
Cardiac MRI is useful to diagnose some specific CMPs such as myocarditis, amyloidosis, 
sarcoidosis and infiltrative and inflammatory cardiomyopathies and arrhythmogenic right 
ventricular dysplasia (Maceira et al., 2005; Mahrholdt et al.,2004; Tandri et al., 2005). 

3. Ischemic cardiomyopathy 
When myocardial dysfunction is secondary to occlusion of the coronary arteries, the term 
ischemic CMP is used and is the most common cause of heart failure. Based on the 
pathophysiological processes ischemic CMP may be classified into three groups. The first 
one is called myocardial hibernation. In this form of ischemic CMP a reduced coronary flow 
will result in persistent contractile dysfunction and revascularization procedures will 
usually restore myocardial function, at least partially. Myocardial stunning is the second 
form of ischemic CMP. In this form the contractile dysfunction of the viable myocardium is 
transient and is usually caused by reduced sensitivity of contractile proteins to calcium. 
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Finally in the third type, the contractile dysfunction is secondary to irreversible cell death of 
the myocardium. 

3.1 Revascularization in ischemic CMP 
In patients with ischemic CMP revascularization is beneficial only when the myocardium is 
viable and revascularization procedures cause an improvement in left ventricular function. 
In patients with severe left ventricular dysfunction, but with viable myocardium, coronary 
artery revascularization results in an average 8 to 10 percent of improvement in left 
ventricular ejection fraction (Kumpati et al.,2001).This will be associated with improvement 
in clinical situation and survival of the patients. However, if the viable myocardium is not 
considerable improvement of left ventricular function will not occur. It has been reported 
that 20 to 25 percent or more of the myocardium is the threshold of myocardial viability for 
which surgery is indicated (De Bonis & Alfieri 2006).Patients with ischemic CMP should be 
examined for detection of myocardial viability.Thallium-201 single-photon emission 
computed tomography (SPECT) and dobutamine stress echocardiography are usually used 
for this purpose. When both of these two methods predicated viability, the global left 
ventricular ejection fraction rose from 35 to 40 percent after operation (Starling et al., 
2003).In other reports positron emission tomography (PET) was better than SPECT to 
predict improvement of left ventricular ejection fraction after revascularization (Pagano et 
al., 1999;Starling et al., 2003). In a meta-analysis of 24 studies in patients with ischemic CMP 
revascularization decreased the risk of death by 79.6 percent in patients with viable 
myocardium detected by SPECT, dobutamine echocardiography or positron emission 
tomography (Bishay et al., 2000). Thus, in patients with heart failure secondary to coronary 
artery disease coronary angiography and viability study should be performed. 

4. Right and left heart catheterization 
Catheterization of the right and left side of the heart are usually performed to examine the 
hemodynamics of the heart i.e. to measure intracardiac pressure, cardiac outputs, and vascular 
resistances. In patients with heart failure, respiratory failure, valvular heart disease, pericardial 
disease, restrictive or hypertrophic cardiomyopathies hemodynamic assessment is of great 
value for the diagnosis and management of the patients. If necessary angiographic procedures 
such as left or right ventriculography, pulmonary angiography, and aortography may be 
performed during cardiac catheterization. Besides, selective angiographic procedures include 
native coronary, coronary bypass graft and carotid angiography. 

4.1 Hemodynamic evaluation 
Catheterization laboratories use disposable, fluid – filled transducers to measure pressure. 
For hemodynamic evaluation, the right heart catheter is placed in the pulmonary artery and 
a pigtail catheter in the aorta. Cardiac out is usually measured by the thermodilution 
method. Oxymetric analysis is performed on the blood collected from the aorta and the 
pulmonary artery, cardiac output is calculated by the Fick method , the presence of a left- to 
- right shunt is also screened. Catheter of the aorta is advanced into the left ventricle and the 
right- sided catheter into pulmonary capillary wedge position and the pressures are 
measured simultaneously. Then the right sided catheter is withdrawn and all the pressures 
are recorded. With the simultaneous measurement of the pressure of right and left ventricles 
it is possible to screen for restrictive or constrictive physiology. Then by pulling back the 
left- sided catheter the pressure gradient across the aortic valve is determined. 
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4.2 Complications 
Cardiac catheterization also is a safe procedure, potentially has some complications. In 
patients with left ventricular thrombus or aortic valve endocarditis it is better to avoid 
inserting catheters into the left heart. Catheter induced arrhythmia is another potential 
complication of right or left heart. Right or left bundle branch blocks may occur if the 
catheter is placed in the right ventricular outflow tract or crossed the aortic valve, 
respectively. Thus, patients with right or left bundle branch block are at potential risk of 
developing complete heart block during cardiac catheterization. Renal failure, contrast 
reactions, vascular complications are the more common complications of cardiac 
catheterization. The incidence of cerebrovascular accident, myocardial infarction, and death 
is less than 1 percent. Other rare complications include infection, chamber or vessel 
perforation, cholesterol embolism, air embolism, and radiation -induced skin injury. 

4.3 Right heart catheterization 
Right heart catheterization is performed from the right internal Jugular, femoral or subclavian 
veins using a balloon flotation catheter. For right heart catheterization fluoroscopy is not 
necessary and by attaching the catheter to a pressure transducer the operator can advance the 
catheter. Pressure is recorded in the right sided chambers and the pulmonary artery. With the 
catheter in the pulmonary artery, it is possible to measure thermodilution cardiac output and 
perform oximetry to detect a shunt and determine cardiac output by the Fick method. The 
catheter also can be advanced to a pulmonary capillary wedge position to obtain the wedge 
pressure. If by the pressure-guided technique catheter does not advance successfully and also 
when the right heart catheterization is performed from the femoral veins fluoroscopy is used. 
The normal pressure of the right atrium is 2 to 6 mmHg with positive “a” and “v” waves and 
negative “x” and “y” descents (Fig.1). 
 

 
Fig. 1. Normal right atrial waveform 

The atrial contraction increases the right atrial pressure producing the “a” wave. At the 
initial part of ventricular systole the downward motion of the tricuspid valve and the atrial 
relaxation produce the “x” descent. An inconsistent “c” waves after the “a” represents the 
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Finally in the third type, the contractile dysfunction is secondary to irreversible cell death of 
the myocardium. 
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motion of the tricuspid annulus toward the right atrium at the onset of the ventricular 
systole. The distance of the “c” from the “a” is the same as the PR interval in the 
electrocardiogram and first degree atrioventricular block produces a more visible “c” wave. 
The “x” descent represents the decrease of the right atrial pressure in ventricular systole 
which is followed by the “v” wave in atrial diastole when the right atrium is filled by 
venous return. The peak of the “v” wave occurs at the end of ventricular systole when the 
right atrium is maximally filled and is at the same time of T wave on the electrocardiogram. 
The final “y” descent represents the rapid emptying of the right atrium at the initial part of 
ventricular diastole when the tricuspid valve opens. As shown in Figure 2 the normal right 
ventricular systolic pressure is 20 to 30mmHg, and normal right ventricular end-diastolic 
pressure is 0 to 8 mmHg. The right ventricular pressure normally consists of a rapid rise of 
pressure followed by a decline during ventricular contraction and then rapid downward 
motion with ventricular relaxation. At the beginning of diastole the pressure is low and with 
ventricular filling increases gradually. 
 

 
Fig. 2. Normal right ventricular waveform 

The normal range of pulmonary artery systolic pressure is about 20 to 30 mmHg while the 
diastolic pressure is 4 -12 mmHg . As is shown in Figure 3 the pressure waveform of the 
pulmonary artery increase rapidly during systole and reaches a peak. However, during 
diastolic descent of the pressure there is a dicrotic notch. 
 

 
Fig. 3. Normal pulmonary artery waveform 
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During right heart catheterization the pulmonary capillary wedge pressure (PCWP) 
waveform is usually evaluated. The pressure waveform is better to obtain with an end-
hole catheter. The end-hole catheter obstructs the antegrade flow into the pulmonary 
artery, so it reflects the left atrial pressure, or the PCWP. This pressure can be obtained by 
a Swan-Ganz catheter in the pulmonary artery. By inflating the balloon of this catheter 
and obstructing the flow, the PCWP is obtained. The normal mean pressure of the PCWP 
is about 2 to 14mmHg and consists of positive “a” and “v” and negative “x” and “y” 
waves (Fig.4).  
 

 
Fig. 4. Normal pulmonary capillary wedge pressure waveform 

However, “c” wave which is sometimes seen in an atrial pressure is usually not seen in 
PCWP and also because the PCWP is the pressure transmitted through the pulmonary 
capillary bed, a time delay occurs between an electrocardiographic event and the onset of 
the relevant wave. For example the “a” wave of the right atrial pressure follows the P wave 
of the electrocardiogram by about 80 milliseconds while it is about 240 milliseconds in 
PCWP. Also, the peak of the “v” wave in PCWP tracing occurs after the T wave. Finally it 
should be noted that the oxygen saturation obtained from the catheter in the PCWP position 
is greater than 90%. 

4.4 Left heart catheterization 
Left heart catheterization is usually performed using a pigtail catheter. The catheter is 
advanced to the ascending aorta and then is positioned in the left ventricle. For this purpose, 
it may be necessary to rotate the catheter clockwise or counterclockwise gently to cross the 
valve. Occasionally a J- tipped stiff guide wire should be used. 
The left ventricular waveform has a rapid upstroke during ventricular contraction and then 
during relaxation the pressure decreases (Fig.5). 
At the initial part of the diastole the ventricular pressure is low and increases slowly until 
the end diastolic portion and the normal diastolic pressure is 8 to 16 mmHg. Left ventricular 
end -diastolic pressure is the pressure just before the abrupt increase in systolic pressure. 
Central aortic pressure waveforms normally have a rapid upstroke, a systolic peak followed 
by a dicrotic notch due to closure of the aortic valve (Fig.6). 
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Fig. 5. Prominent “a” wave in left ventricular waveform 

 

 
Fig. 6. Normal central aortic waveform 

During hemodynamic evaluation for screening for the presence of a restrictive or 
constrictive physiology, simultaneous measurement of left and right ventricular pressures is 
performed. Normally peak systolic pressure changes during expiration and inspiration in 
the right and left ventricle parallel each other (Fig.7) and the diastolic pressures of the two 
ventricles differ by at least 5 mmHg during the respiratory cycle (Fig.8). 

4.5 Hemodynamic calculations 
During cardiac catheterization and hemodynamic evaluation, hemodynamic calculations are 
made. For example, calculation of the cardiac output by the Fick method, calculations of the 
pulmonary and peripheral vascular resistances, and calculations of the mitral and aortic 
valves areas can be obtained. However, most of the computerized hemodynamic data 
collection systems have the softwares to calculate these values automatically. 

4.6 Trans - septal heart catheterization 
In some situations it is not possible to enter the left ventricle via retrograde approach. For 
example, in the presence of a mechanical aortic valve at severe aortic stenosis it may be 
necessary to measure left ventricular pressure or perform left ventriculography and trans -
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septal approach can be helpful. During some interventional procedures such as mitral 
balloon valvuloplasty, percutaneous mitral valve repairs with clips, some electrophysiologic 
procedures, and placement of a percutaneous left ventricular assist device may require trans 
-septal puncture. 
 

 
Fig. 7. Normal concomitant waveform of right ventricle and left ventricular in systole 

 

 
Fig. 8. Normal concomitant right and left ventricular waveform in diastole 

During a trans-septal puncture the goal is usually to puncture the atrial septum at the fossa 
ovalis and the procedure is performed from the right femoral vein. At the same time a 
pigtail catheter is positioned on the aortic valve to identify the aorta by fluoroscopy. The 
puncture of the interatrial septum is performed using the Brockenbrough needle inserted 
into a dilator. After the puncture, a guidewire is advanced into the left atrium and the 
dilator is advanced over the wire in order to position the sheath within the left atrium and 
left atrial pressure is recorded. Then based on the procedure, the rest of the catheterization 
or intervention can be performed. 
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5. Abnormal hemodynamic waveforms in patients 
In patients with left ventricular systolic dysfunction including dilated CMP the 
hemodynamic findings are nonspecific. Heart failure increases the pulmonary capillary 
wedge pressure and right-sided pressures. Chronic heart failure increases the pulmonary 
artery pressure because of reactive and fixed increases in pulmonary vascular resistance, 
leading to pulmonary hypertension and secondary tricuspid regurgitation and right heart 
failure. In patients with systolic dysfunction left ventricular end-diastolic pressure is 
increased and a prominent “a” wave may be seen (Fig 9). 
 

 
Fig. 9. Pressure waveform in a patient with left ventricular dysfunction showing a 
prominent “a” wave 

In patients with advanced stages of left ventricular dysfunction, left ventricular pressure 
may have a delay to reach the systolic peak due to diminished contractility (Fig 10). 
 

 
Fig. 10. Left ventricular pressure waveform in a patient with severe left ventricular 
dysfunction which have a triangular appearance 

Another presentation of severely reduced left ventricular contractility is the appearance of 
pulsus alternans on the aortic or left ventricular pressure waveform (Fig 11). 
Ambulatory patients with dilated CMP may have a relatively low normal resting cardiac 
output and a modest elevation in both right-and left-sided filling pressures. However, in 
advanced stages of heart failure, the systemic vascular resistance rises significantly in response 
to the reduced cardiac output. Also, in advanced heart failure in dilated CMP patients 
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biventricular failure is usually characteristic. The right atrial pressure waveform will 
demonstrate steep “x” and “y” descents indicative of severe volume overload and right 
ventricular systolic and diastolic dysfunction. Kussmaul sign, i.e., absence of the normal 
respiratory fall in the right atrial pressure is common and as a result of tricuspid regurgitation 
the “y” descent is steep. The PCWP waveform may demonstrate a prominent “v” wave. The 
left ventricular pressure waveform is characterized by an elevation in pressure throughout 
early diastole. The arterial tracing may show a narrow pulse pressure (pulsus parvus). 
 

 
Fig. 11. Aortic pressure tracing in a patient with severe left ventricular dysfunction pulsus 
alternans 

In patients with right-sided heart failure similar to left heart failure, pulsus alternans may be 
present in right-sided pressure waveforms (Fig 12). 
 

 
Fig. 12. Pulsus alternans in the right ventricular wave form in a patient with right-sided 
heart failure 

In the case of tricuspid regurgitation secondary to pulmonary hypertension as in primary 
tricuspid regurgitation a prominent “v” wave on the right atrial waveform may appear (Fig 
13) and in severe cases of tricuspid regurgitation ventricularization of the right atrial 
waveform may occur (Fig 14). 
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Fig. 13. Prominent “v” wave in the right atrial pressure in a patient with severe tricuspid 
regurgitation 
 

 
Fig. 14. Ventricularization of the right atrial waveform in a patient with severe tricuspid 
regurgitation 

In patients with hypertrophic obstructive cardiomyopathy the systolic anterior motion of 
the mitral valve obstructs the left ventricular outflow tract causing a pressure gradient 
between the left ventricle and aorta (Fig 15). And the aorta pressure waveform may show 
the characteristic pattern of spike and dome configuration (Fig 16). In some cases the 
gradient may be absent at rest but can be provoked by decreasing the preload. 
 

 
Fig. 15. Simultaneous left ventricular and aortic pressure waveform in a patient with 
hypertrophic obstructive cardiomyopathy which shows significant pressure gradients at rest 
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Fig. 16. Aortic pressure waveform showing “spike-and-dome” configuration 

6. Left ventriculography 
Left ventriculography is performed during a left heart catheterization to assess left 
ventricular function. Left ventriculography can also be helpful to identify the presence of 
mitral regurgitation, ventricular septal defect, and left ventricular hypertrophy. In patients 
with high pulmonary capillary wedge pressure or left ventricular end-diastolic pressure the 
injection of contrast may impose the patient to the risk of acute pulmonary edema. In 
addition, in patients with a mobile left ventricular thrombus seen on echocardiography it is 
better not to perform left ventriculography. Left ventriculography is commonly performed 
by a power injector and a pigtail catheter positioned in the mid ventricle. 
For assessment of ventricular systolic function, ejection fraction is calculated via left 
ventriculography. Usually computer-based software is applied and the left ventricular end-
diastolic and end-systolic contours are traced. Diastolic and systolic areas can be determined 
and based on the assumptions regarding the geometry of the heart, ventricular volumes are 
calculated and then the left ventricular ejection fraction can be calculated. Furthermore, in 
patients with coronary artery disease, regional left ventricular function can be assessed. 
Based on the distribution of the coronary arteries the left ventricle is divided into some 
segments. The contractions of the segments are evaluated. If the contraction of each segment 
is reduced it is classified as “hypokinetic” and if there is no contraction it is called 
“akinetic”. Finally, if during systole the segment moves outward it is called “dyskinetic”. In 
patients with hypertrophic cardiomyopathy, because of excessive hypertrophy, in left 
ventriculography cavity obliteration and a small ventricular end-systolic volume are 
commonly seen. In these patients if ventricular outflow tract obstruction also is present, 
systolic anterior motion of the mitral valve can be noted. Interestingly, in apical form of 
hypertrophic cardiomyopathy the ventriculogram appears with a “spade” – shaped contour. 
In patients with apical ballooning syndrome who have transient severe left ventricular 
dysfunction in the absence of coronary artery disease left ventriculography shows aneurysm 
of the left ventricle which predominantly affects the apex of the heart. 

7. Right ventriculography 
Right ventriculography is usually indicated in congenital heart disease. However, right 
ventriculography in adults may be helpful in the diagnosis of right ventricular dysplasia 
and determination of right ventricular systolic function. In patients with arrhythmogenic 
right ventricular dysplasia several findings associated with this disorder have been noted. 
However, there is no pathognomonic feature in right ventriculography in these patients. 
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commonly seen. In these patients if ventricular outflow tract obstruction also is present, 
systolic anterior motion of the mitral valve can be noted. Interestingly, in apical form of 
hypertrophic cardiomyopathy the ventriculogram appears with a “spade” – shaped contour. 
In patients with apical ballooning syndrome who have transient severe left ventricular 
dysfunction in the absence of coronary artery disease left ventriculography shows aneurysm 
of the left ventricle which predominantly affects the apex of the heart. 

7. Right ventriculography 
Right ventriculography is usually indicated in congenital heart disease. However, right 
ventriculography in adults may be helpful in the diagnosis of right ventricular dysplasia 
and determination of right ventricular systolic function. In patients with arrhythmogenic 
right ventricular dysplasia several findings associated with this disorder have been noted. 
However, there is no pathognomonic feature in right ventriculography in these patients. 
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8. Coronary angiography 
Coronary angiography is considered the gold standard for diagnosing coronary artery 
disease and can be useful to differentiate ischemic from dilated forms of cardiomyopathies. 
During coronary angiography the dominant vessel and also the vascular territories for each 
artery can be identified. Obstructive coronary artery disease is usually defined by 
angiography when a greater than 50% diameter narrowing is seen. When the lesions narrow 
the lumen by more than 70%, they are generally believed to be hemodynamically significant. 
However, there are some limitations regarding the usefulness of coronary angiography in 
diagnosing coronary artery disease. Coronary angiography only assesses the arterial lumen, 
while atherosclerosis is a disease of the arterial wall. There may be a substantial amount of 
plaque in the arterial wall before it is evident by angiography. Thus, a normal coronary 
arteriogram does not exclude the presence of coronary artery disease. Second, there is a 
wide range of interobserver variability in interpreting the coronary arteriogram of a patient. 
Third, depending on the image quality, the operator technique, patient body habitus, the 
vessel tortuosity, and the presence of overlapping segments, the ability of the angiography 
to assess a lesion may be affected. Finally, for identification of a luminal narrowing a 
reference normal segment of the vessel is usually used for comparison. In patients with 
diffuse coronary lesions, a true normal segment is not present and the arterial lumen may 
appear uniform.  
 Ischemic cardiomyopathy results following severe coronary artery disorders and usually 
angiography must be performed for proper diagnosis (Shokrzadeh et al., 2008). Coronary 
atherosclerosis usually causes narrowing of the lumen of the coronary arteries in advanced 
stages. In the early stages of atherosclerosis, compensatory enlargement of the artery 
maintains the coronary artery lumen. Thus, coronary angiography which only assesses the 
arterial lumen can not detect the early stages of atherosclerosis. However, techniques such 
as intravascular ultrasound provide images of arterial wall and detect coronary 
atherosclerosis in earlier stages. Coronary atherosclerosis can be detected anywhere along 
the course of the artery. 
There are many indications for performing coronary angiography. For example, in different 
clinical situations such as myocardial infarction, acute coronary syndromes stable angina, 
patients with valvular or congenital heart diseases coronary angiography may be useful to 
define coronary artery anatomy. However, coronary angiography should not be performed 
in patients who do not want to undergo revascularization, patients with severe left 
ventricular dysfunction in whom revascularization is not likely to improve ventricular 
function, patients with acute bleeding, unexplained fever, and in patients with severe 
coagulopathy. 

9. Conclusion 
Cardiac catheterization is performed in patients with heart failure to assess the etiology, to 
evaluate the hemodynamic status of the patient, and to define therapeutic responses. While 
the major part of the hemodynamic evaluation is assessed in the supine state, exercise 
conditions can also be evaluated. After hemodynamic evaluation of the patient angiography 
should be performed to define the coronary anatomy and if needed left ventriculography to 
assess ventricular contractility. Ventriculography is also helpful to define ventricular size 
and mitral regurgitation, although most patients will have had complete echocardiographic 
study prior to catheterization. In the absence of coronary artery disease to explain 
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ventricular dysfunction, an endomyocardial biopsy should be considered for a specific 
diagnosis. 
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1. Introduction 
Contrast-induced nephropathy (CIN) is an injury to the kidney as a result of exposure to 
intravascular iodinated contrast medium. It represents an increasing health care burden and 
challenge as the frequency of diagnostic imaging and interventional studies increase, 
particularly among populations at risk of developing CIN. As the population ages, 
decreased renal function and increased atherosclerotic cardiovascular disease become more 
prevalent. An increasing incidence of obesity with resultant metabolic syndrome and/or 
type 2 diabetes mellitus also increases the population at risk for CIN (Toprak et al., 2006). 
Coronary artery disease is a major complication of type 2 diabetes mellitus. Thus, patients 
with type 2 diabetes mellitus often require coronary angiography and coronary intervention 
and are at risk of CIN.  

2. Contrast-induced nephropathy in patients with type 2 diabetes mellitus 
and coronary artery disease 
For clinical and research purposes, CIN is defined as an acute decline in renal function (rise 
in serum creatinine by 25% or greater than 0.5 mg/dL from baseline or fall in estimated 
glomerular filtration rate (eGFR) by greater than 25%) after systemic contrast medium 
administration in the absence of other causes. Typically, CIN onset occurs within 24-48 
hours of exposure, serum creatinine levels peak in 3-5 days, and renal function returns to 
baseline in 7-21 days. If renal function does not return to baseline, other causes of acute 
renal injury, like atheroembolism or hypotension, should be suspected (Saleem et al., 1996). 
CIN is associated with both short-and long-term adverse outcomes, including the need for 
renal replacement therapy, increased length of hospital stay, major cardiac adverse events, 
and mortality. The incidence of CIN is less than 5% in patients with normal renal function 
and 15-50% in patients with baseline renal dysfunction (eGFR less than 60 mL/min/1.73m2). 
The increased risk of CIN in diabetic patients with reduced renal function is well 
documented (Parfrey et al., 1989). Yet, diabetic patients without overt renal dysfunction are 
also at risk as compromised renal function may not manifest until an acute renal insult 
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and mortality. The incidence of CIN is less than 5% in patients with normal renal function 
and 15-50% in patients with baseline renal dysfunction (eGFR less than 60 mL/min/1.73m2). 
The increased risk of CIN in diabetic patients with reduced renal function is well 
documented (Parfrey et al., 1989). Yet, diabetic patients without overt renal dysfunction are 
also at risk as compromised renal function may not manifest until an acute renal insult 
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results from the administration of contrast medium. CIN carries short-term and long-term 
mortality. Acute renal failure after coronary intervention is associated with a 36% in-
hospital mortality rate and a 19% 2-year survival rate. Thus, understanding why patients 
with type 2 diabetes are at increased risk of CIN and controlling factors to decrease the risk 
of CIN, has major short- and long-term benefits to patients with type 2 diabetes (Nikolsky et 
al., 2004). Most clinical studies on CIN have mainly been in patients with type 2 diabetes 
mellitus rather than type 1 diabetes mellitus and, thus, the remarks in this chapter will be 
confined to patients with type 2 diabetes kidney disease.  

2.1 Mechanisms of contrast-induced nephropathy in patients with type 2 diabetes 
mellitus 
The pathogenesis of CIN is complex with a cascade of contributing factors that are not fully 
understood. Factors contributing to CIN in patients with type 2 diabetes mellitus include 
decreased GFR, endothelial dysfunction and increased reactivity to intrarenal adenosine 
(Pfueger et al., 2000). After injection of contrast medium, renal blood flow increases 
transiently, followed by a more prolonged decrease, particularly at the corticomedullary 
junction of the kidney. The outer medulla is particularly susceptible to ischemic injury 
because of its high metabolic activity and low prevailing oxygen tension. Associated with 
the decrease in renal blood flow, there is a decrease in glomerular filtration rate due to 
afferent renal arteriolar vasoconstriction which is calcium-dependent with increased 
intrarenal adenosine and increased endothelin-1 activity as likely mediators of the 
vasoconstriction (Arakawa et al., 1996). The risk of CIN increases if there are inadequate 
compensatory vasodilatory responses, such as prostaglandins (E2 and I2) and nitric oxide.  
Renal tubular cellular injury, in part, is mediated by generation of oxygen-free radicals. 
Intrarenal adenosine accumulates due to the depletion of adenosine triphosphate as a 
consequence of proximal tubular stress due to osmotic load and the large size of contrast 
media molecules. The renal toxicity from the direct effects of contrast media is reversible. It 
has been shown in vitro that renal tubular cells respond to contrast media exposure by 
increasing the concentrations of extracellular adenosine and by decreasing the activity of 
mitochondrial enzymes without altering viability. A late effect of intrarenal adenosine is 
oxygen-free radical production due to the catabolism of intrarenal adenosine to xanthine.   
A role for intrarenal adenosine as a renal vasoconstrictor and substrate for oxygen-free 
radical formation is supported in human studies. Adenosine increases in urine following 
contrast medium; the magnitude of adenosine release and depression of creatinine clearance 
is proportional to the osmolality of the contrast agent, essentially a dose response 
relationship. Further, an inhibitor of adenosine uptake, dipyridamole, exacerbates the fall in 
GFR after contrast medium. In addition, blockade of the renal arterial adenosine receptors 
with theophylline attenuates the fall in GFR following contrast medium. Finally, following 
pretreatment with allopurinol (a xanthine oxidase inhibitor), urinary xanthine increases and 
the fall in GFR after contrast medium is lessened.  
Endothelin is a potent renal afferent arteriolar vasoconstrictor, like intrarenal adenosine. 
Intravascular administration of contrast medium induces exacerbated release of urinary 
endothelin in patients with impaired renal function. Human studies show no significant 
increase in plasma endothelin levels until a volume of contrast media administered is 
greater than 150 mL (Clark et al., 1997). However, in diabetic patients or in patients with 
renal insufficiency, significant endothelin levels are detected when less than 100 mL of 
contrast medium are administered intraarterially.  
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In patients with normal GFR, the risk of CIN is likely less, not only because of more rapid 
clearance of contrast medium from the kidney (less time for generation of oxygen-free 
radicals), but, presumably, because of the presence of a variety of endogenous vasodilators 
that protect against renal ischemia, including prostaglandins (E2 and I2), atrial natriuretic 
peptide and nitric oxide. In patients with GFR of less than 60 mL/min/1.73 m2, the risk of 
CIN increases with prolonged clearance of contrast medium.  
In summary, patients with type 2 diabetes mellitus appear to be at increased risk of CIN, not 
only because chronic renal disease is common in these patients, but also because there 
appears to be a greater vasoconstriction of the renal afferent arterioles to intrarenal 
adenosine and suppressed nitric oxide bioavailability in the kidney due to endothelial 
dysfunction (Komers & Anderson, 2003). Recent reports indicate that severe renal 
dysfunction need not be present to create a risk of CIN in diabetic patients with measured 
creatinine clearance of 100 mL/min and receiving proper hydration (Hardiek et al., 2008).  

2.1.1 Prevention strategies to attenuate contrast-induced nephropathy in patients with 
type 2 diabetes mellitus and coronary artery disease 
Since treatment of CIN after it has occurred is ineffective, efforts to prevent or attenuate the 
injury are the focus of ongoing investigations. Early diagnosis and careful long-term 
treatment of patients with type 2 diabetes mellitus and coronary artery disease includes 81 
mg aspirin daily, angiotensin-converting enzyme inhibitor therapy or angiotensin II 
receptor blocker therapy and 3-hydroxyl-methylglutaryal coenzyme A reductase inhibitor 
therapy. Ideal goals for vascular risk factor modification include blood pressure of 130/80 
mmHg or better, LDL cholesterol less than 70 mg/dL and hemoglobin A1C less than 7%. 
Successful accomplishment of these goals should decrease the progression of macro- and 
microvascular complications. In addition, if these goals are accomplished, endothelial 
function should be better.  If the patient suddenly develops an acute coronary syndrome, the 
ability of the kidney to have a compensatory vasodilatory response in response to contrast 
medium should decrease the risk of CIN. Based on the assumption that acute renal 
adenosine and/or endothelia-medicated vasoconstriction and endothelial dysfunction are 
major interrelated pathogenic events in CIN, a type 2 diabetic patient meeting therapeutic 
goals should be at lower risk when coronary angiography and/or coronary intervention are 
required. When a patient with type 2 diabetes presents with an acute coronary syndrome, 
hyperglycemia is common, and increased risk of mortality in patients has been observed 
(Kosiborod & McGuire, 2010). Well-designed, large clinical outcome trials are required for 
better guidance as far as how hyperglycemia in the acute situation should be managed. 
Observational studies suggest that hypoglycemia should be avoided (Zoungas et al., 2010). 
Guidelines now recommend a therapeutic target of glucose control at 140 to 180 mg/dL in 
the critically ill patient which is a more liberal approach than prior recommendations 
(O’Keefe et al., 2011). Previously recommended more aggressive glucose lowering 
(including normalization of blood sugar) was not shown to have additional benefit and 
appeared to be harmful because of the increased incidence of hypoglycemia.  
As mechanisms for CIN in patients with type 2 diabetes mellitus are better understood, 
there is a growing list of medications that may exacerbate the risk of CIN. Many of these 
medications are taken by patients with cardiovascular disease and should be addressed 
prior to proceeding with angiography. Medications that increase the risk of a patient 
developing CIN include nonsteroidal anti-inflammatory drugs which inhibit compensatory 
renal prostaglandin synthesis, diuretics that dehydrate the kidney and increase the risk of 
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results from the administration of contrast medium. CIN carries short-term and long-term 
mortality. Acute renal failure after coronary intervention is associated with a 36% in-
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confined to patients with type 2 diabetes kidney disease.  
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transiently, followed by a more prolonged decrease, particularly at the corticomedullary 
junction of the kidney. The outer medulla is particularly susceptible to ischemic injury 
because of its high metabolic activity and low prevailing oxygen tension. Associated with 
the decrease in renal blood flow, there is a decrease in glomerular filtration rate due to 
afferent renal arteriolar vasoconstriction which is calcium-dependent with increased 
intrarenal adenosine and increased endothelin-1 activity as likely mediators of the 
vasoconstriction (Arakawa et al., 1996). The risk of CIN increases if there are inadequate 
compensatory vasodilatory responses, such as prostaglandins (E2 and I2) and nitric oxide.  
Renal tubular cellular injury, in part, is mediated by generation of oxygen-free radicals. 
Intrarenal adenosine accumulates due to the depletion of adenosine triphosphate as a 
consequence of proximal tubular stress due to osmotic load and the large size of contrast 
media molecules. The renal toxicity from the direct effects of contrast media is reversible. It 
has been shown in vitro that renal tubular cells respond to contrast media exposure by 
increasing the concentrations of extracellular adenosine and by decreasing the activity of 
mitochondrial enzymes without altering viability. A late effect of intrarenal adenosine is 
oxygen-free radical production due to the catabolism of intrarenal adenosine to xanthine.   
A role for intrarenal adenosine as a renal vasoconstrictor and substrate for oxygen-free 
radical formation is supported in human studies. Adenosine increases in urine following 
contrast medium; the magnitude of adenosine release and depression of creatinine clearance 
is proportional to the osmolality of the contrast agent, essentially a dose response 
relationship. Further, an inhibitor of adenosine uptake, dipyridamole, exacerbates the fall in 
GFR after contrast medium. In addition, blockade of the renal arterial adenosine receptors 
with theophylline attenuates the fall in GFR following contrast medium. Finally, following 
pretreatment with allopurinol (a xanthine oxidase inhibitor), urinary xanthine increases and 
the fall in GFR after contrast medium is lessened.  
Endothelin is a potent renal afferent arteriolar vasoconstrictor, like intrarenal adenosine. 
Intravascular administration of contrast medium induces exacerbated release of urinary 
endothelin in patients with impaired renal function. Human studies show no significant 
increase in plasma endothelin levels until a volume of contrast media administered is 
greater than 150 mL (Clark et al., 1997). However, in diabetic patients or in patients with 
renal insufficiency, significant endothelin levels are detected when less than 100 mL of 
contrast medium are administered intraarterially.  
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In patients with normal GFR, the risk of CIN is likely less, not only because of more rapid 
clearance of contrast medium from the kidney (less time for generation of oxygen-free 
radicals), but, presumably, because of the presence of a variety of endogenous vasodilators 
that protect against renal ischemia, including prostaglandins (E2 and I2), atrial natriuretic 
peptide and nitric oxide. In patients with GFR of less than 60 mL/min/1.73 m2, the risk of 
CIN increases with prolonged clearance of contrast medium.  
In summary, patients with type 2 diabetes mellitus appear to be at increased risk of CIN, not 
only because chronic renal disease is common in these patients, but also because there 
appears to be a greater vasoconstriction of the renal afferent arterioles to intrarenal 
adenosine and suppressed nitric oxide bioavailability in the kidney due to endothelial 
dysfunction (Komers & Anderson, 2003). Recent reports indicate that severe renal 
dysfunction need not be present to create a risk of CIN in diabetic patients with measured 
creatinine clearance of 100 mL/min and receiving proper hydration (Hardiek et al., 2008).  

2.1.1 Prevention strategies to attenuate contrast-induced nephropathy in patients with 
type 2 diabetes mellitus and coronary artery disease 
Since treatment of CIN after it has occurred is ineffective, efforts to prevent or attenuate the 
injury are the focus of ongoing investigations. Early diagnosis and careful long-term 
treatment of patients with type 2 diabetes mellitus and coronary artery disease includes 81 
mg aspirin daily, angiotensin-converting enzyme inhibitor therapy or angiotensin II 
receptor blocker therapy and 3-hydroxyl-methylglutaryal coenzyme A reductase inhibitor 
therapy. Ideal goals for vascular risk factor modification include blood pressure of 130/80 
mmHg or better, LDL cholesterol less than 70 mg/dL and hemoglobin A1C less than 7%. 
Successful accomplishment of these goals should decrease the progression of macro- and 
microvascular complications. In addition, if these goals are accomplished, endothelial 
function should be better.  If the patient suddenly develops an acute coronary syndrome, the 
ability of the kidney to have a compensatory vasodilatory response in response to contrast 
medium should decrease the risk of CIN. Based on the assumption that acute renal 
adenosine and/or endothelia-medicated vasoconstriction and endothelial dysfunction are 
major interrelated pathogenic events in CIN, a type 2 diabetic patient meeting therapeutic 
goals should be at lower risk when coronary angiography and/or coronary intervention are 
required. When a patient with type 2 diabetes presents with an acute coronary syndrome, 
hyperglycemia is common, and increased risk of mortality in patients has been observed 
(Kosiborod & McGuire, 2010). Well-designed, large clinical outcome trials are required for 
better guidance as far as how hyperglycemia in the acute situation should be managed. 
Observational studies suggest that hypoglycemia should be avoided (Zoungas et al., 2010). 
Guidelines now recommend a therapeutic target of glucose control at 140 to 180 mg/dL in 
the critically ill patient which is a more liberal approach than prior recommendations 
(O’Keefe et al., 2011). Previously recommended more aggressive glucose lowering 
(including normalization of blood sugar) was not shown to have additional benefit and 
appeared to be harmful because of the increased incidence of hypoglycemia.  
As mechanisms for CIN in patients with type 2 diabetes mellitus are better understood, 
there is a growing list of medications that may exacerbate the risk of CIN. Many of these 
medications are taken by patients with cardiovascular disease and should be addressed 
prior to proceeding with angiography. Medications that increase the risk of a patient 
developing CIN include nonsteroidal anti-inflammatory drugs which inhibit compensatory 
renal prostaglandin synthesis, diuretics that dehydrate the kidney and increase the risk of 
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medullary ischemia, and dipyridamole that blocks the normal cellular uptake of adenosine 
resulting in a greater renal adenosine – mediated vasconstrictive response.  
In patients with type 2 diabetes mellitus requiring elective angiography, nonsteroidal anti-
inflammatory medicines, diuretics and dipyridamole should be held prior to the procedure. 
While nonsteroidal anti-inflammatory medications are considered the cornerstone for 
managing the pain of osteoarthritis and other painful conditions, recent meta-analysis 
indicate significantly increased risk of myocardial infarction, stroke or death from 
cardiovascular disease compared to placebo with the chronic use of these medications. 
Contrary to some previous reports, the current meta-analysis found no suggestion that this 
increased cardiovascular risk is specific to cyclo-oxygenase-2 inhibitors. Data were available 
for naproxen, ibuprofen, diclofenac, celecoxib, etoricoxib, rofecoxib and lumiracoxib. 
Overall, naproxen appeared to be the least harmful nonsteroidal anti-inflammatory 
medication in terms of cardiovascular outcomes. Risks were greatest with ibuprofen, 
diclofenac, etoricoxib and lumiracoxib. Thus, chronic use of nonsteroidal anti-inflammatory 
medications in patients with type 2 diabetes who are at increased cardiovascular risk is 
discouraged. In regard to dipyridamole, recent data suggests superiority of clopidogrel over 
dipyridamole in patients who have suffered a cerebral vascular accident. Increasingly 
clopidogrel rather than dipyridamole is the recommended antiplatelet agent in addition to 
81 mg aspirin in patients with type 2 diabetes after transient ischemic attacks or cerebral 
vascular accidents. Thus, if the patient with type 2 diabetes mellitus needs emergency 
angiography, the risk of dipyridamole contributing to CIN would no longer exist. 
Patients with type 2 diabetes mellitus have a significantly greater risk of macrovascular 
disease, including coronary heart disease, stroke and peripheral vascular disease, in addition 
to the microvascular complications, such as retinopathy, neuropathy and nephropathy. 
Despite evidence of benefit for reduction of microvascular disease with glycemic control, to 
date, there is no such evidence for the role of glycemic control in macrovascular event 
reduction. In newly diagnosed patients with type 2 diabetes, besides initiation of diet, exercise 
and weight reduction, metformin is usually the recommended initial therapy unless 
contraindicated, such as renal disease (serum creatinine greater than 1.5 mg/dL in males and 
greater than 1.4 mg/dL in females). Although not relevant to CIN prevention, metformin 
should be temporarily discontinued at the time of or prior to use of contrast medium or major 
surgical procedures and withheld for 48 hours after the procedure. Metformin should be 
restarted after renal function has been reevaluated and found to be normal (Goergen et al., 
2010). While the mortality rate for patients who develop lactic acidosis can be quite high, the 
actual number of people dying from metformin-induced lactic acidosis after contrast medium 
exposure is quite low using these guidelines.  
Cigarette smoking is the most common cause of preventable morbidity and mortality in 
developed countries. In addition to it being a major risk factor for cardiovascular disease, 
lung disease and cancer, cigarette smoking is now recognized as an important independent 
risk factor of chronic kidney disease, including diabetic nephropathy, by increasing the rate 
of transition from microalbuminuria to proteinuria and promoting the progression to end-
stage renal disease (Phisitkul et al., 2008). Furthermore, a recent cross-sectional analysis of 
participants in the National Health and Nutrition Examination Survey demonstrated a 
strong association between exposure to secondhand smoke and proteinuria, suggesting that 
passive smokers are also at increased risk of chronic kidney disease (Obert et al., 2011). 
Several clinical and experimental studies have demonstrated the role of transforming 
growth factor-beta in the pathogenesis of chronic kidney disease, including diabetic 
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nephropathy. This cytokine is largely profibrotic and plays a significant role in diabetic 
nephropathy by increasing the production of extracellular matrix proteins, including 
fibronectin and collagen, in the glomerulus. It is also known that one cigarette paralyzes the 
ability of the endothelium to make nitric oxide for up to 24 hours. Thus, patients with type 2 
diabetes mellitus should be counseled to discontinue smoking. Emphasizing that 
recommendation prior to elective angiography may decrease the incidence of CIN. 
Another class of medication that warrants discussion in the long-term treatment of patients 
with type 2 diabetes mellitus, not only for the long-term metabolic advantages, but also 
because of the risk of CIN is beta-blocker therapy. Both nonselective and selective 
traditional beta-blockers have been shown to increase insulin resistance, facilitate weight 
gain of approximately 1 kilogram per six months and worsen hypertriglyceridemia by 
approximately 13%. In contrast, carvedilol in hypertensive diabetic patients has been found 
to have a neutral effect on insulin resistance, weight and triglycerides (Bakris et al., 2004). 
This favorable metabolic profile also suggests that carvedilol is a better choice compared to 
traditional beta-blockers in these high risk patients. Recent trials emphasize the class 
heterogeneity that exists for beta-blockers and provide a strong basis for preferred use of 
carvedilol in patients with type 2 diabetes. Carvedilol is a unique molecule that combines 
the properties of a nonspecific beta-blocker and a specific alpha-1-blocker in a ratio of 2:3. 
Carvedilol also possesses antioxidant properties. In hypertensive diabetic patients, 
carvedilol compared to metoprolol tartrate has been shown to reduce existing 
microalbuminuria and to decrease the risk of progression to microalbuminuria. These 
results suggest improved endothelial function and may be related to improvement in insulin 
resistance or an effect on oxidant stress in the kidney. Thus, in patients with type 2 diabetes 
mellitus that require beta-blocker therapy, carvedilol has become the recommended beta-
blocker. There are also data to suggest that carvedilol compared to traditional beta-blockers 
attenuates CIN. Proposed mechanisms include unopposed alpha-medicated renal 
vasoconctriction causing more ischemia when on traditional beta-blockers and/or improved 
endothelial function due to the antioxidant properties of carvedilol. 
There are other medicines that may attenuate the risk of CIN. Calcium-channel blocking 
medications attenuate both the magnitude and duration of renal vasoconstriction after 
contrast medium administration (Russo et al., 1990). In patients with type 2 diabetes 
mellitus and hypertension and/or angina requiring calcium-channel blocking medications, 
these medications should be continued if contrast medium administration is planned.  
The adenosine receptor antagonists, theophylline and aminophylline, attenuate the decrease 
in GFR seen after contrast medium. Since patients with type 2 diabetes mellitus have an 
increased reactivity to intrarenal adenosine, theophylline prior to contrast medium 
administration warrants special consideration. The kidney responds to contrast media-
induced stress with a tubuloglomercular feedback response which is largely medicated by 
adenosine when less than 100 mL of contrast medium is administered. This mechanism has 
been confirmed by both animal and clinical studies. Pretreatment with long-acting 
theophylline 3 mg/kg orally at least 30 minutes before contrast medium administration and 
12 hours later in addition to hydration has been shown to attenuate the depression of 
creatinine clearance. It is critical that theophylline be administered before contrast medium 
injection, but prolonged treatment after angiography is unnecessary. Theophylline 
prophylaxis is effective, safe, and inexpensive. This dose of theophylline is manyfold greater 
than the minimum dose required to block renal vascular adenosine receptors and is well 
below that shown to affect renal cyclic nucleotide phosphodiesterase activity (Vassallo & 
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medullary ischemia, and dipyridamole that blocks the normal cellular uptake of adenosine 
resulting in a greater renal adenosine – mediated vasconstrictive response.  
In patients with type 2 diabetes mellitus requiring elective angiography, nonsteroidal anti-
inflammatory medicines, diuretics and dipyridamole should be held prior to the procedure. 
While nonsteroidal anti-inflammatory medications are considered the cornerstone for 
managing the pain of osteoarthritis and other painful conditions, recent meta-analysis 
indicate significantly increased risk of myocardial infarction, stroke or death from 
cardiovascular disease compared to placebo with the chronic use of these medications. 
Contrary to some previous reports, the current meta-analysis found no suggestion that this 
increased cardiovascular risk is specific to cyclo-oxygenase-2 inhibitors. Data were available 
for naproxen, ibuprofen, diclofenac, celecoxib, etoricoxib, rofecoxib and lumiracoxib. 
Overall, naproxen appeared to be the least harmful nonsteroidal anti-inflammatory 
medication in terms of cardiovascular outcomes. Risks were greatest with ibuprofen, 
diclofenac, etoricoxib and lumiracoxib. Thus, chronic use of nonsteroidal anti-inflammatory 
medications in patients with type 2 diabetes who are at increased cardiovascular risk is 
discouraged. In regard to dipyridamole, recent data suggests superiority of clopidogrel over 
dipyridamole in patients who have suffered a cerebral vascular accident. Increasingly 
clopidogrel rather than dipyridamole is the recommended antiplatelet agent in addition to 
81 mg aspirin in patients with type 2 diabetes after transient ischemic attacks or cerebral 
vascular accidents. Thus, if the patient with type 2 diabetes mellitus needs emergency 
angiography, the risk of dipyridamole contributing to CIN would no longer exist. 
Patients with type 2 diabetes mellitus have a significantly greater risk of macrovascular 
disease, including coronary heart disease, stroke and peripheral vascular disease, in addition 
to the microvascular complications, such as retinopathy, neuropathy and nephropathy. 
Despite evidence of benefit for reduction of microvascular disease with glycemic control, to 
date, there is no such evidence for the role of glycemic control in macrovascular event 
reduction. In newly diagnosed patients with type 2 diabetes, besides initiation of diet, exercise 
and weight reduction, metformin is usually the recommended initial therapy unless 
contraindicated, such as renal disease (serum creatinine greater than 1.5 mg/dL in males and 
greater than 1.4 mg/dL in females). Although not relevant to CIN prevention, metformin 
should be temporarily discontinued at the time of or prior to use of contrast medium or major 
surgical procedures and withheld for 48 hours after the procedure. Metformin should be 
restarted after renal function has been reevaluated and found to be normal (Goergen et al., 
2010). While the mortality rate for patients who develop lactic acidosis can be quite high, the 
actual number of people dying from metformin-induced lactic acidosis after contrast medium 
exposure is quite low using these guidelines.  
Cigarette smoking is the most common cause of preventable morbidity and mortality in 
developed countries. In addition to it being a major risk factor for cardiovascular disease, 
lung disease and cancer, cigarette smoking is now recognized as an important independent 
risk factor of chronic kidney disease, including diabetic nephropathy, by increasing the rate 
of transition from microalbuminuria to proteinuria and promoting the progression to end-
stage renal disease (Phisitkul et al., 2008). Furthermore, a recent cross-sectional analysis of 
participants in the National Health and Nutrition Examination Survey demonstrated a 
strong association between exposure to secondhand smoke and proteinuria, suggesting that 
passive smokers are also at increased risk of chronic kidney disease (Obert et al., 2011). 
Several clinical and experimental studies have demonstrated the role of transforming 
growth factor-beta in the pathogenesis of chronic kidney disease, including diabetic 

Contrast-Induced Nephropathy in Patients with Type 2 Diabetes Mellitus 
and Coronary Artery Disease: Update and Practical Clinical Applications 

 

