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Preface

This book, “The Current Perspectives on Coronary Artery Bypass Grafting”, is an 
excellent update for health care professionals taking care of patients suffering from 
severe coronary artery disease. The nine chapters in this book were written by 
experts in their fields.

The first section describes the hemodynamic mechanism and medical management 
of coronary artery disease. Chapter 1 discusses the most recent evidence in treating 
multivessel coronary artery disease and left main coronary artery disease. The 
author provided a good discussion on the pros and cons of percutaneous coronary 
intervention versus coronary artery bypass grafting. Chapter 2 and Chapter 4 
describe the arterial stiffness and medical therapy in mitral regurgitation associated 
with coronary artery disease. Chapter 3 gives us a review of antiplatelet therapy 
after coronary artery bypass grafting. The role of double antiplatelet therapy for 
percutaneous coronary interventions is well established, whereas its role after 
surgery remains controversial.

The second section describes technical aspects of coronary artery bypass 
grafting. Chapter 5 and Chapter 9 describe the technical tips and tricks in 
surgical anastomosis. These chapters show us a variety of surgical techniques in 
anastomosing small vessels. Cardiac surgeons should be familiar with multiple 
anastomotic techniques. Chapter 6 discusses the risk factors that affect early and 
late survival after coronary artery bypass grafting. Chapter 7 and Chapter 8 discuss 
the utilization of right internal mammary graft in coronary artery bypass grafting. 
The benefit of left internal mammary artery graft is well established, whereas the 
benefit of right internal mammary artery graft remains controversial because of 
possible increase of sternal infection.

In conclusion, I believe this book will provide health care professionals with the 
most updated information in the field of surgical intervention for severe coronary 
artery disease.

Takashi Murashita, MD
Assistant Professor,

Division of Cardiothoracic Surgery,
University of Missouri,

Columbia, MO, USA
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Chapter 1

Current Status, Perspectives, and 
Future Directions of Multivessel 
Disease and Left Main Coronary 
Disease: Its Treatment by PCI or 
Surgery
Juan Mieres and Alfredo E. Rodríguez

Abstract

MVD has evolved from an era where it was mandatory to treat all lesions, even 
very thin vessels. With the advent of more realistic anatomical scores such as the 
ERACI score and the gradient measurements with the fractional flow of reserve 
(FFR) and instantaneous wave-free ratio (iwFR), a more conservative era has 
begun, which benefits the patient in the long-term follow-up. The treatment of 
the LMCA remains a challenging lesion because of the amount of irrigation. It 
can be divided the treatment of the LMCA with a low or high ERACI score, in the 
first group is where the PCI has gained in confidence and dedication in addition 
to knowledge and bifurcation techniques. The second group with high score can 
only be performed in centers with high PCI experience, since their alternative will 
always be surgical as the first choice. The revascularization in MVD with STEMI, the 
priority is the culprit vessel and then evaluate the underlying lesions, an invasive or 
with a functional test in the short term. The patient with DM is a singular patient, 
and its treatment should always be evaluated by a multidisciplinary team. We 
believe that patients with low ERACI score have the possibility of being treated with 
PCI, but patients with high score are surgical.

Keywords: MVD, PCI, CABG, DM, MI, LMCA, MACCE, BMS, DES

1. Multivessel disease

1.1 Introduction

The revascularization of multivessel disease (MVD) has advanced considerably 
and has gone through periods where angioplasty with the advent of conventional 
stents (BMS) was competitive with surgery [1]. After the incorporation of drug-
eluting stents (DES) with the significant reduction of the revascularization of the 
treated vessel, it was thought that the percutaneous coronary intervention (PCI) 
would be superior to coronary artery bypass graph (CABG), with the advent of the 
SYNTAX trial [2], which also incorporated an anatomical score that revolution-
ized the way of stratifying the patients. Although this trial used stents that are not 
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currently marketed, called first-generation DES, later came trials with second-
generation stents that also failed to achieve the desired results [3]. An important 
element was the incorporation of the in vivo functional study of the lesion and its 
relation with the prognosis, which is the fractional flow of reserve (FFR) [4] and 
their instantaneous wave-free ratio (iwFR) [5], which gave a physiological view 
of the coronary disease and its treatment, although its use in stable patients such 
as the ORBITA trial [6] failed both by design and by results, since 85% of patients 
are finally revascularized, and the first randomized trial to assess functional lesion 
testing before CABG found patients who underwent FFR before CABG experienced 
similar rates of graft failure at 6 months as those who received angiography-guided 
by surgery [7]. We re-evaluated the SYNTAX score [8] first, and thus we generated 
an ERACI score [9] more in line with the modern treatment of severe and rational 
injuries at the time of complete revascularization, targeting medium-to-large 
caliber vessels, since only 70% lesions were included and vessel lesions larger than 
2 mm were included.

1.2 Main trails of PCI vs. CABG and meta-analysis in MVD

In our Argentine Randomized Trial of Coronary Angioplasty With Stenting vs. 
Coronary Bypass Surgery in Patients With Multivessel Disease (ERACI II) 1, where 
patients were randomized to PCI with BMS vs. CABG after 5 years of follow-up, 
there were no significant differences in the mortality of all causes, PCI 7.1% vs. 
CABG 11.5%, p = 0.182. In terms of nonfatal MI, the incidence was 6.2% in the 
CABG group and 2.8% in the PCI group (p = 0.128), where a significant difference 
was observed in the need for new revascularization, 7.2% in the CABG group and 
28.4% in the PCI group (p = 0.0002). MACCE was also larger in the PCI group than 
in the CABG, 24.5% vs. 34.7% (p = 0.019). A high rate of patients was asymptom-
atic without significant differences in both groups. The first randomized trial of 
patients with first-generation DES vs. CABG and with the creation of an anatomical 
score to assess severity divided the patients into three groups. This score was based 
on obstructions of at least 50% in vessels greater than 1.5 mm. Although this very 
basic score served to stratify patients, the SYNTAX study [2] compared CABG and 
PCI, followed by placement of paclitaxel-eluting stent in patients with MVD or 
left main disease (LMCA) or both. At 5 years of follow-up, it was observed that the 
MACCE between the two groups was significantly higher for the PCI group 37.3% 
than with the 26.9% CABG (p < 0.0001). The MI and the TVR was significantly 
higher in the PCI group than with surgery, but the mortality of all causes as well as 
the stroke was not significantly different between the two groups. When analyzed 
by groups, in the SYNTAX of low score ≤ 22, the MACCE was similar between both 
groups, but when analyzing intermediate scores 23–32 and high ≥33, it was signifi-
cantly higher with PCI commensurate with CABG. The randomized trial was subse-
quently carried out with the so-called second-generation DES. In the Randomized 
CABG and Everolimus-Eluting Stent EES Implantation in the Treatment of Patients 
with MVD, the BEST trial [3] was performed in 27 sites in East Asia and showed 
PCI with placement of EES. This study had as its primary end point the composite 
events of death, MI, and TVR. At 2 years of follow-up, it was observed that there 
were no significant differences with 11% events in the PCI group compared with 
7.9% in the CABG group (p = 0.32 for non-inferiority). In the long-term follow-up 
(4.6 years on average), the events of the primary end point occurred in 15.3% of 
patients in the PCI group and in 10.6% of those in the CABG group (p = 0.04). This 
is due to an excess of new interventions in the PCI group, since the TVR was signifi-
cantly higher in the PCI group (11.0% vs. 5.4%, p = 0.003). There were no signifi-
cant differences in mortality between the two groups, 6.6% in the PCI group and 
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5% in the CABG group (p = 0.30), as well as with the stroke (2.5 and 2.9%, respec-
tively; p = 0.72). The MI was higher in the PCI group than the CABG 4.3% vs. 1.6%, 
respectively p = 0.02. A recent meta-analysis of Brazilian origin [10] that includes 
randomized clinical trials (RCT) of multivessel disease performed a group analysis. 
They identified a total of 15 RCT that satisfied the requirements. The following 
results were obtained in the pooled data (n = 12,781). Thirty-day mortality and 
stroke were lower with PCI (1% vs. 1.7%, p = 0.01; and 0.6% vs. 1.7%, p < 0.0001). 
There was no difference in 1- and 2-year mortality (3.3% vs. 3.7%, p = 0.25; 6.3% 
vs. 6.0%, p = 0.5). Long-term mortality favored CABG (10.6% vs. 9.4%, p = 0.04), 
particularly in trials of DES era (10.1% vs. 8.5%, p = 0.01). In diabetics (DM) 
(n = 3274) long-term mortality favored CABG (13.7% vs. 10.3%, p < 0.0001). In six 
trials of LMCA (n = 4700), there was no difference in 30-day mortality (0.6% vs. 
1.1%, p = 0.15), 1-year mortality (3% vs. 3.7%, p = 0.18), and long-term mortality 
(8.1% vs. 8.1%) between PCI and CABG. The incidence of stroke was lower with 
PCI (0.3% vs. 1.5%, p < 0.001). DM and a high SYNTAX score were the subgroups 
that influenced more adversely the results of PCI (Table 1).

1.3 “Functional” complete or anatomic complete revascularization

The fractional flow reserve allows to measure the functional capacity of a ste-
nosis, and if it establishes a threshold of 0.80 (which is equivalent to a maximum 
intracoronary pressure drop of 20%), it determines a degree of ischemia. In fact, the 
use of this guide in patients with MVD showed that residual angiographic lesions 
that were functionally nonsignificant did not cause worse evolution [11] and thus 
indicated that they do not need treatment, giving a complete revascularization (CR) 
functional rather than anatomical, since the degree of injury is less important than its 
functional impact, as well as the magnitude of the territory that irrigates. However, 
the concept of “functional” CR with PCI was introduced many years ago even 
when FFR was not available. The ERACI I one of the first randomized clinical trials 
between PCI and CABG in MVD [12] showed similar outcomes in patients with com-
plete “functional” revascularization achieved with PCI and guided by noninvasive 
tests and in those with complete “anatomic” revascularization achieved with CABG.

1.4 ERACI risk score

The ERACI IV study [13] was a multicenter, observational, and prospective regis-
try with a second-generation DES in patients with MVD and LMCA. We built a score 
based on our experience in the treatment of patients with more realistic MVD; since 
our group led by Dr Rodriguez et al. aimed to treat more critical vessel lesions that 
irrigate a significant territory, based on this concept we created the ERACI score (ES) 
by modifying the SYNTAX score (SS), as well as the difference between the treated 
and residual lesions, their corresponding residual ES or residual SS. This reformu-
lated score included lesions greater than or equal to 70% in vessels larger than 2 mm. 
The analysis of the bifurcations and CTO was preserved as in the previous score. We 
included in a novel way the restenosis of the treated vessel that was cataloged as a 
severely calcified lesion. The rest of the variables were preserved as in the previous 
score [9] (Figure 1). The rationality of this revised score was previously published 
in our Journal of Interventional Cardiology of Argentina (RACI) 3 years ago [9]. With 
this new modality of scoring with the ES in the ERACI IV study, more than half of 
the patients had a low ES, and only 17% of the patients had a high score, in contrast 
to the SS that 34% of the patients were with a high score. The first analysis of this 
data is that with this score patients are re-categorized into a lower-risk group so they 
could be treated with either PCI or CABG. When we analyzed the residual untreated  
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stroke were lower with PCI (1% vs. 1.7%, p = 0.01; and 0.6% vs. 1.7%, p < 0.0001). 
There was no difference in 1- and 2-year mortality (3.3% vs. 3.7%, p = 0.25; 6.3% 
vs. 6.0%, p = 0.5). Long-term mortality favored CABG (10.6% vs. 9.4%, p = 0.04), 
particularly in trials of DES era (10.1% vs. 8.5%, p = 0.01). In diabetics (DM) 
(n = 3274) long-term mortality favored CABG (13.7% vs. 10.3%, p < 0.0001). In six 
trials of LMCA (n = 4700), there was no difference in 30-day mortality (0.6% vs. 
1.1%, p = 0.15), 1-year mortality (3% vs. 3.7%, p = 0.18), and long-term mortality 
(8.1% vs. 8.1%) between PCI and CABG. The incidence of stroke was lower with 
PCI (0.3% vs. 1.5%, p < 0.001). DM and a high SYNTAX score were the subgroups 
that influenced more adversely the results of PCI (Table 1).

1.3 “Functional” complete or anatomic complete revascularization

The fractional flow reserve allows to measure the functional capacity of a ste-
nosis, and if it establishes a threshold of 0.80 (which is equivalent to a maximum 
intracoronary pressure drop of 20%), it determines a degree of ischemia. In fact, the 
use of this guide in patients with MVD showed that residual angiographic lesions 
that were functionally nonsignificant did not cause worse evolution [11] and thus 
indicated that they do not need treatment, giving a complete revascularization (CR) 
functional rather than anatomical, since the degree of injury is less important than its 
functional impact, as well as the magnitude of the territory that irrigates. However, 
the concept of “functional” CR with PCI was introduced many years ago even 
when FFR was not available. The ERACI I one of the first randomized clinical trials 
between PCI and CABG in MVD [12] showed similar outcomes in patients with com-
plete “functional” revascularization achieved with PCI and guided by noninvasive 
tests and in those with complete “anatomic” revascularization achieved with CABG.

1.4 ERACI risk score

The ERACI IV study [13] was a multicenter, observational, and prospective regis-
try with a second-generation DES in patients with MVD and LMCA. We built a score 
based on our experience in the treatment of patients with more realistic MVD; since 
our group led by Dr Rodriguez et al. aimed to treat more critical vessel lesions that 
irrigate a significant territory, based on this concept we created the ERACI score (ES) 
by modifying the SYNTAX score (SS), as well as the difference between the treated 
and residual lesions, their corresponding residual ES or residual SS. This reformu-
lated score included lesions greater than or equal to 70% in vessels larger than 2 mm. 
The analysis of the bifurcations and CTO was preserved as in the previous score. We 
included in a novel way the restenosis of the treated vessel that was cataloged as a 
severely calcified lesion. The rest of the variables were preserved as in the previous 
score [9] (Figure 1). The rationality of this revised score was previously published 
in our Journal of Interventional Cardiology of Argentina (RACI) 3 years ago [9]. With 
this new modality of scoring with the ES in the ERACI IV study, more than half of 
the patients had a low ES, and only 17% of the patients had a high score, in contrast 
to the SS that 34% of the patients were with a high score. The first analysis of this 
data is that with this score patients are re-categorized into a lower-risk group so they 
could be treated with either PCI or CABG. When we analyzed the residual untreated  
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lesions between these two scores, we also found significant differences between these 
two groups of patients since with RSS it was 8.7 ± 5.9 vs. and with RES it was 3.5 ± 4.6, 
p = 0.003. In addition, reasonably incomplete revascularization was defined, defined 
by a residual of ≤5 (Table 2). If we take the RSS, only 35% of the patients reached 
this goal, but if we analyze it with the RES, they reached 80%, which suggests that 
most patients achieved a functional rather than an anatomical revascularization 
(Table 2). This could be corroborated in the long-term follow-up where these 
patients had a MACCE less than 10% at 3 years of follow-up. In addition, this score 
was validated in another trial of our group called the WALTZ registry [14]. A total 
of 201 real-life patients were included prospectively, in 11 centers in the Argentine 
Republic using the same criteria of ERACI IV. The study design, as well as the ratio-
nale, was previously published [15]. When we performed the analysis regarding the 
scores, we found a significant difference with respect to the baseline (SS 11.8 + 6.8 
vs. ES 7.8 + 5.3, p = 0.0016), and the same happened with the residual (RSS 5.4 + 5.6 
vs. RES 1.3 + 2.9, p < 0.001). The analysis that we carry out is that the presence of 

Figure 1. 
Modification of the SYNTAX score by ERACI score, with residual SYNTAX and ERACI scores and 
its implications. SYNTAX score = 28 points (red and white arrows). Hypothetically the patients need 
4 DES. Modified ERACI score, in the ERACI IV, the SYNTAX score (only the red arrows) was 16 
points = patient received 2 DES. The residual ERACI score was 3.5. If the patient was scored with the SYNTAX 
score, he would have had 17 residual SYNTAX score.
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neoatherosclerosis [16] that we believe is also present in the second- and third- 
generation stents is a growing concern, which is why this more rational strategy of 
the use of these devices can lead to better results long term. When we look closely 
at the results of the Syntax II study where iwFR was used, we can verify that the 
conservative strategy is beneficial [17]. When we compare the PCI group guided by 
the iwFR with the SYNTAX I in the PCI group, we find a decrease in MI and MACCE, 
similar to the SYNTAX I CABG group. SYNTAX II treated fewer lesions per patient 
than SYNTAX I (2.6 vs. 4, p < 0.001) and then implanted fewer stents per patient 
(3.8% vs. 5.2%, p < 0.001) despite the fact that the two groups of patients were scored 
similarly, with SS (p = 0.16). These results are consistent with our ERACI IV trial. We 
also have to recognize that the FFR analysis has numerous limitations, among them it 
can be technically difficult in segments of diffuse disease, tandem lesions and bifur-
cation lesions. When performed in patients with severe aortic stenosis, the evaluation 
is more complex to analyze. Also you have to assume the cost of catheters that cannot 
be ignored. It is also important to mention that studies of CABG guided by FFR [18] 
have not achieved the expected results when compared when guided by angiography, 
and studies such as FAME 2 comparing optimal medical treatment vs. guided PCI 
have not observed reduction in MI or long-term mortality [19].

1.5 Guidelines

The evidence suggests that in MVD without DM and low anatomical complex-
ity, PCI and CABG achieve similar long-term outcomes with respect to survival 
and the composite of death, MI, and stroke, justifying a class I recommendation 
for PCI. Consistent results were also obtained for patients with MVD in the recent 
individual patient-level meta-analysis. Thus, the previous class III recommendation 
for PCI in MVD and intermediate-to-high complexity was maintained [20]. The 
intermediate and high SYNTAX scores are associated with better evolution with the 
CABG. Although this score is very limited and impractical for its application, its use 
for making decisions in patients with MVD is reasonable [21]. The ERACI score could 
be more rational for making decisions due to being more realistic and conservative [9].

1.6 Ongoing trials

The Prospective Multicenter Registry of Hybrid Coronary Artery Revascularization 
Combined with Surgical Bypass and Percutaneous Coronary Intervention Using 

SYNTAX score ERACI score P value

Number of patients (n) 225 225

Low group 33.8% 54.8% < 0.001

Intermediate group 32.4% 27.9% = 0.35

High group 33.8% 17.2% <0.001

Baseline mean 27.7 ± 11.3 22 ± 11.02 =0.0004

Residual mean 8.7 ± 5.9 3.5 ± 4.6 =0.003

Residual ≤5 35% 80% <0.001

Residual <8 48% 93.5% =0.002

From “Lowering Risk Score Profile During PCI in Multiple Disease is Associated with Low Adverse Events: The 
ERACI Risk Score” (Alfredo E. Rodriguez, Carlos Fernandez-Pereira, Juan Mieres, Hernan Pavlovsky, Juan del Pozo, 
Alfredo M. Rodriguez-Granillo, David Antoniucci, On behalf of ERACI IV Investigators)

Table 2. 
Differences in baseline and residual risk scores: ERACI IV registry.
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neoatherosclerosis [16] that we believe is also present in the second- and third- 
generation stents is a growing concern, which is why this more rational strategy of 
the use of these devices can lead to better results long term. When we look closely 
at the results of the Syntax II study where iwFR was used, we can verify that the 
conservative strategy is beneficial [17]. When we compare the PCI group guided by 
the iwFR with the SYNTAX I in the PCI group, we find a decrease in MI and MACCE, 
similar to the SYNTAX I CABG group. SYNTAX II treated fewer lesions per patient 
than SYNTAX I (2.6 vs. 4, p < 0.001) and then implanted fewer stents per patient 
(3.8% vs. 5.2%, p < 0.001) despite the fact that the two groups of patients were scored 
similarly, with SS (p = 0.16). These results are consistent with our ERACI IV trial. We 
also have to recognize that the FFR analysis has numerous limitations, among them it 
can be technically difficult in segments of diffuse disease, tandem lesions and bifur-
cation lesions. When performed in patients with severe aortic stenosis, the evaluation 
is more complex to analyze. Also you have to assume the cost of catheters that cannot 
be ignored. It is also important to mention that studies of CABG guided by FFR [18] 
have not achieved the expected results when compared when guided by angiography, 
and studies such as FAME 2 comparing optimal medical treatment vs. guided PCI 
have not observed reduction in MI or long-term mortality [19].

1.5 Guidelines

The evidence suggests that in MVD without DM and low anatomical complex-
ity, PCI and CABG achieve similar long-term outcomes with respect to survival 
and the composite of death, MI, and stroke, justifying a class I recommendation 
for PCI. Consistent results were also obtained for patients with MVD in the recent 
individual patient-level meta-analysis. Thus, the previous class III recommendation 
for PCI in MVD and intermediate-to-high complexity was maintained [20]. The 
intermediate and high SYNTAX scores are associated with better evolution with the 
CABG. Although this score is very limited and impractical for its application, its use 
for making decisions in patients with MVD is reasonable [21]. The ERACI score could 
be more rational for making decisions due to being more realistic and conservative [9].

1.6 Ongoing trials

The Prospective Multicenter Registry of Hybrid Coronary Artery Revascularization 
Combined with Surgical Bypass and Percutaneous Coronary Intervention Using 

SYNTAX score ERACI score P value

Number of patients (n) 225 225

Low group 33.8% 54.8% < 0.001

Intermediate group 32.4% 27.9% = 0.35

High group 33.8% 17.2% <0.001

Baseline mean 27.7 ± 11.3 22 ± 11.02 =0.0004

Residual mean 8.7 ± 5.9 3.5 ± 4.6 =0.003

Residual ≤5 35% 80% <0.001

Residual <8 48% 93.5% =0.002

From “Lowering Risk Score Profile During PCI in Multiple Disease is Associated with Low Adverse Events: The 
ERACI Risk Score” (Alfredo E. Rodriguez, Carlos Fernandez-Pereira, Juan Mieres, Hernan Pavlovsky, Juan del Pozo, 
Alfredo M. Rodriguez-Granillo, David Antoniucci, On behalf of ERACI IV Investigators)

Table 2. 
Differences in baseline and residual risk scores: ERACI IV registry.
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Everolimus-Eluting Metallic Stents evaluates the efficacy of hybrid coronary revas-
cularization (HCR) combining CABG and PCI in the treatment of MVD. CABG is 
to be performed in the left anterior descending artery and the left circumflex artery 
using only arterial grafts, whereas PCI is to be conducted for the treatment of the 
right coronary artery with everolimus-eluting stents (EESs) [22]. The Comparison 
of One-stop Hybrid Revascularization vs. Off-pump Coronary Artery Bypass for the 
Treatment of Multi-vessel Disease combines minimally invasive direct CABG and PCI 
to be performed in the hybrid operating suite, an enhanced operating room equipped 
with radiographic capability [23].

1.7 Conclusions

In our long experience in the treatment of MVD for more than two decades 
and according to our score, we believe that the stratified treatment can be divided 
into two groups, patients with low and intermediate scores in whom the results of 
PCI are comparable with surgery. The other group of patients are those with high 
scores, we think that the current state-of-the-art CABG is the treatment of choice. 
However, with the increase in stent technology this difference can be reduced.

2. Left main coronary artery disease

2.1 Introduction

LMCA is a disease with significant morbidity and mortality, since it threatens a 
large myocardial territory. LMCA stenosis occurs in approximately 15% of patients 
with symptomatic ischemic heart disease [24]. The most common cause of LMCA 
disease is atherosclerosis, which is rarely focal and involves bifurcation in 80% of 
cases, which usually extends from the LMCA to the LAD [25]. In the beginning, the 
treatment of choice for this disease was the CABG [26]. However, after the intro-
duction of PCI, there was a growing interest in the treatment of the LMCA. Both 
European [20] and American [21] guidelines recommend CABG (class I) as the 
treatment of choice for LMCA in patients with low risk score. These recommen-
dations were based mainly on the results of the LMCA subgroup analysis of the 
SYNTAX trial (705 patients) that showed no differences in the MACCE between 
CABG and PCI in patients with LM disease [27]. Patients treated with PCI had 
a lower stroke but a higher revascularization rate than CABG. The results of the 
PRECOMBAT trial [28] compare PCI to CABG in the treatment of LMCA. The two 
groups did not differ significantly in MACCE. Ischemia-driven revascularization 
occurred more frequently in the PCI group than in the CABG group. In addition, the 
LE MANS trial [29] with a 10-year follow-up compared PCI and CABG in patients 
with LMCA with low or medium SYNTAX score. The primary end point was the left 
ventricular ejection fraction (LVEF) that was slightly higher in the PCI group than 
the CABG group. The introduction of new-generation DES with proven efficacy and 
safety prompted the design of two large randomized trials: the Nordic-Baltic-British 
Left Main Revascularization Study (NOBEL) [30] and the Evaluation of Xience ver-
sus Coronary artery bypass surgery for Effectiveness of Left main revascularization 
(EXCEL) trial [31]. It is important to note that, when an LMCA PCI is performed, 
there is a greater awareness of the need to achieve optimal procedural results by 
using the available technologies, including the most effective stents, intravascular 
evaluation of image, and physiology. And when one faces a real bifurcation with a 
Medina classification [32], it is necessary to use two stents. It would seem that the 
best technique is double kissing balloon with crush (DKC) [33].

11

Current Status, Perspectives, and Future Directions of Multivessel Disease and Left Main…
DOI: http://dx.doi.org/10.5772/intechopen.89419

2.2 Main trials of the LMCA

LE MAS trial, [29] in this prospective, multicenter trial, randomly assigned 
105 patients with LMCA with low and medium complexity of coexisting coronary 
artery disease according to SYNTAX score to PCI with stenting (n = 52) or CABG 
(n = 53). DES were implanted in 35%, whereas arterial grafts to the left anterior 
descending artery were utilized in 81%. This study is very interesting because it 
offers a 10-year follow-up, which as a primary end point was the evaluation of the 
ejection fraction between PCI and CABG in the treatment of LMCA. Although 
there were no significant differences, there was a tendency in favor of PCI 
(54.9 ± 8.3% vs. 49.8 ± 10.3%, p = 0.07). Regarding mortality, MI, and TVR, there 
were no statistical differences between the two groups, although there was also a 
trend of greater MACCE-free survival in the PCI group (34.7% vs. 22.1%, p = 0.06; 
reason risk, 1.71; 95% confidence interval (CI), 0.97–2.99). The Nordic-Baltic-
British Left Main Revascularization Study [30] is a prospective, randomized, 
open-label, non-inferiority trial done at 36 centers in Europe. Patients were ran-
domized to CABG or PCI. LMCA were visually assessed with diameter ≥ 50% or 
fractional flow reserve ≤0.80 in different segments of the left main coronary artery. 
SYNTAX score was calculated and all patients with low, medium, and high score 
were included. Patients were treated with the intention of achieving CR. Biolimus-
eluting stent was the recommended stent in this trial. Distal bifurcation lesions 
could be treated with various techniques preferably by the “culotte” technique. 
IVUS was strongly recommended pre- and post-stent deployment. In the CABG 
group, the left internal mammary artery was recommended for revascularization 
of the left anterior descending coronary artery, and for the other lesions, saphenous 
venous grafts, free arterial grafts, or the right internal mammary artery could be 
used. The primary end point was a MACCE. About 1184 patients were included in 
the analysis (592 patients in each group). The SYNTAX scores were similar between 
the two groups (22.4 in the PCI group and 22.3 in the CABG group). CABG was 
performed with the on-pump technique in 84% of patients, and 96% of patients 
underwent arterial grafting of the left anterior descending artery. Kaplan-Meier 
estimates of MACCE were significantly higher in PCI (28%) than in CABG (18%). 
The rate of MI and revascularization was significantly higher in PCI group than 
in CABG, but the overall mortality and stroke were not statistically significant. At 
30 days, the stroke rate in PCI group was significantly less than in the CABG group, 
but this difference was not seen at 1- and 5-year follow-up. The EXCEL trial [31] 
was a prospective randomized open-label, non-inferiority trial undertaken at 126 
centers in 17 countries around the world. Patients were randomized to receive either 
CABG or PCI. Patients who had stable and unstable angina were included in the 
study; however patient who were having MI were excluded. Patients were included 
if they had LMCA of 70% assessed visually or 50–70% determined by means of 
invasive or noninvasive methods. SYNTAX score was determined and patients who 
had score of higher than 33 were excluded. CR was the intention of treatment in 
both groups. A second-generation DES EES was used in this study. Distal bifurcat-
ing lesions were treated with a two-stent strategy using various techniques. CABG 
was performed both on- and off-pump, with the aim of CR for vessels with 50% 
stenosis. Arterial grafts were strongly recommended. The primary end point was 
MACCE at 3 years. The intention-to-treat (ITT) analysis was used in this trial. A 
total of 1905 patients underwent randomization, 948 were assigned to the PCI 
group and 957 to the CABG group. The SYNTAX score according to assessment at 
local sites was low (≤22) in 60.5% of the patients and intermediate (23–32) in 39.5% 
of the patients. Distal LMCA was present in 80.5% of the patients. IVUS imaging 
guidance was used in nearly 80% of the patients in the PCI group. There was no 
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difference between the two groups in respect to the primary composite end-point 
event of death, stroke, or myocardial infarction at 3 years (15.4% of the patients 
in the PCI group and in 14.7% of the patients in the CABG group). At 3 years, the 
composite end-point event of death, stroke, myocardial infarction, or ischemia-
driven revascularization had occurred in 23.1% of the patients in the PCI group and 
in 19.1% of the patients in the CABG group. Ischemia-driven revascularization dur-
ing follow-up was more frequent after PCI than after CABG (in 12.6% vs. 7.5% of 
the patients, p < 0.001). Stent thrombosis occurred in only 0.7% of patients within 
3 years after the procedure and was less common than symptomatic graft occlusion. 
In the Premier of Randomized comparison of Bypass surgery versus Angioplasty 
using Sirolimus-Eluting Stent in Patients with Left Main Coronary Artery Disease 
(PRECOMBAT) [28] trial was a randomized study where 600 patients with LMCA 
went to PCI with a first-generation of DES or CABG. The primary end point was the 
combined events, MACCE, at 5 years of follow-up 17.5% were observed in the PCI 
and 14.3 % in the CABG group, p = 0.26. Regarding the mortality of all causes, MI 
or stroke, there were no significant differences. The TVR was more frequent with 
PCI than with CABG (11.4% vs. 5.5%, p = 0.012).

2.3 Analysis of the two principal trials

As we could see in these last two studies on PCI and CABG in the LMCA, we 
can see that the NOBLE [30] study included higher-risk patients and used a phar-
macological stent with biodegradable polymer. In addition to the fact that the most 
frequently used technique was “culotte” by recommendation, the use of IVUS was 
only 75% in post PCI patients, and only 55% of the kissing balloon was performed. 
In addition the use of the proximal optimization (POT) was not specified, and first-
generation stent was also used in 8% of patients. In the EXCEL study [31], a second-
generation stent was used in patients with low and intermediate SYNTAX scores, 
and the amount of IVUS used reached 77%. The use of POT was also not specified, 
no special bifurcation technique was recommended, and the use of kissing balloon 
was also not specified (Table 3).

2.4 Meta-analysis

The objective was to compare clinical results and safety during short- and 
long-term follow-up by conducting a meta-analysis of large pooled data from 
randomized controlled trials and updated observation. The primary outcome was 
MACCE, MI, stroke, all-cause mortality, and revascularization after at least 1 year 
of follow-up. A subgroup analysis was also performed with a follow-up of over 
5 years. A total of 29 studies with 21,832 patients (10,424 with PCI and 11,408 with 
CABG) were analyzed. At 1-year follow-up there was a significant difference in 
favor of the CABG in MACCE, TVR, and MI, but the stroke was significantly lower 
in the PCI group. In the 5-year group analysis, it showed similar results except that 
the MACCE showed no inferiority in the PCI group. This meta-analysis concludes 
that the PCI for the LMCA can be applied in carefully selected patients. The MI and 
the TVR remain worrying, although we must consider that most of these studies 
have used first-generation DES [34].

2.5 PCI strategy and technique

Angioplasty is a specialty where the practice generates a greater capacity to solve 
problems during the procedure. It has been seen that those operators who perform 
at least 15 PCI of LMCA per year in 3 consecutive years obtain better results [35]. 
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The PCI of the ostium and the middle third of the LMCA is technically easier if we 
analyze it by the ERACI score this doesn’t give more than 5 points, unlike the distal 
third that compromises ostium of the two coronaries and presents higher ERACI 
scores [36]. When one faces the distal third of the LMCA, there is a totally differ-
ent approach. Anyway there are different types of bifurcations, where we prefer to 
use the Medina classification [32]. To assess them, the provisional stent technique 
has become a technique with a lot of boom and has had good results compared to 
techniques with two stents [37]. The technique of the provisional stent has been 
used in up to two thirds of the branches of the LMCA. However, after two RCTs 
where the DKC was used as a technique, these tests presented better results than 
the culotte technique or the provisional stent for the treatment of bifurcations 

EXCEL NOBLE

Inclusion criteria - Unprotected left main coronary artery 
(ULMCA) disease or left main equivalent 
disease
- Clinical and anatomic eligibility for both 
PCI and CABG as agreed to by the local heart 
team
- Silent ischemia, stable angina, unstable 
angina, recent MI with normalization of 
CK-MB prior randomization
- In addition to randomized patients, it also 
includes universal registry

- Stable, unstable angina pectoris, 
or acute coronary syndrome
- Significant ULMCA with no more 
than three additional noncomplex 
PCI lesions
- Patient eligible to be treated by 
CABG
and by PCI

Main exclusion 
criteria

- Prior PCI of the left main at any time prior 
to randomization or prior PCI of any other 
(non-left main) coronary artery lesions 
within 1 year prior to randomization
- Prior CABG
- Need for any concomitant cardiac surgery
- Inability to receive dual antiplatelet therapy 
for at least 1 year
- Pregnancy or intention to become pregnant
- Life expectancy less than 3 years

- ST elevation infarction within 
24 h
- Patient is too high risk for CABG
- Expected survival less than 1 year
- Allergy to aspirin, clopidogrel, or 
ticlopidine

Angiographic 
exclusion criteria

SYNTAX score ≥ 33
- Visually estimated left main reference vessel 
diameter < 2.25 mm or > 4.25 mm (post-
dilatation up to 4.5 mm is allowed)

- CABG clearly better treatment 
option
(LMCA stenosis and > 3 or complex 
additional coronary lesions)

Primary end 
point

- Death, MI, and stroke - Death, stroke, non-procedural 
MI, and new revascularization 
(PCI or CABG)

Sample size 1.905 1200

Participating 
centers

131 36

Main results At 3 years, a primary end-point event had 
occurred in 15.4% of the patients in the PCI 
group and in 14.7% of the patients in the 
CABG group

At 5 years, primary end points 
occurred in 28% of the patients 
in PCI group and in 18% of the 
patients in the CABG group

Conclusion In patients with left main coronary artery 
disease and low or intermediate SYNTAX 
scores, PCI was non-inferior to CABG

CABG might be better than PCI 
for treatment of left main stem 
coronary artery disease

Modified from “NOBLE and EXCEL: The debate for excellence in dealing with left main stenosis” (Hamood Al Kindi, 
Amir Samaan, Hatem Hosny)

Table 3. 
Comparison of EXCEL and NOBLE trials.
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with Medina 1,1,1 or 0,1,1 [33, 38]. In both studies, a reduction in ischemic events 
was observed. The decision to use a bifurcation technique with one or two stents is 
basically in the exact evaluation of the compromise of the origin of the left coronary 
circumflex or the left coronary ramus in a trifurcation. The best way to assess these 
vessels is with the images of the IVUS or the optimal coherence tomography (OCT) 
[39]. When the provisional stent technique is used and a residual obstruction of 
around 50% is observed, the measurement with functional study with iwFR or 
FFR could be considered as a complement in the decision-making of its definitive 
treatment. The use of kissing balloon and POT has been invoked as optimizers for 
this complex carrefour. Also, the post-stent images or stents of both the IVUS and 
the OCT are important when making decisions, since these elements clearly inform 
two elements that are key such as uncovered dissections or stent not well positioned 
[40]. The technique used in the treatment of LMCA is extremely important, just as 
training in true bifurcation is also difficult. Patients with true bifurcation are those 
who have Medina 1,1,1 or 0,1,1 and should be treated with two stents and we believe 
that the technique of choice is DKC. Another important element is to only include 
patients with low and intermediate ERACI score [17] and leave patients with high 
scores for very selected centers and true contraindication or patients who really 
refuses surgery. The use of images in diagnosis, implantation, and postimplantation 
has become a mandatory strategy, including the use of IVUS and optimal coherence 
tomography [41]. An element that has been incorporated into the technical arsenal 
is the technique of proximal optimization. The proximal optimization technique 
is a key part of treating large bifurcation lesions and will optimize results of both 
single- and two-stent strategies. An appropriately sized balloon should be posi-
tioned and inflated just up to the carina. When performed well, the enhanced lesion 
scaffolding, reduced strut mal-apposition, and improved flow dynamics are likely 
to translate into improved clinical results [42].

2.6 Guidelines

The evidence is clear regarding patients with low scores, where treatment with 
both PCI and CABG is appropriate, where there is a class I recommendation. In 
patients with high scores, because the evidence is much lower because many of 
these patients have been excluded from RCTs, the recommendation for PCI is class 
III, since the benefit is clearly greater with CABG. In patients with intermediate 
scores, due to the lack of evidence in the long-term follow-up, the recommenda-
tion remains IIa [20, 43]. When one makes a global evaluation of the LMCA and 
addresses the guidelines, one must also take into consideration the different por-
tions of the LMCA such as the ostium, the middle third, and the distal third, since 
they have different implications, both in the technique and in the evolution of these 
patients, so they would probably have to be analyzed separately. Also the degree 
of angiographic stenosis has been changing and should not be left with the 50% 
obstruction that has been used universally, and perhaps it should be passed at least 
70%. Although this analysis can have many deficiencies, the use of images such as 
IVUS or OCT or even functional studies with iwFR or FFR can be closer to a true 
significant obstruction. It is believed that a minimum luminal diameter of 2.8 mm 
or an area of < 6 mm2 would suggest a physiologically significant obstruction [21].

2.7 Ongoing trials

Xience versus Synergy in LMCA PCI (ideal-LM), PCI of the LMCA a com-
parison of the newest generation of DES in combination with a short duration of 
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DAPT. The additional use of OCT image can be considered a standard procedure 
with a very low risk of major complications 0.4% [44]. VeRy thin Stents for 
Patients with Left mAIN or bifurcation in real life: the RAIN Multicenter Study, 
for coronary stents, reducing the thickness of the struts has become one of the 
most important innovations, since it is related to easier crushability and reduced 
risk of thrombosis and low rate of TVR. They performed a multicenter registry of 
patients treated with Biomatrix flex, Xience Alpine, Ultimaster, Resolute Onyx 
and Synergy. MACCE (death, MI, TLR and stent thrombosis) will be the primary 
end point [45].

2.8 Conclusions

In the treatment of severe LMCA in patients with low to intermediate ERACI 
score, the percutaneous treatment is of choice. In those with a higher score or 
who have total occlusions and are DM, surgical treatment is better. It is very 
important to evaluate each case in particular as well as work with a heart team to 
discuss cases that may generate controversy. The interventional cardiology must 
be trained in the different bifurcation techniques as well as have images such as 
IVUS or OCT for procedures. The implementation of the final kissing balloon and 
the POT in all patients is important. DKC seems to be the technique of choice in 
LMCA diseases with true bifurcations.

3. Patients with STEMI and MVD

3.1 Introduction

About half of the patients who enter with acute myocardial infarction with 
ST segment elevation (STEMI) have MVD [46]. Although it seems logical that 
patients with MVD have a worse prognosis, due to the extent of coronary lesions 
manifested by higher scores, this remains controversial. There are elements that 
determine that lesions at multiple sites of the coronary arteries can be compli-
cated, and there are studies in which the multivessel PCI shows a better evolution 
compared to patients in whom they only receive treatment of the culprit vessel, 
although there are other studies they don’t confirm it and consider them innocent 
[47], and therefore these arteries warrant treatment in much the same way one 
would approach any unstable lesion. An update on primary PCI for patients 
with STEMI (class IIb) [20, 48] by the guidelines recommends intervention of 
the non-culprit at the time of primary PCI if the patient is hemodynamically 
stable before the discharge. Subsequently, two randomized trials showed that 
treatment of non-culprit lesions in the acute phase reduced the risk of future 
adverse events. The PRAMI trial [49], CvlPRIT trial [50], and recently DANAMI-
3-PRIMULTI trial [51] studied the clinical outcomes by comparing the FFR 
guided by CR with culprit-only PCI in STEMI and found that the composite rate 
of all-cause mortality, nonfatal reinfarction, and repeat revascularization was 
significantly lower in the CR group, which was mainly driven by a reduction in 
repeat revascularization. More recently, another randomized trial (COMPARE 
ACUTE) [52] revealed that FFR-guided complete revascularization of non-cul-
prit arteries in an acute setting was associated with a lower risk of the composite 
cardiovascular outcome. We emphasized the importance of individualizing care 
for each patient, balancing the anticipated benefits from multivessel PCI against 
the potential risks.
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3.2 Complete vs. incomplete revascularization

Data derived from more than 150,000 patients undergoing PCI suggest that 
less than 50% of all patients with MVD have CR after they have undergone percu-
taneous revascularization. It was observed that CR is associated with a fall in the 
incidence of mortality, MI, and MACCE, regardless of whether an anatomical or 
functional definition was used for the evaluation of IR, and perhaps the degree CR 
is associated with the magnitude of the risk. The association between IR and adverse 
clinical outcomes suggests that in patients with MVD, the degree of CR that can be 
achieved by PCI should be considered when discussing the choice of revasculariza-
tion modality with the heart team, in addition to considering the complexity of the 
injury, functional significance, patient characteristics, and ERACI score [9, 53].

3.3 Randomized trials

The preventive angioplasty in acute myocardial infarction (PRAMI) study [49] 
was performed in five centers in the United Kingdom in patients with STEMI and 
MVD, where they were randomized to preventive angioplasty of non-culprit vessels 
vs. only PCI of the culprit vessel. It was the first of the trials that incorporated a new 
concept on complete revascularization in STEMI and MVD. At practically 2 years 
of follow-up, a reduction of more than 50% was observed on the primary end point 
that was the combined event of cardiac death, nonfatal MI, and refractory angina, 
of the patients of the preventive PCI group vs. PCI only of the culprit vessel. The 
study was designed to include 600 patients but was stopped early with 465 patients 
because the data was conclusive by the data security committee. CvLPRIT [50] (trial 
of primary PCI vs. complete primary injury) compared a multivessel PCI strategy 
in patients with STEMI (performed at the time of primary PCI or revascularization 
in stages before discharge) to revascularization of culprit-vessel only. In this trial, 
7 centers in the United Kingdom participated, where 296 patients were included, 
randomization was performed by stratification between previous or non-previous 
infarction, and according to the time ≤3 or >3 h. The primary end point of the study 
was the combined events of all-cause mortality, recurrent MI, heart failure, or 
revascularization driven by 12-month ischemia. The result produced a reduction of 
primary events to more than half in the CR group (10 vs. 21%; hazard ratio (HR), 
0.45; 95% CI, 0.24–0.84; p = 0.009). There were no differences in individual events. 
In the compare acute study [52] (multivessel angioplasty guided by fractional flow 
reserve in myocardial infarction), they included 885 patients in 24 centers in Asia 
and Europe, where patients with STEMI and MVD, after a primary PCI stable, were 
randomized to complete revascularization guided by FFR of the artery not culprit of 
all lesions greater than 50% vs. angioplasty only of the culprit vessel. The FFR was 
performed in both groups, but its results were blind to operators and patients in the 
culprit vessel group only. The primary end point of the study was the MACCE at 1 
year, which was significantly better in the FFR-guided group (7.8% vs. 20.5%) than 
in the culprit vessel only (HR, 0.35; 95% CI, 0.22–0.55; p < 0.001). This was at the 
expense of revascularization without changes in mortality or MI. The DANAMI-3-
PRIMULTI [51] (The Third Danish Study of Optimal Acute Treatment of Patients 
With STEMI: Primary PCI in Multivessel Disease) was conducted at two university 
centers in Denmark, where they randomized 627 patients with STEMI and MVD 
after a successful primary PCI of the culprit vessel to a complete revascularization 
guided by FFR compared to conservative treatment. The primary end point was 
MACCE, which was composed of death, nonfatal MI, and revascularization driven 
by ischemia. After an average follow-up of 27 months, it was observed that the FFR 
group presented a MACCE of 13% vs. 22% in conservative treatment (HR, 0.56; 95% 
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CI, 0.38–0.83; p = 0.004). This result was due to an excess of revascularization driven 
by ischemia in the conservative group. In the PRAGUE-13 trial [54], Ota Hlinomaz 
et al. in a university hospital in the Czech Republic randomized 214 patients with 
STEMI and MVD, who had an obstruction of at least ≥70%, to a group with CR day 
3–40 after primary PCI compared with conservative treatment, where the primary 
end point was MACCE that was composed of death from all causes, nonfatal MI, 
and stroke, and after a mean of 38 months showed no significant differences in both 
groups, (16% in CR vs. 13.9 in conservative treatment; HR, 1.35; 95% CI, 0.66–2.74; 
p = 0.407). CULPRIT-SHOCK [55] was a study that surprised in terms of results and 
gave new directives in the treatment that we had been doing in this pathology, this 
multicenter study was carried out in 83 centers in Europe that included 706 patients 
with cardiogenic shock, with SETEMI and NSTEMI, at CR compared to the treat-
ment of the culprit vessel only (CVO), whose primary end point was mortality and 
renal failure with dialysis at 30 days. The combined event occurred in 55.4 in the 
CR vs. 45.9% in the treatment of the CVO, (relative risk, 0.83; 95% CI, 0.71–0.96; 
p = 0.01). A significant difference in mortality between the two groups was also 
observed (CR 51.5 vs. CVO 43.3%; relative risk, 0.84; 95% CI, 0.72–0.98; p = 0.03).

3.4 Score to evaluate the treatment in MVD with MI

Hae Chang Jeong et al., developed a new Score to predict combined events in 
patients with AMI and MVD, the CONVERSE score, based on the PCI registry of 
nine centers in universities in Korea, in a registry of 5025 patients, evaluated 2630 
patients who AMI and MVD had presented, and they were divided into two groups 
those who were treated CVO that were 1029 patients vs. those with PCI of MVD 
1601, for this they used 8 variables that had been predictors of events in a previ-
ous study [56]. The variables were patients with arterial hypertension, diabetes, 
age over 65 years, deterioration of EF, heart failure in presentation, chronic renal 
failure, elevated CRP plasmatic, anterior descending or LMCA as culprit vessel, 
each variable awarded a point, the elevation above 3 points in these patients were in 
linear relationship with the elevation of the MACCE [57].

3.5 Meta-analysis of MVD in STEMI

In this meta-analysis of 10 trials with 2285 patients. Among the three complete 
revascularization strategies, that is, during the procedure index, during hospitaliza-
tion or after discharge vs. treatment of the culprit vessel only, it was associated with 
MACCE reduction (reference rate ratio [RR], 0.57; 95% CI, 0.42–0.77), due to a lower 
rate of emergency revascularization. Mortality of all causes and spontaneous rein-
farction was similar between the two groups. There were no differences between the 
different types of strategies at the time of revascularization in patients with CR [58].

3.6 An algorithm for the management of STEMI patients with MVD

Figure 2 [59].

3.7 Guidelines

MVD PCI treatment during STEMI is considered strongly indicated when there 
are critical lesions or associated thrombotic lesions when the culprit vessel has 
already been treated if there is persistent ischemia. When there is cardiogenic shock, 
the only treatment of the culprit vessel is the treatment of choice [20]. Patients with 
stable STEMI and MVD after a primary PCI the recommendation of multivessel PCI 
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has been updated to a Class IIB, this could be done at the time of the primary index 
or in stages during hospitalization or after discharge [48].

3.8 Ongoing trials

The COMPLETE [60] (Complete vs. Culprit-only Revascularization to Treat 
Multi-vessel Disease After Primary PCI for STEMI) trial will compare the outcomes 
of approximately 3900 patients randomized to a strategy of staged multivessel PCI or 
culprit-only revascularization. The FULL REVASC [61] (FFR-Guidance for Complete 
Non-Culprit Revascularization) This trial intends to evaluate the CR in about 4000 
patients with STEMI or not with very high risk in patients of MVD guided by FFR 
during the same hospitalization of the index procedure, to evaluate clinical results.

3.9 Our experience

We were the precursors in the treatment of primary PCI in acute infarction as 
revealed by one of the first randomized trials with stent in acute myocardial infarc-
tion, our trial GRAMI [62]. In our daily practice we try to identify culprit vessel. If 
we have a territory where we find two vessels with critical lesions, we treat them. 
If the patient presents a critical lesion in another territory, we defer to perform it 
pre-discharge. We also consider the amount of territory that this vessel irrigates as 
well as its renal function when making the decision with the heart team.

3.10 Conclusions

Multivessel PCI both during the index procedure and in stages in stable patients is 
safe and could lead to better long-term results at the expense of reducing emergency 

Figure 2. 
Algorithm for the Management of STEMI Patients With MVD. Modified from “The Management of MVD in 
STEMI: The Science and Art of Decision-Making in STEMI” (Feb 07, 2018) (Jacqueline E. Tamis-Holland, 
MD, FACC; Addi Suleiman, MBBS).
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revascularization without altering mortality. The PCI of associated intermediate or 
very complex lesions at the time of STEMI is contraindicated. In cardiogenic shock 
and MVD, the treatment of the culprit vessel is only the indication. When one faces 
a patient with STEMI and MVD, the analysis of a heart team, where the scores are 
analyzed, the clinical status, the comorbidities, as well as the common sense should 
define the opportunity of the treatment of the non-culprit critical lesions.

4. Diabetes and multivessel disease

4.1 Introduction

DM is a global health problem; about 10% of adult patients will have the disease, 
and a quarter of all revascularized patients globally have DM [63]. However, patients 
with DM compared to nondiabetics have more MACCE and chronic heart failure. 
In addition, these patients have diffused and segmental disease, which puts them 
at greater risk of events regardless of the revascularization selected [64, 65]. PCI 
is limited by a higher rate of repeat revascularization and a worse clinical outcome 
in DM patients than with nondiabetic patients. CABG carries a greater morbidity, 
increased length of stay, and longer recovery times. However, both strategies have 
been improved during the last decade. In particular, the introduction of DES [66] 
has dramatically changed the landscape for PCI, with a significant reduction in the 
rate of restenosis especially the so-called second-generation stents that can reduce 
the gap [67]. The FREEDOM trial [68] demonstrated lower rates of major adverse 
cardiovascular events in patients with stable ischemic coronary disease who were 
assigned to CABG than with PCI using DES of first generation, at long-term follow-
up. It is evident that this pathology carries a high atherogenic risk, and its current 
treatment is of surgical competence. Even so, we think that patients with a low 
ERACI score [17] are good candidates for PCI treatment, and the arrival of the new 
generation stents of Ultrathin-Strut DES [69] could reduce the gap that was created.

4.2 FREEDOM, critics, and main trials

This trial [68] has become the most important among patients with diabetes and 
type of revascularization as well as follow-up, which was carried out worldwide in 
140 centers that included 1900 patients with DM with MVD who were random-
ized to PCI with DES from first generation or CABG and its long-term follow-up 
of at least 5 years. The primary end point was the combined mortality events of all 
causes, nonfatal MI, and stroke, such as MACCE. The MACCE was significantly in 
favor of the CABG (18.7% vs. 26.6%, p < 0.005), there was also a decrease in the 
mortality of all causes (10.9% vs. 16.9%, p = 0.049), the stroke was lower in the PCI 
group (2.4% vs. 5.2%, p = 0.03), and the revascularization of the treated vessel was 
highly significant in favor of the CABG almost three more times on the first year 
of follow-up. The nonfatal MI was almost double with the PCI group [68]. When 
the quality of life was evaluated, it was although slightly significantly better with 
surgery than with PCI; this is due to the amount of repeated revascularization. So, 
this study showed strong data and full impact on revascularization guidelines [70]. 
Also with respect to FREEDOM, a study of hospital costs was carried out; it was 
also favorable for surgical treatment vs. percutaneous treatment [71].

The study showed that the outcomes were significantly lower among patients 
randomized to CABG (18.7%) than patients randomized to PCI (26.6%) 
(Figure 3A). A closer look at how these rates were derived is warranted. A total 
of 1900 patients (953 in the PCI group and 947 in the CABG group) were enrolled 
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has been updated to a Class IIB, this could be done at the time of the primary index 
or in stages during hospitalization or after discharge [48].

3.8 Ongoing trials

The COMPLETE [60] (Complete vs. Culprit-only Revascularization to Treat 
Multi-vessel Disease After Primary PCI for STEMI) trial will compare the outcomes 
of approximately 3900 patients randomized to a strategy of staged multivessel PCI or 
culprit-only revascularization. The FULL REVASC [61] (FFR-Guidance for Complete 
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3.9 Our experience
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we have a territory where we find two vessels with critical lesions, we treat them. 
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3.10 Conclusions
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safe and could lead to better long-term results at the expense of reducing emergency 

Figure 2. 
Algorithm for the Management of STEMI Patients With MVD. Modified from “The Management of MVD in 
STEMI: The Science and Art of Decision-Making in STEMI” (Feb 07, 2018) (Jacqueline E. Tamis-Holland, 
MD, FACC; Addi Suleiman, MBBS).
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ERACI score [17] are good candidates for PCI treatment, and the arrival of the new 
generation stents of Ultrathin-Strut DES [69] could reduce the gap that was created.

4.2 FREEDOM, critics, and main trials

This trial [68] has become the most important among patients with diabetes and 
type of revascularization as well as follow-up, which was carried out worldwide in 
140 centers that included 1900 patients with DM with MVD who were random-
ized to PCI with DES from first generation or CABG and its long-term follow-up 
of at least 5 years. The primary end point was the combined mortality events of all 
causes, nonfatal MI, and stroke, such as MACCE. The MACCE was significantly in 
favor of the CABG (18.7% vs. 26.6%, p < 0.005), there was also a decrease in the 
mortality of all causes (10.9% vs. 16.9%, p = 0.049), the stroke was lower in the PCI 
group (2.4% vs. 5.2%, p = 0.03), and the revascularization of the treated vessel was 
highly significant in favor of the CABG almost three more times on the first year 
of follow-up. The nonfatal MI was almost double with the PCI group [68]. When 
the quality of life was evaluated, it was although slightly significantly better with 
surgery than with PCI; this is due to the amount of repeated revascularization. So, 
this study showed strong data and full impact on revascularization guidelines [70]. 
Also with respect to FREEDOM, a study of hospital costs was carried out; it was 
also favorable for surgical treatment vs. percutaneous treatment [71].

The study showed that the outcomes were significantly lower among patients 
randomized to CABG (18.7%) than patients randomized to PCI (26.6%) 
(Figure 3A). A closer look at how these rates were derived is warranted. A total 
of 1900 patients (953 in the PCI group and 947 in the CABG group) were enrolled 
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and randomized. However, for the 5-year outcome rates, the denominator was 752 
for PCI and 781 for CABG. These numbers are not the group totals but rather the 
number of patients remaining at risk at the end of the study. The number of events 
and the number remaining at risk are independent of each other. A basic occupant 
of a rate is that the subjects in the numerator are included in the denominator. The 
percentages the authors report are not rates; they are ratios and are very mislead-
ing. Calculating the events among the number randomized in each group results in 
a relative difference of 26% that is less significant than reported (Figure 3B). We 
would have more confidence in these recalculated rates if the study included all 
subjects in the denominator and accounted for outcomes on all subjects. They do 
not include the 214 (11.3%) patients lost to follow-up for whom we have no outcome 
data. This study also experienced a significant differential in attrition by group. The 
CABG group had twice the patients lost to follow-up (14.9%) as the PCI group did 
(7.7%). Revising the comparison by adding in the lost patients as events and calcu-
lating it with an intention-to-treat analysis (attributing events to the group of origi-
nal assignment), we get a very different picture for the 5-year outcome (Figure 3C). 
The relative 5% difference is not significant (p = 0.42). This finding is in line with 
the 2-year composite outcomes in which the study authors observed no difference 
in outcome rates (13.0% vs. 11.9%, p = 0.51). The 5-year finding is significantly 
biased by the differential FREEDOM trial results comparing ITT analyses [72]. 
Other points of FREEDOM, which used first-generation stents that are currently 
discontinued, we remember presented a high rate of thrombosis stent [73]. Also in 
the trial a great geographical disparity was observed, since this difference marked 
by the study only was able to observe in the United States and the other centers 
in the randomization, and there were no significant differences outside of North 
American centers [68]. VA CARDS trial [74] is a study of veteran hospitals in the 
USA, in 22 centers, and included diabetic patients with MVD and 198 patients to be 
revascularized to PCI with DES or CABG with a 2-year follow-up. The primary end 
point of the study was the combined death events of all causes and nonfatal MI. The 
study was stopped early due to very slow recruitment by enrolling a quarter of the 
pre-established patients, which did not produce the power necessary for the evalu-
ation of events. Within the study, it was observed that mortality in the 2-year PCI 
group reached a very high number up to 21% vs. 5% for CABG, while mortality was 
very high in the CABG group up to 15% compared with 6.2% for the PCI. This study 

Figure 3. 
A.B.C. FREEDOM trial results comparing ITT analyses. CABG, coronary arterial bypass graft surgery; ITT, 
intention-to-treat analysis; PCI, percutaneous coronary intervention. From “Critical appraisal of cardiology 
guidelines on revascularization: clinical practice” (David R Dobies and Kimberly R Barber).
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was inconclusive. CARDia trial was a randomized study conducted in 22 centers in 
the United Kingdom and 2 centers in Ireland. Where Diabetic patients with MVD 
and patients with complex single lesion defined as ostial or proximal lesion of the 
anterior descending artery, which did not include LMCA between PCI or CABG, 
BMS was initially used, but when available the DES were used with the Axicimab 
adjuvant. A total of 510 patients were included, in which the primary end point 
was the MACCE, which included death of all causes, MI, and stroke. The study was 
non-inferior and with a 1-year follow-up. After 1 year the MACCE was 10.5% in the 
CABG group and 13% in the PCI group (HR, 1.25; 95% CI, 0.75–2.09; p = 0.39); the 
mortality of all the causes were the same in both groups of 3.2% (HR, 0.98; 95% CI, 
0.37–2.6; p = 0.97). Although the study did not reach non-inferiority, it made the 
PCI as feasible [75].

4.3 Meta-analysis of MVD and DM

In this meta-analysis of the individual database of patients, where they analyzed 
11 trials of patients with MVD followed in the long term, who were randomized to 
PCI or CABG, in the subgroup of patients with DM, it was observed that mortality 
was significantly higher in patients with PCI 15.7% than with CABG, which was 
10.7% (p = 0.0001), while no differences were found among non-DM patients, 
8.4% for CABG and 8.7% in the PCI group (p = 0.81) [43].

4.4 Our experience

In the ERACI III registry [76] which included 3 cohorts of 225 patients in each 
group with multiple MVD and PCI with DES, PCI with BMS, and patients with 
CABG, we analyzed the results of the subgroup of diabetic patients in each group 
at 3 years of follow-up. The incidence of MACCE at 3 years was significantly higher 
in diabetics than nondiabetics (RR, 0.81 [0.66–0.99]; p = 0.018). Higher rates of 
death and nonfatal AMI and a trend toward increased TVR, among others, were the 
principal determinants of increased MACCE. When stratified by treatment modal-
ity, MACCE rates among diabetics at 3 years were 36.2% in the DES arm, 43.6% in 
the BMS arm, and 30.8% in the CABG group (p = 0.49). There was a nonsignificant 
trend toward more death and nonfatal MI among diabetics in the ERACI III-DES 
cohort (19.1%) than in the BMS (12.8%) or CABG (15.4%) arms of ERACI II. Just 
as in the FREEDOM trial, the only stents used were the first-generation stents. 
Another limitation is that it was not a randomized trial, but they were two well-
followed cohorts.

4.5 Can newer generation DES bridge the gap?

A total of 69 randomized trials that enrolled 24,015 diabetic patients with a total 
of 71,595 patient-years of follow-up satisfied our inclusion criteria. When compared 
with CABG (RR = 1.0), PCI with paclitaxel-eluting stent (RR = 1.57 [1.15–2.19]) 
or sirolimus-eluting stent (RR = 1.43 [1.06–1.97]) was associated with an increase 
in mortality. However, PCI with EES (RR = 1.11 [0.67–1.84]) was not associated 
with a statistically significant increase in mortality. In PCI with EES (RR = 1.31 
[0.74–2.29]), the excess repeat revascularization was not statistically significant 
although the point estimate favored CABG. CABG was associated with numeri-
cally higher stroke. In patients with DM, evidence from indirect comparison shows 
similar mortality between CABG and PCI using EES. CABG was associated with 
numerically excess stroke and PCI with EES with numerically increased repeat 
revascularization [67].
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was inconclusive. CARDia trial was a randomized study conducted in 22 centers in 
the United Kingdom and 2 centers in Ireland. Where Diabetic patients with MVD 
and patients with complex single lesion defined as ostial or proximal lesion of the 
anterior descending artery, which did not include LMCA between PCI or CABG, 
BMS was initially used, but when available the DES were used with the Axicimab 
adjuvant. A total of 510 patients were included, in which the primary end point 
was the MACCE, which included death of all causes, MI, and stroke. The study was 
non-inferior and with a 1-year follow-up. After 1 year the MACCE was 10.5% in the 
CABG group and 13% in the PCI group (HR, 1.25; 95% CI, 0.75–2.09; p = 0.39); the 
mortality of all the causes were the same in both groups of 3.2% (HR, 0.98; 95% CI, 
0.37–2.6; p = 0.97). Although the study did not reach non-inferiority, it made the 
PCI as feasible [75].

4.3 Meta-analysis of MVD and DM

In this meta-analysis of the individual database of patients, where they analyzed 
11 trials of patients with MVD followed in the long term, who were randomized to 
PCI or CABG, in the subgroup of patients with DM, it was observed that mortality 
was significantly higher in patients with PCI 15.7% than with CABG, which was 
10.7% (p = 0.0001), while no differences were found among non-DM patients, 
8.4% for CABG and 8.7% in the PCI group (p = 0.81) [43].

4.4 Our experience

In the ERACI III registry [76] which included 3 cohorts of 225 patients in each 
group with multiple MVD and PCI with DES, PCI with BMS, and patients with 
CABG, we analyzed the results of the subgroup of diabetic patients in each group 
at 3 years of follow-up. The incidence of MACCE at 3 years was significantly higher 
in diabetics than nondiabetics (RR, 0.81 [0.66–0.99]; p = 0.018). Higher rates of 
death and nonfatal AMI and a trend toward increased TVR, among others, were the 
principal determinants of increased MACCE. When stratified by treatment modal-
ity, MACCE rates among diabetics at 3 years were 36.2% in the DES arm, 43.6% in 
the BMS arm, and 30.8% in the CABG group (p = 0.49). There was a nonsignificant 
trend toward more death and nonfatal MI among diabetics in the ERACI III-DES 
cohort (19.1%) than in the BMS (12.8%) or CABG (15.4%) arms of ERACI II. Just 
as in the FREEDOM trial, the only stents used were the first-generation stents. 
Another limitation is that it was not a randomized trial, but they were two well-
followed cohorts.

4.5 Can newer generation DES bridge the gap?

A total of 69 randomized trials that enrolled 24,015 diabetic patients with a total 
of 71,595 patient-years of follow-up satisfied our inclusion criteria. When compared 
with CABG (RR = 1.0), PCI with paclitaxel-eluting stent (RR = 1.57 [1.15–2.19]) 
or sirolimus-eluting stent (RR = 1.43 [1.06–1.97]) was associated with an increase 
in mortality. However, PCI with EES (RR = 1.11 [0.67–1.84]) was not associated 
with a statistically significant increase in mortality. In PCI with EES (RR = 1.31 
[0.74–2.29]), the excess repeat revascularization was not statistically significant 
although the point estimate favored CABG. CABG was associated with numeri-
cally higher stroke. In patients with DM, evidence from indirect comparison shows 
similar mortality between CABG and PCI using EES. CABG was associated with 
numerically excess stroke and PCI with EES with numerically increased repeat 
revascularization [67].
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4.6 Guidelines

Overall current evidence continues to favor CABG as the revascularization 
modality of choice for patients with diabetes and multivessel disease. When 
patients present with a comorbidity that increases surgical risk, the choice of 
revascularization method is best decided by multidisciplinary individualized risk 
assessment [20].

4.7 Conclusions

In this group of patients at high risk of diffuse coronary disease, there is evi-
dence that patients with high scores are no doubt that surgery is the first option, 
although the only definitive evidence is FREEDOM despite its criticisms. Since 
the other studies could not be completed or did not show long-term follow-up, in 
patients with low scores, we believe that second-generation stents and perhaps 
new ultra-thin DES stents could shorten the gap between surgery events and 
angioplasty.
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Chapter 2

Evaluation of the Effect of
Increased Arterial Stiffness on
Ejection Performance and
Pulmonary Arterial Pressure in
Primary Mitral Regurgitation and
Prediction of Ejection Fraction
after Surgery: Analysis Using
Wave Intensity
Kiyomi Niki and Motoaki Sugawara

Abstract

Mitral regurgitation (MR) is a common valvular disorder that has important
health consequences. Surgical therapy is associated with reduced long-term mortal-
ity in elder patients. Several guidelines exist regarding when and in whom to
perform mitral valve surgery, but they are controversial. It is essential to obtain
preoperative indices that are promising for predicting postoperative left ventricular
function and right ventricular pressure correctly. In aged MR patients, various
hemodynamic conditions are presumed to be the causes of higher rate of mortality.
In addition, aging causes increase in arterial stiffness. Therefore, it is also important
to consider the effects of increased arterial stiffness on hemodynamics in MR. This
review was written on the basis of our studies of wave intensity and will focus on
the effects of increased arterial stiffness with a specific emphasis on wave intensity,
which provides quantitative information about hemodynamic interaction between
the ventricle and the arterial system.

Keywords: mitral regurgitation, arterial stiffness, wave intensity, surgical
treatment, pulmonary hypertension

1. Introduction

A recent study reported that the rate of mortality among MR patients aged from
65 years upwards is higher compared with that expected among the general popu-
lation, though the difference between younger MR patients and the general popu-
lation is not significant [1]. Differences in age among the study groups are
considered to yield different outcomes of a therapeutic strategy for treating severe
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MR [2, 3]. The causes of the differences are considered to be reduced left atrial (LA)
function and higher rate of complicated atrial fibrillation (AF) and increased ven-
tricular myocardial stiffness in aged patients [2]. In addition to these factors, we
consider that the effects of increased arterial stiffness, namely ventriculo-arterial
coupling, are important.

The employed ultrasonic system provides arterial stiffness parameters and wave
intensity (WI), which gives quantitative information about the dynamic behavior
of the heart interacting with the vascular system [4–6]. Using indices obtained from
measurements of wave intensity noninvasively, we analyzed the effects of changes
in arterial stiffness on left ventricular (LV) performance and right ventricular
pressure in MR and proposed a predictor of ejection fraction (EF) after surgery [7].

2. What is wave intensity?

Wave intensity (WI) is a hemodynamic index. It can be defined at any site in the
circulatory system and evaluates the working condition of the heart interacting with
the arterial system. WI is given by

WI ¼ dP=dtð Þ dU=dtð Þ, (1)

where dP/dt and dU/dt are the time derivatives of pressure (P) and velocity (U)
[6]. In a major artery of a healthy subject, two sharp positive peaks of WI are
apparent during a cardiac cycle: wave 1 and wave 2 (Figure 1). Wave 1 occurs in
early ejection and wave 2 occurs near end-ejection. The characteristics of these
waves are theoretically described in the following way. According to the general
theory of pulse waves traveling in an artery, the rates of changes in pressure and
flow velocity at a fixed point caused by a forward wave and a backward (reflected)
wave are related as follows, respectively:

Figure 1.
Representative recordings of pressure P (mm Hg), blood flow velocity U (m/s), and calculated wave intensity
WI (mm Hg m/s3) and electrocardiogram ECG obtained from a healthy subject. WI in a healthy subject shows
two sharp peaks during a cardiac cycle, wave 1 and wave 2. Forward: forward wave component, backward:
backward wave component.
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for a forward wave,

dPf=dt ¼ ρcdUf=dt (2)

for a backward wave,

dPb=dt ¼ �ρcdUb=dt: (3)

Here, dPf /dt and dUf/dt are the rates of changes in pressure and velocity caused
by a forward wave, and dPb /dt and dUb/dt are those caused by a backward wave,
respectively; ρ is the blood density, and c is the pulse wave velocity [8]. The actual
measured rates of changes in pressure and velocity, dP/dt and dU/dt, are the sum of
the rate of changes caused by a forward and a backward wave:

dP=dt ¼ dPf=dtþ dPb=dt, (4)

dU=dt ¼ dUf=dtþ dUb=dt: (5)

Using the above four equations, we can write WI as follows:

WI ¼ dP=dtð Þ dU=dtð Þ ¼ dPf=dtð Þ2– dPb=dtð Þ2
h i

=ρc ¼ ρc dUf=dtð Þ2– dUb=dtð Þ2
h i

:

(6)

If WI > 0, the rates of changes caused by the forward wave, dPf/dt and dUf/dt,
are greater than those caused by the backward wave, dPb/dt and dUb/dt, and vice
versa. During the periods of wave 1 and wave 2, WI > 0 definitely, and dPb/dt and
dUb/dt are nearly equal to zero [9]. The characteristics of these two positive waves
are different. Wave 1 is associated with acceleration and an increase in pressure;
thus it is a compression (pushing) wave. Wave 2 is associated with deceleration and
a decrease in pressure and is therefore an expansion (suction) wave (Figure 1). The
existence of suction wave near end-ejection was a surprising finding by Parker et al.
[10], because it means that the left ventricle actively stops forward blood flow.

According to the description above, WI during the periods of wave 1 and wave 2
can be written as

WI ¼ dPf=dtð Þ2=ρc: (7)

Thus, the peak values of dPf/dt will give the peak values of WI, that is, W1 and
W2. During the period of wave 1, the peak value of dPf/dt in the artery concerned is
necessarily related to peak value of dPA/dt (peak dPA/dt), where PA is aortic
pressure. It has been confirmed experimentally that peak dPA/dt is approximately
equal to LV peak dP/dt [8]. Therefore, W1 can be written as

W1∞ LV peak dP=dtð Þ2=ρc: (8)

During the period of wave 2, it has been reported that negative peak dPf /dt is in
proportion to the negative maximum value of ρcdUf /dt, that is, ρc times the
maximum rate of deceleration (negative max dUf/dt) [11].

Therefore, W2 can be written as

W2∞ ρc negative max dUf=dtð Þ2=ρc ¼ ρc negtive max dUf=dtð Þ2 (9)

The interval between the Q wave of the ECG and W1 (Q-W1) and the interval
between W1 and W2 (W1–W2) are used as surrogates for pre-ejection period and
ejection time (Figure 1).
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3. Noninvasive measurements of wave intensity and arterial stiffness

WI in major arteries is obtained noninvasively with a WI measuring system
incorporated in ultrasonic diagnostic equipment, which measures arterial diameter-
change waveform by echo tracking and blood flow velocity by color Doppler.
Arterial diameter-change waveform is used as a surrogate for a blood pressure
waveform [12] (see Appendix A.4). Henceforward, we will focus particularly on
carotid arterial WI.