239 

nephropathy. This cytokine is largely profibrotic and plays a significant role in diabetic 
nephropathy by increasing the production of extracellular matrix proteins, including 
fibronectin and collagen, in the glomerulus. It is also known that one cigarette paralyzes the 
ability of the endothelium to make nitric oxide for up to 24 hours. Thus, patients with type 2 
diabetes mellitus should be counseled to discontinue smoking. Emphasizing that 
recommendation prior to elective angiography may decrease the incidence of CIN. 
Another class of medication that warrants discussion in the long-term treatment of patients 
with type 2 diabetes mellitus, not only for the long-term metabolic advantages, but also 
because of the risk of CIN is beta-blocker therapy. Both nonselective and selective 
traditional beta-blockers have been shown to increase insulin resistance, facilitate weight 
gain of approximately 1 kilogram per six months and worsen hypertriglyceridemia by 
approximately 13%. In contrast, carvedilol in hypertensive diabetic patients has been found 
to have a neutral effect on insulin resistance, weight and triglycerides (Bakris et al., 2004). 
This favorable metabolic profile also suggests that carvedilol is a better choice compared to 
traditional beta-blockers in these high risk patients. Recent trials emphasize the class 
heterogeneity that exists for beta-blockers and provide a strong basis for preferred use of 
carvedilol in patients with type 2 diabetes. Carvedilol is a unique molecule that combines 
the properties of a nonspecific beta-blocker and a specific alpha-1-blocker in a ratio of 2:3. 
Carvedilol also possesses antioxidant properties. In hypertensive diabetic patients, 
carvedilol compared to metoprolol tartrate has been shown to reduce existing 
microalbuminuria and to decrease the risk of progression to microalbuminuria. These 
results suggest improved endothelial function and may be related to improvement in insulin 
resistance or an effect on oxidant stress in the kidney. Thus, in patients with type 2 diabetes 
mellitus that require beta-blocker therapy, carvedilol has become the recommended beta-
blocker. There are also data to suggest that carvedilol compared to traditional beta-blockers 
attenuates CIN. Proposed mechanisms include unopposed alpha-medicated renal 
vasoconctriction causing more ischemia when on traditional beta-blockers and/or improved 
endothelial function due to the antioxidant properties of carvedilol. 
There are other medicines that may attenuate the risk of CIN. Calcium-channel blocking 
medications attenuate both the magnitude and duration of renal vasoconstriction after 
contrast medium administration (Russo et al., 1990). In patients with type 2 diabetes 
mellitus and hypertension and/or angina requiring calcium-channel blocking medications, 
these medications should be continued if contrast medium administration is planned.  
The adenosine receptor antagonists, theophylline and aminophylline, attenuate the decrease 
in GFR seen after contrast medium. Since patients with type 2 diabetes mellitus have an 
increased reactivity to intrarenal adenosine, theophylline prior to contrast medium 
administration warrants special consideration. The kidney responds to contrast media-
induced stress with a tubuloglomercular feedback response which is largely medicated by 
adenosine when less than 100 mL of contrast medium is administered. This mechanism has 
been confirmed by both animal and clinical studies. Pretreatment with long-acting 
theophylline 3 mg/kg orally at least 30 minutes before contrast medium administration and 
12 hours later in addition to hydration has been shown to attenuate the depression of 
creatinine clearance. It is critical that theophylline be administered before contrast medium 
injection, but prolonged treatment after angiography is unnecessary. Theophylline 
prophylaxis is effective, safe, and inexpensive. This dose of theophylline is manyfold greater 
than the minimum dose required to block renal vascular adenosine receptors and is well 
below that shown to affect renal cyclic nucleotide phosphodiesterase activity (Vassallo & 
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Lipsky, 1998). This dose of theophylline causes transient plasma theophylline levels of 7 
mcg/mL which is below therapeutic levels required for treatment of asthma and unlikely to 
cause serious gastrointestinal, neurological, or cardiovascular adverse effects (Cooling, 1993; 
Shannon, 1999). 
Adenosine receptor antagonists, theophylline and aminophylline, prophylaxis to attenuate 
CIN has not been strongly adopted except in patients at high risk for CIN. Some controlled 
trials have shown a significant reduction in the risk for CIN while others have shown no 
reduction (Abizaid et al., 1999; Erley et al., 1999; Erley et al., 1994; Gandhi et al., 1992; Huber 
et al., 2001; Huber et al., 2002; Huber et al., 2003; Kolonko et al., 1998; Shammas et al., 2001). 
However, these studies have been limited by small sample size, variation in timing and 
dosage of drug administration, and variation in the definition of CIN. Three meta-analyses 
have dealt specifically with the clinical use of theophylline for the prevention of CIN. Each 
of these gave extensive information concerning the way that the papers which were 
included were chosen, exactly what factors were chosen for matching across studies and 
which factors did not match. In addition, statistics were presented which addressed the 
concerns about selection bias and efforts were made to adjust for non-matching factors to 
the extent possible. No attempt will be made to describe each of these studies completely, 
however, we will give some summary information concerning each of them. One meta-
analysis identified 10 studies in which theophylline was used for the prevention of CIN (Ix 
et al., 2004). Of the ten, seven were found to fulfill all the inclusion criteria and these 
constituted the final sample for the analysis. The studies included were reported between 
1994 and 2003 and included a number of different protocols for the administration of the 
theophylline. The final conclusion reached by these investigators was that the prophylactic 
administration of theophylline appears to protect against contrast-induced declines in 
kidney function. They also reported that “the protective benefits appeared robust regardless 
of the study design, form or volume of contrast medium delivered, and the presence or 
absence of intravenous volume expansion.” The investigators did indicate that they were 
unable to determine (given the available data) if theophylline reduced the number of 
patients who experienced large increases in serum creatinine concentrations or required 
dialysis. Another meta-analysis identified nine studies which met the study criteria for their 
protocol (Bagshaw & Ghali, 2005). Their conclusion was that the data they considered 
indicated that there is promising evidence supporting the use of theophylline for the 
prevention of CIN but the evidence is still not conclusive. They suggested that what was 
required to answer this question was a larger, well designed clinical trial for confirmation 
and assessment of risks before theophylline could be recommended routinely for the 
prevention of CIN. They also noted from their analysis of these papers that such a trial 
should include a hydration protocol and the routine use of low or iso-osmolar nonionic 
contrast media since those are now the current standards of care. These two meta-analyses 
focused primarily on theophylline and a comparison of the choices of papers from the two 
studies shows that seven papers included in the initial meta-analysis were also included in 
the nine chosen by the second meta-analysis. The latter authors included two papers which 
were in the same search time frame as the initial meta-analysis but were not selected under 
that study protocol. A third meta-analysis covered a number of drugs aimed at reducing the 
incidence of CIN (Kelly et al., 2008). The primary drug considered was N-acetylcysteine 
with theophylline being more secondary to the study. Only six of the studies considered 
dealt primarily with theophylline. Of the six considered, five were part of the set of studies 
considered by the second meta-analysis while four of them coincided with those used in the 
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initial meta-analysis. The sixth paper which was unique to this analysis appeared in 2006 
which was out of the range of years covered by the other two papers. One of the six papers 
common to both was not included by the initial meta-analysis. The conclusion of this paper 
with respect to the efficacy of theophylline was that it produced a large risk reduction but  
did not achieve statistical significance. Of these three meta-analyses, the first two are most 
comparable. Both reach the same conclusion. Each of these papers used slightly different 
statistical methods. Both contained a thorough discussion of the selection criteria used to 
choose the papers included and measures to check for selection bias. The general 
conclusions were favorable with the hypothesis that theophylline is protective against CIN. 
Unfortunately, neither group of authors was willing to report a definitive answer. There are 
some  areas where the studies under review by these authors differed. One was in the area 
of how the theophylline was administered: as a fixed dose regardless of body weight or as a 
dose adjusted per kilogram of body weight. The broad conclusion reached is that a large, 
carefully designed clinical trial needs to be conducted to reach a final conclusion. The trial 
should be stratified according to ancillary risk factors such as age and diabetes. In addition, 
the effect of the dosing protocol and hydration methods needs to be considered. Finally, 
since it is known that certain beverages like coffee and tea also block adenosine vascular 
receptors, a study testing the benefit of theophylline should exclude other xanthine 
exposure during the time before contrast medium administration and for the 48 hours after 
while the subject is being followed. 
Studies suggest two mechanisms by which intrarenal adenosine contributes to CIN. Early 
depression of renal function after contrast medium exposure is caused by A1 receptor-
mediated renal afferent arteriolar vasoconstriction and A2 receptor-mediated efferent 
arteriolar vasodilatation resulting in decreased glomerular perfusion pressure. Later 
depression of renal function after contrast medium exposure is caused by oxygen-free 
radical production, in part, due to intrarenal adenosine catabolism to xanthine.  
Pretreatment with theophylline may attenuate CIN by maintaining GFR such that contrast 
medium is cleared from the kidney more rapidly, thus, decreasing direct cytotoxic effects 
from contrast medium and decreasing the potential for intrarenal adenosine-mediated 
oxygen-free radical production. Pretreatment with allopurinol has also been shown to 
attenuate CIN. To be effective, it is crucial to administer allopurinol at least 24 hours prior to 
exposure to contrast medium. Pretreatment allows time for production of oxypurinol, the 
chief metabolite of allopurinol, which is a much more potent xanthine oxidase inhibitor. 
Allopurinol administered in this fashion was renally protective. Decreasing renal xanthine 
oxidase decreases the catabolism of intrarenal adenosine to xanthine resulting in decreased 
oxygen-free radical production and less renal tubular cell injury.  
Patients with type 2 diabetes mellitus are usually on angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers and/or direct renin inhibitor to decrease the 
progression of renal disease. Whether these agents need to be held or should be continued 
when contrast medium is administered requires clinical judgment. Intrarenal angiotensin II 
enhances adenosine-mediated vasoconstriction so theoretically blockade of the renin-
angiotensin system should attenuate the risk of CIN. In support of this concept, 
preprocedure angiotensin-converting enzyme inhibitor use has been shown to lower the risk 
for CIN in patients with chronic renal disease (Dangas et al., 2005). Another clinical trial 
showed that periprocedural captopril, compared with an untreated control group, reduced 
the risk of CIN in patients with type 2 diabetes mellitus (Gupta et al, 1999). However, if an 
unstable patient has low cardiac output or hypotension, renin-angiotensin system blockade 
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Lipsky, 1998). This dose of theophylline causes transient plasma theophylline levels of 7 
mcg/mL which is below therapeutic levels required for treatment of asthma and unlikely to 
cause serious gastrointestinal, neurological, or cardiovascular adverse effects (Cooling, 1993; 
Shannon, 1999). 
Adenosine receptor antagonists, theophylline and aminophylline, prophylaxis to attenuate 
CIN has not been strongly adopted except in patients at high risk for CIN. Some controlled 
trials have shown a significant reduction in the risk for CIN while others have shown no 
reduction (Abizaid et al., 1999; Erley et al., 1999; Erley et al., 1994; Gandhi et al., 1992; Huber 
et al., 2001; Huber et al., 2002; Huber et al., 2003; Kolonko et al., 1998; Shammas et al., 2001). 
However, these studies have been limited by small sample size, variation in timing and 
dosage of drug administration, and variation in the definition of CIN. Three meta-analyses 
have dealt specifically with the clinical use of theophylline for the prevention of CIN. Each 
of these gave extensive information concerning the way that the papers which were 
included were chosen, exactly what factors were chosen for matching across studies and 
which factors did not match. In addition, statistics were presented which addressed the 
concerns about selection bias and efforts were made to adjust for non-matching factors to 
the extent possible. No attempt will be made to describe each of these studies completely, 
however, we will give some summary information concerning each of them. One meta-
analysis identified 10 studies in which theophylline was used for the prevention of CIN (Ix 
et al., 2004). Of the ten, seven were found to fulfill all the inclusion criteria and these 
constituted the final sample for the analysis. The studies included were reported between 
1994 and 2003 and included a number of different protocols for the administration of the 
theophylline. The final conclusion reached by these investigators was that the prophylactic 
administration of theophylline appears to protect against contrast-induced declines in 
kidney function. They also reported that “the protective benefits appeared robust regardless 
of the study design, form or volume of contrast medium delivered, and the presence or 
absence of intravenous volume expansion.” The investigators did indicate that they were 
unable to determine (given the available data) if theophylline reduced the number of 
patients who experienced large increases in serum creatinine concentrations or required 
dialysis. Another meta-analysis identified nine studies which met the study criteria for their 
protocol (Bagshaw & Ghali, 2005). Their conclusion was that the data they considered 
indicated that there is promising evidence supporting the use of theophylline for the 
prevention of CIN but the evidence is still not conclusive. They suggested that what was 
required to answer this question was a larger, well designed clinical trial for confirmation 
and assessment of risks before theophylline could be recommended routinely for the 
prevention of CIN. They also noted from their analysis of these papers that such a trial 
should include a hydration protocol and the routine use of low or iso-osmolar nonionic 
contrast media since those are now the current standards of care. These two meta-analyses 
focused primarily on theophylline and a comparison of the choices of papers from the two 
studies shows that seven papers included in the initial meta-analysis were also included in 
the nine chosen by the second meta-analysis. The latter authors included two papers which 
were in the same search time frame as the initial meta-analysis but were not selected under 
that study protocol. A third meta-analysis covered a number of drugs aimed at reducing the 
incidence of CIN (Kelly et al., 2008). The primary drug considered was N-acetylcysteine 
with theophylline being more secondary to the study. Only six of the studies considered 
dealt primarily with theophylline. Of the six considered, five were part of the set of studies 
considered by the second meta-analysis while four of them coincided with those used in the 
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initial meta-analysis. The sixth paper which was unique to this analysis appeared in 2006 
which was out of the range of years covered by the other two papers. One of the six papers 
common to both was not included by the initial meta-analysis. The conclusion of this paper 
with respect to the efficacy of theophylline was that it produced a large risk reduction but  
did not achieve statistical significance. Of these three meta-analyses, the first two are most 
comparable. Both reach the same conclusion. Each of these papers used slightly different 
statistical methods. Both contained a thorough discussion of the selection criteria used to 
choose the papers included and measures to check for selection bias. The general 
conclusions were favorable with the hypothesis that theophylline is protective against CIN. 
Unfortunately, neither group of authors was willing to report a definitive answer. There are 
some  areas where the studies under review by these authors differed. One was in the area 
of how the theophylline was administered: as a fixed dose regardless of body weight or as a 
dose adjusted per kilogram of body weight. The broad conclusion reached is that a large, 
carefully designed clinical trial needs to be conducted to reach a final conclusion. The trial 
should be stratified according to ancillary risk factors such as age and diabetes. In addition, 
the effect of the dosing protocol and hydration methods needs to be considered. Finally, 
since it is known that certain beverages like coffee and tea also block adenosine vascular 
receptors, a study testing the benefit of theophylline should exclude other xanthine 
exposure during the time before contrast medium administration and for the 48 hours after 
while the subject is being followed. 
Studies suggest two mechanisms by which intrarenal adenosine contributes to CIN. Early 
depression of renal function after contrast medium exposure is caused by A1 receptor-
mediated renal afferent arteriolar vasoconstriction and A2 receptor-mediated efferent 
arteriolar vasodilatation resulting in decreased glomerular perfusion pressure. Later 
depression of renal function after contrast medium exposure is caused by oxygen-free 
radical production, in part, due to intrarenal adenosine catabolism to xanthine.  
Pretreatment with theophylline may attenuate CIN by maintaining GFR such that contrast 
medium is cleared from the kidney more rapidly, thus, decreasing direct cytotoxic effects 
from contrast medium and decreasing the potential for intrarenal adenosine-mediated 
oxygen-free radical production. Pretreatment with allopurinol has also been shown to 
attenuate CIN. To be effective, it is crucial to administer allopurinol at least 24 hours prior to 
exposure to contrast medium. Pretreatment allows time for production of oxypurinol, the 
chief metabolite of allopurinol, which is a much more potent xanthine oxidase inhibitor. 
Allopurinol administered in this fashion was renally protective. Decreasing renal xanthine 
oxidase decreases the catabolism of intrarenal adenosine to xanthine resulting in decreased 
oxygen-free radical production and less renal tubular cell injury.  
Patients with type 2 diabetes mellitus are usually on angiotensin-converting enzyme 
inhibitors, angiotensin II receptor blockers and/or direct renin inhibitor to decrease the 
progression of renal disease. Whether these agents need to be held or should be continued 
when contrast medium is administered requires clinical judgment. Intrarenal angiotensin II 
enhances adenosine-mediated vasoconstriction so theoretically blockade of the renin-
angiotensin system should attenuate the risk of CIN. In support of this concept, 
preprocedure angiotensin-converting enzyme inhibitor use has been shown to lower the risk 
for CIN in patients with chronic renal disease (Dangas et al., 2005). Another clinical trial 
showed that periprocedural captopril, compared with an untreated control group, reduced 
the risk of CIN in patients with type 2 diabetes mellitus (Gupta et al, 1999). However, if an 
unstable patient has low cardiac output or hypotension, renin-angiotensin system blockade 
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is known to worsen glomerular perfusion (i.e. intrarenal angiotensin II is needed). In such 
patients, angiotensin-converting inhibitor therapy has increased the risk of CIN (Cirit et al., 
2006; Holscher et al., 2008; Louis et al., 1996; Rosenstock et al., 2008). Given the long-term 
benefit of angiotensin-converting enzyme inhibitor and angiotensin II receptor antagonists, 
most believe these medications should be continued in patients with diabetes mellitus and 
chronic kidney disease requiring contrast medium administration unless the patient is 
hemodynamically unstable. However, if angiotensin-converting enzyme inhibitors or 
angiotensin II receptor blockers are held before contrast medium administration, they 
should be restarted when renal function is considered stable. 
Recent research suggests that 3-hydroxy-methylglutaryl coenzyme A reductase inhibitors, 
or statins, may reduce the risk of CIN because they have beneficial effects on endothelial 
function, maintain nitric oxide production and reduce oxidative stress (Adel et al., 2010). 
Recent retrospective reviews of patients with renal impairment undergoing angiography 
suggests that the risk of CIN was lower in patients in whom a statin was initiated before the 
procedure (Khanal et al., 2005). These findings reinforce the rationale for the introduction of 
statin therapy before undergoing diagnostic or interventional coronary angiography, 
particularly in patients with type 2 diabetes mellitus (Attallah et al., 2004).  
Hypomagnesemia, serum magnesium level less than 2 mEq/L, may also be a correctable 
risk factor for CIN in patients with renal dysfunction. Patients with type 2 diabetes mellitus 
frequently become hypomagnesemic due to poor control with glycosuria, the development 
of an acquired renal tubular defect and from chronic diuretic therapy. All three conditions 
decrease the renal tubular reabsorption of magnesium. Detecting hypomagnesemia and 
correcting it prior to angiography or coronary intervention may be indicated. The renal 
protective effect of magnesium is likely multifactorial. Besides its role as an antioxidant and 
as a coenzyme for compensatory sodium-potassium adenosine triphosphatase, magnesium 
has calcium channel blocking properties.  
The universally accepted prevention strategy for CIN is adequate intravenous volume 
expansion. Extracellular volume expansion plays a well established role in reducing the risk 
of CIN although few trials have directly addressed the ideal protocol. Intravenous volume 
expansion before and after the administration of contrast medium appears to be more 
effective than either bolus volume expansion during the procedure or removal of 
restrictions on oral fluid intake. Isotonic saline has been found to be better than 0.45% saline 
and is given intravenously before and after administration of contrast medium for a total of 
24 hours. An additional strategy that is under study is for patients to receive prophylactic 
volume expansion with isotonic sodium bicarbonate solution (Merten et al., 2004). It is 
thought that an alkaline environment decreases oxygen-free radical formation in the renal 
tubule. The findings of several recent trials and a meta-analysis indicate that volume 
expansion with sodium bicarbonate is more effective than volume expansion with saline. 
However, recent reports argue against a clear benefit for sodium bicarbonate volume 
expansion but examination of the various trials suggests that the dose given to accomplish 
an alkaline environment in the renal tubule is important. Isotonic sodium bicarbonate 
solution, administered at 3 mL/kg/h for one hour prior to angiography and at 1 mL/kg/h 
for, at least, six hours afterward accomplishes that goal. A major robust, well-designed trial 
comparing volume expansion with sodium bicarbonate versus normal saline is ongoing. At 
this time, the CIN consensus working panel concludes that no adjunctive medical 
pretreatment has been validated as effective for preventing CIN. Use of furosemide, 
mannitol or an endothelin receptor antagonist is potentially detrimental. Felodipine, 
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dopamine, atrial natriuretic peptide and L-arginine have not been shown to be effective. 
Potentially beneficial strategies for attenuating CIN include theophylline, allopurinol, 
ascorbic acid, oral and intravenous N–acetylcysteine, hemodialysis of contrast medium and 
venous capture of contrast medium.  
In regard to pretreatment approaches to limit oxygen-free radical injury following contrast 
medium, four pharmacologic approaches warrant further study with adequately powered, 
appropriately designed, randomized trials of high-risk diabetic patients, perhaps combined 
with theophylline pretreatment. One of these is isotonic sodium bicarbonate solution with 
the length of post-procedure treatment determined by the volume of contrast medium 
administered. Maintaining an alkaline environment should decrease oxygen-free radical 
formation in the renal tubule. As discussed above, one source of oxygen-free radical 
production after contrast medium is the catabolism of intrarenal adenosine to xanthine. 
Allopurinol, a xanthine oxidase inhibitor, 4 mg/kg orally daily starting 24 hours before 
administration of contrast medium has shown benefit. This dose of allopurinol, if given 24 
hours before elective procedures, is metabolized into oxypurinol which is a more effective 
xanthine oxidase inhibitor than allopurinol. This 24-hour pretreatment approach has been 
shown to attenuate the fall in GFR after contrast medium exposure. Besides limiting oxygen-
free radical formation, allopurinol may also protect the kidney from contrast medium 
exposure by its ability to inhibit adenine nucleotide degradation (thus, preservation of 
adenine nucleotide is required for recovery from renal injury). Allopurinol has also been 
found to markedly decrease the vasodilatation response to intravenous adenosine in the 
renal vasculature. Less adenosine-mediated efferent renal arteriolar vasodilatation would 
preserve glomerular perfusion pressure. In view of the possible role of oxidase stress and 
oxygen-free radical generation in CIN, ascorbic acid as an antioxidant warrants further 
study (Spargias et al., 2004). N-acetylcysteine, as an antioxidant and renal vasodilator, has 
not been shown to be consistently effective when given orally (Solomon, 2009). Perhaps a 
larger oral dose is needed or intravenous administration may be required. Allopurinol, 
ascorbic acid and N-acetylcysteine, if proven beneficial, require pretreatment and would be 
less helpful in diabetic patients requiring emergency diagnostic and/or interventional 
contrast medium usage. 
To decrease the risk of CIN requires careful patient screening and selection, adequate 
patient hydration, limiting the volume of contrast medium administered and choosing a 
safe, non-ionic, low osmolar contrast agent. Based on comparisons of contrast media in 
proximal renal tubular cell culture and in recent robust head-to-head prospective clinical 
trials in high risk patients, however, iso-osmolar iodixanol and low-osmolar iopamidol are 
comparable and appear to be the contrast agents of choice to reduce renal risk for CIN.  
The direct cellular toxicities of commonly used contrast medium have been compared in 
renal proximal tubular cells in culture (Hardiek et al., 2001). All contrast media, whether 
high-osmolar or iso-osmolar, ionic or non-ionic, stress renal proximal tubular cells. When 
renal proximal tubular cells in culture are exposed to contrast media, they respond by 
increasing extracellular adenosine concentrations because of the depletion of adenosine 
triphosphate due to osmotic load and the large size of contrast medium molecules. The renal 
toxicity from the direct effects of contrast medium is reversible, as has been shown in vitro in 
studies in which renal tubular cells respond to contrast media exposure by decreasing the 
activity of mitochondrial enzymes without altering viability. While all contrast medium may 
reduce mitochondrial enzyme activity, differences among agents are seen with iopamidol 
and iodixanol being the least toxic and the two ionic contrast media, ioxaglate and 
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is known to worsen glomerular perfusion (i.e. intrarenal angiotensin II is needed). In such 
patients, angiotensin-converting inhibitor therapy has increased the risk of CIN (Cirit et al., 
2006; Holscher et al., 2008; Louis et al., 1996; Rosenstock et al., 2008). Given the long-term 
benefit of angiotensin-converting enzyme inhibitor and angiotensin II receptor antagonists, 
most believe these medications should be continued in patients with diabetes mellitus and 
chronic kidney disease requiring contrast medium administration unless the patient is 
hemodynamically unstable. However, if angiotensin-converting enzyme inhibitors or 
angiotensin II receptor blockers are held before contrast medium administration, they 
should be restarted when renal function is considered stable. 
Recent research suggests that 3-hydroxy-methylglutaryl coenzyme A reductase inhibitors, 
or statins, may reduce the risk of CIN because they have beneficial effects on endothelial 
function, maintain nitric oxide production and reduce oxidative stress (Adel et al., 2010). 
Recent retrospective reviews of patients with renal impairment undergoing angiography 
suggests that the risk of CIN was lower in patients in whom a statin was initiated before the 
procedure (Khanal et al., 2005). These findings reinforce the rationale for the introduction of 
statin therapy before undergoing diagnostic or interventional coronary angiography, 
particularly in patients with type 2 diabetes mellitus (Attallah et al., 2004).  
Hypomagnesemia, serum magnesium level less than 2 mEq/L, may also be a correctable 
risk factor for CIN in patients with renal dysfunction. Patients with type 2 diabetes mellitus 
frequently become hypomagnesemic due to poor control with glycosuria, the development 
of an acquired renal tubular defect and from chronic diuretic therapy. All three conditions 
decrease the renal tubular reabsorption of magnesium. Detecting hypomagnesemia and 
correcting it prior to angiography or coronary intervention may be indicated. The renal 
protective effect of magnesium is likely multifactorial. Besides its role as an antioxidant and 
as a coenzyme for compensatory sodium-potassium adenosine triphosphatase, magnesium 
has calcium channel blocking properties.  
The universally accepted prevention strategy for CIN is adequate intravenous volume 
expansion. Extracellular volume expansion plays a well established role in reducing the risk 
of CIN although few trials have directly addressed the ideal protocol. Intravenous volume 
expansion before and after the administration of contrast medium appears to be more 
effective than either bolus volume expansion during the procedure or removal of 
restrictions on oral fluid intake. Isotonic saline has been found to be better than 0.45% saline 
and is given intravenously before and after administration of contrast medium for a total of 
24 hours. An additional strategy that is under study is for patients to receive prophylactic 
volume expansion with isotonic sodium bicarbonate solution (Merten et al., 2004). It is 
thought that an alkaline environment decreases oxygen-free radical formation in the renal 
tubule. The findings of several recent trials and a meta-analysis indicate that volume 
expansion with sodium bicarbonate is more effective than volume expansion with saline. 
However, recent reports argue against a clear benefit for sodium bicarbonate volume 
expansion but examination of the various trials suggests that the dose given to accomplish 
an alkaline environment in the renal tubule is important. Isotonic sodium bicarbonate 
solution, administered at 3 mL/kg/h for one hour prior to angiography and at 1 mL/kg/h 
for, at least, six hours afterward accomplishes that goal. A major robust, well-designed trial 
comparing volume expansion with sodium bicarbonate versus normal saline is ongoing. At 
this time, the CIN consensus working panel concludes that no adjunctive medical 
pretreatment has been validated as effective for preventing CIN. Use of furosemide, 
mannitol or an endothelin receptor antagonist is potentially detrimental. Felodipine, 

Contrast-Induced Nephropathy in Patients with Type 2 Diabetes Mellitus 
and Coronary Artery Disease: Update and Practical Clinical Applications 

 

243 

dopamine, atrial natriuretic peptide and L-arginine have not been shown to be effective. 
Potentially beneficial strategies for attenuating CIN include theophylline, allopurinol, 
ascorbic acid, oral and intravenous N–acetylcysteine, hemodialysis of contrast medium and 
venous capture of contrast medium.  
In regard to pretreatment approaches to limit oxygen-free radical injury following contrast 
medium, four pharmacologic approaches warrant further study with adequately powered, 
appropriately designed, randomized trials of high-risk diabetic patients, perhaps combined 
with theophylline pretreatment. One of these is isotonic sodium bicarbonate solution with 
the length of post-procedure treatment determined by the volume of contrast medium 
administered. Maintaining an alkaline environment should decrease oxygen-free radical 
formation in the renal tubule. As discussed above, one source of oxygen-free radical 
production after contrast medium is the catabolism of intrarenal adenosine to xanthine. 
Allopurinol, a xanthine oxidase inhibitor, 4 mg/kg orally daily starting 24 hours before 
administration of contrast medium has shown benefit. This dose of allopurinol, if given 24 
hours before elective procedures, is metabolized into oxypurinol which is a more effective 
xanthine oxidase inhibitor than allopurinol. This 24-hour pretreatment approach has been 
shown to attenuate the fall in GFR after contrast medium exposure. Besides limiting oxygen-
free radical formation, allopurinol may also protect the kidney from contrast medium 
exposure by its ability to inhibit adenine nucleotide degradation (thus, preservation of 
adenine nucleotide is required for recovery from renal injury). Allopurinol has also been 
found to markedly decrease the vasodilatation response to intravenous adenosine in the 
renal vasculature. Less adenosine-mediated efferent renal arteriolar vasodilatation would 
preserve glomerular perfusion pressure. In view of the possible role of oxidase stress and 
oxygen-free radical generation in CIN, ascorbic acid as an antioxidant warrants further 
study (Spargias et al., 2004). N-acetylcysteine, as an antioxidant and renal vasodilator, has 
not been shown to be consistently effective when given orally (Solomon, 2009). Perhaps a 
larger oral dose is needed or intravenous administration may be required. Allopurinol, 
ascorbic acid and N-acetylcysteine, if proven beneficial, require pretreatment and would be 
less helpful in diabetic patients requiring emergency diagnostic and/or interventional 
contrast medium usage. 
To decrease the risk of CIN requires careful patient screening and selection, adequate 
patient hydration, limiting the volume of contrast medium administered and choosing a 
safe, non-ionic, low osmolar contrast agent. Based on comparisons of contrast media in 
proximal renal tubular cell culture and in recent robust head-to-head prospective clinical 
trials in high risk patients, however, iso-osmolar iodixanol and low-osmolar iopamidol are 
comparable and appear to be the contrast agents of choice to reduce renal risk for CIN.  
The direct cellular toxicities of commonly used contrast medium have been compared in 
renal proximal tubular cells in culture (Hardiek et al., 2001). All contrast media, whether 
high-osmolar or iso-osmolar, ionic or non-ionic, stress renal proximal tubular cells. When 
renal proximal tubular cells in culture are exposed to contrast media, they respond by 
increasing extracellular adenosine concentrations because of the depletion of adenosine 
triphosphate due to osmotic load and the large size of contrast medium molecules. The renal 
toxicity from the direct effects of contrast medium is reversible, as has been shown in vitro in 
studies in which renal tubular cells respond to contrast media exposure by decreasing the 
activity of mitochondrial enzymes without altering viability. While all contrast medium may 
reduce mitochondrial enzyme activity, differences among agents are seen with iopamidol 
and iodixanol being the least toxic and the two ionic contrast media, ioxaglate and 
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diatrizoate, being the most toxic. The lesser the depression of mitochondrial function, the 
more rapidly renal proximal tubular cells can recover after contrast medium has been 
eliminated from the kidney suggesting that iopamidol and iodixanol are the least 
nephrotoxic molecules when studied in cell culture.  
Earlier clinical trials comparing contrast medium risk in patients with type 2 diabetes for 
CIN had limitations that prevented valid conclusions: the studies were not blinded, the 
number of patients was small, the timing of outcome assessment was unclear, or the patients 
received contrast intra-arterially and/or intravenously. With proper hydration and 
identification of high-risk patients, the incidence of CIN after intra-arterial contrast medium 
administration is about 10%. More recent trials in high-risk diabetic patients given contrast 
medium intravenously suggest that the incidence of CIN is about 5%. More recent trials 
have been head-to-head, robust and prospective in high-risk patients with chronic renal 
failure (eGFR 59-20 mL/min) with intra-arterial contrast medium administration. Based on 
animal studies, concern about osmotoxicity in the pathogenesis of CIN emerged which led 
to the development of low-osmolar, and, later, iso-osmolar contrast medium. Of interest, in 
human prospective trials and meta-analysis, no specifically significant differences in 
nephrotoxicity between high-osmolar (1,400-2,000 mOsm/kg) and non-ionic low-osmolar 
(600-800 mOsm/kg) contrast have been found in patients with normal renal function 
(Solomon, 2005). Clinical trials published in the 1990s, however, showed that use of high-
osmolar ionic monomer diatrizoate in patients with chronic renal disease who were 
undergoing coronary angiography had a higher incidence of CIN than that associated with 
non-ionic low-osmolar contrast medium. In general, lower osmolar contrast medium has 
now replaced diatrizoate for routine clinical use. It is less clear whether there are 
appreciable differences among various non-ionic low-osmolar contrast medium regarding 
the incidence of CIN. Because individual contrast medium has specific effects on renal 
tubular cells, head-to-head studies are required to compare the safer contrast medium in at 
risk patients undergoing angiography. With the development of the non-ionic iso-osmolar 
dimer, iodixanol, subsequent studies have evaluated whether a further reduction in 
osmolality would result in still more protection against CIN. In the first of these 
comparative studies ((Nephrotoxicity of High-Risk Patient Study of Iso-osmolar and Low-
Osmolar Non-ionic Contrast Medium (NEPHRIC)) 129 patients with diabetes with chronic 
renal failure (baseline eGFR of 48 mL/min) and serum creatinine levels 1.5-3.5 mg/dL were 
randomized to the low-osmolar contrast medium iohexol or the iso-osmolar contrast 
medium, iodixanol (Aspelin et al., 2003). A higher rate of CIN defined as a serum creatinine 
rise of greater than 0.5 mg/dL after angiography was noted after iohexol (26.2%) than after 
iodixanol (3.1%).  
Since the publication of NEPHRIC, subsequent prospective randomized trials involving 
high-risk patients with renal insufficiency and diabetes and the intra-arterial administration 
of contrast medium have not consistently found a lower incidence of CIN associated with 
iso-osmolar contrast medium. In general, a benefit favoring the non-ionic iso-osmolar dimer, 
iodixanol, is seen compared with the non-ionic low-osmolar monomer iohexol or the ionic 
low-osmolar dimer, ioxaglate. In contrast, when comparing non-ionic low-osmolar 
monomers, iopamidol or ioversol, in high-risk patients with iso-osmolar iodixanol, no 
additional protective effect is seen. There have been no head-to-head comparisons of iohexol 
with any other non-ionic, low-osmolar contrast agents in high-risk patients undergoing 
intra-arterial administration of contrast. Based on a recent systematic review of 
angiographic contrast medium in high-risk patients, however, the likely explanation of the 
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NEPHRIC findings is that low-osmolar, iohexol, appears to be more nephrotoxic than other 
low-osmolar contrast media, such as iopamidol and ioversol. Furthermore, a systematic 
review of angiographic contrast media in high-risk patients found no statistically significant 
difference in the risk of CIN between low-osmolar iopamidol and iso-osmolar iodixanol 
(Solomon, 2005). These comparisons in low-osmolar and iso-osmolar contrast medium 
administered intra-arterially in high-risk patients suggest that each molecules safety must 
be based on robust clinical trials. These data also suggest that physical and/or chemical 
properties of each molecule, other than osmolarity, are implicated in the pathogenesis of 
CIN. Given this incidence of CIN, prospective randomized trials need larger patient 
populations to be properly powered to be certain of the conclusions. The recently published 
Cardiac Angiography in Renally-Impaired Patients (CARE) study fits these criteria by being 
a multicenter, double-blind, randomized study designed to prospectively compare the 
incidence of CIN after intra-arterial administration of low-osmolar iopamidol or iso-osmolar 
iodixanol in 414 patients with moderate to severe chronic kidney disease (eGFR of 20-59 
mL/min/1.73 m2) who underwent coronary angiography or percutaneous coronary 
intervention (Solomon et al., 2007). All patients received intravenous sodium bicarbonate 
prophylaxis. The primary endpoint was a post-dose serum creatinine increase of greater 
than 0.5 mL/dL over baseline. The renal effects of these two agents were comparable with 
no significant difference in occurrence of CIN and no significant difference in occurrence of 
CIN in the subgroup of chronic kidney disease patients with diabetes. More recently, a 
multicenter, randomized double-blind trial comparing the renal effects of non-ionic, iso-
osmolar iodixanol versus non-ionic, low-osmolar iopamidol in 526 patients with impaired 
baseline renal function and diabetes undergoing diagnostic and/or therapeutic coronary 
angiography procedures was completed (Laskey et al., 2009). This trial showed overall rate 
of CIN in patients with chronic kidney disease and diabetes undergoing coronary 
angiographic procedures was 10.5%. There was no significant difference between iodixanol 
and iopamidol in either peak increase in serum creatinine or risk of CIN.  
The renal effects of iodixanol and iopamidol are comparable in high-risk diabetic patients 
requiring contrast medium for diagnostic studies or intervention. The non-renal differences 
between these contrast agents should be considered when selecting an agent and when 
obtaining informed patient consent, however. Using a contrast medium with a higher iodine 
concentration per milliliter, such as iopamidol which has 370 mg/mL compared to iodixanol 
which has 320 mg/mL iodine content, may allow for a smaller volume to be used 
intravenously without sacrificing image quality. The higher iodine concentration of 
iopamidol may make complex plaques easier to appreciate during coronary angiography 
and intervention. Other considerations are that iodixanol is threefold more likely to cause 
contrast-induced delayed skin reactions compared to iopamidol. After percutaneous 
coronary intervention with bare-metal or drug-eluting stent placement, cardiac patients 
require antiplatelet therapy with clopidogrel, which may cause a rash within 5 to 7 days of 
treatment initiation, a timeline similar to that for delayed contrast-induced skin reactions. In 
clinical trials with clopidogrel, skin reactions are noted in 4.2% of patients. The choice of a 
contrast molecule, such as iopamidol, that is less likely to cause a delayed contrast-induced 
skin reaction makes decisions regarding the discontinuation of clopidogrel less frequent and 
more definitive. Finally, iopamidol is less expensive than iodixanol.  
Gadolinium-based contrast agents were introduced, partly, because of the discovery that 
iodine-based contrast medium could cause CIN. However, recent reports suggest that 
gadolinium-based agents may also be nephrotoxic. Furthermore, after exposure to 
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diatrizoate, being the most toxic. The lesser the depression of mitochondrial function, the 
more rapidly renal proximal tubular cells can recover after contrast medium has been 
eliminated from the kidney suggesting that iopamidol and iodixanol are the least 
nephrotoxic molecules when studied in cell culture.  
Earlier clinical trials comparing contrast medium risk in patients with type 2 diabetes for 
CIN had limitations that prevented valid conclusions: the studies were not blinded, the 
number of patients was small, the timing of outcome assessment was unclear, or the patients 
received contrast intra-arterially and/or intravenously. With proper hydration and 
identification of high-risk patients, the incidence of CIN after intra-arterial contrast medium 
administration is about 10%. More recent trials in high-risk diabetic patients given contrast 
medium intravenously suggest that the incidence of CIN is about 5%. More recent trials 
have been head-to-head, robust and prospective in high-risk patients with chronic renal 
failure (eGFR 59-20 mL/min) with intra-arterial contrast medium administration. Based on 
animal studies, concern about osmotoxicity in the pathogenesis of CIN emerged which led 
to the development of low-osmolar, and, later, iso-osmolar contrast medium. Of interest, in 
human prospective trials and meta-analysis, no specifically significant differences in 
nephrotoxicity between high-osmolar (1,400-2,000 mOsm/kg) and non-ionic low-osmolar 
(600-800 mOsm/kg) contrast have been found in patients with normal renal function 
(Solomon, 2005). Clinical trials published in the 1990s, however, showed that use of high-
osmolar ionic monomer diatrizoate in patients with chronic renal disease who were 
undergoing coronary angiography had a higher incidence of CIN than that associated with 
non-ionic low-osmolar contrast medium. In general, lower osmolar contrast medium has 
now replaced diatrizoate for routine clinical use. It is less clear whether there are 
appreciable differences among various non-ionic low-osmolar contrast medium regarding 
the incidence of CIN. Because individual contrast medium has specific effects on renal 
tubular cells, head-to-head studies are required to compare the safer contrast medium in at 
risk patients undergoing angiography. With the development of the non-ionic iso-osmolar 
dimer, iodixanol, subsequent studies have evaluated whether a further reduction in 
osmolality would result in still more protection against CIN. In the first of these 
comparative studies ((Nephrotoxicity of High-Risk Patient Study of Iso-osmolar and Low-
Osmolar Non-ionic Contrast Medium (NEPHRIC)) 129 patients with diabetes with chronic 
renal failure (baseline eGFR of 48 mL/min) and serum creatinine levels 1.5-3.5 mg/dL were 
randomized to the low-osmolar contrast medium iohexol or the iso-osmolar contrast 
medium, iodixanol (Aspelin et al., 2003). A higher rate of CIN defined as a serum creatinine 
rise of greater than 0.5 mg/dL after angiography was noted after iohexol (26.2%) than after 
iodixanol (3.1%).  
Since the publication of NEPHRIC, subsequent prospective randomized trials involving 
high-risk patients with renal insufficiency and diabetes and the intra-arterial administration 
of contrast medium have not consistently found a lower incidence of CIN associated with 
iso-osmolar contrast medium. In general, a benefit favoring the non-ionic iso-osmolar dimer, 
iodixanol, is seen compared with the non-ionic low-osmolar monomer iohexol or the ionic 
low-osmolar dimer, ioxaglate. In contrast, when comparing non-ionic low-osmolar 
monomers, iopamidol or ioversol, in high-risk patients with iso-osmolar iodixanol, no 
additional protective effect is seen. There have been no head-to-head comparisons of iohexol 
with any other non-ionic, low-osmolar contrast agents in high-risk patients undergoing 
intra-arterial administration of contrast. Based on a recent systematic review of 
angiographic contrast medium in high-risk patients, however, the likely explanation of the 
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NEPHRIC findings is that low-osmolar, iohexol, appears to be more nephrotoxic than other 
low-osmolar contrast media, such as iopamidol and ioversol. Furthermore, a systematic 
review of angiographic contrast media in high-risk patients found no statistically significant 
difference in the risk of CIN between low-osmolar iopamidol and iso-osmolar iodixanol 
(Solomon, 2005). These comparisons in low-osmolar and iso-osmolar contrast medium 
administered intra-arterially in high-risk patients suggest that each molecules safety must 
be based on robust clinical trials. These data also suggest that physical and/or chemical 
properties of each molecule, other than osmolarity, are implicated in the pathogenesis of 
CIN. Given this incidence of CIN, prospective randomized trials need larger patient 
populations to be properly powered to be certain of the conclusions. The recently published 
Cardiac Angiography in Renally-Impaired Patients (CARE) study fits these criteria by being 
a multicenter, double-blind, randomized study designed to prospectively compare the 
incidence of CIN after intra-arterial administration of low-osmolar iopamidol or iso-osmolar 
iodixanol in 414 patients with moderate to severe chronic kidney disease (eGFR of 20-59 
mL/min/1.73 m2) who underwent coronary angiography or percutaneous coronary 
intervention (Solomon et al., 2007). All patients received intravenous sodium bicarbonate 
prophylaxis. The primary endpoint was a post-dose serum creatinine increase of greater 
than 0.5 mL/dL over baseline. The renal effects of these two agents were comparable with 
no significant difference in occurrence of CIN and no significant difference in occurrence of 
CIN in the subgroup of chronic kidney disease patients with diabetes. More recently, a 
multicenter, randomized double-blind trial comparing the renal effects of non-ionic, iso-
osmolar iodixanol versus non-ionic, low-osmolar iopamidol in 526 patients with impaired 
baseline renal function and diabetes undergoing diagnostic and/or therapeutic coronary 
angiography procedures was completed (Laskey et al., 2009). This trial showed overall rate 
of CIN in patients with chronic kidney disease and diabetes undergoing coronary 
angiographic procedures was 10.5%. There was no significant difference between iodixanol 
and iopamidol in either peak increase in serum creatinine or risk of CIN.  
The renal effects of iodixanol and iopamidol are comparable in high-risk diabetic patients 
requiring contrast medium for diagnostic studies or intervention. The non-renal differences 
between these contrast agents should be considered when selecting an agent and when 
obtaining informed patient consent, however. Using a contrast medium with a higher iodine 
concentration per milliliter, such as iopamidol which has 370 mg/mL compared to iodixanol 
which has 320 mg/mL iodine content, may allow for a smaller volume to be used 
intravenously without sacrificing image quality. The higher iodine concentration of 
iopamidol may make complex plaques easier to appreciate during coronary angiography 
and intervention. Other considerations are that iodixanol is threefold more likely to cause 
contrast-induced delayed skin reactions compared to iopamidol. After percutaneous 
coronary intervention with bare-metal or drug-eluting stent placement, cardiac patients 
require antiplatelet therapy with clopidogrel, which may cause a rash within 5 to 7 days of 
treatment initiation, a timeline similar to that for delayed contrast-induced skin reactions. In 
clinical trials with clopidogrel, skin reactions are noted in 4.2% of patients. The choice of a 
contrast molecule, such as iopamidol, that is less likely to cause a delayed contrast-induced 
skin reaction makes decisions regarding the discontinuation of clopidogrel less frequent and 
more definitive. Finally, iopamidol is less expensive than iodixanol.  
Gadolinium-based contrast agents were introduced, partly, because of the discovery that 
iodine-based contrast medium could cause CIN. However, recent reports suggest that 
gadolinium-based agents may also be nephrotoxic. Furthermore, after exposure to 
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gadolinium-based contrast, some patients with renal insufficiency have developed 
nephrogenic systemic sclerosis with scleroderma-like changes in the skin, connective tissues 
and other organs, which has sometimes been fatal (Grobner & Prischl, 2007). In diabetic 
patients with chronic renal failure, the use of any contrast agent should be avoided, if 
possible, but, if required, small volumes of a contrast agent, such as iodixanol or iopamidol 
with proper hydration appears to be the safest clinical management to reduce renal and 
long-term patient risk. 
Ongoing investigation is searching for even more sensitive markers that may predict the 
development of CIN after percutaneous coronary interventions in patients with normal 
serum creatinine values (Kato et al., 2008). Future studies should include cystatin C which is 
an alternative serum measurement of kidney function that approximates direct measures of 
GFR more precisely than creatinine because its serum concentrations are independent of 
muscle mass and do not appear to be affected by age or sex. Cystatin C may identify a 
preclinical risk of kidney dysfunction after contrast medium that is not detected by serum 
creatinine or eGFR (Perkins et al., 2005). More recently, the value of neutrophil gelatinase-
associated lipocalin (NGAL) has been highlighted as a novel biomarker for the early 
detection of acute renal failure (Ling et al., 2008).  NGAL, a member of the lipocalin family, 
was originally isolated from the supernatant of activated human neutrophils, but it is also 
expressed at a low level in human tissues, including the kidney. Because of its small 
molecular size and resistance to degradation, NGAL is readily excreted and detected in 
urine. Thus, NGAL is highly accumulated in human kidney cortical tubules, blood and 
urine after renal injuries. NGAL might represent an early, sensitive and noninvasive urinary 
marker for the detection of CIN. Initial studies of NGAL after percutaneous coronary 
intervention showed an earlier increase in serum than in urine probably because NGAL was 
released into the circulation secondary to inflammatory activation of neutrophils initiated by 
percutaneous coronary intervention. Moreover, since NGAL is increased in atherosclerotic 
plaques, it might also be released in the circulation during the PCI. It has been found that 
predictors of serum NGAL 2 hours after PCI were serum creatinine, cystatin C, length of the 
percutaneous coronary intervention and the presence of diabetes. These findings have 
important implications for the clinical management of diabetic patients undergoing PCI. 
Since patients after PCI are often discharged the next day and CIN often occurs subsequent 
to discharge, NGAL needs to be investigated as a potential early marker for nephrotoxicity. 
Further studies in type 2 diabetes mellitus patients with chronic renal failure undergoing 
contrast medium administration are warranted to assess the use of NGAL with respect to 
earlier detection of CIN so that patients can be advised properly and medicines, such as 
metformin and angiotensin-converting enzyme inhibitors or angiotensin II receptor 
blockers, can be restarted appropriately.  
In patients undergoing cardiac catheterization, cystatin C may be useful in predicting before 
catheterization the risk of CIN. In contrast, urinary human liver-type fatty acid-binding 
protein (L-FABP) consistently appears to be the only marker for detecting transient renal 
tubular damage in patients with moderate renal disease. Thus, urinary L-FABP appears to 
be a useful marker of renal tubular damage caused by contrast medium. Other investigators 
have found that urinary intraleukin-18 (IL-18) is associated with the later cardiac outcomes 
in patients with CIN after coronary angiography. CIN, a form of acute kidney injury, has 
received increasing attention the past few years because of the recognition that CIN is 
associated with long-term adverse events. The increased incidence of adverse events after 
CIN is derived primarily from retrospective analysis of large data bases or observational 
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studies of patients who have undergone coronary angiography and/or percutaneous 
coronary intervention. A cause-and-effect relationship cannot be determined from such 
data. Patients with an increased burden of cardiovascular risk factors before contrast 
medium exposure may be more likely to develop CIN and independent of the occurrence of 
CIN may have more long-term adverse events (Shlipak et al., 2005). Alternatively, the 
occurrence of CIN may in some as yet undefined manner alter the future likelihood of 
adverse events (i.e., CIN triggers a pathophysiologic pathway that leads to adverse events). 
The Cardiac Angiography in REnally-impaired patients (CARE) study has allowed the 
opportunity to explore the association of CIN with long-term adverse events (Solomon et al., 
2009). Patients were followed for the year after the trial, and adverse events were collected. 
The rate of long-term adverse events was higher in individuals who developed CIN. After 
adjustment for baseline comorbidities and risk factors, the adjusted incident ratio for 
adverse events was twice as high in those with CIN compared to the patients who did not 
develop CIN. It is also noted that randomization to iopamidol reduced the incidence of CIN 
and adverse events compared to iodixanol. Parallel decrease of incidence of CIN and 
adverse events in the iopamidol arm of this randomized trial supports a causal role for CIN 
in late adverse events in diabetic patients undergoing coronary angiography and/or 
coronary intervention. Why a transient decrease in renal function results in long-term 
increased risk of cerebrovascular accident, myocardial infarction and death is an area of 
intense study. Some investigators report that traditional cardiovascular risk factors have 
greater associations with cardiovascular mortality than novel risk factors. Thus, in patients 
that develop CIN, continued treatment of hypertension, hyperlipidemia and diabetes is 
recommended. Since multiple studies have demonstrated the important role of nitric oxide 
in endothelial physiology and the pathogenesis of vascular disease, ongoing studies are 
examining endogenous nitric oxide synthase inhibitors, such as the amino acid asymmetric 
dimethylarginine, in the pathogenesis of late adverse events (Chirinos et al., 2008). 
Additional studies are required to assess the prognostic value of measuring for this 
endogenous nitric oxide synthase inhibitor and assessing whether interventions limiting its 
effect will benefit patients at risk for future cardiovascular events. 
2.1.1.1 Risks and benefits of prevention strategies to attenuate contrast-induced 
nephropathy in patients with type 2 diabetes mellitus and coronary artery disease 
The risks of a short course of theophylline, either orally or intravenously, is low. If a patient 
is on theophylline, one cannot give adenosine as a coronary vasodilator as part of a flow 
wire analysis to assess the functional significance of a coronary stenotic lesion (Casella et al., 
2003; Yoon et al., 2009). However, intravascular ultrasound can be used as the guide for 
functional significance, and, thus, pretreatment with theophylline to attenuate CIN may be 
more important than losing this one technique of assessing functional coronary stenosis. Of 
the various potential strategies for attenuating CIN, theophylline can be administered orally 
or intravenously within 30 minutes of the procedure and be beneficial. Antioxidant 
strategies, such as allopurinol, ascorbic acid, or N-acetylcysteine require pretreatment and 
will be less helpful in patients requiring emergency diagnostic and/or interventional 
contrast medium usage.  
Volume expansion with normal saline or sodium bicarbonate is the universally agreed upon 
strategy to attenuate CIN. Bicarbonate therapy was initially explored because the generation 
of oxygen-free radicals is pH dependent through the Haber-Weiss reaction (Merten et al., 
2004). Alkalinization of the urinary space is achieved very quickly with intravenous infusion 
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gadolinium-based contrast, some patients with renal insufficiency have developed 
nephrogenic systemic sclerosis with scleroderma-like changes in the skin, connective tissues 
and other organs, which has sometimes been fatal (Grobner & Prischl, 2007). In diabetic 
patients with chronic renal failure, the use of any contrast agent should be avoided, if 
possible, but, if required, small volumes of a contrast agent, such as iodixanol or iopamidol 
with proper hydration appears to be the safest clinical management to reduce renal and 
long-term patient risk. 
Ongoing investigation is searching for even more sensitive markers that may predict the 
development of CIN after percutaneous coronary interventions in patients with normal 
serum creatinine values (Kato et al., 2008). Future studies should include cystatin C which is 
an alternative serum measurement of kidney function that approximates direct measures of 
GFR more precisely than creatinine because its serum concentrations are independent of 
muscle mass and do not appear to be affected by age or sex. Cystatin C may identify a 
preclinical risk of kidney dysfunction after contrast medium that is not detected by serum 
creatinine or eGFR (Perkins et al., 2005). More recently, the value of neutrophil gelatinase-
associated lipocalin (NGAL) has been highlighted as a novel biomarker for the early 
detection of acute renal failure (Ling et al., 2008).  NGAL, a member of the lipocalin family, 
was originally isolated from the supernatant of activated human neutrophils, but it is also 
expressed at a low level in human tissues, including the kidney. Because of its small 
molecular size and resistance to degradation, NGAL is readily excreted and detected in 
urine. Thus, NGAL is highly accumulated in human kidney cortical tubules, blood and 
urine after renal injuries. NGAL might represent an early, sensitive and noninvasive urinary 
marker for the detection of CIN. Initial studies of NGAL after percutaneous coronary 
intervention showed an earlier increase in serum than in urine probably because NGAL was 
released into the circulation secondary to inflammatory activation of neutrophils initiated by 
percutaneous coronary intervention. Moreover, since NGAL is increased in atherosclerotic 
plaques, it might also be released in the circulation during the PCI. It has been found that 
predictors of serum NGAL 2 hours after PCI were serum creatinine, cystatin C, length of the 
percutaneous coronary intervention and the presence of diabetes. These findings have 
important implications for the clinical management of diabetic patients undergoing PCI. 
Since patients after PCI are often discharged the next day and CIN often occurs subsequent 
to discharge, NGAL needs to be investigated as a potential early marker for nephrotoxicity. 
Further studies in type 2 diabetes mellitus patients with chronic renal failure undergoing 
contrast medium administration are warranted to assess the use of NGAL with respect to 
earlier detection of CIN so that patients can be advised properly and medicines, such as 
metformin and angiotensin-converting enzyme inhibitors or angiotensin II receptor 
blockers, can be restarted appropriately.  
In patients undergoing cardiac catheterization, cystatin C may be useful in predicting before 
catheterization the risk of CIN. In contrast, urinary human liver-type fatty acid-binding 
protein (L-FABP) consistently appears to be the only marker for detecting transient renal 
tubular damage in patients with moderate renal disease. Thus, urinary L-FABP appears to 
be a useful marker of renal tubular damage caused by contrast medium. Other investigators 
have found that urinary intraleukin-18 (IL-18) is associated with the later cardiac outcomes 
in patients with CIN after coronary angiography. CIN, a form of acute kidney injury, has 
received increasing attention the past few years because of the recognition that CIN is 
associated with long-term adverse events. The increased incidence of adverse events after 
CIN is derived primarily from retrospective analysis of large data bases or observational 

Contrast-Induced Nephropathy in Patients with Type 2 Diabetes Mellitus 
and Coronary Artery Disease: Update and Practical Clinical Applications 

 

247 

studies of patients who have undergone coronary angiography and/or percutaneous 
coronary intervention. A cause-and-effect relationship cannot be determined from such 
data. Patients with an increased burden of cardiovascular risk factors before contrast 
medium exposure may be more likely to develop CIN and independent of the occurrence of 
CIN may have more long-term adverse events (Shlipak et al., 2005). Alternatively, the 
occurrence of CIN may in some as yet undefined manner alter the future likelihood of 
adverse events (i.e., CIN triggers a pathophysiologic pathway that leads to adverse events). 
The Cardiac Angiography in REnally-impaired patients (CARE) study has allowed the 
opportunity to explore the association of CIN with long-term adverse events (Solomon et al., 
2009). Patients were followed for the year after the trial, and adverse events were collected. 
The rate of long-term adverse events was higher in individuals who developed CIN. After 
adjustment for baseline comorbidities and risk factors, the adjusted incident ratio for 
adverse events was twice as high in those with CIN compared to the patients who did not 
develop CIN. It is also noted that randomization to iopamidol reduced the incidence of CIN 
and adverse events compared to iodixanol. Parallel decrease of incidence of CIN and 
adverse events in the iopamidol arm of this randomized trial supports a causal role for CIN 
in late adverse events in diabetic patients undergoing coronary angiography and/or 
coronary intervention. Why a transient decrease in renal function results in long-term 
increased risk of cerebrovascular accident, myocardial infarction and death is an area of 
intense study. Some investigators report that traditional cardiovascular risk factors have 
greater associations with cardiovascular mortality than novel risk factors. Thus, in patients 
that develop CIN, continued treatment of hypertension, hyperlipidemia and diabetes is 
recommended. Since multiple studies have demonstrated the important role of nitric oxide 
in endothelial physiology and the pathogenesis of vascular disease, ongoing studies are 
examining endogenous nitric oxide synthase inhibitors, such as the amino acid asymmetric 
dimethylarginine, in the pathogenesis of late adverse events (Chirinos et al., 2008). 
Additional studies are required to assess the prognostic value of measuring for this 
endogenous nitric oxide synthase inhibitor and assessing whether interventions limiting its 
effect will benefit patients at risk for future cardiovascular events. 
2.1.1.1 Risks and benefits of prevention strategies to attenuate contrast-induced 
nephropathy in patients with type 2 diabetes mellitus and coronary artery disease 
The risks of a short course of theophylline, either orally or intravenously, is low. If a patient 
is on theophylline, one cannot give adenosine as a coronary vasodilator as part of a flow 
wire analysis to assess the functional significance of a coronary stenotic lesion (Casella et al., 
2003; Yoon et al., 2009). However, intravascular ultrasound can be used as the guide for 
functional significance, and, thus, pretreatment with theophylline to attenuate CIN may be 
more important than losing this one technique of assessing functional coronary stenosis. Of 
the various potential strategies for attenuating CIN, theophylline can be administered orally 
or intravenously within 30 minutes of the procedure and be beneficial. Antioxidant 
strategies, such as allopurinol, ascorbic acid, or N-acetylcysteine require pretreatment and 
will be less helpful in patients requiring emergency diagnostic and/or interventional 
contrast medium usage.  
Volume expansion with normal saline or sodium bicarbonate is the universally agreed upon 
strategy to attenuate CIN. Bicarbonate therapy was initially explored because the generation 
of oxygen-free radicals is pH dependent through the Haber-Weiss reaction (Merten et al., 
2004). Alkalinization of the urinary space is achieved very quickly with intravenous infusion 
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of sodium bicarbonate because normally there is little bicarbonate in the urine. Even a small 
increase in serum bicarbonate of 1 to 2 mEq/L will result in the ‘dumping’ of bicarbonate 
into the urine in most patients (Solomon, 2009). Such a change in serum is easily obtained 
with the infusion rate recommended.  Sodium bicarbonate therapy is readily available, 
inexpensive, and safe.  The question is whether it is efficacious for prevention of CIN. Of 
particular clinical interest from recent meta-analysis was the finding that sodium 
bicarbonate therapy is most effective in patients who experienced urgent or emergency 
contrast medium exposure (Meier et al., 2009).  Presumably this selects a group of patients 
who are less likely to receive any other form of prophylaxis for CIN.  This is of great 
potential importance for the emergency room and cardiac catheterization laboratory.  
Sodium bicarbonate therapy was also most effective in those receiving low osmolality 
contrast media compared with iso-osmolality contrast media.  Low osmolality contrast is 
increasingly chosen because of its safety, lower costs, and higher iodine content. It has also 
been found that the addition of N-acetylcysteine to fluid expansion with sodium bicarbonate 
showed no additional reduction in the rate of CIN after the intra-arterial administration of 
iopamidol or iodixanol to high-risk patients with type 2 diabetes mellitus and chronic 
kidney disease (Staniloae et al., 2009). 
CIN needs to be redefined using markers of kidney injury that are sensitive, specific, and 
predictive of adverse outcomes (Solomon, 2009).  This will enable investigators to better 
address the question of how to attenuate this condition in the future.  The most important 
question to be answered is whether prevention of kidney injury results in a change in short-
and long-term adverse outcomes.  Using iopamidol has been associated with a reduction in 
long-term adverse events (Solomon et al., 2007). The recent meta-analyses found that despite 
a reduction in the incidence of CIN, sodium bicarbonate therapy had no benefit on the need 
for dialysis or mortality (Meier et al., 2009).  No matter how available, inexpensive, and safe 
a potential preventive therapy, to find an important role in clinical therapeutics, it must 
improve the ‘downstream’ adverse outcomes, an as yet elusive goal for the prevention and 
treatment of CIN (Solomon, 2009).  