The WI measurement system also calculates the two arterial elastic moduli,
stiffness parameter β [13] and pressure strain elastic modulus Ep, which are defined
as follows:

β ¼ ln Ps=Pdð Þ= Ds�Ddð Þ=Dd½ �

and

Ep ¼ k Ps� Pdð Þ= Ds� Ddð Þ=Dd½ �,

where, Ps and Pd are systolic and diastolic pressures (mm Hg) and Ds and Dd
are the maximum and minimum diameters (mm) of the carotid artery during a
cardiac cycle, respectively. k = 0.133 (kPa/mm Hg), which is the factor for
converting mmHg to kPa (103 N/m2).

4. Relationship between wave intensity and arterial stiffness in healthy
subjects

According to Eq. (8), W1 is in inverse proportion to c. It is known that c
increases with β [14]. Therefore, W1 is expected to decrease with an increase in β if
LV peak dP/dt and β change independently of each other. However, ventriculo-
arterial couplings concerning the relation between changes in cardiac contractility
(say peak dP/dt) and arterial stiffness (say β) have been reported. According to Kass
D [15], age-related arterial stiffening is matched by ventricular systolic stiffening
(increase in Emax), maintaining arterial-heart interaction age-independent. Indeed,
our measurements in healthy subjects showed that changes in W1 did not correlate
with changes in β (Figure 2a).

5. Measurements of wave intensity in patients with MR and in healthy
subjects

5.1 Population characteristics

We studied 98 consecutive patients with nonischemic chronic MR (60 men, age
52 � 14 years) who underwent surgical treatment for MR and 98 age-matched and
gender-matched healthy participants (60 men, age 52� 14 years) without any known
cardiac disease, who were normotensive and had no history of serious noncardiac
disease [7]. Informed consent was obtained from each subject, and the study protocol
was approved by the ethics committee of Sakakibara Heart Institute. The character-
istics of our study population are summarized in Table 1. There were no significant
differences in hemodynamic data between the MR group and the healthy group
except systolic and diastolic pressures, which were lower in the MR (Table 2). The
etiologies of MR were as follows. Fibroelastic degeneration (n = 83), billowing leaflets
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(n = 2), Barlow’s disease (n = 4), healed infective endocarditis (n = 5), rheumatism
(n = 3), or cleft (n = 1). The surgical therapies (valve repair in 90 patients and
replacement in 8 patients) were performed successfully in all patients.

Representative recordings of WI before and after surgery are shown in Figure 3.
β was highly significantly correlated with age both in the MR group and the healthy
group (r = 0.74, p < 0.001; r = 0.70, P < 0.001, respectively). W1 was not
correlated with β in the healthy group (goodness of fit R2 = 0.02, p = 0.08)
(Figure 2a) as mentioned above.

5.2 Effects of increased arterial stiffness on wave intensity in MR before and
after surgery

The MR group before surgery showed higher W1, and unlike the healthy group,
W1 was correlated with β in MR group before surgery (R2 = 0.26, p < 0.0001)
(Figure 2b). To elucidate this relationship, it is necessary to give full consideration
to the particular ejection dynamics of MR, that is, simultaneous ejection to the aorta
and the left atrium.

Regurgitation (ejection to the left atrium) is accompanied by increase in preload
(LVEDVI), which enhances LV peak dP/dt, hence W1. Contrary to this, increase in
β is reported to be associated with a decrease in LV end-diastolic chamber diameter
[16], which decreases preload, hence W1. Wohlfahrt et al. [17] also reported that

Figure 2.
Relations between W1 and ß in (a) healthy control group, (b) MR group before surgery, and (c) MR group
after surgery. The solid lines show the regression line. The slope of the regression line in (a) does not significantly
deviate from zero (p = 0.08). The slope of the regression line in (b) deviates from zero significantly (p < 0.0001).
The difference in the slope of regression line between (a) and (c) is not significant (p = 0.65).

MR subjects Healthy control

Number 98 98

Age (years) 52 � 14 52 � 14

Sex (men/women) 60/38 60/38

Height (m) 1.65 � 0.10 1.64 � 0.10

Weight (kg) 61 � 12 61 � 11

BSA (m2)] 1.66 � 0.20 1.67 � 0.18

MR, mitral regurgitation; BSA, body surface area.

Table 1.
Clinical characteristics [7].
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loss of arterial compliance plays an important role in LV stiffening during diastole.
Indeed in our study, increase in β was associated with decrease in LVEDVI both
before and after surgery (Table 3). Therefore, the diastolic LV stiffening associated
with increase in β is considered to cause a decrease in W1 in MR with higher β.

MR Healthy control

Before surgery After surgery

W1 (�103mm Hg・m/s3) 10.7 � 5.7 * 8.3 � 3.7 ξ 8.5 � 3.6 ξ

W2 (�103mm Hg・m/s3) 0.8 � 0.6 ** 2.4 � 1.0 *ξξ 1.9 � 0.8 ξξ

(Q-W1)st (ms) 171 � 16 189 � 22 **ξξ 167 � 10

(W1-W2)st (ms) 330 � 24** 320 � 23 **ξ 357 � 15 ξξ

β 13.6 � 4.8 * 13.7 � 5.2 * 11.6 � 3.8 ξ

Ep (kPa) 149 � 58 141 � 58 142 � 50

Ps (mm Hg) 110 � 11** 102 � 12**ξξ 118 � 12ξξ

Pd (mm Hg) 59 � 10** 56 � 8**ξ 69 � 9ξξ

HR (bpm) 65 � 10 71 � 12*ξ 64 � 10

WI indices (W1, W2, Q-W1, and W1-W2) are the same as Figure 1; suffix st, see text; β, stiffness parameter; Ep,
pressure strain elastic modulus; Ps, systolic blood pressure; Pd, diastolic blood pressure; HR, heart rate.
*vs. healthy subjects (*p < 0.05, **p < 0.001); ξ vs. before surgery (ξp < 0.05, ξξp < 0.001).

Table 2.
WI indices and arterial stiffness [7].

Figure 3.
Representative recordings of wave intensity in an MR subject before and after surgery. After the surgery, W1 is
decreased and W2 is increased compared with before surgery. BP is blood pressure.
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Increase in β is also associated with an increase in RegF/EOR (Table 3), that is, the
leakage from the pressure chamber. As a result, the ventricular systolic stiffening
and increase in preload by regurgitation did not work effectively in augmenting the
initial pressure rise (LV peak dP/dt) in MR with higher β. Therefore, a compensa-
tory increase in W1 was observed only in MR with lower β and contraction
preserved hearts. In other words, higher W1 in MR is observed only in young
population. On the whole in MR, W1 was higher for lower β and lower for higher β,
which made the negative slope of the regression line of W1 on β significantly steep
(Figure 2b). After the surgery, W1 decreased. Though the correlation was still
significant (R2 = 0.18, p = 0.0004), the slope of the regression line of W1 on β
became gentle (Figure 2c), and the difference in the slope between the healthy
subjects and MR groups became not significant (p = 0.65), which suggests that the
steeper regression of W1 on βwas caused by regurgitation. There was no change in β
after surgery.

5.3 Other wave intensity indices and arterial stiffness in MR patients and
healthy subjects

The values of the WI indices in the MR before and after surgery and in the
healthy subjects are summarized in Table 2. W2 in MR was significantly reduced
and negatively correlated with ERO (r = 0.37, p < 0.001). W2 is an expansion
(suction) wave produced by the heart, when blood flows out of the left ventricle
into the aorta under its own momentum, which causes a rapid decline in left

Before surgery After surgery

r r

LVEDVI (ml/m2) 89 � 20 �0.30ξ 61 � 16** �0.22ξ

LVESVI (ml/m2) 32 � 10 �0.26ξ 29 � 12** �0.16

EF (%) 64 � 7 0.11 54 � 9** 0.08

LAVI (ml/m2) 78 � 27 0.13 51 � 17** 0.13

RVSP (mm Hg) 39 � 15 0.36ξξ 26 � 6** 0.03

E/A 2.03 � 0.77 �0.25ξ 1.55 � 0.77** �0.26ξ

E/e0 14.1 � 6.0 0.43ξξ 19.4 � 6.9** 0.02

e0 9.7 � 2.7 �0.57ξξ 6.4 � 1.8** �0.21ξ

ERO (cm2) 0.48 � 0.17 �0.11

RegV (ml) 69 � 16 �0.19

RegF (%) 55 � 8 0.11

RegV/ERO (ml/cm2) 152 � 35 �0.02

RegF/ERO (%/cm2) 124 � 34 0.23 ξ

Reduction rate of RVSP (%) 25.6 � 29.0 0.42ξ

(Q-W1)st (ms) 171 � 16 �0.14 189 � 22 0.01

LVED(S)VI, left ventricular end-diastolic (systolic) volume index; EF, ejection fraction; LAVI, left atrial volume index;
RVSP, right ventricular systolic pressure; ERO, effective regurgitant orifice area; RegV, regurgitant volume; RegF,
regurgitant fraction (RegV / total LV stroke volume); WI index (Q-W1) is the same as Figure 1; suffix st, see text; β,
stiffness parameter; reduction rate of RVSP, (RVSP before surgery � RVSP after surgery)/RVSP before surgery � 100;
comparison between before and after surgery *p < 0.05, **p < 0.001; r, correlation with β ξp < 0.05, ξξp < 0.001.

Table 3.
Echocardiographic data and (Q-W1)st before and after surgery in mitral regurgitation and correlation
with β [7].
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steeper regression of W1 on βwas caused by regurgitation. There was no change in β
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The values of the WI indices in the MR before and after surgery and in the
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stiffness parameter; reduction rate of RVSP, (RVSP before surgery � RVSP after surgery)/RVSP before surgery � 100;
comparison between before and after surgery *p < 0.05, **p < 0.001; r, correlation with β ξp < 0.05, ξξp < 0.001.
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ventricular pressure and a rapid increase in the maximum rate of deceleration
(negative max dUf/dt) in the aorta (hence in the artery concerned) near end-
ejection [5, 6, 18]. Thus, we obtained Eq. (9) above. In MR before surgery, negative
max dUf /dt is very small or sometimes nearly zero as shown in Figure 3, left, which
causes a reduction in W2. After the repair of regurgitation, negative max dUf/dt
recovers and sometimes becomes greater than the normal values as shown in
Figure 3, right, which causes a recovery in W2.

Q-W1 and W1-W2 were temporal indices of WI, and the dependency of Q-W1

and W1-W2 on heart rate was observed in the healthy group (Q-W1 = �0.51 HR
+167, r = 0.44, p < 0.0001; W1-W2 = �1.33 HR + 358, r = 0.68, p < 0.0001).
Therefore, based on the method by Lewis et al. [19], the standardized indices were
defined as follows:

Q �W1ð Þst ¼ 0:51 HRþ Q �W1,

and

W1 �W2ð Þst ¼ 1:33 HRþW1 �W2,

which were expected not to depend on HR in the healthy subjects and MR group
before surgery. As compared with the healthy subjects, the MR group before sur-
gery showed shorter (W1-W2)st (Table 2). The stiffness parameter β but not Ep
was higher in the MR group (see Appendix A.3).

6. Clinical application of wave intensity for planning the treatment of
MR

6.1 Effects of the changes in arterial stiffness on pulmonary hypertension
before and after surgery

Pulmonary hypertension (PH) is one of the conclusive factors of surgical indi-
cation in MR, though the PH in MR emerges through multifactorial processes. In
our study, patients with EF lower than 40% were not included. Therefore, we do
not consider that the major cause of PH was left ventricular systolic failure. The
results of linear univariate and following stepwise multivariate regression analyses
to identify predictor variables before surgery to determine RVSP showed that ERO,
β, and LAVI were independent predictor variables (Table 4). Increase in β, hence
increase in c, increases LV afterload during initial ejection (characteristic imped-
ance ρc [20]). In MR during ejection, there is a pressure gradient between the left
ventricle and the left atrium, which is in proportion to the square of regurgitation
velocity. In other words, LV pressure during ejection is paradoxically supported by
regurgitation velocity toward the left atrium. Therefore, for the left ventricle to
eject the blood against higher ρc, higher regurgitation velocity, hence greater
regurgitation volume, is required. This makes LAVI in MR greater. In fact, the ratio
of regurgitant fraction to ERO (Reg F ratio) increased with an increase in β
(r = 0.23, p = 0.027) (Table 3). This result indicates that increased arterial stiffness
exacerbates pulmonary hypertension, which will recover immediately after correc-
tion of MR (cessation of regurgitation). There was a strong correlation between
RVSP and β before surgery, but this correlation disappeared after surgery
(Table 3). The reduction rate of RVSP by surgery increased with increase in β
(Table 3). This suggests that the surgical repair of MR caused more beneficial effect
of improving PH in MR with higher β than with lower β. Surgical therapy was
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reported to improve long-term mortality in older patients [1]. However, the long-
term prognosis of surgically treated MR patients with PH, which included more
aged patients, was still worse than that of patients without PH. According to
Murashita et al. [21], preoperative PH disappeared after surgery in degenerative MR
patients, and the most important cause of cardiovascular death after surgery was
stroke, and most of patients who had recurrence of PH suffered from AF, which
suggested that recurrent PH after surgery was caused by different pathophysiology
due to PH before surgery.

6.2 Usefulness of wave intensity indices in predicting EF after surgery

As a surrogate for pre-ejection time, (Q-W1)st has the potential for properly
evaluating cardiac performance. Q-W1 is the sum of PEP, the transit time of the
pulse wave from the left ventricle to the carotid artery and the time from the
beginning of ejection to the peak of wave 1. PEP is an old concept, but its high
sensitivity and reproducibility are still useful in indicating reduced performance of
the myocardium in its early stage. Therefore, the change in (Q-W1)st also reflects the
changes in myocardial properties due to remodeling. The statistical analysis using
stepwise multivariate regression in our study showed that EF and (Q-W1)st before
surgery are selected predictor variables for the response variable EF after surgery
(Table 5). (Q-W1)st was an index with higher specificity to predict EF after surgery
than the preoperative EF. The receiver-operator characteristic (ROC) curve was
constructed to define optimal cut-off in (Q-W1)st to predict low EF after surgery
(<50%) using the guideline criteria outlined above. The selected cut-off value for
low EF was 180 ms, which gave a sensitivity of 57% and a specificity of 87% for
predicting EF after surgery lower than 50% (area under ROC 0.72, p = 0.001)

Univariate analysis Multivariate analysis
R2 = 0.34

(adjusted R2 = 0.31, p < 0.001)

Variables before surgery r p Beta p VIF

W1 �0.21 0.039 �0.11 0.283 1.381

W2 0.05 0.658

β 0.36 < 0.001 0.35 < 0.001 1.025

(Q-W1)st �0.08 0.44

LVEDVI 0.15 0.145

LVESVI 0.14 0.169

EF �0.02 0.853

LAVI 0.31 0.003 0.2 0.031 1.062

E/A 0.08 0.459

e0 �0.29 0.004 �0.17 0.114 1.62

ERO 0.36 < 0.001 0.37 < 0.001 1.039

WI indices (W1,W2, and Q-W1) are the same as Figure 1; suffix st, see text; LVED(S)VI, left ventricular end-
diastolic (systolic) volume index; EF, ejection fraction; LAVI, left atrial volume index; ERO, effective regurgitant
orifice area; Beta, standardized coefficients; VIF, variance inflation factor.

Table 4.
Results of univariate and multivariate linear regression analyses for determinants of right ventricular systolic
pressure before surgery [7].
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reported to improve long-term mortality in older patients [1]. However, the long-
term prognosis of surgically treated MR patients with PH, which included more
aged patients, was still worse than that of patients without PH. According to
Murashita et al. [21], preoperative PH disappeared after surgery in degenerative MR
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(Figure 4a). The cut-off value of EF before surgery, 60%, gave a sensitivity of 81%
and a specificity of 57% for predicting reduced EF after surgery (< 50%) (area under
ROC 0.73, p = 0.001) (Figure 4b). Furthermore, among the subgroup with EF
before surgery <60% (n = 26), the cut-off value of (Q-W1)st, 180 ms, gave a
sensitivity of 81% and a specificity of 90% for predicting reduced EF after surgery
(< 50%) (area under ROC 0.73, p < 0.001) (Figure 4c).

EF before surgery is still one of the valuable parameters to predict survival rate
after surgical treatment and it is expected that the best outcome is obtained when
surgical treatment is taken into account before EF reduces to a level under 60%
[22]. Asymptomatic stage of chronic MR patients often lasts for a long time, and
such patients are usually reluctant to undergo surgery. Such situation seems to be
more common in patients with lower arterial stiffness, because PH occurs less

Figure 4.
Receiver-operator characteristic curves and selected combinations of sensitivity and specificity (red dots) to
predict EF after surgery <50%. (a) Cut-off value of (Q-W1)st before surgery = 180 ms, (b) cut-off value of EF
before surgery = 60%, and (c) cut-off value of (Q-W1)st before surgery = 180 ms in the subgroup of patients
with EF before surgery <60% (from [7]).

Univariate analysis Multivariate analysis
R2 = 0.34 (adjusted R2 = 0.32, p < 0.001)

Variables
before surgery

r p Beta p VIF

Age 0.27 0.008 �0.04 0.657 1.193

W1 0.08 0.449

W2 �0.15 0.154

β 0.02 0.832

(Q-W1)st �0.52 < 0.001 �0.39 < 0.001 1.274

LVEDVI �0.27 0.007 �0.14 0.106 1.097

EF 0.47 < 0.001 0.28 0.004 1.274

LAVI �0.1 0.353

E/A �0.21 0.041 �0.14 0.101 1.017

e0 0.02 0.862

RVSP �0.1 0.338

WI indices (W1,W2, and Q-W1) are the same as Figure 1; suffix st, see text; LVEDVI, left ventricular end-diastolic
volume index; EF, ejection fraction; LAVI, left atrial volume index; RVSP, right ventricular systolic pressure; Beta,
standardized coefficients; VIF, variance inflation factor.

Table 5.
Results of univariate and multivariate linear regression analyses for determinants of EF after surgery [7].
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frequently compared with subjects with higher arterial stiffness. Therefore, it is
desirable to convince MR patients, who have signs of the beginning of deterioration
of myocardial function, of the benefits of surgical treatment. By using both indices
((Q-W1)st > 180 ms and EF < 60%), prediction of low EF after surgery with higher
sensitivity and specificity is possible.

7. Conclusions

Increased arterial stiffness affects forward flow and exacerbates pulmonary
hypertension in MR. Since arterial stiffness is not reduced by vasodilator or
diuretics, such medication is not so efficient at improving pulmonary hypertension
caused by increased arterial stiffness, while surgical correction of MR improves the
pulmonary hypertension markedly. In a paradoxical manner, pulmonary hyperten-
sion in subjects with lower arterial stiffness is caused by depressed heart, which
would be difficult to recover after surgery. Prolonged (Q-W1)st indicates that the
heart reached a preliminary stage in remodeling that would be irreversible even
after surgery.
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A. Appendix

A.1 Echocardiographic evaluation

In this study, echocardiographic evaluation was performed in MR subjects
before and after surgery using an echo machine (SONOS 7500; Philips) [23]. LV
and left atrial volume (LAV) were determined using the modified Simpson’s
method. LAV was measured at the end-systole just before the mitral valve opening,
and LV and LA volume indices, which were divided by the body surface area, were
obtained. Right ventricular systolic pressure (RVSP) was obtained by adding the
systolic tricuspid pressure gradient calculated by the modified Bernoulli equation
and right atrial pressure [24]. Transmitral flow was assessed using pulsed Doppler
by placing the sample volume at the level of leaflet tips, and early filling (E) and
atrial contraction filling (A) velocities were measured. Tissue Doppler velocity of
the mitral annulus in early diastole (e0) was also measured. MR severity was quan-
tified as averaged effective regurgitant orifice area (ERO) obtained by the Doppler
volumetric method [25].

A.2 Statistical analysis

As for statistical analysis, comparisons among groups were performed by Stu-
dent’s t test or one way analyses of variance, followed by Bonferroni test when
necessary. The relationships between WI indices and β were evaluated by correla-
tion and regression analysis. Univariate regression analyses were performed for the
data relating pulmonary hypertension before surgery to the variables measured
before surgery and for the data relating EF after surgery to the variables measured
before surgery. Then, the variables that were correlated with RVSP before surgery
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and right atrial pressure [24]. Transmitral flow was assessed using pulsed Doppler
by placing the sample volume at the level of leaflet tips, and early filling (E) and
atrial contraction filling (A) velocities were measured. Tissue Doppler velocity of
the mitral annulus in early diastole (e0) was also measured. MR severity was quan-
tified as averaged effective regurgitant orifice area (ERO) obtained by the Doppler
volumetric method [25].

A.2 Statistical analysis

As for statistical analysis, comparisons among groups were performed by Stu-
dent’s t test or one way analyses of variance, followed by Bonferroni test when
necessary. The relationships between WI indices and β were evaluated by correla-
tion and regression analysis. Univariate regression analyses were performed for the
data relating pulmonary hypertension before surgery to the variables measured
before surgery and for the data relating EF after surgery to the variables measured
before surgery. Then, the variables that were correlated with RVSP before surgery
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and EF after surgery (p ≤ 0.1) were entered into stepwise multivariate regression
models. To obtain the threshold value of predictor variable separating a clinical
diagnosis that EF after surgery≥50% from one that EF after surgery <50%, the
ROC curves were created, and the optimal combinations of sensitivity and specific-
ity were chosen. A p value <0.05 was set for statistical significance.

A.3 Proper index of arterial stiffness

β is considered not to depend on pressure, while Ep decreases with a decrease in
pressure. Most of the severe MR patients with hypertension were medicated with
antihypertensive drugs. Therefore, in our study, systolic pressure in MR was lower
than that in the healthy subject group, and there was no difference in Ep between
the two groups. However, β was higher in MR. We consider that the increase in β
was not caused by MR but caused by the history of hypertension. Actually, 38% of
the patients were diagnosed as hypertension and medicated. Thus, β is suitable to
evaluate arterial stiffness in low pressure subjects.

A.4 Use of upper arm blood pressure for calibration of carotid arterial
pressure waveform

The use of upper arm pressure for calibrating carotid arterial pressure (diame-
ter) might be criticized. In young adults, the peak pressure in the upper arm is
higher than the peak pressures in central predominantly elastic arteries such as the
aorta and the carotid artery (amplification). The peak pressures in central arteries
increase with age due to increase in arterial stiffness by aging (late systolic
peaking). In contrast, there is little or no consistent change in stiffness of the
brachial or radial arteries and little change in the peak pressure in the upper arm.
Therefore, the difference between central peak pressures and upper arm pressure
becomes less significant in the elderly [20]. Ohte et al. [26] reported that the
systematic difference between those in 82 patients (age 64.3 � 9.4 years) remained
within the practical range.

A.5 Where to set the positions for echo tracking to measure arterial
diameter change waveforms

The relative change in arterial diameter, (Ds � Dd)/Dd, measured in an inner
layer (e.g., intima) is greater than that measured in an outer layer (e.g., adventitia)
due to incompressibility of the arterial wall. Therefore, β is smaller for an inner
layer than for an outer layer. In some institutions, β is obtained by echo tracking the
intima and in other institutions by echo tracking the adventitia. Then the obtained
value of β for a patient may vary with the institution. We obtained β by setting the
positions for echo tracking in the adventitia for the following reasons: 1) it is easier
to obtain stable tracking. 2) The PWV calculated from the β obtained from the
adventitia agrees well with the PWV obtained by a different method [14].
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Chapter 3

Antiplatelet Therapy after 
Coronary Artery Bypass Graft 
Surgery, Inconsistency of 
Clinical Practice and Clinical 
Significance of Proven Resistance 
to Antiplatelet Agents
Ivana Sopek Merkas, Nenad Lakusic, Krunoslav Fuckar, 
Dusko Cerovec and Kristina Maric Besic

Abstract

Antiplatelet therapy is a very important part of medical therapy for patients after 
acute coronary syndrome (ACS) as well as in a stable coronary artery disease (CAD). 
The use of antiplatelet therapy after coronary artery bypass graft surgery (CABG) 
still is a controversial theme in daily clinical practice. While guidelines referring to 
dual antiplatelet therapy (DAPT) after ACS with proceeding percutaneous coronary 
intervention (PCI) are uniform, there are doubts regarding DAPT after CABG, 
especially in setting of chronic coronary syndrome (CCS). Recommendations are 
mostly based on expert opinion and not on multiple randomized controlled trials 
(RCT) or meta-analyses. Resistance to aspirin (acetylsalicylic acid, ASA) or other 
antiplatelet drugs is known after CABG, and further RCTs are needed to assess the 
effect on clinical outcome as well as the role of DAPT after CABG.

Keywords: antiplatelet therapy, coronary artery bypass grafting (CABG),  
resistance to antiplatelet drugs, acute coronary syndrome (ACS),  
chronic coronary syndromes (CCS)

1. Introduction

An important and integral part of an optimal medicament therapy for patients 
with CAD in an acute as well as in a stable, chronic phase of the disease is anti-
platelet therapy. The estimated number of patients requiring DAPT, consisting 
of a combination of ASA and an oral inhibitor of the platelet P2Y12 receptor for 
adenosine 5′-diphosphate (ADP), is considerable and has increased over time all 
around the world. Based on population estimates from 2015, in Europe 1.4–2.2 
million patients per year may have an indication for DAPT after coronary interven-
tion or myocardial infarction (MI), respectively [1]. There is, however, confusion 
about the optimal type and duration of DAPT in patients with established CAD, 
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undergoing coronary revascularization or not. This derives from apparently 
conflicting results given in the available studies and limited evidence on vari-
ous patient subsets [1]. Depending on the disease stage (ACS with PCI, CCS 
or coronary surgical revascularization), and comorbidity of each patient (e.g., 
atrial fibrillation, left ventricular thrombus, etc.), the strategy of antiplatelet/
anticoagulant therapy is altered (combination of drugs, dosing, and duration of 
therapy). In patients with ACS treated with coronary stent implantation, DAPT is 
recommended for 12 months (preferring ticagrelor combined with ASA) [1]. In a 
patient with stable CAD treated with coronary stent implantation, DAPT consist-
ing of clopidogrel in addition to aspirin is recommended for 6 months irrespective 
of the stent type (Class I, level of evidence A), and DAPT up to 12 months may be 
reasonable (Class IIb, level of evidence A) [1]. If treated with drug-coated balloon, 
DAPT (aspirin plus clopidogrel) should be considered for 6 months (Class IIa, level 
of evidence B) and prolonged up to 12 months in tolerant patients without bleeding 
complications [1]. As opposite, guidelines and especially clinical practice are not 
uniform and specific regarding patients who will undergo CABG. Latest guidelines 
regarding DAPT after CABG give general recommendation for duration and choice 
of antiplatelet therapy with relatively strong class of recommendation I or IIa/IIb1. 
Still, level of evidence in recommendations is mostly C or B2 which points out that 
the foundation of recommendations is based on expert opinion and not on multiple 
RCTs or meta-analyses [1].

This chapter will give an overview of antiplatelet drugs, their mechanism of 
action, possible resistance to antiplatelet drugs, and clinical significance of resis-
tance to antiplatelet drugs. Also, it will give an overview of literature regarding 
duration and choice of antiplatelet therapy after CABG in setting of ACS or CCS.

2. Antiplatelet therapy

2.1 Aspirin

Aspirin (acetylsalicylic acid, ASA) is classified among the nonsteroidal anti-
inflammatory drugs (NSAIDs) and has analgesic, antipyretic, and antiplatelet 
properties. ASA achieves its effect primarily by interfering with the biosynthesis 
of cyclic prostanoids: thromboxane A2 (TXA2), prostacyclin, and other prosta-
glandins [2]. Low dose of ASA blocks the enzymatic effect of cyclooxygenase-1 
(COX-1) on the transformation of arachidonic acid into prostaglandin G2 and then 
into prostaglandin H2 which is modified by specific synthases, producing prosta-
glandins and TXA2, an important mediator of the platelet aggregation response and 
in vasoconstriction [2–4]. One of the earliest placebo-controlled RCTs of ASA in 
patients with ACS consisted of 1266 men with unstable angina, and the combined 
primary end point of death and nonfatal MI at 12 weeks was reduced by 50% in 
patients receiving ASA rather than placebo [5]. The Second International Study of 
Infarct Survival (ISIS-2) study involving patients administered with daily 160-mg 
ASA started within the first day of MI and continued for 5 weeks and showed a 
significant risk reduction in total vascular mortality (23%) as well as a similar risk 
reduction of from all-cause mortality [6, 7]. Therapy with ASA has become regular 
for all patients suspected of having an ACS [7, 8].

1 Class I, strong; Class IIa, moderate; Class IIb, weak; Class III, no benefit/harm.
2 A, multiple RCTs/meta-analyses; B, single RCTs/large observational studies; C, expert opinion/small 
studies.
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2.2 Clopidogrel

Clopidogrel is a second generation of thienopyridine antiplatelet agents and a 
P2RY12 inhibitor (purinergic receptor P2Y, G-protein coupled 12) which achieves 
its effect by irreversibly binding to the platelet P2RY12 receptor and blocking 
ADP-mediated platelet activation and aggregation [9]. It also inhibits collagen 
and thrombin-induced platelet aggregation which can be overcome by increased 
concentration of this agonist [10]. Clopidogrel versus aspirin in patients at risk of 
ischemic events (CAPRIE) trial demonstrated that long-term administration of 
clopidogrel to patients with atherosclerotic vascular disease is more effective than 
ASA in reducing the combined risk of ischemic stroke, MI, or vascular death, and 
the overall safety profile of clopidogrel is at least as good as that of medium-dose 
ASA [11]. The rate of reported gastrointestinal bleeding complication was signifi-
cantly lower in the clopidogrel group than in the ASA group, and no difference in 
intracerebral hemorrhage, hemorrhagic death, thrombocytopenia, or neutropenia 
was noted between the two groups [7, 12]. Clopidogrel was then in 1997 approved 
by Food and Drug Administration (FDA) for use in secondary prevention of 
cardiovascular disease [7].

2.3 Ticagrelor

Ticagrelor is an orally administered direct-acting P2Y12-receptor antagonist [13, 
14]. In vitro studies have demonstrated that ticagrelor binds reversibly and noncom-
petitively to the P2Y12 receptor at a site distinct from that of the endogenous agonist 
ADP [13]. In contrast, the thienopyridine compounds clopidogrel and prasugrel 
bind irreversibly to the P2Y12 receptor for the life of the platelet [15]. Ticagrelor was 
evaluated in patients with stable CAD in the Dose Confirmation Study Assessing 
Antiplatelet Effects of AZD6140 vs. Clopidogrel in Non–ST-Segment Elevation 
Myocardial Infarction (DISPERSE) trial [16]. In this randomized trial, patients with 
stable CAD who were taking ASA were administered either ticagrelor or clopido-
grel, and after trial findings, the formulation of ticagrelor was changed, and the 
new corresponding doses of 90 mg and 180 mg twice a day were targeted in future 
studies [16, 17]. In the ONSET/OFFSET trial, the pharmacodynamic response of 
ticagrelor was assessed in patients with stable CAD, and significantly greater inhibi-
tion of platelet activation has been achieved in patients treated with ticagrelor plus 
ASA than with clopidogrel plus ASA [18].

2.4 Prasugrel

Prasugrel is an irreversible antagonist of the platelet ADP P2Y12 receptor and 
characterized by more potent antiplatelet effects, lower interindividual variability 
in platelet response, and faster onset of activity than clopidogrel [19]. The TRITON-
TIMI 38 trial comparing prasugrel with clopidogrel in patients with moderate to 
high risk ACS (ST-elevation myocardial infarction, non-ST elevation myocardial 
infarction, and unstable angina) who underwent PCI demonstrated improved 
clinical outcomes with prasugrel as compared to clopidogrel [20]. A systematic 
review and recent meta-analysis suggest that prasugrel might have a better efficacy 
profile than ticagrelor in patients with ACS undergoing PCI, but this advantage was 
only seen in pooled observational studies and is likely to be affected by selection 
bias [21]. The latest trial comparing ticagrelor with prasugrel randomized 4018 
patients which presented with ACS with or without ST-segment elevation (in whom 
invasive evaluation was planned), and the incidence of death, MI, or stroke was 
significantly lower among those who received prasugrel than among those who 
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1 Class I, strong; Class IIa, moderate; Class IIb, weak; Class III, no benefit/harm.
2 A, multiple RCTs/meta-analyses; B, single RCTs/large observational studies; C, expert opinion/small 
studies.

49

Antiplatelet Therapy after Coronary Artery Bypass Graft Surgery, Inconsistency of Clinical…
DOI: http://dx.doi.org/10.5772/intechopen.90446

2.2 Clopidogrel
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studies [16, 17]. In the ONSET/OFFSET trial, the pharmacodynamic response of 
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ASA than with clopidogrel plus ASA [18].

2.4 Prasugrel

Prasugrel is an irreversible antagonist of the platelet ADP P2Y12 receptor and 
characterized by more potent antiplatelet effects, lower interindividual variability 
in platelet response, and faster onset of activity than clopidogrel [19]. The TRITON-
TIMI 38 trial comparing prasugrel with clopidogrel in patients with moderate to 
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infarction, and unstable angina) who underwent PCI demonstrated improved 
clinical outcomes with prasugrel as compared to clopidogrel [20]. A systematic 
review and recent meta-analysis suggest that prasugrel might have a better efficacy 
profile than ticagrelor in patients with ACS undergoing PCI, but this advantage was 
only seen in pooled observational studies and is likely to be affected by selection 
bias [21]. The latest trial comparing ticagrelor with prasugrel randomized 4018 
patients which presented with ACS with or without ST-segment elevation (in whom 
invasive evaluation was planned), and the incidence of death, MI, or stroke was 
significantly lower among those who received prasugrel than among those who 
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received ticagrelor, and the incidence of major bleeding was not significantly differ-
ent between the two groups [22]. On the other hand, in the observational analysis 
of STEMI patients who underwent primary PCI, ticagrelor was associated with 
improved outcomes compared with clopidogrel and prasugrel [23].

3. Resistance to antiplatelet therapy and its clinical significance

The success of CABG depends mainly on the patency of the graft vessels; 
vein graft patency and disease have been shown to be closely related to long-term 
survival after CABG [24]. Vein graft disease consists of three different but related 
pathological processes: thrombosis, intimal hyperplasia, and atherosclerosis, where 
early thrombosis is a major cause of vein graft friction during the first month after 
CABG, while later on intimal hyperplasia is the leading cause of graft disease [25, 
26]. Platelets participate in forming of blood clots, likewise they have an important 
role in graft thrombosis after CABG, and ASA is the primary antiplatelet drug that 
has been shown to improve vein graft patency within the first year after CABG 
[26–28]. Laboratory investigations showed that the expected inhibition of platelet 
function is not always achieved, which is called “aspirin nonresponse” or “aspirin 
resistance.”

Speaking about nonresponse and resistance to aspirin, there are two terms in 
use. The first one is aspirin treatment failure which is defined as the occurrence 
of occlusive cardiovascular disease events despite the regular intake of aspirin in 
recommended doses [29]. Platelets are activated by many different pathways, and 
there are many factors that contribute to thrombotic event in addition to platelet 
aggregation. Occurrence of an ischemic event or treatment failure during single 
antiplatelet therapy is not synonymous with antiplatelet resistance. The second 
term is aspirin resistance or nonresponsiveness, and it is a laboratory phenomenon; 
therefore persistent presence of COX-1 activity after treatment with aspirin is an 
indicator of aspirin resistance [29]. Antiplatelet resistance to aspirin is only mean-
ingful when it is highly associated with clinical outcomes. In a review article of anti-
platelet treatment after CABG, a summary of benefit and failure of aspirin therapy 
is given [26]. It is emphasized that in the early period after CABG, increased risk 
of bypass thrombosis (among others, due to platelet activation and endothelial cell 
disruption of the graft) occurs simultaneously with increased prevalence of aspirin 
resistance [26, 30]. The underlying mechanisms of aspirin resistance are uncertain 
and largely hypothetical, i.e., increased platelet turnover, enhanced platelet reactiv-
ity, systemic inflammation, and drug–drug interaction are discussed [26, 31, 32]. 
It is also important to differentiate transient aspirin resistance after surgery from 
permanent aspirin nonresponse due to genetic polymorphisms [33] or comorbidi-
ties, such as hypercholesterolemia or diabetes [26, 34].

In clinical practice, patient nonadherence is the most common cause of aspirin 
nonresponse or treatment failure. Genetic variability and the number of single 
nucleotide polymorphism (SNPs) have been reported as the cause of aspirin 
resistance based on laboratory testing, but there is no evidence for strong relation 
between genetic variability and aspirin resistance [35]. Enteric-coated aspirin and 
delayed absorption may result in an insufficient antithrombotic effect, especially 
in the acute setting (pseudoresistance) [36]. Two studies (case–control, retrospec-
tive) have suggested that the use of proton pump inhibitors increases platelet 
aggregation and the risk of thrombotic events, but randomized trials are needed 
[37, 38]. Treatment failure attributable to other causes than genetic variability or 
lack of adherence is common. Functional and biochemical evaluation of platelet 
aspirin resistance in patients undergoing CABG suggested that aspirin resistance 
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involves an impairment of both in vivo and in vitro inhibition of platelet functions 
and is probably due to a disturbed inhibition of platelet COX-1 by aspirin [39]. 
Aspirin resistance has been described in more than two-thirds of patients early 
after CABG [39, 40]. It has been shown that off-pump CABG (OPCABG) reduces 
platelet activation and turnover compared to on-pump CABG which may indicate 
that aspirin should be more effective after OPCABG [41], while other RCT showed 
no significant difference between off-pump and on-pump CABG in the rate of the 
30-day composite outcome, but at 1 year of follow-up, patients in the off-pump 
group had worse composite outcomes and poorer graft patency [42]. In a group 
of patients with OPCABG, aspirin resistance was observed in nearly 30% on day 
1 after OPCABG, but this is a transient phenomenon with only 4.5% of patients 
remaining so by postoperative day 10 [43]. The period of time passed after CABG 
is an important variable in measuring and analysis of the prevalence of aspirin 
resistance because results depend on it and vary from 10% up to >90% [26, 44, 45].

Regarding CABG, the number and size of trials investigating aspirin resistance 
with clinical endpoints are limited. A review of studies related to aspirin use after 
CABG suggested that clinical studies investigating the critical period early after 
CABG are necessary to correlate the results of reproducible assays with clinical 
outcomes that can possibly be improved by alterations in antiplatelet strategy [26]. 
The benefits and risks of ASA on thrombosis (BRAT) was the first prospective mul-
ticenter study with the objectives to determine the prevalence of aspirin responder 
or nonresponder status in patients undergoing CABG and to determine the clinical 
significance [46]. The 2-year follow-up period failed to show significant differences 
in thrombotic event rates (MI, unstable angina, cardiac death, or stroke) between 
aspirin responders and nonresponders [46]. In a setting of 225 patients undergoing 
elective OPCABG, aspirin resistance was defined by diagnostic findings on at least 
two of three separate assays (thromboelastography, whole blood aggregometry, and 
whole blood flow cytometry), and after multivariate logistic regression analysis, 
aspirin resistance on day 1 was retained as an independent predictor of vein graft 
thrombosis [47].

In the prospective randomized study to address the clinical impact of aug-
mented antiplatelet therapy after elective CABG in patients with aggregometry-
documented aspirin resistance, the addition of clopidogrel in patients found to 
be aspirin resistant after CABG did not reduce the incidence of adverse events, 
nor did it increase the number of recorded bleeding events [48]. A study on 60 
patients who went to elective OPCABG and were divided into two groups to receive 
mono-antiplatelet treatment (MAPT) with ASA or DAPT with ASA and clopidogrel 
has shown that clopidogrel in addition to ASA reduces the incidence of OPCABG-
related aspirin resistance, DAPT can be safely applied early after surgery, and there 
were no significant differences between two groups in postoperative bleeding [49]. 
A recent prospective, observational, bicentric cohort study indicated a high inci-
dence of perioperative ASA nonresponse in patients following CABG, and no effect 
on the incidence of cardiovascular events was recorded in the 1-year follow-up [50]. 
Similar was concluded in a small low-risk cohort patients in which reduced ASA 
responsiveness as assessed with impedance aggregometry was not associated with 
increased incidence of major adverse cardiac and thromboembolic events and mor-
tality after CABG surgery [51]. In a randomized trial on 68 patients, it was tested 
whether more frequent dosing improves ASA response following CABG surgery, 
and it was noted that twice-daily compared with once-daily dosing reduces ASA 
hyporesponsiveness after CABG surgery, but the efficacy of twice-daily ASA needs 
to be tested in a trial powered for clinical outcomes [52]. In comparison, meta-anal-
yses of studies consisting of patients with cardiovascular disease (not only CABG 
patients) suggested that patients who were resistant to aspirin were at a greater risk 
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received ticagrelor, and the incidence of major bleeding was not significantly differ-
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that aspirin should be more effective after OPCABG [41], while other RCT showed 
no significant difference between off-pump and on-pump CABG in the rate of the 
30-day composite outcome, but at 1 year of follow-up, patients in the off-pump 
group had worse composite outcomes and poorer graft patency [42]. In a group 
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resistance because results depend on it and vary from 10% up to >90% [26, 44, 45].
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with clinical endpoints are limited. A review of studies related to aspirin use after 
CABG suggested that clinical studies investigating the critical period early after 
CABG are necessary to correlate the results of reproducible assays with clinical 
outcomes that can possibly be improved by alterations in antiplatelet strategy [26]. 
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or nonresponder status in patients undergoing CABG and to determine the clinical 
significance [46]. The 2-year follow-up period failed to show significant differences 
in thrombotic event rates (MI, unstable angina, cardiac death, or stroke) between 
aspirin responders and nonresponders [46]. In a setting of 225 patients undergoing 
elective OPCABG, aspirin resistance was defined by diagnostic findings on at least 
two of three separate assays (thromboelastography, whole blood aggregometry, and 
whole blood flow cytometry), and after multivariate logistic regression analysis, 
aspirin resistance on day 1 was retained as an independent predictor of vein graft 
thrombosis [47].
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mented antiplatelet therapy after elective CABG in patients with aggregometry-
documented aspirin resistance, the addition of clopidogrel in patients found to 
be aspirin resistant after CABG did not reduce the incidence of adverse events, 
nor did it increase the number of recorded bleeding events [48]. A study on 60 
patients who went to elective OPCABG and were divided into two groups to receive 
mono-antiplatelet treatment (MAPT) with ASA or DAPT with ASA and clopidogrel 
has shown that clopidogrel in addition to ASA reduces the incidence of OPCABG-
related aspirin resistance, DAPT can be safely applied early after surgery, and there 
were no significant differences between two groups in postoperative bleeding [49]. 
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dence of perioperative ASA nonresponse in patients following CABG, and no effect 
on the incidence of cardiovascular events was recorded in the 1-year follow-up [50]. 
Similar was concluded in a small low-risk cohort patients in which reduced ASA 
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of clinically important cardiovascular morbidity long term than patients who were 
sensitive to aspirin [53–55].

Concerning clopidogrel, patients with “high on-treatment platelet reactivity” 
(HPR) are divided into groups—nonresponsive, hyporesponsive, or resistant [56]. 
The term resistance or nonresponsiveness to an antiplatelet drug is used to describe 
a pharmacodynamics phenomenon where there is no clinically meaningful change 
in platelet function after treatment as compared with the baseline. In studies where 
light transmittance aggregometry was used, a change in maximal aggregation ≤10 
percent from baseline, using ADP as the agonist, is defined as “resistance” [56]. 
In a systematic review of literature on clinical importance of ASA and clopidogrel 
resistance, almost all included studies have suggested a positive association between 
the risk of cardiovascular events and laboratory antiplatelet nonresponsiveness, 
and it was concluded that specific treatment recommendations are not established 
for patients who exhibit HPR during aspirin/clopidogrel therapy or who have poor 
platelet inhibition by clopidogrel [57]. A meta-analysis provided evidence that 
P2Y12 G52T/C34T polymorphism is related to a poor response of clopidogrel in 
patients; also a lack of association between T744C polymorphism and clopidogrel 
resistance was found [58]. Clopidogrel response in patients undergoing CABG 
remains unknown due to the fact that ASA is the drug of first choice after CABG, 
and clopidogrel administration (in addition to ASA) is recommended mainly in 
patients with ACS. However, previous reports indicate that the clopidogrel resis-
tance rate in coronary stent patients varies between 5 and 56% [59]. Prospective, 
observational study on clopidogrel platelet reactivity in 859 patients who under-
went OPCABG demonstrates that high residual platelet reactivity after clopidogrel 
administration is strongly associated with 1-year major adverse cardiovascular 
events (MACE)-free survival, and incidence of late MACEs was significantly higher 
in the HPR group than in the low platelet reactivity group, as such routine measure-
ment of platelet reactivity and thorough monitoring of patients with HPR after 
OPCAB are suggested [60].

The latest review of literature on resistance to P2Y12 receptor antagonism in 
CAD showed that the prevalence of HPR is greater in patients treated with clopi-
dogrel (approximately 30%) than in patients on the more novel antiplatelet agents 
prasugrel (3–15%) and ticagrelor (0–3%) [61]. Although meta-analyses show 
an effect of adjusting standard clopidogrel treatment based on platelet function 
testing, personalized therapy is not recommended because no large-scale RCT 
have shown any clinical benefit [61]. Nevertheless, it should be noticed that the 
performed RCTs were underpowered to show any clinical effect, and personalized 
therapy is recommended neither for patients on prasugrel nor those on ticagrelor 
due to low occurrence of HPR on these respective drugs [61]. The pharmacody-
namic response of ticagrelor in clopidogrel nonresponders with stable CAD was 
assessed in an RCT: The response to ticagrelor in clopidogrel nonresponders and 
responders and effect of switching therapies (RESPOND) trial [62]. Inhibition of 
platelet function was significantly increased in clopidogrel nonresponders treated 
with ticagrelor compared with clopidogrel, and platelet aggregation decreased from 
59 to 35% in patients who switched from clopidogrel to ticagrelor [62]. Despite the 
low platelet reactivity for both agents, comparisons have shown that ticagrelor is 
the most potent platelet inhibitor and has the lowest prevalence of HPR [63, 64]. 
Prasugrel resistance or variability in response is not clearly defined and depends 
on the in vitro system use, prasugrel resistance has been reported to occur in very 
few cases, and the mechanism of prasugrel resistance is still under investigation 
[65]. Despite small studies that have shown a few prasugrel-resistant patients due to 
low inhibition of platelet aggregation, the clinical significance of this phenomenon 
remains uncertain [65].
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3.1 Platelet function tests for monitoring antiplatelet agent therapy

Platelet function testing is traditionally done to identify congenital and acquired 
platelet function defects. It is considered qualitative testing requiring interpreta-
tion in the context of patient condition. There exist multiple methods, each with its 
advantages and disadvantages.

Six major platelet function tests are most commonly used in the assessment of 
the prevalence of aspirin resistance in patients with stable CAD:

• Light transmission aggregometry (LTA) after stimulation arachidonic acid (AA)

• LTA after ADP stimulation

• Whole blood aggregometry

• PFA-100®

• VerifyNow Aspirin®

• Urinary 11-dehydro-thromboxane B2 concentrations that are measured [66]

4. CABG and antiplatelet therapy

CABG is an effective treatment for left main or multivessel ischemic heart dis-
ease, but long-term results are compromised by the development of saphenous vein 
graft (SVG) disease. ASA has always been a golden standard to prevent graft occlu-
sion and adverse cardiac events after CABG [67]. DAPT was assessed in previous 
trials, but there is no clear evidence regarding its utility after CABG for preserving 
graft patency and reducing adverse cardiac events, especially in patients with stable 
ischemic heart disease (SIDH), recently referred as CCS. In the next subsections, it 
will be given an overview of available literature about efficacy of DAPT in preserv-
ing graft patency in setting of SIDH and CCS.

4.1 Antiplatelet therapy after CABG in setting of ACS

DAPT using ASA with either clopidogrel or ticagrelor is a standard of care for 
patients after ACS whether they were treated with PCI or medicament therapy 
only, preferring ticagrelor over clopidogrel [1, 68–71]. Latest guidelines recommend 
use of DAPT 1 year after CABG for patients with ACS [1, 71], although available 
evidence is limited to small RCTs and meta-analyses are substudies of larger RTCs. 
However, the choice between ASA and which P2Y12 inhibitor to use remains unclear 
in CABG. Synergistic antithrombotic effect of clopidogrel with ASA after ACS 
was evaluated in Unstable Angina to Prevent Recurrent Events (CURE) trial [72, 
73]. Treatment with DAPT (ASA + clopidogrel) reduced the risk of the primary 
composite outcome—MI and recurrent ischemia, cerebrovascular event, and death 
from cardiovascular causes (MACCE), but the risk of major bleeding is increased 
among patients treated with clopidogrel [72]. The postoperative benefit with DAPT 
was analyzed in subgroup of CURE patients who underwent CABG and then were 
randomized to ASA and to ASA and clopidogrel. The benefits of DAPT with ASA and 
clopidogrel were consistent among groups undergoing CABG, PCI, or medical ther-
apy, although the impact of DAPT among CABG patients did not reach significance 
for the primary composite outcome [73]. In a nationwide Danish cohort of real-life 
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of clinically important cardiovascular morbidity long term than patients who were 
sensitive to aspirin [53–55].
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and clopidogrel administration (in addition to ASA) is recommended mainly in 
patients with ACS. However, previous reports indicate that the clopidogrel resis-
tance rate in coronary stent patients varies between 5 and 56% [59]. Prospective, 
observational study on clopidogrel platelet reactivity in 859 patients who under-
went OPCABG demonstrates that high residual platelet reactivity after clopidogrel 
administration is strongly associated with 1-year major adverse cardiovascular 
events (MACE)-free survival, and incidence of late MACEs was significantly higher 
in the HPR group than in the low platelet reactivity group, as such routine measure-
ment of platelet reactivity and thorough monitoring of patients with HPR after 
OPCAB are suggested [60].

The latest review of literature on resistance to P2Y12 receptor antagonism in 
CAD showed that the prevalence of HPR is greater in patients treated with clopi-
dogrel (approximately 30%) than in patients on the more novel antiplatelet agents 
prasugrel (3–15%) and ticagrelor (0–3%) [61]. Although meta-analyses show 
an effect of adjusting standard clopidogrel treatment based on platelet function 
testing, personalized therapy is not recommended because no large-scale RCT 
have shown any clinical benefit [61]. Nevertheless, it should be noticed that the 
performed RCTs were underpowered to show any clinical effect, and personalized 
therapy is recommended neither for patients on prasugrel nor those on ticagrelor 
due to low occurrence of HPR on these respective drugs [61]. The pharmacody-
namic response of ticagrelor in clopidogrel nonresponders with stable CAD was 
assessed in an RCT: The response to ticagrelor in clopidogrel nonresponders and 
responders and effect of switching therapies (RESPOND) trial [62]. Inhibition of 
platelet function was significantly increased in clopidogrel nonresponders treated 
with ticagrelor compared with clopidogrel, and platelet aggregation decreased from 
59 to 35% in patients who switched from clopidogrel to ticagrelor [62]. Despite the 
low platelet reactivity for both agents, comparisons have shown that ticagrelor is 
the most potent platelet inhibitor and has the lowest prevalence of HPR [63, 64]. 
Prasugrel resistance or variability in response is not clearly defined and depends 
on the in vitro system use, prasugrel resistance has been reported to occur in very 
few cases, and the mechanism of prasugrel resistance is still under investigation 
[65]. Despite small studies that have shown a few prasugrel-resistant patients due to 
low inhibition of platelet aggregation, the clinical significance of this phenomenon 
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Six major platelet function tests are most commonly used in the assessment of 
the prevalence of aspirin resistance in patients with stable CAD:

• Light transmission aggregometry (LTA) after stimulation arachidonic acid (AA)

• LTA after ADP stimulation

• Whole blood aggregometry

• PFA-100®

• VerifyNow Aspirin®

• Urinary 11-dehydro-thromboxane B2 concentrations that are measured [66]

4. CABG and antiplatelet therapy

CABG is an effective treatment for left main or multivessel ischemic heart dis-
ease, but long-term results are compromised by the development of saphenous vein 
graft (SVG) disease. ASA has always been a golden standard to prevent graft occlu-
sion and adverse cardiac events after CABG [67]. DAPT was assessed in previous 
trials, but there is no clear evidence regarding its utility after CABG for preserving 
graft patency and reducing adverse cardiac events, especially in patients with stable 
ischemic heart disease (SIDH), recently referred as CCS. In the next subsections, it 
will be given an overview of available literature about efficacy of DAPT in preserv-
ing graft patency in setting of SIDH and CCS.

4.1 Antiplatelet therapy after CABG in setting of ACS

DAPT using ASA with either clopidogrel or ticagrelor is a standard of care for 
patients after ACS whether they were treated with PCI or medicament therapy 
only, preferring ticagrelor over clopidogrel [1, 68–71]. Latest guidelines recommend 
use of DAPT 1 year after CABG for patients with ACS [1, 71], although available 
evidence is limited to small RCTs and meta-analyses are substudies of larger RTCs. 
However, the choice between ASA and which P2Y12 inhibitor to use remains unclear 
in CABG. Synergistic antithrombotic effect of clopidogrel with ASA after ACS 
was evaluated in Unstable Angina to Prevent Recurrent Events (CURE) trial [72, 
73]. Treatment with DAPT (ASA + clopidogrel) reduced the risk of the primary 
composite outcome—MI and recurrent ischemia, cerebrovascular event, and death 
from cardiovascular causes (MACCE), but the risk of major bleeding is increased 
among patients treated with clopidogrel [72]. The postoperative benefit with DAPT 
was analyzed in subgroup of CURE patients who underwent CABG and then were 
randomized to ASA and to ASA and clopidogrel. The benefits of DAPT with ASA and 
clopidogrel were consistent among groups undergoing CABG, PCI, or medical ther-
apy, although the impact of DAPT among CABG patients did not reach significance 
for the primary composite outcome [73]. In a nationwide Danish cohort of real-life 
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patients revascularized with CABG after MI, the benefit and efficacy of postopera-
tive clopidogrel treatment in reducing risk of death or recurrent MI were confirmed 
[74]. The Platelet Inhibition and Patient Outcomes (PLATO) trial randomized 
patients with ACS to DAPT with either ASA plus ticagrelor 90 mg twice daily or ASA 
plus clopidogrel 75 mg once daily [75]. The composite primary end point of death 
from vascular causes, MI, or stroke was significantly reduced in the ticagrelor group, 
and ticagrelor was associated with a higher rate of major bleeding (no statistical dif-
ference in overall major bleeding). In a subgroup of patients who underwent CABG, 
effect on the primary outcome at 1 year was again consistent but did not reach sig-
nificance. Cardiovascular mortality and all-cause mortality were significantly lower 
with ticagrelor, and there was no significant statistical benefit of ticagrelor related 
to MI and stroke [75]. DAPT with clopidogrel and ticagrelor in patients with non 
ST-elevation acute coronary syndrome (NSTE-ACS) was evaluated 3 months after 
off-pump CABG (only arterial grafts were used) in retrospective observational study, 
and there was no significant difference in overall survival or composite outcome of 
MACCE or major bleeding [76]. Prasugrel was compared with clopidogrel in patients 
with acute coronary syndrome RCT (TRITON-TIMI 38) where DAPT with ASA plus 
clopidogrel 75 mg daily or ASA plus prasugrel 10 mg daily was used [77]. Although 
major bleeding complications were significantly higher with prasugrel, the primary 
composite outcome of MACCE was significantly lower in prasugrel group, and 
all-cause mortality within 30 days in a subgroup of patients undergoing CABG was 
significantly reduced [77]. Meta-analysis of nine RCT that confirms benefit of DAPT 
among the subset of patients after ACS who had undergone CABG suggests that 
higher-intensity (prasugrel or ticagrelor) than lower-intensity (clopidogrel) DAPT is 
associated with an approximate 50% lower all-cause mortality in such patients, but 
data are primarily based on post-randomization subset from a single RCT [78]. Latest 
review on DAPT and CABG with focus on ACS supports the use of DAPT with ASA 
and ticagrelor for patients with ACS after CABG [79].

4.2 Antiplatelet therapy after CABG in setting of CCS

Stable ischemic heart disease (SIHD) refers to patients with known or sus-
pected ischemic heart disease, including those with new-onset chest pain and 
those who have undergone PCI or CABG, and this term is used in 2014 ACC/AHA/
AATS/PCNA/SCAI/STS Focused Update of the Guideline for the Diagnosis and 
Management of Patients With Stable Ischemic Heart Disease [80]. However, the 
disease is chronic, most often progressive and serious, even in clinically apparently 
silent periods. The new 2019 ESC Guidelines for the diagnosis and management 
of chronic coronary syndromes (CCS) emphasize that the dynamic nature of the 
CAD process results in various clinical presentations, which can be conveniently 
categorized as either ACS or CCS [81]. Latest guidelines note limited evidence on 
the role of DAPT after CABG in SIHD [1, 71]. 2016 ACC/AHA DAPT guideline 
update provides a class IIb recommendation for 12 months of DAPT to improve SVG 
patency [71]. The 2017 ESC focused update guideline suggests insufficient evidence 
to generally recommend DAPT postoperatively to reduce vein graft occlusion in 
stable patients who underwent CABG, unless concomitant or prior indication 
overrides [1]. Several studies have provided conflicting results on the effects of 
DAPT on the SVG patency. Graft patency was assessed with invasive coronary 
angiography or computerized tomography (CT). In Clopidogrel After Surgery for 
Coronary Artery disease (CASCADE) randomized trial, the combination of aspirin 
plus clopidogrel did not significantly reduce the process of SVG intimal hyperplasia 
(assessed with coronary angiography and intravascular ultrasound, IVUS) com-
pared with ASA monotherapy [82]. Graft patency was not significantly improved 
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in ROOBY trial [83] and a trial that randomized 100 patients after CABG [84]. In 
secondary analysis of CASCADE, the superiority of DAPT over ASA monotherapy 
in reducing the incidence of new occlusions within native coronary arteries after 
CABG was demonstrated [85]. Contradictorily, in Prevention of Coronary Artery 
Bypass Occlusion After Off-Pump Procedure (CRYSSA) trial, DAPT with ASA and 
clopidogrel was associated with significantly lower SVG occlusion rates than ASA 
monotherapy [86], and similar was shown in a previous RCT but with no significant 
differences in MACCE [87]. Observational studies in the cardiac surgery literature 
have suggested that clopidogrel may improve postoperative outcomes [88] and 
also demonstrated that the addition of clopidogrel to ASA was associated with a 
trend toward improved SVG patency 6 months after surgery [89], and it noted that 
postoperative clopidogrel was associated with less symptom recurrence and fewer 
adverse cardiac events [90]. Meta-analysis of DAPT with clopidogrel and ASA over 
monotherapy with ASA established that DAPT reduces the risk of SVG occlusion 
[91, 92] and was associated with a smaller incidence of early mortality but also 
linked with major bleeding episodes in the early postoperative period [92]. There is 
lack of studies that compare the effect of ticagrelor or prasugrel in addition to ASA 
on SVG patency. Effect of ticagrelor plus aspirin, ticagrelor alone, or aspirin alone 
on SVG patency 1 year after elective CABG was assessed in RCT and demonstrated 
that DAPT with ticagrelor and aspirin significantly improved graft patency, but 
there was no significant improvement with ticagrelor alone or aspirin alone, no 
statistically significant difference in event rates of MACCE, and no major bleeding 
in DAPT group [93]. And most recently, the Ticagrelor Compared with Aspirin 
for Prevention of Vascular Events in Patients Undergoing Coronary Artery Bypass 
Grafting (TiCAB) trial randomized patients in either ticagrelor twice daily or aspi-
rin once daily group (study did not evaluate DAPT), and the primary outcome of 
MACE at 12 months did not differ significantly between two groups [94]. In latest 
meta-analyses data were also contradictory. One meta-analysis showed that DAPT 
appears to be associated with a reduction in graft occlusion and major adverse car-
diac events in all-cause mortality, without significantly increasing major bleeding 
[95]. Improved graft patency with DAPT compared with aspirin was also shown in a 
meta-analysis of RCTs only [96]. Combined meta-analysis among patients undergo-
ing CABG suggested association of DAPT with lover cardiovascular mortality in 
observational studies, but such findings were not replicated in RCTs [97].

4.3  Triple therapy (aspirin, P2Y12 inhibitor, and OAC) in patients after PCI or 
CABG

Addition of DAPT to oral anticoagulant (OAC) therapy increases bleeding 
complications for two- to threefolds [98, 99]. Therefore, patients who need triple 
therapy (comorbidity such as atrial fibrillation, thrombus in left ventricle, deep 
venous thrombosis, mechanical heart valve) are at high risk of bleeding. Assessing 
ischemic and bleeding risks using validated risk predictors (e.g., CHA2DS2-VASc3, 
ABC4, HAS-BLED5) with a focus on modifiable risk factors is one of the strategies to 
avoid bleeding complications. Triple therapy in patients undergoing PCI should last 
as short as possible (1 month if concerns about bleeding risks are prevailing and up 

3 CHA2DS2-VASc indicates congestive heart failure, hypertension, age ≥75 years (doubled), diabetes 
mellitus, prior stroke or transient ischemic attack or thromboembolism (doubled), vascular disease, age 
65–74 years, and sex category.
4 Age, biomarkers (GDF-15, cTnT-hs, hemoglobin), and clinical history (ABC).
5 Hypertension, abnormal renal and liver function, stroke, bleeding, labile INR, elderly, drugs or alcohol 
(HAS-BLED).
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patients revascularized with CABG after MI, the benefit and efficacy of postopera-
tive clopidogrel treatment in reducing risk of death or recurrent MI were confirmed 
[74]. The Platelet Inhibition and Patient Outcomes (PLATO) trial randomized 
patients with ACS to DAPT with either ASA plus ticagrelor 90 mg twice daily or ASA 
plus clopidogrel 75 mg once daily [75]. The composite primary end point of death 
from vascular causes, MI, or stroke was significantly reduced in the ticagrelor group, 
and ticagrelor was associated with a higher rate of major bleeding (no statistical dif-
ference in overall major bleeding). In a subgroup of patients who underwent CABG, 
effect on the primary outcome at 1 year was again consistent but did not reach sig-
nificance. Cardiovascular mortality and all-cause mortality were significantly lower 
with ticagrelor, and there was no significant statistical benefit of ticagrelor related 
to MI and stroke [75]. DAPT with clopidogrel and ticagrelor in patients with non 
ST-elevation acute coronary syndrome (NSTE-ACS) was evaluated 3 months after 
off-pump CABG (only arterial grafts were used) in retrospective observational study, 
and there was no significant difference in overall survival or composite outcome of 
MACCE or major bleeding [76]. Prasugrel was compared with clopidogrel in patients 
with acute coronary syndrome RCT (TRITON-TIMI 38) where DAPT with ASA plus 
clopidogrel 75 mg daily or ASA plus prasugrel 10 mg daily was used [77]. Although 
major bleeding complications were significantly higher with prasugrel, the primary 
composite outcome of MACCE was significantly lower in prasugrel group, and 
all-cause mortality within 30 days in a subgroup of patients undergoing CABG was 
significantly reduced [77]. Meta-analysis of nine RCT that confirms benefit of DAPT 
among the subset of patients after ACS who had undergone CABG suggests that 
higher-intensity (prasugrel or ticagrelor) than lower-intensity (clopidogrel) DAPT is 
associated with an approximate 50% lower all-cause mortality in such patients, but 
data are primarily based on post-randomization subset from a single RCT [78]. Latest 
review on DAPT and CABG with focus on ACS supports the use of DAPT with ASA 
and ticagrelor for patients with ACS after CABG [79].

4.2 Antiplatelet therapy after CABG in setting of CCS

Stable ischemic heart disease (SIHD) refers to patients with known or sus-
pected ischemic heart disease, including those with new-onset chest pain and 
those who have undergone PCI or CABG, and this term is used in 2014 ACC/AHA/
AATS/PCNA/SCAI/STS Focused Update of the Guideline for the Diagnosis and 
Management of Patients With Stable Ischemic Heart Disease [80]. However, the 
disease is chronic, most often progressive and serious, even in clinically apparently 
silent periods. The new 2019 ESC Guidelines for the diagnosis and management 
of chronic coronary syndromes (CCS) emphasize that the dynamic nature of the 
CAD process results in various clinical presentations, which can be conveniently 
categorized as either ACS or CCS [81]. Latest guidelines note limited evidence on 
the role of DAPT after CABG in SIHD [1, 71]. 2016 ACC/AHA DAPT guideline 
update provides a class IIb recommendation for 12 months of DAPT to improve SVG 
patency [71]. The 2017 ESC focused update guideline suggests insufficient evidence 
to generally recommend DAPT postoperatively to reduce vein graft occlusion in 
stable patients who underwent CABG, unless concomitant or prior indication 
overrides [1]. Several studies have provided conflicting results on the effects of 
DAPT on the SVG patency. Graft patency was assessed with invasive coronary 
angiography or computerized tomography (CT). In Clopidogrel After Surgery for 
Coronary Artery disease (CASCADE) randomized trial, the combination of aspirin 
plus clopidogrel did not significantly reduce the process of SVG intimal hyperplasia 
(assessed with coronary angiography and intravascular ultrasound, IVUS) com-
pared with ASA monotherapy [82]. Graft patency was not significantly improved 
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in ROOBY trial [83] and a trial that randomized 100 patients after CABG [84]. In 
secondary analysis of CASCADE, the superiority of DAPT over ASA monotherapy 
in reducing the incidence of new occlusions within native coronary arteries after 
CABG was demonstrated [85]. Contradictorily, in Prevention of Coronary Artery 
Bypass Occlusion After Off-Pump Procedure (CRYSSA) trial, DAPT with ASA and 
clopidogrel was associated with significantly lower SVG occlusion rates than ASA 
monotherapy [86], and similar was shown in a previous RCT but with no significant 
differences in MACCE [87]. Observational studies in the cardiac surgery literature 
have suggested that clopidogrel may improve postoperative outcomes [88] and 
also demonstrated that the addition of clopidogrel to ASA was associated with a 
trend toward improved SVG patency 6 months after surgery [89], and it noted that 
postoperative clopidogrel was associated with less symptom recurrence and fewer 
adverse cardiac events [90]. Meta-analysis of DAPT with clopidogrel and ASA over 
monotherapy with ASA established that DAPT reduces the risk of SVG occlusion 
[91, 92] and was associated with a smaller incidence of early mortality but also 
linked with major bleeding episodes in the early postoperative period [92]. There is 
lack of studies that compare the effect of ticagrelor or prasugrel in addition to ASA 
on SVG patency. Effect of ticagrelor plus aspirin, ticagrelor alone, or aspirin alone 
on SVG patency 1 year after elective CABG was assessed in RCT and demonstrated 
that DAPT with ticagrelor and aspirin significantly improved graft patency, but 
there was no significant improvement with ticagrelor alone or aspirin alone, no 
statistically significant difference in event rates of MACCE, and no major bleeding 
in DAPT group [93]. And most recently, the Ticagrelor Compared with Aspirin 
for Prevention of Vascular Events in Patients Undergoing Coronary Artery Bypass 
Grafting (TiCAB) trial randomized patients in either ticagrelor twice daily or aspi-
rin once daily group (study did not evaluate DAPT), and the primary outcome of 
MACE at 12 months did not differ significantly between two groups [94]. In latest 
meta-analyses data were also contradictory. One meta-analysis showed that DAPT 
appears to be associated with a reduction in graft occlusion and major adverse car-
diac events in all-cause mortality, without significantly increasing major bleeding 
[95]. Improved graft patency with DAPT compared with aspirin was also shown in a 
meta-analysis of RCTs only [96]. Combined meta-analysis among patients undergo-
ing CABG suggested association of DAPT with lover cardiovascular mortality in 
observational studies, but such findings were not replicated in RCTs [97].

4.3  Triple therapy (aspirin, P2Y12 inhibitor, and OAC) in patients after PCI or 
CABG

Addition of DAPT to oral anticoagulant (OAC) therapy increases bleeding 
complications for two- to threefolds [98, 99]. Therefore, patients who need triple 
therapy (comorbidity such as atrial fibrillation, thrombus in left ventricle, deep 
venous thrombosis, mechanical heart valve) are at high risk of bleeding. Assessing 
ischemic and bleeding risks using validated risk predictors (e.g., CHA2DS2-VASc3, 
ABC4, HAS-BLED5) with a focus on modifiable risk factors is one of the strategies to 
avoid bleeding complications. Triple therapy in patients undergoing PCI should last 
as short as possible (1 month if concerns about bleeding risks are prevailing and up 
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to 6 months if concerns about ischemic risks are prevailing), and then dual therapy 
is to be considered (OAC and clopidogrel) up to 12 months [1]. Non-vitamin K oral 
anticoagulant (NOAC) should be considered instead of vitamin K antagonist (VKA). 
International normalized ratio (INR) is suggested to be in the lower part of the 
recommended target range, and time in therapeutic range should be maximized (i.e., 
>65–70%) when VKA is used [1, 71]. Using low dose (≤100 mg) of ASA is recom-
mended and also routine use of proton pump inhibitors (PPIs) [1, 71]. Clopidogrel 
is the P2Y12 inhibitor of choice in such regimen of therapy; the use of prasugrel and 
ticagrelor should be avoided [1]. In a study of 377 patients who underwent drug-elut-
ing stent implantation and had an indication for oral anticoagulation, prasugrel was 
evaluated as alternative to clopidogrel, and results showed an increased risk of bleed-
ing in patients needing triple therapy [100]. Recent meta-analysis demonstrated that 
the use of ticagrelor as part of dual or triple therapy is associated with significantly 
higher rates of clinically relevant hemorrhagic complications than clopidogrel [101]. 
Latest review article on this subject points out already known stronger antiplatelet 
effect of ticagrelor and prasugrel, yet they are not used because of the increased risk, 
whether real or perceived, which has not been confirmed with large RCT in patients 
with ACS and atrial fibrillation [102]. In patients eligible for CABG surgery, DAPT 
should be avoided on the top of OAC and is not suggested in which antiplatelet agent 
in addition to OAC should be used [1].

5. Conclusion

• There is no strong evidence based on RCTs or meta-analysis regarding duration 
and choice of antiplatelet agents after CABG, especially in setting of stable CAD.

• The 2017 ESC focused update guideline suggests insufficient evidence to 
generally recommend DAPT postoperatively to reduce graft occlusion in 
stable patients who underwent CABG, unless concomitant or prior indica-
tion overrides. In setting of ACS, combination of ASA with P2Y12 inhibitor is 
recommended up to 12 months after CABG, but the choice between ASA and 
which P2Y12 inhibitor to use is not clearly defined. In patients perceived at 
high ischemic risk with prior MI and CABG who have tolerated DAPT without 
bleeding complications, treatment with DAPT for longer than 12 months and 
up to 36 months may be considered [1].

• There is no clear evidence of aspirin resistance in CABG patients and effect 
on their clinical outcome. Also, there is no uniform data regarding addition 
of clopidogrel to ASA in reducing the incidence of CABG-related aspirin 
resistance.

• Available data suggests that the incidence of late MACEs was higher in the HPR 
group after clopidogrel administration post CABG, and also higher prevalence 
of HPR was shown in CAD patients treated with clopidogrel than patients 
treated with ticagrelor or prasugrel. Positive effect of adjusting standard 
clopidogrel treatment based on platelet function testing was shown; however, 
personalized therapy is not recommended because no large RCT demonstrated 
any clinical benefit.

• Ticagrelor and prasugrel have a low occurrence of HPR, and platelet function 
testing is not recommended; in addition there are no large RCT studies avail-
able on this subject.
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• Resistance to antiplatelet drugs and its impact to the clinical outcomes (bypass 
patency, major adverse cardiovascular events such as MI, PCI, re-do CABG, 
and cardiac mortality) of patients requires further investigation with larger 
studies.

• It is reasonable to assume (and meta-analyses of studies consisting of patients 
with cardiovascular disease suggest) that patients who are resistant to ASA 
have a greater risk of clinically important cardiovascular morbidity long term 
than ASA-sensitive patients.

• Further studies are needed in order to define the role of more aggressive 
antiplatelet therapy post CABG on graft patency and clinical outcome.