3. Conclusions 
In summary, CIN remains an important clinical challenge in patients with type 2 diabetes 
mellitus with coronary artery disease. Reducing the incidence of CIN requires recognizing 
high risk patients, such as patients with type 2 diabetes mellitus. Long-term risk factor 
modification should improve endothelial function so a more normal renal compensatory 
response will occur should contrast medium administration be required.  Lowest volume of 
iopamidol needed would appear to be the contrast agent of choice.  In patients with type 2 
diabetes mellitus, pretreatment with theophylline to block adenosine-mediated renal 
vasoconstriction combined with volume expansion with sodium bicarbonate to limit 
oxygen-free radical generation is a rational approach based on existing data. Appropriately 
designed robust randomized clinical trials combining pharmacologic approaches aimed at 
both the renal vasoconstriction and the oxygen-free radical generation are needed to confirm 
that this is the best preventive strategy in patients with type 2 diabetes mellitus.  
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of sodium bicarbonate because normally there is little bicarbonate in the urine. Even a small 
increase in serum bicarbonate of 1 to 2 mEq/L will result in the ‘dumping’ of bicarbonate 
into the urine in most patients (Solomon, 2009). Such a change in serum is easily obtained 
with the infusion rate recommended.  Sodium bicarbonate therapy is readily available, 
inexpensive, and safe.  The question is whether it is efficacious for prevention of CIN. Of 
particular clinical interest from recent meta-analysis was the finding that sodium 
bicarbonate therapy is most effective in patients who experienced urgent or emergency 
contrast medium exposure (Meier et al., 2009).  Presumably this selects a group of patients 
who are less likely to receive any other form of prophylaxis for CIN.  This is of great 
potential importance for the emergency room and cardiac catheterization laboratory.  
Sodium bicarbonate therapy was also most effective in those receiving low osmolality 
contrast media compared with iso-osmolality contrast media.  Low osmolality contrast is 
increasingly chosen because of its safety, lower costs, and higher iodine content. It has also 
been found that the addition of N-acetylcysteine to fluid expansion with sodium bicarbonate 
showed no additional reduction in the rate of CIN after the intra-arterial administration of 
iopamidol or iodixanol to high-risk patients with type 2 diabetes mellitus and chronic 
kidney disease (Staniloae et al., 2009). 
CIN needs to be redefined using markers of kidney injury that are sensitive, specific, and 
predictive of adverse outcomes (Solomon, 2009).  This will enable investigators to better 
address the question of how to attenuate this condition in the future.  The most important 
question to be answered is whether prevention of kidney injury results in a change in short-
and long-term adverse outcomes.  Using iopamidol has been associated with a reduction in 
long-term adverse events (Solomon et al., 2007). The recent meta-analyses found that despite 
a reduction in the incidence of CIN, sodium bicarbonate therapy had no benefit on the need 
for dialysis or mortality (Meier et al., 2009).  No matter how available, inexpensive, and safe 
a potential preventive therapy, to find an important role in clinical therapeutics, it must 
improve the ‘downstream’ adverse outcomes, an as yet elusive goal for the prevention and 
treatment of CIN (Solomon, 2009).  

3. Conclusions 
In summary, CIN remains an important clinical challenge in patients with type 2 diabetes 
mellitus with coronary artery disease. Reducing the incidence of CIN requires recognizing 
high risk patients, such as patients with type 2 diabetes mellitus. Long-term risk factor 
modification should improve endothelial function so a more normal renal compensatory 
response will occur should contrast medium administration be required.  Lowest volume of 
iopamidol needed would appear to be the contrast agent of choice.  In patients with type 2 
diabetes mellitus, pretreatment with theophylline to block adenosine-mediated renal 
vasoconstriction combined with volume expansion with sodium bicarbonate to limit 
oxygen-free radical generation is a rational approach based on existing data. Appropriately 
designed robust randomized clinical trials combining pharmacologic approaches aimed at 
both the renal vasoconstriction and the oxygen-free radical generation are needed to confirm 
that this is the best preventive strategy in patients with type 2 diabetes mellitus.  
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1. Introduction  
Coronary angiography through selective injection of radiopaque contrast agent into the 
coronary arteries is currently the gold standard for evaluating coronary artery disease 
(CAD). Subjective visual estimation of lesion severity has been shown to be inadequate due 
to high degrees of intraobserver and interobserver variability (Topol & Nissen, 1995). Since 
the late 1980s methods and algorithms for quantitative coronary angiography (QCA) have 
been developed in order to objectively quantify the extent of CAD (Serruys et al., 1984). 
Furthermore, validation of specific QCA measurements associated with clinical outcomes 
has led to their incorporation into various scoring systems and trials endpoint.  

2. Two-dimensional QCA 
This technique is based on contrast coronary angiograms obtaining parameters that quantify 
objectively the coronary lumen measuring the significance of a coronary stenosis. Notably, a 
single coronary angiography image gives only a two-dimensional (2D) radiographic image 
while coronary arteries can be highly tortuous three-dimensional structures thus at least two 
projections orthogonal to each other and both perpendicular to the analyzed coronary 
segment are necessary to obtain the most complete data to avoid foreshortening or 
underestimation of stenosis severity.  
Most of the systems available nowadays are based on vessel edge detection algorithms to 
designate the arterial lumen on conventional coronary angiograms providing, therefore, the 
assessment of the lesion in an operator-independent way exploiting specific and dedicated 
software. The earliest form of quantitative angiography was the application of calipers to 
visually estimate percent diameter stenosis. In 1971 Gensini and colleagues described an 
electronic caliper system in which the arterial borders of the lesion and normal segments are 
manually defined by moving cursors (Gensini et al., 1971). In the years several generations 
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of QCA systems have been developed based on edge detection algorithms to improve 
measurement accuracy. First-generation algorithms have been introduced at the beginning 
of the Eighties (Mancini et al., 1987; Reiber et al., 1985) improving the reliability of coronary 
measurements (Spears et al., 1983); the main pitfall of these first generation systems was the 
overestimation of the diameters of small vessels (Herrington et al., 1993a), an issue which 
was improved in the second generation systems (diameter approximation \1.2 mm) and 
producing more reliable results at the low end of the spectrum of vessel size (Hausleiter et 
al., 1997). In more recent years cardiovascular X-ray imaging systems are equipped with 
flat-panel (FP) detectors (Spahn et al., 2003) replacing the combination of image intensifier 
and charge-couple device camera providing better image quality and enabling further image 
enhancement. Novel QCA third-generation system which took advantage of digital flat-
panel (FP) detectors instead of the conventional image intensifier systems were better able to 
determine smaller diameter vessels (Van Herck et al., 2004) and analyze complex lesion 
morphology with irregular borders (Van der Zwet & Reiber, 1994). However differences in 
results using FP systems compared with classic image intensifier-based imaging systems 
were shown to be clinically not significant (Tuinenburg et al., 2006). In the common clinical 
practice there are different computer systems for QCA that have been validated: among 
them the most commonly employed are CAAS (PIE Medical, Maastricht, The Netherlands) 
and QAngio XA (Medis, Leiden, The Netherlands) (Garrone et al., 2009). 

3. Three-dimensional QCA  
Currently, 2-dimensional (2D) QCA is the most commonly used and validated form of QCA. 
However, 2D angiography technology has limitations because of vessel overlap and vessel 
foreshortening during image acquisition. This is especially problematic in more complex 
lesions such as bifurcations. 3D angiography utilizes standard 2D angiographic images 
obtained at least 30 degrees apart and with minimal vessel overlap, and reconstructs 3D 
images. Several 3D QCA programs are now available: among them the most commonly 
employed are CardiOp-B (Paieon Medical Ltd. Park Afek, Israel) and CAAS 5 (Pie medical 
Imaging, Maastricht, The Netherlands, and Medis, Leiden, The Netherlands) (Ng & Lansky, 
2011). In these systems, the user defines the area of interest by defining the proximal end, 
distal end and area of stenosis. However, the systems differ in their calibration methods. 
CardiOp-B requires the operator to input the size of the catheter in the image into the 
program, whereas the Medis and CAAS 5 systems automatically calibrates the images using 
DICOM (Digital Imaging and Communications in Medicine) information embedded in the 
angiographic images (Gradaus et al., 2006; Ramcharitar et al., 2008a). Once the image is 
created, operators can manipulate the images by zooming in or rotating the image. This 
allows the operator to have a better understanding of coronary anatomy and could also help 
the operator find an optimal angle to image of a vessel for an intervention (Dvir et al., 2005; 
Agostoni et al., 2008). An example of coronary after reconstructed with CardiOp-B system is 
shown in figure 1.  
3D QCA programs have been validated (Schuurbiers et al., 2009; Tsuchida et al., 2007) and 
are now available to provide information of vessel size, percent diameter stenosis, minimal 
lumen diameter, bifurcation angle and other QCA values. It was thought that 3D QCA 
would have improved accuracy by resolving problems with vessel foreshortening and out of 
plane magnification. However, comparisons of 3D QCA programs to conventional 2D QCA 
programs have shown mixed results regarding the accuracy of this technology (Ramcharitar 
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et al., 2008a; Dvir et al., 2005; Tsuchida et al., 2007; Meerkin et al., 2010; Wellnhofer et al., 
1999; Tu et al., 2010). One small study has compared the two current 3D QCA programs 
using phantom models demonstrated that the CAAS 5 system may be more accurate than 
the CardiOp-B system (Ramcharitar et al., 2008a). 
 

 
Fig. 1. Reconstruction with 3-D CardiOp-B system of proximal left anterior descending 
artery. 

4. Materials and procedural details 
The first step in order to perform a QCA analysis is to acquire high-quality angiographic 
images of the coronary artery segment of choice using a standard and reliable technique. 
Coronary angiography actually provides a two-dimensional luminogram of a three-
dimensional structure, formed not only of the lumen itself but also of the vessel wall. 
Therefore, coronary angiography has important limitations that can have a significant 
impact on the results of QCA (Topol & Nissen, 1995). It is thus clear that coronary 
angiography cannot analyze coronary remodeling mechanisms, that is, the outward or 
inward changes in total vessel area that may not correspond to outward or inward changes 
in lumen area typical of atherosclerosis in an effective way (Glagov et al., 1987). 
Furthermore, to get coronary angiographic images that profile the exact coronary anatomy 
with as much details as possible and avoid foreshortening or underestimation of stenosis 
severity, it is necessary also that the C-arm tube is directly orthogonal to the coronary 
segment analysed, and it is advisable to get at least two projections orthogonal to each other 
and both perpendicular to the coronary segment in order to obtain the most complete data.  
Selection of a coronary image for analysis depends on several factors linked to the limits of 
radiographic coronary images. The real issue is the choice of the sequence where the 
stenosis has the minimal foreshortening and the minimal overlap with other structures (e.g., 
other coronary arteries, bifurcation branches, catheters, or radiopaque surrounding 
structures such as a calcified mitral valve). The greater is the contrast between the 
radiopaque contrast-filled coronary artery and the radiotransparent background, the greater 
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are the accuracy of QCA analysis and reliability of the algorithm for the automated 
detection and reconstruction of the lumen edges. That is why it is also important that the 
coronary images are obtained when the patient is in deep inspiration, which increases the 
radiotransparent lung fields surrounding the heart and thus the possibility that the stenosis 
is in front of this radiotransparent field. It is also important that the distal tip of the coronary 
angiography catheter is present in the sequence, at least in the initial frames. 
Indeed, the tip of the catheter, whose diameter in French or millimeters is known, is the 
basic tool for calibration (i.e., to estimate the proportion between pixels in the digitalized 
images and mm of length). Finally, intracoronary nitroglycerine (e.g., 200 μg) might be 
administered to obtain coronary vasodilatation and avoid to mistakenly confounding 
vasospasm with atherosclerotic processes.  
After choosing the appropriate run, a single static image (i.e., frame) is selected which 
should be chosen in end-diastole, when coronaries tend to “stretch” along their course on 
the released heart muscle without being subject to contraction or squeezing, even in the case 
of intra-myocardial course. Regardless of the type of software, the analysis proceeds 
similarly and the following steps consist in: digitization, image calibration and arterial 
automatic contour detection. Advances have been made to each of these steps over the last 
several decades. The process of digitization from cine film using cine video converter is 
obsolete and it has been replaced by digital systems with direct digital input to a video 
camera. The analogic video output signal is modified electronically and results in a greater 
contrast difference in the parts with high X-ray absorption and lower contrast differences in 
areas with low X-ray absorption, significantly improving image quality. Image calibration is 
often done with contrast-filled injection catheters (Figure 2), and can be problematic due to 
variable image quality and out-of-plane magnification that can be overcome by using 
biplane calibration.   
 
 

 
 

Fig. 2. Image calibration using contrast-filled injection catheter. 
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A central line is usually then drawn by hand along the stretch of the catheter tip and the 
software automatically recognizes its margins by using specific algorithms that, by means of 
digital images, recognize the change from radiopaque pixels (black or dark grey) to radio-
transparent pixels (light grey or white) according to a densitometric analysis. The software 
then transforms every pixel into a square with sides characterized by known dimensions 
(mm). This parameter is then employed to measure the coronary segment of interest that 
must be focused on the stenosis or lesion undergoing treatment. The proximal and distal 
coronary segments should be relatively free of disease and are referred to as reference 
segments. Afterwards, a central line is traced manually and the software automatically 
recognizes the margins of the coronary segment under consideration taking advantage of 
the automatic contour detection . 
This procedure determines the vessel edge based on the weighted sum of the first and 
second derivative functions of the brightness values of scanlines perpendicular to the 
centerline, which in turn undergoes an analysis that determines the optimal contour path 
along the segment (Figure 3). 
 

 
 

Fig. 3. After having traced a central line the software recognizes the margins elaborating 
automatically the contours. 

A further step allows, always automatically, the reconstruction of the hypothetically normal 
coronary lumen. An algorithm then creates a line of the coronary margin that interpolates 
the coronary segment considered free from illness located proximally and distally to the 
region of interest with the ones of the region of interest. The algorithm then reconstructs the 
reference coronary segments (i.e., those apparently free from disease) (Figure 4).  
This technique is essentially based on the calculation of a mean value of the diameters of the 
lumen in the segments of reference located upstream and downstream to the lesion. It 
appears thus clear the importance of including two coronary segments in the QCA analysis, 
one proximal and one distal to the target segment and both angiographically-free from 
significant disease. These steps produce different parameters, some measured directly and 
others derived with interpolation techniques.  
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Fig. 4. Software algorithm reconstructs the reference coronary segment. 

5. Parameters  
Coronary lesions can be assessed qualitatively and quantitatively, in terms of severity of the 
lesion itself. The qualitative evaluation is based on the visual estimation of the lesion and it 
depends very much on the operator’s experience. The quantitative evaluation, based on 
QCA, allows instead to obtain numeric parameters that are much more independent from 
the operator acquiring the images or the one performing the analyses. The coronary 
parameters of major interest are summarized in Table 1. 
 

Parameter 
Range 
commonly 
used 

Meaning 

Minimal Luminal Diameter 
(MLD) 0–6.00 mm The smallest lumen diameter in the segment 

of interest 
Reference Vessel Diameter 
(RVD) 1.5–6.0 mm The averaged diameter of the coronary 

assumed without atherosclerotic disease 

Lesion length 0–60.0 mm 

Length of the stenosis as measured by 2 points 
where the coronary margins change direction, 
creating a shoulder between the 
angiographically normal subsegment and the 
diseased subsegment 

Acute gain 0–4.0 mm Post-procedural MLD – pre-procedural MLD 
Late loss (LL) 0.10 to 3.00 Post-procedural MLD – MLD at follow-up 
Diameter stenosis (DS) 0–100% (RVD-MLD)/RVD 

Binary restenosis (BR) Yes or no DS >50% at follow-up coronary angiography 
in the treated coronary segment 

Table 1. Main parameters obtained with QCA (adapted from Garrone et al., 2009) 
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Additional tool of QCA are also available, indeed it is possible analysis of the stent edges 
after stent implantation. In fact, the radiopaque stent can generally be visualized during 
angiographic sequence when the contrast medium has not yet been injected in the coronary 
vessel. By comparing this image with the frame selected for the QCA analysis, it is possible 
to determine the two edges, proximal and distal, of the implanted stent. The software then 
enables to mark the edges with a line transversal to the vessel lumen in order to 
automatically calculate the segment where the stent has been implanted and to calculate the 
5-mm segments that lie proximal and distal to the stent. Therefore, it is possible to 
determine MLD and DS for each one of the three segments considered. 
Several angiographic phenomena can bias QCA and lead to overestimation or 
underestimation of QCA parameters such as acute or chronic thrombus, extensive calcium 
deposits, dissections, diffuse disease, and slow flow, therefore it is of paramount importance 
to add a qualitative analysis for lesion features to any QCA analysis (Garrone et al., 2009). 

6. Applications 
QCA can be employed in clinical practice during diagnostic coronary angiography (online), 
to have an objective and independent parameter for the assessment of stenosis severity as 
the human eye does not have the resolution capability of software. Usually, visual 
interpretation of the severity of a coronary stenosis is expressed in intervals of percentage of 
stenosis while QCAproduces a single specific measure for DS, improving the accuracy and 
reproducibility of the severity assessment (Kalbfleisch et al., 1990). It has been shown that 
the visual assessment tends to underestimate stenoses<50% and to overestimate those >50% 
(Fleming et al., 1991) therefore the online use of QCA assessing the lesion length and RVD 
might allow to obtain objective parameters to decide which specific measures (mainly 
diameter and length) of the device (e.g., balloon or stent) should be chosen. 
In the field of clinical research QCA allows serial analysis of the same coronary segment 
over time in an indipendent way. In trials on coronary devices typically at least three QCA 
runs are performed, one before treatment, another immediately after treatment, and a final 
one at angiographic follow-up, after a  respecified time.  
In recent years late luminal loss and binary restenosis have taken an important role in 
several studies aimed at evaluating PCI devices, in particular, stents. These values, more 
specific and more prevalent of the clinically relevant end-point of target lesion 
revascularization (TLR), allow researchers to compare different types of devices in clinical 
trials, with greater statistical power, and thus with fewer patients. In fact, late luminal loss is 
a continuous parameter and is in itself statistically more powerful and precise, while binary 
restenosis, despite being a value present or absent as the TLR, occurs with an incidence 
roughly two times higher than the incidence of TLR. Therefore QCA can reduce the number 
of patients needed in a clinical trial to obtain significant differences between different 
devices.  
Another interesting application is the study of plaque progression/regression that is based 
on at least two QCA runs made over a pre-specified interval of time, usually at least 1 year. 
The change in MLD of the coronary segments of interest is quantified after a given 
pharmacologic regimen that purports to act on the development or progression 
ofatherosclerotic disease.  
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The change in MLD of the coronary segments of interest is quantified after a given 
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7. Prediction of functional significance of a stenosis  
2D-QCA systems have substantially improved reproducibility and accuracy of lesion 
dimension assessment, especially percent diameter stenosis, however its use for the 
prediction of functional significance of the lesion was shown to have only a modest 
correlation with the more accurate Flow Fractional Reserve (FFR) (Bartunek et al., 1995; 
Fischer et al., 2002). Conversely, 3D-QCA has shown reasonable accuracy in predicting FFR 
< 0.75 in patients with visually determined intermediate stenosis (Saad et al., 2009). 
Recently, Yong and co-workers investigated the accuracy of 3D-and 2D-QCA measurements 
in predicting both FFR <0.75 and ≤0.80, and compared the correlation of FFR with 3D- and 
2D-QCA measurements in 63 coronary lesions (Yong et al., 2011). Interesting, the 
relationship between FFR and apparent stenosis severity was found to be curvilinear. Of all 
measurements of lesion severity obtained by 3D-QCA, MLA best correlated with FFR (R = 
0.63, P < 0.001), and was the most accurate predictor of FFR < 0.75 (C statistic 0.86, P = 
0.001). Of 2D-QCA measurements, MLD correlated best with FFR (R = 0.58, P < 0.001), and 
best predicted FFR <0.75 (C statistic 0.80, P < 0.001). Overall, 3D-QCA showed a non-
significant trend towards more accurate prediction of FFR than 2D-QCA, especially in 
intermediate lesions. The authors then concluded that both 3D- and 2D-QCA were less 
accurate in intermediate lesions and in predicting FFR ≤0.80 than in predicting FFR < 0.75 
(Yong et al., 2011). 

8. Special coronary lesion subset: chronic total occlusion and bifurcations 
8.1 QCA in chronic total occlusion 
Chronic total occlusions (CTOs) of the coronary arteries are one of the most technically 
challenging lesion subsets for interventional cardiologists due to the most significant 
difficulty in crossing the lesion with guidewire compared with other lesions subset (Di 
Mario et al., 2007). This might be considered a failure of conventional 2D-angiography to 
properly represent stump morphology and true lesion geometry (Safian et al., 1988; 
Kinoshita et al., 1995). Moreover CTOs are often long lesions length, with severe 
calcifications and tortuosity (Di Mario et al., 2007), therefore the evaluation of these 
complex geometric factors is difficult with conventional 2D angiography, often leading 
to misjudgement of the potential and proper method of treatment (Herrington et al, 
1993b).  
Recently, Dvir and colleagues evaluated real-time 3D reconstruction of CTOs with CardiOp-
B system in a series of 58 patients (61 CTOs) (Dvir et al., 2008). Authors reported a 3D 
reconstruction success rate of 83% with improved visualization of stump area and/or 
missing segment. Importantly, in 92% of the successful 3D reconstructions, the artery path 
in the lesion area could be delineated and in 95% of cases, in which post-stenting 3D 
reconstruction performed, the vessel path was similar to the lesion path suggested before 
stenting. Interestingly, the mean stenosis area was significantly smaller in the 3D 
reconstructions vs. 2D images (94 6 5.1% vs. 99 6 0.3%, P < 0.001) and the mean lesion length 
was significantly shorter (15.3 6 7.4 mm vs. 20.9 6 8 mm, P < 0.001). A possible explanation 
proposed by the Authors was that in these highly complex lesions, where lesion path was 
not visible, the 2D measurements were severely inaccurate. Thus 3D reconstructions may be 
considered as a useful tool in CTO procedures to improve assessment of CTO lesions 
characteristics (Dvir et al., 2008). 
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8.2 Bifurcations 
With the expanding practice of stenting coronary bifurcation lesions worldwide , the need 
for reliable, standardized and reproducible quantitative bifurcation analyses became 
apparent. A fundamental challenge in assessing bifurcations using quantitative methods is 
in acquiring the entire bifurcation lesion without significant foreshortening or vessel and 
side branch overlap. While current QCA standards require a minimum of two orthogonal 
views more than 30° apart, optimal visualization of the bifurcation lesion (parent vessel and 
side branch) is typically available in one best single view. When QCA is applied using a 
standard operating procedure, i.e. by including in the analyzed segment the proximal main 
vessel (PMV) and distal main vessel (DMV), the RVD function takes an average of the 
‘‘normal’’ segments of the proximal and distal vessel. Tapering, however, causes the 
proximal RD and thus the percentage diameter reduction of lesions proximal to the 
bifurcation to be underestimated, while the distal RD and %DS of lesions distal to the 
bifurcation will be overestimated. If on-line QCA is used for guidance during a procedure, 
this can lead to inappropriate balloon selection, with significant under sizing of balloons 
used for dilatation of the proximal segment and equally, over sizing of balloons used for the 
distal segment of the main vessel (MV). The operator must manually redraw the proximal 
segment within the MV and is forced to tediously correct for the contours of the lesion, a 
possible source of inaccuracy and subjectivity. Even with optimal angiographic views, the 
main issues of conventional QCA in the analysis of bifurcation lesions are: defining the true 
reference vessel size of both the parent vessel and its side branch; the assessment of side-
branch (SB) stenoses when truly ostial. In the non-diseased state, the RD of the main vessel 
is reduced from proximal to distal relative to the side branch. It has been shown that the 
change in RD of the main vessel across the side branch is a function of the size of the PMV, 
the DMV and that of the SB. Murray was the first to describe the mother/daughter-vessel 
relations in vascular bifurcations, in terms of a cost function: i.e., the sum of function power 
loss and metabolic power dissipation proportional to blood flow. Murray described the 
optimal conditions for vascular bifurcation, known as Murray’s law, which states that the 
cube of the radius of the mother vessel equals the sum of the cubes of the radii of the 
daughter vessels: Dm3=Dd13+Dd23 (Murray, 1926). Afterwards, a simplified equation relating 
the size of the proximal and distal main vessel and the side branch, in the non-diseased 
state, has been described by a constant [D1= 0.687 (D2 + D3 + …)] (Kassab, 2006; Kamiya & 
Takahashi, 2007) such that the reference size of any one segment can always be derived if 
the two other segment sizes are known (Finet et al., 2007). Standard QCA algorithms are 
designed to detect vessel contours assuming minimal vessel tapering; thus, the reference 
vessel dimensions are inherently inaccurate when applied to bifurcation lesions. Several 
techniques have been used to attempt to overcome this limitation but remain problematic 
(Lansky et al., 2009). 

8.2.1 Dedicated bifurcation QCA algorithms 
Currently two dedicated bifurcation QCA software packages are commercially available 
(Medis medical imaging systems, Leiden and The Netherlands and Pie Medical, Maastricht, 
The Netherlands). The main issue for the application of QCA in bifurcating segments 
include: 
- minimal user interaction in the selection and processing of the coronary segments to be 

analysed; 
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- minimal editing of the automatically determined results; 
- short analysis time; 
- providing highly accurate and precise results, with small systematic and random errors 
- providing suitable reporting and data exchange mechanisms.  
The Medis medical imaging systems. This system contains two bifurcation models: a T-
shape bifurcation model (suitable for bifurcations with a standard side branch structure) 
(Figure 5 A) and a Y-shape bifurcation model (suitable for bifurcations with distal branches 
of equal size) (Figure 5 B).  
 
 

 
 
 

 
(Adapted from Tuinenburg et al., 2011). 
 

Fig. 5. T-shape model (A) and Y-shape model (B) showing the segments, proximal delimiter, 
and sections terminology. For each model, the segment generated four segments that 
represent the building blocks of the models. A) Using the T-shape model, the arterial and 
reference diameters of the ostium of the side branch and the whole main section (including 
the transition within the bifurcation core) can be accurately determined. B) Using the Y-
shape model, the arterial and reference diameters up to the carinal point and in the distal 1 
and 2 sections can be determined accurately. 
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The particular advantage of these models is that they combine the proximal and two distal 
vessel segments with the bifurcation core, resulting in a total of two or three sections, all 
derived from one analysis procedure, such that each of these sections has its own diameter 
function and associated parameter data. 
Step 1. Contour detection. Three path-line points have to be selected to define the arterial 

bifurcation segment: a start point in the proximal parent vessel (PV), and end points 
in the distal PV and the SB. From these points, two pathlines are constructed 
followed by the automated detection of the arterial contours of all three vessel 
segments using an algorithm. 

Step 2. Lesions analysis. The bifurcation core is defined automatically as the area between 
the first diameter of the distal PV segment, and the interpolated contour between 
the proximal and distal PV segments. 

In the T Bifurcation model, the proximal and distal PV and core segments are combined to 
define the first section and the SB segment forms the second section. For the entire PV 
section the arterial diameter function is calculated following the conventional Medis 
straight analysis approach, while for the SB section the Medis ostial analysis approach is 
followed. 
For the Y bifurcation model, the core segment is defined as the area between the 
automatically determined proximal boundaries of the proximal segment and the carinal 
point. Excluding the core segment, three sections are defined with each arterial diameter 
functions calculated using the conventional straight analysis approach.  
Step 3. Result reporting. The results of the bifurcation analysis are reported individually for 

the proximal segment (combining the proximal PV and core segments), the distal 
PV segment, the SB segment, and the ‘‘combined lesion’’ results (combined 
proximal, core, and distal PV). Conventional angiographic parameters will be 
reported including the obstruction, reference, minimum, maximum, and mean 
diameters and areas, the percent diameter and area stenosis, as well as the vessel 
and lesion lengths.  

The Pie Medical Analysis Principles: CAAS 5 QCA bifurcation methodology. In this 
system the bifurcated vessel is considered to be a single entity, including the central 
bifurcation area divided in 10 segments when stented (Ramcharitar S, 2008) (Figure 6). 
In this analysis, the segments 1, 4 and 6 are 5 mm beyond the stent edge. The main 
vessel stent is divided at the carina as that proximal and distal corresponding to 
segments 2 and 3 respectively, with the side branch stent confined to segment 5. The 
central portion, segment 7 is an independent region called the Polygon of Confluence 
(POC) that is unique to the bifurcation and represents a new quantification modality. 
Segment 8 is an ostial region of side branch including 5 mm distal from the end of 
bifurcation. The CAAS 5 quantitative analysis of bifurcations can be summarized in six 
steps: 
1. Contour detection, that is performed in a semi-automated process employing either 

manually drawn initial pathline, or three user-defined points (one at the proximal side 
of the main vessel and two at both distal ends of the bifurcated branches). The 
algorithm automatically calculates path lines and the contours. The software assumes 
the bifurcated vessel is a single object delineated by a left, middle and right contour, 
specifically making no further assumptions. 
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- minimal editing of the automatically determined results; 
- short analysis time; 
- providing highly accurate and precise results, with small systematic and random errors 
- providing suitable reporting and data exchange mechanisms.  
The Medis medical imaging systems. This system contains two bifurcation models: a T-
shape bifurcation model (suitable for bifurcations with a standard side branch structure) 
(Figure 5 A) and a Y-shape bifurcation model (suitable for bifurcations with distal branches 
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the transition within the bifurcation core) can be accurately determined. B) Using the Y-
shape model, the arterial and reference diameters up to the carinal point and in the distal 1 
and 2 sections can be determined accurately. 
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The particular advantage of these models is that they combine the proximal and two distal 
vessel segments with the bifurcation core, resulting in a total of two or three sections, all 
derived from one analysis procedure, such that each of these sections has its own diameter 
function and associated parameter data. 
Step 1. Contour detection. Three path-line points have to be selected to define the arterial 

bifurcation segment: a start point in the proximal parent vessel (PV), and end points 
in the distal PV and the SB. From these points, two pathlines are constructed 
followed by the automated detection of the arterial contours of all three vessel 
segments using an algorithm. 

Step 2. Lesions analysis. The bifurcation core is defined automatically as the area between 
the first diameter of the distal PV segment, and the interpolated contour between 
the proximal and distal PV segments. 

In the T Bifurcation model, the proximal and distal PV and core segments are combined to 
define the first section and the SB segment forms the second section. For the entire PV 
section the arterial diameter function is calculated following the conventional Medis 
straight analysis approach, while for the SB section the Medis ostial analysis approach is 
followed. 
For the Y bifurcation model, the core segment is defined as the area between the 
automatically determined proximal boundaries of the proximal segment and the carinal 
point. Excluding the core segment, three sections are defined with each arterial diameter 
functions calculated using the conventional straight analysis approach.  
Step 3. Result reporting. The results of the bifurcation analysis are reported individually for 

the proximal segment (combining the proximal PV and core segments), the distal 
PV segment, the SB segment, and the ‘‘combined lesion’’ results (combined 
proximal, core, and distal PV). Conventional angiographic parameters will be 
reported including the obstruction, reference, minimum, maximum, and mean 
diameters and areas, the percent diameter and area stenosis, as well as the vessel 
and lesion lengths.  

The Pie Medical Analysis Principles: CAAS 5 QCA bifurcation methodology. In this 
system the bifurcated vessel is considered to be a single entity, including the central 
bifurcation area divided in 10 segments when stented (Ramcharitar S, 2008) (Figure 6). 
In this analysis, the segments 1, 4 and 6 are 5 mm beyond the stent edge. The main 
vessel stent is divided at the carina as that proximal and distal corresponding to 
segments 2 and 3 respectively, with the side branch stent confined to segment 5. The 
central portion, segment 7 is an independent region called the Polygon of Confluence 
(POC) that is unique to the bifurcation and represents a new quantification modality. 
Segment 8 is an ostial region of side branch including 5 mm distal from the end of 
bifurcation. The CAAS 5 quantitative analysis of bifurcations can be summarized in six 
steps: 
1. Contour detection, that is performed in a semi-automated process employing either 

manually drawn initial pathline, or three user-defined points (one at the proximal side 
of the main vessel and two at both distal ends of the bifurcated branches). The 
algorithm automatically calculates path lines and the contours. The software assumes 
the bifurcated vessel is a single object delineated by a left, middle and right contour, 
specifically making no further assumptions. 
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1 – Proximal Edge (5 mm)    6 – Distal Edge Side (5 mm) 

2 – Proximal Main Stent   7 – Polygon of Confluence 

3 – Distal Main Stent   8 – Ostium of the Side Branch (5 mm) 

4 – Distal Edge Main (5 mm)    9 – MV Stent + Edges 

5 – Side Branch Stent   10 – SB Stent + Distal Edge 

Fig. 6. The 10 segments used in CAAS (Adapted from Ramcharitar et al., 2008b) 

2. Construction of the centreline and defining the Point of Bifurcation (POB). The Point of 
Bifurcation (POB) is defined as the point where all the centrelines meet; the centrelines 
being the lines through the middle of the vessel. The POB is defined as the midpoint of 
the largest circle that can be fitted in the bifurcation area, touching all three contours. 
The intersections between this circle and the centrelines identify the start and end 
positions of the bifurcation region the boundaries of a new measurement entity the 
POC (Figure 7). 

3. Defining the POC. The POC represents the smallest possible independent region that 
behaves differently from a single vessel segment. It is defined on the 2D radiographic 
image as the area or region that encompasses the start and the end of the bifurcation 
region. Regions outside of the POC behave similar to single vessels in classic QCA. The 
polygon shape is created by connecting begin and end boundaries of the POC by the 
luminal borders of the vessel. Depending on the type of bifurcation it can have different 
shapes, such as a pentagon.  The plaque area can be evaluated against the actual 
luminal area or volume to give the percentage area or volume stenosis as a single value 
for the POC after reconstruction the vessel to its healthy situation. Furthermore the 
absolute POC area can be compared between pre-, post- and follow-up in clinical 
studies as a measure for procedural success (Figure 7). 
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Fig. 7. Polygon of confluence and point of bifurcation in CAAS system (Adapted from 
Ramcharitar, 2008b) 

4. Determination diameter and reference values within the bifurcation. Traditional diameter 
measurements can also be obtained. However, unlike the branches where the diameter 
measurements are determined by the distance between left and right border, it is not 
straightforward inside the POC. In order to derive such data within the POC the 
“Minimum Freedom” approach must be employed. In this approach shortest distances 
between a centreline point and the boundaries are determined, and the distance 
between these points used as best estimate for the diameter within the POC for that 
location along the centreline. The MLD at the bifurcation can be found using this 
approach by walking through points along the termini of the bifurcation to the centre 
point within the polygon of confluence. The reference diameter outside the POC is 
determined from the edges of the ‘healthy’ part of the vessel. It is based only on the 
characteristics of the branch itself as in the CAAS single vessel software.  

5. Determining the bifurcation angulation. For the calculation of the angles between the 
arterial branches, a method that employs lines derived from the circle used for the 
definition of the “POC” can be used. The intersection positions of the circle with the 
centrelines are used as the centres for new circles. These new circles have the same 
radius as the circle within the “POC” and are not dependent on the mean vessel 
diameter of the specific branch.  

6. Report. Different versions of the bifurcation analysis software are available for clinical 
and core lab use. Available analysis methods include automatic reference obstruction 
analysis, local reference analysis, user defined subsegments as well as the 10 
segmental analysis method to analyse the stented bifurcations, post-procedure and at 
follow-up. 

8.2.2 3D QCA in bifurcation  
3D-QCA analysis is able to follow the complex arterial curvilinear structure of the 
bifurcation and to select the most appropriate view to avoid foreshortening in the region of 
interest. 3D-QCA, as compared to conventional two-dimensional QCA, allows a more 
appropriate imaging of bifurcation geometry, with chance of an online assessment of the 
bifurcation and deviation angle values, which may help the operator to choose the best 
strategy to approach each lesion (Galassi et al., 2010). Although there are multiple software 
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being the lines through the middle of the vessel. The POB is defined as the midpoint of 
the largest circle that can be fitted in the bifurcation area, touching all three contours. 
The intersections between this circle and the centrelines identify the start and end 
positions of the bifurcation region the boundaries of a new measurement entity the 
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3. Defining the POC. The POC represents the smallest possible independent region that 
behaves differently from a single vessel segment. It is defined on the 2D radiographic 
image as the area or region that encompasses the start and the end of the bifurcation 
region. Regions outside of the POC behave similar to single vessels in classic QCA. The 
polygon shape is created by connecting begin and end boundaries of the POC by the 
luminal borders of the vessel. Depending on the type of bifurcation it can have different 
shapes, such as a pentagon.  The plaque area can be evaluated against the actual 
luminal area or volume to give the percentage area or volume stenosis as a single value 
for the POC after reconstruction the vessel to its healthy situation. Furthermore the 
absolute POC area can be compared between pre-, post- and follow-up in clinical 
studies as a measure for procedural success (Figure 7). 
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straightforward inside the POC. In order to derive such data within the POC the 
“Minimum Freedom” approach must be employed. In this approach shortest distances 
between a centreline point and the boundaries are determined, and the distance 
between these points used as best estimate for the diameter within the POC for that 
location along the centreline. The MLD at the bifurcation can be found using this 
approach by walking through points along the termini of the bifurcation to the centre 
point within the polygon of confluence. The reference diameter outside the POC is 
determined from the edges of the ‘healthy’ part of the vessel. It is based only on the 
characteristics of the branch itself as in the CAAS single vessel software.  

5. Determining the bifurcation angulation. For the calculation of the angles between the 
arterial branches, a method that employs lines derived from the circle used for the 
definition of the “POC” can be used. The intersection positions of the circle with the 
centrelines are used as the centres for new circles. These new circles have the same 
radius as the circle within the “POC” and are not dependent on the mean vessel 
diameter of the specific branch.  

6. Report. Different versions of the bifurcation analysis software are available for clinical 
and core lab use. Available analysis methods include automatic reference obstruction 
analysis, local reference analysis, user defined subsegments as well as the 10 
segmental analysis method to analyse the stented bifurcations, post-procedure and at 
follow-up. 

8.2.2 3D QCA in bifurcation  
3D-QCA analysis is able to follow the complex arterial curvilinear structure of the 
bifurcation and to select the most appropriate view to avoid foreshortening in the region of 
interest. 3D-QCA, as compared to conventional two-dimensional QCA, allows a more 
appropriate imaging of bifurcation geometry, with chance of an online assessment of the 
bifurcation and deviation angle values, which may help the operator to choose the best 
strategy to approach each lesion (Galassi et al., 2010). Although there are multiple software 
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programs dedicated for 3-dimensional QCA, only two software packages are dedicated for 
bifurcation analysis: The CardiOp-B system (Dvir et al., 2007; Galassi et al., 2010) and the 
recent CAAS 5 QCA 3D bifurcation software (Onuma et al., 2011).  
CAAS 3-D QCA, while following the already described algorithm based on vessel size 
adjusted vectors, calculates BA values in 3-D space without overlap, therefore theoretically 
more precisely than 2-D QCA. On the other hand, in CardiOp-B angle values were 
computed between the weighted vectors of direction of the respective vessel segments. The 
weighted vector is calculated as the sum of two vectors, each of them connecting the 
bifurcation point with distal points along the vessel centre line, distant by 5 mm and 10 mm, 
respectively. This algorithm was employed in a recent substudy of the SYNTAX trial, the 
first ever to describe the 3-D angulation of the left main before and after intervention and its 
impact on 1-year clinical outcome (Girasis et al., 2010a). When it comes to the quantification 
of stenosis, CardiOp-B provides diameter-derived and cross-sectional (densitometric) data 
together with the lesion length; lesion markers can be manipulated, in order to relocate the 
region of interest across the main vessel or from the PMV into the SB. (Figure 8) 
 

 
Fig. 8. An example of coronary bifurcation lesion reconstructed with 3D- CardiOp-B software. 
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In CAAS 5, a 3-D model of the central bifurcation area is constructed taking into account the 
fact that the contour information obtained from the 2-D projections may contain vessel 
overlap, since the bifurcated vessel might be partly obscured in at least one of the 
projections. To overcome this problem the 3-D cross-section shape is created using virtual 
vessel contours by virtue of information derived outside the bifurcation region (Onuma, 
2011).  
Cross-sectional area values are calculated on the assumption that the vessel has an elliptical 
cross section based on the luminal diameters from the two different 2-D projections; this 
elliptical cross-section is the primary measured parameter. The equivalent luminal diameter, 
minimum luminal diameter and maximal luminal diameter curves are calculated based on a 
circularity assumption. Reference vessel lines, up to the entrance of the POC and within the 
POC, are based on the 2-D approach adapted to 3-D. 
So far, there is not direct comparison between these two QCA bifurcation software 
packages, both of which recostruct from two projections, thus the issue of overlapping 
vessels in tortuous bifurcation lesions may still be a problem. Particularly, there are two 
special challenging situations in QCA analysis: a diffusely diseased bifurcation region 
with no apparent healthy reference and an ostial stenosis in a short left main trunk 
(Girasis, 2010 b). Based on the scaling laws of Murray (Murray, 1926) and Finet (Finet, 
2007), the size of any bifurcation vessel segment could be determined, if the reference of 
the other two vessel segments is known. This is not the case in a diffusely diseased 
bifurcation region; however, extrapolation of the reference of the PMV even on the basis 
of less accurate RVD values for the DMV and SB could avoid a gross underestimation of 
the PMV true size (Girasis, 2010 b). 
In the case of an ostial stenosis in a short left main stem, both contour detection and 
sizing could be challenging. Manual contour corrections would not be unreasonable, 
especially if there is overlap with the angiographic catheter. For the RVD determination, 
either a user-defined reference outside the obstructions boundaries but within the left 
main, or a value back-calculated from the distal branches reference values can be chosen 
(Girasis, 2010 b).  
Altough 3-D new techniques allow more extensive analyses for coronary bifurcations, there 
are several limitations such as reproducibility, accuracy and standard reference values for 
special lesion subsets that need further studies. 

9. Conclusion 
Although QCA was born more than 20 years ago and still burden well established 
limitations, it remains a useful tool in clinical research, whereas its role in clinical practice 
is mainly complementary to standard coronary angiography and other imaging 
techniques, such as computed tomography (CT), intravascular ultrasound (IVUS), virtual 
histology and optical coherence tomography. In recent years QCA has advanced to 
provide more accurate measurements and descriptions of the coronary vascular tree and 
still continues to evolve as 3D coronary angiographic techniques provide more detailed 
descriptions of complex lesions such as bifurcations, eccentric lesions and chronic total 
occlusions. However standard values in these lesions will need to be determined and 
validated.  
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circularity assumption. Reference vessel lines, up to the entrance of the POC and within the 
POC, are based on the 2-D approach adapted to 3-D. 
So far, there is not direct comparison between these two QCA bifurcation software 
packages, both of which recostruct from two projections, thus the issue of overlapping 
vessels in tortuous bifurcation lesions may still be a problem. Particularly, there are two 
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(Girasis, 2010 b). Based on the scaling laws of Murray (Murray, 1926) and Finet (Finet, 
2007), the size of any bifurcation vessel segment could be determined, if the reference of 
the other two vessel segments is known. This is not the case in a diffusely diseased 
bifurcation region; however, extrapolation of the reference of the PMV even on the basis 
of less accurate RVD values for the DMV and SB could avoid a gross underestimation of 
the PMV true size (Girasis, 2010 b). 
In the case of an ostial stenosis in a short left main stem, both contour detection and 
sizing could be challenging. Manual contour corrections would not be unreasonable, 
especially if there is overlap with the angiographic catheter. For the RVD determination, 
either a user-defined reference outside the obstructions boundaries but within the left 
main, or a value back-calculated from the distal branches reference values can be chosen 
(Girasis, 2010 b).  
Altough 3-D new techniques allow more extensive analyses for coronary bifurcations, there 
are several limitations such as reproducibility, accuracy and standard reference values for 
special lesion subsets that need further studies. 

9. Conclusion 
Although QCA was born more than 20 years ago and still burden well established 
limitations, it remains a useful tool in clinical research, whereas its role in clinical practice 
is mainly complementary to standard coronary angiography and other imaging 
techniques, such as computed tomography (CT), intravascular ultrasound (IVUS), virtual 
histology and optical coherence tomography. In recent years QCA has advanced to 
provide more accurate measurements and descriptions of the coronary vascular tree and 
still continues to evolve as 3D coronary angiographic techniques provide more detailed 
descriptions of complex lesions such as bifurcations, eccentric lesions and chronic total 
occlusions. However standard values in these lesions will need to be determined and 
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1. Introduction 
1.1 Importance of methods for scoring coronary angiograms to reflect extent and 
severity of CAD 
Despite advances in modern medicine, the early detection of patients with obstructive 
coronary lesions remains an unresolved problem due to frequently occurring atypical, 
painless, and asymptomatic clinical variants of ischemic heart disease. For example, 80 to 
90% of sudden cardiac deaths occur with a background of significant coronary artery 
disease (Zipes, 1998) and sudden death is often the first presentation of the cardiac 
disease. It is estimated that sudden death occurs in 33% to 70% of cardiac disease patients 
(Davies, 2000). In addition, an acute myocardial infarction (MI) usually develops in 
patients with multi-vessel coronary disease (Goldstein et al., 2000), while angiographic 
studies have shown that an acute MI may develop in coronary segments having only 
slight or moderate stenosis. It is well known that a ruptured atheromatous plaque in the 
coronary artery can initiate intracoronary thrombosis and occlusion with the subsequent 
development of an acute MI. However, plaque rupture with platelet activation and 
thrombus formation are more recognized as the key events in the pathogenesis of acute 
coronary syndrome than are the extent and severity of the coronary artery disease (CAD). 
Additionally, the symptoms of myocardial ischemia may not be caused by obstructive 
lesions in the coronary arteries at all. Myocardial ischemia may occur not only due to 
decreased blood flow through epicardial coronary arteries, but also because of the 
increased oxygen demand in patients with myocardial hypertrophy or hyperfunction. 
Myocardial hypertrophy may be the cause of cardiac arrhythmias due to coronary 
insufficiency in hypertensive patients. However, even in the absence of obstructive CAD, 
hypertensive patients frequently have angina or may show electrocardiographic 
abnormalities suggestive of myocardial ischemia due to coronary insufficiency (Vogt et 
al., 1992). 
In this era of great achievements in cardiology, we are still in need of a convenient and 
informative coronary arteries analysis system that would allow us to quantitatively estimate 
the size and severity of atherosclerotic CAD and myocardial ischemia burden. 
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1. Introduction 
1.1 Importance of methods for scoring coronary angiograms to reflect extent and 
severity of CAD 
Despite advances in modern medicine, the early detection of patients with obstructive 
coronary lesions remains an unresolved problem due to frequently occurring atypical, 
painless, and asymptomatic clinical variants of ischemic heart disease. For example, 80 to 
90% of sudden cardiac deaths occur with a background of significant coronary artery 
disease (Zipes, 1998) and sudden death is often the first presentation of the cardiac 
disease. It is estimated that sudden death occurs in 33% to 70% of cardiac disease patients 
(Davies, 2000). In addition, an acute myocardial infarction (MI) usually develops in 
patients with multi-vessel coronary disease (Goldstein et al., 2000), while angiographic 
studies have shown that an acute MI may develop in coronary segments having only 
slight or moderate stenosis. It is well known that a ruptured atheromatous plaque in the 
coronary artery can initiate intracoronary thrombosis and occlusion with the subsequent 
development of an acute MI. However, plaque rupture with platelet activation and 
thrombus formation are more recognized as the key events in the pathogenesis of acute 
coronary syndrome than are the extent and severity of the coronary artery disease (CAD). 
Additionally, the symptoms of myocardial ischemia may not be caused by obstructive 
lesions in the coronary arteries at all. Myocardial ischemia may occur not only due to 
decreased blood flow through epicardial coronary arteries, but also because of the 
increased oxygen demand in patients with myocardial hypertrophy or hyperfunction. 
Myocardial hypertrophy may be the cause of cardiac arrhythmias due to coronary 
insufficiency in hypertensive patients. However, even in the absence of obstructive CAD, 
hypertensive patients frequently have angina or may show electrocardiographic 
abnormalities suggestive of myocardial ischemia due to coronary insufficiency (Vogt et 
al., 1992). 
In this era of great achievements in cardiology, we are still in need of a convenient and 
informative coronary arteries analysis system that would allow us to quantitatively estimate 
the size and severity of atherosclerotic CAD and myocardial ischemia burden. 
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1.2 Consecutive steps in development of coronary scoring methods 
Initially, the purpose of creating methods to score coronary angiograms was to assess the 
severity of the underlying CAD and to determine whether the severity of angina and the 
degree of altered left ventricular function were closely correlated with the severity and 
extent of the underlying CAD. Multiple methods for evaluation and scoring of the coronary 
angiograms were created. However, there was no difference in the frequency of angina 
when the patients with the lowest coronary score were compared to patients with the 
highest coronary score (Leaman et al., 1981). Clinically, it is possible to have severe angina 
with one-vessel CAD or moderate angina with severe three-vessel CAD. Likewise, it is 
possible to have well-preserved left ventricular function with severe three-vessel CAD as 
well as to have severe left ventricular dysfunction with only one-vessel CAD. 
Later, the coronary scores were used for risk stratification, because it was determined that 
the prognosis and outcomes in patients were in large part dependent on the extent (one-, 
two-, or three-vessel) and the severity of CAD (Ringqvist et al., 1983). This scoring system is 
still used today. Sullivan et al., (1990) developed a new angiographic scoring system for the 
extent of coronary disease (extent score). Therefore, the coronary scores seemed to be 
essential for the selection of a tailored therapeutic strategy. Subsequently, the coronary 
scores were used for the investigation of the relationship between the coronary lesion scores 
and the levels of serum lipoproteins (Hamsten et al., 1986; Jenkins et al., 1978). Eventually, a 
non-invasive coronary calcification scoring system became popular among investigators 
because coronary artery calcification strongly correlated with the severity of coronary 
atherosclerosis and the probability of obstructive disease (Kwon et al., 2011). The 
development of an invasive coronary scoring system would have to be much more effective 
in diagnosing and optimizing the treatment strategy, due to the fact that the non-invasive 
methods could not reflect the extent and severity of CAD. 
In order to increase the value of the coronary scores in the selection of coronary patients for 
angioplasty, the American College of Cardiology/American Heart Association (ACC/AHA) 
in 1988 presented a system of classification of coronary lesions to predict the success and 
complications of balloon angioplasty (Krone et al., 2000). Although, the lesion type (A, B, or 
C) was not predictive of complications, specific lesion morphologies were predictive of 
adverse events and device use (Zaacks et al., 1998). Additionally, the type of lesion can 
impact the outcome of coronary bypass operations (Graham et al., 1999; Jalal, 2007). Thus, to 
choose an optimal revascularization strategy for patients with three-vessel and/or left-main-
stem disease, there is one important requirement: to quantify the complexity of CAD while 
taking into account not only the number of significant lesions and their location, but also the 
complexity of each lesion independently. For this purpose, the SYNTAX scoring system was 
created (Garg et al., 2010; Sianos et al., 2005)  The SYNTAX score was developed in order to 
characterize the coronary vasculature in terms of the number, functional impact, location, 
and complexity of the lesions.  
However, in the myocardial infarction reperfusion era, it has become increasingly 
apparent that clinical outcomes are not only associated with coronary flow in the 
epicardial arteries but also with the quality of myocardial reperfusion. Quantitative 
angiographic indexes of coronary artery blood flow -- TIMI (thrombolysis in myocardial 
infarction) flow grades, corrected TIMI frame count, and TIMI myocardial perfusion 
grade -- gave new insights into the pathophysiology of acute coronary syndromes (Gibson 
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et al., 1999, 2000, 2002; Korosoglou et al., 2007; Kunadian et al., 2009). Until recently, it 
was assumed that the blood flow in the non-culprit arteries in patients with acute 
coronary syndromes was normal. However, according to the data of Gibson et al., (2000) 
the coronary flow in the non-involved arteries in acute MI was, in fact, 40% slower than 
normal. It was also noted that the slower flow throughout all three arteries in acute MI 
could be associated not only with the extensive damage of microvasculature circulation 
but also might be the result of more extensive damage of non-culprit epicardial arteries. 
Greater lesion complexity might also be associated with poorer epicardial and myocardial 
perfusion.  

1.3 The new challenges for coronary scoring  
Because of these unresolved issues, it is imperative to extend the scope of investigations to 
include the impact of multi-vessel lesions in epicardial coronary arteries in order to 
elucidate the pathogenetic mechanism and prognosis of CAD. Therefore, we have created a 
completely new scoring system for the quantification of coronarography and 
ventriculography data. Using SYNTAX and other recent angiographic scoring methods, we 
often have no opportunity to assess the impact of myocardial mass and function on the 
myocardial ischemia and anginal severity. Hypertensive left ventricular hypertrophy is a 
powerful predictor of coronary events (Ghali et al., 1992; Koren et al., 1991) and develops 
due to impaired coronary blood flow autoregulation, decreased coronary reserve, increased 
minimal coronary vascular resistance, and carries an increased risk of cardiac death in the 
presence of coronary occlusion (Vogt et al., 1992). These events can be primarily dependent 
on the size and severity of the coronary lesions and on the functional and morphological 
status of the myocardium which requires a greater amount of blood for its nutrition. This 
new angiographic scoring system, which assesses the extent of coronary disease, myocardial 
mass, hypertrophy, and function, is simple to perform and it correlates better with the 
clinical symptoms of CAD. 