• Besides optimal antiplatelet therapy, other variables such as surgeon experi-
ence and skill, stage and severity of CAD, long-lasting postoperative control 
of cardiovascular risk factors, the degree of reduction of systolic function of 
left ventricle before CABG, and other associated comorbidity (e.g., diabetes, 
chronic renal failure, etc.) have to be taken into consideration when interpret-
ing MACCE and CABG patient outcomes.
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to 6 months if concerns about ischemic risks are prevailing), and then dual therapy 
is to be considered (OAC and clopidogrel) up to 12 months [1]. Non-vitamin K oral 
anticoagulant (NOAC) should be considered instead of vitamin K antagonist (VKA). 
International normalized ratio (INR) is suggested to be in the lower part of the 
recommended target range, and time in therapeutic range should be maximized (i.e., 
>65–70%) when VKA is used [1, 71]. Using low dose (≤100 mg) of ASA is recom-
mended and also routine use of proton pump inhibitors (PPIs) [1, 71]. Clopidogrel 
is the P2Y12 inhibitor of choice in such regimen of therapy; the use of prasugrel and 
ticagrelor should be avoided [1]. In a study of 377 patients who underwent drug-elut-
ing stent implantation and had an indication for oral anticoagulation, prasugrel was 
evaluated as alternative to clopidogrel, and results showed an increased risk of bleed-
ing in patients needing triple therapy [100]. Recent meta-analysis demonstrated that 
the use of ticagrelor as part of dual or triple therapy is associated with significantly 
higher rates of clinically relevant hemorrhagic complications than clopidogrel [101]. 
Latest review article on this subject points out already known stronger antiplatelet 
effect of ticagrelor and prasugrel, yet they are not used because of the increased risk, 
whether real or perceived, which has not been confirmed with large RCT in patients 
with ACS and atrial fibrillation [102]. In patients eligible for CABG surgery, DAPT 
should be avoided on the top of OAC and is not suggested in which antiplatelet agent 
in addition to OAC should be used [1].

5. Conclusion

• There is no strong evidence based on RCTs or meta-analysis regarding duration 
and choice of antiplatelet agents after CABG, especially in setting of stable CAD.

• The 2017 ESC focused update guideline suggests insufficient evidence to 
generally recommend DAPT postoperatively to reduce graft occlusion in 
stable patients who underwent CABG, unless concomitant or prior indica-
tion overrides. In setting of ACS, combination of ASA with P2Y12 inhibitor is 
recommended up to 12 months after CABG, but the choice between ASA and 
which P2Y12 inhibitor to use is not clearly defined. In patients perceived at 
high ischemic risk with prior MI and CABG who have tolerated DAPT without 
bleeding complications, treatment with DAPT for longer than 12 months and 
up to 36 months may be considered [1].

• There is no clear evidence of aspirin resistance in CABG patients and effect 
on their clinical outcome. Also, there is no uniform data regarding addition 
of clopidogrel to ASA in reducing the incidence of CABG-related aspirin 
resistance.

• Available data suggests that the incidence of late MACEs was higher in the HPR 
group after clopidogrel administration post CABG, and also higher prevalence 
of HPR was shown in CAD patients treated with clopidogrel than patients 
treated with ticagrelor or prasugrel. Positive effect of adjusting standard 
clopidogrel treatment based on platelet function testing was shown; however, 
personalized therapy is not recommended because no large RCT demonstrated 
any clinical benefit.

• Ticagrelor and prasugrel have a low occurrence of HPR, and platelet function 
testing is not recommended; in addition there are no large RCT studies avail-
able on this subject.
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• Resistance to antiplatelet drugs and its impact to the clinical outcomes (bypass 
patency, major adverse cardiovascular events such as MI, PCI, re-do CABG, 
and cardiac mortality) of patients requires further investigation with larger 
studies.

• It is reasonable to assume (and meta-analyses of studies consisting of patients 
with cardiovascular disease suggest) that patients who are resistant to ASA 
have a greater risk of clinically important cardiovascular morbidity long term 
than ASA-sensitive patients.

• Further studies are needed in order to define the role of more aggressive 
antiplatelet therapy post CABG on graft patency and clinical outcome.

• Besides optimal antiplatelet therapy, other variables such as surgeon experi-
ence and skill, stage and severity of CAD, long-lasting postoperative control 
of cardiovascular risk factors, the degree of reduction of systolic function of 
left ventricle before CABG, and other associated comorbidity (e.g., diabetes, 
chronic renal failure, etc.) have to be taken into consideration when interpret-
ing MACCE and CABG patient outcomes.
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Chapter 4

Role of Medical Therapy in 
Chronic Mitral Regurgitation
Ruchika Meel

Abstract

Mitral regurgitation is one of the most commonly encountered valvular heart 
diseases in both the developing and the developed world. From various studies, it is 
known that chronic mitral regurgitation is associated with progressive left ven-
tricular dysfunction, and eventually death if left untreated. This disease has a long 
silent period before symptoms manifest. During this latent period, left ventricular 
function progressively deteriorates and results in poor outcomes for patients even 
if surgery is performed. A few studies have evaluated the role of medical therapy in 
patients with chronic mitral regurgitation. This chapter will provide an overview of 
the use of medical therapy in chronic mitral regurgitation.

Keywords: chronic mitral regurgitation, medical therapy

1. Introduction

In heart failure (HF), irrespective of aetiology, there is activation of the sym-
pathetic nervous system and the renin angiotensin system that initially serves as 
compensatory mechanism to maintain the falling cardiac output through retention 
of sodium and water, peripheral arterial vasoconstriction and increased cardiac 
contractility [1–3]. However, long term stimulation of these systems has a deleteri-
ous effect and results in cardiac remodelling and eventually irreversible HF in the 
absence of therapy [2, 4]. In HF due to chronic mitral regurgitation (MR) the afore-
mentioned mechanisms are activated and over time result in apoptosis, necrosis 
and myocyte slippage and left ventricular (LV) remodelling and dilatation from loss 
of interstitial collagen [3]. There are a number of studies that have evaluated the 
effects of drugs in degenerative MR. Most of these involved beta blockers or vasodi-
lators. The pathophysiologic basis for their use was to prevent the deleterious effect 
of sympathetic nervous system in MR, and medical therapy decreased afterload and 
LV wall stress, thus preventing deleterious remodelling [5].

In this review chapter a brief overview of aetiology and pathophysiology of MR 
will be provided, followed by the current perspective regarding the value of medical 
therapy in chronic MR will be discussed.

2. Definition and aetiology of mitral regurgitation

Chronic MR is a result of abnormality of the one or more of the components of 
the mitral valve apparatus [3, 6]. Mitral regurgitation can be a result of abnormal-
ity of mitral leaflet, chordae tendineae, papillary muscles and annulus. It can be 
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primary or secondary. Primary MR is confined to de novo abnormality of the mitral 
leaflet itself, whereas secondary MR is as a result of another disease process usually 
involving the LV, which results in a regurgitant mitral valve. Mitral regurgitation 
results in volume overload of the LV and culminates in left ventricular failure if left 
untreated.

There are numerous aetiologies of mitral regurgitation [6]. The common cause 
of MR in the developed world is due to degenerative disease and in the develop-
ing world MR is due to rheumatic heart disease (Figure 1). Other causes of MR 
include: infective endocarditis, trauma, drugs, congenital heart disease and 
annular calcification. Secondary mitral regurgitation is due to coronary artery 
disease, cardiomyopathies (dilated, hypertrophic cardiomyopathy) and right 
ventricular pacing.

3. Pathophysiology of chronic mitral regurgitation

The amount of blood regurgitating into the left atrium depends on the size of the  
regurgitant orifice and the pressure gradient between the LV and the left atrium [3].  
The regurgitant orifice and the gradient between the LV and the left atrium are 
not static. The pressure gradient between the two chambers is dependent on the 
peripheral vascular resistance. The mitral annulus is a dynamic structure and thus 
any change in the preload, afterload, and contractility alters the size of the annulus 
due to alteration the LV size. Therefore, when the afterload, preload and contractil-
ity decrease, the size of the mitral annulus decreases and so does the regurgitant 
orifice. Vasodilators, inotropes and diuretics tend to decrease the size of the LV, thus 
decreasing the mitral annulus size and the area of regurgitant orifice and hence 
the regurgitant volume. Conversely, any condition that increases the size of the 
LV increases the mitral annulus size and size of the regurgitant orifice. Further, in 
addition to magnitude of the pressure gradient difference the duration of the gradi-
ent has an effect on volume of regurgitation [8].

Thus, in summary the regurgitant volume can be estimated by the following 
formulae [9]:

 Mitral Regurgitant Volume   =   Mitral Regurgitant Orifice Area × constant ×  
Duration of pressure gradient × square root  (LV Pressure − Left Atrial Pressure)   

Figure 1. 
(A) Parasternal long-axis view depicting an eccentric anteriorly directed mitral regurgitation jet secondary 
to restricted posterior mitral leaflet motion. (B) Parasternal long-axis view depicting a contemporary patient 
with established rheumatic heart disease: thickened shortened chordae, restricted posterior mitral leaflet [7].
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By altering the LV and left atrial pressure gradient and the orifice size various 
drugs can decrease or increase the mitral regurgitant volume.

Chronic MR is characterised by a compensated, transitional and decompensated 
stage [3, 10]. The compensated stage is characterised by LV remodelling. During this 
stage there is preserved ejection fraction as a result of eccentric ventricular hyper-
trophy accompanied by an elevated end diastolic volume. There is laying down of 
sarcomere in series and a shift in pressure-volume curve to the right with a larger 
volume for any given pressure. The transition phase is characterised by a decline in 
LV ejection fraction, the regurgitant volume and an increase in the afterload and 
there is a decrease in myocardial contractility. If untreated, the patient progresses 
into the decompensated state characterised by neurohormonal activation. There is 
increased LV stiffness with an increase in end-diastolic and end-systolic volume, 
preload and afterload with a decline in ejection fraction and stroke volume.

The compensated and the transition phase present opportunity for surgical 
intervention before the decompensated phase sets in and irreversible myocardial 
damages ensue. Current valvular heart disease guidelines recommend use of 
medical therapy for heart failure in patients with mitral regurgitation [11]. Medical 
therapy in the form of vasodilators and diuretics can be used in patients who are 
in decompensated phase and are at a high risk for surgery, and in the compensated 
phase where there is no indication for surgery. In the compensated phase the use of 
vasodilators aims to decrease the afterload, as it may help delay time to surgery [12].

4. Medical therapy in chronic mitral regurgitation

In chronic MR the persistent volume overload results in activation of compensa-
tory mechanisms which include activation of sympathetic nervous system-renin 
angiotensin aldosterone system, the Frank-Starling mechanism and eccentric 
hypertrophy [3, 13]. Over the long-term, these compensatory mechanisms are 
deleterious and culminate in myocardial dysfunction and failure. These pathways 
have provided the rationale for benefit of medical therapy in MR. The following 
agents have been studied in chronic MR:

1. Vasodilators-angiotensin converting enzyme inhibitors (ACEI), angiotensin 
receptor blockers (ARB), hydralazine

2. Beta-blockers

3. Aldosterone receptor blockers

4. Combination anti-remodelling therapy

4.1 Vasodilators in chronic mitral regurgitation

Angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor 
blockers (ARBs) reduce the severity of MR and hence HF symptoms by decreasing 
the afterload and potentially reversing the remodelling process. The decrease in pre-
dominantly peripheral vascular resistance results primarily in decrease in the size of 
the LV and thus size of the mitral annulus and that of the regurgitant orifice [14–16].

ACEIs have been used in the treatment of systolic HF with significant reductions 
in morbidity and mortality [17]. In the context of MR, benazepril was used in dogs 
with moderate to severe MR and showed improved survival [18]. Wisenbaugh et al. 
studied the effects of captopril in 32 patients with severe isolated MR over a 6-month 
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period, and found no difference in LV diameters or ejection fraction when compared 
to placebo [19]. In a trial on humans assessing a combined population of patients with 
moderate to severe aortic regurgitation and MR, a significant reduction in regurgitant 
fraction, LV end-systolic and end diastolic volumes and LV mass, was noted when 
quinapril was used [20]. One study looked at the use of lisinopril in patients with 
chronic moderate MR with preserved LV ejection fraction and without symptoms. 
Twenty-three patients were randomised to receive lisinopril or placebo for a period 
of 12 months. A decrease in regurgitant fraction was noted in the group on lisinopril 
compared to the placebo arm without a change in left atrial or LV size [21].

In a paediatric case-control study of patients with moderate to severe MR 
the effect of ACEI on LV size and function was small after a follow-up period of 
1 month to 1 year [22].

ARBs seem to produce a similar beneficial effect. In a, small study on the use 
of losartan for the treatment of MR, a modest but variable improvement in the 
severity of MR was noted. Specifically, the regurgitant volume and the effective 
regurgitant orifice decreased and the effect was durable for 1 month [15]. Another 
trial assessing moderate degenerative and rheumatic MR also found a beneficial 
effect with losartan over a 6-week period with regards to MR severity, LA size, and 
LV function [23].

Irbesartan was tested in an animal study. In this study irbesartan was adminis-
tered to animals with new onset MR for a duration of 3 months. It reduced periph-
eral vascular resistance in the study group compared to group that received no 
therapy. However, no effect on LV dimensions was noted [24].

Hydralazine and lisinopril in combination with isosorbide dinitrate have been 
studied in patients with HF complicated by secondary MR [25, 26]. Hydralazine was 
tested in a small study of 15 patients with HF and MR, it should a variable response 
with half the patients showing no or minimal improvement over a follow-up period 
of 13 months. A second study looked at the benefit of lisinopril and isosorbide 
dinitrate in patients with HF and MR. This study showed an overall improvement in 
symptoms, hospitalisations due to HF and in peak oxygen consumption. In terms of 
reduction in MR severity and LV size, the response was variable.

It is important to note the aetiology of MR when using drugs that venodilate. 
Venodilators tend to worsen MR in patients with a fixed orifice such as rheumatic 
heart disease. In these patients venodilation results in a decrease in pulmonary 
venous pressure and hence a decrease in left atrial pressure, which results in 
tendency of the blood to follow the path of least resistance, that is, from LV into 
the left atrium. A reduction in just the systemic vascular resistance as in patients 
with rheumatic MR and co-morbidity of hypertension results in decrease in MR 
severity [26].

4.2 Beta blockers in chronic mitral regurgitation

The adrenergic system becomes activated at an early stage in patients with mitral 
regurgitation [27]. It acts as a support mechanism to maintain the contractility and 
cardiac output in MR. However, catecholamines are deleterious overlong term. 
Increased catecholamines induce myocyte apoptosis [28]. Hence, beta blockers 
are beneficial by preventing cardiac myocyte death due to excessive sympathetic 
activity.

Beta-blockade has demonstrated efficacy in reducing mortality in patients with 
cardiac failure due to non-valvular causes [17]. In canine models with chronic experi-
mental MR chronic beta-blocker therapy improves LV function [13]. A pilot study 
involving patients with moderate to severe MR on beta-blocker therapy (metoprolol) 
was conducted over a 2-week period. Cardiac magnetic resonance imaging was used 
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to follow-up this cohort. No reduction in regurgitant volume was demonstrated, how-
ever, LV work was reduced by beta-blocker therapy [29]. A larger study was therefore 
proposed to assess the effect of beta-blockers on LV function and symptoms due to 
MR. A subsequent trial was published, involving patients with moderate to severe, 
degenerative MR on beta-blocker therapy, (metoprolol) over a 2-year follow-up. LV 
function was assessed using cardiac magnetic resonance imaging. Improvements 
were found in LV ejection fraction and LV early diastolic filling rate. No change in LV 
end-diastolic volume or LV end-systolic volume was noted [30].

4.3 Aldosterone receptor antagonist in chronic mitral regurgitation

Aldosterone play an important role in HF progression [31]. In HF there is a 
decline in cardiac output which results in the activation of neurohormonal system 
and the renin angiotensin aldosterone pathway. The increased level of aldosterone 
stimulates inflammation and cardiac fibrosis. This results in pathologic cardiac 
remodelling.

Spironolactone has been evaluated in the context of systolic HF resulting in 
favourable LV remodelling and a decline in morbidity and mortality through 
aldosterone antagonism [17, 32]. The mortality reduction in HF was attributed to a 
decrease in sudden death and progression of HF. No human trials with spironolac-
tone in MR have been noted in the literature. In dogs however, a study investigating 
spironolactone in moderate to severe MR resulted in a significant reduction (55%) 
in a composite end-point of cardiac-related death, euthanasia, or severe worsening 
of MR [33].

4.4 Combination anti-remodelling therapy in chronic mitral regurgitation

There is proven mortality and morbidity benefit of combination anti-remodelling 
therapy in systolic HF as a result of ischaemia and cardiomyopathies [17, 34, 35]. 
Guidelines on valvular heart disease recommend medical therapy for HF (EF < 50%) 
in chronic MR (class IIa, level of evidence B) [36]. However, there are no ran-
domised controlled studies on effects of combination therapy in HF secondary to 
MR. Recently, in a small observational study Meel et al. showed that combination 
anti-remodelling therapy may be beneficial for HF secondary to chronic rheumatic 
MR with no HF related admissions or deaths, and no deterioration in echocardio-
graphic parameters of ventricular size and function [37].

5. Conclusion

Most of above-mentioned trials were small studies involving vasodilators such 
as ACEIs and beta-blockers in degenerative MR and have been inconclusive. There 
is limited data pertaining to role of medical therapy in rheumatic MR. In general, 
LV dysfunction secondary to primary MR tends to respond poorly compared to LV 
dysfunction complicated by secondary MR. Currently there is no role of medical 
therapy in asymptomatic patients with chronic MR and preserved LV systolic 
function. Larger studies are needed to confirm benefit of medical therapy in 
chronic MR.
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compared to the placebo arm without a change in left atrial or LV size [21].

In a paediatric case-control study of patients with moderate to severe MR 
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symptoms, hospitalisations due to HF and in peak oxygen consumption. In terms of 
reduction in MR severity and LV size, the response was variable.

It is important to note the aetiology of MR when using drugs that venodilate. 
Venodilators tend to worsen MR in patients with a fixed orifice such as rheumatic 
heart disease. In these patients venodilation results in a decrease in pulmonary 
venous pressure and hence a decrease in left atrial pressure, which results in 
tendency of the blood to follow the path of least resistance, that is, from LV into 
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cardiac output in MR. However, catecholamines are deleterious overlong term. 
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favourable LV remodelling and a decline in morbidity and mortality through 
aldosterone antagonism [17, 32]. The mortality reduction in HF was attributed to a 
decrease in sudden death and progression of HF. No human trials with spironolac-
tone in MR have been noted in the literature. In dogs however, a study investigating 
spironolactone in moderate to severe MR resulted in a significant reduction (55%) 
in a composite end-point of cardiac-related death, euthanasia, or severe worsening 
of MR [33].

4.4 Combination anti-remodelling therapy in chronic mitral regurgitation

There is proven mortality and morbidity benefit of combination anti-remodelling 
therapy in systolic HF as a result of ischaemia and cardiomyopathies [17, 34, 35]. 
Guidelines on valvular heart disease recommend medical therapy for HF (EF < 50%) 
in chronic MR (class IIa, level of evidence B) [36]. However, there are no ran-
domised controlled studies on effects of combination therapy in HF secondary to 
MR. Recently, in a small observational study Meel et al. showed that combination 
anti-remodelling therapy may be beneficial for HF secondary to chronic rheumatic 
MR with no HF related admissions or deaths, and no deterioration in echocardio-
graphic parameters of ventricular size and function [37].

5. Conclusion

Most of above-mentioned trials were small studies involving vasodilators such 
as ACEIs and beta-blockers in degenerative MR and have been inconclusive. There 
is limited data pertaining to role of medical therapy in rheumatic MR. In general, 
LV dysfunction secondary to primary MR tends to respond poorly compared to LV 
dysfunction complicated by secondary MR. Currently there is no role of medical 
therapy in asymptomatic patients with chronic MR and preserved LV systolic 
function. Larger studies are needed to confirm benefit of medical therapy in 
chronic MR.
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Chapter 5

Coronary Artery Bypass Grafting:
Surgical Anastomosis: Tips and
Tricks
Mohd. Shahbaaz Khan

Abstract

The definite feature of coronary artery disease is the focal narrowing in the vascular
endothelium, and this leads to the decrease in the flow of blood to themyocardium.
Atherosclerotic plaque is themain lesion. These patients can presentwith chest pain
(anginaormyocardial infarction) andneed furtherworkupnoninvasively and invasively
for themanagement. Themain reasons formyocardial revascularization canbe: (1) relief
from symptoms ofmyocardial ischemia; (2) reduce the risks of futuremortality; (3) to
treat or preventmorbidities such asmyocardial infarction, arrhythmias, or heart failure.
Coronary artery bypass grafting (CABG) is the surgical technique of cardiac revascular-
ization. In 1910, Dr. Alexis Carrel described a series of canine experiments inwhich he
devisedmeans to treat CADby creating a “complementary circulation” for the diseased
native coronary arteries. No clinical translation occurred at the time, but hewas awarded
theNobel Prize inMedicine. Experimental refinements of coronary arterial revasculari-
zation, including the use of internal thoracic artery (ITA) grafts, were later reported by
Murray and colleagues, Demikhov, andGoetz and colleagues in the 1950s and early
1960s.Dr.ReneFavaloroperformedhis first coronarybypass operation inMay1967with
an interposed saphenous vein graft (SVG) and shortly thereafter used aortocoronary
bypasses sutured proximally to the ascending aorta. The stenosed segment is bypassed
using an arterial or venous graft. Left internal thoracic artery is themost commonly used
artery, and long saphenous vein is themost commonly used vein for the coronary artery
grafting to reestablish the blood flow to the compromisedmyocardium. This can be
performedwith orwithout thehelp of cardiopulmonarybypassmachine andalsowith or
without arresting the heart. These techniques are called as on-pump beating or on-pump
arrested and off-pump beating coronary artery bypass grafting surgery. Distal and prox-
imal anastomoses are usually performed in an end-to-sidemanner, but in the case of
doing sequential grafting, side-to-side anastomosis is also performed proximal to the
end-to-side anastomosis. In this chapterwe are going to discuss the coronary artery
bypass grafting tips and tricks in details.

Keywords: coronary artery bypass grafting, off-pump CABG, on-pump CABG,
LIMA, RIMA, radial, RSVG, sequential grafting

1. Introduction

Coronary artery disease is a major cause of mortality and morbidity not only in
the developed countries but also in developing countries. Over the last decade,
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mortality with this disease has decreased, but still it accounts for approximately
one-third of all the deaths in people over the age of 35 years. The American Heart
Association reported that nearly 16.5 million people (20 years or more age) had
coronary artery disease in 2017, with male predominance of 55% [1].

Coronary artery disease is the narrowing or occlusion of the vessel lumen due to
arterial wall thickening caused by subintimal deposition of atheroma and loss of
elasticity of the arterial wall. Atherosclerosis involves the proximal portions of the
coronary arteries, specifically at the branching sites. In the beginning it only affects
the flow reserve of the coronary artery, but as it advances, it affects the blood flow
even at rest and leads to myocardial ischemia or infarction depending on the sever-
ity of the disease. This can be divided as supply ischemia (myocardial infarction and
unstable angina) and demand ischemia (stable angina as during exercise, fever,
emotional stress, etc.) [2]. The subendocardium is most vulnerable to myocardial
ischemia due to the limited collateral blood flow. Therefore myocardial necrosis
progresses from the subendocardium to the epicardium with continuing ischemia.

A 75% cross-sectional area loss (50% diameter) is considered an important but
moderate stenosis, while a 90% cross-sectional area loss (67% diameter) is consid-
ered severe stenosis (Figure 1) [3].

There are three methods of treating coronary artery disease—medical manage-
ment, percutaneous intervention, and coronary artery bypass graft surgery [4, 5].

2. Medical management of coronary artery disease

1.Aspirin—it should be used daily in the case of stable angina. Daily use of
aspirin in stable angina decreases myocardial infarction and sudden death. Its
role is very important in unstable angina and myocardial infarction. Aspirin
should also be continued after PCI or CABG.

2.Platelet inhibitors—it inhibits the binding of the ADP to platelet P2Y12
receptors and consequently inhibits activation of GPIIb/IIIa complex.
Therefore it inhibits platelet aggregation. Clopidogrel is recommended if
patient is intolerable to aspirin or there are adverse or side effects of aspirin
such as GI bleeding or allergic reaction [6]. Both aspirin and clopidogrel are

Figure 1.
Relationship between loss of cross-sectional area and diameter of the vessel.
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recommended for at least 1 year after PCI and CABG. Aspirin and clopidogrel
combination is not recommended for stable angina as it is not superior to
aspirin alone and increases the risk of bleeding [7].

3.Beta blockers—these medicines decrease the myocardial oxygen demand and
improve exercise capacity. These are effective for stable angina, and dose
should be adjusted to keep heart rate about 60/min at rest and less than
100/min with exercise.

4.Calcium channel blocker—as beta blockers, these agents are also effective to
treat stable angina. They act mainly by causing vasodilatation and reducing
peripheral vascular resistance. The dihydropyridines (nifedipine, amlodipine,
etc.) do not affect the SA or AV node conduction. Their mechanism of action is
by dilating the coronary arteries and reducing the peripheral residence,
thereby leading to the decrease in myocardial oxygen demand. On the other
hand, non-dihydropyridines (verapamil, diltiazem, etc.) also affect the SA and
AV nodes and decrease the oxygen demand.

5.Nitrates—these are the coronary vasodilator agents. In the lower doses, they
are venodilator and reduce the preload, while in higher doses they are also
arterial dilators and thereby decrease the afterload too.

6.Ranolazine—this is the selective inhibitor of the late influx of sodium, thus
decreasing the myocardial contractility. It is usually used in combination with
beta blockers to treat angina.

7.Statins—these are hypolipidemic drugs that inhibit the HMG-CoA reductase
enzyme and decrease atherosclerotic effect.

8.ACE inhibitors—they inhibit the angiotensin-converting enzyme. These are
the class I recommendation for patients with chronic coronary artery disease
with low LVEF (˂40%) or diabetic and a class II recommendation for patients
without these mentioned features [8].

3. Percutaneous coronary intervention (PCI)

Although the term percutaneous coronary intervention refers to any therapeutic
coronary artery intervention, it has become synonymous with the percutaneous
coronary stent implantation. In the earlier days, bare metal stents were used, but
over the last decades, drug-eluting stents are the most commonly used stents for
PCI. PCI is performed in patients with stable coronary artery disease and also in
settings of acute coronary syndrome.

3.1 Indications for PCI

1.Moderate to severe stable angina with evidence of reversible ischemia.

2.High-risk unstable angina or ST elevation myocardial infarction (STEMI).

3.Acute STEMI.

4.Rescue PCI after failed thrombolysis.
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5.Cardiogenic shock after myocardial infarction (MI).

6.Revascularization after successful resuscitation.

3.2 Absolute contraindication

1.Lack of vascular access.

2.Active untreatable severe bleeding.

3.3 Relative contraindications

1.Bleeding disorder.

2.Severe renal insufficiency unless patient is on hemodialysis or has severe
electrolyte abnormality.

3.Sepsis.

4.Poor compliance with medicines.

5.Terminal illness (advanced or metastatic malignancy).

6.Short life expectancy.

7.Difficult coronary anatomy.

8.Failed previous PCI or not amenable to PCI.

9.Severe cognitive dysfunction or advanced physical limitation.

10.Other indication for open heart surgery.

3.4 In view of the following conditions, patients should not go for PCI

1.Small area of myocardium is at risk.

2.No objective evidence of ischemia with either noninvasive or invasive testing
(e.g., fractional flow reserve).

3.Less likelihood of technical success.

4.Left main coronary artery (LM) or multivessel coronary artery disease with a
high SYNTAX score (better for CABG).

5.Insignificant stenosis (˂50% stenosis).

6.End-stage cirrhosis with portal hypertension resulting in encephalopathy or
visceral bleeding.

82

The Current Perspectives on Coronary Artery Bypass Grafting

4. Coronary artery bypass grafting (CABG)

Coronary artery bypass grafting is a coronary revascularization by surgery. Dr
Rene Favaloro performed his first coronary bypass operation in May 1967 with an
interposed saphenous vein graft (SVG) and shortly thereafter used aortocoronary
bypasses sutured proximally to the ascending aorta. In the words of Dr Denton
Cooley, “Although he [Favaloro] was always hesitant to carry the moniker of
‘father’ of coronary artery bypass surgery, he is the surgeon we should credit with
introducing coronary bypass surgery into the clinical arena” [9]. It has been shown
to be highly effective in the relief of severe angina and under some circumstances
has the capability for considerably prolonging useful life. The stenosed segment of
the coronary artery is bypassed using an arterial or venous conduit, and by this it
reestablishes the blood flow to the distal ischemic myocardial area. Many studies
have shown that surgical revascularization is superior to medical and percutaneous
interventional management for multivessel CAD. Full workup should be done
before taking patient for surgery.

4.1 The anatomical factors which favor the CABG are as follows

1.Significant LM disease.

2.Significant proximal left anterior descending (LAD) disease.

3.Lesions not amenable to PCI.

4.Diabetes mellitus.

5.Depressed left ventricular (LV) ejection fraction.

Indications for CABG can be classified as per Table 1.

4.2 Indications for CABG

1.High-grade LM stenosis.

2.Significant stenosis (>75%) of proximal LAD with double- or triple-vessel
disease.

Table 1.
Classification of indications for CABG surgery.
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3.Symptomatic double- or triple-vessel disease.

4.Disabling angina despite maximal medical therapy.

5.Poor LV functions.

6.Post MI angina.

7.Post NSTEMI with ongoing ischemia that is unresponsive to medical therapy
or PCI.

8.STEMI with inadequate response to all nonsurgical management.

9.Emergency CABG.

10.Failed PCI.

4.3 Contraindications

4.3.1 Absolute contraindication

There is no absolute contraindication.

4.3.2 Relative contraindications

1.Asymptomatic patient with low risk of MI or death.

2.Advanced age.

3.Co-morbidities (COPD, pulmonary hypertension, etc.)

4.4 Factors increasing mortality after CABG

1.Preoperative renal insufficiency.

2.Peripheral vascular disease.

3.Recent MI.

4.Recent brain stroke.

5.Emergency surgery.

6.Cardiogenic shock.

5. Types of grafts

5.1 Arterial grafts

• Internal thoracic artery (internal mammary artery)

• Radial artery
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• Right gastroepiploic artery

• Inferior epigastric artery

• Ulnar artery

• Splenic artery

5.2 Venous grafts

• Greater saphenous vein

• Short saphenous vein

• Cephalic vein

5.3 Arterial grafts

5.3.1 Left internal mammary artery (LIMA)/left internal thoracic artery (LITA)

Drs. Vineberg and Miller were the first to recognize the properties of internal
mammary artery (IMA) and used it for myocardial revascularization in 1945 [10].
They found that it is usually spared from atherosclerosis and reasoned that its
branches could form collaterals with myocardial arterioles. They injected
contrast medium in postmortem specimens demonstrating connections between
the implant and the coronary arteries, but few surgeons took their work
seriously [11].

LIMA originates from subclavian artery just above and behind the sternal end
of the clavicle (Figure 2). The artery descends vertically 1 cm lateral to the sternal
border, behind the first six costal cartilages. Figure 3 shows the LIMA position
regarding pectoralis muscle, sternum, and pleura with endothoracic fascia.
LIMA is widely used these days, especially for the anastomosis with LAD. After
dividing the sternum, retractor is placed to lift the left sterna edge. The operating
table can be elevated and rotated to expose LIMA properly and harvest it. LIMA
can be harvested as pedicle graft (along with internal thoracic veins, fat, muscles,
and pleura) or skeletonized vessel. Skeletonized LIMA is supposed to preserve
the venous drainage of the sternum, and it is often preferred when there is
suspicion of sternal healing and wound infection. All small branches of LIMA
are clipped. The proximal end of the LIMA kept attached to the subclavian
artery, and then after giving heparin, the distal end is ligated and divided. In
the same way as LIMA is harvested, RIMA can also be harvested if it is needed
for grafting.

5.3.2 Radial artery

The second most commonly used artery is the radial artery (RA). It is usually
harvested from nondominant hand (Figure 4). The RA arises from the bifurcation
of the brachial artery in the cubital fossa and terminates by forming the deep palmar
arch in the hand. The main concern using RA is blood supply to the wrist and hand.
Before using the radial artery, we should assess the patency and collateral blood
circulation from the ulnar artery. It can be assessed clinically by Allen’s and
modified Allen’s tests. This can also be assessed by preoperative arterial ultrasound.

85

Coronary Artery Bypass Grafting: Surgical Anastomosis: Tips and Tricks
DOI: http://dx.doi.org/10.5772/intechopen.88932



3.Symptomatic double- or triple-vessel disease.

4.Disabling angina despite maximal medical therapy.

5.Poor LV functions.

6.Post MI angina.

7.Post NSTEMI with ongoing ischemia that is unresponsive to medical therapy
or PCI.

8.STEMI with inadequate response to all nonsurgical management.

9.Emergency CABG.

10.Failed PCI.

4.3 Contraindications

4.3.1 Absolute contraindication

There is no absolute contraindication.

4.3.2 Relative contraindications

1.Asymptomatic patient with low risk of MI or death.

2.Advanced age.

3.Co-morbidities (COPD, pulmonary hypertension, etc.)

4.4 Factors increasing mortality after CABG

1.Preoperative renal insufficiency.

2.Peripheral vascular disease.

3.Recent MI.

4.Recent brain stroke.

5.Emergency surgery.

6.Cardiogenic shock.

5. Types of grafts

5.1 Arterial grafts

• Internal thoracic artery (internal mammary artery)

• Radial artery

84

The Current Perspectives on Coronary Artery Bypass Grafting

• Right gastroepiploic artery

• Inferior epigastric artery

• Ulnar artery

• Splenic artery

5.2 Venous grafts

• Greater saphenous vein

• Short saphenous vein

• Cephalic vein

5.3 Arterial grafts

5.3.1 Left internal mammary artery (LIMA)/left internal thoracic artery (LITA)

Drs. Vineberg and Miller were the first to recognize the properties of internal
mammary artery (IMA) and used it for myocardial revascularization in 1945 [10].
They found that it is usually spared from atherosclerosis and reasoned that its
branches could form collaterals with myocardial arterioles. They injected
contrast medium in postmortem specimens demonstrating connections between
the implant and the coronary arteries, but few surgeons took their work
seriously [11].

LIMA originates from subclavian artery just above and behind the sternal end
of the clavicle (Figure 2). The artery descends vertically 1 cm lateral to the sternal
border, behind the first six costal cartilages. Figure 3 shows the LIMA position
regarding pectoralis muscle, sternum, and pleura with endothoracic fascia.
LIMA is widely used these days, especially for the anastomosis with LAD. After
dividing the sternum, retractor is placed to lift the left sterna edge. The operating
table can be elevated and rotated to expose LIMA properly and harvest it. LIMA
can be harvested as pedicle graft (along with internal thoracic veins, fat, muscles,
and pleura) or skeletonized vessel. Skeletonized LIMA is supposed to preserve
the venous drainage of the sternum, and it is often preferred when there is
suspicion of sternal healing and wound infection. All small branches of LIMA
are clipped. The proximal end of the LIMA kept attached to the subclavian
artery, and then after giving heparin, the distal end is ligated and divided. In
the same way as LIMA is harvested, RIMA can also be harvested if it is needed
for grafting.

5.3.2 Radial artery

The second most commonly used artery is the radial artery (RA). It is usually
harvested from nondominant hand (Figure 4). The RA arises from the bifurcation
of the brachial artery in the cubital fossa and terminates by forming the deep palmar
arch in the hand. The main concern using RA is blood supply to the wrist and hand.
Before using the radial artery, we should assess the patency and collateral blood
circulation from the ulnar artery. It can be assessed clinically by Allen’s and
modified Allen’s tests. This can also be assessed by preoperative arterial ultrasound.

85

Coronary Artery Bypass Grafting: Surgical Anastomosis: Tips and Tricks
DOI: http://dx.doi.org/10.5772/intechopen.88932



The radial artery can be harvested by open conventional method or endoscopically.
The radial artery should be flushed and kept in a solution prepared with Ringer
lactate (500 ml), sodium nitroprusside (50 mg), and heparinized blood (30 ml).

Figure 2.
Internal mammary artery course.

Figure 3.
Relationship of LIMA with sternum, thoracic muscles, pleura, and endothoracic fascia.
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5.3.3 Right gastroepiploic artery

It is very rarely used as an arterial graft when other conduits are not available. To
harvest this artery, the midline incision over the sternum is extended to the upper
abdomen, and the abdominal cavity is opened. There are two gastroepiploic arteries
(Figure 5): left and right. Both arteries participate in the stomach vascularization
and are collateral blood circulation with other blood vessels of the stomach.
Harvesting right gastroepiploic artery as conduit does not compromise stomach
blood supply. Branches of this artery to the stomach and omentum are ligated and
divided. This artery is positioned either anteriorly or posteriorly to the duodenum

Figure 4.
Radial artery and palmer arch.

Figure 5.
Gastroepiploic artery.
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Figure 2.
Internal mammary artery course.
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Relationship of LIMA with sternum, thoracic muscles, pleura, and endothoracic fascia.

86

The Current Perspectives on Coronary Artery Bypass Grafting

5.3.3 Right gastroepiploic artery

It is very rarely used as an arterial graft when other conduits are not available. To
harvest this artery, the midline incision over the sternum is extended to the upper
abdomen, and the abdominal cavity is opened. There are two gastroepiploic arteries
(Figure 5): left and right. Both arteries participate in the stomach vascularization
and are collateral blood circulation with other blood vessels of the stomach.
Harvesting right gastroepiploic artery as conduit does not compromise stomach
blood supply. Branches of this artery to the stomach and omentum are ligated and
divided. This artery is positioned either anteriorly or posteriorly to the duodenum
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and stomach, depending on the tension on graft. A circular opening is made in the
diaphragm, medial to the inferior vena cava, and the gastroepiploic artery is passed
through this opening to anastomose it with RCA or PDA coronary arteries. The
anatomy of gastroepiploic arteries is presented in Figure 6.

5.3.4 Inferior epigastric artery

The inferior epigastric artery (Figure 6) arises from the medial aspect of the
external iliac artery and gives branches to the spermatic cord, pubis, abdominal
muscles, and skin. Its harvesting requires additional either low midline, or
paramedian, or oblique inguinal approach. The anterior sheath of the rectus muscle
is divided, and then the muscle is pushed medially. The artery is harvested along
with the accompanying veins as a pedicle graft and kept in the solution as men-
tioned for radial artery preservation.

When the length of this artery is not sufficient for an independent graft, it is
used as a composite graft with the LIMA as extension graft.

5.3.5 Ulnar artery

Occasionally, when surgeons do not have other choice, they use the ulnar artery
as arterial conduit.

Figure 6.
Inferior epigastric artery.
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5.3.6 Splenic artery

When there is lack of other conduit, the splenic artery can be used for grafting.
The same as harvesting gastroepiploic artery, midline sternal incision can be
extended over the abdomen, and the abdomen is opened. Then lesser peritoneal sac
is opened. The splenic artery (Figure 7) runs along the superior margin of the
pancreas. Branches to the pancreas are ligated and divided. Then the splenic artery
is ligated and divided at the splenic hilum and passed through an opening made in
the diaphragm medial to the inferior vena cava.

5.4 Venous grafts

5.4.1 Greater saphenous vein

The greater saphenous vein (Figure 8) is the most commonly used conduit for
CABG. The greater saphenous vein (GSV) of the lower extremity is the best choice
of this type of graft based on:

• There are two independent types of low extremity vein system, and removal of
superficial one (GSV) does not jeopardize the venous flow from the leg.

• Position, diameter, and length of the GSV are in constant pattern which
simplifies its harvest.

Usually a single long segment is harvested. About 12–15 cm segment may be
needed for diagonal branch, about 20–24 cm length for OM branches, and 18–22 cm

Figure 7.
Splenic artery.
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length for RCA and PDA coronary arteries. Poor quality and veins with varicosities
should be avoided. Branches can either be ligated or clipped. These should be ligated
or clipped; just flush with GSV to avoid the narrowing or diverticulum. Creation of
skin flaps should also be avoided.

Figure 8.
Greater and short saphenous veins.

Figure 9.
Direct continuous and interrupted harvesting method of SVG.
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GSV is harvested in two different ways:

• Directly by single full incision or through multiple incisions (Figure 9)

• Endoscopic vein harvest

5.4.2 Short saphenous vein

In rare cases when not enough conduits are available, some surgeons have to use
short saphenous vein (Figure 8). It can be harvested by positioning the patient in
prone or supine position.

5.4.3 Cephalic vein

Even though we have not used the vein as alternative graft, this can be used in
the case other grafts need it. The cephalic vein can be harvested from the wrist up to
the shoulder. The walls of the vein are thinner than the saphenous veins, and long-
term patency is also lesser than saphenous veins [12].

6. Types of CABG

1.Traditional on-pump CABG.

2.Off-pump CABG.

3.Minimally invasive direct.

4.Totally endoscopic CABG.

6.1 On-pump CABG technique

• A median sternotomy is done (Figure 10).

• The same time arterial or venous conduit is harvested.

• LIMA is harvested.

• Full-dose heparin is given.

• LIMA is divided distally and a bulldog clamp is placed on the artery.

• Distal segment of LIMA on the chest wall is ligated or clipped.

• The pericardium is opened and pericardial stay sutures placed.

• Purse string sutures are placed on the ascending aorta and right atrial
appendage for cannulation.

• A purse string suture is placed on the ascending aorta for cardioplegia
cannulation.

• Aortic and right atrial cannulae are inserted.
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• Epiaortic ultrasound can be used to find the site devoid of calcification or
atherosclerotic plaques, for cannulation [13].

• Aorta is cross clamped and antegrade cardioplegia given.

• Cold saline or ice slush can be used for topical cooling.

• The heart is retracted out of the pericardial cavity, toward the head of the
patient.

• Usually first distal graft is done to RCA or PDA (Figure 11).

Figure 10.
Cannulation for on-pump CABG.

Figure 11.
SVG-coronary artery anastomosis.
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• Graft is distended with blood cardioplegic solution, graft lie is checked, and
appropriate length is divided.

• The heart is then retracted to the right and then OM is selected for grafting.

• Distal anastomosis is done to selected OM vessel.

• Graft is distended with solution and appropriate length divided.

• The same technique is used for diagonal anastomosis.

• Then focus is changed to LIMA-LAD anastomosis.

• LIMA is cut to appropriate length.

• LIMA-LAD anastomosis is created with Polypropylene 7-0 or 8-0 sutures
(Figure 12).

• Rewarming is started while doing anastomosis.

• A pericardial window is made to pass LIMA without tension.

• Phrenic nerve should not be injured.

• Aortic cross clamp is removed.

• Partially occluding clamp is applied on the ascending aorta (Figure 13).

• Two to three openings are made in the aorta using aortic punch.

• Proximal anastomosis is done between the aorta and grafts with Prolene 6-0
sutures.

• Partially occluding clamp is removed.

• De-airing of the grafts is done.

Figure 12.
LIMA-LAD anastomosis.

93

Coronary Artery Bypass Grafting: Surgical Anastomosis: Tips and Tricks
DOI: http://dx.doi.org/10.5772/intechopen.88932



• Epiaortic ultrasound can be used to find the site devoid of calcification or
atherosclerotic plaques, for cannulation [13].

• Aorta is cross clamped and antegrade cardioplegia given.

• Cold saline or ice slush can be used for topical cooling.

• The heart is retracted out of the pericardial cavity, toward the head of the
patient.

• Usually first distal graft is done to RCA or PDA (Figure 11).

Figure 10.
Cannulation for on-pump CABG.

Figure 11.
SVG-coronary artery anastomosis.

92

The Current Perspectives on Coronary Artery Bypass Grafting

• Graft is distended with blood cardioplegic solution, graft lie is checked, and
appropriate length is divided.

• The heart is then retracted to the right and then OM is selected for grafting.

• Distal anastomosis is done to selected OM vessel.

• Graft is distended with solution and appropriate length divided.

• The same technique is used for diagonal anastomosis.

• Then focus is changed to LIMA-LAD anastomosis.

• LIMA is cut to appropriate length.

• LIMA-LAD anastomosis is created with Polypropylene 7-0 or 8-0 sutures
(Figure 12).

• Rewarming is started while doing anastomosis.

• A pericardial window is made to pass LIMA without tension.

• Phrenic nerve should not be injured.

• Aortic cross clamp is removed.

• Partially occluding clamp is applied on the ascending aorta (Figure 13).

• Two to three openings are made in the aorta using aortic punch.

• Proximal anastomosis is done between the aorta and grafts with Prolene 6-0
sutures.

• Partially occluding clamp is removed.

• De-airing of the grafts is done.

Figure 12.
LIMA-LAD anastomosis.

93

Coronary Artery Bypass Grafting: Surgical Anastomosis: Tips and Tricks
DOI: http://dx.doi.org/10.5772/intechopen.88932



• Proximal anastomosis can also be done on the arrested heart with single aortic
cross clamp [14],

• If the heart is in sinus rhythm, then start weaning off CPB.

• Graft flow could be checked with flow meter device.

• Protamine is given to reverse the effect of heparin.

• Decannulation is done and bleeding secured.

• Temporary pacing wire is placed on RV.

• One mediastinal and one left pleural drains are inserted.

• Sternum is closed with wires.

• The skin and subcutaneous tissue are closed in layers with vicryl sutures.

6.2 Off-pump CABG (OPCABG) technique

6.2.1 Patient selection

6.2.1.1 Beginner beating heart surgeon

They should avoid patients with unfavorable characteristics:

• Cardiomegaly-making exposure of lateral and inferior walls difficult

• Small (<1.5 mm diameter), intramyocardial, and diffusely diseased vessels

Figure 13.
Side-biting clamp on the ascending aorta for proximal anastomosis.
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• Hemodynamically unstable patients

• Critical left main disease

• Recent acute MI

• LV EF <35%

6.2.1.2 Experienced beating heart surgeons

Majority of the cases can be performed without complication after getting a good
experience in off-pump CABG, but it is better to avoid if multiple unfavorable
factors are present in the same patient (cardiomegaly with EF <25% and small
vessels).

OPCAB is particularly beneficial for:

• High-risk patients

• Left ventricle dysfunction

• High calcific load

• Age older than 75 years

• Diabetes mellitus

• Renal failure

• Left main stem disease

• Reoperations

• Chronic pulmonary disease

• An overall EuroSCORE >5 [15, 16]

6.3 Contraindications

6.3.1 Absolute contraindications

• Preoperative hemodynamic instability

• Deep myocardial LAD

• Moderate to severe mitral regurgitation

6.3.2 Relative contraindications

• Pulmonary hypertension

• Diffuse coronary artery disease

• Dense myocardial adhesions during reoperative surgery
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• Enlarged ascending aorta

• LM disease with a non-reconstructable RCA system

6.4 Operative steps

• Preserve normothermia by keeping the operating room warm.

• CPB machine and perfusionist should be available in OR.

• No need to prime the CPB machine.

• Off-pump setup (octopus, starfish, CO2 blower, intracoronary shunts) should
also be available (Figure 14).

• Maintaining the systolic BP is important during positioning of the heart for
grafting.

• Inotropic supports and IV fluid is usually required.

• Midline sternotomy.

• LIMA and other conduits are harvested.

• Heparin is given (1–1.5 mg/Kg) to keep ACT of about 300 s.

• ACT should be checked every 20 min and added as required.

• Coronary arteries should be grafted in the order of increasing cardiac
displacement (anterior wall vessels, then inferior wall, and finally lateral wall
vessels).

Figure 14.
OPCABG setup: octopus and starfish.

96

The Current Perspectives on Coronary Artery Bypass Grafting

• Most of the surgeons usually do distal anastomoses first, but proximal
anastomoses can be done before distal anastomoses.

• Performing proximal aortic anastomoses last allows precise estimation of graft
length, whereas performing them first allows immediate myocardial
reperfusion once each distal anastomosis is completed.

• Positioning the heart is very important and needs mechanical stabilizers as
octopus and starfish.

• Anterior wall vessel anastomosis—anterior wall vessels (LAD, diagonal,
ramus) need to be brought near midline for better visualization and
anastomosis. Deep pericardial retraction sutures of silk, vicryl, or ethibond
(1-0) should be taken fast near the left superior pulmonary vein in order to
prevent hemodynamic instability.

• Inferior wall vessel anastomosis—for distal right coronary artery and
posterior descending artery, the table is in steep Trendelenburg position.
Manipulation of the deep pericardial retraction sutures is done to better expose
the grafting vessel. For grafting the right coronary artery, the table is made flat,
and retraction sutures are relaxed with the heart failing to the left side.
Maneuvering the heart for RCA and PDA grafting can cause bradycardia and
hypotension, so anesthetists should be more vigilant and need to give fluid and
inotropes to keep hemodynamic stability during grafting.

• Lateral wall vessel anastomosis—for obtuse marginals, posterolateral
branches of the right coronary artery, the OR table is placed in steep
Trendelenburg position, raised and rotated toward the right [17]. This will
allow gravity to displace the heart to the right and apex anteriorly. The right
pleura is opened, and the right pericardial incision is extended toward the
inferior vena cava, so that the heart can be displaced toward the right side
without hemodynamic compromise. Some extra deep pericardial retraction
sutures may need to be taken between the inferior vena cava and pulmonary
vein. The first suture is anchored just above the left superior pulmonary vein,
the second below the left inferior pulmonary vein, the third one called “the
intermediate” is located between the inferior pulmonary vein and the inferior
vena cava, and the fourth one close to the inferior vena cava. These stitches are
quite comparable to the “Lima Stitches” introduced in North America in 1997
by Tom Salerno [18].

• Do not compromise the exposure, and if it is not possible, then convert to
conventional on-pump CABG.

• A silastic tape or vascular sling is passed around the selected coronary artery
proximal to the site chosen for anastomosis.

• Intracoronary shunts are inserted in coronary arteriotomy.

• A CO2 blower is used to disperse the blood to create the anastomosis.

• Blower is used selectively when needed and at a rate not >5 L/min to prevent
endothelial damage.
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• A temporary pacing wire can be placed for anastomosis to RCA to combat the
bradycardia.

• Anastomosis is performed in a routine manner with Polypropylene 7-0 or 8-0
sutures for LIMA grafting or venous grafting.

• The intima of both the graft and the recipient vessels must be visualized each
time the needle is placed through the anastomosis.

• Bilateral IMA grafting (typically to the left heart) has been shown to improve
survival and intervention-free survival and should be performed whenever
contraindications do not exist.

• After completion of anastomoses, heparin could be reversed with protamine.

• Protamine is given (0.75–1.0 mg/kg) to incompletely reverse the heparin,
leaving each patient with an ACT less than 150 s at the conclusion of the case.

• The avoidance of CPB should not come at the price of any compromise in
anastomotic precision.

6.5 Hemodynamic instability and conversion to cardiopulmonary bypass

In some of the situations, CABG should be performed on CPB. These are as
follows:

a. Ischemic arrhythmias unresponsive to heparin and antiarrhythmic
medications.

b. Cardiogenic shock due to acute infarction or severe global ischemia.

c. Physical conditions that limit rightward displacement of the heart (deep
pectus excavatum, previous left pneumonectomy)

Although avoidance of CPB is generally a worthwhile goal, it does not supersede
the goals of hemodynamic stability and complete, precise revascularization.

6.6 Causes of hemodynamic instability

• Imperfect technique in cardiac displacement (compressing the right atrium or
right ventricle or kinking of the right ventricular outflow tract during
rightward displacement of the heart).

• Application of compression with the coronary stabilizer—achieve and
maintain tissue capture with a minimum of downward pressure on the heart.
This will optimize both coronary stabilization and hemodynamic stability.

• Less commonly, regional myocardial ischemia is a cause of hemodynamic
instability.

The risk of myocardial ischemia during off-pump CABG can be reduced by
keeping the following points in consideration:
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• The most stenotic vessel is always revascularized first because this vessel is
normally well collateralized.

• The proximal anastomosis of the graft is performed just after the distal
anastomosis of the same graft is completed before proceeding to the next distal
anastomosis.

• Intracoronary shunts are used to prevent ischemia.

• The ascending aorta is side clamp only once during the procedure to minimize
the aortic trauma.

• The systemic pressure is always reduced around 90–100 mmHg before and
during the entire side clamping of the ascending aorta.

• The anterior and the inferior territories are always grafted before the posterior
territory.

6.7 Sequential bypass grafting

The sequential bypass graft is an effective multiple-bypass technique when graft
availability is limited [19] and has been reported to allow improved rates of patency
in bypass procedures on narrow coronary arteries [20, 21]. Compared with regular
end-to-side anastomosis, however, side-to-side anastomosis is a relatively complex
procedure.

Methods of side-to-side anastomosis include the following:

1.A diamond configuration, in which the graft axis lies perpendicular to the axis
of the target coronary vessel (crossed side-to-side anastomosis) (Figure 15)

Figure 15.
Crossed side-to-side anastomosis.
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time the needle is placed through the anastomosis.

• Bilateral IMA grafting (typically to the left heart) has been shown to improve
survival and intervention-free survival and should be performed whenever
contraindications do not exist.

• After completion of anastomoses, heparin could be reversed with protamine.

• Protamine is given (0.75–1.0 mg/kg) to incompletely reverse the heparin,
leaving each patient with an ACT less than 150 s at the conclusion of the case.

• The avoidance of CPB should not come at the price of any compromise in
anastomotic precision.

6.5 Hemodynamic instability and conversion to cardiopulmonary bypass

In some of the situations, CABG should be performed on CPB. These are as
follows:

a. Ischemic arrhythmias unresponsive to heparin and antiarrhythmic
medications.

b. Cardiogenic shock due to acute infarction or severe global ischemia.

c. Physical conditions that limit rightward displacement of the heart (deep
pectus excavatum, previous left pneumonectomy)

Although avoidance of CPB is generally a worthwhile goal, it does not supersede
the goals of hemodynamic stability and complete, precise revascularization.

6.6 Causes of hemodynamic instability

• Imperfect technique in cardiac displacement (compressing the right atrium or
right ventricle or kinking of the right ventricular outflow tract during
rightward displacement of the heart).

• Application of compression with the coronary stabilizer—achieve and
maintain tissue capture with a minimum of downward pressure on the heart.
This will optimize both coronary stabilization and hemodynamic stability.

• Less commonly, regional myocardial ischemia is a cause of hemodynamic
instability.

The risk of myocardial ischemia during off-pump CABG can be reduced by
keeping the following points in consideration:
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• The most stenotic vessel is always revascularized first because this vessel is
normally well collateralized.

• The proximal anastomosis of the graft is performed just after the distal
anastomosis of the same graft is completed before proceeding to the next distal
anastomosis.

• Intracoronary shunts are used to prevent ischemia.

• The ascending aorta is side clamp only once during the procedure to minimize
the aortic trauma.

• The systemic pressure is always reduced around 90–100 mmHg before and
during the entire side clamping of the ascending aorta.

• The anterior and the inferior territories are always grafted before the posterior
territory.

6.7 Sequential bypass grafting

The sequential bypass graft is an effective multiple-bypass technique when graft
availability is limited [19] and has been reported to allow improved rates of patency
in bypass procedures on narrow coronary arteries [20, 21]. Compared with regular
end-to-side anastomosis, however, side-to-side anastomosis is a relatively complex
procedure.

Methods of side-to-side anastomosis include the following:

1.A diamond configuration, in which the graft axis lies perpendicular to the axis
of the target coronary vessel (crossed side-to-side anastomosis) (Figure 15)

Figure 15.
Crossed side-to-side anastomosis.
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2.A parallel configuration in which the graft and target coronary axes are aligned
(parallel side-to-side anastomosis) (Figure 16)

• Continuous or interrupted sutures can be used.

• The side-to-side anastomoses used in SB are technically difficult
compared with regular end-to-side anastomoses.

• Interrupted crossed side-to-side anastomosis greatly simplifies this
procedure.

In an experimental study with animals, Shioi [22] compared various techniques
for performing anastomoses, reporting that crossed side-to-side anastomosis enabled
a larger opening than did parallel side-to-side anastomosis and that interrupted
sutures enabled a larger anastomotic opening than did a continuous suture.

6.8 Complications

• Early death—in general, after isolated CABG, approximately 98% of patients
survive at least 1 month, and 97, 92, 81, and 66% survive 1, 5, 10, and 15 years
or more, respectively. In an analysis of seven large datasets representing more
than 172,000 patients, Jones and colleagues identified seven variables most
predictive of early mortality [23]:

◦ Older age

◦ Female gender

◦ Previous CABG

Figure 16.
Parallel side-to-side anastomosis.
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◦ Urgency of operation

◦ Severe LV dysfunction

◦ Left main disease

◦ Increased extent of coronary artery disease

• Adverse neurological outcomes—a multicenter study by Roach and
colleagues of 2108 patients undergoing CABG with CPB documented adverse
cerebral outcomes in 129 patients (6.1%) [24]. Type 1 deficits (major focal
deficits, stupor, and coma) occurred in 3.1%, and type 2 deficits (deterioration
in intellectual function or memory) in 3.0% of the patients. Predictors of type 1
deficits included the presence of proximal aortic arteriosclerosis, history of
prior neurologic disease, intra-aortic balloon pump, diabetes, hypertension,
unstable angina, and older age.

• Mediastinitis—deep sternal wound infection occurs in 1–4% of patients after
CABG with CPB and is associated with increased mortality [25]. Obesity is a
risk factor for mediastinitis [26]. Other factors associated with an increased
prevalence of deep wound infection include diabetes, previous CABG, the use
of both IMAs, and duration of operation [26, 27]. Randomized trials have
shown that off-pump CABG is not associated with a lower prevalence of sternal
wound infection [25, 28].

• Renal dysfunction—in a multicenter study of renal dysfunction after CABG
with CPB in 2222 patients, “dysfunction” was defined as a postoperative serum
creatinine level of 2.0 mg dL�1 or greater, or an increase of 0.7 mg dL�1 or
more from preoperative level [29]. Renal dysfunction occurred in 171 (7.7%)
patients, and 30 (1.4%) required dialysis. Early mortality was 0.9% among
patients who did not develop renal dysfunction, 19% in those with renal
dysfunction who did not require dialysis, and 63% among those who required
dialysis. Preoperative risk factors for renal dysfunction included advanced age,
moderate to severe cardiac failure, previous CABG, diabetes, and preexisting
renal disease [29]. In two randomized trials, prevalence of postoperative renal
failure was similar in on-pump and off-pump groups [28, 30].

• Myocardial infarction—perioperative MI, usually defined by the appearance of
new Qwaves in the ECG or non-Q wave MI can also occur which are detected by
elevation of serummyocardial biomarkers, is most often related to inappropriate
myocardial management, technical problems, or incomplete revascularization.
Prevalence of MI is approximately 2.5–5% [31]. Perioperative infarction, when
quantitatively more than trivial, is a risk factor for later death [32]. Including
perioperative cases, MI is relatively uncommon after CABG, with 94% of
patients in the Katholieke Universiteit, Leuven, Belgium (KU Leuven)
experience free of infarction for at least 5 years and 73% for at least 15 years [33].

7. Results

• Unsatisfactory quality of life—even though unsatisfactory quality of life after
CABG is one of the most important unfavorable outcome events, quantifying it
is very difficult because it depends on the following three factors:
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◦ Urgency of operation

◦ Severe LV dysfunction

◦ Left main disease

◦ Increased extent of coronary artery disease

• Adverse neurological outcomes—a multicenter study by Roach and
colleagues of 2108 patients undergoing CABG with CPB documented adverse
cerebral outcomes in 129 patients (6.1%) [24]. Type 1 deficits (major focal
deficits, stupor, and coma) occurred in 3.1%, and type 2 deficits (deterioration
in intellectual function or memory) in 3.0% of the patients. Predictors of type 1
deficits included the presence of proximal aortic arteriosclerosis, history of
prior neurologic disease, intra-aortic balloon pump, diabetes, hypertension,
unstable angina, and older age.

• Mediastinitis—deep sternal wound infection occurs in 1–4% of patients after
CABG with CPB and is associated with increased mortality [25]. Obesity is a
risk factor for mediastinitis [26]. Other factors associated with an increased
prevalence of deep wound infection include diabetes, previous CABG, the use
of both IMAs, and duration of operation [26, 27]. Randomized trials have
shown that off-pump CABG is not associated with a lower prevalence of sternal
wound infection [25, 28].

• Renal dysfunction—in a multicenter study of renal dysfunction after CABG
with CPB in 2222 patients, “dysfunction” was defined as a postoperative serum
creatinine level of 2.0 mg dL�1 or greater, or an increase of 0.7 mg dL�1 or
more from preoperative level [29]. Renal dysfunction occurred in 171 (7.7%)
patients, and 30 (1.4%) required dialysis. Early mortality was 0.9% among
patients who did not develop renal dysfunction, 19% in those with renal
dysfunction who did not require dialysis, and 63% among those who required
dialysis. Preoperative risk factors for renal dysfunction included advanced age,
moderate to severe cardiac failure, previous CABG, diabetes, and preexisting
renal disease [29]. In two randomized trials, prevalence of postoperative renal
failure was similar in on-pump and off-pump groups [28, 30].

• Myocardial infarction—perioperative MI, usually defined by the appearance of
new Qwaves in the ECG or non-Q wave MI can also occur which are detected by
elevation of serummyocardial biomarkers, is most often related to inappropriate
myocardial management, technical problems, or incomplete revascularization.
Prevalence of MI is approximately 2.5–5% [31]. Perioperative infarction, when
quantitatively more than trivial, is a risk factor for later death [32]. Including
perioperative cases, MI is relatively uncommon after CABG, with 94% of
patients in the Katholieke Universiteit, Leuven, Belgium (KU Leuven)
experience free of infarction for at least 5 years and 73% for at least 15 years [33].

7. Results

• Unsatisfactory quality of life—even though unsatisfactory quality of life after
CABG is one of the most important unfavorable outcome events, quantifying it
is very difficult because it depends on the following three factors:
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1.Freedom from angina or heart failure;

2.Freedom from the need for medication, rehospitalization, and
reintervention.

3.Preservation of exercise capacity.

Most of the patients have a satisfactory quality of life early after CABG, but this
gradually begins to decline after about 5 years [34].

• Neurobehavioral outcomes—damaging effects of CPB machine are usually
blamed for neurobehavioral disturbances and decline in cognitive function in
some patients. These are mild most of the times and might not be apparent
unless patients are tested specifically for them. As many as 75% of patients may
exhibit these subtle defects when tested 8 days after CABG, but by 3–6 months
postoperatively, proportion drops to only about 10–30% [35]. Gross defects
most likely result from embolization of arteriosclerotic debris from the
ascending aorta or from air and intracardiac thrombus rather than from
damaging effects of CPB [36]. Prevalence is about 0.5% in relatively young
patients but rises to about 5% in patients older than age 70 and about 8% in
those older than 75 [37]. Randomized trials comparing on- and off-pump
procedures showed similar prevalence of adverse neurologic outcomes [28].

• Functional capacity—maximal exercise capacity of patients is improved by
CABG. The degree of exercise capacity depends on preoperative LV function,
graft patency, and completeness of revascularization. Maximal exercise
capacity generally is improved more by CABG than by medical treatment, at
least for 3–10 years [38].

• Left ventricular function—resting regional perfusion defects are improved
after CABG in at least 65% of patients [39]. Left ventricular wall segments that
are hypokinetic, akinetic, or even dyskinetic at rest preoperatively often have
improved systolic function after CABG [40]. This is associated with increased
regional myocardial perfusion. Improvement in segmental wall motion
12 months after CABG has been observed even in areas of scarring from
previous MI [41]. This finding supports the concept that viable muscle cells,
which may be hibernating, are scattered through hypokinetic and, at times,
even akinetic and dyskinetic segments and that wall motion in such segments
can be improved by CABG [42]. When segmental wall contraction does not
occur after CABG, incomplete revascularization is the cause in some patients.
LV diastolic function, more specifically LV “relaxation,” is also improved by
successful CABG, and improvement may be immediate [43].

• Exercise—the decrease in EF with exercise that is a characteristic of ischemic
heart disease is absent 2 weeks after operation in most patients. This favorable
response to stress can be brought about only by CABG or PCI and does not
result from collateral circulation alone, even when extensive [44]. When global
and segmental function during exercise is not improved early (3 months) after
operation, one or more bypass grafts are usually occluded or stenosed.

• Patency of grafts: internal mammary artery—the highest patency rates for
coronary bypass grafts are associated with the use of the left internal mammary
(thoracic) artery to bypass the left anterior descending coronary artery. These
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patency rates are approximately 95% at 10 years after operation, and closure of
the mammary artery after that time is uncommon. This favorable performance
of the internal mammary artery when anastomosed to the left anterior
descending coronary artery is probably due to its particular wall structure and
function and the potentially large runoff through the left anterior descending
artery system. Internal mammary artery grafts to other vessels appear to have
lower patency rates late postoperatively than do those to the left anterior
descending artery, and these may be no greater than those of vein grafts [45].
IMA as a free graft from the aorta to LAD provides patency almost as high as
with an in situ graft.

• Other arterial grafts—early (<13 months) patency of radial artery grafts
exceeds 90% and does not differ from ITA patency [46]. A native coronary
stenosis of less than 70% is associated with lower patency of a radial artery
graft than if the stenosis is 70% or greater. Tatoulis and colleagues [47], in a
study of long-term patency of 1108 radial artery grafts, reported patency of
89% at a mean follow-up interval of 48 months. Of 318 grafts in place for more
than 5 years, 294 (92%) were patent. Of 107 in place for more than 7 years, 99
(92%) were patent. Patency was highest for grafts placed to the LAD (96%)
and lowest for grafts to the RCA (83%).

In a study by Suma and colleagues [48] of gastroepiploic artery grafts in 685
patients who underwent postoperative angiographic evaluation, patency was 94%
within 1 year in all 685 patients, 88% between 1 and 5 years in 102 patients and 83%
between 5 and 10 years in 102 patients. Time-related patency at 1 month, 1 year,
5 years, and 10 years was 96, 91, 80, and 62%, respectively. The principal causes of
late occlusion were anastomotic stenoses and anastomoses to less critically stenosed
coronary arteries.

For the inferior epigastric artery, Gurne and colleagues [49] performed
postoperative angiography in 122 patients early (11 � 5 days) and in 72 patients late
(11 � 6 months) after operation. Early patency was 98%, and late patency was 93%.
Of 14 grafts that were occluded or threadlike at the late study, 8 were anastomosed
to arteries with a stenosis of 60% or less.

• Saphenous vein grafts—diffuse intimal hyperplasia is a universal finding in
vein grafts that have been in place for more than 1 month [50]. Thickness of the
intimal hyperplasia seems to be inversely related to flow in the graft, and the
process appears to result in a matching of vein lumen size to that of the coronary
arteries supplied by the graft. About 10% of vein grafts get closed within the first
few postoperative weeks. By 10 years after insertion, half of vein grafts still
patent have undergone at least some arteriosclerotic changes [51]. About 20% of
vein grafts have proximal suture line stenosis within 1 year; about one fourth of
these are found to be occluded 5 years later. Almost 50% of patients have some
narrowing of the distal anastomosis within 1 year, but most have not progressed
by 5 years after CABG. The 10-year patency rate of vein grafts appears to be
highly variable, and in some reports [52] only 50–60% overall are still patent.
Arm veins have a still lower prevalence of patency [53] as do synthetic conduits.
The patency rates are lower when the anastomosis is to small coronary arteries
and to arteries supplying areas with considerable scar. Thrombosis, another
process that can reduce graft patency, may develop early postoperatively.
Endothelial cell loss and exposure of the basement membrane and collagen to
blood tend to appear early after inserting the vein graft, predisposing it to early
accumulation of platelets, fibrin, and thrombus on its luminal surface.
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coronary bypass grafts are associated with the use of the left internal mammary
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Chapter 6

Early and Late Survival and 
Associated Factors in Patients 
Undergoing Coronary Artery 
Bypass Grafting
Ahmad Amouzeshi and Zahra Amouzeshi

Abstract

Several studies have aimed to compare the early and late survival rates and the 
related factors in patients who undergo coronary artery bypass grafting (CABG). 
Among such factors are age, gender, arrhythmia, stroke, serum procalcitonin level, 
number and type of grafts, diabetes mellitus, chronic kidney disease, chronic 
obstructive pulmonary disease (COPD), addiction, ejection fraction, transfu-
sion of blood products, and the kind of technique (off-pump versus on-pump). 
Controversies surround early and late survival and some of the associated factors in 
patients undergoing CABG. Therefore, it appears vital to compare the early and late 
survival chances and the related factors after CABG.

Keywords: coronary artery bypass grafting, survival, patients, cardiac surgery

1. Introduction

CABG continues to be the most common procedure in adult cardiac surgery 
for coronary artery disease [1]. CABG improves survival, particularly in complex 
diabetic patients, those above 65 years of age, patients with left main stem or triple-
vessel disease, and those who have an impairment in the left ventricular function [2].

Many studies have attempted to compare the early and late survival rates and 
the relevant factors in patients who undergo CABG. A 20-year follow-up investiga-
tion of patients undergoing CABG reported lower survival rates as related to the 
female gender, age, hypertension, previous CABG, angina class, number of vessels 
diseased, heavyweight, and ejection fraction (EF) [3]. Another study shows that 
late survival is associated with increased weight, history of myocardial infarction, 
smoking, diabetes, and application of vein grafts merely in CABG patients [4].

In light of the current controversy over early and late survival rates and some 
of the related factors in patients undergoing CABG, it seems critically important to 
compare the early and late survival chances and associated factors after CABG.

1.1 Gender

Most studies report that women hold a higher risk for morbidity and mortality 
after CABG procedures than their male counterparts do [5, 6]. Abramov’s study 
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demonstrated that there is a greater prevalence of most risk factors in women 
(including old age, urgent operation, prior PTCA, Canadian Cardiovascular Society 
angina class 3–4, congestive heart failure, hypertension, diabetes mellitus, periph-
eral vascular disease, and smaller body surface area). Men have a higher prevalence 
of left ventricular EF of <35%, triple-vessel disease, and history of smoking. 
Moreover, Abramov’s study found that internal mammary artery grafts and mul-
tiple arterial grafts were not used as frequently in women as in men [5]. It should 
be highlighted that a critical difference between men and women is the later onset 
of coronary artery disease in women. By inference, after age is controlled, female 
patients undergoing surgery may have a shorter duration of coronary artery disease, 
which would be associated with longer life [5].

1.2 Age

Demographic changes over the last decades have resulted in a different patient 
population for surgeons, including cardiac surgeons. It is now typical of elderly 
patients to have several, relatively severe comorbidities such as hypertension, pul-
monary diseases, diabetes, obesity, renal insufficiency, as well as peripheral arterial 
disease (PAD) [7].

Alongside this, Naughton compared the early and late predictors of mortality 
after on-pump CABG in an elderly and a younger population, showing that mor-
tality in elderly patients improved substantially, although it remained more than 
twice that of younger patients. The difference in contributors to early and 1-year 
mortality implies the need for effectual short- and long-term strategies, especially 
in controlling chronic diseases such as heart and renal failure [8].

Coronary artery revascularization via CABG surgery or percutaneous coronary 
intervention in 80-year-old patients or older can have satisfactory in-hospital and 
2-year clinical outcomes. Nevertheless, recovery may be prolonged in up to 20% of 
patients, and they may not be immediately able to leave the hospital [9].

In Nicolini’s study [10], patients younger than 60 years undergoing CABG 
showed a lower risk of undesirable outcomes than older patients. Patients younger 
than 60 have a different clinical pattern of coronary artery disease (CAD) pre-
sentation as compared to more elderly patients. Especially speaking, the factors 
of obesity, male gender, the history of myocardial infarction, the history of PCI, 
and the presence of depressed left ventricular function, have been found to be 
highly commonplace among patients younger than 60. Focused attention should be 
directed to these issues if one aims to design and improve preventive strategies than 
can alleviate the effect of specific cardiovascular risk factors for younger patients, 
including lifestyle, diet, and weight control. More research with longer follow-up 
periods should be performed to investigate the efficacy and durability of myocar-
dial revascularization in younger patients in need of CABG [10].