2. Methods and patients  
2.1 Different technical solutions in calculation of coronary scores  
The exact quantification of total coronary artery damage is very complicated in clinical 
practice. Several different approaches have been proposed to determine the total coronary 
score: 1) the number of vessels diseased, 2) the number of proximal arterial segments 
diseased, 3) the proximal arterial segments score (Ringqvist et al., 1983), 4) the Friesinger 
index (Friesinger et al., 1970), 5) the modified Gensini index (Gensini et al., 1971), 6) the 
National heart and chest hospital (NHCH) index (Ringqvist et al., 1983), and 7) other 
methods. The most common problems with these methods were: 1) the interpretational 
differences in the estimation of the percentage of coronary artery narrowing due to 
differences in the selection of optimal reference diameter (Brown et al., 1977; Dodge et al., 
1988), 2) the difficulties in the accurate assessment of the true hemodynamic value for each 
narrowing, 3) the difficulties in angiographic quantification of diffuse CAD (Graham et al., 
1999; Jalal, 2007), and 4) the differences in techniques of measurements (Kalbfleisch et al., 
1990). The hemodynamic value used by some authors is set only by the degree of 
narrowing. By other authors, the severity of luminal narrowing is weighted according to the 
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et al., 1999, 2000, 2002; Korosoglou et al., 2007; Kunadian et al., 2009). Until recently, it 
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status of the myocardium which requires a greater amount of blood for its nutrition. This 
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2. Methods and patients  
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practice. Several different approaches have been proposed to determine the total coronary 
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methods. The most common problems with these methods were: 1) the interpretational 
differences in the estimation of the percentage of coronary artery narrowing due to 
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1988), 2) the difficulties in the accurate assessment of the true hemodynamic value for each 
narrowing, 3) the difficulties in angiographic quantification of diffuse CAD (Graham et al., 
1999; Jalal, 2007), and 4) the differences in techniques of measurements (Kalbfleisch et al., 
1990). The hemodynamic value used by some authors is set only by the degree of 
narrowing. By other authors, the severity of luminal narrowing is weighted according to the 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

276 

usual flow to the left ventricle in each coronary vessel (Leaman et al., 1981) and according to 
the flow to muscle mass rather than to the actual volume of flow (Brandt et al., 1977; 
Gensini, 1983).  However, it is difficult to accurately assess the coronary artery blood supply 
zones due to variable coronary artery dominance and multiple branching options. Still some 
authors tend to offset the impact of longevity of stenosis (Dodge et al., 1992) on myocardial 
blood flow.  
However, the determined angiographic CAD scores in most cases had a poor correlation 
with the severity of angina pectoris and myocardial function. Therefore, the development of 
new coronary scoring methods needs a different approach from those which have been 
previously adopted for the accounting of coronary obstructions only.  

2.2 Technique for determination of summarized caliber of coronary arteries and left 
ventricle mass  
It is well established that the development and progression of CAD involves three 
processes: the reduction of the total caliber of coronary arteries, the increase in myocardium 
weight, and the deterioration of left ventricular pump function. Therefore, we have sought 
to create a specific coronary lesion scoring system which would avoid the subjectivity in the 
determination of degree of stenosis and in the selection of normal reference diameter which 
is highly variable and dependant on multiple variants in coronary dominance and 
branching.  
The severity of the coronary lesion was expressed by the sum of residual calibers of all 
coronary arteries in the selected level. The extent of the coronary lesion was expressed by 
the calculation of the summarized caliber of three levels (Fig. 1). The narrowest diameters of 
the selected segments were used to calculate the coronary caliber expressed by coronary 
square area (CSA = 0.785 × D2). The assessment of the SCCA at the first coronary branching 
level included the sum of the cross-sectional areas at the narrowest points of the 1st and 5th 
segments, at the second level – the areas of the 2nd, 6th, and 11th segments, and at the third 
level – the areas of the 3rd, 7th , 9th, 12th , and 13th segments. The average of the arterial 
calibers at each level was considered to be the SCCA. 
The computer-assisted calculating algorithm for SCCA is very simple, and coronary 
diameters can be measured using a quantitative analysis program readily available in 
almost every modern angiographic unit. We measured the narrowest diameters of each 
coronary segment in at least two projections of video images. In cases of uncommon 
variants of coronary dominance or branching, we also measured and summed all segments 
of the trunk below its second bifurcation. 
Contrasting of the left ventricle was performed while the patient was taking a deep breath at 
the right anterior oblique 30 body position. We performed a quantitative analysis of the 
ventriculographic data using the radial method (Fig. 2). We computed the end-systolic and 
diastolic volumes and estimated the myocardial mass by determining the wall thickness of 
the left ventricle. The end-systolic and end-diastolic volumes were calculated using the 
equation for spherical formations: 

 V = 4/3 π Ra3 × К (1) 

In the equation above, we used the following abbreviations: V – systolic or diastolic volume, 
Ra – average systolic or diastolic radius (cm), and K – a factor of correction. 
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Fig. 1. A scheme of 15 segments of the coronary tree proposed by the American Heart 
Association which was used to calculate the summarized caliber of coronary arteries 
(SCCA). The cross-sectional areas in the narrowest points of the segments at each level were 
added together to represent the coronary caliber at one of the three coronary tree levels: 
above the first bifurcation, below the first bifurcation, or below the second bifurcation of the 
right and left coronary arteries. The average of the arterial calibers at the three levels was 
considered to be the average SCCA. 
 

 
Fig. 2. Radial scheme used in the quantitative analysis of ventriculographic data: A -- 
superposed end-systolic and end-diastolic profiles of the left ventricle with the α angle of 
apex rotation; B -- superposed end-systolic and end-diastolic contours after the correction of 
apex rotation; C –- a scheme of radial delineation; we used the midpoint of the long axis of 
left ventricle (in diastole) to intersect the radial lines. 
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of the trunk below its second bifurcation. 
Contrasting of the left ventricle was performed while the patient was taking a deep breath at 
the right anterior oblique 30 body position. We performed a quantitative analysis of the 
ventriculographic data using the radial method (Fig. 2). We computed the end-systolic and 
diastolic volumes and estimated the myocardial mass by determining the wall thickness of 
the left ventricle. The end-systolic and end-diastolic volumes were calculated using the 
equation for spherical formations: 

 V = 4/3 π Ra3 × К (1) 

In the equation above, we used the following abbreviations: V – systolic or diastolic volume, 
Ra – average systolic or diastolic radius (cm), and K – a factor of correction. 
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We calculated the left ventricular mass using the thickness (h) of the anterior wall of the left 
ventricle using the following equation:  

 LVM = (4/3 π × (h + Ra) 3 × K - 4/3 π Ra3 × K) × 1.05 (2) 

In the equation above, we used the following abbreviations: LVM -- left ventricular mass, h 
–- thickness of the anterior wall of left ventricle (cm), Ra --average systolic or diastolic radius 
(cm), K – a factor of correction, and 1.05 – a comparative weight of the myocardium (g/cm3). 
We measured the thickness of the anterior wall of the left ventricle at the midpoint between 
the aortic valve and the apex.  

2.3 Creation of the angiographic characteristics of myocardial supply  
2.3.1 Angiographic coronary index 
Initially, the SCCA was indexed to the supplied left ventricular mass. This parameter was 
intended for the expression of the morphologic adequacy between the coronary artery tree 
and the supplied myocardial mass. This diagnostic criterion was entitled angiographic 
coronary index (ACI) and was calculated according the formula: 

 ACI = (SCCA/LVM) × 10 (3) 

In the equation above, we used the following abbreviations: ACI -- angiographic coronary 
index, SCCA -- summarized caliber of coronary arteries (mm2), LVM – mass of the left 
ventricle (g), and 10 -- normalization factor used to reduce the average value of the index to 1.  
During the post-mortem examinations, we performed a post-mortem coronary angiography, 
an excision of coronary arteries by cutting them in intervals of 10 mm to analyze their 
luminal square areas by planimetry. An autopsy of both ventricles was performed with the 
separation of its masses with and without fatty tissues. We found that the patients without 
any cardiovascular disease had the SCCA-to-LVM ratio approximately equal to 1. The ratio 
was also almost the same as in the control group of patients who had no CAD symptoms.  

2.3.2 Angiographic anginal index 
Myocardial quantity (mass) does not represent the quality of myocardial tissue nor its 
viability or its demand for arterial supply; instead, the greater myocardial mass usually 
represents a lower functional status. To represent the functional status of the myocardium, 
we used a ratio between the angiographic coronary index (ACI) and the ejection fraction of 
the left ventricle (LVEF). We named the ratio an anginal index, because we noticed a very 
prominent negative correlation between this index and the intensity of angina. However, 
there was no correlation between the ACI and LVEF. 
When the ACI exceeded 1.0 and the ACI was higher than the LVEF, the inadequacy between 
the blood supply and the demand was theoretically absent. In contrast, when the ACI was 
less than the LVEF, the inadequacy was present. The angiographic anginal index in these 
cases was less than 1.0. Therefore, the angiographic anginal index allowed us to express 
quantitatively the favorable conditions for myocardial ischemia. 

2.3.3 Angiographic prognostic index  

The complete characterization of the myocardial perfusion state and its prognostic impact 
on the follow-up results using only the ACI-to-LVEF ratio was not possible. For example, 
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in patients with decreased SCCA and low LVEF (due to the presence of post-infarction 
myocardial scars) the ratio did not show the inadequacy between the blood supply and 
demand and masked the poor prognosis for these patients. Both the diminished SCCA 
and the lowered LVEF may equally increase risk in patients. Therefore, the compound of 
ACI and LVEF was labeled angiographic prognostic index (API). It was calculated using 
this equation: 

 API = ACI + LVEF = (SCCA / LVM) + LVEF (4) 

In the equation above, the API stands for the angiographic risk index, ACI -- angiographic 
coronary index, SCCA -- summarized caliber of coronary arteries (mm2), LVM – mass of the 
left ventricle (g), and LVEF – ejection fraction of the left ventricle.  

2.4 Patient groups 
In this way, we have quantitatively analyzed coronarographic and ventriculographic data in 
403 patients with different clinical forms of ischemic heart disease. All patients were divided 
into groups according to the size and severity of coronary obstructions and the left 
ventricular mass. There were 59 (14.6%) patients with normal coronary arteries, 165 (40.9%) 
patients with arteries narrowed up to 50% of diameter, and 179 (44.4%) patients with lesions 
which obstructed more than 50% of the coronary artery diameter. Among patients with 
coronary narrowing of up to 50%, 88 (24.8%) patients had a normal ventricular weight and 
77 (19.1%) had an increased weight of the left ventricle. The patients with increased left 
myocardial weight were divided into two subgroups: the cardiomyopathy (obstructive and 
hypertrophic) subgroup and the secondary hypertrophy due to hypertension subgroup. The 
majority of patients (82 or 45.8%) with obstructions of more than 50% had coronary disease 
of a single branch, 67 (37.4%) patients had disease in two branches, and the remaining 30 
(16.7%) patients had lesions in all three branches. Twenty six (14.5%) patients had left main 
coronary artery disease. The average age of patients was 47.8 ± 0.4 years. The dominant 
gender was male (95.5%). Additionally, patients were divided into groups according to 
clinical diagnosis (stable angina pectoris, post-infarction angina, hypertensive cardiopathy, 
and hypertrophic cardiomyopathy). The follow–up results after 2 to 7 years were analyzed 
in 136 patients with CAD (52 underwent surgery, and 84 were treated conservatively). 
Thirteen of these patients died after surgical intervention, and nineteen died after 
conservative treatment. 
We performed 176 necropsy examinations with postmortem coronarography and 
epicardial excision of the coronary trunks. The trunks were cut in slices for morphologic 
analysis and the myocardium of the right and left ventricles was separated into three 
parts according to the supply zones of the anterior descending artery, the circumflex 
branch of the left coronary artery, and the right coronary artery. The majority (n = 146) of 
these patients died from CAD: 70 patients experienced sudden death and the rest died 
from different complications of CAD. Three control groups were formed from the 
remaining 30 patients who died from other, non-cardiac diseases: the 1st control group 
was comprised of patients who died younger than age 50, the second control group was 
comprised of patients who died older than age 50, and the third control group included 
patients of any age who died having signs of cardiac hypertrophy without any 
obstructions in the coronary arteries.  



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

278 

We calculated the left ventricular mass using the thickness (h) of the anterior wall of the left 
ventricle using the following equation:  
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and the supplied myocardial mass. This diagnostic criterion was entitled angiographic 
coronary index (ACI) and was calculated according the formula: 
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In the equation above, we used the following abbreviations: ACI -- angiographic coronary 
index, SCCA -- summarized caliber of coronary arteries (mm2), LVM – mass of the left 
ventricle (g), and 10 -- normalization factor used to reduce the average value of the index to 1.  
During the post-mortem examinations, we performed a post-mortem coronary angiography, 
an excision of coronary arteries by cutting them in intervals of 10 mm to analyze their 
luminal square areas by planimetry. An autopsy of both ventricles was performed with the 
separation of its masses with and without fatty tissues. We found that the patients without 
any cardiovascular disease had the SCCA-to-LVM ratio approximately equal to 1. The ratio 
was also almost the same as in the control group of patients who had no CAD symptoms.  

2.3.2 Angiographic anginal index 
Myocardial quantity (mass) does not represent the quality of myocardial tissue nor its 
viability or its demand for arterial supply; instead, the greater myocardial mass usually 
represents a lower functional status. To represent the functional status of the myocardium, 
we used a ratio between the angiographic coronary index (ACI) and the ejection fraction of 
the left ventricle (LVEF). We named the ratio an anginal index, because we noticed a very 
prominent negative correlation between this index and the intensity of angina. However, 
there was no correlation between the ACI and LVEF. 
When the ACI exceeded 1.0 and the ACI was higher than the LVEF, the inadequacy between 
the blood supply and the demand was theoretically absent. In contrast, when the ACI was 
less than the LVEF, the inadequacy was present. The angiographic anginal index in these 
cases was less than 1.0. Therefore, the angiographic anginal index allowed us to express 
quantitatively the favorable conditions for myocardial ischemia. 
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The complete characterization of the myocardial perfusion state and its prognostic impact 
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in patients with decreased SCCA and low LVEF (due to the presence of post-infarction 
myocardial scars) the ratio did not show the inadequacy between the blood supply and 
demand and masked the poor prognosis for these patients. Both the diminished SCCA 
and the lowered LVEF may equally increase risk in patients. Therefore, the compound of 
ACI and LVEF was labeled angiographic prognostic index (API). It was calculated using 
this equation: 

 API = ACI + LVEF = (SCCA / LVM) + LVEF (4) 

In the equation above, the API stands for the angiographic risk index, ACI -- angiographic 
coronary index, SCCA -- summarized caliber of coronary arteries (mm2), LVM – mass of the 
left ventricle (g), and LVEF – ejection fraction of the left ventricle.  

2.4 Patient groups 
In this way, we have quantitatively analyzed coronarographic and ventriculographic data in 
403 patients with different clinical forms of ischemic heart disease. All patients were divided 
into groups according to the size and severity of coronary obstructions and the left 
ventricular mass. There were 59 (14.6%) patients with normal coronary arteries, 165 (40.9%) 
patients with arteries narrowed up to 50% of diameter, and 179 (44.4%) patients with lesions 
which obstructed more than 50% of the coronary artery diameter. Among patients with 
coronary narrowing of up to 50%, 88 (24.8%) patients had a normal ventricular weight and 
77 (19.1%) had an increased weight of the left ventricle. The patients with increased left 
myocardial weight were divided into two subgroups: the cardiomyopathy (obstructive and 
hypertrophic) subgroup and the secondary hypertrophy due to hypertension subgroup. The 
majority of patients (82 or 45.8%) with obstructions of more than 50% had coronary disease 
of a single branch, 67 (37.4%) patients had disease in two branches, and the remaining 30 
(16.7%) patients had lesions in all three branches. Twenty six (14.5%) patients had left main 
coronary artery disease. The average age of patients was 47.8 ± 0.4 years. The dominant 
gender was male (95.5%). Additionally, patients were divided into groups according to 
clinical diagnosis (stable angina pectoris, post-infarction angina, hypertensive cardiopathy, 
and hypertrophic cardiomyopathy). The follow–up results after 2 to 7 years were analyzed 
in 136 patients with CAD (52 underwent surgery, and 84 were treated conservatively). 
Thirteen of these patients died after surgical intervention, and nineteen died after 
conservative treatment. 
We performed 176 necropsy examinations with postmortem coronarography and 
epicardial excision of the coronary trunks. The trunks were cut in slices for morphologic 
analysis and the myocardium of the right and left ventricles was separated into three 
parts according to the supply zones of the anterior descending artery, the circumflex 
branch of the left coronary artery, and the right coronary artery. The majority (n = 146) of 
these patients died from CAD: 70 patients experienced sudden death and the rest died 
from different complications of CAD. Three control groups were formed from the 
remaining 30 patients who died from other, non-cardiac diseases: the 1st control group 
was comprised of patients who died younger than age 50, the second control group was 
comprised of patients who died older than age 50, and the third control group included 
patients of any age who died having signs of cardiac hypertrophy without any 
obstructions in the coronary arteries.  
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2.4.1 Statistical analysis 
The study data was processed using STATISTICA 5 and SPSS 10 (Statistical Package for 
Social Science) software. All data were presented as mean values ± standard deviations. The 
following statistical methods of analysis were used: paired t-test for differences in groups, t-
test for differences between two groups, ANOVA for differences between multiple groups, 
and chi-square (χ2) – for categorical data. A p-value less than 0.05 was regarded as 
statistically significant. 

3. Results 
3.1 Calculation of angiographic coronary index using autopsy data  
The necropsy study consisted of the following parts: 1) performance of the post-mortem 
coronary angiography (Fig. 3A); 2) the longitudinal excision of contrasted coronary artery 
trunks from the myocardial tissue and cutting them into 10 mm-long pieces for microscopic 
analysis, and 3) the division of the myocardial mass of both ventricles (with and without 
fatty tissues) into three parts according to the supply regions of the right coronary artery, 
the circumflex branch and the anterior descending artery (Fig. 3B). 
 

       
Fig. 3. The anteroposterior view of postmortem coronary angiography (A). Myocardial 
cutting into parts differing according to blood supply regions:  in the upper left position is 
the part supplied by the circumflex branch, in the upper right is the part supplied by 
anterior descending artery, and in the bottom is the part supplied by the dominant right 
coronary artery (B).  

The coronary arteries were contrasted with 40% solution of BaSO4. The contrast material 
was injected using 120 mmHg pressure through a special cannula inserted and fixed into 
the orifice of the right and left coronary arteries (Fig. 3). The coronarograms were made 
after the stagnation of contrast material. The measurements of the coronary arteries were 
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performed using the methodology for the determination of SCCA. The second step was 
supplemented by weighing the different parts of the myocardium, by calculation of the 
coronary caliber, and by the assessment of the three separate ACIs for each coronary 
artery. 
The examination of the arterial cuts revealed the diffuse nature of the obstructive lesions in 
patients who died suddenly or died after complications of chronic heart disease. In the 
control group of younger patients, the slight narrowing (less than 50%) covered only 5.9 - 
8.1% of the coronary artery length. In the second control group of older patients, the same 
lesions covered 9.8 to 13.3% of coronary artery length. However, in patients who died from 
CAD, the total length of the obstructed segments covered from 73.6% to 91.6% of coronary 
artery length; furthermore, one-half of the segments had less than 50% narrowing.  This 
means that the quantitative estimation of the degree of stenosis using the referential normal 
adjacent segment for calculation may often be incorrect.  
The assessment of the coronary artery diameter without the calculation of the degree of 
stenosis is more objective. The SCCA in control patients was almost the same at each level 
and there were no significant differences between the control groups. However, the 
difference between each level SCCA of the two groups of died patients, from one side, and 
of the three control groups, from other side, was noticed (Table 1). These findings are a 
consequence of differences in the size, location, and severity of obstruction in CAD patients. 
At the same time the decrease in SCCA with the simultaneous increase in myocardial 
weight was fixed in patients who died from sudden coronary death or from CAD 
complications (Table 2). 
 

Patient groups 
No. 
of 

pts. 

SCCA of different levels, mm2 

1st level 2nd level 3rd level 

1st control group  
(age 34.2 ± 10.2 yrs.) 12 27.1 ± 5.2 29.1 ± 1.5 24.8 ± 4.2 

2nd control group  
(age 67.5 ± 9.7 yrs.) 9 25.2 ± 5.4 25.6 ± 6.0 25.0 ± 4.6 

3rd control group 
(LV hypertrophy) 7 23.6 ± 7.2 25.6 ± 5.6 24.3 ± 4.5 

4th group (sudden 
coronary death) 14 14.9 ± 6.8 7.58 ± 3.3 11.7 ± 4.2 

5th group (death from 
CAD complications) 17 12.9 ± 7.4 10.3 ± 4.0 7.8 ± 4.7 

Table 1. The summarized caliber of coronary arteries of three levels in different groups of 
died patients.  

The post-mortem assessment of the ACI in the first and second control groups has shown 
that the value of the ACI slightly exceeded 1. Additional analysis showed that the ACI of the 
right coronary artery was lower than the ACI of the left coronary artery (р < 0.03). This 
distinction could be caused by functional peculiarities of both ventricles. Because the SCCA 
was almost the same in all three groups, the diminished ACI in the third group was 
associated with the increased weight of the myocardium. However, the SCCA in patients of 
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fatty tissues) into three parts according to the supply regions of the right coronary artery, 
the circumflex branch and the anterior descending artery (Fig. 3B). 
 

       
Fig. 3. The anteroposterior view of postmortem coronary angiography (A). Myocardial 
cutting into parts differing according to blood supply regions:  in the upper left position is 
the part supplied by the circumflex branch, in the upper right is the part supplied by 
anterior descending artery, and in the bottom is the part supplied by the dominant right 
coronary artery (B).  

The coronary arteries were contrasted with 40% solution of BaSO4. The contrast material 
was injected using 120 mmHg pressure through a special cannula inserted and fixed into 
the orifice of the right and left coronary arteries (Fig. 3). The coronarograms were made 
after the stagnation of contrast material. The measurements of the coronary arteries were 
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performed using the methodology for the determination of SCCA. The second step was 
supplemented by weighing the different parts of the myocardium, by calculation of the 
coronary caliber, and by the assessment of the three separate ACIs for each coronary 
artery. 
The examination of the arterial cuts revealed the diffuse nature of the obstructive lesions in 
patients who died suddenly or died after complications of chronic heart disease. In the 
control group of younger patients, the slight narrowing (less than 50%) covered only 5.9 - 
8.1% of the coronary artery length. In the second control group of older patients, the same 
lesions covered 9.8 to 13.3% of coronary artery length. However, in patients who died from 
CAD, the total length of the obstructed segments covered from 73.6% to 91.6% of coronary 
artery length; furthermore, one-half of the segments had less than 50% narrowing.  This 
means that the quantitative estimation of the degree of stenosis using the referential normal 
adjacent segment for calculation may often be incorrect.  
The assessment of the coronary artery diameter without the calculation of the degree of 
stenosis is more objective. The SCCA in control patients was almost the same at each level 
and there were no significant differences between the control groups. However, the 
difference between each level SCCA of the two groups of died patients, from one side, and 
of the three control groups, from other side, was noticed (Table 1). These findings are a 
consequence of differences in the size, location, and severity of obstruction in CAD patients. 
At the same time the decrease in SCCA with the simultaneous increase in myocardial 
weight was fixed in patients who died from sudden coronary death or from CAD 
complications (Table 2). 
 

Patient groups 
No. 
of 

pts. 

SCCA of different levels, mm2 

1st level 2nd level 3rd level 

1st control group  
(age 34.2 ± 10.2 yrs.) 12 27.1 ± 5.2 29.1 ± 1.5 24.8 ± 4.2 

2nd control group  
(age 67.5 ± 9.7 yrs.) 9 25.2 ± 5.4 25.6 ± 6.0 25.0 ± 4.6 

3rd control group 
(LV hypertrophy) 7 23.6 ± 7.2 25.6 ± 5.6 24.3 ± 4.5 

4th group (sudden 
coronary death) 14 14.9 ± 6.8 7.58 ± 3.3 11.7 ± 4.2 

5th group (death from 
CAD complications) 17 12.9 ± 7.4 10.3 ± 4.0 7.8 ± 4.7 

Table 1. The summarized caliber of coronary arteries of three levels in different groups of 
died patients.  

The post-mortem assessment of the ACI in the first and second control groups has shown 
that the value of the ACI slightly exceeded 1. Additional analysis showed that the ACI of the 
right coronary artery was lower than the ACI of the left coronary artery (р < 0.03). This 
distinction could be caused by functional peculiarities of both ventricles. Because the SCCA 
was almost the same in all three groups, the diminished ACI in the third group was 
associated with the increased weight of the myocardium. However, the SCCA in patients of 
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the fourth and the fifth groups with CAD was significantly smaller, and the ACI was 
consequently low, also.  
 

Patient groups 
No. 
of 

pts. 

SCCA, ACI, and myocardial mass 

Average SCCA, 
mm2 ACI 

Myocardial 
mass without 
lipid tissue, g 

1st control group  
(age 34.2 ± 10.2 yrs.) 12 27.2 ± 3.9 1.41 ± 3.90 226.4 ± 11.0 

2nd control group  
(age 67.5 ± 9.7 yrs.) 9 25.3 ± 4.4 1.42 ± 0.16 209.9 ± 12.2 

3rd control group 
(LV hypertrophy) 7 25.0 ± 4.4 0.84 ± 0.06 337.8 ± 4.90 

4th group (sudden 
coronary death) 14 11.1 ± 3.2 0.14 ± 0.04 306.0 ± 17.6 

5th group (death from 
CAD complications) 17 9.9 ± 4.5 0.22 ± 0.04 305.1 ± 12.7 

Table 2. The SCCA, ACI, and myocardial mass in different groups of deceased patients. 

Six sudden death patients in the fourth group had no obvious segmental obstructions in 
their coronary arteries; however, the ACI was significantly lower (0.62 ± 0.01) than the 
control values (р < 0.001). The lowered ACI was caused by increased left ventricular weight 
and lowered SCCA, compared to the control groups. The detailed analysis of the 
myocardium in these patients did not revealed any signs of myocardial infarction. We may 
assume that the relative insufficiency could be the starting mechanism for the expressed 
myocardial ischemia and for the possible life threatening arrhythmia. This background 
factor of inadequacy between the SCCA and the myocardial mass could be a cause of the 
sudden coronary death. 

3.2 Assessment of angiographic characteristics of myocardial supply (ACMS) in 
clinical setting 
Various authors have expressed difficulties in creating an unbiased angiographic coronary 
scoring system intended for researchers as well as for clinical practice. In particular, all the 
diagnostic and prognostic capabilities of angiographic coronary scoring remain 
undetermined.  

3.2.1 Difficulties in assessment of angiographic coronary scores associated with the 
anatomical variability of coronary dominance and branching 
Because only three types of anatomic variants of coronary dominance are commonly used in 
previous scoring systems and all possible coronary branching types are not taken into 
consideration, the hemodynamic value of each stenosis might be calculated inaccurately.  
We have analyzed the impact of coronary dominance on the diameters of all fifteen 
coronary segments while using not three but six types of coronary dominance. The six types 
were determined using the ratio between the myocardial mass supplied by the right and the 
myocardial mass supplied by the left coronary arteries. Using a topographic scheme shown 
in Fig. 4, we have calculated the ratio by delineating myocardial zones supplied by the right 
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and left coronary arteries. Coronarograms performed in the left and right anterior oblique 
30 views are shown in the upper part of the figure. The views are most informative in 
understanding the branching peculiarities of both coronary arteries supplying the posterior 
and inferior walls of the left ventricle. A percept used to calculate the amount of myocardial 
tissue supplied by the right and left coronary arteries is shown in the lower part of the 
picture. This approach was chosen according the information obtained from post-mortem 
studies. The whole myocardial tissue (mass) was assigned 20 conceptual mass units. Five 
units were assigned to the right ventricle, another five to the septum (3 units to the anterior 
and 2 units to the posterior septum), and the remaining 10 units were assigned to the mass 
of the left ventricle divided into ten equal parts.  
 

 
Fig. 4. Topographic schemes reflecting the delineation and calculation of myocardial 
zones and mass supplied by the right and left coronary arteries. The lines divide 
myocardial tissue of the left ventricle into 10 zones (units), each of similar mass. Using the 
same principle, the right ventricle was assigned 5 units, the anterior septum -- 3 units, and 
the posterior septum -- 2 units. 

Using this technique we could quantitatively define all possible variants of coronary blood 
supply to the right and left myocardial masses. To indicate the type of coronary dominance 
we used the ratio between myocardial masses supplied by the right and left coronary 
arteries. We used the R:L notation (where R and L correspond to the number of mass units 
supplied by the right and left coronary arteries). For example, the 5:15 ratio would indicate 
that 5 units were assigned to the right, and 15 units to the left myocardial supply zone. We 
have encountered the six most common variants of coronary dominance -- 5:15 (potentially, 
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the fourth and the fifth groups with CAD was significantly smaller, and the ACI was 
consequently low, also.  
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3rd control group 
(LV hypertrophy) 7 25.0 ± 4.4 0.84 ± 0.06 337.8 ± 4.90 

4th group (sudden 
coronary death) 14 11.1 ± 3.2 0.14 ± 0.04 306.0 ± 17.6 

5th group (death from 
CAD complications) 17 9.9 ± 4.5 0.22 ± 0.04 305.1 ± 12.7 

Table 2. The SCCA, ACI, and myocardial mass in different groups of deceased patients. 

Six sudden death patients in the fourth group had no obvious segmental obstructions in 
their coronary arteries; however, the ACI was significantly lower (0.62 ± 0.01) than the 
control values (р < 0.001). The lowered ACI was caused by increased left ventricular weight 
and lowered SCCA, compared to the control groups. The detailed analysis of the 
myocardium in these patients did not revealed any signs of myocardial infarction. We may 
assume that the relative insufficiency could be the starting mechanism for the expressed 
myocardial ischemia and for the possible life threatening arrhythmia. This background 
factor of inadequacy between the SCCA and the myocardial mass could be a cause of the 
sudden coronary death. 

3.2 Assessment of angiographic characteristics of myocardial supply (ACMS) in 
clinical setting 
Various authors have expressed difficulties in creating an unbiased angiographic coronary 
scoring system intended for researchers as well as for clinical practice. In particular, all the 
diagnostic and prognostic capabilities of angiographic coronary scoring remain 
undetermined.  

3.2.1 Difficulties in assessment of angiographic coronary scores associated with the 
anatomical variability of coronary dominance and branching 
Because only three types of anatomic variants of coronary dominance are commonly used in 
previous scoring systems and all possible coronary branching types are not taken into 
consideration, the hemodynamic value of each stenosis might be calculated inaccurately.  
We have analyzed the impact of coronary dominance on the diameters of all fifteen 
coronary segments while using not three but six types of coronary dominance. The six types 
were determined using the ratio between the myocardial mass supplied by the right and the 
myocardial mass supplied by the left coronary arteries. Using a topographic scheme shown 
in Fig. 4, we have calculated the ratio by delineating myocardial zones supplied by the right 
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and left coronary arteries. Coronarograms performed in the left and right anterior oblique 
30 views are shown in the upper part of the figure. The views are most informative in 
understanding the branching peculiarities of both coronary arteries supplying the posterior 
and inferior walls of the left ventricle. A percept used to calculate the amount of myocardial 
tissue supplied by the right and left coronary arteries is shown in the lower part of the 
picture. This approach was chosen according the information obtained from post-mortem 
studies. The whole myocardial tissue (mass) was assigned 20 conceptual mass units. Five 
units were assigned to the right ventricle, another five to the septum (3 units to the anterior 
and 2 units to the posterior septum), and the remaining 10 units were assigned to the mass 
of the left ventricle divided into ten equal parts.  
 

 
Fig. 4. Topographic schemes reflecting the delineation and calculation of myocardial 
zones and mass supplied by the right and left coronary arteries. The lines divide 
myocardial tissue of the left ventricle into 10 zones (units), each of similar mass. Using the 
same principle, the right ventricle was assigned 5 units, the anterior septum -- 3 units, and 
the posterior septum -- 2 units. 

Using this technique we could quantitatively define all possible variants of coronary blood 
supply to the right and left myocardial masses. To indicate the type of coronary dominance 
we used the ratio between myocardial masses supplied by the right and left coronary 
arteries. We used the R:L notation (where R and L correspond to the number of mass units 
supplied by the right and left coronary arteries). For example, the 5:15 ratio would indicate 
that 5 units were assigned to the right, and 15 units to the left myocardial supply zone. We 
have encountered the six most common variants of coronary dominance -- 5:15 (potentially, 
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the variant of the left dominance), 6:14; 7:13; 8:12; 9:11, and 10:10 (potentially, the variant of 
the right dominance).  
 

 
Fig. 5. The quantitative expression of coronary dominance: A, 12:8; B, 9:11; C, 6:14; D, 4:16. 

The usage of the right-to-left myocardial mass ratio allowed us to define the coronary 
dominance variants more precisely (Fig. 5). Dividing control patients into the six groups 
(according to the most common coronary dominance variants) allowed us to obtain 
significant differences in segment diameters of the circumflex branch of the left coronary 
artery and the right coronary artery between all groups. However, there was no statistical 
difference between all groups according to the segments of the left anterior descending 
artery, because the caliber of these segments is more stable with respect to the variations in 
coronary dominance.  
We have identified the four most frequent variants of coronary branching (Fig. 6) while 
using these topographic schemes for a more thorough analysis of the coronary supply 
zones.  It is interesting to note that the following four variants of coronary branching had 
the exact same ratio of coronary dominance determined by the myocardial supply zones. 
However, the correlation between the caliber of the coronary segments and the size of their 
myocardial supply zones was found to be very high (г = 0.96) despite the variability of 
coronary dominance and branching. This finding shows the fundamental importance of 
assessing the contiguous segments to estimate the real degree of stenosis, because diameters 
of adjacent arterial segments usually visible in coronarograms may be diminished because 
of the diffuse obstructive changes in adjacent coronary arteries, and it becomes very difficult 
to decide whether the particular segment is damaged or not. Therefore, the assessment of 
the coronary lesion score using SCCA appears to be more objective; it does not require 
consideration of the coronary dominance and branching. At the same time, the location and 
degree of atherosclerotic obstructions may be detected automatically by measuring the 
diameter of the narrowest point in every segment at several levels. Therefore, to increase the 
accuracy of coronary scoring, it is important to calculate the SCCA in a higher number of 
levels.  
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Fig. 6. The most frequent variants of coronary branching: A, common (6:14); B, left anterior 
descending dominance (6:14); C, trifurcation (6:14); and D, marginal (6:14).  

3.2.2 Correlation between summarized caliber of coronary arteries and different 
angiographic coronary scores  
We have analyzed the correlation between the data obtained by SCCA and by other 
coronary scores. The diagnostic features of the Friesinger, Leaman, and Gensini scores or 
indexes dedicated for the quantitative expression of the extent and severity of CAD were 
compared with each other and with SCCA. 
The Friesinger index ranges from 0 to 15. Each of the three main coronary arteries is scored 
separately from zero to five. The scores are: 0 -- no arteriographic abnormalities; 1 – a trivial 
luminal narrowing less than 29%; 2 – a localized 30 to 68% luminal narrowing; 3 -- multiple 
30 to 68% luminal narrowing; 4 -- 69 to 100% luminal narrowing without 100% occlusion of 
proximal segments; and 5 -- total obstruction of a proximal segment.  
The Leaman index has another weighting system. If the vessel was totally occluded, the 
coronary artery segment value was multiplied by 5.0. If there was a 90 to 99% occlusion, it 
was multiplied by 3.0. For a 70 to 89% obstruction, it was multiplied by 1.0. The segmental 
scores were then added to derive the total coronary score.  
The modified Gensini index assigns a heavier weight to the more severe luminal narrowing 
(Gensini, 1983). Weights are also assigned to each segment depending on vessel size and 
importance; segments serving larger regions of myocardium are more heavily weighted. For 
example, the left main coronary artery receives the heaviest weight. Each arterial segment is 
weighted by a value from 0.5 to 5.0. (The weight for segments 1 through 4 is changed to 0.5 
if the system is left dominant.) The stenosis is weighted from 2 to 64. The product of these 
two weights is the total weight for each arterial segment. The modified Gensini index is the 
sum of the total weights for each segment. For each segment the two weights are multiplied. 
The sum of the products is the modified Gensini score.  
So, we have compared fundamentally different angiographic coronary scoring methods 
taking into account: 1) the degree of stenosis regarding the diameters of adjacent segments, 
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the variant of the left dominance), 6:14; 7:13; 8:12; 9:11, and 10:10 (potentially, the variant of 
the right dominance).  
 

 
Fig. 5. The quantitative expression of coronary dominance: A, 12:8; B, 9:11; C, 6:14; D, 4:16. 

The usage of the right-to-left myocardial mass ratio allowed us to define the coronary 
dominance variants more precisely (Fig. 5). Dividing control patients into the six groups 
(according to the most common coronary dominance variants) allowed us to obtain 
significant differences in segment diameters of the circumflex branch of the left coronary 
artery and the right coronary artery between all groups. However, there was no statistical 
difference between all groups according to the segments of the left anterior descending 
artery, because the caliber of these segments is more stable with respect to the variations in 
coronary dominance.  
We have identified the four most frequent variants of coronary branching (Fig. 6) while 
using these topographic schemes for a more thorough analysis of the coronary supply 
zones.  It is interesting to note that the following four variants of coronary branching had 
the exact same ratio of coronary dominance determined by the myocardial supply zones. 
However, the correlation between the caliber of the coronary segments and the size of their 
myocardial supply zones was found to be very high (г = 0.96) despite the variability of 
coronary dominance and branching. This finding shows the fundamental importance of 
assessing the contiguous segments to estimate the real degree of stenosis, because diameters 
of adjacent arterial segments usually visible in coronarograms may be diminished because 
of the diffuse obstructive changes in adjacent coronary arteries, and it becomes very difficult 
to decide whether the particular segment is damaged or not. Therefore, the assessment of 
the coronary lesion score using SCCA appears to be more objective; it does not require 
consideration of the coronary dominance and branching. At the same time, the location and 
degree of atherosclerotic obstructions may be detected automatically by measuring the 
diameter of the narrowest point in every segment at several levels. Therefore, to increase the 
accuracy of coronary scoring, it is important to calculate the SCCA in a higher number of 
levels.  
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Fig. 6. The most frequent variants of coronary branching: A, common (6:14); B, left anterior 
descending dominance (6:14); C, trifurcation (6:14); and D, marginal (6:14).  

3.2.2 Correlation between summarized caliber of coronary arteries and different 
angiographic coronary scores  
We have analyzed the correlation between the data obtained by SCCA and by other 
coronary scores. The diagnostic features of the Friesinger, Leaman, and Gensini scores or 
indexes dedicated for the quantitative expression of the extent and severity of CAD were 
compared with each other and with SCCA. 
The Friesinger index ranges from 0 to 15. Each of the three main coronary arteries is scored 
separately from zero to five. The scores are: 0 -- no arteriographic abnormalities; 1 – a trivial 
luminal narrowing less than 29%; 2 – a localized 30 to 68% luminal narrowing; 3 -- multiple 
30 to 68% luminal narrowing; 4 -- 69 to 100% luminal narrowing without 100% occlusion of 
proximal segments; and 5 -- total obstruction of a proximal segment.  
The Leaman index has another weighting system. If the vessel was totally occluded, the 
coronary artery segment value was multiplied by 5.0. If there was a 90 to 99% occlusion, it 
was multiplied by 3.0. For a 70 to 89% obstruction, it was multiplied by 1.0. The segmental 
scores were then added to derive the total coronary score.  
The modified Gensini index assigns a heavier weight to the more severe luminal narrowing 
(Gensini, 1983). Weights are also assigned to each segment depending on vessel size and 
importance; segments serving larger regions of myocardium are more heavily weighted. For 
example, the left main coronary artery receives the heaviest weight. Each arterial segment is 
weighted by a value from 0.5 to 5.0. (The weight for segments 1 through 4 is changed to 0.5 
if the system is left dominant.) The stenosis is weighted from 2 to 64. The product of these 
two weights is the total weight for each arterial segment. The modified Gensini index is the 
sum of the total weights for each segment. For each segment the two weights are multiplied. 
The sum of the products is the modified Gensini score.  
So, we have compared fundamentally different angiographic coronary scoring methods 
taking into account: 1) the degree of stenosis regarding the diameters of adjacent segments, 
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2) the degree (weight) of stenosis for each segment regarding the three types of coronary 
dominancy, and 3) the average SCCA. The comparative analysis of different scoring 
methods showed that the lowest correlation was observed between the methods that were 
based on different coronary scoring principles. For example, Friesinger index has only 
moderate correlation with ACI (r = -0.45). The correlation between Gensini index and ACI 
was only insignificantly better (r = -0.54). However, the correlation between Friesinger and 
Gensini indexes was high (r = 0.84).  

3.3 Value of angiographic characteristics of myocardial supply in diagnostic 
improvements 
Primarily, we investigated the relationship between angiographic characteristics of 
myocardial supply (ACMS), on the one hand, and clinical symptoms of myocardial ischemia 
and clinical forms of ischemic heart disease, on the other hand. For the expression of 
myocardial supply features by angiographic characteristics, we have chosen what we 
consider the three most important summarized indices of all angiographic indices, namely, 
the angiographic coronary index (ACI), the angiographic anginal index (AAI), and the 
angiographic prognostic index (API). 

3.3.1 Interrelation between clinical symptoms of CAD and the angiographic 
characteristics of myocardial supply 
The dependence of ACMS from the functional class of angina pectoris determined according 
to the classification of Canadian Cardiovascular Society is shown in Table 3. The data show 
that there is a very well defined relationship between all ACMS and the clinical severity of 
anginal symptoms. In addition, we have analyzed the relationship between the ACMS and 
the character of anginal pain (Table 4). Patients were divided into 3 groups: the 1st group 
consisted of patients with atypical prolonged anginal pain, the 2nd group -- of patients with 
typical anginal symptoms, and the 3rd group -- of patients who had typical pain but after an 
effective treatment of acute MI the anginal symptoms disappeared. 
 

Class of 
Angina 
Pectoris 

No. of 
pts. 

SCCA, 
mm2 

ACI  
(SCCA / LV mass) 

 

AAI  
(ACI /LVEF) API (ACI+EF) 

1 49 23.4 ±1.0 0.68 ± 0.03 1.0 ± 0.06 0.78 ± 0.07 
2 21 18.0 ± 1.1 0.49 ± 0.04 0.8 ± 0.08 0.45 ± 0.08 
3 22 13.2 ± 0.7* 0.39 ± 0.05 0.6 ± 0.03 0.23.9 ± 0.14 

P 
1 vs. 2 0.001 0.001 0.019 0.006 
1 vs. 3 0.001 0.013 0.007 0.007 
2 vs. 3 0.005 0.009 0.05 0.05 

Table 3. ACMS in patients with different functional class of angina pectoris. 

All angiographic characteristics were worse in patients with typical angina (2nd group) 
compared to patients with atypical chest pain (1st group). Similar significant differences 
were discovered between the 1st and 3rd groups of patients who did not have the post-
infarction angina. The patients who did not have the post–infarction angina also had worse 
average SCCA, ACI, and anginal index. It is interesting that there were no differences in 
ACMS between patients in the 2nd (typical angina) and 3rd groups (no post-MI angina).  
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Character of 
anginal pain 

No. of 
pts. 

Average 
SCCA, 
mm2 

ACI  
(SCCA / LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

1 atypical AP 49 27.3 ± 1.2 71.1 ± 4.1 1.0 ± 0.05 0.71 ± 
0.07 

2 typical AP 21 20.8 ± 1.2 57.2 ± 2.9 0.83 ± 0.06 0.48 ± 
0.05 

3 disappeared 
post-MI AP  22 22.9 ± 2.2 48.7 ± 4.4 1.33 ± 0.1 0.63 ± 0.1 

P 
1 vs. 2 0.001 0.009 0.05 0.05 
1 vs. 3 0.05 0.001 0.05  
2 vs. 3   0.004  

Table 4. Angiographic characteristics of myocardial supply in patients with different 
character of anginal pain. The statistical significance of the differences in angiographic 
characteristics between the three different characters of anginal pain is shown in the lower 
part of the table. 

However, the difference in the angiographic anginal index between these three groups 
existed not because of the difference in SCCA but because of the difference in left-
ventricular ejection fraction that was evidently lower in post-MI patients.  Furthermore, 
there was no inadequacy between the diminished SCCA and the diminished left-ventricular 
ejection fraction in post-infarction patients.  

3.3.2 Interrelation between clinical forms of coronary artery disease and angiographic 
characteristics of myocardial supply  
We have studied the levels of ACMS in patients divided into groups according to the 
different clinical forms of ischemic heart disease. The values of different ACMS obtained 
from patients with different clinical diagnoses of ischemic heart disease are shown in Table 
5. The SCCA was highest in control patients and lowest in patients with multivessel CAD. 
The SCCA of all patients groups with CAD was lower compared with the groups without 
CAD. This consistent pattern was observed in the comparison of patients  according to ACI, 
except that the ACI was the same in patients with one vessel disease and in patients with 
myocardial hypertrophy. The same regularity was noted between groups compared 
according to AAI and API. The anginal syndrome was expressed mostly in patients with 
multi-vessel disease. The AAI and API were equally expressed between patients with one-
vessel disease and patients with myocardial hypertrophy. 
The various ACMS in patients with different clinical forms of myocardial infarction are 
shown in table 6. The 1st group included patients with myocardial infarction without ST 
segment elevation (NSTEMI).  The 2nd group included patients with ST elevation myocardial 
infarction (STEMI). 
After comparing both groups of patients, we noticed that NSTEMI and STEMI were 
significantly different according to AAI and API only. The SCCA and ACI differed 
insignificantly. The API was worse in NSTEMI patients. Similar findings confirm the studies 
of other authors. 
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2) the degree (weight) of stenosis for each segment regarding the three types of coronary 
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Primarily, we investigated the relationship between angiographic characteristics of 
myocardial supply (ACMS), on the one hand, and clinical symptoms of myocardial ischemia 
and clinical forms of ischemic heart disease, on the other hand. For the expression of 
myocardial supply features by angiographic characteristics, we have chosen what we 
consider the three most important summarized indices of all angiographic indices, namely, 
the angiographic coronary index (ACI), the angiographic anginal index (AAI), and the 
angiographic prognostic index (API). 

3.3.1 Interrelation between clinical symptoms of CAD and the angiographic 
characteristics of myocardial supply 
The dependence of ACMS from the functional class of angina pectoris determined according 
to the classification of Canadian Cardiovascular Society is shown in Table 3. The data show 
that there is a very well defined relationship between all ACMS and the clinical severity of 
anginal symptoms. In addition, we have analyzed the relationship between the ACMS and 
the character of anginal pain (Table 4). Patients were divided into 3 groups: the 1st group 
consisted of patients with atypical prolonged anginal pain, the 2nd group -- of patients with 
typical anginal symptoms, and the 3rd group -- of patients who had typical pain but after an 
effective treatment of acute MI the anginal symptoms disappeared. 
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No. of 
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1 vs. 2 0.001 0.001 0.019 0.006 
1 vs. 3 0.001 0.013 0.007 0.007 
2 vs. 3 0.005 0.009 0.05 0.05 

Table 3. ACMS in patients with different functional class of angina pectoris. 

All angiographic characteristics were worse in patients with typical angina (2nd group) 
compared to patients with atypical chest pain (1st group). Similar significant differences 
were discovered between the 1st and 3rd groups of patients who did not have the post-
infarction angina. The patients who did not have the post–infarction angina also had worse 
average SCCA, ACI, and anginal index. It is interesting that there were no differences in 
ACMS between patients in the 2nd (typical angina) and 3rd groups (no post-MI angina).  
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Character of 
anginal pain 

No. of 
pts. 

Average 
SCCA, 
mm2 

ACI  
(SCCA / LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

1 atypical AP 49 27.3 ± 1.2 71.1 ± 4.1 1.0 ± 0.05 0.71 ± 
0.07 

2 typical AP 21 20.8 ± 1.2 57.2 ± 2.9 0.83 ± 0.06 0.48 ± 
0.05 

3 disappeared 
post-MI AP  22 22.9 ± 2.2 48.7 ± 4.4 1.33 ± 0.1 0.63 ± 0.1 

P 
1 vs. 2 0.001 0.009 0.05 0.05 
1 vs. 3 0.05 0.001 0.05  
2 vs. 3   0.004  

Table 4. Angiographic characteristics of myocardial supply in patients with different 
character of anginal pain. The statistical significance of the differences in angiographic 
characteristics between the three different characters of anginal pain is shown in the lower 
part of the table. 

However, the difference in the angiographic anginal index between these three groups 
existed not because of the difference in SCCA but because of the difference in left-
ventricular ejection fraction that was evidently lower in post-MI patients.  Furthermore, 
there was no inadequacy between the diminished SCCA and the diminished left-ventricular 
ejection fraction in post-infarction patients.  

3.3.2 Interrelation between clinical forms of coronary artery disease and angiographic 
characteristics of myocardial supply  
We have studied the levels of ACMS in patients divided into groups according to the 
different clinical forms of ischemic heart disease. The values of different ACMS obtained 
from patients with different clinical diagnoses of ischemic heart disease are shown in Table 
5. The SCCA was highest in control patients and lowest in patients with multivessel CAD. 
The SCCA of all patients groups with CAD was lower compared with the groups without 
CAD. This consistent pattern was observed in the comparison of patients  according to ACI, 
except that the ACI was the same in patients with one vessel disease and in patients with 
myocardial hypertrophy. The same regularity was noted between groups compared 
according to AAI and API. The anginal syndrome was expressed mostly in patients with 
multi-vessel disease. The AAI and API were equally expressed between patients with one-
vessel disease and patients with myocardial hypertrophy. 
The various ACMS in patients with different clinical forms of myocardial infarction are 
shown in table 6. The 1st group included patients with myocardial infarction without ST 
segment elevation (NSTEMI).  The 2nd group included patients with ST elevation myocardial 
infarction (STEMI). 
After comparing both groups of patients, we noticed that NSTEMI and STEMI were 
significantly different according to AAI and API only. The SCCA and ACI differed 
insignificantly. The API was worse in NSTEMI patients. Similar findings confirm the studies 
of other authors. 
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Diagnosis No. of 
pts. SCCA, mm2 ACI  

(SCCA / LV mass)
AAI  

(ACI /LVEF) API (ACI+EF) 

Stable AP in 
patients with 
one-vessel 
disease 

101 18.9 ± 0.661 57.2 ± 2.322 0.82 ± 0.043 128.4 ± 2.754 

Stable AP in 
patients with 
multi-vessel 
disease 

34 12.6 ± 1.40 30.3 ± 3.47 0.50 ± 0.07 93.7 ± 5.06 

Stable post-
infarction AP 96 18.7 ± 0.831 49.2 ± 2.41 1.04 ± 0.07 101.9 ± 3.40 

Stable AP with 
myocardial 
hypertrophy & 
insignificant 
CAD 

110 23.7 ± 0.64 56.0 ± 1.362 0.82 ± 0.0243 127.2 ± 2.094 

Controls 
without CAD 
and AP 

35 32.8 ± 1.23 95.2 ± 4.44 1.5 ± 0.091 163.2 ± 6.0 

Table 5. ACMS in different groups of patients with ischemic heart disease. Statistically 
significant differences (P < 0.01) were found between all groups of patients, except the 
groups shown in superscript.  

 
MI in 

anamnesis 
No. of 

pts. 
SCCA, 
mm2 

ACI  
(SCCA / LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

NSTEMI  
(1st group) 21 18.1 ± 1.0 51.7 ± 3.2 0.93 ± 0.08 0.45 ± 0.05 

STEMI  
(2nd group) 22 21.3 ± 1.1 55.1 ± 5.5 0.75 ± 0.04 0.79 ± 0.08 

P value 2 vs. 3   0.001 0.008 

Table 6. ACMS in groups of patients with different clinical forms of myocardial infarction. 

3.4 Evaluation of angiographic characteristics of myocardial supply in predicting of 
outcomes 
Death of cardiac origin has occurred in only 32 out of 136 patients analyzed during the 
seven-year follow-up period. We did not notice any progression of disease after 3 to 7 years 
in 40 patients with CAD who had a slightly lower ACI and left-ventricular ejection fraction 
but normal prognostic index. We performed a detailed analysis of ACMS indices in patients 
who died within three years (Table 7).  
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Myocardial 
infarction 

in 
anamnesis 

No. of 
pts. 

SCCA, 
mm2 LVEF 

ACI  
(SCCA / 
LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

Death 
during the 
3rd year 
(1st group) 

7 20.7 ± 8.2 0.53 ± 0.03 0.51 ± 0.04 0.98 ± 0.03 1.04 ± 
0.05 

Death 
during the 
2nd year 
(2nd group) 

5 22.7 ± 6.6 0.29 ± 0.03 0.31 ± 0.05 1.07 ± 0.05 0.60 ± 
0.08 

Death 
during the  
1st year 
(3rd group) 

6 14.3 ± 0.1 0.67 ± 0.04 0.36 ± 0.06 0.53 ± 0.06 1.03 ± 
0.09 

P 
1 vs. 2  0.001 0.05  0.001 
1 vs. 3    0.001  
2 vs. 3  0.001  0.001 0.01 

Table 7. ACMS in patients who died within three years.  

All 18 patients were divided into 3 groups: the 1st group (n = 7) consisted of patients who 
died during the third year of investigation, the 2nd group (n = 5) of patients who died during 
the second year of investigation, and the 3rd group (n = 6) of patients who died during the 
first year of investigation. Patients who died during the first year after coronarography had 
the most diminished average SCCA, but their left-ventricular ejection fraction was normal. 
These patients usually experienced a sudden coronary death. However, the patients who 
died later, during the 2nd year after investigation, had not only a lower ACI but also a lower 
left-ventricular ejection fraction. They usually died from heart failure.  It is interesting to 
point out that these patients had a worse API and a normal AAI. They did not have typical 
anginal symptoms. The patients with a lower ACI and a decreased LVEF lived slightly 
longer despite the fact that they had clinical symptoms of heart failure but they were treated 
more intensively. It is very important to emphasize that inadequacy between ACI and 
ejection fraction, when left ventricular hypertrophy has developed, increases the risk for 
sudden cardiac death. This is a consequence of expressed multi-vessel CAD in patients with 
viable myocardial hypertrophy. In patients who survived three years, the left-ventricular 
ejection fraction, ACI and API were better. Therefore, we believe that the survival and death 
of patients with CAD can be better predicted with the help of ACMS. The product of both 
angiographic criteria (the ACI expressing the supply adequacy to the myocardial mass and 
the anginal index expressing the adequacy of supply to the functional requirements) could 
be the most informative prognostic index of survival in CAD. The product of ACI and 
ACI/EF could be named the angiographic outcome index (AOI). Mathematically, it can be 
calculated using the following equation:  



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

288 

 

Diagnosis No. of 
pts. SCCA, mm2 ACI  

(SCCA / LV mass)
AAI  

(ACI /LVEF) API (ACI+EF) 

Stable AP in 
patients with 
one-vessel 
disease 

101 18.9 ± 0.661 57.2 ± 2.322 0.82 ± 0.043 128.4 ± 2.754 

Stable AP in 
patients with 
multi-vessel 
disease 

34 12.6 ± 1.40 30.3 ± 3.47 0.50 ± 0.07 93.7 ± 5.06 

Stable post-
infarction AP 96 18.7 ± 0.831 49.2 ± 2.41 1.04 ± 0.07 101.9 ± 3.40 

Stable AP with 
myocardial 
hypertrophy & 
insignificant 
CAD 

110 23.7 ± 0.64 56.0 ± 1.362 0.82 ± 0.0243 127.2 ± 2.094 

Controls 
without CAD 
and AP 

35 32.8 ± 1.23 95.2 ± 4.44 1.5 ± 0.091 163.2 ± 6.0 

Table 5. ACMS in different groups of patients with ischemic heart disease. Statistically 
significant differences (P < 0.01) were found between all groups of patients, except the 
groups shown in superscript.  