1.3 Biomarkers

According to Petäjä’s meta-analysis, postoperative CK-MB release is linked with 
survival up to 40 months after surgery. Troponin levels can assumedly be better 
predictors of mortality than CK-MB due to their specificity to the myocardium [11].

Also, high levels of postoperative serum procalcitonin have been demonstrated 
to correlate with infection, mortality, and other severe post-cardiac surgery com-
plications [12]. Dörge et al. revealed that survival rates in the first 24 h after the 
operation are lower in patients with high levels of serum PCT [13]. Fritz et al. [14] 
also reported that a PCT level greater than 2.5 ng l−1 could be predictive of mortality 
within the first 28 days after CABG surgery [14].
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1.4 Type of grafts

Completeness of revascularization is contingent upon the number of grafts 
required, the type of graft, and the number of grafts performed [15]. Saphenous 
vein grafts (SVG) are the most frequently employed conduits from among arte-
rial and venous conduits for CABG surgery. It is because they are characterized 
by superficial access site and reduced risk for bleeding compared with arterial 
conduits. Endoscopic SVG harvest was reported to have short-term graft patency 
similar to open SVG harvest, although there are concerns for a significantly reduced 
long-term graft patency at 12 months and beyond. Given the potential implications 
of endoscopic SVG harvest for deteriorated long-term outcomes in patients under-
going CABG, its role has received much controversy in the literature, although it is 
generally considered non-subsidiary to open harvest [1].

Amouzeshi’s study showed that EVH is a safe and minimally invasive technique 
for vein harvesting and that it can decrease the harvest time and postoperative pain. 
Moreover, the efficiency of EVH and OVH is similar. Nevertheless, further research 
is needed to probe into its cosmetic outcomes, cost-efficiency, and hospital costs; it is 
even more essential to study the long-term graft patency of the EVH technique [16].

The systematic review and meta-analysis conducted by Kodia on 18,131 patients 
undergoing CABG showed greater patency via open SVG harvest than endoscopic 
SVG harvest after a follow-up of around 2.5 years. Patients with open SVG harvest 
showed higher rates of early wound complications and postoperative 30-day mor-
tality, which, importantly, did not mean differences in overall mortality [1].

Finally, Grau’s study indicated that bilateral internal mammary artery had better 
outcomes than single internal mammary artery [17].

A meta-analysis incorporating 27 studies and over 79,000 patients revealed 
a higher survival rate among patients who received bilateral internal mammary 
artery (BIMA) as compared with those who underwent left internal mammary 
artery for CABG surgery. While it is imperative to tailor the surgery to each patient, 
no one can disregard the advantage and gain from this operative strategy. Moreover, 
given the reduced rates of short-term morbidity (i.e., deep sternal wound infec-
tion) through better operative techniques, BIMA bypass grafting can be a first-line 
alternative for patients receiving revascularization [18].

1.5 Stroke

Stroke is a primary cause of morbidity and mortality following CABG. It continues 
to be one of the most disabling and damaging complications of CABG, which carries 
significant clinical and economic implications for both patients and the healthcare 
system [19, 20]. Moreover, it is a potentially preventable complication of CABG [20].

The results from Tarakji’s study on patients undergoing CABG at a single center 
during a 30-year period showed that the incidence of stroke reduced despite an 
increasing patient risk profile and that over half of strokes occurred postoperatively 
rather than intraoperatively. Clinical presentation and surgical technique were 
specific to intraoperative stroke, but age and arteriosclerotic burden were associated 
with both intraoperative and postoperative strokes [20].

In Mao’s study, seven variables (including advanced age, prior carotid artery ste-
nosis, history of cerebrovascular disease/stroke, prior peripheral vascular disease, 
prior unstable angina, prolonged cardiopulmonary bypass time, and postoperative 
atrial fibrillation), representing high atherosclerotic burden, were found related to 
perioperative stroke events [19].

In the course of a surgical procedure, there are three different mechanisms 
that may trigger postoperative strokes: (1) embolic events, (2) defects in brain 
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demonstrated that there is a greater prevalence of most risk factors in women 
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periods should be performed to investigate the efficacy and durability of myocar-
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1.3 Biomarkers

According to Petäjä’s meta-analysis, postoperative CK-MB release is linked with 
survival up to 40 months after surgery. Troponin levels can assumedly be better 
predictors of mortality than CK-MB due to their specificity to the myocardium [11].

Also, high levels of postoperative serum procalcitonin have been demonstrated 
to correlate with infection, mortality, and other severe post-cardiac surgery com-
plications [12]. Dörge et al. revealed that survival rates in the first 24 h after the 
operation are lower in patients with high levels of serum PCT [13]. Fritz et al. [14] 
also reported that a PCT level greater than 2.5 ng l−1 could be predictive of mortality 
within the first 28 days after CABG surgery [14].
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perfusion, and (3) an inflammatory response, which can, in cases, intensify the 
other mechanisms [21].

Postoperative neurological complications, particularly those with a deficit, 
are especially destructive. Mainly, they are the outcome of macroparticle emboli 
associated with aortic atherosclerosis. It stands as a paradox that off-pump surgery 
has provided for a better recognition of the numerous pathophysiological processes, 
which might induce postoperative complications, most notably the neurological 
difficulties. It is now possible to measure the benefits that have become available 
by modified surgical practices and cardiopulmonary bypass (CPB). Modification 
of current cardiological therapies, with an increased use of antiplatelet agents and 
preoperative interventional procedures, may alter the surgical scene. As a result, 
many pathophysiological aspects may need further research [21].

1.6 Arrhythmia

Atrial fibrillation (AF) is one of the most common complications following 
cardiac surgery. It may happen in ~20–35% of cases after CABG surgery and in over 
50% of patients upon valve surgery. AF after cardiac surgery is a primary cause of 
morbidity and mortality in patients [22].

In case preoperative atrial fibrillation is left uncorrected in patients undergoing 
CABG, it has been demonstrated that greater late cardiac morbidity and mortality 
as well as poorer long-term survival will follow. Thus, atrial fibrillation surgery 
should be considered at the time of CABG. It has yet to be determined whether the 
ablation of atrial fibrillation at the time of CABG can enhance prognosis, yet the 
present data support the idea of considering concurrent AF surgery [23].

Also, prior AF in patients who undergo CABG has been recognized as an incre-
mental risk factor for time-related mortality. Even after being adjusted for risk 
factors of stroke, the patients with AF have a more substantial stroke risk of 2.6–4.5 
times. The reason for the late increased mortality in patients with AF is not well 
known. Unquestionably, the higher chance of stroke and bleeding is explained by 
some of the difference; however, several studies also indicate that chronic tachycar-
dia is linked with late mortality [24].

1.7 Diabetes mellitus (DM)

Patients suffering from DM bear a higher chance of adverse outcomes after 
CABG [25]. Thourani’s study showed that DM has both worse in-hospital and long-
term outcomes after CABG. The increased risk in DM patients can only partially 
be accounted for by demographic characteristics. Moreover, this study showed that 
diabetic patients were older and had more extensive coronary artery disease, a lower 
preoperative EF, a higher incidence of hypertension, prior myocardial infarction, 
heart failure, and class III–IV angina at the time of presentation [26].

In Zoltan Szabo’s study, diabetic patients could undergo CABG in case they had 
an acceptable mortality risk, which was only slightly different from that found in 
nondiabetic patients. Cardiac grounds for early mortality were predominant in both 
diabetic and nondiabetic patients. However, the neurologic injury was evidence for 
a relatively higher proportion of early deaths in diabetic patients. Besides, midterm 
survival was noticeably compromised, especially in diabetic patients treated with 
insulin [27].

Calafiore’s study showed that diabetes is an independent risk factor only for 
early cardiac mortality. Long-term survival in those who live the first 30 days does 
not differ significantly in diabetic and nondiabetic patients. In fact, the rates are 
very close [28].
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A large 11-year-long nationwide cohort of patients undergoing a first isolated 
CABG in Sweden showed that the risk of death after CABG was double in patients 
with type 1 DM (T1DM) than patients without DM. Moreover, the cohort found 
that patients with type 2 diabetes mellitus (T2DM) had almost a similar risk of 
death as patients without diabetes. According to the cohort, patients with T1DM 
grow a high risk of adverse outcomes after CABG and should be intently followed 
up. Moreover, all possible measures need to be taken to reduce the risks of mortality 
or recurrent cardiovascular events in them [25].

Therefore, diabetic patients form a significant portion of the population under-
going surgical coronary revascularization.

1.8 Chronic kidney disease (CKD)

Creatinine levels are of a crucial role in on-pump coronary bypass grafting mor-
tality. A worse prognosis may result from the combination of some risk factors and 
higher admission creatinine values. Moreover, lower admission creatinine values 
have been linked with a protective impact, even among elderly patients and those 
with a high cardiopulmonary bypass time [29].

Miceli’s study indicates that occult renal dysfunction, i.e., normal creatinine 
level with impaired renal function, is connected with higher mortality and post-
operative morbidity in CABG patients. A precise assessment of renal function, by 
estimating creatinine clearance and serum creatinine, can help detect patients at 
higher risks and categorize risks more accurately so that therapeutic strategies can 
be better optimized for these patients [30].

1.9 Chronic obstructive pulmonary disease (COPD)

Chronic obstructive pulmonary disease is associated with prolonged mechanical 
ventilation, prolonged length of stay, and postoperative complications such as pneu-
monia. It is similarly a principal predictor of long-term survival after CABG [31].

In one meta-analysis study (2019), COPD was not predictive of increased risks 
of postoperative mortality after CABG. Nevertheless, the study revealed that 
patients with COPD developed higher chances of developing postoperative mor-
bidities, especially pneumonia, respiratory failure, renal failure, stroke, and wound 
infection. Therefore, when a patient with COPD requires CABG, caution should be 
taken in light of the higher risk for developing postoperative complications as with 
the respiratory system and others. High-quality RCTs are needed to confirm these 
results, however [32].

In Efird’s study [31], COPD and prolonged length of stay were two of the several 
contributors to long-term postoperative mortality in CABG patients. In this regard, 
to reduce length of stay after CABG, it might be necessary to take aggressive treat-
ment strategies with an aim for early weaning off of mechanical ventilation and 
prevention of reintubation among COPD patients. Our findings also have important 
implications for the long-term management of these patients and strategies for 
managing costs as the patient lives on [31].

1.10 Type of technique (off-pump versus on-pump)

Many studies have investigated the outcomes of off-pump and on-pump 
CABG. Nevertheless, their results are contradictory, and the advantages and dis-
advantages of the two methods are not clearly explained [33, 34]. Some studies 
have argued for the superior outcomes of off-pump CABG, primarily as concerned 
with short- and long-term mortality rates and complications. However, some other 
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perfusion, and (3) an inflammatory response, which can, in cases, intensify the 
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times. The reason for the late increased mortality in patients with AF is not well 
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some of the difference; however, several studies also indicate that chronic tachycar-
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1.7 Diabetes mellitus (DM)

Patients suffering from DM bear a higher chance of adverse outcomes after 
CABG [25]. Thourani’s study showed that DM has both worse in-hospital and long-
term outcomes after CABG. The increased risk in DM patients can only partially 
be accounted for by demographic characteristics. Moreover, this study showed that 
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an acceptable mortality risk, which was only slightly different from that found in 
nondiabetic patients. Cardiac grounds for early mortality were predominant in both 
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a relatively higher proportion of early deaths in diabetic patients. Besides, midterm 
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Calafiore’s study showed that diabetes is an independent risk factor only for 
early cardiac mortality. Long-term survival in those who live the first 30 days does 
not differ significantly in diabetic and nondiabetic patients. In fact, the rates are 
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managing costs as the patient lives on [31].
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Many studies have investigated the outcomes of off-pump and on-pump 
CABG. Nevertheless, their results are contradictory, and the advantages and dis-
advantages of the two methods are not clearly explained [33, 34]. Some studies 
have argued for the superior outcomes of off-pump CABG, primarily as concerned 
with short- and long-term mortality rates and complications. However, some other 
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studies have reported no significant differences between the two techniques [35, 36]. 
As an example, in a meta-analysis of mid- and long-term outcomes (2014), off-pump 
and on-pump CABG conferred similar midterm survival rates. On-pump CABG, 
however, was connected with better chances of long-term survival [36].

According to the results of Amouzeshi’s study, the outcomes (e.g., death, myo-
cardial infarction, rehospitalization, and normal physical activity) were not signifi-
cantly different between off-pump and on-pump CABG in patients who underwent 
primary isolated non-emergent CABG during a 6-year follow-up phase [15].

In Raja’s study, off-pump CABG versus on-pump CABG is correlated with 
comparable short-, mid-, and long-term mortality, similar organ protection, and 
fewer distal anastomoses. The available evidence cannot, nonetheless, substantiate 
all concerns about the safety and efficacy of off-pump CABG [37].

1.11 Addiction

Opioids are generally used as anesthetic agents. Long-term application of 
opioids can lead to analgesic tolerance via an unclear mechanism. Thus, addicted 
patients may require higher opioid doses [38].

Opiate addiction in CABG patients is of relatively high prevalence. Some studies 
indicate that drug addiction increases postoperative bleeding and risks of readmis-
sion in patients undergoing CABG. Besides, drug addiction together with pain sup-
pression and changes in the endocrine system and cytokines can alter the process of 
wound healing in patients undergoing surgery [39].

Nemati’s study showed that inhalational opium addiction is linked with higher 
bleeding after CABG. Given the overwhelming number of individuals with opium 
addiction who might need CABG in countries where opium addiction is wide-
spread, cardiac surgeons need to consider these patients as being at high risk for 
major complications after surgery [40].

Given the fairly high prevalence of opium abuse among patients undergoing 
cardiac surgery and its potential prediction of AF after cardiac surgery, cardiac 
surgeons need to take better preventive measures when planning surgery for opium 
addict patients [22].

1.12 Ejection fraction

In patients undergoing CABG, the grade of left ventricular EF impairment, 
which reflects a decreased amount of contracting myocardium, stands as a recog-
nized risk factor for poor short-term and long-term prognoses [41].

Patients with low EF are at higher risks of ventricular arrhythmia, sudden death, 
and deteriorating heart failure because of recurrent ischemia. In patients with 
low EF, CABG is demonstrated to be superior to medical therapy alone, leading to 
significant clinical enhancement and improved long-term survival [42].

Pieri’s study [43] showed that moderate-to-severe left ventricular dysfunction is 
a typical finding in the general population undergoing cardiac surgery. Those with 
reduced low preoperative left ventricular EF undergoing cardiac surgery carry a 
high risk of postoperative complications as well as a higher mortality rate. However, 
the operation can be performed with a comparatively low mortality rate [43].

Haxhibeqiri-Karabdic’s study [44] showed that in patients with left ventricular 
dysfunction, CABG could be performed safely with improvement in life quality and 
left ventricular EF.

Developments in preoperative management, enhancements in surgical 
techniques, application of off-pump CABG, advances in cardiac anesthesia, and 
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improvement in intensive postoperative care have led to a decreased mortality rate 
in patients with low EF operated by off-pump CABG [42].

Inamdar’s study [42] revealed that in patients with coronary artery disease and 
low EF, off-pump CABG could be performed as a relatively safe procedure. It results 
in good midterm survival, improved left ventricular function, and enhanced overall 
life quality [42].

Amouzeshi’s study [45] showed that even though an EF below 30% is an 
independent risk factor of mortality, proper care could minimize mortality after 
CABG. Besides, the study suggested inquiring into the impact of length of time 
after surgery and variables such as postoperative hospital care, surgical technique, 
the surgeon himself, and patient self-care training in more hospitals. It is neces-
sary to note that the mortality rate of 10% in patients with EF below 30 and 5% in 
patients with EF above 30% in this investigation is quite satisfactory according to 
global standards [34].

Moreover, it is critical to have a careful preoperative selection and operative 
management, including optimal strategies of myocardial preservation for patients 
with low EF undergoing cardiac surgery [45].

1.13 Transfusion of blood products

Transfusion of blood products in patients undergoing CABG is linked with 
higher mortality and morbidity [46]. A few studies have revealed an association 
between blood transfusion and lower long-term survival after CABG [47].

Van Straten’s study revealed that the number of transfused RBC is an inde-
pendent predictor of early but not late mortality after CABG. Compared to the 
expected survival, receiving no RBC improves the patient’s long-term survival, 
whereas receiving three or more units of RBC decreases the patient’s survival 
significantly [46].

Mikkola’s study showed that transfusion of any blood product is connected with 
significantly increased risks of all-cause and cardiac mortality after CABG. Such 
risks seem to be confined to the early postoperative period and decline later on. The 
perioperative use of fresh frozen plasma or Octaplas, from among blood products, 
appears to be the primary predictor of mortality [47].

These findings suggest that patient blood management is of extreme impor-
tance in enhancing postoperative outcomes, even in low-risk patients undergoing 
CABG [48].

2. Conclusions

In addition to cardiac-related and operation-related factors, patient-related 
contributors including senior age, comorbidity, female gender, and clinical pre-
operative situation can affect the clinical outcome of patients after CABG. This 
surgical procedure is a multidimensional phenomenon. In this regard, cardiac 
rehabilitation/secondary prevention programs can play a critical role in enhancing 
the process of care and outcome of this growing high-risk group of patients.
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wound healing in patients undergoing surgery [39].

Nemati’s study showed that inhalational opium addiction is linked with higher 
bleeding after CABG. Given the overwhelming number of individuals with opium 
addiction who might need CABG in countries where opium addiction is wide-
spread, cardiac surgeons need to consider these patients as being at high risk for 
major complications after surgery [40].

Given the fairly high prevalence of opium abuse among patients undergoing 
cardiac surgery and its potential prediction of AF after cardiac surgery, cardiac 
surgeons need to take better preventive measures when planning surgery for opium 
addict patients [22].

1.12 Ejection fraction

In patients undergoing CABG, the grade of left ventricular EF impairment, 
which reflects a decreased amount of contracting myocardium, stands as a recog-
nized risk factor for poor short-term and long-term prognoses [41].

Patients with low EF are at higher risks of ventricular arrhythmia, sudden death, 
and deteriorating heart failure because of recurrent ischemia. In patients with 
low EF, CABG is demonstrated to be superior to medical therapy alone, leading to 
significant clinical enhancement and improved long-term survival [42].

Pieri’s study [43] showed that moderate-to-severe left ventricular dysfunction is 
a typical finding in the general population undergoing cardiac surgery. Those with 
reduced low preoperative left ventricular EF undergoing cardiac surgery carry a 
high risk of postoperative complications as well as a higher mortality rate. However, 
the operation can be performed with a comparatively low mortality rate [43].

Haxhibeqiri-Karabdic’s study [44] showed that in patients with left ventricular 
dysfunction, CABG could be performed safely with improvement in life quality and 
left ventricular EF.

Developments in preoperative management, enhancements in surgical 
techniques, application of off-pump CABG, advances in cardiac anesthesia, and 
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improvement in intensive postoperative care have led to a decreased mortality rate 
in patients with low EF operated by off-pump CABG [42].

Inamdar’s study [42] revealed that in patients with coronary artery disease and 
low EF, off-pump CABG could be performed as a relatively safe procedure. It results 
in good midterm survival, improved left ventricular function, and enhanced overall 
life quality [42].

Amouzeshi’s study [45] showed that even though an EF below 30% is an 
independent risk factor of mortality, proper care could minimize mortality after 
CABG. Besides, the study suggested inquiring into the impact of length of time 
after surgery and variables such as postoperative hospital care, surgical technique, 
the surgeon himself, and patient self-care training in more hospitals. It is neces-
sary to note that the mortality rate of 10% in patients with EF below 30 and 5% in 
patients with EF above 30% in this investigation is quite satisfactory according to 
global standards [34].

Moreover, it is critical to have a careful preoperative selection and operative 
management, including optimal strategies of myocardial preservation for patients 
with low EF undergoing cardiac surgery [45].

1.13 Transfusion of blood products

Transfusion of blood products in patients undergoing CABG is linked with 
higher mortality and morbidity [46]. A few studies have revealed an association 
between blood transfusion and lower long-term survival after CABG [47].

Van Straten’s study revealed that the number of transfused RBC is an inde-
pendent predictor of early but not late mortality after CABG. Compared to the 
expected survival, receiving no RBC improves the patient’s long-term survival, 
whereas receiving three or more units of RBC decreases the patient’s survival 
significantly [46].

Mikkola’s study showed that transfusion of any blood product is connected with 
significantly increased risks of all-cause and cardiac mortality after CABG. Such 
risks seem to be confined to the early postoperative period and decline later on. The 
perioperative use of fresh frozen plasma or Octaplas, from among blood products, 
appears to be the primary predictor of mortality [47].

These findings suggest that patient blood management is of extreme impor-
tance in enhancing postoperative outcomes, even in low-risk patients undergoing 
CABG [48].

2. Conclusions

In addition to cardiac-related and operation-related factors, patient-related 
contributors including senior age, comorbidity, female gender, and clinical pre-
operative situation can affect the clinical outcome of patients after CABG. This 
surgical procedure is a multidimensional phenomenon. In this regard, cardiac 
rehabilitation/secondary prevention programs can play a critical role in enhancing 
the process of care and outcome of this growing high-risk group of patients.
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Should We Do Bilateral Internal 
Mammary Artery Grafting in 
Diabetic Patients?
Hassane Abdallah, Ahmed Ibrahim and Khalid Al Khamees

Abstract

Nowadays, potential advantages of BIMA grafting are recognized overall in terms 
of long-term survival1 and by not increasing operative morbidity. One of the major 
restrictions for extending the use of BIMA grafting is the current impossibility of 
generalizing the procedure to higher risk patients. These results tend to confirm 
recent results that promote the use of BIMA grafting in every kind of patients and 
consequently to confirm the generalization of the procedure, without being afraid 
of sternal complications. The absence of deep sternal wound infection in our study 
shows that there is no contraindication of BITA grafting among diabetic patients.

Keywords: coronary, diabetes, deep sternal wound infection

1. Background

Coronary artery disease (CAD) is the most common pathology which prepos-
sesses cardiologists and cardiac surgeons in the past century. Ischemic heart disease 
was also the most common reason of mortality in the world as reported by the 
World Health Organization in 2018 [1].

While Coronary artery bypass grafting (CABG) is the preferred therapeutic 
option for ischemic heart disease in diabetic patients, surgical modalities of the pro-
cedure are still debated. One of these is the choice of grafts. Single internal-thoracic-
artery graft has resulted in a 10-year rate of angiographic patency exceeding 90%, 
as compared with 50% for vein grafts. These excellent long-term outcomes have 
stimulated the use of a bilateral internal-thoracic-artery approach. Nevertheless, the 
technique is associated to a major drawback. By compromising severely the sternal 
vascularization, the BIMA may expose patients higher rates of sternal wound infec-
tion and this risk seems to be particularly increased in diabetic patients.

The purpose of this chapter is to assess, according to our experience and litera-
ture review, the feasibility and the safety of BIMA in patients with diabetes under-
going CABG. Furthermore, the paper highlighted the importance of some cautions 
and adjunct measures that should be adopted systematically.

2. Patients and methods

A retrospective analysis of the patients who underwent coronary artery 
bypass surgery in our institution from January 2017 to January 2019 was performed. 
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All the data were retrieved from computer based medical records. All patients were 
followed-up in our hospital after the discharge.

The incidence of postoperative sternal wound infections in diabetic patients who 
received bilateral internal thoracic artery grafting was compared with the incidence 

Variable Total Diabetic 
(n = 116)

Non –diabetic 
(n = 94)

P value

Age 52.1 ± 9 52.9 ± 7.9 51. 04 ± 10.2 0.2

≤50 year 98(47%) 50(24%) 48(23%) 0.3

>50 year 112(53%) 66(31%) 46(22%)

Sex

Female 10(5%) 4(2%) 6(3%) 0.3

Male 200(95%) 112(53%) 88(42%)

HbAIc(mean ± SD) 7.8 ± 1.8 8.8 ± 1.6 6.1 ± 0.7 0.0001

≤7 95(45%) 27(13%) 65(31%) 0.0001

>7 78(37%) 71(34%) 8(4%)

≥10 37(18%) 39(18%) 0(0%)

HbAIc > 7 and BMI > 30 69(33%) 63(54%) 6(6%) 0.0001

BMI(mean ± SD) 29.1 ± 4.6 29.2 ± 4.7 28.7 ± 4.5 0.5

<25 59(28%) 29(14%) 29(14%) 0.3

25–30 76(36%) 46(22%) 29(14%)

>30–35 52(25%) 32(15%) 21(10%)

>35–40 23(11%) 13(6%) 11(5%)

EF

<30 34(16%) 21(10%) 13(6%) 0.7

30–50 69(33%) 40(19%) 29(14%)

>50 107(51%) 59(28%) 48(23%)

Table 1. 
Preoperative characteristics (n = 210).

Variable Diabetic Non-diabetic P value

Number of coronary by anastomosis (mean) 2.7 2.6 0.4

Y fashion

No 99(47%) 73(35%) 0.6

Yes 23(11%) 15(7%)

Pump

Off 72(35%) 60(29%) 0.7

On 44(21%) 34(16%)

Cross clamp time in minutes (Mean ± SD) 37 ± 6 41 ± 7 0.002

Bypass surgery time in minutes (Mean ± SD) 52 ± 8 57 ± 9 0.001

Duration of surgery in minutes (Mean ± SD) 227 ± 12 233 ± 13 0.005

Table 2. 
Postoperative characteristics.
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in non-diabetic patients. Two-hundred and ten patients who underwent CABG 
using bilateral internal thoracic arteries were enrolled in the study and were divided 
into two groups: group I diabetic patients (DM) (n = 116) and group II non-diabetic 
patients (non-DM) patients (n = 94) (Tables 1–4).

3. Surgical procedures

All patients were disinfected with dermic isobetadine (iso-Betadine Dermique, 
10% solution, povidone iodine) on their whole body. A lateral drape with plastic 
protector was used. All procedures were performed via median sternotomy. IMAs 
were harvested in a skeletonized fashion since only the artery is carefully dissected 
off the chest wall. Once upon completion of harvesting, IMAs were prepared with 
papaverine.

Extracorporeal circulation (ECC) was used in 78 patients whereas off-pump 
CABG was performed in 132 patients.

Combinations and numbers of arterial bypasses were selected according to the 
angiographic findings. When the bilateral internal mammary artery (BIMA) was 
grafted in situ, the left internal mammary artery (LIMA) was generally used for 
the left descending artery (LAD) and the RIMA for the lateral wall, usually going 
In Situ. In 38 patients having a Y-graft, the left coronary system was chosen as the 
target site of revascularization and a saphenous graft was used if necessary. The 
mean number of distal anastomosis was 2.6.

Before sternal closure, mediastinum was irrigated with warm saline and topi-
cal Vancomycin was routinely applied. Interlocking Multi-twisted closure sternal 
technique was used (Table 2).

Variable Diabetic  
(n = 116)

Non-diabetic 
(n = 94)

Difference 95% CI

Post-operative IABP 2 (1.7%) 1(1.1%) 0.6 −4.3 − 5.0

Atrial fibrillation 12 (10.4%) 8(8.8%) 1.6 −7.0 − 9.7

Post-operative stroke 0 0

Diaphragmatic paralysis 0 1(1.1%) 1.1 −2.2 − 5.8

Pleural effusion 1(0.9%) 2(2.1%) 1.2 −2.9 − 6.5

Hospital acquired pneumonia 2(1.7%) 1(1.1%) 0.6 −4.3 − 5.0

Low cardiac output 2(1.7%) 1(1.1%) 0.6 −4.3 − 5.0

Bleeding re-operation 0 0

ICU stay in day (mean) 4 3 1.0 0.6 − 1.4

Table 3. 
Postoperative morbidity.

Variable Diabetic  
(n = 116)

Non-diabetic 
(n = 94)

Difference 95% CI

Superficial Wound Infection 2(1.7%) 1(1.1%) 0.6 −4.3 − 5.0

Deep sternal wound infection 0 0 NA

Mortality 2(1.7%) 1(1.1%) 0.6 −4.3 − 5.0

Table 4. 
Postoperative infection and the mortality rate.
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4. Data analysis

Statistical Package for Social and Sciences (SPSS) version was used for data 
management. Descriptive data analysis was performed and data were presented in 
number (n) and percentages (%). Mean ± SD was reported for continuous vari-
ables. Statistical signıfıcance difference was assessed by using T-test for continuous 
variables and Chi squared for categorical variables and proportion, P value of 
(<0.05) was considered significant [2, 3].

5. Results

We included 210 patients, men (n = 200) and women (n = 10). The median age 
was 52.1 +/−9 years, 116 patients were DM and 100 patients of them in insulin, the 
median BMI was 29.1+/−4.6 kg/m2 and the mean Euro SCORE was 4.8.

Overall operative mortality was 2.8% and was recorded in three high risk 
patients with severe LV systolic dysfunction (ejection fraction < 30%).

No statistical difference between the two groups was observed. There were 
no stroke or transient neurologic accident happened among our patients even no 
reoperation for bleeding (Table 3).

Deep sternal wound infection occurred in none off our patients. Only three 
cases showed signs of superficial wound infection that healed promptly following 
daily dressing, antibiotics and strict glycemic control (Table 4).

6. Discussion

Since 1980s, internal mammary artery (IMA) has become the graft of choice, 
thanks to clinical and angiographic data showing its long term patency rates and its 
superiority over the saphenous vein graft. Subsequently, the use of more arterial 
grafts especially bilateral mammary arteries was studied to achieve better long-term 
results when compared to single IMA and SVG. Interestingly, many analyses have 
demonstrated that patients undergoing CABG with bilateral internal mammary 
artery (BIMA) grafting have significantly improved survival and freedom from 
repeat revascularization when compared with patients receiving a single internal 
mammary artery (SIMA) [4].

Accordingly, the use of BIMA in diabetics was studied as long as CABG has 
emerged as the best option of myocardial revascularization in this group [5]. 
However, in spite of Histological superiority of IMA and the improved outcomes, 
the use of BIMA in patients with diabetes mellitus is still debated mainly due to the 
higher risk of sternal infection which remains a life-threatening complication after 
cardiac surgery associated with increased morbidity and mortality.

The ART trial is the first randomized study that compares outcome of single 
and bilateral internal thoracic artery grafting for CABG. Survival after BIMA 
versus SIMA grafting is being assessed by the randomized controlled Arterial 
Revascularization Trial (ART) [6]. Analysis of early data from this trial demon-
strated similar surgical mortality and major morbidity for both the SIMA and the 
BIMA groups at 30 days and 1 year but with a small increase in the need for sternal 
wound reconstruction using BIMA. In our study BIMA used in selected diabetic 
patients do not lead to a significant higher incidence of deep sternal wound infec-
tion. We did not get the late survival advantage of using both internal thoracic 
arteries in this cohort. These results support the feasibility of CABG using BIMA 
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grafts in patients undergoing CABG however Special cautions should to use BIMA 
in diabetics have been highlighted [7, 8].

Recently, it has been suggested that the skeletonization technique of internal 
thoracic artery reduces the risk of deep sternal wound complications by preserving 
sternal vascularization. Furthermore, a recent meta-analysis compared the inci-
dence of sternal wound infection in diabetic patients undergoing skeletonized and 
pedicled IMA harvest. While pedicled BIMA harvest clearly increases the risk of 
DSWI, skeletonized BIMA harvest can be safely performed in diabetic patients [6].

Similarly, other measures should be applied in order to reduce the risk of sternal 
wound infection especially in diabetic patients. A recent prospective study showed 
the importance of a tight glycemic control with continuous intravenous insulin 
infusion- in comparison with fractional subcutaneous insulin injections, reduces 
significantly serum glucose levels and leads to a significant reduction in deep sternal 
wound infection rates [9]. Other studies highlighted that patients receiving topical 
vancomycin before closure of the incision had less superficial sternal infections (0% 
vs. 1.6%; P < 0.0001), deep sternal infections (0% vs. 0.7%; P = 0.005), any type 
of sternal infection (0% vs. 2.2%; P < .0001) and more interestingly a significant 
decrease in sternal infections of any type in patients with diabetes mellitus (0% vs. 
3.3%; P = 0.0004). As a conclusion they mentioned that topical vancomycin applied 
to the sternal edges, in conjunction with perioperative antibiotics and controlled 
glycemic level, helps to eliminate wound infections in cardiac surgical patients [10].

Contraindications to bilateral IMAs, according to the ART Trial, would 
be insulin-dependent diabetes mellitus, specifically in obese individuals, and 
chronic obstructive airways disease with some early shoots of higher complica-
tions in women and the elderly, which were thus relative contraindications [11]. 
Nevertheless, our protocol reveals that the feasibility of the double mammary in 
insulin -dependent diabetic patients without affecting the incidence of deep sternal 
wound infection, in condition with tight glycemic control and strict hygiene during 
perioperative period.

7. Conclusions

Excellent outcomes following BIMA grafting can be expected in diabetic 
patients with a similar morbimortality compared to non-diabetic patients. Thus, 
use of BIMA grafting is an acceptable surgical procedure technique for diabetic 
patients. It provides multiple grafting with the best arterial conduits (IMAs) 
and is associated with an acceptable risk of deep sternal infections provided that 
preventive measures are taken. Indeed, adherence to a policy of strict perioperative 
glycemic control, good surgical technique, skeletonization, as well as effective post-
operative management of surgical wounds would maximize the adoption of BIMA 
grafting as a default revascularization strategy even for diabetic patients. Further 
randomized controlled trials with longer follow-up are needed to confirm the safety 
and efficiency of BIMA grafting in diabetics.
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cardiac surgery associated with increased morbidity and mortality.
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Revascularization Trial (ART) [6]. Analysis of early data from this trial demon-
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grafts in patients undergoing CABG however Special cautions should to use BIMA 
in diabetics have been highlighted [7, 8].

Recently, it has been suggested that the skeletonization technique of internal 
thoracic artery reduces the risk of deep sternal wound complications by preserving 
sternal vascularization. Furthermore, a recent meta-analysis compared the inci-
dence of sternal wound infection in diabetic patients undergoing skeletonized and 
pedicled IMA harvest. While pedicled BIMA harvest clearly increases the risk of 
DSWI, skeletonized BIMA harvest can be safely performed in diabetic patients [6].

Similarly, other measures should be applied in order to reduce the risk of sternal 
wound infection especially in diabetic patients. A recent prospective study showed 
the importance of a tight glycemic control with continuous intravenous insulin 
infusion- in comparison with fractional subcutaneous insulin injections, reduces 
significantly serum glucose levels and leads to a significant reduction in deep sternal 
wound infection rates [9]. Other studies highlighted that patients receiving topical 
vancomycin before closure of the incision had less superficial sternal infections (0% 
vs. 1.6%; P < 0.0001), deep sternal infections (0% vs. 0.7%; P = 0.005), any type 
of sternal infection (0% vs. 2.2%; P < .0001) and more interestingly a significant 
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3.3%; P = 0.0004). As a conclusion they mentioned that topical vancomycin applied 
to the sternal edges, in conjunction with perioperative antibiotics and controlled 
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be insulin-dependent diabetes mellitus, specifically in obese individuals, and 
chronic obstructive airways disease with some early shoots of higher complica-
tions in women and the elderly, which were thus relative contraindications [11]. 
Nevertheless, our protocol reveals that the feasibility of the double mammary in 
insulin -dependent diabetic patients without affecting the incidence of deep sternal 
wound infection, in condition with tight glycemic control and strict hygiene during 
perioperative period.