 
MI in 

anamnesis 
No. of 

pts. 
SCCA, 
mm2 

ACI  
(SCCA / LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

NSTEMI  
(1st group) 21 18.1 ± 1.0 51.7 ± 3.2 0.93 ± 0.08 0.45 ± 0.05 

STEMI  
(2nd group) 22 21.3 ± 1.1 55.1 ± 5.5 0.75 ± 0.04 0.79 ± 0.08 

P value 2 vs. 3   0.001 0.008 

Table 6. ACMS in groups of patients with different clinical forms of myocardial infarction. 

3.4 Evaluation of angiographic characteristics of myocardial supply in predicting of 
outcomes 
Death of cardiac origin has occurred in only 32 out of 136 patients analyzed during the 
seven-year follow-up period. We did not notice any progression of disease after 3 to 7 years 
in 40 patients with CAD who had a slightly lower ACI and left-ventricular ejection fraction 
but normal prognostic index. We performed a detailed analysis of ACMS indices in patients 
who died within three years (Table 7).  

Summarized Coronary Artery Caliber and Left Ventricle 
Mass for Scoring of Cardiac Ischemia: Diagnostic and Prognostic Value 

 

289 

Myocardial 
infarction 

in 
anamnesis 

No. of 
pts. 

SCCA, 
mm2 LVEF 

ACI  
(SCCA / 
LV mass) 

AAI  
(ACI /LVEF) 

API 
(ACI+EF) 

Death 
during the 
3rd year 
(1st group) 

7 20.7 ± 8.2 0.53 ± 0.03 0.51 ± 0.04 0.98 ± 0.03 1.04 ± 
0.05 

Death 
during the 
2nd year 
(2nd group) 

5 22.7 ± 6.6 0.29 ± 0.03 0.31 ± 0.05 1.07 ± 0.05 0.60 ± 
0.08 

Death 
during the  
1st year 
(3rd group) 

6 14.3 ± 0.1 0.67 ± 0.04 0.36 ± 0.06 0.53 ± 0.06 1.03 ± 
0.09 

P 
1 vs. 2  0.001 0.05  0.001 
1 vs. 3    0.001  
2 vs. 3  0.001  0.001 0.01 

Table 7. ACMS in patients who died within three years.  

All 18 patients were divided into 3 groups: the 1st group (n = 7) consisted of patients who 
died during the third year of investigation, the 2nd group (n = 5) of patients who died during 
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These patients usually experienced a sudden coronary death. However, the patients who 
died later, during the 2nd year after investigation, had not only a lower ACI but also a lower 
left-ventricular ejection fraction. They usually died from heart failure.  It is interesting to 
point out that these patients had a worse API and a normal AAI. They did not have typical 
anginal symptoms. The patients with a lower ACI and a decreased LVEF lived slightly 
longer despite the fact that they had clinical symptoms of heart failure but they were treated 
more intensively. It is very important to emphasize that inadequacy between ACI and 
ejection fraction, when left ventricular hypertrophy has developed, increases the risk for 
sudden cardiac death. This is a consequence of expressed multi-vessel CAD in patients with 
viable myocardial hypertrophy. In patients who survived three years, the left-ventricular 
ejection fraction, ACI and API were better. Therefore, we believe that the survival and death 
of patients with CAD can be better predicted with the help of ACMS. The product of both 
angiographic criteria (the ACI expressing the supply adequacy to the myocardial mass and 
the anginal index expressing the adequacy of supply to the functional requirements) could 
be the most informative prognostic index of survival in CAD. The product of ACI and 
ACI/EF could be named the angiographic outcome index (AOI). Mathematically, it can be 
calculated using the following equation:  
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 AOI = ACI × (ACI / EF) = (SCCA / LVM) × (SCCA / LVM) / EF = SCCA2 / LVM2 × EF (5) 

In the equation above the ACI stands for the angiographic coronary index, AOI – 
angiographic outcome index, SCCA -- summarized caliber of coronary arteries (mm2), LVM 
– mass of the left ventricle (g), and EF – ejection fraction of the left ventricle. The AOI was 
statistically different in all three groups of patients who died during the 1st, 2nd, or 3rd year 
after intervention. It was subsequently 0.1 ± 0.03, 0.33 ± 0.02, and 0.5 ± 0.02 (p < 0.009, p < 
0.001, and p < 0.007).  

4. Discussion 
The quantification of coronary stenosis is an important practice in cardiology from both a 
clinical and a research standpoint. In the recent past, there have been several imaging 
methods which could differently characterize the size and severity of obstructive CAD: 
coronary angiography, computed tomography, magnetic resonance imaging, and 
intravascular ultrasound. Various techniques with differing degrees of sophistication were 
used to measure the amount of luminal narrowing. Each method has provided new 
opportunities for a more thorough understanding of the pathogenesis of ischemic heart 
disease and variability of clinical picture. Angiography, performed with the use of digital 
techniques, has been shown to have significant advantages over the above-listed techniques 
due to its excellent reproducibility and accuracy (Funabaschi et al., 2003; Kalbfleisch et al., 
1990; Molloi et al., 2001). However, for the effective computerized assessment of coronary 
lesion scores, we need to develop programs which can help to determine the size and 
severity of CAD more accurately. To achieve this aim, the proposed SCCA assessment 
system could be useful both theoretically and practically. Let us compare this innovative 
system to other methods of analysis.  
All scoring systems have been based on percentage of stenosis evaluation using the 
“normal” diameter in the adjacent coronary segment. The validity of this reference is in 
question because coronary atherosclerosis is often diffuse and the adjacent segment could 
also be narrowed (Marcus et al., 1983; Seiler et al., 1992). In addition, serial segmental 
narrowing representing a type of diffuse disease is not taken into account because of the 
absence of a true normal reference segment. To assess the severity of diffuse CAD (with or 
without segmental narrowing) it is necessary to know what the normal arterial lumen size 
would be at each segment in the absence of coronary atherosclerosis. Various authors have 
attempted to solve this problem in different ways (Kucher et al., 2001; Seiler et al., 1992). 
Kucher et al. (2001) showed that in a population without cardiac disease, women have 
smaller coronary artery size even after normalization for left ventricular mass. The existence 
of a gender difference in coronary artery size remains controversial.  
Our search for a “normal” diameter at each segment showed that the successful solution to 
this problem is impossible due to high variability in coronary dominance and branching. 
However, our experience and several other experimental and clinical reports (Dodge et al., 
1992; Roberts C & Roberts W, 1980; Seiler et al., 1992) have shown a direct relationship 
between the coronary artery lumen size and the myocardial mass supplied by this artery. 
Therefore, the variability in coronary diameter and its direct relationship to myocardial mass 
have led us to propose a methodology which could be used to assess the degree and cause of 
any imbalance between residual coronary diameter and the supplied myocardial mass.  
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An analysis of patients with intact coronary arteries and increased myocardial mass showed 
that the SCCA can increase along with the degree of myocardial hypertrophy, especially if 
this process takes place at a young age. This phenomenon does not disturb the balance 
between SCCA and left ventricular mass. Therefore, the ratio remains normal. In cases of 
myocardial hypertrophy in older populations where the process of atherosclerosis has 
begun, the SCCA does not increase in conjunction with myocardial mass. This relative 
discrepancy is well illustrated by the lowering of the angiographic coronary index. Similar 
findings have been described by Marcus et al., (1983). Myocardial ischemia is frequently 
observed in patients with cardiac hypertrophy even when the conduit coronary arteries are 
normal (Fig. 7.2 and 7.3). Recent studies indicate that impaired coronary reserve in 
hypertrophied hearts probably occurs because the growth of the coronary bed does not keep 
pace with increase of cardiac mass (Fig. 7.4). The imbalance between vascular proliferation 
and muscle growth is probably most severe when the cardiac hypertrophy is caused by 
pressure overload or atherosclerotic infiltration (Fig. 7.5). These observations suggest that 
abnormalities in the coronary microcirculation which accompany cardiac hypertrophy play 
a significant role in the pathogenesis of the complications associated with cardiac 
hypertrophy. 
The diminishing ACI in people without blockage of epicardial coronary arteries usually is 
associated with the onset of typical or atypical anginal symptoms. Syndrome X can be 
associated with chest pain and chest discomfort in people who do not show signs of 
obstruction in the larger coronary arteries. No one knows exactly what causes Syndrome X 
and it is unlikely to have a single cause. Today, we speculate that Syndrome X may be 
caused by microvascular dysfunction. A large majority of women have typical anginal 
symptoms which are not associated with the presence of atherosclerotic plaques. Scientists 
speculate that the blood vessels in these women are diffusely abnormal and smaller than in 
males (Kucher et al., 2001). It is possible that the diminishing ACI is a causative factor in the 
development of Syndrome X. 
Additionally, the relationship between the angiographic coronary index and the functional 
status of the left ventricle expressed by ejection fraction may specify the adequacy of 
myocardial supply to myocardial functional demands. First, the inadequacy of myocardial 
supply with the inadequacy of myocardial nutritional requirements may lead to the 
occurrence of ischemic pain and its severity. The relationship between the angiographic 
coronary index and the ejection fraction we named the angiographic anginal index, because 
we found a strong negative correlation between this index and the intensity of angina. 
Recent techniques have revealed new characteristics and expanded our understanding of 
painless or silent myocardial ischemia. These techniques include treadmill exercise testing; 
radioisotope techniques, including ejection fraction studies, stress thallium scintigraphy, 
and tomographic imaging. These new noninvasive tests should be used to detect transient 
ischemia, estimate its severity, and measure patient's risk for adverse coronary events 
especially in patients with painless or silent myocardial ischemia (Selwyn, 1990). Usage of 
anginal angiographic index in clinical practice can facilitate the selection of such high-risk 
patients with silent ischemia. Patients with diabetes, chronic renal insufficiency and other 
coexisting diseases have an increased prevalence of coronary artery disease with silent 
myocardial ischemia, complex ventricular arrhythmias, atrial fibrillation, and left 
ventricular hypertrophy (Das et al., 2006; Chipkin et al., 1987). These risk factors for 
cardiovascular morbidity and mortality contribute to the increased incidence of 
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cardiovascular morbidity and mortality seen in patients with the above mentioned 
concomitant diseases (Selwyn, 1990). It is also important to stress that the energy needs of 
the left ventricle are not always proportional to the ejection fraction. LVEF can be 
permanently reduced due to post-infarction scar development, but the LVEF may 
temporarily decrease due to inadequate blood supply to the heart muscle. This phenomenon 
is known as myocardial hibernation (Camici et al., 2008). In both situations with the 
disappearance of anginal pain the occurrence of symptomatic heart failure can manifest 
with the clinical symptoms of ischemic cardiomyopathy (Felker et al., 2002).  
 

 
Fig. 7. Changes occurring in the coronary angiogenesis during development of myocardial 
hypertrophy. The size of the square indicates the presence of myocardial hypertrophy and 
its degree. The number and size of vessels are shown in each shape: 1, normal number of 
vessels in non-hypertrophied myocardium; 2 and 3, increased number of normal vessels in 
hypertrophied myocardium; 4, the non-increased number of normal vessels in 
hypertrophied myocardium; 5, increased number of atherosclerotic thickened-wall vessels 
in hypertrophied myocardium; and 6, increased number of spastic vessels in hypertrophied 
myocardium. 

The diagnostic value of angiographic anginal index can be confirmed by the fact that during 
the development of myocardial hibernation or ischemic cardiomyopathy anginal pain reduces 
and can disappear completely. During the last decade, the existence of totally asymptomatic 
myocardial ischemia has been conclusively established. We would like to emphasize that the 
severity of angina depends upon the inadequacy between myocardial nutrition and functional 
demand, and this was shown by the angiographic anginal index. This index reflecting the 
adequacy between myocardial supply and demand cannot express the real degree of coronary 
and myocardial damage, because there may be a supply-demand adequacy in patients with 
equally expressed damage in the coronary arteries and the myocardium. Knowing the limited 
prognostic capabilities of the angiographic anginal index, we have created the angiographic 
outcome index for outcome prediction, and the angiographic prognostic indexes. 
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The prognostic capabilities of different coronary scores were confirmed by several authors 
(Friesinger et al., 1970; Graham et al., 1999; Korosoglou et al., 2007; Ringqvist 1983). The 
complex angiographic coronary index, anginal index, and left-ventricular ejection fraction 
are more informative for predicting CAD outcomes. It was shown that only an increase in 
LV mass in initially healthy persons with essential hypertension resulted in more 
complications and deaths (Koren et al., 1991). Differently determined left ventricular 
hypertrophy is an important prognostic marker in patients with or without coronary artery 
disease (Ghali et al., 1992). It was shown that only reduced LVEF has a clear predictive value 
in patients without known obstructive CAD. Reduced LVEF was related to sudden death 
from the absolute presence of CAD as well as the increased number of vessels with 
obstruction (Min et al., 2010).  

4.1 Limitations 
We have measured the lumen areas of different segments at their narrowest points on 
coronarograms in this study. Very small measurements sometimes cannot be done without 
interpretative errors; however, the margin of error is not high. The possibility of 
underestimating the impact of a single expressed lesion on the diminishing SCCA could be a 
limitation of this method. It is well known that such single-culprit lesions may cause the 
development of acute myocardial infarction. However, the main goal of this quantitative 
analysis system is to assess the total real size and severity of the epicardial coronary lesion 
using the SCCA as a coronary score.  

5. Conclusion 
The most important advantage of this SCCA calculation system is that it provides an easier 
and more objective assessment of an angiographic coronary lesion score in patients with a 
wide spectrum of CAD, ranging from a minimal stenosis to extensive diffuse involvement of 
the coronary arteries. The SCCA as a coronary lesion score is simple and easily interpreted; 
it gives no reason for interpretative differences. First, the estimation of the average SCCA 
does not require a precise assessment of stenosis degree, coronary dominance, or branching 
peculiarities. Second, it provides the possibility to analyze the relationship between 
coronary score and myocardial function what implies a correlation between myocardial 
supply and demand. In addition, this quantitative analysis system can give more diagnostic 
and prognostic information about the real mechanisms of myocardial ischemia, the 
character of angina pectoris, and the possible risk for occurrence of life threatening 
complications. Furthermore, the technique for interpretation of angiographic data and 
computation of quantitative characteristics has been considerably facilitated. 

6. Acknowledgment 
I would like to thank the staff of the Department of Clinical Pathology, Lithuanian 
University of Health Sciences for their valuable assistance in performing post-mortem 
examinations. 

7. References 
Brandt, P.; Partridge, J. & Wattie, W. (1977). Coronary arteriography: method of presentation 

of the arteriogram report and a scoring system. Clin Radiol, Vol. 28, pp. 361-365, 
ISSN 0009-9260 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

292 

cardiovascular morbidity and mortality seen in patients with the above mentioned 
concomitant diseases (Selwyn, 1990). It is also important to stress that the energy needs of 
the left ventricle are not always proportional to the ejection fraction. LVEF can be 
permanently reduced due to post-infarction scar development, but the LVEF may 
temporarily decrease due to inadequate blood supply to the heart muscle. This phenomenon 
is known as myocardial hibernation (Camici et al., 2008). In both situations with the 
disappearance of anginal pain the occurrence of symptomatic heart failure can manifest 
with the clinical symptoms of ischemic cardiomyopathy (Felker et al., 2002).  
 

 
Fig. 7. Changes occurring in the coronary angiogenesis during development of myocardial 
hypertrophy. The size of the square indicates the presence of myocardial hypertrophy and 
its degree. The number and size of vessels are shown in each shape: 1, normal number of 
vessels in non-hypertrophied myocardium; 2 and 3, increased number of normal vessels in 
hypertrophied myocardium; 4, the non-increased number of normal vessels in 
hypertrophied myocardium; 5, increased number of atherosclerotic thickened-wall vessels 
in hypertrophied myocardium; and 6, increased number of spastic vessels in hypertrophied 
myocardium. 

The diagnostic value of angiographic anginal index can be confirmed by the fact that during 
the development of myocardial hibernation or ischemic cardiomyopathy anginal pain reduces 
and can disappear completely. During the last decade, the existence of totally asymptomatic 
myocardial ischemia has been conclusively established. We would like to emphasize that the 
severity of angina depends upon the inadequacy between myocardial nutrition and functional 
demand, and this was shown by the angiographic anginal index. This index reflecting the 
adequacy between myocardial supply and demand cannot express the real degree of coronary 
and myocardial damage, because there may be a supply-demand adequacy in patients with 
equally expressed damage in the coronary arteries and the myocardium. Knowing the limited 
prognostic capabilities of the angiographic anginal index, we have created the angiographic 
outcome index for outcome prediction, and the angiographic prognostic indexes. 
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1. Introduction 
In this chapter we will discuss the woven coronary artery which is one of the most 
interesting coronary arterial anomalies. Although it is difficult to estimate the real incidence 
of coronary artery anomalies due to the difficulty in specific identification, it is 
approximately %0.3 - %1.3. The main reasons of underestimation of coronary artery 
anomalies may be that, in many individuals; don’t lead to symptoms, morbidity, or 
mortality (Friedman & Silverman, 2010).     

2. Woven coronary artery 
Woven coronary artery is an extremely rare congenital malformation characterized by the 
division of epicardial coronary artery into thin channels which then reanastomose with the 
distal part of the abnormal coronary artery. Generally this anomalous segment of the 
coronary artery is limited to several centimeters long. By means of several angiographic 
studies it has been shown that the blood flow is completely normal in all segments of the 
woven coronary artery. This is a totally benign malformation which doesn’t lead to any 
pathologic cardiac event. 
Woven coronary artery was first described by Sane et al. in 1988, during the coronary 
angiography performed on a 55 year old woman with congestive heart failure seven years 
after from her aortic valve replacement and mitral valve commissurotomy (Sane, 1986). He 
defined this branching and reanastomosing structure as ‘’figure 8’’pattern and named this 
congenital anomaly as ‘’woven coronary artery’’. 
Approximately nine adult and only one pediatric patient with woven coronary artery 
have been reported since then. Most of these patients were males diagnosed accidentally 
at the coronary angiography performed due to chest pain, after acute myocardial 
infarction or due to the suspicion of left coronary artery aneurysm in Kawasaki disease. 
Although the pathology is mostly seen in the right coronary artery, woven structures have 
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1. Introduction 
In this chapter we will discuss the woven coronary artery which is one of the most 
interesting coronary arterial anomalies. Although it is difficult to estimate the real incidence 
of coronary artery anomalies due to the difficulty in specific identification, it is 
approximately %0.3 - %1.3. The main reasons of underestimation of coronary artery 
anomalies may be that, in many individuals; don’t lead to symptoms, morbidity, or 
mortality (Friedman & Silverman, 2010).     

2. Woven coronary artery 
Woven coronary artery is an extremely rare congenital malformation characterized by the 
division of epicardial coronary artery into thin channels which then reanastomose with the 
distal part of the abnormal coronary artery. Generally this anomalous segment of the 
coronary artery is limited to several centimeters long. By means of several angiographic 
studies it has been shown that the blood flow is completely normal in all segments of the 
woven coronary artery. This is a totally benign malformation which doesn’t lead to any 
pathologic cardiac event. 
Woven coronary artery was first described by Sane et al. in 1988, during the coronary 
angiography performed on a 55 year old woman with congestive heart failure seven years 
after from her aortic valve replacement and mitral valve commissurotomy (Sane, 1986). He 
defined this branching and reanastomosing structure as ‘’figure 8’’pattern and named this 
congenital anomaly as ‘’woven coronary artery’’. 
Approximately nine adult and only one pediatric patient with woven coronary artery 
have been reported since then. Most of these patients were males diagnosed accidentally 
at the coronary angiography performed due to chest pain, after acute myocardial 
infarction or due to the suspicion of left coronary artery aneurysm in Kawasaki disease. 
Although the pathology is mostly seen in the right coronary artery, woven structures have 
also been demonstrated in left coronary arteries or in circumflex artery. These are listed in 
Table 1. 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

298 

 
AVR: aortic valve replacement, MVC: mitral valve commissurotomy, CHF: Congestive heart failure, 
LAD: left anterior descending artery, RCA: right coronary artery, LCA: left coronary artery, AMI: acute 
miyocardial infarction, LCXA: Left circumflex artery 

Table 1. The summary of the demographic and clinical data of the patients with woven  
coronary artery  in the literature. 
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2.1 Embryology of coronary artery   
As there are very few number of woven coronary artery cases, the embryological 
development of this rare coronary artery anomaly has not been explained yet. However, 
there are two models of explanation for the embryologic development of normal coronary 
arteries. Previously it had been thought that the cells of the myocardium nourished from the 
blood in the ventricular cavity thicken and become close to the ventricular cavity by means 
of multiple trabeculations. These trabeculations then develop into sinusoids which were the 
forerunners of the coronary vascular system (Tomanek et al, 1996). The new model of 
coronary arterial development suggests that the cells of the primordial liver form a 
proepicardial protrusion. These cells establish the proepicardium and the epicardial cells 
then migrate over the surface of the heart. The epicardial cells invade the subepicardial 
matrix and form the coronary vascular plexus. By an undefined mechanism, probably 
involving multiple growth factors, the epicardial cells undergo epithelial mesenchymal 
transformation and form mature vessels. These small vessels on the surface of the heart fuse 
and grow inward to penetrate the aorta fusing with the coronary vessels. The new 
experimental data on the development of the coronary system suggests that beside  multiple 
growth factors, several adhesion molecules and chemotactic factors play role in this 
complicated coordinated migration and transformation of cells to form coronary vessels. 
The presence of congenital anomalies of coronary arteries may be due to abnormalities in 
these signaling pathways or alterations in local factors that direct coronary vessel 
development.   (Matherne & Lim, 2008)  

2.2 Etiology of woven coronary artery 
The number of case studies published about woven coronary artery is so limited that the 
etiology of this rarely encountered anomaly has not been clearly understood yet. The 
reported cases on this anomaly are mostly adult patients. Recently a case report about an 
infant  nine- months-old with woven coronary artery has been published (Yldrm et al., 
2010). Therefore it is now suspected that woven coronary artery may be a congenital 
malformation and advanced studies are needed to lighten this issue 

2.3 Incidence of woven coronary artery 
The real incidence of woven CA is not known. The diagnosis of the patients in the literature 
have been made accidentally so far. A remarkably high number of woven CA cases  might  
have been misdiagnosed as coronary artery thrombus, stenosis or dissection. It can be 
claimed that the frequency of this anomaly could have been higher if woven coronary artery 
anomaly had not been misinterpreted in this way. 

3. Clinical features of woven coronary artery 
As mentioned above ‘’woven coronary artery’’ is accepted as a benign condition. Most of the 
woven coronary artery patients in the literature are the cases diagnosed unexpectedly 
during the coronary angiography made upon acute myocardial infarction or angina 
pectoris. In the case report of İyisoy at al., (2010) severe stenosis in the middle segment of 
left anterior descending coronary artery and multiple thin channels in the right coronary 
artery were demonstrated during the same coronary angiography session, however stenosis 
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was accused to be responsible from the myocardial ischemia. Another coronary 
angiography performed on a patient with positive stress test by Kursakloğlu et al. (2006) 
revealed stenosis in the mid-segment of the right coronary artery and the division of arterial 
lumen into multiple thin channels in the mid-segment of the circumflex artery. They 
thought that the severe stenosis in the right coronary artery was the most possible reason of 
the positive stress test in this patient rather than the woven coronary anomaly. In the cases 
reported by Martuscelli et al.( 2000), Kursakloglu et al.(2006) and Yldrm et al.(2010) no 
adverse coronary events occurred during 4 to 5 year follow-up periods. Repeated control 
coronary angiograms of the patients with coronary arterial stenting or cardiac surgery have 
revealed no structural change in woven coronary arteries. This finding suggests that the 
cause of chest pain, angina pectoris, acute myocardial infarction or positive stress test is not 
dependent on woven coronary artery anomaly. 

4. Diagnosis of woven coronary artery 
Although there is an anatomically abnormal coronary artery, the blood flow and the 
myocardial contraction is normal. Therefore the physical examination, laboratory findings, 
chest x-rays, electrocardiographic and echocardiographic investigations of the woven 
coronary artery patients are completely normal. The echocardiography is not helpful for the 
diagnosis. The gold standard for the diagnosis of woven coronary artery is coronary 
angiography. There is no angiographic uniform image of woven coronary arteries however  
the  most important angiographic criteria is definite  intraluminal globular filling defects in 
repeated angiographic views. 

4.1 Cardiac catheterization 
In the coronary angiography it is seen that the arterial lumen is divided into multiple thin 
channels at the proximal segment of affected coronary arteries or their branches; 
subsequently, these  channels  proceed  distally with a slightly  twisting route  and then fuse 
again. Distal to this woven segment, the downstream blood flow is absolutely normal 
(Figures 1A, B and C). 
During the coronary angiography division of coronary artery may be misdiagnosed as a 
complicated plaque with thrombus formation instead of coronary artery malformation. In 
addition, coronary artery stenosis, spontaneous coronary artery dissection, intracoronary 
thrombosis or recanalization of a thrombus may mimic this woven structure. These 
mimicking pathologies have lead to the misdiagnosis of woven coronary artery (Martuscelli 
et al., 2000; Kaya et al., 2006). However for an accurate explanation of the etiology, more 
detailed information about the characteristics and the development of this malformation is 
needed. 

5. Differential diagnosis 
In differential diagnosis of woven coronary artery the important criteria is the absence of 
coronary artery disease history of the patient with normal stress tests such as treadmill, 
echocardiography and myocardial scintigraphy. The patient with a woven coronary artery 
anomaly usually demonstrates normal coronary reserve during stress test.  
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Fig. 1A. and B. Right coronary angiography showed proximal thin channels and distal 
reanastomosis 

This is dependent on normal blood flow distal to the anomalous segment (Kursakloglu et 
al., 2006; Yldrm et al., 2010; İyisoy et al., 2010). In woven coronary artery anomaly, normal 
blood flow can be maintained distal to the anomalous segment, therefore coronary blood 
reserve is not disturbed with stress tests, especially myocardial perfusion imaging (İyisoy et 
al., 2101). Even if there is clinical evidence of myocardial infarction or angina pectoris in a 
patient with woven coronary artery, coronary angiography should be repeated to eliminate 
other coronary artery pathologies. Radiologically, the examination and the interpretation of 
the angiographic image are crucial to prevent misdiagnosis of the woven coronary arteries. 
In this coronary anomaly, although the filling is defective, flow is normal; which 
differentiates this structure from other pathologies such as intracoronary thrombus, stenosis 
or dissection. 
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Fig. 1C. Diagram of the right woven coronary artery showing proximal thin channels (TC) 
and distal reanastomosis (DRA) 

6. Associated diseases 
Up to now, woven coronary artery cases have only been reported as isolated coronary artery 
anomaly (Sane et al., 1988; Berman et al.1990; Gregorini et al., 1995; Martuscelli et al., 2000; 
Kursakloglu et al., 2006; Kaya et al., 2006;  İyisoy et al., 2010). Only in the case report of 
Yldrm et al., (2010) the woven coronary artery was described as the part of a systemic 
disease, Kawasaki disease, in an infant patient of nine months old. In this patient, routine 
echocardiographic evaluation of coronary arteries revealed aneurysm of the left coronary 
artery, leading to an angiographic study in which a woven right coronary artery was 
detected coincidentally. In fact there is also a tendency for the development of thrombus in 
Kawasaki disease and this condition should not be confused with woven coronary artery 
(Yldrm et al., 2010). For this reason, the pediatric and adult cardiologists should be aware 
that woven coronary artery may accompany Kawasaki Disease and they should perform 
coronary angiography to distinguish real thrombus from this coronary anomaly.  

7. Treatment 
Woven coronary artery is an anatomic abnormality and it doesn’t disturb cardiac functions 
at all. Therefore it is not necessary to treat this anomaly. However other coronary artery 
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pathologies such as coronary artery stenosis, thrombosis, dissection or myocardial infarction 
should be carefully distinguished from woven coronary artery. This point is crucial to 
prevent misdiagnosis and treatment of woven coronary artery unnecessarily. 

8. Conclusion 
Angiographic examination of the patients with suspected coronary artery pathologies 
should be performed carefully to make differential diagnosis of dissection, thrombosis 
stenosis and woven coronary artery. The catheter angiography scenes should be evaluated 
repeatedly not to misinterpret the coronary artery pathologies. Such a detailed evaluation 
and definitive diagnosis is important to reduce the risk of unnecessary percutaneous 
coronary interventions, which expose the patients to several complications. Woven coronary 
artery does not need treatment but follow-up is required as there are only a few reports 
about the progress of this rare event. Advanced studies are needed on this unknown entity 
to demonstrate its detailed pathology. Even though this anomaly appears to be a benign 
coronary anomaly without any major adverse cardiovascular events, we need more data to 
figure out its exact natural history.  

9. Acknowledgment 
As the current collected data about the woven coronary arteries has been provided from a 
very limited number of cases, we believe that the embryology, pathophysiology, clinical 
feature and the prognosis of this rare coronary anomaly  will be explained better with 
advanced studies. 

10. References 
Berman AD, Kim D, Baim DS.(1990) ’’Woven’’ right coronary artery: case report and 

therapeutic implications. Cathet       Cardiovasc Diagn ; 21:258–259. 
Gregorini L, Perondi R, Pomidossi G, Saino A, Bossi IM, Zanchetti A. (1995). Woven left 

coronary artery disease. Am J Cardiol ;75(4): 311-2. 
Friedman AH and Silverman NH. Congenital anomalies of the coronary artery.  (2010) 

Pediatric Cardiology In Anderson RH, Baker EJ, Penny D, Redington, AN, Rigby ML, 
Wernovsky G. (third edition), Churchill Livingstone and Elsevier, Philadelphia  
pp:933-943 

Iyisoy A, Celik T, Yuksel UC, Isik E. Woven right coronary artery: a case report and review 
of the literature. Clin Cardiol. 2010;33:43-45. 

Kaya D, Kilit C, Onrat E. (2006)An uncommon congenital anomaly of coronary arteries 
misdiagnosed as intracoronary thrombus: woven coronary artery disease. Anadolu 
Kardiol Derg. 6:383-384. 

Kursaklioglu H, Iyisoy A, Celik T. (2006) Woven coronary artery: a case report and review of 
literature. Int J Cardiol 113(1) 121-3. 

Martuscelli E, Romeo F, Giovannini M, Nigri A. (2000) Woven coronary artery: 
differential diagnosis with diffuse intracoronary thrombosis. Ital Heart J. 
1(4):306-7. 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

302 

 

 
Fig. 1C. Diagram of the right woven coronary artery showing proximal thin channels (TC) 
and distal reanastomosis (DRA) 

6. Associated diseases 
Up to now, woven coronary artery cases have only been reported as isolated coronary artery 
anomaly (Sane et al., 1988; Berman et al.1990; Gregorini et al., 1995; Martuscelli et al., 2000; 
Kursakloglu et al., 2006; Kaya et al., 2006;  İyisoy et al., 2010). Only in the case report of 
Yldrm et al., (2010) the woven coronary artery was described as the part of a systemic 
disease, Kawasaki disease, in an infant patient of nine months old. In this patient, routine 
echocardiographic evaluation of coronary arteries revealed aneurysm of the left coronary 
artery, leading to an angiographic study in which a woven right coronary artery was 
detected coincidentally. In fact there is also a tendency for the development of thrombus in 
Kawasaki disease and this condition should not be confused with woven coronary artery 
(Yldrm et al., 2010). For this reason, the pediatric and adult cardiologists should be aware 
that woven coronary artery may accompany Kawasaki Disease and they should perform 
coronary angiography to distinguish real thrombus from this coronary anomaly.  

7. Treatment 
Woven coronary artery is an anatomic abnormality and it doesn’t disturb cardiac functions 
at all. Therefore it is not necessary to treat this anomaly. However other coronary artery 

 
Woven Coronary Artery 

 

303 

pathologies such as coronary artery stenosis, thrombosis, dissection or myocardial infarction 
should be carefully distinguished from woven coronary artery. This point is crucial to 
prevent misdiagnosis and treatment of woven coronary artery unnecessarily. 

8. Conclusion 
Angiographic examination of the patients with suspected coronary artery pathologies 
should be performed carefully to make differential diagnosis of dissection, thrombosis 
stenosis and woven coronary artery. The catheter angiography scenes should be evaluated 
repeatedly not to misinterpret the coronary artery pathologies. Such a detailed evaluation 
and definitive diagnosis is important to reduce the risk of unnecessary percutaneous 
coronary interventions, which expose the patients to several complications. Woven coronary 
artery does not need treatment but follow-up is required as there are only a few reports 
about the progress of this rare event. Advanced studies are needed on this unknown entity 
to demonstrate its detailed pathology. Even though this anomaly appears to be a benign 
coronary anomaly without any major adverse cardiovascular events, we need more data to 
figure out its exact natural history.  

9. Acknowledgment 
As the current collected data about the woven coronary arteries has been provided from a 
very limited number of cases, we believe that the embryology, pathophysiology, clinical 
feature and the prognosis of this rare coronary anomaly  will be explained better with 
advanced studies. 

10. References 
Berman AD, Kim D, Baim DS.(1990) ’’Woven’’ right coronary artery: case report and 

therapeutic implications. Cathet       Cardiovasc Diagn ; 21:258–259. 
Gregorini L, Perondi R, Pomidossi G, Saino A, Bossi IM, Zanchetti A. (1995). Woven left 

coronary artery disease. Am J Cardiol ;75(4): 311-2. 
Friedman AH and Silverman NH. Congenital anomalies of the coronary artery.  (2010) 

Pediatric Cardiology In Anderson RH, Baker EJ, Penny D, Redington, AN, Rigby ML, 
Wernovsky G. (third edition), Churchill Livingstone and Elsevier, Philadelphia  
pp:933-943 

Iyisoy A, Celik T, Yuksel UC, Isik E. Woven right coronary artery: a case report and review 
of the literature. Clin Cardiol. 2010;33:43-45. 

Kaya D, Kilit C, Onrat E. (2006)An uncommon congenital anomaly of coronary arteries 
misdiagnosed as intracoronary thrombus: woven coronary artery disease. Anadolu 
Kardiol Derg. 6:383-384. 

Kursaklioglu H, Iyisoy A, Celik T. (2006) Woven coronary artery: a case report and review of 
literature. Int J Cardiol 113(1) 121-3. 

Martuscelli E, Romeo F, Giovannini M, Nigri A. (2000) Woven coronary artery: 
differential diagnosis with diffuse intracoronary thrombosis. Ital Heart J. 
1(4):306-7. 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

304 

Matherne GP and Lim DS. Congenital anomalies of the coronary vessels and the aortic 
root (2008).  Moss and Adams’ Heart Disease in Infant, Children and 
Adolescents including the Fetus and Young Adult.  In Allen HD, Driscoll DJ, 
Shaddy Re, Feltes TE. (seventh edition) Lippincott Williams & Wilkins, 
Philadelphia. Pp:702-715.    

Sane DC, Vidaillet JH Jr. (1988) Woven right coronary artery: a previously undescribed 
congenital anomaly. Am J Cardiol 61(13):1158. 

Tomanek RJ.(1996) Formation of the coronary vasculature: A brief review. Cardiovasc Res 31 
Spec No: E46-51 

Tomanek RJ. (2005) Formation of the coronary vasculature during development. 
Angiogenesis 8:273-284  

Yldrm A, Oğuz D, Olguntürk R (2010). Woven Right and Aneurysmatic Left Coronary 
Artery Associated with Kawasaki Disease in a 9-month-old Patient. Cardiol Young 
20:342-344. 

17 

Image Post-Processing and Interpretation 
Masahiro Jinzaki, Minoru Yamada and Sachio Kuribayashi 

Dept. of Diagnostic Radiology, Keio University School of Medicine 
Japan 

1. Introduction 
Image post-processing is defined as the process of integrating a series of axial images into a 
form that is often easier to interpret than the sections themselves. The source transverse section 
is a fundamental image for interpretation. However, because of the complexity of coronary 
anatomy, interpreters must review coronary CT angiography interactively on workstations 
capable of 3-dimensional (3D) displays. The 3D data set can be reformatted according to the 
needs of the investigator using several types of post-processing algorithms. Coronary artery 
interpretation includes assessment of calcium scoring on non-contrast image and coronary 
angiography on enhanced image. Non-coronary cardiovascular findings and extra-cardiac 
findings should be reviewed in addition to recognize primary and secondary comorbid 
pathology and to identify findings that lead to alternative non-cardiovascular diagnoses. The 
ultimate objective of post-processing and interpretation is to convey diagnostic information to 
the treating physician with as much clarity and accuracy as possible.  Interpretation times 
vary, usually depending on the image quality and the user’s experience and knowledge of 
cardiac CT and the individual workstation. Normally, experienced users usually spend no 
more than 10 minutes segmenting and interpreting cardiac CT studies. 

2. Post-processing technique 
The source transverse sections are the primary tools for interpretation of coronary CT 
angiography examinations. Post-processing imaging is performed from reconstructed axial 
images and is useful in allowing clinically relevant information to be extracted from large 
number of axial images. In addition, the diagnostic accuracy of axial images (86% sensitive 
and 78% accurate) for the detection of coronary stenosis is low compared with combination 
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the review of 3D displays is necessary for the coronary artery interpretation due to the 
complexity of coronary anatomy. These include volume rendering, multiplanar reformation, 
thin-slab maximum intensity projection, curved multiplanar reformation, angiographic 
view, and plaque-loaded angiographic view. A post-processing image which enables the 
evaluation of coronary artery disease with fewer images and one that is understandable to 
the third person is preferable.  
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MPR is a high-resolution reconstruction format that allows display of planar images at any 
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axial plane but also in orthogonal (coronal and sagittal) or oblique planes that better follow 
the arterial course in the thorax. The slice thickness can be modified, and a thick slab may be 
helpful in visualizing tortuous coronary artery. MPR is a simple algorithm which can be 
rendered quickly and accurately on any image-processing workstations. The distance 
measurements in MPR are accurate. Different structures in MPR are accurate and do not 
overlap. There is no loss of voxel value information due to threshold.  
MPRs are best suited for evaluation of the individual cardiac chambers, aorta (Fig. 1), and 
pulmonary vasculature with cardiac CT. MPRs are also well suited for selective evaluation 
of a coronary short segment. If a narrowing is suspected on axial views, display in coronal 
or sagittal orientations can confirm the presence of a stenosis (Fig. 2).   
The disadvantage of MPR is that only short segments can be analyzed at a time due to the 
nonlinear pathway of the coronary arteries. Thus, MPR requires the creation of numerous 
images in different planes at every suspected location of coronary stenosis. Furthermore, it 
is less suited for displaying the length of an artery. Grading of a stenosis is not advisable 
with coronal, sagittal, or oblique reconstructions alone, because of partial averaging 
(Johnson et al, 2010). 
 

 
Fig. 1. Multiplanar reformation of cardiac structure 

Oblique coronal image orientate better the planes of the geometrical orientations of cardiac 
structure (left chamber and aorta). 
 

   
a)                        b)                   c) 

Fig. 2. Multiplanar reconstruction of coronary stenosis 
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When a narrowing (arrow) is suspected on axial views (a), multiplanar reformation can be 
used to set the planes (b, c) in an orientation that matches one of the coronary short 
segments. 

2.2 Thin-slab maximum intensity projection (Thin-slab MIP) 
In both thin-slab MIP and MPR, orthogonal or oblique planes can be reviewed interactively. 
MIP is a projection technique, in which only the highest density pixel in the projection 
direction is displayed to reconstruct the two-dimensional images. MIP image allows the 
differentiation between enhanced vascular structures and non-vascular structures, because 
the result is a projection of the highest density. In practice, MIP is usually performed 
interactively with a sliding slab, enabling the radiologist to adjust the window, select the 
optimal orientation to display each artery, and modify the slab thickness (Fishman et al, 
2006). 
The advantage of thin-slab MIP is the creation of a vascular map quickly without 
modification of several parameters (Fig. 3). In addition, MIP is better for displaying small-
caliber segments: the minimum vessel diameter seen with MIP was 0.7 mm versus 1.5 mm 
for volume rendering (VR) (Zhang et al, 2004). This is because MIP is designed to selectively 
demonstrate the arterial vasculature, which involves selection of the highest attenuation 
voxels along rays projected through the volume. It is controversial whether thin-slab MIP 
can be used for the diagnosis of coronary artery stenosis. One study compared 
interpretation of 3 sets of orthogonally oriented thin-slab MIPs with axial sections with 16-
slice CT (Choi et al, 2006). For all three radiologists, the Az (area under the ROC curve) 
values from the MIP images were higher than those Az values from the transaxial images, 
however, the difference was significant for only one reader.  
MIP has a tendency to overestimate stenosis. Heavily calcified arteries cannot be evaluated 
with MIP. Thus, thin-slab MIP cannot be used for the quantity evaluation of plaque, 
including the determination of grading of a stenosis. In addition, numerous images in 
different planes are required for the evaluation of the whole coronary arteries. Thin-slab 
MIP is useful as an adjunct to VR. However, it should not be the sole technique used for 
interpretation. 
 

   
a)                                                b)                                               c) 

Fig. 3. Thin-slab maximum intensity projection of coronary stenosis 

When a narrowing (arrow) is suspected on axial views (a), the use of thin-slab maximum 
intensity projection (b) increases the overview of each coronary artery. Thin-slab maximum 
intensity projection enables creation of a vascular map (c) quickly without modification of 
several parameters. 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

306 

axial plane but also in orthogonal (coronal and sagittal) or oblique planes that better follow 
the arterial course in the thorax. The slice thickness can be modified, and a thick slab may be 
helpful in visualizing tortuous coronary artery. MPR is a simple algorithm which can be 
rendered quickly and accurately on any image-processing workstations. The distance 
measurements in MPR are accurate. Different structures in MPR are accurate and do not 
overlap. There is no loss of voxel value information due to threshold.  
MPRs are best suited for evaluation of the individual cardiac chambers, aorta (Fig. 1), and 
pulmonary vasculature with cardiac CT. MPRs are also well suited for selective evaluation 
of a coronary short segment. If a narrowing is suspected on axial views, display in coronal 
or sagittal orientations can confirm the presence of a stenosis (Fig. 2).   
The disadvantage of MPR is that only short segments can be analyzed at a time due to the 
nonlinear pathway of the coronary arteries. Thus, MPR requires the creation of numerous 
images in different planes at every suspected location of coronary stenosis. Furthermore, it 
is less suited for displaying the length of an artery. Grading of a stenosis is not advisable 
with coronal, sagittal, or oblique reconstructions alone, because of partial averaging 
(Johnson et al, 2010). 
 

 
Fig. 1. Multiplanar reformation of cardiac structure 

Oblique coronal image orientate better the planes of the geometrical orientations of cardiac 
structure (left chamber and aorta). 
 

   
a)                        b)                   c) 

Fig. 2. Multiplanar reconstruction of coronary stenosis 

 
Image Post-Processing and Interpretation 

 

307 

When a narrowing (arrow) is suspected on axial views (a), multiplanar reformation can be 
used to set the planes (b, c) in an orientation that matches one of the coronary short 
segments. 

2.2 Thin-slab maximum intensity projection (Thin-slab MIP) 
In both thin-slab MIP and MPR, orthogonal or oblique planes can be reviewed interactively. 
MIP is a projection technique, in which only the highest density pixel in the projection 
direction is displayed to reconstruct the two-dimensional images. MIP image allows the 
differentiation between enhanced vascular structures and non-vascular structures, because 
the result is a projection of the highest density. In practice, MIP is usually performed 
interactively with a sliding slab, enabling the radiologist to adjust the window, select the 
optimal orientation to display each artery, and modify the slab thickness (Fishman et al, 
2006). 
The advantage of thin-slab MIP is the creation of a vascular map quickly without 
modification of several parameters (Fig. 3). In addition, MIP is better for displaying small-
caliber segments: the minimum vessel diameter seen with MIP was 0.7 mm versus 1.5 mm 
for volume rendering (VR) (Zhang et al, 2004). This is because MIP is designed to selectively 
demonstrate the arterial vasculature, which involves selection of the highest attenuation 
voxels along rays projected through the volume. It is controversial whether thin-slab MIP 
can be used for the diagnosis of coronary artery stenosis. One study compared 
interpretation of 3 sets of orthogonally oriented thin-slab MIPs with axial sections with 16-
slice CT (Choi et al, 2006). For all three radiologists, the Az (area under the ROC curve) 
values from the MIP images were higher than those Az values from the transaxial images, 
however, the difference was significant for only one reader.  
MIP has a tendency to overestimate stenosis. Heavily calcified arteries cannot be evaluated 
with MIP. Thus, thin-slab MIP cannot be used for the quantity evaluation of plaque, 
including the determination of grading of a stenosis. In addition, numerous images in 
different planes are required for the evaluation of the whole coronary arteries. Thin-slab 
MIP is useful as an adjunct to VR. However, it should not be the sole technique used for 
interpretation. 
 

   
a)                                                b)                                               c) 

Fig. 3. Thin-slab maximum intensity projection of coronary stenosis 

When a narrowing (arrow) is suspected on axial views (a), the use of thin-slab maximum 
intensity projection (b) increases the overview of each coronary artery. Thin-slab maximum 
intensity projection enables creation of a vascular map (c) quickly without modification of 
several parameters. 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

308 

2.3 Curved multiplanar reformation (curved MPR) 
The development of curved MPR format made it possible for the interpreter to follow the 
course of a tortuous vessel for longer distances as it changes direction (Fig. 4) (Ferencik et 
al., 2007). The artery can be displayed as a straight line (Fig. 5). This method enables one 
entire coronary artery to be followed and displayed in one reconstruction, and reduces the 
number of planar images needed, compared with MPR. An automated program is possible 
to track the coronary arteries using placement of a single point in any portion of each artery 
or ascending aorta, the computer can trace a given coronary vessel departing proximally 
and distally from the point chosen, and extract the images in seconds. Other automated 
program tracks the path of the coronary artery, when the operator selects two points: one at 
the beginning and one at the end of the vessel. These applications also provide MPRs that 
are orthogonal to the vessel centerline, thus creating cross-sectional cuts of each coronary 
arterial segment (Fig. 5). All other surrounding structures are automatically eliminated that 
are any distance from this centerpoint, possibly decreasing problems seen with other 
reconstruction methods from tortuosity and overlap.  
 

                
a)                                                          b) 

Fig. 4. Curved multiplanar reformation of the coronary arteries. 

The vessel can be seen in a long length with this technique. Fig. 4a demonstrates a 
multiplanar reformation of the entire right coronary artery, including a segment of 
posterolateral marginal branch. The atrio ventricular node artery (arrow) would require a 
second reconstruction to follow that artery. The left anterior descending (b), with multiple 
diagonal branches, often needs multiple reconstructions to demonstrate its entire course.  

Curved MPR with coronary CT angiography has been reported with high sensitivity and 
specificity (Achenbach et al., 1998). Significant stenosis and occlusions of the coronary 
arteries can be visualized with an accuracy that exceeds 90%, since the CT value is 
preserved, making it fairly easy to delineate calcifications from the lumen. Recognition of 
calcifications with either higher or lower density than inner lumen contrast is very difficult 
with VR, somewhat better with MIP, and best with MPR. In addition, curved MPR is used to 
identify and quantify the degree of stenosis without being hindered by partial averaging 
(Fig. 5). This method is also useful in delineating the morphology of plaque and its effect on 
the lumen and adjacent vessel wall. Furthermore, the distance measurements in the curved 
MPR images represent the true distance. Overall, curved MPR, because they can be 
rendered quickly and convey all the information about the different CT densities within the 
vessel, is an extremely useful tool to evaluate contrast-enhanced CT angiography data. 
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The drawback of curved MPR is that only one vessel can be visualized in one image and that 
side branches are not depicted unless separate reconstructions are rendered for every side 
branch (Achenbach et al., 1998). Angiographic view is better in evaluating multiple 
branches. Furthermore, accurate assessment for stenosis requires correct centerline 
placement. Since the quality and ability of the computer workstation for tracking the vessel 
depends on border definition and overall image quality, off-axis centerline placement may 
happen, which result in misinterpretation of stenosis. Thus, curved MPR requires some 
editing in most cases. This commonly occurs in the presence of heavy arterial calcification 
and at the site of origin of branch. 
 

 
a) 

       
b)                                           c)                                           d) 

Fig. 5. Curved multiplanar reformation for coronary artery stenosis 

Coronary stenosis (arrow) is demonstrated in the proximal segment of the right coronary 
artery. The observer can always create a plane orthogonal to the direction of the vessel, 
which allows the evaluation of the configuration of plaque and grading of a stenosis. The 
three orthogonal planes are at the level of a proximal normal lumen (b), a significant 
stenosis (c), and a distal normal lumen (d), respectively.  

2.4 Volume rendering (VR) 
Rendering is a term taken from computer graphics and represents the process of generating 
a 3D model from a 2D image. Opacity and color are assigned to each CT value interval via 
transfer function, which is selectable and interactively modifiable (Calhoun et al., 1999). For 
example, normal soft tissue is assigned high transparency, enhanced vascular structures 
slight opaqueness and bone strong opaqueness. The sum of all CT values along each search 
ray from the observer through the 3D data volume, weighted by the transfer function, is 
displayed. In addition, color is used in most cases, with the color intensity decreasing with 
increasing distance to the observer in order to generate depth information and a 3D 
impression. The image can be rotated to different views, allowing the interpreter some 
flexibility in seeing the segment from multiple angles (Fig. 6). 
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VR provides an excellent overview of the cardiac and vascular anatomy, such as defining 
the course of coronary anomalies (Fig. 7a), the presence and course of coronary bypass 
grafts (Fig. 7b), the analysis of thoracic cardiovascular anatomy and congenital heart disease 
(Fig. 7c). Because VR creates volumetric 3D representations with the illusion of spatial 
integrity, it is helpful for surgeons to understand the anatomic complexity before surgery, 
and for teaching purposes and as illustrations for patients.  
It is controversial whether VR can be used for the assessment of coronary stenosis. One 
study using 16 slice CT compared 3D VRs with combination of techniques including axial 
images, MPRs, and curved MPRs and MIPs. Sensitivity (63% vs 74%), specificity (80% vs 
76%), and accuracy (78% vs 75%) were not significantly different between VR and the 
combination of techniques, respectively (Cordeiro et al., 2006). However, the diameter of 
vessels and the apparent thickness of the vessel lumen are dependent on threshold or 
transparency settings and the computer algorithm that is used to subtract non-vascular 
structures with VR (Ferencik et al., 2007) (Fig. 8). Furthermore, the overlap of cardiac veins 
on coronary arteries often hinders the coronary artery stenosis at the overlapped segment on 
VR (Fig. 9). Another disadvantage of VR is that due to its use of threshold or transparency 
setting which obscure the lower attenuation structures, the visualization of smaller vessel 
may be inferior compared with other displaying methods (Johnson et al, 2010). VR also 
requires several angles to evaluate the entire coronary artery (Fig. 6).  
 

     
a)                                   b)                                    

   
c)                             d) 

Fig. 6. Volume rendering of the coronary arteries.  

Volume rendering provides an excellent overview of coronary anomalies, the course of 
coronary bypass grafts, and congenital heart disease 
a. Coronary anomalies: both coronary arteries originate from left coronary cusp (stent is 

placed in the proximal segment of left descending artery). 
b. Bypass grafts: right internal thoracic artery (RITA) graft communicate with the left 

descending artery and left internal thoracic artery (LITA) graft communicate with 
obtuse marginal branch. 
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c. Major aortopulmonary collateral artery in patients with Tetralogy of Fallot (red: aortic 
arch, yellow: right pulmonary artery arising from aorta, green: left pulmonary arteries 
arising from ductus arteriosus). 

 

   
                           a)                                          b)                                                  c) 
Fig. 7. Volume rendering of cardiac and vascular anatomy 

Volume rendering allows an easy overview of coronary artery anatomy. It assists 
significantly in understanding the topography of coronary vessels and position of the lesion 
in coronary tree. Dedicated projections for each of the three main vessels are performed. The 
proximal and middle segment of the RCA is visualized in a view from the right side (a). The 
distal segment of the RCA is visualized in a right caudal view (b). The left anterior 
descending artery is visualized in a left anterior view (c). The left circumflex artery is 
visualized in a left cranial view and a left view (d). 
 

   
         a)                               b)          c)  
Fig. 8. The affect of modifying threshold and opacity setting on volume rendering 

Coronary stenosis (arrow) is suspected in the proximal segment of left descending artery in 
the image with high opacity setting (a), while it is difficult to detect coronary stenosis in the 
image with low opacity setting (b). Significant coronary stenosis (c: arrow) is seen in curved 
MPR at the same location suspected in volume rendering with high opacity setting. The 
diameter of coronary artery is also modified by changing the threshold and opacity setting.  
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a)                                              b)                                               c) 

Fig. 9. Overlapped coronary vein on volume rendering 

Coronary stenosis in the proximal left circumflex artery (arrow) is hindered by overlapped 
great cardiac vein on volume rendering (a), while it is well visualized on angiographic view 
(b: arrow) and curved MPR (c: arrow). 

2.5 Angiographic view (AGV) 
AGV is an whole heart MIP image in which contrast media of the ventricles is eliminated 
(Fig.10). This image is similar to that from invasive conventional coronary angiography (CAG). 
In our institute, AGV images divided into right and left coronary artery were rendered 
interactively from at least three angles for right coronary artery and six angles for left coronary 
artery (Fig. 11). If necessary, reconstructions were rendered from additional angles to visualize 
the entire coronary tree. AGV was originally automatically created only in GE workstation, but 
is available in many other workstations. It can be created in 3 steps after VR of cardiac CT is 
created in the usual method (Jinzaki et al., 2006). First, the origins of the right and left coronary 
arteries are separated from the ascending aorta. Second, the image of the ascending aorta and 
left ventricle is selected and singled out by clicking any area of the ascending aorta. Third, this 
image is subtracted from the original cardiac image, which leaves only the image of the 
coronary artery. Similar images can be created by tracking and extracting the coronary artery 
itself; however, tracking or extracting requires the threshold of CT attenuation, so the images 
can vary depending on the threshold and the ability of the workstation being used. AGV keeps 
the coronary artery untouched, and thus AGV does not vary among workstations. 
 

   
                          a)                                                b)                                                     c) 

Fig. 10. Angiographic view 
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Angiographic view image clearly demonstrates the distribution of coronary artery stenosis 
(long arrow) and coronary calcifications (short arrows) in one image. This resembles the 
images of coronary angiography and is understandable by third parties. Angiographic view 
image (a) and coronary angiography (b, c) shows considerable consistency in the detection 
of coronary artery stenosis (long arrows). 
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                           g)                                                    h)                                                   i) 

Fig. 11. Angiographic view divided into right and left coronary artery 

Angiographic view image divided into right and left coronary artery enables viewing the 
coronary arteries with the same angle as CAG. We create three directions in RCA [a: left 
anterior oblique (LAO) 45 and cranial angulations (CRA) 0, b: LAO 20 and CRA 30, c: right 
anterior oblique (RAO) 30 and CRA 0) and 6 directions in LCA (d: LAO 0 and CRA 30, e: 
LAO 45 and CRA 25, f: RAO 20 and CRA 40, g: RAO 30 and caudal angulations (CAU) 30, h: 
RAO 0 and CAU 30, i: LAO 50 and CAU 30]. 
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a)                                              b)                                               c) 
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The advantage of AGV image is that it clearly demonstrates the distribution of high-density 
lesions, such as coronary calcifications and stents, and coronary artery stenosis in a single 
image, making it easier to be understood when viewed by any third party. Because the 
structures are displayed based upon their brightness, calcium and metal are easily 
distinguished from the contrast-enhanced lumen. For the detection of coronary stenosis, 
AGV was equally sensitive (98%) and accurate (91%) to a combination of conventional 
techniques, including interactive MIP and MPR as well as preset curved MPRs 
(98%sensitive, 94% accurate) (Jinzaki et al., 2009). AGV is also better for displaying small-
caliber segments as described in thin-slab MIP. Furthermore, AGV divided into right and 
left coronary artery enables viewing the lesion with the same angle as CAG, and the 
detection of best angle of the lesion prior to PCI (Fig. 12). Collateral arteries are also well 
visualized in AGV. The whole collateral arteries are demonstrated with AGV in less images 
than volume rendering, since AGV is a projection image (Fig. 13). Thus, AGV would be 
useful for explaining the severity of disease to the patient, as a guide for the reading due to 
its high diagnostic accuracy, and in the discussion of the treatment strategy in conference. 
 

   
Fig. 12. The detection of best angle of the lesion prior to PCI 

The coronary stenosis (arrow) is best visualized in the view of RAO 30 and CAU 30 
(middle). This information will help cardiologists in discussing treatment strategy and 
reduce the number of CAG image acquisitions. 
 

              
a)                                                                      b) 

Fig. 13. Angiographic view in case with collateral vessels 

In patients with chronic total occlusion of RCA, collateral vessels are seen between left 
descending artery and posterior descending artery (yellow arrows), left circumflex artery 
and posterolateral artery (blue arrows). These collateral vessels are well demonstrated in 
one image with angiographic view (a), while the whole collateral arteries are not visualized 
in one image with volume rendering (b). 
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A disadvantage of AGV is that since it is a 2D display, it requires review of multiple rotated 
images to understand 3D relationships. MIP does not provide in-depth information or 
attenuation detail within the slice, because overlapped higher-density structures obscure the 
lower-density structures of interest. Static MIP images can be misleading, by incorrect 
placement of arteries. Another disadvantage is that MIP algorithm is prone to artifacts. One 
well-known pitfall is the ‘‘string of beads’’ appearance, because a normal small vessel 
passing obliquely through a volume is only partially represented by voxels along its length 
(Calhoun et al., 1999). Because MIP selects the highest density voxels along a ray projected 
through the volume, adequate contrast enhancement is imperative. MIP has a tendency to 
overestimate the stenosis, especially in case with calcification (Rubin et al., 1994). Non-
calcified plaque may be overlooked unless it creates significant luminal narrowing, because 
of its low attenuation value.  

2.6 Plaque-loaded angiographic view (PLAG) 
So far, there is no post-processing technique that can display an overview image of the 
lumen and vessel wall of a whole heart in one image (Fig. 14). PLAG is the image in which 
the non-calcified plaque image is merged with the AGV (Jinzaki et al., 2008). As a result, 
PLAG allows the noninvasive visualization of the whole coronary lumen and the vessel wall 
in one image. PLAG is now available in GE workstation and some other workstations. If this 
is not available in your workstation, it can be generated as follows: First, the color-coded 
plaque image of each coronary artery is created (Fig 14a). The CT attenuation of the 
coronary lumen is usually larger than 250HU, while that of non-calcified plaque is typically 
less than 120HU. Setting the color code range at less than 120 HU can generate a “plaque 
image”, in which only the vessel wall and the non-calcified plaques are color-coded. Second, 
AGV image of the entire coronary artery (Fig 14b), which is similar to that shown by a CAG 
is separately generated, which displays the distribution of calcified plaques as well as the 
lumen in more detail. Third, the color-coded “plaque image” in curved MPR is re-formatted 
into a MIP image to merge with AGV image. Finally, loading the MIP “plaque image” onto 
AGV image completes the process (Figs 14c). The critical factors in PLAG are that the 
merged images are both in MIP format, and taking advantage of a relatively large CT 
attenuation discrepancy between the lumen and non-calcified plaque allows color-coding, 
which helps to better visualize plaques when loaded onto AGV. 
PLAG will provide comprehensive information for coronary CT angiography in discussing 
the treatment strategy of both coronary stenosis and non-stenotic non-calcified plaques. This 
image also enables the overview of the tortuous vessel in the chronic total occlusion (CTO), 
which would be useful for the percutaneous revascularization of CTO (Fig.15).  
In future, with the further improvement of temporal and spatial resolution of MDCT, and 
with enhanced accuracy of plaque volume quantification is enhanced, this image could also 
be useful in evaluating and demonstrating the therapeutic effect of anti-atherosclerotic 
drugs in patients with multiple soft plaques in coronary arteries (the so-called vulnerable 
patients) on one image. 

The characteristics of each post-processing  
For the effective use of the various post-processing techniques, knowledge of the 
characteristics of each post-processing method is mandatory. The strengths and weaknesses 
of the available post-processing technique are summarized in Table 1. 
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              a)         b)     c)            d)   

Fig. 14. Plaque-loaded Angiographic View of multiple non-calcified plaques 

Curved MPR of the right coronary artery (a) demonstrates the non-stenotic non-calcified 
plaques (arrows), which are assigned blue in color-coded image (b). The angiographic view 
image (c) demonstrates the lumen of the entire coronary artery. The color-coded image in 
curved MPR is re-formatted into a MIP image and merged with the Angiographic View 
image. The Plaque-loaded Angiographic View image (d) demonstrates the lumen and 
multiple plaques (arrows) of coronary arteries in one image. 
 

  
                                        a)                                                                               b) 

Fig. 15. Plaque-loaded Angiographic View of chronic totally occlusion 
An angiographic view image (a) could not provide the information of the occluded lesion. 
The Plaque-loaded Angiographic View image (b) demonstrates the overview of the tortuous 
vessel (arrows) in the occluded lesion. 

3. Image interpretation 
At the beginning of interpretation, an overview of the data set should be performed to 
detect artifacts, gross abnormalities and the presence of non-coronary cardiac or extra-
cardiac abnormalities. Coronary artery interpretation is then performed using post-
processing images 
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Table 1. Comparison of post-processing techniques 

3.1 Examination of image quality 
It is imperative that an interpreter spend the first minute making sure the dataset is 
adequate. Artifacts due to motion, calcification, and metallic densities; image noise; and 
poor contrast enhancement may degrade the quality of the study as well as simulate or 
obscure coronary stenoses (Achenbach et al., 2003, Ferencik et al, 2003). To evaluate the 
image quality, the axial CT source images, multiplanar reformatted images, and also three-
dimensional images were analyzed. The reader should specifically state if an artery or artery 
segment is not interpretable and why.  
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3.1.1 Artifact 
“Artifact” can be defined as any discrepancy between the reconstructed Hounsfield values 
in the image and the true attenuation coefficients of the object in such a way that these 
discrepancies are clinically significant or relevant as judged by the radiologist (Hsieh, J., 
2003). Artifacts of coronary CT angiography were classified into three categories (Table 2). 
The first is cardiac motion-related artifact (Choi et al., 2004). This is caused by many factors, 
including a heart rate greater than 70–75 beats per minute during imaging acquisition, 
variations in heart rate during breath holding (Fig 16), arrhythmia, and inappropriate 
selection of pitch or reconstruction window. Artifacts are classified into two patterns: 
motion blurring or stepladder effects. Blurring occurs when movement in the cardiac 
structure of interest exceeds the temporal resolution of scanning, either because of a fast 
heart rate or because of an inappropriate selection of the reconstruction window for the 
particular coronary artery. Stepladder artifacts are due to motion occurring between 
reconstruction of sequential heartbeats. The easiest way of reducing cardiac motion artifacts 
is to lower the heart rate by the prior administration of-blocker. Customized reconstructions 
at a different cardiac phase may be successful by either adjusting the phase of reconstruction 
or removing data from undesirable beats.  
 

              
                                    a)                                                                                      b) 

Fig. 16. Stepladder artifact due to changing heart rate during CT acquisition. 
Volume-rendered image (a) shows a severe motion-related artifact (arrows) caused by 
acceleration in heart rate toward the end of the breath hold. Selection of an optimal 
reconstruction window reduced the artifact (b). 

The second is voluntary motion that is generally preventable with careful instruction of the 
patient (Choi et al., 2004). Artifacts due to breathing (Fig 17) or body motion are distinctive 
because they affect the bones of the anterior or lateral chest wall in addition to the coronary 
arteries; these are less likely to be correctable by additional reconstructions. Oxygen 
supplementation may help dyspneic patients hold their breaths for a longer period.  
The third is high-attenuating artifact (Choi et al., 2004). High-attenuating artifact includes, 
blooming artifacts, beam hardening artifacts and streaking artifacts. Blooming artifact is a 
result of partial-volume effects, causing the status that small high-contrast objects appear 
larger than they are. These artifacts commonly make calcified plaque (Fig 18a) and stents 
appear to narrow the lumen more than they actually do. Use of appropriate reconstruction 
filters may reduce these artifacts. Beam hardening presents as dark banding between dense 
objects. These are also seen in calcified plaque and stents (Fig 18b). Streaking artifact is a 
kind of reconstruction artifact due to undersampling, photon starvation, motion, beam 
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hardening, or scatter. In coronary CT angiography, these are usually caused by metallic 
objects such as clips, markers, and wires used in coronary artery bypass surgery, and often 
called as metal artifact (Fig 18c).  
 

           
                                       a)                                                                              b) 

Fig. 17. Stepladder artifact due to breathing 

Sagittal maximum intensity projection image (a) and coronal MPR image (b) show a 
severe respiration-related artifact in the anterior chest wall (arrow) and at the diaphragm 
(arrow). 
 

   
                          a)                                                 b)                                                   c) 

Fig. 18. High-attenuating artifacts 

a. Blooming artifact caused by severe coronary calcifications that interfere with the 
evaluation of luminal stenosis. 

b. Beam hardening artifacts caused by coronary stent that prevents accurate evaluation of 
the stent lumen. 

c. Metal artifacts caused by surgical clips.  

3.1.2 Image noise 
Improper scan parameter (low tube output for a given body size) causes poor signal-to-
noise (Fig 19). This is mainly due to obesity. Improper reconstruction during a part of the 
cardiac cycle with reduced tube current from EKG-guided tube modulation also results in 
low image quality. 
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noise (Fig 19). This is mainly due to obesity. Improper reconstruction during a part of the 
cardiac cycle with reduced tube current from EKG-guided tube modulation also results in 
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Fig. 19. Low image quality due to improper scan parameters.   

Poor signal-to-noise is caused by low tube output for a given body size 

3.1.3 Low contrast enhancement 
The methods of reconstruction rely on Hounsfield units (HU) to make images. Values of 250 
HU and above are ideal, and current protocols generally yield mean enhancement levels in 
the range of 300 to 350 HU for right and left coronary arteries (Johnson et al., 2009, Husmann 
et al., 2009). Low contrast attenuation may be secondary to improper image acquisition 
timing or slow contrast injection. 
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3.2 Non-coronary cardiac findings 
Non-coronary cardiovascular structures include the pericardium, cardiac chambers, 
interatrial septum, interventricular septum, atrioventricular valves, ventriculo-arterial 
valves, pulmonary arteries, pulmonary veins, thoracic aorta, imaged aortic branch arteries, 
and central systemic veins. The axial images or MPRs is useful for a general understanding 
of the spatial relationship of these structures and abnormality. Left ventricular and left atrial 
myocardial walls and chamber cavities should be examined for hypertrophy, dilation, 
thinning (Fig. 20a), hypodense enhancement, thrombus (Fig 20b), masses, and congenital 
anomalies. These structures should be reviewed within the cardiac field-of-view and any 
abnormalities described.  
 

         
                                        a)                                                                           b) 

Fig. 20. Non-coronary cardiac findings 

a. Focal thinning of myocardial wall due to ventricular diverticula (arrow) 
b. Thrombus in ventricular chamber (arrow) 

3.3 Extra-cardiac structures 
Extra-cardiac structures within the field of view of routine coronary CT angiography 
include the mediastinum, hilum, trachea and bronchi, lung parenchyma, pleura, chest wall, 
esophagus, stomach, liver, spleen, and colon. Interpretation of the axial images or MPR 
provides a general understanding of the anatomic relationships of the heart and coronary 
arteries with surrounding extra-cardiac structures. Review of all visible non-cardiovascular 
structures is important for two principal reasons: (1) recognition of primary and secondary 
comorbid pathology and (2) identification of findings that lead to alternative non-
cardiovascular diagnoses.  

3.4 Coronary artery interpretation 
In analyzing coronary arteries, a systematic approach using axial images and post-processing 
images should be followed. Realizing from the outset that no single method of analysis is 
without limitations, the incorporative review of the 2D images and the different 3D renderings 
is necessary. However, how to use the various available post-processing techniques remains a 
matter of personal experience and may differ among various operators. 
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3.4.1 Interpretation of axial images 
The axial image evaluation is a fundamental and essential step, because information from 
the original data set (axial images) can be lost as a consequence of processing the images for 
advanced postprocessing methods. Scrolling through the axial images in the cranio-caudal 
direction allows interpretation of the anatomy and gross abnormality of coronary arteries. 
Myocardial bridge of coronary artery is often easily noticed in axial images than post-
processing images (Fig 21a). However, following each segment on each level (over 50-
80contiguous images) may be difficult, and the evaluation of coronary stenosis is often more 
difficult compared with the post-processing methods (Jinzaki et al., 2009) (Fig 21b). For 
example, correct diagnosis of coronary stenosis is difficult with the axial images in the 
lesions located in the segment running horizontal to the axial section. Diffuse concentric 
plaque with positive remodeling also has a tendency to be incorrectly viewed as stenotic on 
axial images, possibly because the reference diameter (vessel diameter in non-diseased 
artery immediately proximal to the lesion) of these lesions is not measurable on the axial 
image. The post-processing image is better suited for evaluation of these types of lesions.  
 

                
a)                                                          b) 

Fig. 21. Interpretation of axial images 

Myocardial bridge of coronary artery (a: arrow) is often easily noticed in axial images. The 
diagnosis of coronary stenosis is easy in the lesions located in the segment running the 
cranio-caudal direction (b: arrow), however difficult in the lesions located in the segment 
running horizontal to the axial section. 

3.4.2 The use of post-processing images 
After the interpretation of axial images, the readers should shift to post-processing images. 
VR provide an overview of the coronary tree. Also, more complex anatomy (such as 
congenital heart disease or bypass grafts) is easily seen. For coronary artery evaluation, the 
combination of several types of post-processing algorithms such as thin-slab MIP, MPR and 
curved MPR is usually used. However, these methods require numerous images to evaluate 
the whole coronary artery, while AGV would be easy to overview the distribution of 
coronary lesion. Thus, as an initial guide for the interpretation, we recommend first to use 
AGV. Furthermore, in the comparison of the AGV image and combination of several types 
of post-processing, sensitivity was the same (98%) and there was no significant difference in 
accuracy (Jinzaki et al., 2009). If coronary artery stenosis is detected on AGV, the lesion 
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should be evaluated further for vessel wall morphology and composition using curved 
MPR. Further evaluation could be omitted in branch vessels with no stenotic lesions on 
AGV, since the negative predictive value of AGV is very high (99%) and evaluating multiple 
diagonal branches or obtuse marginal branches is time-consuming with curved MPR or 
other methods. However, even if stenotic lesion is not detected in three main arteries on 
AGV, we recommend reconstructing curved MPR of these arteries to evaluate non-stenotic 
non-calcified plaque, which may be missed on AGV. This is because acute myocardial 
infarction is frequently related to a segment that was not significantly stenosed at previous 
angiography (Littele, et al., 1988, Giroud et al., 1992). Acute coronary occlusions leading to 
myocardial infarction tend to cluster in predictable "hot spots" within the proximal third of 
the coronary arteries (Wang et al., 2004). Identification of low attenuation plaques in these 
high-risk zones for acute coronary occlusions will be important for potentially locally 
directed preventive strategies.  
 

 
 

Fig. 22. Workflow of post-processing and interpretation for coronary artery evaluation 

Step 1. Overview of coronary artery on angiographic view 
Step 2. Quantitative evaluation of coronary lesions detected on angiographic view 
Step 3. Evaluation of three main arteries using curved MPR and no further evaluation in 

branch vessels without stenotic lesions on angiographic view  
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3.4.3 The guiding principles of interpretation 
To analyze coronary arteries a systemic approach should be followed. It is recommended 
that the coronary segments are evaluated in a sequential order from segment 1 to segment 
15 following the standard report of the American Heart Association. The interpretation of 
coronary arteries include (1) assessment of stenosis severity, (2) vessel wall morphology and 
composition, (3) total occlusions, and (4) bypass graft and stent. 
a. Assessment of stenosis severity 
The description of luminal stenosis grading and plaque length is important in the 
interpretation. The degree of coronary stenosis is manually calculated by subtracting vessel 
diameter at the site of maximal stenosis from the mean of the vessel reference segment 
diameters (proximal and distal references) and then dividing the difference by the mean of 
the vessel reference segment diameters on curved MPR and cross-sectional image (Fig 22). 
Recent cardiac- vessel analysis packages enables calculating percent stenosis automatically 
when the user selects the area of maximum narrowing and normal vessel proximal and 
distal to the stenosis (Busch et al., 2007). However, current spatial resolution of CT has not 
demonstrated sufficient reproducibility or accuracy in predicting findings of CAG to make 
such measurements a routine requirement. Thus, at the present time, Society of 
Cardiovascular Computed Tomography guideline recommends that arterial segments be 
described within broad stenosis ranges (Cheng et al., 2008, Raff et al., 2009) (Table 3), 
although future technical developments may improve the precision of stenosis 
quantification.  
 

 
Table 3. Quantitative Stenosis Grading 

b. Vessel wall morphology and composition 
Vessel wall morphology and composition are important information of coronary CT 
angiography, since these are not available on CAG. coronary CT angiography can 
visualize intramural presence of positively remodeled plaque and differentiate calcific, 
non-calcific, and mixed plaque. Society of Cardiovascular Computed Tomography 
recommends that the description of plaques as ‘‘non-calcific’’ is preferable to ‘‘soft’’ or 
‘‘lipid-rich’’ since low CT density (in Hounsfield units) levels do not necessarily correlate 
closely with anatomic pathology or biochemistry (Raff et al., 2009). Recent studies 
revealed that the CT characteristics of plaques associated with ACS include positive 
vascular remodeling, low plaque density<30HU, and spotty calcification (Motoyama et 
al., 2009) (Fig. 23). Thus, the description of these features will assist interpretation. The 
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vascular remodeling index is defined as lesion diameter/reference diameter, and is 
reported as positive when the diameter at the plaque site was at least 10% larger than the 
reference segment. Spotty calcification was defined when the calcification is <3 mm in 
size. Features of plaque morphology such as ulceration, dissection, and fissuring are also 
noted when image quality is sufficient.  
 

   
                         a)                                                  b)                                                    c) 

Fig. 23. Low attenuation plaque and spotty calcification 

Curved MPR demonstrates significant stenosis in left descending artery (a: arrow). The 
lesion is accompanied with spotty calcification (b: arrow) and area < 30HU (c: arrow). 
 

   
                     a)                                                   b)                                                       c) 

Fig. 24. Positive remodeling 

Non-calcified plaque (a: long arrows) in right coronary artery is positively remodeled as 
compared with the normal coronary segment proximal to the lesion (short arrows). The 
diameter was 4.3 mm in normal segment (b) and 4.9 mm in the lesion (c). Remodeling index 
was 1.14.  
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c. Total occlusions 
PCI of CTO has a lower success rate than PCI of non-occluded coronary stenosis. Failure of 
guide-wire crossing the occluded lesion is the main cause of unsuccessful PCI of CTO. 
Coronary CT angiography may provide useful information for selecting patients suitable for 
PCI of CTO (Soon et al., 2007). It can show the collateral supply in the distal vessel beyond 
the occlusion (Fig. 13). The proximal and distal ends of an occluded segment can be 
distinctively seen on coronary CT angiography. Therefore, the occlusion length can be 
measured on CCTA (Fig. 24). Mollet et al. also reported that CTO lesion length > 15 mm 
measured on CT was associated with higher failure rate of PCI (Mollet et al., 2005). Heavy 
calcification of CTO has been reported to be an independent predictor of failed PCI of CTO 
(Noguchi et al., 2000). The exact location of calcified plaque on the image of coronary CT 
angiography may help the interventionist to steer the guide wire away from the calcified 
lesion that is not well seen on conventional angiography. PLAG images are able to 
demonstrate the overview of occluded lesion, which are helpful in providing the roadmap 
for interventionists during the process of wiring the occluded vessel (Fig. 15).  
 

                     
 a)     b) 

Fig. 25. CT evaluation of chronic total occlusion 

The total occlusion is seen in the distal segment of right coronary artery on thin-slab MIP 
images (a: arrows). The occlusion length can be measured on stretched MPR (b). Calcified 
plaque is also well visualized. 
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d. Bypass grafts, stents 
The evaluation of coronary bypass grafts by coronary CT angiography is highly accurate 
in predicting the findings on invasive coronary angiography (Meyer et al., 2007). The 
location and anastomoses of bypass grafts should be described in addition to the location 
and severity of stenoses. The evaluation of stents by MDCT is often difficult due to 
blooming artifact and beam hardening effects. The evaluation of in-stent stenosis depends 
highly on stent size and composition. Stents 3.0 mm or larger (85%) were judged 
assessable; 26% of stents smaller than 3 mm were judged assessable (Schroeder et al., 
2008). Different stent compositions and structures appeared to be associated with 
variations in the extent of residual artifact. The use of special reconstruction algorithms 
improved visualization of the stent lumen and reduced blooming artifact with a drawback 
of a modest increase in noise in the images (Maintz et al., 2006).  

4. Conclusion 
Many post-processing images are available for the evaluation of coronary artery. The 
interpreter should know the advantage and disadvantage of each post-processing 
image, and perform the incorporative review of the 2D images and the different 3D 
renderings.  
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1. Introduction 
Coronary angiography is an invasive technique for imaging the coronary artery lumen and 
remains one of the most accurate methods for diagnosing coronary artery disease. 
Furthermore, this invasive technique is the standard method for guiding revascularization 
procedures such as percutaneous coronary intervention (PCI) and coronary-artery bypass 
graft (CABG), as well as for guiding stent placement during PCI. However, the degree of 
coronary stenosis is usually decided by visual estimation of the percentage diameter 
narrowing using the proximal assumed normal arterial as a reference. There is 20% variation 
among readings of experienced angiographers, and the same angiographer may even render 
a different interpretation at a time remote from the first reading. Borderline stenosis, or 
angiographic narrowing of 40 to 70%, does not always correspond to abnormal physiology 
and myocardial ischemia (1,2). For such lesions, noninvasive or direct physiological 
measurements of impaired flow validate the decision to initiate revascularization therapy. 
Though quantitative coronary angiography can be reproduced for assessment of coronary 
stenosis, the inability to determine the functional severity of coronary stenosis remains a 
limitation of coronary angiography. 
Intracoronary physiological parameters have been introduced to assess functional coronary 
lesion severity during cardiac catheterization. Measurement of coronary flow reserve (CFR; 
coronary flow velocity response to adenosine) and fractional flow reserve (FFRmyo; 
coronary pressure-derived with adenosine) provide information about functional severity 
(3). Furthermore, FFRmyo, which is calculated from coronary pressure measurements, is an 
invasive index used to identify a stenosis responsible for reversible ischemia (4,5,6). 
For most patients with stable angina, the goal of treatment is complete, or nearly complete 
elimination of anginal chest pain and return to normal activities with a functional capacity 
corresponding to Canadian Cardiovascular Society (CCS) class I angina. This goal should be 
accomplished with minimal side effects, as well as with a reduced risk of mortality (7). The 
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topics of this chapter encompass the activities of daily life and functional stenosis in patients 
with angiographically demonstrated stenosis.  

2. Functional severity 
For coronary angiographic assessment employing cardiac catheterization, it should be noted 
that the stenotic lumen is compared to a nearby angiographically normal lumen, which may 
still show diffuse atherosclerotic disease. Furthermore, lesions containing diffuse, 
concentric, symmetrical disease, remodeling, or dissection, will be underestimated when 
disease severity is assessed (Fig.1). CFR and FFRmyo, which provide information about 
functional severity, can be performed during cardiac catheterization. 
 

 
(A) Stenosis can be visualized from multiple angles. (B) Stenosis can be viewed as indicated by the 
white arrow, but is normally visualized as indicated by the black arrow. Stricture necessitates changing 
the angle. (C)  Vascular conduits appear normal at all angles despite the existence of stenosis. 

Fig. 1. Angiographic images and vascular conduits  

CFR reflects both epicaudal and microvascular disease but does not identify these entities by 
itself (8,9). Intra-coronary flow velocity can be measured with a 0.014-inch doppler guide 
wire during baseline measurements and maximum hyperemia which is induced by 
administering adenosine. CFR was calculated as the ratio of hyperemic to baseline of the 
average peak velocity (10,11). CFR can also be measured with a temperature sensor-tipped 
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guidewire, as the ratio of the inverse mean transit times obtained by thermodilution curves 
at baseline and during hyperemia (12,13,14). The parameters of CFR show agreement at a 
cut-off value of 2.0 (11,15).  
On the other hand, FFRmyo is an accurate functional index of epicaudal stenosis (4,5). Intra-
coronary pressure can be measured with a 0.014-inch pressure-monitoring guidewire, which 
was first calibrated, then set to be equal with the aortic pressure in the guiding catheter, and 
finally positioned distal to the coronary lesion. Mean aortic and distal pressures were 
obtained during baseline measurements, and FFRmyo was calculated as the ratio of the 
mean distal pressure to the mean aortic pressure during maximum hyperemia (3,4,5). 
Although a previous report emphasized the importance of combining pressure and flow 
velocity measurements to evaluate coronary lesion severity and microvascular involvement 
(11), FFRmyo is a reliable index of the functional severity of coronary stenosis, and an 
FFRmyo value of 0.75 distinguishes stenoses associated with inducible ischemia from those 
that are not. Indeed, in patients with stable chest pain, the most important prognostic factor 
is the occurrence of myocardial ischemia reflected by an FFRmyo of < 0.75 (5,6, Fig.2).  
 

 
 
In the case on the left, angiographic stenosis was 56% in the left circumflex branch (LCX) by quantitave 
coronary angiography (A). During adenosine infusion, the wire was pulled back to track coronary 
pressure from the far distal LCX to the catheter, and after crossing the lesion produced a change in 
coronary pressure (FFRmyo = 0.58). 
Likewise, in the case shown on the right, angiographic stenosis was 46% in left anterior descending 
branch (LAD) by quantitative coronary angiography (C), and FFRmyo = 0.70 (D) 

Fig. 2. Representative case of FFRmyo 
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Even when treated with PCI, the clinical outcomes of these patients are significantly worse 
than those of patients with functionally insignificant stenoses (FFRmyo  0.75) (16,17). When 
FFRmyo was used to divide patients into a group in which stenosis was most likely to be 
physiologically significant (FFRmyo < 0.75) and a group in which it was not, the overlap 
between the 2 groups in terms of angiographic severity was so large that it suggested 
angiography (16,17) could not be used to predict the absence or presence of inducible 
ischemia in individual patients (4,18, Fig.3). In fact, however, in patients with multivessel 
coronary artery disease undergoing PCI with drug eluting stents, routine measurement of 
FFR in addition to angiographic guidance, as compared with PCI guided by angiography 
alone, results in a significant reduction in major adverse events (19). 
 

 
(A) The percent stenosis is likely to be physiological; FFRmyo. (B) The overlap between stenosis and 
FFRmyo was large. 

Fig. 3. Variations in percent stenosis on coronary angiography and FFRmyo  

3. Functional capacity 
The factors contributing to impaired exercise capacity appear to be multifactorial and 
include increasing age, sedentary lifestyle, depression, obesity and other comorbidities as 
well as impaired cardiovascular function. Poor exercise capacity is generally considered to 
be a predictor of mortality in patients with ischemic heart disease as well as all cause 
mortality (20,21). Traditional exercise tests such as the treadmill test or walking distance in 6 
minutes are well-known methods for measurement of exercise capacity. 
Additionally, self-assessed questionnaires, such as the Duke Activity Status INDEX (DASI) 
(22), the Specific Activity Questionnaire (SAQ) (23) and the Veterans Specific Activity 
Questionnaire (VSAQ) (24), can also measure exercise capacity as a well validated measure 
of functional capacity that can be expressed as metabolic equivalents (METs) and have been 
shown to correlate with adverse outcomes. Self-assessed questionnaires can be a simple and 
easy tool that contributes to the global risk assessment (10). 
The cardiopulmonary exercise test (CPX) is useful for measurement of excise capacity 
employing various parameters at each stage in a series of exercises (Fig.4). A symptom-limited 
incremental exercise test is usually performed using an upright, electromagnetically braked 
cycle ergometer or treadmill with measurement of breath-by-breath VO2, carbon dioxide 
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production (VCO2) and minute ventilation (VE). This evaluates peak VO2, oxygen uptake at 
the anaerobic threshold (AT) and so on. A 12-lead electrocardiogram (ECG) and heart rate 
were continuously monitored throughout the test, and cuff blood pressure was measured 
every minute using an automatic manometer. CPX testing is more useful than self-assessed 
health status, which is subjective and can vary among patients depending upon symptom 
complexity and the unique perceptions, expectations and preferences of individuals (7). 
 

 
Fig. 4. Representative case of CPX 
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include increasing age, sedentary lifestyle, depression, obesity and other comorbidities as 
well as impaired cardiovascular function. Poor exercise capacity is generally considered to 
be a predictor of mortality in patients with ischemic heart disease as well as all cause 
mortality (20,21). Traditional exercise tests such as the treadmill test or walking distance in 6 
minutes are well-known methods for measurement of exercise capacity. 
Additionally, self-assessed questionnaires, such as the Duke Activity Status INDEX (DASI) 
(22), the Specific Activity Questionnaire (SAQ) (23) and the Veterans Specific Activity 
Questionnaire (VSAQ) (24), can also measure exercise capacity as a well validated measure 
of functional capacity that can be expressed as metabolic equivalents (METs) and have been 
shown to correlate with adverse outcomes. Self-assessed questionnaires can be a simple and 
easy tool that contributes to the global risk assessment (10). 
The cardiopulmonary exercise test (CPX) is useful for measurement of excise capacity 
employing various parameters at each stage in a series of exercises (Fig.4). A symptom-limited 
incremental exercise test is usually performed using an upright, electromagnetically braked 
cycle ergometer or treadmill with measurement of breath-by-breath VO2, carbon dioxide 
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production (VCO2) and minute ventilation (VE). This evaluates peak VO2, oxygen uptake at 
the anaerobic threshold (AT) and so on. A 12-lead electrocardiogram (ECG) and heart rate 
were continuously monitored throughout the test, and cuff blood pressure was measured 
every minute using an automatic manometer. CPX testing is more useful than self-assessed 
health status, which is subjective and can vary among patients depending upon symptom 
complexity and the unique perceptions, expectations and preferences of individuals (7). 
 

 
Fig. 4. Representative case of CPX 
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4. Functional severity and exercise capacity in patients with angiographic 
stenosis 
Coronary angiography employing cardiac catheterization has an important role in 
revascularization procedures such as PCI, and PCI has become a common initial 
management strategy for patients with stable angiographic stenosis. However, at present, 
the initial management strategy of patients with stenosis on coronary angiography should 
be to reduce not only the risks for major cardiac events but also to eliminate angina and 
allow a return to normal activities. Previous studies have shown that PCI does not reduce 
the long-term rates of death, myocardial infarction or other major cardiovascular events 
with compared to optimal medical therapy alone (25). PCI can provide an incremental 
benefit in quality of life compared with that provided by optimal medical therapy alone 
among patients with chronic coronary artery disease for approximately 24 months (26). 
Another previous study showed that in patients with stable coronary artery disease and an 
angiographically documented stenosis treatable by PCI, a 12-month exercise-training 
program resulted in a higher event-free survival rate and higher exercise capacity than 
standard PCI (27). Additionally, PCI significantly increased exercise capacity values such as 
AT and peak VO2 in patients with peak VO2 < 15 ml/kg/min, whereas it yielded no 
significant improvement in those with peak VO2 ≥ 15 ml/kg/min (28). Based on these 
observations, the existence of stenosis on coronary angiography is an insufficient indication 
for revascularization. It has been reported that an increase in functional capacity as indicated 
by self-assessed questionnaire is associated with an increase in CFR, although 86% of subjects 
did not have significant stenosis on coronary angiography (10). Impaired overall functional 
capacity is independently associated with coronary microvascular dysfunction or endothelial 
dysfunction, among the most important determinants of myocardial ischemia. On the other 
hand, routine FFRmyo measurement with angiographic guidance resulted in a significant 
reduction in major adverse cardiac effects, even when patients underwent PCI with drug-
eluting stents (19). Furthermore, FFRmyo is associated with inducible ischemia which other 
measures are not, thereby providing higher accuracy than for any other invasive or 
noninvasive test. According to the aforementioned reports, it seemed that the existence of 
stenosis on coronary angiography is a notwell validated measure of stable angina. FFRmyo 
and functional capacity should be determined in stable angina patients with angiographic 
stenosis. Previously, we assessed the relationship between FFRmyo and CPX values (4). 
Our study subjects were 15 males (65.8+/-8.9 years old) with stable angina and 75% 
angiographic stenosis in one coronary artery. Eligible patients had no evidence of acute 
coronary syndromes, prior myocardial infarction, significant valvular heart disease, diabetes 
mellitus treated with insulin, smoking; or occupational, orthopedic and other conditions 
that precluded exercise. Neither did they have left main coronary artery stenosis > 25% or 
high-grade proximal left anterior descending artery stenosis with significant stenosis (> 
75%) of other vessels, nor left ventricular angiography-based detection of abnormal wall 
motions such as asynergy or diffuse hypokinesis, or reduced left ventricular function 
(ejection fraction < 55%). The %diameter stenosis (%DS) was determined to be 61.7+/-9.1% 
based on quantitative coronary angiography. Mean FFRmyo was 0.84+/-0.66, peak VO2 was 
17.1+/-3.2ml/kg/min and AT was 11.1+/-2.0ml/kg/min. There was no significant 
correlation between %DS and FFRmyo (r = 0.12, p = ns, Fig.3A), peak VO2 (r = -0.051, p = 
ns) or AT (r = -0.013, p = ns). By contrast, there was a significant positive correlation (Fig.5) 
between FFRmyo and peak VO2 (r = 0.534, p < 0.05) and between FFRmyo and AT (r = 
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0.542, p < 0.05). A previous study showed stable angina patients with impaired functional 
capacity as assessed by a CPX test to likely have reduced FFRmyo. The present study also 
showed that an FFRmyo value of 0.75 reflects stenoses associated with inducible ischemia 
and hence appears to correspond to a peak VO2 value of 15.0. A cut-off value of FFRmyo of 
0.75 nearly matched the exercise capacity value (peak VO2; 15 ml/kg/min) improvement 
with PCI. As noted above, exercise capacity in patients with stable angina reflects functional 
rather than angiographic stenosis. Exercise training can improve myocardial perfusion, as 
revealed by myocardial scintigraphy, as well as maximal exercise capacity (27). Therefore, 
that study suggested that it may be possible to improve FFRmyo by increasing exercise 
capacity through training. 
 

 
(A) There is no correlation between angiographic stenosis and peak VO2. However, there is a positive 
correlation between FFRmyo and peak VO2 (B). (Source: Circ J 2009;73: 2308–2314) 

Fig. 5. Relationship between exercise capacity and stenosis.  

4.1 Case report 
This is a representative case showing improvement in functional capacity despite the 
existence of angiographic stenosis. 
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measures are not, thereby providing higher accuracy than for any other invasive or 
noninvasive test. According to the aforementioned reports, it seemed that the existence of 
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and functional capacity should be determined in stable angina patients with angiographic 
stenosis. Previously, we assessed the relationship between FFRmyo and CPX values (4). 
Our study subjects were 15 males (65.8+/-8.9 years old) with stable angina and 75% 
angiographic stenosis in one coronary artery. Eligible patients had no evidence of acute 
coronary syndromes, prior myocardial infarction, significant valvular heart disease, diabetes 
mellitus treated with insulin, smoking; or occupational, orthopedic and other conditions 
that precluded exercise. Neither did they have left main coronary artery stenosis > 25% or 
high-grade proximal left anterior descending artery stenosis with significant stenosis (> 
75%) of other vessels, nor left ventricular angiography-based detection of abnormal wall 
motions such as asynergy or diffuse hypokinesis, or reduced left ventricular function 
(ejection fraction < 55%). The %diameter stenosis (%DS) was determined to be 61.7+/-9.1% 
based on quantitative coronary angiography. Mean FFRmyo was 0.84+/-0.66, peak VO2 was 
17.1+/-3.2ml/kg/min and AT was 11.1+/-2.0ml/kg/min. There was no significant 
correlation between %DS and FFRmyo (r = 0.12, p = ns, Fig.3A), peak VO2 (r = -0.051, p = 
ns) or AT (r = -0.013, p = ns). By contrast, there was a significant positive correlation (Fig.5) 
between FFRmyo and peak VO2 (r = 0.534, p < 0.05) and between FFRmyo and AT (r = 
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0.542, p < 0.05). A previous study showed stable angina patients with impaired functional 
capacity as assessed by a CPX test to likely have reduced FFRmyo. The present study also 
showed that an FFRmyo value of 0.75 reflects stenoses associated with inducible ischemia 
and hence appears to correspond to a peak VO2 value of 15.0. A cut-off value of FFRmyo of 
0.75 nearly matched the exercise capacity value (peak VO2; 15 ml/kg/min) improvement 
with PCI. As noted above, exercise capacity in patients with stable angina reflects functional 
rather than angiographic stenosis. Exercise training can improve myocardial perfusion, as 
revealed by myocardial scintigraphy, as well as maximal exercise capacity (27). Therefore, 
that study suggested that it may be possible to improve FFRmyo by increasing exercise 
capacity through training. 
 

 
(A) There is no correlation between angiographic stenosis and peak VO2. However, there is a positive 
correlation between FFRmyo and peak VO2 (B). (Source: Circ J 2009;73: 2308–2314) 

Fig. 5. Relationship between exercise capacity and stenosis.  

4.1 Case report 
This is a representative case showing improvement in functional capacity despite the 
existence of angiographic stenosis. 
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A 58-year-old woman presented with unstable angina. Coronary angiography revealed 99% 
stenosis of the right coronary artery (RCA#3), and 75% stenosis (#11) and 90% stenosis (#12) 
of the left circumflex branch (LCX). She received stent implantation to #3 in the emergent 
stage (Fig.6). Thallium-201 scintigraphy with adenosine revealed ischemia in the LCX area 
(Fig.7A). PCI was recommended, but the patient refused because the condition was 
asymptomatic in her daily life. This patient did not wish to undergo revascularization of the 
LCX and continue to receive cardiac rehabilitation (physical training at AT level). Peak VO2 
increased from13.3 ml/kg/min (Fig.4) to 16.8 ml/kg/min. Thallium-201 scintigraphy 
(Fig.7B) with adenosine documented improved myocardial perfusion distal to the LCX. 
(Ischemia area reduced from 13.7% to 8.75%)  
 

 
There was (A) 99% stenosis of the right coronary artery (RCA #3) and a (B) stent was implanted. Left coronary 
angiongraphy revealed 75% stenosis (#11) and 90% stenosis (#12) of the left circumflex branch (LCX). 

Fig. 6. Coronary angiographies of case repor  
 

 
Fig. 7. Bull’s eye image from thallium-201 single-photon emission computed tomography 
(A) pre-training (ischemic area 13.7%), and (B) post-training (ischemic area 8.75%) 
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5. Functional severity, exercise capacity and tissue characterization 
Acute coronary syndrome is triggered by microscopic ulcerations of vulnerable 
atherosclerotic plaques. The majority of vulnerable plaques appear “angiographically 
insignificant” before their rupture (less than 75% diameter stenosis). In contrast, most of the 
“significant” plaques (greater than 75% stenosis) visualized at angiography are at low risk 
for plaque rupture (29).  
Intravascular ultrasound (IVUS) allows cross-sectional imaging of coronary arteries and 
provides a more comprehensive assessment of the atherosclerotic plaques in vivo (30, Fig 8). 
Studies using IVUS have indicated that coronary atherosclerosis is underestimated when 
visually analyzing angiographic results owing to coronary compensatory remodeling and 
the diffuse nature of coronary atherosclerosis, which frequently makes the reference vessel 
appear normal angiographically (31).  
 

 
Intravascular ultrasound provides an image of an atheroma in a normal segment (B,E) as well as a 
stenotic lesion (C,D) on angiography 

Fig. 8. Representative angiographic and IVUS images   

An integrated backscatter intravascular ultrasound (IB-IVUS) system has been developed in 
which two-dimensional color-coded maps allowing plaque tissue characterization in 
coronary arteries can be constructed by computer (32,33). A computer equipped with IB-
IVUS software is connected to the IVUS imaging system to obtain radio frequency signal 
output, signal trigger output, and video image output. IB is calculated as the average power 
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5. Functional severity, exercise capacity and tissue characterization 
Acute coronary syndrome is triggered by microscopic ulcerations of vulnerable 
atherosclerotic plaques. The majority of vulnerable plaques appear “angiographically 
insignificant” before their rupture (less than 75% diameter stenosis). In contrast, most of the 
“significant” plaques (greater than 75% stenosis) visualized at angiography are at low risk 
for plaque rupture (29).  
Intravascular ultrasound (IVUS) allows cross-sectional imaging of coronary arteries and 
provides a more comprehensive assessment of the atherosclerotic plaques in vivo (30, Fig 8). 
Studies using IVUS have indicated that coronary atherosclerosis is underestimated when 
visually analyzing angiographic results owing to coronary compensatory remodeling and 
the diffuse nature of coronary atherosclerosis, which frequently makes the reference vessel 
appear normal angiographically (31).  
 

 
Intravascular ultrasound provides an image of an atheroma in a normal segment (B,E) as well as a 
stenotic lesion (C,D) on angiography 

Fig. 8. Representative angiographic and IVUS images   

An integrated backscatter intravascular ultrasound (IB-IVUS) system has been developed in 
which two-dimensional color-coded maps allowing plaque tissue characterization in 
coronary arteries can be constructed by computer (32,33). A computer equipped with IB-
IVUS software is connected to the IVUS imaging system to obtain radio frequency signal 
output, signal trigger output, and video image output. IB is calculated as the average power 
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of the ultrasound backscattered signal from a small volume of tissue using fast Fourier 
transform measured in decibels (dB) (32). IB-IVUS is a useful method for analyzing coronary 
plaque tissue (Fig.9), which accurately and quantitatively differentiates among calcification, 
dense fibrosis, fibrosis and lipid components (33). IB-IVUS results previously suggested that 
classifying plaques as vulnerable or stable using this technique is an effective means of 
predicting acute coronary syndrome. When evaluated using IB-IVUS, plaques are deemed 
vulnerable when the lipid area is > 65% and the fibrotic area is < 25% (30). Thus, functional 
stenosis and tissue characterization may be linked to clinical outcome. Previously, we 
assessed the relationship between functional stenosis and the characterization of plaque 
tissue using FFRmyo and IB-IVUS (18).  
 

 
The initial image was constructed by tracing the lumen and the external elastic membrane. In the color-
coded map, red is calcification, yellow and green are fibrosis, and blue represents the lipid pool. 

Fig. 9. Representative IB-IVUS images  

We studied 17 lesions showing 75%-stenosis visually by coronary angiography in 17 stable 
angina patients (64.2+/-9.1 years old, 11 males). We found no correlation between FFRmyo 
and %DS (r = -0.354, p = 0.166, Fig.3B). Nor was there a correlation between FFRmyo and 
plaque burden (r = -0.241, p = 0.359, Fig.1B), or between FFRmyo and minimum lumen 
cross-sectional area (r = -0.002, p = 0.995). Likewise, neither %DS nor plaque burden 
correlated with the tissue characterization values (Figs.10A). There was no correlation 
between FFRmyo and %CA (calcification area) (r = -0.068, p = 0.799). By contrast, we 
observed a significant positive correlation between FFRmyo and %F (r = 0.620 p = 0.0067), 
and a significant negative correlation between FFRmyo and %LP (lipid pool area) (r = -0.524, 
p = 0.0293) (Fig.10B).  
Our previous findings indicate that the tissue characteristics of coronary plaques in 
intermediate lesions affect functional stenosis. Fibrous tissue and FFRmyo also correlate 
positively. Lipid pool and FFRmyo correlate negatively. The apparently contradictory 
results obtained in this study might be explained by the progression of human 
atherosclerotic lesions leading to increasing fibrosis and stenosis. Distal pressure, 
additionally, decreases with the severity of coronary narrowing in the epicardial arteries, 
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contributing to the progression of atherosclerosis. However, intermediate or moderate 
lesions remain distinct in terms of functional and angiographic severity. The increase in 
fibrous tissue is likely an adaptive response to this distal pressure aimed at redistributing 
and modulating the mechanical stress (34). The increased fibrosis may also be an adaptive 
response to reduced elasticity of the arterial wall in the area of the lesion. An earlier in vivo 
study showed that elasticity in the area of stenosis can exacerbate the pressure drop across 
the lesion, thereby reducing flow (35). 
 

 
(A) There was no correlation between angiographic stenosis and tissue characterization (B). There was a 
significant positive correlation between FFRmyo and fibrosis, and a significant negative correlation 
between FFRmyo and the lipid pool: ▲, %CA = percent calcification area; □, %F = percent fibrotic area; 
●, %LP = percent lipid pool area. (Source: J. Cardiol; 2010 ;55,296—302) 

Fig. 10. Relationship between stenosis and tissue characterization  

Our studies showed that angina patients with reduced FFRmyo are likely to have reduced 
functional capacity, and that the tissue characteristics of coronary plaques in intermediate 
lesions affect functional stenosis. According to these studies, high exercise capacity in 
patients with stable angiographic stenosis is linked to the stability of coronary plaques. 
Another report on coronary computed tomographic angiography indicated that coronary 
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p = 0.0293) (Fig.10B).  
Our previous findings indicate that the tissue characteristics of coronary plaques in 
intermediate lesions affect functional stenosis. Fibrous tissue and FFRmyo also correlate 
positively. Lipid pool and FFRmyo correlate negatively. The apparently contradictory 
results obtained in this study might be explained by the progression of human 
atherosclerotic lesions leading to increasing fibrosis and stenosis. Distal pressure, 
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contributing to the progression of atherosclerosis. However, intermediate or moderate 
lesions remain distinct in terms of functional and angiographic severity. The increase in 
fibrous tissue is likely an adaptive response to this distal pressure aimed at redistributing 
and modulating the mechanical stress (34). The increased fibrosis may also be an adaptive 
response to reduced elasticity of the arterial wall in the area of the lesion. An earlier in vivo 
study showed that elasticity in the area of stenosis can exacerbate the pressure drop across 
the lesion, thereby reducing flow (35). 
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Our studies showed that angina patients with reduced FFRmyo are likely to have reduced 
functional capacity, and that the tissue characteristics of coronary plaques in intermediate 
lesions affect functional stenosis. According to these studies, high exercise capacity in 
patients with stable angiographic stenosis is linked to the stability of coronary plaques. 
Another report on coronary computed tomographic angiography indicated that coronary 
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plaque characteristics were identified in patients with progressively reduced exercise times, 
and that functional ischemia was more severe in those with mixed plaque. (36) 
Thus, though coronary angiography is one of the most accurate methods for diagnosing 
coronary artery disease, comprehensive assessment of health status is necessary for stable 
angina patients with angiographic stenosis.  

6. References  
[1] Zir LM, Miller SW, Dinsmore RE, Gilbert JP, Harthorne JW. Interobserver variability in 

coronary angiography. Circulation. 1976;53:627-32. 
[2] DeRouen TA, Murray JA, Owen W. Variability in the analysis of coronary arteriograms. 

Circulation. 1977;55:324-8. 
[3] Kern MJ, de Bruyne B, Pijls NH. From research to clinical practice: current role of 

intracoronary physiologically based decision making in the cardiac catheterization 
laboratory. J Am Coll Cardiol. 1997;30:613-20. 

[4] Tanaka S, Noda T, Segawa T, Minagawa T, Watanabe S, Minatoguchi S. Relationship 
between functional exercise capacity and functional stenosis in patients with stable 
angina and intermediate coronary stenosis. Circ J. 2009 ;73:2308-14. 

[5] Pijls NH, De Bruyne B, Peels K, Van Der Voort PH, Bonnier HJ, Bartunek J Koolen JJ, 
Koolen JJ. Measurement of fractional flow reserve to assess the functional severity 
of coronary-artery stenoses. N Engl J Med. 1996;334:1703-8.  

[6] Pijls NH, Van Gelder B, Van der Voort P, Peels K, Bracke FA, Bonnier HJ, el Gamal MI. 
Fractional flow reserve. A useful index to evaluate the influence of an epicardial 
coronary stenosis on myocardial blood flow; Circulation. 1995;92:3183-93. 

[7] Tanaka S, Yokoyama C, Kawamura I, Takasugi N, Kubota T, Ushikoshi H, Aoyama T, 
Kawasaki M, Nishigaki K, Takemura G, Minatoguchi S. Conservative medication 
follow-up for over 20 years of a patient with ischemic heart disease after diagnosis 
of chronic total occlusion of the 3 main coronary arteries. Circ J. 2008;72:1205-9. 

[8] Albertal M, Regar E, Van Langenhove G, Carlier SG, Serrano P, Boersma E, Bruyne B, Di 
Mario C, Piek J, Serruys PW; DEBATE Investigators. Flow velocity and predictors 
of a suboptimal coronary flow velocity reserve after coronary balloon angioplasty. 
Eur Heart J. 2002;23:133-8. 

[9] Albertal M, Voskuil M, Piek JJ, de Bruyne B, Van Langenhove G, Kay PI, Costa MA, 
Boersma E, Beijsterveldt T, Sousa JE, Belardi JA, Serruys PW; Doppler Endpoints 
Balloon Angioplasty Trial Europe (DEBATE) II Study Group. Coronary flow 
velocity reserve after percutaneous interventions is predictive of periprocedural 
outcome. Circulation. 2002;105:1573-8. 

[10] Handberg E, Johnson BD, Arant CB, Wessel TR, Kerensky RA, von Mering G, Olson 
MB, Reis SE, Shaw L, Bairey Merz CN, Sharaf BL, Sopko G, Pepine CJ. Impaired 
coronary vascular reactivity and functional capacity in women: results from the 
NHLBI Women's Ischemia Syndrome Evaluation (WISE) Study;J Am Coll Cardiol. 
2006 7;47: S44-9. 

[11] Meuwissen M, Chamuleau SA, Siebes M, Schotborgh CE, Koch KT, de Winter RJ, Bax 
M, de Jong A, Spaan JA, Piek JJ. Role of variability in microvascular resistance on 
fractional flow reserve and coronary blood flow velocity reserve in intermediate 
coronary lesions. Circulation. 2001;103:184-7. 

[12] Matsuo H, Watanabe S, Yasuda S, Hirose T, Iwama M, Tanaka S, Yamaki T, Ono K, 
Takahashi H, Segawa T, Matsuno Y, Minatoguchi S, Fujiwara H. Myocardial perfusion 
during transient slow-flow in the patient with old vein graft intervention: assessment by 

Novel Insights Into Stenosis on Coronary Angiography–Outline 
of Functional Assessment of Stable Angina Patients with Angiographic Stenosis 

 

343 

serial measurement of pressure-derived fractional flow reserve and thermodilution-
derived coronary flow reserve. Catheter Cardiovasc Interv. 2003;60:392-8. 

[13] De Bruyne B, Pijls NH, Smith L, Wievegg M, Heyndrickx GR. Coronary thermodilution 
to assess flow reserve: experimental validation. Circulation. 2001;104:2003-6. 

[14] Pijls NH, De Bruyne B, Smith L, Aarnoudse W, Barbato E, Bartunek J, Bech GJ, Van De 
Vosse F. Coronary thermodilution to assess flow reserve: validation in humans. 
Circulation. 2002;105:2482-6. 

[15] Miller DD, Donohue TJ, Younis LT, Bach RG, Aguirre FV, Wittry MD, Goodgold HM, 
Chaitman BR, Kern MJ. Correlation of pharmacological 99mTc-sestamibi myocardial 
perfusion imaging with poststenotic coronary flow reserve in patients with 
angiographically intermediate coronary artery stenoses. Circulation. 1994;89:2150-60. 

[16] Bech GJ, De Bruyne B, Pijls NH, de Muinck ED, Hoorntje JC, Escaned J, Stella PR, 
Boersma E, Bartunek J, Koolen JJ, Wijns W. Fractional flow reserve to determine the 
appropriateness of angioplasty in moderate coronary stenosis: a randomized 
trial;Circulation. 2001;103:2928-34. 

[17] Pijls NH, van Schaardenburgh P, Manoharan G, Boersma E, Bech JW, van't Veer M, Bär 
F, Hoorntje J, Koolen J, Wijns W, de Bruyne B. Percutaneous coronary intervention 
of functionally nonsignificant stenosis: 5-year follow-up of the DEFER Study;J Am 
Coll Cardiol. 2007;49:2105-11. 

[18] Tanaka S, Noda T, Segawa T, Iwama M, Minagawa T, Watanabe S, Minatoguchi S. Relation 
between functional stenosis and tissue characterization of intermediate coronary 
plaques in patients with stable coronary heart disease. J Cardiol. 2010;55:296-302. 

[19] Tonino PA, De Bruyne B, Pijls NH, Siebert U, Ikeno F, van' t Veer M, Klauss V, 
Manoharan G, Engstrøm T, Oldroyd KG, Ver Lee PN, MacCarthy PA, Fearon WF; 
FAME Study Investigators. Fractional flow reserve versus angiography for guiding 
percutaneous coronary intervention. N Engl J Med. 2009 15;360:213-24. 

[20] Gulati M, Pandey DK, Arnsdorf MF, Lauderdale DS, Thisted RA, Wicklund RH, Al-
Hani AJ, Black HR. Exercise capacity and the risk of death in women: the St James 
Women Take Heart Project. Circulation. 2003;108:1554-9. 

[21] Mora S, Redberg RF, Cui Y, Whiteman MK, Flaws JA, Sharrett AR, Blumenthal RS. 
Ability of exercise testing to predict cardiovascular and all-cause death in 
asymptomatic women: a 20-year follow-up of the lipid research clinics prevalence 
study. JAMA. 2003;290:1600-7. 

[22] Hlatky MA, Boineau RE, Higginbotham MB, Lee KL, Mark DB, Califf RM, Cobb FR, Pryor 
DB. A brief self-administered questionnaire to determine functional capacity (the Duke 
Activity Status Index). A brief self-administered questionnaire to determine functional 
capacity (the Duke Activity Status Index). Am J Cardiol. 1989;64:651-4. 

[23] Rankin SL, Briffa TG, Morton AR, Hung J. A specific activity questionnaire to measure 
the functional capacity of cardiac patients. Am J Cardiol. 1996;77:1220-3. 

[24] Myers J, Bader D, Madhavan R, Froelicher V. Validation of a specific activity 
questionnaire to estimate exercise tolerance in patients referred for exercise testing. 
Am Heart J. 2001;142:1041-6. 

[25] Boden WE, O'Rourke RA, Teo KK, Hartigan PM, Maron DJ, Kostuk WJ, Knudtson M, 
Dada M, Casperson P, Harris CL, Chaitman BR, Shaw L, Gosselin G, Nawaz S, Title 
LM, Gau G, Blaustein AS, Booth DC, Bates ER, Spertus JA, Berman DS, Mancini GB, 
Weintraub WS; COURAGE Trial Research Group. Optimal medical therapy with or 
without PCI for stable coronary disease. N Engl J Med. 2007;356:1503-16. 

[26] Weintraub WS, Spertus JA, Kolm P, Maron DJ, Zhang Z, Jurkovitz C, Zhang W, 
Hartigan PM, Lewis C, Veledar E, Bowen J, Dunbar SB, Deaton C, Kaufman S, 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

342 

plaque characteristics were identified in patients with progressively reduced exercise times, 
and that functional ischemia was more severe in those with mixed plaque. (36) 
Thus, though coronary angiography is one of the most accurate methods for diagnosing 
coronary artery disease, comprehensive assessment of health status is necessary for stable 
angina patients with angiographic stenosis.  
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1. Introduction  
Radiation exposure is a concern for those who participate in the practice of interventional 
cardiology.  However, many cardiologists are unaware that they may be exposing patients 
to relatively high levels of radiation during cardiac catheterization procedures. 
Interventional cardiology techniques are highly appreciated for its less invasive character 
than surgery. A wide range of interventions, from diagnosis to treatment of heart and 
coronary specific disorders are performed in both adults and children.  Interventional 
cardiology procedures can involve significant radiation exposure. Therefore, it is essential to 
reduce the radiation dose as far as possible, by keeping an adequate image quality for 
diagnostic and therapeutic purposes. Over the last years, introduction of new technologies 
like flat-panel detectors have revolutionized fluoroscopy imaging. Most of the digital 
detectors can potentially be used at lower doses. In practice, technical optimization studies 
are rarely reported (especially for cardiac catheterization laboratories), notwithstanding the 
fact that optimal settings could be very different from the optimal settings with the 
traditional image intensifier systems.  
This chapter is structured in three parts. The first part focuses on background notions 
concerning X-ray production, radiation quantities and units, personal health risks and 
concepts of radiation protection. The second part reviews the radiation exposure in 
cardiovascular practice. The last part presents optimization strategies of image quality and 
radiation dose and recommendations for limiting radiation exposures.  

2. Radiation dose related to interventional cardiology 
X-rays are special types of electromagnetic radiation which can ionize matter. The 
interaction of radiation with tissue is dependent on the spectral distribution of the radiation 
as well as on the thickness, density, and atomic composition of the matter. Cardiac imaging 
systems use two forms of dynamic X-ray imaging: fluoroscopy and cineangiography. 
Fluoroscopy mode uses relatively low radiation dose levels and aids in the guidance and 
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1. Introduction  
Radiation exposure is a concern for those who participate in the practice of interventional 
cardiology.  However, many cardiologists are unaware that they may be exposing patients 
to relatively high levels of radiation during cardiac catheterization procedures. 
Interventional cardiology techniques are highly appreciated for its less invasive character 
than surgery. A wide range of interventions, from diagnosis to treatment of heart and 
coronary specific disorders are performed in both adults and children.  Interventional 
cardiology procedures can involve significant radiation exposure. Therefore, it is essential to 
reduce the radiation dose as far as possible, by keeping an adequate image quality for 
diagnostic and therapeutic purposes. Over the last years, introduction of new technologies 
like flat-panel detectors have revolutionized fluoroscopy imaging. Most of the digital 
detectors can potentially be used at lower doses. In practice, technical optimization studies 
are rarely reported (especially for cardiac catheterization laboratories), notwithstanding the 
fact that optimal settings could be very different from the optimal settings with the 
traditional image intensifier systems.  
This chapter is structured in three parts. The first part focuses on background notions 
concerning X-ray production, radiation quantities and units, personal health risks and 
concepts of radiation protection. The second part reviews the radiation exposure in 
cardiovascular practice. The last part presents optimization strategies of image quality and 
radiation dose and recommendations for limiting radiation exposures.  

2. Radiation dose related to interventional cardiology 
X-rays are special types of electromagnetic radiation which can ionize matter. The 
interaction of radiation with tissue is dependent on the spectral distribution of the radiation 
as well as on the thickness, density, and atomic composition of the matter. Cardiac imaging 
systems use two forms of dynamic X-ray imaging: fluoroscopy and cineangiography. 
Fluoroscopy mode uses relatively low radiation dose levels and aids in the guidance and 
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positioning of medical devices within the patient. Cineangiography mode (shortly cine 
mode) is the acquisition of a series of high definition dynamic images. It is mainly used to 
image vessels injected with contrast media. The necessity of obtaining high contrast and 
sharp edge definition with low noise images requires higher radiation dose rates. The basic 
components of a fluoroscopic imaging chain are shown in Figure 1. The chain is composed 
by an X-ray tube and generator, which are capable to produce a stable X-ray output over 
long exposure times, a detector mounted opposite the X-ray tube, capable of dynamic 
imaging, digital image processing and storage facilities, and a display system capable for 
viewing real-time or recorded digital image series.  
 

 
Fig. 1. Example of a fluoroscopic imaging chain equipped with image intensifier 

X-ray detector is a significant component of the overall imaging chain. Two generations of 
detector technology are present in the catheterization laboratories: image intensifier (II) 
connected to a charged coupled device camera and flat-panel detectors (FD), also known as 
active-matrix flat-panel imagers. Briefly, for II-based fluoroscopy systems, X-ray photons 
exiting the patient are incident on the II’s input surface. The photons strike the CsI input 
phosphor, absorbed and produce a large number of light photons. Then electrons are 
produced from visible light photons and accelerated until they hit the output screen.  From 
the collision with output screen results light photons that are recorded by a video or cine 
camera. Charges coupled device camera is used for direct digitalization of the image. The 
process is illustrated in Figure 2, left. The FD detectors are classified into indirect and direct 
detectors. Indirect detectors use a phosphor (scintillator) material that absorbs X-rays and 
produces a proportionate number of light photons that subsequently interact with a 
photodiode electrode on the TFT array (thin film transistor). A typical indirect FD detector is 
shown in Figure 2, right. Direct FDs use a semiconductor material sandwiched between two 
electrodes to absorb and convert the X-ray energy directly into ion pairs. Currently, 
amorphous selenium (a-Se) is the only clinical choice.  
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Fig. 2. X-ray detector technology. On the left, image intensifier (II) technology. On the right, 
flat-panel indirect detector (FD) technology. 

There is a common consensus that FDs provides advantages in terms of image quality and 
dose efficiency comparing with II technology. Advantages include image uniformity, no 
geometrical distortions, no veiling glare and vignetting, wider dynamic range and better 
ergonomics for patient accessibility. On the other hand, for FDs, system noise remains a 
limiting factor and performance is rather limited for low exposure levels. (Holmes et at., 
2004; Seibert, 2006; Davies et al., 2007).  

2.1 Radiation quantities and units 
Quantities describing patient dose from radiation exposures have been defined by the 
International Commission on Radiation Protection (ICRP, Publication 60, 1990 and ICRP, 
Publication 103, 2007) and by the International Commission on Radiation Units and 
Measurements (ICRU, Report 74, 2005). To make it simple, we will focus only on dose 
quantities and radiation units that are often used in interventional cardiology. We propose 
to divide them in three categories: dose quantities outside the patient’s body, dose quantities 
to estimate risks of skin injuries and effects that have threshold and dose quantities to 
estimate stochastic risks. 
Radiation quantities outside the patient’s body are used to describe the beam of X-rays. 
These quantities can express total amount of radiation or can express radiation at a specific 
point. The X-ray beam is emitted from a small source (point) from the tube and is constantly 
spreading out as it moves away from the source. Absorbed dose, D, is the mean energy 
imparted per unit mass by ionizing radiation. The SI unit of D is the Gray (Gy), where 1 Gy 
= 1 J/Kg. The Kerma (Kinetic Energy Released in a MAterial) is the sum of the initial kinetic 
energies of all charged ionizing particles liberated by uncharged particles in a material of a 
specific mass. The SI unit is also Gray (Gy).  To make it simply, in diagnostic radiology, 
absorbed dose D and Kerma are equal. It is possible to calculate the absorbed dose in a 
material if the exposure is known, by using a conversion coefficient depending on medium. 
Absorbed dose or air kerma in X-ray field can be measured with dosimeters. A practical 
quantity that gives an indication of the absorbed dose is dose-area product (DAP) or kerma-
area product (KAP). It is the product of dose to air (air kerma) and the area of the X-ray 
beam, and it is expressed in units Gy*cm². The use of DAP-meter provides a complete 
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positioning of medical devices within the patient. Cineangiography mode (shortly cine 
mode) is the acquisition of a series of high definition dynamic images. It is mainly used to 
image vessels injected with contrast media. The necessity of obtaining high contrast and 
sharp edge definition with low noise images requires higher radiation dose rates. The basic 
components of a fluoroscopic imaging chain are shown in Figure 1. The chain is composed 
by an X-ray tube and generator, which are capable to produce a stable X-ray output over 
long exposure times, a detector mounted opposite the X-ray tube, capable of dynamic 
imaging, digital image processing and storage facilities, and a display system capable for 
viewing real-time or recorded digital image series.  
 

 
Fig. 1. Example of a fluoroscopic imaging chain equipped with image intensifier 

X-ray detector is a significant component of the overall imaging chain. Two generations of 
detector technology are present in the catheterization laboratories: image intensifier (II) 
connected to a charged coupled device camera and flat-panel detectors (FD), also known as 
active-matrix flat-panel imagers. Briefly, for II-based fluoroscopy systems, X-ray photons 
exiting the patient are incident on the II’s input surface. The photons strike the CsI input 
phosphor, absorbed and produce a large number of light photons. Then electrons are 
produced from visible light photons and accelerated until they hit the output screen.  From 
the collision with output screen results light photons that are recorded by a video or cine 
camera. Charges coupled device camera is used for direct digitalization of the image. The 
process is illustrated in Figure 2, left. The FD detectors are classified into indirect and direct 
detectors. Indirect detectors use a phosphor (scintillator) material that absorbs X-rays and 
produces a proportionate number of light photons that subsequently interact with a 
photodiode electrode on the TFT array (thin film transistor). A typical indirect FD detector is 
shown in Figure 2, right. Direct FDs use a semiconductor material sandwiched between two 
electrodes to absorb and convert the X-ray energy directly into ion pairs. Currently, 
amorphous selenium (a-Se) is the only clinical choice.  
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Fig. 2. X-ray detector technology. On the left, image intensifier (II) technology. On the right, 
flat-panel indirect detector (FD) technology. 

There is a common consensus that FDs provides advantages in terms of image quality and 
dose efficiency comparing with II technology. Advantages include image uniformity, no 
geometrical distortions, no veiling glare and vignetting, wider dynamic range and better 
ergonomics for patient accessibility. On the other hand, for FDs, system noise remains a 
limiting factor and performance is rather limited for low exposure levels. (Holmes et at., 
2004; Seibert, 2006; Davies et al., 2007).  

2.1 Radiation quantities and units 
Quantities describing patient dose from radiation exposures have been defined by the 
International Commission on Radiation Protection (ICRP, Publication 60, 1990 and ICRP, 
Publication 103, 2007) and by the International Commission on Radiation Units and 
Measurements (ICRU, Report 74, 2005). To make it simple, we will focus only on dose 
quantities and radiation units that are often used in interventional cardiology. We propose 
to divide them in three categories: dose quantities outside the patient’s body, dose quantities 
to estimate risks of skin injuries and effects that have threshold and dose quantities to 
estimate stochastic risks. 
Radiation quantities outside the patient’s body are used to describe the beam of X-rays. 
These quantities can express total amount of radiation or can express radiation at a specific 
point. The X-ray beam is emitted from a small source (point) from the tube and is constantly 
spreading out as it moves away from the source. Absorbed dose, D, is the mean energy 
imparted per unit mass by ionizing radiation. The SI unit of D is the Gray (Gy), where 1 Gy 
= 1 J/Kg. The Kerma (Kinetic Energy Released in a MAterial) is the sum of the initial kinetic 
energies of all charged ionizing particles liberated by uncharged particles in a material of a 
specific mass. The SI unit is also Gray (Gy).  To make it simply, in diagnostic radiology, 
absorbed dose D and Kerma are equal. It is possible to calculate the absorbed dose in a 
material if the exposure is known, by using a conversion coefficient depending on medium. 
Absorbed dose or air kerma in X-ray field can be measured with dosimeters. A practical 
quantity that gives an indication of the absorbed dose is dose-area product (DAP) or kerma-
area product (KAP). It is the product of dose to air (air kerma) and the area of the X-ray 
beam, and it is expressed in units Gy*cm². The use of DAP-meter provides a complete 
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measurement of the total exposure of the patient. The DAP-meter is a flat large-area 
ionization chamber mounted at the exit window of the X-ray tube and intercepts the entire 
useful beam. In interventional cardiology, we work also with other quantities that influence 
radiation dose. One of them is fluoroscopy time, which can be adopted as starting unit in a 
quality assurance program (for comparison between operators, centers, procedures, for the 
evaluation of protocols, and for the evaluation of operator skills). Other quantity is the 
number of acquired cineangiographic images or number of series.  
Entrance skin dose (ESD) includes the scatter from the patient. ESD = D*BF, where 
backscatter factor ranges from 1.2-1.4 as a function of field size. The SI unit for ESD is the 
Gray (Gy). Values of absorbed dose to tissue, compared with to air, will vary by a few 
percent depending on the exact composition of the medium that is taken to represent soft 
tissue. To evaluate the dose inside the patient’s body, we use the mean absorbed dose in a 
tissue or organ, DT, in fact the energy deposited in the organ divided by the mass of that 
organ. Organ doses cannot be measured on real patients. They can be measured in 
anthropomorphic phantoms simulating examinations or by dedicated software tools that 
simulates the interaction of X-rays on mathematical or realistic phantoms.  
 

 
Fig. 3. Dosimetry terminology used in interventional cardiology (Adapted from ICRP 
Publication 85). 

A second category of dose quantities are the ones related to estimate risks of skin injuries 
and effects that have threshold. Approximate entrance dose thresholds have been 
determined for various skin changes, ranging from early transient erythema at 2 Gy to 
painful dermal necrosis of about 18 Gy. For interventional procedures, maximal skin dose 
(MSD) can be assessed with different methodologies: (a) by direct calculation, with off or 
on-line techniques, (b) by direct measurements on the patient with point detectors 
(thermoluminescent detectors, TLDs, or other solid state detectors), (c) by direct 
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measurements on the patient with large area detectors (films and TLDs array), and (d) by 
portal monitoring with area or point/area detectors. The new cardiac X-ray systems are 
able to display on the monitors dosimetric parameters at the interventional reference 
point (IRP). The IRP is the reference point intended to be representative of the position of 
the patient’s skin at the entrance site of the X-ray beam during an interventional 
procedure. For fluoroscopic systems with an isocentre, the IRP is located along the central 
ray of the X-ray beam at a distance of 15 cm from the isocentre in the direction of the focal 
spot (Figure 3). 
Radiation exposure of the different organs and tissues in the body results in different 
probabilities of harm and different severity. The combination of probability and severity of 
harm is called detriment. For instance in young patients, organ doses may significantly 
increase the risk of radiation-induced cancer in later life. The equivalent dose (H) is the 
absorbed dose multiplied by a dimensionless radiation weighting factor, wR, which 
expresses the biological effectiveness of a given type of radiation. RH D w  . The SI unit of 
H is the Sievert (Sv). For X-rays, the wR is 1 so H is equal to D. The mean equivalent dose in 
a tissue or organ HT is the energy deposited in the organ divided by the mass of that organ. 
To reflect the detriment from stochastic effects due to the equivalent doses in the different 
organs and tissues of the body, the equivalent dose is multiplied by a tissue weighting 
factor, wT. The equivalent doses to organs and tissues weighted by the relative wT are 
summed over the whole body to give the effective dose, E. The SI unit of E is also the Sievert 
(Sv).  T TTE w H  . Till 2007 the tissue weighting factors of ICRP Publication 60 were 
used. A recent estimation of those factors was published in ICRP report 103. Main 
differences between publications for tissue weighting factors, wT are presented in Table 1. 
Stochastic risk is calculated multiplying effective dose by a risk factor specific for sex and 
age at the exposure.  
Figure 3 illustrates the dosimetry terminology used in interventional cardiology. To 
summarize, the biological effects and risks from ionizing radiation are divided into 
deterministic and stochastic effects. Deterministic effects have a dose threshold, and the 
intensity of the effect increases with increasing dose. Stochastic effects include cancer and 
genetic risk. Probability of stochastic risks increases with increasing dose, but the intensity 
of the effect is not a function of the absorbed dose. For personnel working in cardiac 
catetherization laboratories, the major worries about radiation exposure are the potential 
risk of cancer, cataracts, and genetic birth defects of pregnant staff if the appropriate 
protective measures are not used. For patients, deterministic effects can be produced by 
high doses of fluoroscopic X-rays. In addition, stochastic effects can appear on patients 
with repeated interventional cardiac procedures, especially if are performed in young 
population.  
Risks of exposure to ionizing radiation are contra balanced by the need for and potential 
benefit for a patient to have a cardiac interventional procedure. In fact medical use of 
radiation is a unique situation in which patients are intentionally irradiated. The risk should 
be minimised by utilizing techniques and procedures that keep exposure to a level As Low 
As Reasonably Achievable (ALARA principle). The principle of ALARA is the axiom for all 
radiation workers. Its successful implementation in catheterization laboratory require 
understanding of factors responsible for levels of radiation exposure and applying 
optimized procedures to obtain the medical diagnostic or therapeutic goal with minimum 
radiation risks.  
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measurement of the total exposure of the patient. The DAP-meter is a flat large-area 
ionization chamber mounted at the exit window of the X-ray tube and intercepts the entire 
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determined for various skin changes, ranging from early transient erythema at 2 Gy to 
painful dermal necrosis of about 18 Gy. For interventional procedures, maximal skin dose 
(MSD) can be assessed with different methodologies: (a) by direct calculation, with off or 
on-line techniques, (b) by direct measurements on the patient with point detectors 
(thermoluminescent detectors, TLDs, or other solid state detectors), (c) by direct 
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measurements on the patient with large area detectors (films and TLDs array), and (d) by 
portal monitoring with area or point/area detectors. The new cardiac X-ray systems are 
able to display on the monitors dosimetric parameters at the interventional reference 
point (IRP). The IRP is the reference point intended to be representative of the position of 
the patient’s skin at the entrance site of the X-ray beam during an interventional 
procedure. For fluoroscopic systems with an isocentre, the IRP is located along the central 
ray of the X-ray beam at a distance of 15 cm from the isocentre in the direction of the focal 
spot (Figure 3). 
Radiation exposure of the different organs and tissues in the body results in different 
probabilities of harm and different severity. The combination of probability and severity of 
harm is called detriment. For instance in young patients, organ doses may significantly 
increase the risk of radiation-induced cancer in later life. The equivalent dose (H) is the 
absorbed dose multiplied by a dimensionless radiation weighting factor, wR, which 
expresses the biological effectiveness of a given type of radiation. RH D w  . The SI unit of 
H is the Sievert (Sv). For X-rays, the wR is 1 so H is equal to D. The mean equivalent dose in 
a tissue or organ HT is the energy deposited in the organ divided by the mass of that organ. 
To reflect the detriment from stochastic effects due to the equivalent doses in the different 
organs and tissues of the body, the equivalent dose is multiplied by a tissue weighting 
factor, wT. The equivalent doses to organs and tissues weighted by the relative wT are 
summed over the whole body to give the effective dose, E. The SI unit of E is also the Sievert 
(Sv).  T TTE w H  . Till 2007 the tissue weighting factors of ICRP Publication 60 were 
used. A recent estimation of those factors was published in ICRP report 103. Main 
differences between publications for tissue weighting factors, wT are presented in Table 1. 
Stochastic risk is calculated multiplying effective dose by a risk factor specific for sex and 
age at the exposure.  
Figure 3 illustrates the dosimetry terminology used in interventional cardiology. To 
summarize, the biological effects and risks from ionizing radiation are divided into 
deterministic and stochastic effects. Deterministic effects have a dose threshold, and the 
intensity of the effect increases with increasing dose. Stochastic effects include cancer and 
genetic risk. Probability of stochastic risks increases with increasing dose, but the intensity 
of the effect is not a function of the absorbed dose. For personnel working in cardiac 
catetherization laboratories, the major worries about radiation exposure are the potential 
risk of cancer, cataracts, and genetic birth defects of pregnant staff if the appropriate 
protective measures are not used. For patients, deterministic effects can be produced by 
high doses of fluoroscopic X-rays. In addition, stochastic effects can appear on patients 
with repeated interventional cardiac procedures, especially if are performed in young 
population.  
Risks of exposure to ionizing radiation are contra balanced by the need for and potential 
benefit for a patient to have a cardiac interventional procedure. In fact medical use of 
radiation is a unique situation in which patients are intentionally irradiated. The risk should 
be minimised by utilizing techniques and procedures that keep exposure to a level As Low 
As Reasonably Achievable (ALARA principle). The principle of ALARA is the axiom for all 
radiation workers. Its successful implementation in catheterization laboratory require 
understanding of factors responsible for levels of radiation exposure and applying 
optimized procedures to obtain the medical diagnostic or therapeutic goal with minimum 
radiation risks.  
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ICRP Report 60 (1990) ICRP Report 103 (2007) 
Tissue Tissue weighting factor, wT Tissue Tissue weighting factor, wT 

Lung 0.12 Lung 0.12 
Stomach Stomach 
Colon Colon 
Bone Marrow Bone 

Marrow 
 Breast 
 Remainder 
Gonads 0.20 Gonads 0.08 
Thyroid 0.05 Thyroid 0.04 
Oesophagus Oesophagus
Bladder Bladder 
Liver Liver 
Breast  
Remainder  
Bone surface  Bone 

surface 
 

Skin Skin 
 Brain 
 Salivary 

glands 

Table 1. Differences between wT tissue weighting factors in ICRP Publication 60 and 
Publication 103. 

3. Literature review of patient and staff doses in clinical practice  
Interventional cardiology procedures are usually fluoroscopy guided diagnostic and 
therapeutic interventions. Therapeutic interventions are often complex procedures and 
sometimes procedures are repeated for the same patient. In these situations patient high 
radiation dose levels occur. The specialized literature presents a series of case reports 
describing deterministic effects with growing incidence and more concern than stochastic 
long term risks. International Commission on Radiological Protection and World Health 
Organisation has requested attention to the skin dose problems of complicated radiological 
interventions. In this context, patient dosimetry approaches are an important issue. Many 
published dose data are expressed in terms of not particularly well defined dose quantities 
and without clear objective for the measurements performed. This section of the work aims 
to report and compare dosimetry approaches and eventually propose a classification of the 
different dosimetry objectives. Patient dosimetry methods currently used in interventional 
cardiology may be divided in three categories according to their purposes: (1) dosimetry for 
quality assurance; (2) dosimetry for stochastic risk evaluation, (3) dosimetry for 
deterministic effects evaluation. 
Dosimetry for quality assurance is used to compare performance of equipment, operator 
skills or radiological practice among different teams or centers, to evaluate the 
optimization process or to establish diagnostic reference levels (DRL) for routine 
examinations. Useful dose quantity is the dose – area product, DAP. For cardiac 
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procedures, usually the total DAP for whole procedure is documented. Sometimes, the 
DAP for the fluoroscopy part (DAPfluoro) and the DAP for the cineangiography part of a 
procedure (DAPcine) are indicated. Some authors propose additional technical quantities 
like the total fluoroscopy time of a procedure, the total number of acquired images, the 
number of series of acquired images, the mean number of images per series in a 
procedure.  Dosimetry quantities for stochastic risk evaluation are organ equivalent 
doses to organ/tissue and effective dose. These quantities are indicators of overall 
exposure in the assessment of stochastic effects of radiation exposure for population. Use 
of these quantities allows us to compare exposures from different types of procedure, 
radiation type, and radiation quality, and irradiation geometry. From effective dose, using 
correct risk coefficients (ICRP Report 103), we can estimate the detriment of individuals or 
population from medical exposure. Dosimetry for deterministic effects focuses on skin 
dose assessment. For complex interventional cardiology procedures, the knowledge of 
irradiated skin area is important with respect to the potential for deterministic effects of 
radiation exposure. Different methodologies are used to express the maximal skin dose 
(MSD): off-line or on-line calculation, direct measurements on the patient with point 
detectors (TLDs or solid state detectors), direct measurements on the patient with the area 
detectors (TLD array and film) or by portal monitoring with point or area detectors. 
Unfortunately not all methods are feasible for routine work, specially the on-line ones. An 
alternative approach on two levels can be used. The first level able to prevent 
deterministic effects is using a threshold. This can be fluoroscopy time or a measurable 
quantity like DAP, able to alert the operator that a certain value of skin dose, 
corresponding to a threshold for deterministic effects can be reached. The second level to 
assess MSD requires specific methods. In case of electrophysiology procedures where 
stationary fields are used, electronic point detectors or computational methods able to 
assess skin dose distribution can be employed.  
We will present a summary of published patient doses in interventional cardiology. Any 
attempt to compare published studies must be performed with circumspection due to the lack 
of standardization of data acquisition and the uncontrolled variables (equipment differences, 
radiographic technique, complexity of procedure, patient characteristics (size, age, sex).  

3.1 Patient radiation doses during diagnostic and interventional cardiac 
catheterization 
The most frequent procedures in adults are coronary angiography (CA) for diagnostic and 
percutaneous coronary intervention (PCI) for therapeutic examinations. Consequently, there 
are a large number of articles that review the patient radiation doses. For CA procedures, 
some authors report data for subcategories of procedures like CA with left ventricular 
angiography, or/and cardiac catheterization. PCIs are more complicated to classify because 
of the large number of technical factors, like number of lesions treated, the wire technique, 
simple, ostial or bifurcation stenting, flow and pressure wire or any other special devices. 
The most common quantities used were: DAP, fluoroscopy time, cine frames, cine time 
(dosimetry for quality assurance), effective dose (dosimetry for stochastic risks), and skin 
dose (dosimetry for deterministic risks). Published results are presented in Table 2 for CA 
and in Table 3 for PCI procedures. The studies presented are a little part of the literature 
survey. We present only median values and, where available, the range. We looked for 
studies from different time periods. It is evident from the tabulated data that the reported 
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procedures, usually the total DAP for whole procedure is documented. Sometimes, the 
DAP for the fluoroscopy part (DAPfluoro) and the DAP for the cineangiography part of a 
procedure (DAPcine) are indicated. Some authors propose additional technical quantities 
like the total fluoroscopy time of a procedure, the total number of acquired images, the 
number of series of acquired images, the mean number of images per series in a 
procedure.  Dosimetry quantities for stochastic risk evaluation are organ equivalent 
doses to organ/tissue and effective dose. These quantities are indicators of overall 
exposure in the assessment of stochastic effects of radiation exposure for population. Use 
of these quantities allows us to compare exposures from different types of procedure, 
radiation type, and radiation quality, and irradiation geometry. From effective dose, using 
correct risk coefficients (ICRP Report 103), we can estimate the detriment of individuals or 
population from medical exposure. Dosimetry for deterministic effects focuses on skin 
dose assessment. For complex interventional cardiology procedures, the knowledge of 
irradiated skin area is important with respect to the potential for deterministic effects of 
radiation exposure. Different methodologies are used to express the maximal skin dose 
(MSD): off-line or on-line calculation, direct measurements on the patient with point 
detectors (TLDs or solid state detectors), direct measurements on the patient with the area 
detectors (TLD array and film) or by portal monitoring with point or area detectors. 
Unfortunately not all methods are feasible for routine work, specially the on-line ones. An 
alternative approach on two levels can be used. The first level able to prevent 
deterministic effects is using a threshold. This can be fluoroscopy time or a measurable 
quantity like DAP, able to alert the operator that a certain value of skin dose, 
corresponding to a threshold for deterministic effects can be reached. The second level to 
assess MSD requires specific methods. In case of electrophysiology procedures where 
stationary fields are used, electronic point detectors or computational methods able to 
assess skin dose distribution can be employed.  
We will present a summary of published patient doses in interventional cardiology. Any 
attempt to compare published studies must be performed with circumspection due to the lack 
of standardization of data acquisition and the uncontrolled variables (equipment differences, 
radiographic technique, complexity of procedure, patient characteristics (size, age, sex).  

3.1 Patient radiation doses during diagnostic and interventional cardiac 
catheterization 
The most frequent procedures in adults are coronary angiography (CA) for diagnostic and 
percutaneous coronary intervention (PCI) for therapeutic examinations. Consequently, there 
are a large number of articles that review the patient radiation doses. For CA procedures, 
some authors report data for subcategories of procedures like CA with left ventricular 
angiography, or/and cardiac catheterization. PCIs are more complicated to classify because 
of the large number of technical factors, like number of lesions treated, the wire technique, 
simple, ostial or bifurcation stenting, flow and pressure wire or any other special devices. 
The most common quantities used were: DAP, fluoroscopy time, cine frames, cine time 
(dosimetry for quality assurance), effective dose (dosimetry for stochastic risks), and skin 
dose (dosimetry for deterministic risks). Published results are presented in Table 2 for CA 
and in Table 3 for PCI procedures. The studies presented are a little part of the literature 
survey. We present only median values and, where available, the range. We looked for 
studies from different time periods. It is evident from the tabulated data that the reported 
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values for interventional cardiology procedures vary considerably. This can be attributed to 
procedural complexity, examination technique, use of radiation-reducing techniques, 
operator experience, workload, and catheterization laboratory examination. For example, 
Broadhead et al, 1997 compared patient dosimetry between single intensifier system and 
biplane image intensifier system, and found that the biplane system provides greater 
imaging capability but with increased dose. DAP for CA is 47.7 vs. 23.4 Gycm² (biplane vs. 
single system), and for PCI is 72.2 vs. 51.6 Gycm².  
 

Study 
Sample 
(number
cases) 

DAP (Gycm²) Fluoroscopy 
time (min) 

Cine frames 
(images) 

Maximum 
skin dose 

(mGy) 

Effective 
dose 

(mSv) 
  Median ( Range min - max) 
Zorzetto, 1997  52.5 4.9 1350   
Broadhead, 1997 2174 58.8    9.4 
van de Putte, 
2000  56.8 ( max 144)   412 – 725  

Eftathopoulos, 
2003 20 29    5 

Kuon, 2003 509 23.6 3.4 339   

Dragusin, 2005 78 25.6 (9 -115) 4 (1 – 25) 767  
(318 – 1331)   

Karambatsakiou,
2005 20 (18 -107)     

Vijakalakshmi, 
2007 3752 19.1    4.8 

D’Helft, 2008  13.6 – 231 0.22 – 27.6    

Tsapaki, 2008 549 31 ( 1 – 135) 4 (0.8-57) 688  
(62 -2206)   

Bogaert, 2008 200     7.3 
Dragusin, 2010 122 11.6 3 506   
Samara, 2010  55 ( max 235) 3.1 ( max 65)    

Table 2. Short review of patient doses during coronary angiography (CA) examinations  

Bernardi et al., 2000 and Padovani et al., 2001 investigated the effect of complexity of PCI 
interventions, by separating the procedures in “simple”, “medium” and “complex” 
procedure, based on a set of technical and clinical factors. (Median DAP values 66.7,96.4 and 
132.7 Gycm²). Sandborg et al, 2003 compared the radial arterial approach to the femoral 
approach in term of radiation dose. They found that radial approach yielded significant 
higher doses (51 and 75 Gycm² for CA, respectively PCI), compared with femoral approach 
(38 and 47 Gycm²). Tsapaki et al. 2004 and Trianni et al., 2005a compared the patient doses 
of flat-panel systems (FD) to image intensifier (II) systems. Despite of the potential of FD to 
produce images of higher quality with lower entrance detector dose rates, in clinical practice 
and terms of patient dose could give opposite results. Trianni et al., 2005a reported 33.4 
Gycm² (for FD) and 31,1 Gycm² (for II) during CA examinations and 66.9 Gycm² (for FD) 
and 52 Gycm² (for II) during PCI examinations. Some publications presented patient 
dosimetry in term of contribution of fluoroscopy and image acquisition to the total DAP 
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(Efstathopoulos et al., 2003, Kuon et al., 2004). Mean DAP for fluoroscopy and image 
acquisition calculated from the values reported in these studies are 18% DAP fluoroscopy 
and 81% DAP image acquisition for CA procedures. For PCIs, DAP is 41% from fluoroscopy 
and 59% from image acquisition. The patient radiation doses vary widely among published 
studies. These differences are related to patient, procedure, X-ray equipment and physician.   
 

Study 
Sample 

(number 
cases) 

DAP 
(Gycm²) 

Fluoroscopy 
time (min) 

Cine frames 
(images) 

Maximum 
skin dose 

(mGy) 

Effective 
dose 

(mSv) 
  Median ( Range min - max) 
Zorzetto, 1997  82.6 12.2 1500   
Broadhead,  
1997 214 77.9    14.2 

van de Putte, 
2000  108 – 131     

Eftathopoulos, 
2003 20 75    14 

Kuon, 2003 233 22.2 9.7 208   
Dragusin, 2005 23 9 – 148.4 1.4 -44.5 206 -1524   
Karambatsakiou, 
2005 10 16 - 115     

Vijakalakshmi, 
2007 646 35    9.3 

D’Helft, 2008  47.5 - 413 2-98    

Tsapaki, 2008 549 62 10.4 (3.2-53) 1257  
(398-5940) 

799  
(320-1660)  

Bogaert, 2008 118     11.6 
Dragusin, 2010 91 32.7 12.6 938   
Samara, 2010  144 9.1 (max 52)    

Table 3. Short review of patient doses during percutaneous coronary intervention (PCI) 
examinations 

3.2 Patient radiation doses radiation doses during electrophysiology studies and 
pacemaker implantations 
Cardiac electrophysiology is a subdiscipline of interventional cardiology that is focused on 
elucidating, diagnosing, and treating the electrical problems of the heart. The procedures are 
performed by invasive intracardiac catheter recordings of spontaneous activity as well as of 
cardiac responses to programmed electrical stimulation. These studies are performed to 
evaluate abnormal electrocardiograms and to assess complex arrhythmias. Typically 
therapeutic procedures are radiofrequency catheter ablations (RFCA). Patient doses are also 
influenced by the type of procedures. Diagnostic electrophysiological study (EPS) relies 
mainly on fluoroscopy. For therapeutic procedures, we can find different categories: RFCA 
without angiographic images using contrast medium, RFCA with angiographic images 
using contrast medium and RFCA of atrial fibrillation (AF) (Dragusin et al., 2005). The 
dosimetric data of this study is presented in Table 4. In the case of therapeutic examinations, 



 
Advances in the Diagnosis of Coronary Atherosclerosis 

 

352 

values for interventional cardiology procedures vary considerably. This can be attributed to 
procedural complexity, examination technique, use of radiation-reducing techniques, 
operator experience, workload, and catheterization laboratory examination. For example, 
Broadhead et al, 1997 compared patient dosimetry between single intensifier system and 
biplane image intensifier system, and found that the biplane system provides greater 
imaging capability but with increased dose. DAP for CA is 47.7 vs. 23.4 Gycm² (biplane vs. 
single system), and for PCI is 72.2 vs. 51.6 Gycm².  
 

Study 
Sample 
(number
cases) 

DAP (Gycm²) Fluoroscopy 
time (min) 

Cine frames 
(images) 

Maximum 
skin dose 

(mGy) 

Effective 
dose 

(mSv) 
  Median ( Range min - max) 
Zorzetto, 1997  52.5 4.9 1350   
Broadhead, 1997 2174 58.8    9.4 
van de Putte, 
2000  56.8 ( max 144)   412 – 725  

Eftathopoulos, 
2003 20 29    5 

Kuon, 2003 509 23.6 3.4 339   

Dragusin, 2005 78 25.6 (9 -115) 4 (1 – 25) 767  
(318 – 1331)   

Karambatsakiou,
2005 20 (18 -107)     

Vijakalakshmi, 
2007 3752 19.1    4.8 

D’Helft, 2008  13.6 – 231 0.22 – 27.6    

Tsapaki, 2008 549 31 ( 1 – 135) 4 (0.8-57) 688  
(62 -2206)   

Bogaert, 2008 200     7.3 
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Table 2. Short review of patient doses during coronary angiography (CA) examinations  

Bernardi et al., 2000 and Padovani et al., 2001 investigated the effect of complexity of PCI 
interventions, by separating the procedures in “simple”, “medium” and “complex” 
procedure, based on a set of technical and clinical factors. (Median DAP values 66.7,96.4 and 
132.7 Gycm²). Sandborg et al, 2003 compared the radial arterial approach to the femoral 
approach in term of radiation dose. They found that radial approach yielded significant 
higher doses (51 and 75 Gycm² for CA, respectively PCI), compared with femoral approach 
(38 and 47 Gycm²). Tsapaki et al. 2004 and Trianni et al., 2005a compared the patient doses 
of flat-panel systems (FD) to image intensifier (II) systems. Despite of the potential of FD to 
produce images of higher quality with lower entrance detector dose rates, in clinical practice 
and terms of patient dose could give opposite results. Trianni et al., 2005a reported 33.4 
Gycm² (for FD) and 31,1 Gycm² (for II) during CA examinations and 66.9 Gycm² (for FD) 
and 52 Gycm² (for II) during PCI examinations. Some publications presented patient 
dosimetry in term of contribution of fluoroscopy and image acquisition to the total DAP 
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(Efstathopoulos et al., 2003, Kuon et al., 2004). Mean DAP for fluoroscopy and image 
acquisition calculated from the values reported in these studies are 18% DAP fluoroscopy 
and 81% DAP image acquisition for CA procedures. For PCIs, DAP is 41% from fluoroscopy 
and 59% from image acquisition. The patient radiation doses vary widely among published 
studies. These differences are related to patient, procedure, X-ray equipment and physician.   
 

Study 
Sample 

(number 
cases) 

DAP 
(Gycm²) 

Fluoroscopy 
time (min) 

Cine frames 
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Maximum 
skin dose 

(mGy) 

Effective 
dose 

(mSv) 
  Median ( Range min - max) 
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(398-5940) 

799  
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Bogaert, 2008 118     11.6 
Dragusin, 2010 91 32.7 12.6 938   
Samara, 2010  144 9.1 (max 52)    

Table 3. Short review of patient doses during percutaneous coronary intervention (PCI) 
examinations 

3.2 Patient radiation doses radiation doses during electrophysiology studies and 
pacemaker implantations 
Cardiac electrophysiology is a subdiscipline of interventional cardiology that is focused on 
elucidating, diagnosing, and treating the electrical problems of the heart. The procedures are 
performed by invasive intracardiac catheter recordings of spontaneous activity as well as of 
cardiac responses to programmed electrical stimulation. These studies are performed to 
evaluate abnormal electrocardiograms and to assess complex arrhythmias. Typically 
therapeutic procedures are radiofrequency catheter ablations (RFCA). Patient doses are also 
influenced by the type of procedures. Diagnostic electrophysiological study (EPS) relies 
mainly on fluoroscopy. For therapeutic procedures, we can find different categories: RFCA 
without angiographic images using contrast medium, RFCA with angiographic images 
using contrast medium and RFCA of atrial fibrillation (AF) (Dragusin et al., 2005). The 
dosimetric data of this study is presented in Table 4. In the case of therapeutic examinations, 
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the radiation doses varied according to the location of the tachycardia. Ablations in which 
contrast medium is used to take images need more radiation exposure. RFCA of atrial 
fibrillation had longer examination times and yielded the maximum radiation doses. 
 

Parameter Type of procedure 
(number cases) Range Mean ± SD Median Third 

quartile 

DAP 
(Gycm²) 

EFO (72) 
RFCA without contrast (85)

RFCA with contrast (52) 
AF (36) 

0.5 – 77.5 
1.5 – 93.2 

1.5 – 102.1 
33.6 – 440.2

13.8 ± 16 
21.9 ± 20.5 
34.3 ± 26 

156.3 ± 99.4

7.2 
14.3 
32.1 

129.6 

17.3 
27.9 
47.6 
183.6 

Fluoroscopy 
time (min) 

EFO (72) 
RFCA without contrast (85)

RFCA with contrast (52) 
AF (36) 

1.6 – 39 
4.4 – 48.8 
10 – 61.3 
27.6 - 130 

11.2±8.6 
23.7±11.2 
26.5±11.2 
67.6±24.7 

8 
20.7 
22.9 
66.4 

13.8 
30.3 
31.2 
85.5 

Table 4. Summary of patient radiation data for electrophysiological procedures (Dragusin et 
al., 2005) 

Trianni et al., 2005b collected patient skin doses from 90 electrophysiological procedures. 
Mean maximum local skin doses were 0.03 Gy for pacemaker insertion, 0.17 Gy for RFCA 
for nodal tachycardia and 0.22 Gy for atrial fibrillation. Ector et al., 2007 investigated the 
effect of body mass index on radiation doses in patients undergoing pulmonary vein 
isolation for atrial fibrillation. 85 patients undergoing AF ablation guided by biplane low-
frequency pulsed fluoroscopy (3 frames/s). Mean DAP values per hour of fluoroscopy were 
58, 110 and 184 Gycm² in normal, overweight, and obese patients. The corresponding 
effective dose for AF ablation procedures were 15.2, 26.7, and 39 mSv.  

3.3 Patient radiation doses radiation doses during pediatric cardiovascular 
procedures 
According to the Euratom Directive 97/43, exposures of children and procedures involving 
high doses to the patient, such as interventional radiology, should be given special attention. 
Both criteria apply to the pediatric cardiac catheterization laboratories, so patient dose 
evaluations should thus be established with priority. On pediatric patients both diagnostic 
and therapeutic procedures are performed. Diagnostic examinations study complex 
congenital heart diseases. Therapeutic procedures mainly involve dilatation of stenotic 
vessels or valves and occlusion of abnormal communications. The main therapeutic 
procedures are balloon dilatation of the pulmonary valve, balloon dilatation of peripheral 
pulmonary stenosis, balloon dilatation for coarctation of the aorta, stent implantation, 
occlusion of patent ductus anteriosus, closure of atrial septal defect and closure of 
ventricular septal defect. We will discuss the results of a study regarding pediatric radiation 
doses performed in a catheterization laboratory equipped with a biplane FD system 
(Dragusin et al., 2008a). In this study, the population was divided in six age groups (0-30 
days, 1-12 months, 1-3 years, 3-5 years, 5-10 years and 10-15 years). Data from 273 patients 
are presented in terms of DAP, fluoroscopy time and number of image acquisition series. 
For diagnostic procedures the median values per age group are 2.7, 2.5, 5.1, 5.8, 7.1, 9.9 
Gycm², 11, 6, 10, 8, 8, 5 minutes, and 8, 6, 6, 10, 8, 6 acquisition series. For therapeutic 
procedures the median values per age group are 4.8, 5.9, 7.5, 9.5, 17.1, 46.8 Gycm² for DAP, 
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16.5, 12, 16, 18, 21, 20 minutes for fluoroscopy time and 9, 14, 12, 18, 22, 19 acquisition series. 
The effective doses for each patient were estimated using PCXMC software (STUK, Finland). 
The 25th, 50th and 75th percentile per each age group for diagnostic procedure is presented in 
Figure 4 and for therapeutic procedures is presented in Figure 5.  
 

 
Fig. 4. Estimated effective doses for diagnostic procedures in pediatric interventional 
cardiology (Dragusin et al., 2008a) 

 

 
Fig. 5. Estimated effective doses for therapeutic procedures in pediatric interventional 
cardiology (Dragusin et al., 2008a) 

Other study  reported DAP values as 75th percentile of 6.2, 6.1, 9, 10, 15, 20, 27 and 36 Gycm² 
for 2114 patients divided in eight age groups from newborns to 21 y (Rassow et al.,2000). 
This study included diagnostic, therapeutic and myocardial biopsy procedures. Bacher et 
al., 2005 studied 60 patients of which 28 underwent diagnostic imaging. Patients age  ranged 
from new born to 10 y. The DAP range for diagnostic was 0.96–14.6 Gycm2 and for 
therapeutic 0.4–20.4 Gycm2. Onnasch et al.,2007 expressed the results of dose data of a large 
population as DAP/body weight (Gycm²/kg) rather than DAPs for age groups. Using the 
90th percentiles, he suggested as diagnostic reference level values of 0.81 Gycm²/kg for 
diagnostic procedures, and 1.16 Gycm²/kg for therapeutic interventions. Effective doses of 
0.6 to 23.2 mSv for diagnostic procedures and from 1 to 37 mSv for therapeutic procedures 
were estimated by Bacher et al., 2005.  
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the radiation doses varied according to the location of the tachycardia. Ablations in which 
contrast medium is used to take images need more radiation exposure. RFCA of atrial 
fibrillation had longer examination times and yielded the maximum radiation doses. 
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RFCA with contrast (52) 
AF (36) 
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4.4 – 48.8 
10 – 61.3 
27.6 - 130 

11.2±8.6 
23.7±11.2 
26.5±11.2 
67.6±24.7 

8 
20.7 
22.9 
66.4 

13.8 
30.3 
31.2 
85.5 

Table 4. Summary of patient radiation data for electrophysiological procedures (Dragusin et 
al., 2005) 

Trianni et al., 2005b collected patient skin doses from 90 electrophysiological procedures. 
Mean maximum local skin doses were 0.03 Gy for pacemaker insertion, 0.17 Gy for RFCA 
for nodal tachycardia and 0.22 Gy for atrial fibrillation. Ector et al., 2007 investigated the 
effect of body mass index on radiation doses in patients undergoing pulmonary vein 
isolation for atrial fibrillation. 85 patients undergoing AF ablation guided by biplane low-
frequency pulsed fluoroscopy (3 frames/s). Mean DAP values per hour of fluoroscopy were 
58, 110 and 184 Gycm² in normal, overweight, and obese patients. The corresponding 
effective dose for AF ablation procedures were 15.2, 26.7, and 39 mSv.  

3.3 Patient radiation doses radiation doses during pediatric cardiovascular 
procedures 
According to the Euratom Directive 97/43, exposures of children and procedures involving 
high doses to the patient, such as interventional radiology, should be given special attention. 
Both criteria apply to the pediatric cardiac catheterization laboratories, so patient dose 
evaluations should thus be established with priority. On pediatric patients both diagnostic 
and therapeutic procedures are performed. Diagnostic examinations study complex 
congenital heart diseases. Therapeutic procedures mainly involve dilatation of stenotic 
vessels or valves and occlusion of abnormal communications. The main therapeutic 
procedures are balloon dilatation of the pulmonary valve, balloon dilatation of peripheral 
pulmonary stenosis, balloon dilatation for coarctation of the aorta, stent implantation, 
occlusion of patent ductus anteriosus, closure of atrial septal defect and closure of 
ventricular septal defect. We will discuss the results of a study regarding pediatric radiation 
doses performed in a catheterization laboratory equipped with a biplane FD system 
(Dragusin et al., 2008a). In this study, the population was divided in six age groups (0-30 
days, 1-12 months, 1-3 years, 3-5 years, 5-10 years and 10-15 years). Data from 273 patients 
are presented in terms of DAP, fluoroscopy time and number of image acquisition series. 
For diagnostic procedures the median values per age group are 2.7, 2.5, 5.1, 5.8, 7.1, 9.9 
Gycm², 11, 6, 10, 8, 8, 5 minutes, and 8, 6, 6, 10, 8, 6 acquisition series. For therapeutic 
procedures the median values per age group are 4.8, 5.9, 7.5, 9.5, 17.1, 46.8 Gycm² for DAP, 
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16.5, 12, 16, 18, 21, 20 minutes for fluoroscopy time and 9, 14, 12, 18, 22, 19 acquisition series. 
The effective doses for each patient were estimated using PCXMC software (STUK, Finland). 
The 25th, 50th and 75th percentile per each age group for diagnostic procedure is presented in 
Figure 4 and for therapeutic procedures is presented in Figure 5.  
 

 
Fig. 4. Estimated effective doses for diagnostic procedures in pediatric interventional 
cardiology (Dragusin et al., 2008a) 

 

 
Fig. 5. Estimated effective doses for therapeutic procedures in pediatric interventional 
cardiology (Dragusin et al., 2008a) 

Other study  reported DAP values as 75th percentile of 6.2, 6.1, 9, 10, 15, 20, 27 and 36 Gycm² 
for 2114 patients divided in eight age groups from newborns to 21 y (Rassow et al.,2000). 
This study included diagnostic, therapeutic and myocardial biopsy procedures. Bacher et 
al., 2005 studied 60 patients of which 28 underwent diagnostic imaging. Patients age  ranged 
from new born to 10 y. The DAP range for diagnostic was 0.96–14.6 Gycm2 and for 
therapeutic 0.4–20.4 Gycm2. Onnasch et al.,2007 expressed the results of dose data of a large 
population as DAP/body weight (Gycm²/kg) rather than DAPs for age groups. Using the 
90th percentiles, he suggested as diagnostic reference level values of 0.81 Gycm²/kg for 
diagnostic procedures, and 1.16 Gycm²/kg for therapeutic interventions. Effective doses of 
0.6 to 23.2 mSv for diagnostic procedures and from 1 to 37 mSv for therapeutic procedures 
were estimated by Bacher et al., 2005.  
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A number of specific conditions, such as higher heart rates, smaller cardiovascular 
structures, smaller body size, and wider variety of unusual anatomic variants with the 
potential need for relatively lengthy and complex studies, result in relatively high radiation 
doses to the patient. The improved survival of patients with complex anatomy (e.g., 
palliated single ventricle anatomies) implies that many such children with chronic cardiac 
disease require frequent catheterizations within the first few years of life. These factors, 
coupled with the increased radiosensitivity of children and a longer lifespan ahead of them 
in which to possibly develop radiation-related sequels, converge to create potentially 
unpleasant consequences. 

3.4 Staff dosimetry 
Occupational doses in interventional procedures guided by fluoroscopy are the highest 
doses registered among medical staff using X-rays. Interventional cardiologists experience 
radiation exposure with the patient, as they are close to the radiological source. 
Interventional cardiologists working in high-volume cardiac catheterization laboratories are 
exposed to significant occupational radiation risks of developing certain diseases, including 
hematopoietic cancers, thyroid diseases, skin diseases, cataracts, or upper respiratory 
disease (Venneri et al., 2009). Consequently, monitoring personnel exposure is compulsory 
and regulated for individual workers. Occupational doses limits apply, i.e a limit on 
effective dose of 20 mSv/year, averaged over 5 years. The equivalent dose should not 
exceed 150 mSv for lens of the eye, 500 mSv for the skin (average dose over 1 cm² of the 
most highly irradiated area of the skin) and 500 mSv for the hands and feet. Wraparound 
two-piece aprons, thyroid shields and eye protection are important personnel shields. 
Personnel dosimetry monitors include those using X-ray films (film badges) or 
thermoluminescent dosimeters (TLDs). Both detectors are placed in holders and the 
monitors are typically worn for one month before being submitted for processing. The 
laboratory readout the detectors and estimate the effective dose. For interventional 
cardiologists, it is recommended to wear two badges. One is worn outside the apron at the 
neck and one is worn under the apron at the waist. The second badge monitors the 
effectiveness of the lead apron. For other staff in the catheterization laboratory, a single 
badge is worn and it is usually placed outside the apron at collar level. The mean collar-
level exposure per case for cardiologist who performs CA and PCI has been reported to be 
0.04 to 0.16 mSv (Hujkens & Hummel, 1995, Zorzetto et al., 1997). Certain publications focus 
on the estimation of personnel doses for different anatomical locations by placing TLDs for 
each procedure. For example, Efstathopoulos et al, 2003 measured doses with five TLDs 
placed on the left branch of eyeglasses, the chest over and underneath the lead apron, the 
left hand and knee. The results of dose/procedure for cardiologists were 6 µGy (eyes), 0 µGy 
(chest under apron), 5.75 µGy (chest over apron), 22.5 µGy (left hand), 16.75 µGy (left knee). 
The assisting operator received less dose/procedure: 5.5 µGy (eyes), 0 µGy (chest under 
apron), 4 µGy (chest over apron), 17.5 µGy (left hand), 3.5 µGy (left knee). An interesting 
survey was performed by Vano et al, 2006, that evaluated the occupational doses of 
cardiologist for a period of 15 years (1989 to 2004). The mean values in mSv/year decreased 
from 11.6 (1989-1992) to 1.6 (1993-1998) and to 1.2 (1999-2004). The success of reduction in the 
effective dose by a factor of 10 is explained mainly by the training in radiation protection, 
optimization of procedures and improved performance of X-ray systems.  
In conclusion, accumulation of radiation doses to interventional cardiologists has the 
potential of increasing risk of stochastic effects. To prevent radiation–associated diseases, 
radiation exposure to cardiologists should be reduced by using new generation cardiac X-
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ray systems, performing diagnostic and interventional procedures with shorter fluoroscopic 
times, and using effective shielding to protect from radiation. 

4. Optimization strategies of image quality and radiation dose  
In cardiac catheterization laboratory, the goal of the ALARA (As Low As Reasonably 
Achievable) principle is to provide maximal diagnostic and therapeutic outcome while 
requiring the lowest possible radiation dose. The following discussion focuses on the 
compromise between radiation dose and image quality. There are few directions to follow. 
First element on the equation of the dose-image quality is the cardiac catheterization 
laboratory equipment.  Taking into account the advances in technology, today modern 
cardiac catheterization systems are equipped with reliable X-ray generation tubes and flat 
panel detectors. If most of the laboratories are equipped with mono plane systems, for 
electrophysiology or pediatric applications biplane equipments are probably more 
appropriate. This choice depends on the cardiology practice. The imaging chain has an 
important feature, the Automatic Exposure Control (AEC) that ensures relatively constant 
image brightness. The AEC works as a feedback mechanism from the digital video processor 
to the X-ray generator. As mentioned before, the cardiac X-ray system is capable of different 
imaging modalities. Fluoroscopy mode is used for live, real-time viewing and provides 
sufficient image quality to visualize the catheters. For permanent storage and review, 
images of higher image quality are acquired in cineangiography mode. Nowadays, all 
systems are delivered with pulsed fluoroscopy, with a range of pulse rate from 30 to 3 
pulses/second. Note that the lower the pulse frequency the less radiation dose, at the 
expense of a jerkier motion. The systems have the capability to store the last fluoroscopic 
images as film (option “fluoro store” or “hold last image”).  Cineangiography mode rates 
vary from 60 to 15 or 30 frames/second. Most of adult angiograms are performed at 15 
frames/second, but faster frame rates are necessary for pediatric patients to view rapidly 
moving structures throughout the cardiac cycle. 
Optimization of new cardiac equipment with flat panel detector consists of finding the 
adapted configuration that offers an acceptable image quality with relatively low dose. The 
detector entrance dose is known to influence the image quality, at least in the clinically used 
dose range. In practice, various settings of the system lead to different patient dose levels. 
The spectrum of the beam can be influenced by the kV, added Cu filtration, thickness of the 
patient and the presence or absence of the grid. Dragusin et al., 2008b investigated influence 
on image quality of three factors: detector entrance dose, effect of antiscatter grid and 
patient thickness using two contrast phantoms (Leeds TO10 and CDRAD). These phantoms 
were imaged in fluoroscopy and cineangiography mode. For cineangiography mode six 
levels of detector entrance dose were used: 100, 120, 140, 170, 200 and 240 nGy/frame for a 
rate of 15 frames/second. For fluoroscopy mode, three levels: low (10 pulses/second, 
detector entrance dose 32 nGy/pulse), medium (15 pulses/second, 45 nGy/pulse) and high 
(15 pulses/second, 65 nGy/pulse). The average fitted contrast-detail curve for CDRAD 
phantom for different entrance detector doses is presented in Figure 6. The variation of the 
contrast-detail curve with patient thickness (9 cm, 13 cm, 17 cm and 21 cm equivalent 
plexiglass material) is presented in Figure 7. The configuration of X-ray system corresponds 
to the acquisition mode 15 frames/second and 170 nGy/frame detector entrance dose. 
When looking at graphically representation of contrast-detail curves, it should be noted that 
improved image quality makes the curve to shift to the lower part of the graph. In Figure 6, 
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A number of specific conditions, such as higher heart rates, smaller cardiovascular 
structures, smaller body size, and wider variety of unusual anatomic variants with the 
potential need for relatively lengthy and complex studies, result in relatively high radiation 
doses to the patient. The improved survival of patients with complex anatomy (e.g., 
palliated single ventricle anatomies) implies that many such children with chronic cardiac 
disease require frequent catheterizations within the first few years of life. These factors, 
coupled with the increased radiosensitivity of children and a longer lifespan ahead of them 
in which to possibly develop radiation-related sequels, converge to create potentially 
unpleasant consequences. 

3.4 Staff dosimetry 
Occupational doses in interventional procedures guided by fluoroscopy are the highest 
doses registered among medical staff using X-rays. Interventional cardiologists experience 
radiation exposure with the patient, as they are close to the radiological source. 
Interventional cardiologists working in high-volume cardiac catheterization laboratories are 
exposed to significant occupational radiation risks of developing certain diseases, including 
hematopoietic cancers, thyroid diseases, skin diseases, cataracts, or upper respiratory 
disease (Venneri et al., 2009). Consequently, monitoring personnel exposure is compulsory 
and regulated for individual workers. Occupational doses limits apply, i.e a limit on 
effective dose of 20 mSv/year, averaged over 5 years. The equivalent dose should not 
exceed 150 mSv for lens of the eye, 500 mSv for the skin (average dose over 1 cm² of the 
most highly irradiated area of the skin) and 500 mSv for the hands and feet. Wraparound 
two-piece aprons, thyroid shields and eye protection are important personnel shields. 
Personnel dosimetry monitors include those using X-ray films (film badges) or 
thermoluminescent dosimeters (TLDs). Both detectors are placed in holders and the 
monitors are typically worn for one month before being submitted for processing. The 
laboratory readout the detectors and estimate the effective dose. For interventional 
cardiologists, it is recommended to wear two badges. One is worn outside the apron at the 
neck and one is worn under the apron at the waist. The second badge monitors the 
effectiveness of the lead apron. For other staff in the catheterization laboratory, a single 
badge is worn and it is usually placed outside the apron at collar level. The mean collar-
level exposure per case for cardiologist who performs CA and PCI has been reported to be 
0.04 to 0.16 mSv (Hujkens & Hummel, 1995, Zorzetto et al., 1997). Certain publications focus 
on the estimation of personnel doses for different anatomical locations by placing TLDs for 
each procedure. For example, Efstathopoulos et al, 2003 measured doses with five TLDs 
placed on the left branch of eyeglasses, the chest over and underneath the lead apron, the 
left hand and knee. The results of dose/procedure for cardiologists were 6 µGy (eyes), 0 µGy 
(chest under apron), 5.75 µGy (chest over apron), 22.5 µGy (left hand), 16.75 µGy (left knee). 
The assisting operator received less dose/procedure: 5.5 µGy (eyes), 0 µGy (chest under 
apron), 4 µGy (chest over apron), 17.5 µGy (left hand), 3.5 µGy (left knee). An interesting 
survey was performed by Vano et al, 2006, that evaluated the occupational doses of 
cardiologist for a period of 15 years (1989 to 2004). The mean values in mSv/year decreased 
from 11.6 (1989-1992) to 1.6 (1993-1998) and to 1.2 (1999-2004). The success of reduction in the 
effective dose by a factor of 10 is explained mainly by the training in radiation protection, 
optimization of procedures and improved performance of X-ray systems.  
In conclusion, accumulation of radiation doses to interventional cardiologists has the 
potential of increasing risk of stochastic effects. To prevent radiation–associated diseases, 
radiation exposure to cardiologists should be reduced by using new generation cardiac X-
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ray systems, performing diagnostic and interventional procedures with shorter fluoroscopic 
times, and using effective shielding to protect from radiation. 

4. Optimization strategies of image quality and radiation dose  
In cardiac catheterization laboratory, the goal of the ALARA (As Low As Reasonably 
Achievable) principle is to provide maximal diagnostic and therapeutic outcome while 
requiring the lowest possible radiation dose. The following discussion focuses on the 
compromise between radiation dose and image quality. There are few directions to follow. 
First element on the equation of the dose-image quality is the cardiac catheterization 
laboratory equipment.  Taking into account the advances in technology, today modern 
cardiac catheterization systems are equipped with reliable X-ray generation tubes and flat 
panel detectors. If most of the laboratories are equipped with mono plane systems, for 
electrophysiology or pediatric applications biplane equipments are probably more 
appropriate. This choice depends on the cardiology practice. The imaging chain has an 
important feature, the Automatic Exposure Control (AEC) that ensures relatively constant 
image brightness. The AEC works as a feedback mechanism from the digital video processor 
to the X-ray generator. As mentioned before, the cardiac X-ray system is capable of different 
imaging modalities. Fluoroscopy mode is used for live, real-time viewing and provides 
sufficient image quality to visualize the catheters. For permanent storage and review, 
images of higher image quality are acquired in cineangiography mode. Nowadays, all 
systems are delivered with pulsed fluoroscopy, with a range of pulse rate from 30 to 3 
pulses/second. Note that the lower the pulse frequency the less radiation dose, at the 
expense of a jerkier motion. The systems have the capability to store the last fluoroscopic 
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it is evident that the poorest image quality corresponds to the fluoroscopy mode and the 
better image quality corresponds to acquisition mode with maximum detector entrance dose 
(240 nGy/frame). 
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Fig. 6. Contrast-detail curves for CDRAD phantom for fluoroscopy mode and cine mode for 
different detector entrance doses.  
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Fig. 7. Contrast-detail curves for CDRAD phantom for cine mode (15 frames/second; 170 
nGy/frame) and different simulated patient thicknesses. 

The improvement in image quality between settings is not very clearly visible because of the 
small changes in detector dose levels. Differences between detector dose settings are not 
significan (a factor of 2.4 between the minimum 100 nGy and maximum 240 nGy). This 
implies a little change in threshold contrast. Despite of the limitation of this study, the 
authors observed that just a simple change of the detector entrance dose from a superior to a 
next inferior setting (i.e. from 170 nGy/frame to 140 nGy/frame) will not dramatically 
change image quality. This simple action would potentially reduce the patient skin dose 
between 14-19% depending of the size of the patient. The limitation of the use of contrast 
detail phantoms consists of the difficulty to link with clinical image quality requirements. In 
particular for interventional cardiology, visualization of moving structures, visualization 
and grading of subtle lesions or anatomical structures during the passage of a contrast agent 
and the tracing of small catheters on the moving heart, implies the use of test objects that 
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simulates this environment. To visualize moving structures in cardiovascular fluoroscopy 
systems, some dynamic phantoms have been created. Guibelalde et al., 2001 have 
constructed the Patient Movement Simulation Test Object (PAMOSITO), a 2D motor-
controlled test object holder to simulate clinical situations in which patient movement could 
be a cause of image degradation. The Society for Cardiac Angiography and Interventions 
(SCA&I) and the National Electrical Manufacturers Association (NEMA) developed a 
phantom that allows visualizing moving structures. The device is a rotating spoke that 
contains five steel wires of different diameters. Two lead dots are used to evaluate lag and 
recursive filtering (Balter et al.,2001). Both dynamic phantoms have the disadvantage that 
they do not incorporate details or features that are directly linked with critical issues in 
clinical cardiac images (i.e., circulation of contrast agent, anatomical background, lesions or 
pulsating arteries).  
Dragusin et al., 2008c used a phantom that models the human anatomy from the knee to the 
neck. The modular design of the phantom contains also the heart (dimensions 15 cm 
(atria/apex) x 10 cm wide x 9 cm (anterior/posterior). The arterial tree model is fabricated in 
transparent polyurethane. Calcifications can be inserted into main arteries. Medical devices 
like catheters can be inserted into the model, positioned in a particular arterial branch and 
visualized on X-ray images. A pump circulates flow through the vasculature of the phantom. 
The contrast agent boluses are injected in the circuit via femoral catheters (Figure 8). 
 

 
Fig. 8. (Left) Synthetic Arterial Model (SAM) integrated into phantom body. (Right) Close-
up view of the heart model with coronary grooves highlighted 

In this experiment were studied the effect of four technical variable of the X-ray equipment 
with an anticipated influence on image quality: tube voltage (kV), additional Copper 
filtration (mm Cu), detector entrance dose and dynamic density optimization (DDO). The 
last variable is particular to Siemens cardiac catheterization systems equipped with flat 
panel detector and is a image quality (post processing) parameter that works in real-time by 
harmonizing the distribution of gray steps in the image. The X-ray filming of the phantom 
allows the cardiologist to track the contrast agent circulation, to identify coronary lesions 
and evaluate their visibility in rapport with anatomical structures. In this study four 
calcified structures in the coronary arteries were used to simulate stenotic lesions. The first 
lesion was located on the proximal left anterior descending (LAD) segment, the second on 
the mid LAD segment, the third on the proximal circumflex segment (Cx) and the fourth on 
the distal Cx segment. Typical radiographic images, with indication of the lesions, are 
presented in Figure 9. 
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Fig. 9. X-ray images of the heart phantom under different experimental conditions. L1 to L4 
indicate the location of simulated lesions.  

The contrast media (Iodine) was injected in the phantom using the hand technique and a 6F 
catheter. 15 to 20 ml of iodine was used at the same flow rates and the image sequence is 
started a few seconds after the injection.  For full characterization of the lesions, sets of two 
coronary angiograms from two viewing angle were recorded: RAO 30° and LAO 
40°/CAUD20° (where RAO the right anterior oblique view, LAO the left anterior oblique 
direction and CAUD the caudal inclination). The duration of the angiograms was 5 seconds 
and was acquired at a rate of 15 frames/second. The angiograms were presented in a 
random order to eight interventional cardiologists (4 experienced interventional cardiologist 
and 4 residents). The observers were asked to subjectively assess the visibility of each 
simulated lesion and to give an overall score for each angiogram by using a five-point scale: 
1 = not visible; 2 = poor visibility; 3 = acceptable visibility; 4 = good visibility and 5 = very 
good visibility. The evaluation of angiograms is presented in terms of image quality (IQ) 
scores. For every angiogram entrance skin dose was measured and an effective dose was 
estimated. Mean IQ scores ranged from 1.68 to 4.88. The highest IQ scores were obtained for 
the angiograms acquired with tube potential 80 kV, no added Cu filters, DDO 60%, RAO 
and LAO views and the highest entrance detector dose that has been used in the present 
study, namely 170 nGy/frame. Radiation doses (entrance skin dose approximately 40 mGy 
and effective dose of 1 mSv) were estimated for angiograms acquired at 15 frames/second, 
detector field-of-view 20 cm, and a length of 5 s. The following parameters improved the IQ 
factor significantly: a change in tube potential from 96 to 80 kV, detector entrance dose from 
100 nGy/frame to 170 nGy/frame, the absence of Copper filtration. DDO variable which is a 
post-processing parameter should be carefully evaluated because it alters the quality of the 
images independently of radiation exposure settings. The SAM anthropomorphic phantom 
has the advantage of visualization of stenotic lesions during the injection of a contrast agent 
and using an anatomical background. In the future, this phantom could potentially bridge 
the gap between physics tests and the clinical reality in the catheterization laboratory. 
Future generation of phantoms should simulate the beating heart.  
Optimization of X-ray equipment settings through experimental measurements is necessary, 
mainly when it involves new equipment or technology. The acceptance of optimized 
settings that affects image quality and radiation dose has to be accompanied by the training 
of the user. Authors of this work have experience in this area. In our center in Luxembourg 

 
Optimization of Radiation Dose and Image Quality in Cardiac Catheterization Laboratories 

 

361 

(Institut National de Chirurgie Cardiaque et de Cardiologie Interventionnelle), we perform 
continuously an internal audit related to radiation protection in clinical practice. Some 
results of our experience were already published (Bokou et al., 2008; Dragusin et al., 2010).  
All interventional cardiologists have taken part of two days continuous education course in 
radiation protection. The course was practically a discussion forum between cardiologists, 
radiation protection advisors and application specialist of X-ray equipment manufacturer, 
with theoretical and practical sessions demonstrating the different factors influencing patient 
and staff radiation doses. Before and after the course, a patient doses survey was performed. 
During that period the catheterization laboratories were equipped with image intensifiers. 
Later, the X-ray systems were upgraded and image intensifiers were replaced with new flat-
panel detectors. The effects of education in radiation protection and new technology are visible 
on patient radiation doses (Figure 10). A decrease of 22% and 23% is noted for CA and, 
combined CA and PCI procedures. With FD system, the interventional procedures are 
performed with 6 pulses/second for fluoroscopy, compared with 15 pulses/second used on II 
system. For FD system, the entrance detector dose is 29 nGy/pulse for fluoroscopy, and 100 
nGy/frame for cineangiography mode (lowest option available in our systems).  
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Fig. 10. Mean DAP patient values with II before and after training course and with FD for 
CA and PCI examinations.  

Based on the survey of patient doses, we were able to establish reference levels (RL) for 
common interventional procedures. These indicators are DAP, fluoroscopy time and 
number of images, and give to the operator somehow the guideline of good and normal 
practice. Of course, higher doses might occur if the clinical status of the patient justifies the 
corresponding exposures to ionizing radiations. The goal to use RL is to control the level of 
optimization of the procedures. Once the dose indicators are collected, the RL are 
established as third quartile (75% percentile) of the distribution of observed data. In our 
center, INCCI Luxembourg, local RL values for CA procedures are: 23 Gycm² for DAP, 5 
minutes for fluoroscopy time and 617 images. For PCI procedures, the RL values are 44 
Gycm² for DAP, 15.5 minutes for fluoroscopy time and 1163 images. Our values were 
compared with reference levels at European level proposed by the SENTINEL consortium 
(Padovani et al., 2008). The data was collected from nine European centers, 672 CA and 662 
PCI procedures. Comparison of our local reference values with the European values are 
shown in Figure 11 for CA procedures and in Figure 12 for PCI procedures.  
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Fig. 11. Comparison of diagnostic reference levels for CA procedures between INCCI (local 
RL) and European study 
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Fig. 12. Comparison of diagnostic reference levels for PCI procedures between INCCI (local 
RL) and European study 

Strictly comparison between both studies is difficult to perform, because we do not have 
complete information about how the X-ray cardiac systems in the European study were 
configured. Also, we do not know if the cardiologist’s experience and training education in 
radiation protection is uniform between centers.  
Probably one of the factors that explain the difference is the configuration of the X-ray 
equipment for fluoroscopy mode. In our center the pulse rate is 6 pulses/s (low dose mode), 
where in European study, centers that submitted data work usually with 12.5 frames/s (for 
II systems) and 15 pulses/s (for FD systems). Our clinical experience shows that there is 
possible to optimize protocols when using new technology with little compromise on image 
quality but with benefit in reducing radiation dose levels to the patient.  

5. Conclusion 
Optimization of radiation dose - image quality and implementation of ALARA principle in 
catheterization laboratories are tasks that involve all actors: interventional cardiologists, 
auxiliary staff, medical physicist, and applications specialists. However, in daily practice 
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some tactics for radiation dose reduction and image quality improvement should be known 
by all interventional cardiologists. We create a list of little steps that have an impact in 
radiation safety in daily practice.  
Use the lowest acceptable clinical protocols during fluoroscopy and cineangiography. Pulsed 
fluoroscopy and cineangiography at lowest radiation level should be used. If the equipment 
allows, different protocols must be created and used in function on the type of structure that 
is being imaged (venous vs. arterial, fast-moving vs. slow-moving).  
Correct placement of the patient in the isocenter on the table. Having the patient correct 
positioned in the isocenter facilitates keeping the heart at the center of the X-ray field. In this 
way there is no need of prolonged fluoroscopy to adjust the patient’s position with each 
change in angiographic projection. 
Avoid the use of fluoroscopy to make changes to the patient position or collimators. Fluoroscopy 
should be used very briefly to check the patient position. Movements to the correct position 
should be avoided by using fluoroscopy constantly. Modern units have “virtual” markers 
that enable the positioning of the collimators. The correct position of collimators should be 
checked by brief fluoroscopy rather then constant visualization.   
Remove unnecessary instruments and body parts from the X-ray field. Presence of the patient’s 
arm, operator’s hands or any external instruments should never be visible on a cardiac 
study. These structures or objects result in an overall increase in radiation dose to the patient 
because of the demand of AEC system to compensate with increased radiation output. 
Minimize the number of angiograms. Limit the number of projections to provide an overview 
of the status of the coronary arterial tree and indentify the ideal projections to be used for 
coronary angioplasty. Always performs test injection of a small amount of contrast material 
using fluoroscopy prior to acquiring an angiogram. This approach prevents the wasted 
angiogram that is taken with the catheter inadvertently wedged deeply in a vessel. Also 
fluoroscopy of test injection can aid in determining the correct magnification mode. Keep in 
mind that few seconds of fluoroscopy and little quantity of contrast material are less 
irradiating the patient than a full wasted angiogram. During complicated interventions, 
limit the use of magnification, because of the substantial increase in radiation dose.  
Keep the detector (II or FD) as close to the patient as possible. The X-ray tube should be as far 
away as possible. If the detector is far from patient, the input doses will be higher and the 
scatter radiation increases.  
Decrease beam on time. This is probably one of the most important rules. Fluoroscopy must 
not be applied when discussing or doing other manoeuvre. If the eye is not on the screen, 
the foot should not be on the fluoroscopic pedal. Use stored images rather than live images 
for studying the case.  
Use angiographic projections that reduce operator exposure whenever possible. For right oblique 
projections, the X-ray tube moves away from the operator, while for left anterior oblique 
projection moves it closer. Kuon et al., 2004 published an interesting paper focused on 
identification of less-irradiation tube angulations in invasive cardiology. Di Mario & Sutaria, 
2005 published a review of techniques to obtain optimal views of all segments of the 
coronary arterial system.   
Remove anti-scatter grid when imaging small children. New cardiac X-ray systems have 
possibility to remove the grid. In pediatric patients a significant reduction in radiation dose 
is possible without compromising image quality.  
Know your own cardiac X-ray equipment and its features. Work with radiation physicist, the 
manufacturer to regularly test and maintain the equipment in optimal working conditions.  
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Keep the detector (II or FD) as close to the patient as possible. The X-ray tube should be as far 
away as possible. If the detector is far from patient, the input doses will be higher and the 
scatter radiation increases.  
Decrease beam on time. This is probably one of the most important rules. Fluoroscopy must 
not be applied when discussing or doing other manoeuvre. If the eye is not on the screen, 
the foot should not be on the fluoroscopic pedal. Use stored images rather than live images 
for studying the case.  
Use angiographic projections that reduce operator exposure whenever possible. For right oblique 
projections, the X-ray tube moves away from the operator, while for left anterior oblique 
projection moves it closer. Kuon et al., 2004 published an interesting paper focused on 
identification of less-irradiation tube angulations in invasive cardiology. Di Mario & Sutaria, 
2005 published a review of techniques to obtain optimal views of all segments of the 
coronary arterial system.   
Remove anti-scatter grid when imaging small children. New cardiac X-ray systems have 
possibility to remove the grid. In pediatric patients a significant reduction in radiation dose 
is possible without compromising image quality.  
Know your own cardiac X-ray equipment and its features. Work with radiation physicist, the 
manufacturer to regularly test and maintain the equipment in optimal working conditions.  
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Ensure protection of laboratory staff. Before starting fluoroscopy, ensure that everyone in the 
room use radiation protection shielding. Ask of laboratory staff to keep distance during cine 
angiography. Remember the inverse square law: doubling the distance from a point source 
reduces the radiation exposure to one-quarter. Keep the proper use and storage of lead 
aprons. Aprons that are not proper storage might develop cracks, compromising their 
effectiveness. Always use personal dosimeters.  
Technology of X-ray cardiac system is continuously adapting and optimization of radiation 
doses with less compromise on image quality is possible. On the other side, activity in 
cardiac catheterization laboratories increases and more complex procedures are performed. 
All the actors involved in catheterization laboratory should be trained and familiar with the 
basic principles of radiation safety. Developing a radiation safety culture should be a 
priority. Attention to the simple rules of radiation safety and the planning of an 
interventional procedure should enable the interventional cardiologist to produce high 
quality images at low radiation level to the patient.  
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1. Introduction  
The volume of diagnostic or therapeutic procedures in cardiology that require the use of 
ionizing radiation is increasing constantly. Currently, technological developments offer the 
possibility of exploring not only the cardiac function (measurement of ejection fraction, for 
example) but also the state of coronary and great vessels. In fact, the management of 
patients with heart disease often requires the use of investigative techniques using X-rays. 
For example 3.85 million cardiac catheterizations were performed in the United States in 
2002 (Einstein et al., 2007). In Switzerland the last national survey on the exposure of the 
population by medical radiology revealed that nearly 34 000 coronary angiographies and 
more than 18 000 coronary dilatations were performed in 2008. They are associated to 65% 
of the collective dose related to interventional radiology and 8% to that related to all medical 
X-rays  (Samara et al. 2011).  
The increase in radiological examinations using ionizing radiation has been mentioned for 
several years not only in medical journals for professionals but also in the press addressing 
the general public. For example, in its edition of 17 June, 2007, the New York Times 
questioned the public opinion about the justification of the increasing number of CT 
examinations. 
While most examinations deliver relatively low doses and thus add only a low risk to the 
procedure itself, there are situations where doses exceed the dose level where an excess risk 
of death from cancer has been demonstrated. In addition, some complex procedures may 
result in the occurrence of deterministic effects such as burns to the skin.  
The substantial increase of fluoroscopy-guided procedures in cardiology over the past few 
years has been accompanied by a parallel growth in concern for patient radiation safety and 
for the safety of the operators who perform these procedures. Thus, radiation safety has 
become a major issue in radiology departments. 
The aim of this chapter is: 
- to recall the effects of ionizing radiation on the human body and the radiological risks; 
- to introduce the dosimetric quantities (basic and operational) commonly used to 

quantify those risks; 
- to briefly present the principles of radiation protection; 
- to provide the tools (actions and means) necessary for operational radiation protection.  
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quantify those risks; 
- to briefly present the principles of radiation protection; 
- to provide the tools (actions and means) necessary for operational radiation protection.  
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2. Radiation effects and dose 
The aim of this section is to recall the effects of ionizing radiation on the human body and 
the radiological risks 

2.1 Radiation effects 
Effects associated with exposure to radiation are divided into two categories: stochastic and 
deterministic. 

2.1.1 Stochastic effects of radiations 
The major risks associated with a radiological procedure using ionizing radiation are due to 
stochastic effects. They induce a minimal genetic risk on offspring and especially add to the 
natural risk of developing cancer an additional risk. They strongly depend on age and are 
three to four times higher in children than in adults. One of the problems related to 
stochastic effects is that they are considered to be without threshold. It is therefore necessary 
to justify an examination using ionizing radiation and to be sure that the patient will benefit 
from the radiological procedure exceeds the associated risk. In addition, when the 
procedure is justified, the management of the patient dose must be optimized. 

2.1.2 Deterministic effects of radiations 
Deterministic effects include cataract, skin erythema, epilation, and skin burns at different 
stages depending on the degree of irradiation of the skin. Unlike the stochastic effects, 
deterministic effects present a threshold and appear only beyond a certain level of exposure 
of the skin to radiation. They occur only a few days or months after irradiation and the 
higher the dose to the skin is, the higher deterministic effects are severe as shown in table 1.  
Deterministic effects are generally not expected to result from purely diagnostic cardiac 
investigations, but are sometimes reported with the management of critical cases in 
particular after some complex interventional procedures such as the dilatation of the 
coronary arteries (PTCA), recanalizations or thermal ablations. They are certainly rare but 
they do exist (Suzuki et al., 2008). 
 

Effect Threshold dose (Gy) Onset 
Early transient erythema 2 Few hours 
Temporary epilation 3 3 weeks 
Main erythema 6 10 days 
Permanent epilation 7 3 weeks 
Dry desquamation 10 4 weeks 
Dermal atrophy 11 > 14 weeks 
Telangiectasia 12 > 52 weeks 
Moist desquamation 15 4 weeks 
Late erythema 15 6 to 10 weeks 
Necrosis 18 > 10 weeks 

Table 1. Deterministic effects to the skin 
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2.2 Basic dosimetric quantities 
There are several dosimetric quantities that have been introduced to assess risks and control 
the exposure of the patient and the staff. This section will briefly describe the fundamental 
quantities. 

2.2.1 Absorbed dose, D 
X-rays or gamma rays are indirectly ionizing radiation because energy is released into the 
tissue through the electrons set in motion by the X-rays or gamma rays, which in turn will 
make a very large number of ionizations. The energy that these electrons deposit per unit 
mass of tissue, T, or organ is called the absorbed dose and is denoted DT. This is the basic 
physical quantity used to measure the biological effects expected. It has the dimension of 
one joule per kilogram (J kg-1) and is expressed in gray (Gy). This quantity is used to control 
the deterministic effects with a threshold of 0.5 Gy. 

2.2.2 Equivalent dose, H 
To reflect the fact that all types of radiation for a given absorbed dose, do not produce the 
same effect in humans the concept of dose equivalent in a tissue, T, or organ, denoted HT 
was introduced. It is the product of DT and a weighting factor, wR, which depends on the 
type of radiation and expresses its effectiveness. 

HT = Σ R wR . DT,R 

HT has the same dimension as DT (J kg-1), but is expressed in sievert (Sv). 
As shown in table 2, X-rays or gamma rays are taken as reference radiation and wR is 
therefore equal to unity. Thus, an adsorbed dose of 1 mGy is equivalent to a dose equivalent 
of 1 mSv  
 
 Radiation type wR (ICRP60) wR (ICRP103) 
 Photons, electrons, muons 1 1 
 Protons, charged particles 5 2 
 Alpha particles, heavy 

nuclei, fission fragments 
20 20 

 Neutrons 5/10/20, depending on 
energy 

A continuous function of 
neutron energy 

Table 2. Radiation weighting factors according to ICRP60 and ICRP103 

2.2.3 Effective dose, E 
The effective dose (E) was firstly proposed by Jacobi in C). The aim of the E was to define a 
quantity that could be directly related to the probability of a detriment from low-dose 
exposure to ionizing radiation where only stochastic effects occur. The E concept was 
adopted by ICRP in 1977 (ICRP26, 1977) and further developed in its Recommendations 
ICRP60 (ICRP90, 1990) and ICRP103 (ICRP, 2007).  
E is defined by the weighed sum of mean tissue and organ doses with radiation weighting 
factors taking into account a) the different radio-biological effectiveness of various 
radiations and b) the different sensitivity of tissue and organs with respect to stochastic 
effects. E is defined as: 
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2.2 Basic dosimetric quantities 
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E = Σ T wT . HT = Σ T,R wT . wR . DT,R 

where wT is the tissue weighting factor (see table 3). 
 
 Organ/Tissue ICRP60 ICRP103 ICRP103/ICRP60 
 Gonads 0.20 0.08 0.4 
 Colon 0.12 0.12 1.0 
 Lungs 0.12 0.12 1.0 
 Red bone marrow 0.12 0.12 1.0 
 Stomach 0.12 0.12 1.0 
 Bladder 0.05 0.04 0.8 
 Breast 0.05 0.12 2.4 
 Liver 0.05 0.04 0.8 
 Oesophagus 0.05 0.04 0.8 
 Thyroid 0.05 0.04 0.8 
 Bone surface 0.01 0.01 1.0 
 Skin 0.01 0.01 1.0 
 Brain  0.01  
 Salivary glands  0.01  
 Remainder 0.05* 0.01+  

* ICRP60 remainder tissues/organs: adrenals, brain, kidneys, muscle, pancreas, small intestine, large 
intestine, spleen, thymus, uterus. 
+ ICRP103 remainder tissues/organs: adrenals, extrathoracic tissue, gall bladder, heart, kidneys, 
lymphatic nodes, muscle, oral mucosa, pancreas, prostate, small intestine, spleen, thymus, 
uterus/cervix. 

Table 3. Tissue weighting factors 

2.3 Operational dosimetric quantities 
As above indicated to account for stochastic effects the effective dose (E) has to be 
determined. To estimate E associated with a radiological examination various operational 
quantities, easy to measure, are used. They are also listed at the end of the examination on 
the console of the X-ray unit 

2.3.1 Entrance dose and dose area product 
For radiographic examinations, the operational quantity used is called absorbed dose at the 
surface at the entrance of the beam in the patient and abbreviated as ESD. The ESD is 
expressed in mGy and is converted into effective dose, in mSv, by multiplying it by a factor 
which is for example 0.2 for a chest radiograph. 
For fluoroscopy procedures the operational quantity used is called dose-area product and 
abbreviated as DAP. The unit commonly used is Gy.cm2. Some manufacturers also express 
the DAP in cGy.cm2 or μGy.m2. To convert the DAP in Gy.cm2 into E in mSv, it has to be 
multiplied by a converting factor equal to 0.2 in the case of the exposure of the chest region 
(when Gy.cm2 is used). 
Table 4 shows the operational quantity and the effective dose associated with a series of 
routine examinations in diagnostic radiology. 
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 Examination Operational quantity Typical values Effective dose (mSv) 
 Bite-Wing (dental) ESD (mGy) 2 0.01 
 OPG (dental) ESD (mGy) 0.7 0.06 
 Chest PA ESD (mGy) 0.1 0.02 
 Hip AP ESD (mGy) 6 0.7 
 Abdomen PA ESD (mGy) 3 1.2 
 Coronarography DAP (Gy.cm2) 60 12 
 PCI DAP (Gy.cm2) 80 16 
 RFCA DAP (Gy.cm2) 130 26 
 CTCA DLP (Gy.cm) 1500 25 

Table 4. Operational dose quantity and effective dose for a number of X-ray examinations 

2.3.2 Skin accumulated dose 
The estimation of absorbed dose at the surface of the skin by fluoroscopy, to account for 
deterministic effects, is a difficult task since the examination is conducted with changing 
regularly the incidence X-ray beam. However, it is possible to have an idea of the dose to the 
skin using a particular operational quantity, called the cumulative dose. This quantity 
estimates the dose that would have received the skin if the geometry was kept unchanged 
throughout the procedure. It may be considered that the cumulative dose indicated by the 
facility in cardiology overestimates the dose to the skin by a factor of 2-3 since several tube-
detector incidences are used that distributes the exposure of the skin. If this operational 
quantity is not available, the skin dose could be estimated from the DAP knowing that we 
will be much less accurate. To estimate the skin dose in Gy, in a situation where the tube 
does not rotated around the patient during the procedure one can divide the DAP (Gy.cm2) 
by 100 for a well collimated X-ray beam (100 cm2 : area of the X-ray beam at the entrance of 
the patient). 

2.3.3 Ambient dose equivalent 
Another operational quantity used to assess the effective dose delivered to the operator is 
the ambient dose equivalent, H*(10), at the point of interest in the actual radiation field. It is 
defined (ICRU, 1992) as the dose equivalent which would be generated in the associated 
oriented and expanded radiation field at a depth of 10 mm on the radius of the ICRU sphere 
which is oriented opposite to the direction of incident radiation. This quantity is normalized 
traceable. It is representative of the effective dose the staff receives. 

3. Principle of radiation protection 
Radiation protection is assured by respecting three general principles which are: the 
justification of the practice, the optimisation of the protection and the individual dose 
limits. The justification of the practice is due to the fact that exposure to ionising radiation 
has deleterious effects on health. The principle of optimisation is introduced since some of 
these effects are considered as non-threshold’s ones, and thus one has to reduce exposure 
to levels. The principle of individual limits is introduced as a safeguard to prevent 
situations where the respect of the two first principles would not be sufficient to protect 
individuals. 
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3.1 Justification 
The first principle of radiation protection is justification. No exposure is acceptable unless its 
usefulness is demonstrated. In the medical practice any radiological modality or procedure 
has to be justified. It should be properly indicated to the diagnostic or therapeutic case. In 
other words it should be demonstrated that no other non-irradiating non invasive modality 
can give the same diagnostic or therapeutic results. In order to implement the justification 
principle, learned society in several countries (USA, UK, France, Switzerland and others) 
worked out referral guides in order to indicate which radiological modality/examination is 
suited to which diagnostic or therapeutic case. 

3.2 Optimization 
The second principle of radiation protection is optimization. When the exposure to radiation 
is justified, an effort must be engaged in order to keep the radiation dose delivered as low as 
reasonably achievable (ALARA principle). If justification reflects the will “to do the right 
thing”, optimisation reflects the will “to do it right”. In the medical practice the principle of 
optimization is implemented in different ways contributing together to lower the radiation 
doses to the patients and to the staff. The quality control of the X-ray unit is important to 
make sure the optimal settings are used. The auditing of the protocols used for each 
radiological procedure allows producing the quantity and quality of images sufficient to the 
diagnostic or therapeutic goal, with an optimum trade-off between image quality and 
radiation dose, and no unnecessary irradiation of the patient and staff. The use of protecting 
means contribute to cut down the radiation (direct or scattered) that is not useful in the 
imaging process. Training, informing, using diagnostic reference levels, all this helps spread 
a culture of optimization. 

3.3 Limitation 
The third principle of radiation protection is dose limitation in order to avoid excessive 
exposure of an individual. The ICRP recommends a set of dose limits for the general public 
and for people exposed in the course of their occupation (ICRP 103, 2007). The principle of 
dose limitation applies to health professionals (physicians, radiographers, medical 
physicists, etc.) but it does not apply to the patient. The sound benefit (diagnostic or 
therapeutic) from X-rays use implies that higher doses of radiation are tolerated as long as 
the radiological procedure is justified and optimized. 

4. Operational radiation protection 
Near a radiological room radiation protection of workers and of public is ensured by the 
limitation of the weekly ambient equivalent dose through the shielding of the rooms. 
Surveys have shown that doses to public and workers in such an environment are very low. 
However there is not ambient equivalent dose limitation near the X-ray imaging unit. Thus, 
it is mandatory to wear a lead apron when being near a running X-ray imaging device. 
Many professionals that use fluoroscopy units receive low dose of radiation since they only 
use these unit a few minutes (or less) per patient. Unfortunately, this is often not the case for 
cardiologists who can handle very complex procedures that not only expose the patient but 
also expose the staff present in the suite. Thus an effort to improve the radiation protection 
should get a high priority. 
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It is worth mentioning that the exposure of staff is not due to X-ray leakage from the X-ray 
tube of the fluoroscopy unit. Exposure to the staff is due to the X-ray scatter that is produced 
when the X-ray beam interacts with the tissues of the patient. Thus, the higher the dose to 
the skin of the patient the higher the amount of scattered radiation produced. From this, 
patient and staff exposure are interlinked. One should always remember that the patient is 
the main source of exposure of the staff. Therefore optimizing the patient dose will improve 
the staff radiation protection.  

4.1 Patient 
Patient dose can be quite high but deterministic effects should never be a surprise to the 
operator.  Avoiding as much as possible the appearance of deterministic effects (short term 
radiological complications) the operator should also minimize the stochastic effects (long 
term radiological complications). 

4.1.1 Patient positioning 
The first thing to know is: where the source of radiation and the image detector are. The 
patient needs to be as far as possible from the source of radiation (X-ray tube). The patient 
needs to be as close as possible to the image detector.  

4.1.2 X-ray tube orientation 
The number of X-ray is reduced by a factor of two every 2 to 3 cm of tissue. Nevertheless, 
the number of photons required to obtain an image remains constant. Thus, the thicker is 
the patient the higher is the skin rate. Skin dose rate might be also very high when using 
oblique incidence and one should try to restrict as much as possible incidences where the 
path of the X-ray in the patient are long.  

4.1.3 Image quality level 
Fluoroscopy units provide the user with several image quality levels during fluoroscopy 
and cine runs. There is no free lunch, the better the image quality the higher the patient 
exposure. The cardiologist should be aware that he/she has control over the image quality 
level and he/she should avoid any waste of radiation. The temporal resolution (frame rate) 
should also be chosen according the requirement of the procedure. 

4.1.4 Image magnification 
Geometric magnification should never be used (see §4.1.1). Electronic or digital 
magnification requires in general an increase of the skin dose rate. Thus, magnification 
should be used with parsimony. 

4.1.5 Introduction of an “intervention” level 
During long procedures the threshold of the deterministic effects might be reached. Since 
the severity of the lesion is dose dependent one should define a DAP level (for example 100 
Gy.cm2) after which a particular care on patient exposure is exercised. One could try for 
example to change incidences to distribute the dose. A DAP threshold where the patient 
should be recalled to check for skin lesion should also be defined (for example 500 Gy.cm2). 



 
Advances in the Diagnosis of Coronary Atherosclerosis 372 

3.1 Justification 
The first principle of radiation protection is justification. No exposure is acceptable unless its 
usefulness is demonstrated. In the medical practice any radiological modality or procedure 
has to be justified. It should be properly indicated to the diagnostic or therapeutic case. In 
other words it should be demonstrated that no other non-irradiating non invasive modality 
can give the same diagnostic or therapeutic results. In order to implement the justification 
principle, learned society in several countries (USA, UK, France, Switzerland and others) 
worked out referral guides in order to indicate which radiological modality/examination is 
suited to which diagnostic or therapeutic case. 

3.2 Optimization 
The second principle of radiation protection is optimization. When the exposure to radiation 
is justified, an effort must be engaged in order to keep the radiation dose delivered as low as 
reasonably achievable (ALARA principle). If justification reflects the will “to do the right 
thing”, optimisation reflects the will “to do it right”. In the medical practice the principle of 
optimization is implemented in different ways contributing together to lower the radiation 
doses to the patients and to the staff. The quality control of the X-ray unit is important to 
make sure the optimal settings are used. The auditing of the protocols used for each 
radiological procedure allows producing the quantity and quality of images sufficient to the 
diagnostic or therapeutic goal, with an optimum trade-off between image quality and 
radiation dose, and no unnecessary irradiation of the patient and staff. The use of protecting 
means contribute to cut down the radiation (direct or scattered) that is not useful in the 
imaging process. Training, informing, using diagnostic reference levels, all this helps spread 
a culture of optimization. 

3.3 Limitation 
The third principle of radiation protection is dose limitation in order to avoid excessive 
exposure of an individual. The ICRP recommends a set of dose limits for the general public 
and for people exposed in the course of their occupation (ICRP 103, 2007). The principle of 
dose limitation applies to health professionals (physicians, radiographers, medical 
physicists, etc.) but it does not apply to the patient. The sound benefit (diagnostic or 
therapeutic) from X-rays use implies that higher doses of radiation are tolerated as long as 
the radiological procedure is justified and optimized. 

4. Operational radiation protection 
Near a radiological room radiation protection of workers and of public is ensured by the 
limitation of the weekly ambient equivalent dose through the shielding of the rooms. 
Surveys have shown that doses to public and workers in such an environment are very low. 
However there is not ambient equivalent dose limitation near the X-ray imaging unit. Thus, 
it is mandatory to wear a lead apron when being near a running X-ray imaging device. 
Many professionals that use fluoroscopy units receive low dose of radiation since they only 
use these unit a few minutes (or less) per patient. Unfortunately, this is often not the case for 
cardiologists who can handle very complex procedures that not only expose the patient but 
also expose the staff present in the suite. Thus an effort to improve the radiation protection 
should get a high priority. 

Protection of the Patient and the Staff from Radiation  
Exposure During Fluoroscopy-Guided Procedures in Cardiology 373 

It is worth mentioning that the exposure of staff is not due to X-ray leakage from the X-ray 
tube of the fluoroscopy unit. Exposure to the staff is due to the X-ray scatter that is produced 
when the X-ray beam interacts with the tissues of the patient. Thus, the higher the dose to 
the skin of the patient the higher the amount of scattered radiation produced. From this, 
patient and staff exposure are interlinked. One should always remember that the patient is 
the main source of exposure of the staff. Therefore optimizing the patient dose will improve 
the staff radiation protection.  

4.1 Patient 
Patient dose can be quite high but deterministic effects should never be a surprise to the 
operator.  Avoiding as much as possible the appearance of deterministic effects (short term 
radiological complications) the operator should also minimize the stochastic effects (long 
term radiological complications). 

4.1.1 Patient positioning 
The first thing to know is: where the source of radiation and the image detector are. The 
patient needs to be as far as possible from the source of radiation (X-ray tube). The patient 
needs to be as close as possible to the image detector.  

4.1.2 X-ray tube orientation 
The number of X-ray is reduced by a factor of two every 2 to 3 cm of tissue. Nevertheless, 
the number of photons required to obtain an image remains constant. Thus, the thicker is 
the patient the higher is the skin rate. Skin dose rate might be also very high when using 
oblique incidence and one should try to restrict as much as possible incidences where the 
path of the X-ray in the patient are long.  

4.1.3 Image quality level 
Fluoroscopy units provide the user with several image quality levels during fluoroscopy 
and cine runs. There is no free lunch, the better the image quality the higher the patient 
exposure. The cardiologist should be aware that he/she has control over the image quality 
level and he/she should avoid any waste of radiation. The temporal resolution (frame rate) 
should also be chosen according the requirement of the procedure. 

4.1.4 Image magnification 
Geometric magnification should never be used (see §4.1.1). Electronic or digital 
magnification requires in general an increase of the skin dose rate. Thus, magnification 
should be used with parsimony. 

4.1.5 Introduction of an “intervention” level 
During long procedures the threshold of the deterministic effects might be reached. Since 
the severity of the lesion is dose dependent one should define a DAP level (for example 100 
Gy.cm2) after which a particular care on patient exposure is exercised. One could try for 
example to change incidences to distribute the dose. A DAP threshold where the patient 
should be recalled to check for skin lesion should also be defined (for example 500 Gy.cm2). 
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4.1.6 Patient dose record 
The dose indicators (DAP and skin accumulated dose) of the procedure should be recorded 
in the file of the patient.  Moreover dose survey should be organised and the results should 
be compared with published value to estimated one’s practice. 

4.2 Personnel 
The X-ray beam enters the patient and interacts with the tissue. Some radiation will be 
absorbed in the patient and thus deposit energy to that patient. The transmitted radiation 
will impinge the image amplifier to produce images. Unfortunately, the X-ray interaction 
within the patient will also create scattered radiation emitted all around the patient which 
will expose the staff to ionizing radiations.  
The dose the staff might receive when being at one meter from the patient is approximately 
0.1% of the skin dose delivered to that patient when the size of the X-ray beam is large 
(typically 400 cm2). For example if the skin dose rate is equal to 40 mGy.min-1, ambient dose 
rate at one meter from the patient can be estimated to 2.5 mSv.h-1 (natural background of 
0.0001-0.0002 mSv.h-1). During cine runs the skin dose rate can reach 1 Gy.min-1 which 
implies a higher dose rate to the staff during this type of acquisition. The ratio between 
patient skin dose and staff dose is dependent on the size of the X-ray beam. The larger the 
field size the higher the ratio. It is thus important to always reduce the size of the X-ray 
beam to its strict minimum. Expressed in terms of DAP one can take 0.3% of the DAP (DAP 
expressed in Gy.cm2 and E in mSv). Thus when a cardiologist has delivered a DAP of 60 
Gy.cm2 he might have received over his/her lead apron a dose of 0.2 mSv. 

4.2.1 Shielding 
Shielding allows the staff to be isolated from scattered radiation produced by the X-ray 
interaction in the patient. Barriers used for shielding may be fixed to the unit, movable or 
worn by individuals. The amount of radiation attenuated by a material depends on the 
elemental composition of the material, its thickness and the energy of the radiation passing 
through it. As an example, the transmission through 0.5 mm of lead is 3.2% at 100kV and 
0.36% at 70 kV (Yaffe & Mawdsley, 1991).  
To reduce the operator exposure, one should begin by creating a sort of booth with 
shielding devices around him or herself. To do so, an articulated ceiling leaded screen 
lengthened by a leaded flap beside the table, or a mobile barrier as the one shown in Figure 
1, together with a longitudinal protection adjacent to the table can be used (Kuon et al. 
2002). Each shield should be at least 0.5 mm lead equivalent. The operator has then to 
complete his or her protection by wearing a lead apron, which should be adjusted to his or 
her size. Concerning the lead equivalent content, most of the aprons are either 0.5 or 0.35 
mm lead equivalent. The use of a 0.35 mm instead of a 0.5 mm lead equivalent reduces 
weight by about 30%, but increases the transmission of scattered radiation of almost a factor 
of 2 at 90 kV. However, Marshall in an experimental study showed that at 90 kV, wearing a 
0.35 mm lead equivalent apron with an additional 0.35 mm lead equivalent thyroid shield 
resulted in a factor 2 greater reduction in effective dose than can be achieved by wearing a 
0.55 mm lead equivalent apron alone (Marshall & Faulkner, 1993). Some aprons are made of 
composite materials which offers equivalent shielding properties but which are significantly 
less heavy than aprons containing lead as shield material (Yaffe & Mawdsley, 1991). 
Figure 1 presents one way the operator can insulate himself from the scatter produced by 
the patient when the examination is performed in the chest area with a femoral access.  One 

Protection of the Patient and the Staff from Radiation  
Exposure During Fluoroscopy-Guided Procedures in Cardiology 375 

should always remember that it is at the surface where the X-ray beam enters the patient 
that the scatter dose rate is at its highest level.  One should shield himself from that 
particular spot. 
Figure 2 summarizes the efficiency of the shielding devices presented in Figure 1 for various 
tube-image amplifier orientations. It can be seen that an operator can significantly decrease 
his or her exposure when a shielding device is placed in such a way that the operator is as 
much as possible shielded from scattered radiation (Kuon et al., 2002). Unfortunately this is 
not always possible, as in the case of biliary drainage for example. In such a case, staff 
exposure is mainly controlled by the optimisation of patient exposure, the distance from the 
scatter source and personal shielding (Williams, 1997). 
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Fig. 1. Example of operator shielding with various devices (1 leaded glass, 2 and 3 leaded 
curtains, 4 leaded wall; 1 and 4 being on a mobile barrier) 

To improve protection against cataract (which is a deterministic effect of ionising radiation), 
a 0.5 mm lead equivalent eyeglass should be used to reduce exposure to the lens by 10% to 
65% (Nicholson, 1995). Finally, gloves made of composite material and offering the same 
tactile perception than regular chirurgical ones are available. Unfortunately, they offer a 
limited protection since they usually reduce dose by a factor less than 2 (Vaño & Guibelalde, 
1997; Balter, 2001). 

4.2.2 Effect of the examination geometry 
Backscattered radiation is the radiation that is scattered back from the surface at the beam 
entrance. It is of high intensity because the entrance surface of the primary beam into the 
patient has not been attenuated. Thus, ambient dose rate will always be significantly higher 
when the operator is close to the x-ray tube, than when it is at the image amplifier side. 
Shielding of the operator should be performed considering these parameters (see Figure 3) 
(Brateman, 1999). 
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entrance. It is of high intensity because the entrance surface of the primary beam into the 
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Fig. 2. Mean ambient dose rate to the operator (Sv.h-1) for different tube-image amplifier 
orientations. The dose rate corresponds to an examination in the cardiac area of a Rando 
phantom, representative of a 70 kg standard patient, the operator being at about 1 m from 
the central beam impinging the phantom (situation presented in Figure 1). Without any 
radiation protection device, the dose rate is in the range of 2 to 0.2 mSv.h-1. As expected, the 
LAO angulations are the ones which potentially deliver the highest dose to the operator. 
The addition of the protection devices 1 and 2 allows a reduction of the ambient dose rate at 
operator’s level by a factor of 10. A further reduction is obtained by completing the 
shielding with devices 3 and 4. Finally, the use of personal shielding devices (i.e. lead apron, 
thyroid shield and leaded glasses) reduces the ambient dose rate to about 0.1 Sv.h-1 
(adapted from Kuon et al., 2002). 
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Fig. 3. The schematics show the influence of the tube-image amplifier orientation on the 
operator’s exposure. When the tube is below the table, exposure to the legs and the lower 
part of the abdomen is the highest. When the tube is above the table, exposure to the face, 
neck and chest is the highest. 
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4.2.3 Inverse square law 
The exposure rate from a point source of radiation decreases as the distance from the source 
squared. This inverse square law is the results of the geometric relationship between the 
surface area, A, and the radius, r, of a sphere: A = 4 п r2. As an example, for a field size of 
the primary beam impinging the patient of about 100 cm2, the ambient dose rate at 90° to the 
incident beam decreases from 1.2 mGy.h-1 to 0.3 mGy.h-1 when moving from 50 cm to 1m 
from the patient (i.e. a dose rate reduction as a function of 1/r2) (Bushberg et al., 2002). 
Unfortunately, when the size of the field impinging the patient is large, the dose reduction is 
slightly less efficient since dose rate reduction is no more as a function of r-2 but only as a 
function of r-1. Nevertheless, backing away from the primary beam is a very efficient way to 
reduce staff exposure. 

5. Conclusion 
Several recently published studies showed that there is a high potential to reduce radiation 
doses to the patient and subsequently to enhance radiation safety for the staff. The aim of 
this chapter was to introduce the effects of ionizing radiation and the radiological risks, and 
to present various methods that may be used to reduce patient and personnel exposure 
during fluoroscopy-guided procedures in cardiology, such as the reduction of patient 
exposure, the increase of the distance from the source of scatter, and the shielding. 
Every effort needs to be made in order to reduce patient and staff exposure as much as 
possible, not for legal purposes but simply for workers health. This applies in particular in 
the field of interventional radiology where exposure to the staff is potentially very high. 
Dose reduction to the staff can be reduced by the optimisation of patient exposure. Thus the 
introduction of the diagnostic reference levels (DRL) will certainly improve the control of 
staff exposure. Moreover, the application of simple rules, such as the ones mentioned in this 
contribution, allow radiologists to use fluoroscopy units minimising their exposure as much 
as possible. The respect of these rules allow also to improve the protection of other medical 
staff present near the patient and who are less familiar with radiation protection. 
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