7. Conclusions

Excellent outcomes following BIMA grafting can be expected in diabetic 
patients with a similar morbimortality compared to non-diabetic patients. Thus, 
use of BIMA grafting is an acceptable surgical procedure technique for diabetic 
patients. It provides multiple grafting with the best arterial conduits (IMAs) 
and is associated with an acceptable risk of deep sternal infections provided that 
preventive measures are taken. Indeed, adherence to a policy of strict perioperative 
glycemic control, good surgical technique, skeletonization, as well as effective post-
operative management of surgical wounds would maximize the adoption of BIMA 
grafting as a default revascularization strategy even for diabetic patients. Further 
randomized controlled trials with longer follow-up are needed to confirm the safety 
and efficiency of BIMA grafting in diabetics.
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Chapter 8

Right Internal Thoracic Artery 
with an Anteroaortic Course
Maurilio O. Deininger, Orlando G. Oliveira,  
Daniel M.S. Magalhães and Eugenia Di G. Deininger

Abstract

Coronary artery bypass graft surgery remains the procedure of choice to revas-
cularize patients with complex multivessel coronary artery disease. The left inter-
nal thoracic artery and saphenous vein are the most commonly utilized conduits 
in coronary artery bypass graft surgery. The left internal thoracic artery is widely 
accepted as the conduit of choice for coronary artery bypass grafting. Accumulated 
evidence in recent years has demonstrated the superiority of bilateral internal 
thoracic artery grafting over single internal thoracic artery grafting in terms 
of event-free survival, freedom from reintervention and survival. The survival 
benefit seen with bilateral internal thoracic artery grafting has been associated 
particularly with grafting the myocardium supplied by the left coronary artery 
system. Many surgical strategies have been tested in order to achieve left-sided 
myocardial revascularization with bilateral internal thoracic artery grafting. These 
include directing the right internal thoracic artery through the transverse sinus 
in a retroaortic course, free graft connected proximally either to the left internal 
thoracic artery (composite grafting) or to the ascending aorta. Another technical 
option is in situ right internal thoracic artery to the left anterior descending and 
left internal thoracic artery to circumflex marginal branches; in this chapter we 
will comment on this technique.

Keywords: bilateral internal thoracic artery, coronary artery bypass grafting,  
right internal thoracic artery, myocardial revascularization, coronary artery disease

1. Introduction

The treatment of coronary artery disease (CAD) is one of the most studied 
topics in medicine. Surgery for coronary artery bypass grafting (CABG) remains 
an excellent therapeutic option for the management of obstructive CAD, even 
with the development of new drugs and better results obtained with percutaneous 
treatment [1].

Although the saphenous vein is still widely used for aortic/coronary graft, due 
to the ease of harvest, preparation, and its use for making multiple grafts, this graft 
may develop intimal hyperplasia and atherosclerotic lesion, with occlusion rates of 
10–15% in the first year after surgery; still, after one decade only 60% of vein grafts 
are patent, and of these only 50% are free of significant stenosis. Among some 
causes for the failure of the graft, we can cite the presence of valves in the veins and 
the risk of dilatation (varicosities). In addition to this, complications may occur 



129

Chapter 8

Right Internal Thoracic Artery 
with an Anteroaortic Course
Maurilio O. Deininger, Orlando G. Oliveira,  
Daniel M.S. Magalhães and Eugenia Di G. Deininger

Abstract

Coronary artery bypass graft surgery remains the procedure of choice to revas-
cularize patients with complex multivessel coronary artery disease. The left inter-
nal thoracic artery and saphenous vein are the most commonly utilized conduits 
in coronary artery bypass graft surgery. The left internal thoracic artery is widely 
accepted as the conduit of choice for coronary artery bypass grafting. Accumulated 
evidence in recent years has demonstrated the superiority of bilateral internal 
thoracic artery grafting over single internal thoracic artery grafting in terms 
of event-free survival, freedom from reintervention and survival. The survival 
benefit seen with bilateral internal thoracic artery grafting has been associated 
particularly with grafting the myocardium supplied by the left coronary artery 
system. Many surgical strategies have been tested in order to achieve left-sided 
myocardial revascularization with bilateral internal thoracic artery grafting. These 
include directing the right internal thoracic artery through the transverse sinus 
in a retroaortic course, free graft connected proximally either to the left internal 
thoracic artery (composite grafting) or to the ascending aorta. Another technical 
option is in situ right internal thoracic artery to the left anterior descending and 
left internal thoracic artery to circumflex marginal branches; in this chapter we 
will comment on this technique.

Keywords: bilateral internal thoracic artery, coronary artery bypass grafting,  
right internal thoracic artery, myocardial revascularization, coronary artery disease

1. Introduction

The treatment of coronary artery disease (CAD) is one of the most studied 
topics in medicine. Surgery for coronary artery bypass grafting (CABG) remains 
an excellent therapeutic option for the management of obstructive CAD, even 
with the development of new drugs and better results obtained with percutaneous 
treatment [1].

Although the saphenous vein is still widely used for aortic/coronary graft, due 
to the ease of harvest, preparation, and its use for making multiple grafts, this graft 
may develop intimal hyperplasia and atherosclerotic lesion, with occlusion rates of 
10–15% in the first year after surgery; still, after one decade only 60% of vein grafts 
are patent, and of these only 50% are free of significant stenosis. Among some 
causes for the failure of the graft, we can cite the presence of valves in the veins and 
the risk of dilatation (varicosities). In addition to this, complications may occur 



The Current Perspectives on Coronary Artery Bypass Grafting

130

in the lower limb where its harvest was performed. The internal thoracic artery 
(ITA) rarely develops atherosclerosis, and its diameter is normally compatible with 
coronary artery to be revascularized [2].

Recently, several studies corroborate the superiority of the use of both internal tho-
racic arteries (ITAs) instead of the use of only one, especially the use of the left inter-
nal thoracic artery (LITA) to the left anterior descending branch (LAD), considered 
to be the gold standard in CABG as a consequence of the excellent long-term patency. 
However, the use of right internal thoracic artery (RITA) offers similar results to those 
obtained with the use of LITA when used for the LAD [1, 3]. Some authors consider 
that RITA is better as a second arterial graft than the radial artery (RA), particularly in 
relation to the occurrence of cardiac events such as perioperative myocardial infarction 
(MI) as a consequence of vasospasm, which can occur in up to 10% of patients [4].

The use of RITA for the right coronary artery (RCA) and its branches showed 
different results when compared to using left coronary (LC) system, with patency 
similar to the saphenous vein. For this reason, RITA became more used for LC 
as a compound graft with the LITA, also as a free graft, or at retroaortic position 
for branches of the circumflex coronary artery (CX) [3], and another alternative 
strategy is in situ RITA to LAD [1, 3, 5, 6].

Complete revascularization with arterial grafting shows better long-term 
outcomes after CABG. The superiority of the ITAs compared to other arterial grafts 
is already well accepted with excellent long-term results as can be seen widely in the 
literature [7].

2. Right internal thoracic artery with an anteroaortic course

Rene Favaloro published his first paper in April 1968 describing CABG surgery 
[8]. Since then, CABG has been with no doubt the most widely studied surgical 
procedure. But one important controversy that persists until now is about the ideal 
graft for revascularization, and mainly, whether the use of multiple arterial grafts 
results in significant improvement in long-term outcomes.

Multiple arterial conduits are used aiming to reduce the likelihood of future 
reoperations, especially both ITAs. But, there is still a fear of using both ITAs in 
some subgroups of patients, such as elderly, obese, and diabetic. However, some 
authors have observed that the skeletonization of ITAs and CABG surgery when 
performed without cardiopulmonary bypass (CPB) cause a reduction in the inci-
dence of sternal infection. This benefit is more evident in diabetic patients, where 
there may be a 60% reduction in the occurrence of this complication, allowing 
removal of both ITAs, without offering additional risk for infectious complica-
tions of the sternum [9, 10]. Others noted that the use of pedicled ITA and CPB are 
independent risk factors for mediastinitis in surgery for CABG [11].

When we use the antegrade RITA, in single or sequential graft, for the LAD ter-
ritory, we could use the LITA to the territory of CX. With this technique the entire 
left coronary system is revascularized with arterial grafts only (RITA and LITA), 
all in situ. To turn this surgery into a frequent treatment possible, the RITA to the 
anterior region of the heart needs to show the same good results as the LITA when 
used for its purpose, a result confirmed by a randomized study conducted by us 
[1]. Figure 1 shows details using the two ITAs for the territory of the left coronary 
artery and video 1 available from https://www.dropbox.com/s/0p2mcch5qw67clf/
Video%201%20-%20Animation%20RITA%20and%20LITA.mp4?dl=0 (animation 
showing the use of both ITAs for the left coronary artery).

On the other hand, if we use the ITA combined with another compound graft, 
with “Y” anastomosis, for example, all the blood flowing to the grafted coronary 
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ends up being from only one source of supply, usually the LITA. A reduction in its 
flow, due to spasm, can result in drastic consequences such as global ischemia of the 
left coronary territory [12].

We performed a randomized prospective study where we evaluated the patency 
of the LITA compared to the RITA when used for the territory of the anterior 
interventricular branch. The aim of this technique is to use the antegrade RITA, in 
single or sequential graft, for the LAD territory, and to use the LITA to the territory 
of CX. Due to the good long-term results when using both ITAs and to the fact that, 
as a consequence, the entire left coronary system is revascularized with arterial 
grafts only, i.e., RITA and LITA, all in situ, allowing two sources of blood supply, 
this could reduce the chance of reoperation for a new myocardial revascularization.

The primary aim of our study was to assess the patency of the pedicled RITA 
used in CABG, in the anteroaortic position in anastomosis to the LAD compared 
with LITA used in the same position. The secondary aim was to assess the occur-
rence of death or cardiac events such as myocardial infarction (MI) and recurrent 
angina or need for reintervention (reoperation for CABG or coronary angioplasty), 
as well as to assess the patency of other grafts. The patency was evaluated by mul-
tislice coronary angiotomography at the sixth postoperative month.

This study project was presented and approved by the Ethics and Research 
Committee of the Lauro Wanderley University Hospital, which belongs to Federal 
University of Paraíba, and Ethics Committee for Analysis of Research Projects 
(CAPPesq) of the Clinical Board of the Clinics Hospital and the Faculty of Medicine 
of the University of São Paulo, with the research protocol number 0844/08, 
CAPPesq, December 17, 2008. This project was performed with the approval of 
these committees and under the supervision of the Surgical Unit of Coronary 
Surgery Division of Heart Institute at Clinics Hospital of the Faculty of Medicine, 
University of São Paulo.

Figure 1. 
(A)This schematic drawing shows the anterior view of the heart with the RITA being used anterograde, in 
sequential anastomosis for diagonal and LAD coronaries. (B) Lateral view of the heart showing LITA being 
used in situ, in sequential anastomosis for two left marginal branches. RITA: Right internal thoracic artery; 
LAD: left anterior descending; LITA: left internal thoracic artery.
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Figure 1. 
(A)This schematic drawing shows the anterior view of the heart with the RITA being used anterograde, in 
sequential anastomosis for diagonal and LAD coronaries. (B) Lateral view of the heart showing LITA being 
used in situ, in sequential anastomosis for two left marginal branches. RITA: Right internal thoracic artery; 
LAD: left anterior descending; LITA: left internal thoracic artery.
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For randomization purposes, patients or guardians have to agree and sign the  
written informed consent, after being informed of it by a staff member. This study 
involved 100 patients who underwent cardiac surgery for off-pump coronary artery 
bypass (OPCAB), prospectively, randomized by computer before the beginning of the 
study. The surgeon knew the selected group only at the beginning of surgery, that is, 
which graft would be placed in the LAD territory (RITA or LITA). Patients did not know 
which technique would be used. The number of patients was calculated according to the 
probability of a difference of 15% occlusion higher than the standard, LITA to the LAD, 
for a value of probability error of 0.05 and a power of 80% sample with P of 0.05%.

There was no conflict of interest of any of the researchers involved in this 
research project.

Patients were selected after doing coronary angiographies. These exams were 
evaluated by at least two surgeons and should reveal coronary artery disease in at 
least two vessels of the left coronary artery territory with significant stenosis (> 
70%), presenting angina (stable or unstable) and left ventricular ejection fraction 
(LV-EF) higher than 30%. Patients with coronary artery bypass grafting combined 
with another procedure, circulatory assistance for cardiogenic shock, the use of 
intra-aortic balloon pump, LV-EF less than 30%, and reoperations were excluded. 
Obese or diabetic patients were not excluded; age limit has not been established. 
Since these criteria have been fulfilled, the patient was selected and invited to 
participate in the research. In order to provide similarity between the groups, we 
draw two strategies for the use of BITA and allocated patients in Group-1 (G-1) and 
Group-2 (G-2), both with 50 randomized patients. The patency of the right and left 
internal thoracic arteries was comparatively studied.

In G-1, LITA was used in situ with anastomosis to LAD (single or sequential 
anastomosis), and complementing revascularization with the free RITA to the CX 
territory, used in sequential anastomosis when needed, and another graft to the 
RC territory (saphenous vein or RA). In G-2, RITA was used in situ, anterograde 
with anastomosis to LAD (single or sequential anastomosis) and complementing 
revascularization with LITA; also in situ for the CX territory, used in sequential 
anastomosis when needed; and another graft to the RC territory (saphenous vein 
or RA). Video 2 is available from https://www.dropbox.com/s/e1g89hucaukjv0z/
Video%202%20-%20RITA%20Sequencial%20anastomosis.mp4?dl=0 (demon-
strating technical details of the sequential anastomosis from RITA to LAD and 
diagonal artery).

Clinical aspects were cataloged during the preoperative period to assess the 
similarity between the two groups. The occurrence of perioperative MI was assessed 
considering ST segment elevation greater than 1 mm at the limb leads or 2 mm 
at precordial leads at least two contiguous leads or some area of necrosis that did 
not exist at preoperative ECG. We also analyzed elevation of creatine kinase-MB 
(CK-MB) above 100 IU/l and troponin I level above 2.5 ng/mL within 48 hours after 
surgery.

To assess the coronary graft patency, patients of both groups were submitted 
to multislice CT angiography studies with 128 channels at 6 months after surgery. 
We used a Philips CT scanner (Brilliance CT), with schemes of 120 kV and 800–
1000 mA of irradiation; 0.67 mm cuts were performed, using wherever possible the 
75% stage. The time of apnea to capture images was around 15 seconds. In patients 
with heart rate (HR) above 65 beats per minute (bpm), a beta-blocker (metoprolol) 
at a dose of 2.5–15 mg (titrating to achieve HR less than 65 bpm) was used. Since 
patients had already undergone coronary artery bypass grafting, calcium score was 
not performed.

We performed median sternotomy. Special attention was given to the peri-
cardiotomy; it was opened longitudinally, between the ascending aorta and 
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the superior vena cava, where we made a tunnel through the thymic fat for the 
passage of the ATID. The ATIs were dissected using skeletonization and used in 
situ for the LAD territory depending on the group that was allocated. Figures 2 
and 3 show details of the opening of the pericardium and RITA’s positioning. 
Video 3 available from https://www.dropbox.com/s/4myr68cb1lfu3m8/Video%20
3%20-%20Opening%20of%20the%20pericardium.mp4?dl=0 shows surgical 
technical detail.

Initially we performed the anastomosis of the ATI to LAD (single or sequential 
anastomosis), then we performed the anastomosis (saphenous or radial artery) to 
RC artery territory. This strategy provides more security to bring the heart medi-
ally and expose the sidewall. Sometimes this maneuver can lead to hemodynamic 
instability. For better exposure of the coronary arteries, we used Lima’s point 
[13], suction stabilizer, and intracoronary shunt to allow more comfort during 
anastomosis.

The RITA was positioned across the mediastinum anteriorly. We made a tunnel 
using blunt dissection through the pericardial and pleural fat, anterior to the right 
phrenic nerve at the most cranial portion of the aorta. This way, the RITA is covered 
with mediastinal fat, previously isolated, making a tunnel on the aorta, allowing 
the RITA to stay on the free space between the aorta and the sternum, eliminating 

Figure 2. 
(A) Schematic drawing showing the preservation of the pericardium and adjacent fat tissue, which will be 
used later to cover the RITA when crossing the mediastinum at the level of the ascending aorta. (B) Schematic 
drawing showing the pericardium and the adjacent tissue being used to perform a tunnel with a clamp through 
the mediastinal fat to pass the RITA. (C) Schematic drawing showing the pericardium and adjacent fat tissue, 
being moved aside to show the RITA after anastomosis to the LAD. (D) Drawing showing the RITA crossing the 
mediastinum and being covered by the mediastinal fat, preventing it from adhering to the sternum bone. RITA: 
Right internal thoracic artery; LAD: left anterior descending.



The Current Perspectives on Coronary Artery Bypass Grafting

132

For randomization purposes, patients or guardians have to agree and sign the  
written informed consent, after being informed of it by a staff member. This study 
involved 100 patients who underwent cardiac surgery for off-pump coronary artery 
bypass (OPCAB), prospectively, randomized by computer before the beginning of the 
study. The surgeon knew the selected group only at the beginning of surgery, that is, 
which graft would be placed in the LAD territory (RITA or LITA). Patients did not know 
which technique would be used. The number of patients was calculated according to the 
probability of a difference of 15% occlusion higher than the standard, LITA to the LAD, 
for a value of probability error of 0.05 and a power of 80% sample with P of 0.05%.

There was no conflict of interest of any of the researchers involved in this 
research project.

Patients were selected after doing coronary angiographies. These exams were 
evaluated by at least two surgeons and should reveal coronary artery disease in at 
least two vessels of the left coronary artery territory with significant stenosis (> 
70%), presenting angina (stable or unstable) and left ventricular ejection fraction 
(LV-EF) higher than 30%. Patients with coronary artery bypass grafting combined 
with another procedure, circulatory assistance for cardiogenic shock, the use of 
intra-aortic balloon pump, LV-EF less than 30%, and reoperations were excluded. 
Obese or diabetic patients were not excluded; age limit has not been established. 
Since these criteria have been fulfilled, the patient was selected and invited to 
participate in the research. In order to provide similarity between the groups, we 
draw two strategies for the use of BITA and allocated patients in Group-1 (G-1) and 
Group-2 (G-2), both with 50 randomized patients. The patency of the right and left 
internal thoracic arteries was comparatively studied.

In G-1, LITA was used in situ with anastomosis to LAD (single or sequential 
anastomosis), and complementing revascularization with the free RITA to the CX 
territory, used in sequential anastomosis when needed, and another graft to the 
RC territory (saphenous vein or RA). In G-2, RITA was used in situ, anterograde 
with anastomosis to LAD (single or sequential anastomosis) and complementing 
revascularization with LITA; also in situ for the CX territory, used in sequential 
anastomosis when needed; and another graft to the RC territory (saphenous vein 
or RA). Video 2 is available from https://www.dropbox.com/s/e1g89hucaukjv0z/
Video%202%20-%20RITA%20Sequencial%20anastomosis.mp4?dl=0 (demon-
strating technical details of the sequential anastomosis from RITA to LAD and 
diagonal artery).

Clinical aspects were cataloged during the preoperative period to assess the 
similarity between the two groups. The occurrence of perioperative MI was assessed 
considering ST segment elevation greater than 1 mm at the limb leads or 2 mm 
at precordial leads at least two contiguous leads or some area of necrosis that did 
not exist at preoperative ECG. We also analyzed elevation of creatine kinase-MB 
(CK-MB) above 100 IU/l and troponin I level above 2.5 ng/mL within 48 hours after 
surgery.

To assess the coronary graft patency, patients of both groups were submitted 
to multislice CT angiography studies with 128 channels at 6 months after surgery. 
We used a Philips CT scanner (Brilliance CT), with schemes of 120 kV and 800–
1000 mA of irradiation; 0.67 mm cuts were performed, using wherever possible the 
75% stage. The time of apnea to capture images was around 15 seconds. In patients 
with heart rate (HR) above 65 beats per minute (bpm), a beta-blocker (metoprolol) 
at a dose of 2.5–15 mg (titrating to achieve HR less than 65 bpm) was used. Since 
patients had already undergone coronary artery bypass grafting, calcium score was 
not performed.

We performed median sternotomy. Special attention was given to the peri-
cardiotomy; it was opened longitudinally, between the ascending aorta and 
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the superior vena cava, where we made a tunnel through the thymic fat for the 
passage of the ATID. The ATIs were dissected using skeletonization and used in 
situ for the LAD territory depending on the group that was allocated. Figures 2 
and 3 show details of the opening of the pericardium and RITA’s positioning. 
Video 3 available from https://www.dropbox.com/s/4myr68cb1lfu3m8/Video%20
3%20-%20Opening%20of%20the%20pericardium.mp4?dl=0 shows surgical 
technical detail.

Initially we performed the anastomosis of the ATI to LAD (single or sequential 
anastomosis), then we performed the anastomosis (saphenous or radial artery) to 
RC artery territory. This strategy provides more security to bring the heart medi-
ally and expose the sidewall. Sometimes this maneuver can lead to hemodynamic 
instability. For better exposure of the coronary arteries, we used Lima’s point 
[13], suction stabilizer, and intracoronary shunt to allow more comfort during 
anastomosis.

The RITA was positioned across the mediastinum anteriorly. We made a tunnel 
using blunt dissection through the pericardial and pleural fat, anterior to the right 
phrenic nerve at the most cranial portion of the aorta. This way, the RITA is covered 
with mediastinal fat, previously isolated, making a tunnel on the aorta, allowing 
the RITA to stay on the free space between the aorta and the sternum, eliminating 

Figure 2. 
(A) Schematic drawing showing the preservation of the pericardium and adjacent fat tissue, which will be 
used later to cover the RITA when crossing the mediastinum at the level of the ascending aorta. (B) Schematic 
drawing showing the pericardium and the adjacent tissue being used to perform a tunnel with a clamp through 
the mediastinal fat to pass the RITA. (C) Schematic drawing showing the pericardium and adjacent fat tissue, 
being moved aside to show the RITA after anastomosis to the LAD. (D) Drawing showing the RITA crossing the 
mediastinum and being covered by the mediastinal fat, preventing it from adhering to the sternum bone. RITA: 
Right internal thoracic artery; LAD: left anterior descending.
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the possibility of the first to attach the latter. Figures 4 and 5 show multislice 
coronary angiotomography images showing the positioning of the RITA. Video 4 
available from https://www.dropbox.com/s/0vwao9267x3fd71/Video%204%20%20
Tunnel%20through%20the%20pericardial%20and%20pleural%20fat.mp4?dl=0 
and video 5 available from https://www.dropbox.com/s/lfa2b8xdf4kv7mc/
Video%205%20-%20Positioning%20of%20RITA%20and%20LITA.mp4?dl=0, 
demonstrating surgical technical details.

High levels of troponin I after CABG do not necessarily indicate that the graft 
is occluded, but only that there was a significant myocardial injury during or after 
the procedure. We performed off-pump surgery in 95% of patients in this series. 
In several patients we performed four arterial anastomoses to LC artery territory, 
which was possibly due to the sequential anastomosis using both ITAs. This shows 
that with a good surgical strategy, it is possible to perform a full OPCAB using both 
ITAs [1].

Figure 3. 
(A) Surgical photo showing the opening of the pericardium until the limit of the superior vena cava, preserving 
all the thymic fat. (B) Surgical photo showing the pericardium being moved aside to performing a tunnel 
with clamp. (C) Surgical photo showing the positioning of the RITA crossing the mediastinum through the 
mediastinal fat and positioned on the cranial portion of the ascending aorta. A small segment of LITA is seen 
penetrating the pericardial cavity through a window on the left lateral side of the pericardium. (D) Surgical 
photo showing the final view where mediastinal fat and pericardium cover the entire ascending aorta and 
RITA. RITA: Right internal thoracic artery; LITA: left internal thoracic artery.
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Figure 5. 
(A) and (B) Multislice coronary angiotomography images show the positioning of the RITA highlighting 
its distance from the sternum (18.1 mm). (C) and (D) Multislice coronary angiotomography images show 
the positioning of the RITA at the cranial portion of the ascending aorta anastomosed to the left anterior 
descending. We also observe the saphenous vein graft to the posterior descending artery.

Figure 4. 
(A) Multislice coronary angiotomography image shows the RITA position at cranial portion of the ascending 
aorta, anastomosed to the LAD, and saphenous vein graft anastomosis to the posterior descending artery. (B) 
Multislice coronary angiotomography image shows the RITA position at the cranial portion of the ascending 
aorta, anastomosis to the left anterior descending, and LITA anastomosis to the left marginal branch. RITA: 
Right internal thoracic artery; LAD: left anterior descending; LITA: left internal thoracic artery.
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the possibility of the first to attach the latter. Figures 4 and 5 show multislice 
coronary angiotomography images showing the positioning of the RITA. Video 4 
available from https://www.dropbox.com/s/0vwao9267x3fd71/Video%204%20%20
Tunnel%20through%20the%20pericardial%20and%20pleural%20fat.mp4?dl=0 
and video 5 available from https://www.dropbox.com/s/lfa2b8xdf4kv7mc/
Video%205%20-%20Positioning%20of%20RITA%20and%20LITA.mp4?dl=0, 
demonstrating surgical technical details.

High levels of troponin I after CABG do not necessarily indicate that the graft 
is occluded, but only that there was a significant myocardial injury during or after 
the procedure. We performed off-pump surgery in 95% of patients in this series. 
In several patients we performed four arterial anastomoses to LC artery territory, 
which was possibly due to the sequential anastomosis using both ITAs. This shows 
that with a good surgical strategy, it is possible to perform a full OPCAB using both 
ITAs [1].

Figure 3. 
(A) Surgical photo showing the opening of the pericardium until the limit of the superior vena cava, preserving 
all the thymic fat. (B) Surgical photo showing the pericardium being moved aside to performing a tunnel 
with clamp. (C) Surgical photo showing the positioning of the RITA crossing the mediastinum through the 
mediastinal fat and positioned on the cranial portion of the ascending aorta. A small segment of LITA is seen 
penetrating the pericardial cavity through a window on the left lateral side of the pericardium. (D) Surgical 
photo showing the final view where mediastinal fat and pericardium cover the entire ascending aorta and 
RITA. RITA: Right internal thoracic artery; LITA: left internal thoracic artery.
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Figure 5. 
(A) and (B) Multislice coronary angiotomography images show the positioning of the RITA highlighting 
its distance from the sternum (18.1 mm). (C) and (D) Multislice coronary angiotomography images show 
the positioning of the RITA at the cranial portion of the ascending aorta anastomosed to the left anterior 
descending. We also observe the saphenous vein graft to the posterior descending artery.

Figure 4. 
(A) Multislice coronary angiotomography image shows the RITA position at cranial portion of the ascending 
aorta, anastomosed to the LAD, and saphenous vein graft anastomosis to the posterior descending artery. (B) 
Multislice coronary angiotomography image shows the RITA position at the cranial portion of the ascending 
aorta, anastomosis to the left anterior descending, and LITA anastomosis to the left marginal branch. RITA: 
Right internal thoracic artery; LAD: left anterior descending; LITA: left internal thoracic artery.
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The primary endpoint was the graft patency of ITAs used to graft the LAD, and 
the secondary endpoint was the occurrence of death or cardiac events such as MI, 
recurrent angina, and need for reoperation. The observation period was 6 months 
after surgery until angiotomography was performed. For statistical analysis, Chi-
square and Fisher’s exact test were used to compare proportions and Student’s t-test 
for numeric values with results expressed as mean and standard deviation. The 
software used was GraphPad Prism 5.2.

There was no death in any group, nor any permanent neurological complication, 
or need for revascularization, percutaneous or surgical, in any patient in the two 
groups during the observation period of 6 months. Multislice coronary angioto-
mography was performed at 6 months after surgery in 96 of the 100 patients. None 
of the ITAs (RITA or LITA), grafted in LAD, showed occlusion or stenosis [1].

After the good results obtained with this technique, we started to use it rou-
tinely. We already use RITA for the territory of the LAD branch and LIMA for the 
circumflex territory in more than 1500 patients.

3. Comment

Despite the good results, this surgery is not frequently used in major centers 
around the world. It is known that, in addition to the fear of the risk of sternal 
infection or severe bleeding, using both ITAs increases surgical time and requires 
more refined technique. As there are still doubts and controversies regarding the 
best surgical strategy, the use of both ITAs is still not routinely performed in all 
services and in all subgroups of patients. Consequently, the utilization rates of ITAs 
range from 4 to 30%, even in countries like the USA, Japan, and some European 
countries [14]. Evidence clearly shows the superiority of the use of both ITAs in 
CABG surgery. Evidence from observational studies is being incorporated into the 
guidelines of cardiac surgery societies, making the use of arterial grafts recom-
mended in CABG by the American and European guidelines and in a more recent 
position paper by the Society of Thoracic Surgeons [15].

Some authors showed that the use of anteroaortic RITA or LITA has similar 
patency when grafted to the LAD [1, 16, 17]. When we use anteroaortic RITA to 
LAD, this technique allows the entire left coronary system to be revascularized with 
two independent sources of blood supply, using both ITAs in situ, that is, RITA for 
LAD territory and LITA for CX territory. However, one of the limitations for the 
use of this technique is the crossing of the mediastinum by the ATID, which may 
cause graft injury in the case of reoperation, due to the risk of the ATID adhering 
to the sternum. To minimize this risk, some authors advocate the use of a PTFE 
tube or a pedicled thymic fat to protect the LITA when crossing the mediastinum 
[1, 5]. Another limitation to the use of RITA to LAD is the difficulty to achieve the 
desired anastomosis site, in the event of the need to perform a distal anastomosis. 
Based on some authors’ experience, this limitation occurs in 6% of the cases, and, 
in these cases, a RITA “Y” composite graft with LITA can be performed [1]. When 
we use the skeletonized ITA, the length of this artery increases compared to the 
pedicle artery, thus allowing RITA to reach the LAD (20.1 vs. 16.4 cm, P < 0.001.); 
in addition there was a reduction of infectious complications in the diabetic 
patients’ sternum (2.2 vs. 10.0%, P < 0.05) [18]. The reduction of the risk of sternal 
osteomyelitis with this technique is due to the preservation of the blood supply and 
lymphatic drainage, and consequently leading to increased flow compared to the 
non-skeletonized ITA [7].

Some authors observed that using saphenous vein graft for the RC territory 
brings results as satisfactory as RITA for that same region of the heart [5, 6]. 
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The long-term benefit can be obtained when both ITAs are used to irrigate the LC 
territory [1, 19, 20]. The other option to use both in situ ITAs to the left coronary 
system is the retroaortic RITA for CX territory [4, 7]. However, some authors cite 
limitations on using this technique because the RITA length cannot reach two or 
three LM branches for sequential anastomosis, especially in off-pump surgery. When 
we use this technique and the CABG is performed without CPB, the confection of 
this anastomosis is impaired by the need to bring the heart to expose the coronary 
branches of lateral wall, distancing the coronary artery from the graft. On the other 
hand, at anteroaortic position this mentioned difficulty does not occur. The course 
of retroaortic RITA may present some disadvantages, such as difficulty to control 
the bleed of any branch or aortic artery compression or kinks not detected [20]. 
Another technique that can be used is bilateral ITA in “Y” composite graft (free 
RITA joined to the side of the LITA). Video 6 available from https://www.dropbox.
com/s/c71rbgpy7bzfwjs/Video%206%20%20%22Y%22anastomosis.mp4?dl=0 
shows coronaryography of a patient undergoing this technique. A meta-analysis of 
the studies comparing in situ with “Y” graft ITA configurations showed no signifi-
cant difference in clinical outcomes [21].

The presentation and publication in November 2016 of the planned 5-year 
interim analysis (of 10-year survival, a primary outcome) of the Arterial 
Revascularization Trial (ART) of the American Heart Association left the com-
munity of cardiac surgeons around the world surprised. The trial ART is the largest 
randomized study using arterial grafts, involving 28 centers in 7 countries and 3102 
patients randomized to receive single internal thoracic arteries (SITAs) or bilateral 
internal thoracic arteries (BITAs). There are several potential limitations to ART 
trial, for example, near 20% of patients receiving a SITA graft also received a radial 
artery graft, which may have further narrowed any potential differences between 
SITA and BITA [22]. Despite these limitations, ART trial remains the most solid 
available evidence comparing SITA versus BITA grafts. Furthermore, although 
the results of ART trial contradict much of the results of published observational 
studies, they are consistent with Cleveland Clinic results of nearly 20 years ago 
reporting a survival benefit of BITA grafts after 5 years; this benefit becomes more 
evident over the years [23].

After evaluating ITA remodeling, some authors cite predictors of occlusion: 
large accessory branches leading to theft of flow, flow through the native coronary 
bed, and quality of the distal coronary bed. When using both ITAs, the best results 
are obtained when they are used in the LC territory, preferably in occluded arter-
ies or significant obstructive lesions. Patency is therefore determined by the flow 
competition, the nature of the graft, and the degree of stenosis of the coronary ter-
ritory. Therefore, the graft deterioration is related to the degree of coronary branch 
obstruction when it is less than 75%. Competitive flow reduces the patency of 
arterial grafts after coronary bypass surgery. This competitive flow is dynamic, rela-
tive, and in a certain way inevitable. The preoperative assessment of the coronary 
stenosis severity and the prediction of competitive flow can be improved with the 
addition of fractional flow reserve (FFR) measurements to coronary angiography, 
but the potential for minimizing the effects of competitive flow by different graft 
configurations seems limited [24].

Regarding the CABG procedure itself, there is a significant gender differentiation, 
because only a small percentage of women receive complete arterial revasculariza-
tion, as reported in the STS database (2.3% of women who underwent CABG from 
2002 to 2005 received BITA grafting vs. 4.7% of men) [25]. Some authors do not use 
gender [1], obesity, or the presence of diabetes as exclusion criteria to use BITA graft-
ing, but some consider females a risk factor, decreasing their chances to receive the 
best revascularization approach, BITA grafting. The long-term survival benefit of the 
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The primary endpoint was the graft patency of ITAs used to graft the LAD, and 
the secondary endpoint was the occurrence of death or cardiac events such as MI, 
recurrent angina, and need for reoperation. The observation period was 6 months 
after surgery until angiotomography was performed. For statistical analysis, Chi-
square and Fisher’s exact test were used to compare proportions and Student’s t-test 
for numeric values with results expressed as mean and standard deviation. The 
software used was GraphPad Prism 5.2.

There was no death in any group, nor any permanent neurological complication, 
or need for revascularization, percutaneous or surgical, in any patient in the two 
groups during the observation period of 6 months. Multislice coronary angioto-
mography was performed at 6 months after surgery in 96 of the 100 patients. None 
of the ITAs (RITA or LITA), grafted in LAD, showed occlusion or stenosis [1].

After the good results obtained with this technique, we started to use it rou-
tinely. We already use RITA for the territory of the LAD branch and LIMA for the 
circumflex territory in more than 1500 patients.

3. Comment

Despite the good results, this surgery is not frequently used in major centers 
around the world. It is known that, in addition to the fear of the risk of sternal 
infection or severe bleeding, using both ITAs increases surgical time and requires 
more refined technique. As there are still doubts and controversies regarding the 
best surgical strategy, the use of both ITAs is still not routinely performed in all 
services and in all subgroups of patients. Consequently, the utilization rates of ITAs 
range from 4 to 30%, even in countries like the USA, Japan, and some European 
countries [14]. Evidence clearly shows the superiority of the use of both ITAs in 
CABG surgery. Evidence from observational studies is being incorporated into the 
guidelines of cardiac surgery societies, making the use of arterial grafts recom-
mended in CABG by the American and European guidelines and in a more recent 
position paper by the Society of Thoracic Surgeons [15].

Some authors showed that the use of anteroaortic RITA or LITA has similar 
patency when grafted to the LAD [1, 16, 17]. When we use anteroaortic RITA to 
LAD, this technique allows the entire left coronary system to be revascularized with 
two independent sources of blood supply, using both ITAs in situ, that is, RITA for 
LAD territory and LITA for CX territory. However, one of the limitations for the 
use of this technique is the crossing of the mediastinum by the ATID, which may 
cause graft injury in the case of reoperation, due to the risk of the ATID adhering 
to the sternum. To minimize this risk, some authors advocate the use of a PTFE 
tube or a pedicled thymic fat to protect the LITA when crossing the mediastinum 
[1, 5]. Another limitation to the use of RITA to LAD is the difficulty to achieve the 
desired anastomosis site, in the event of the need to perform a distal anastomosis. 
Based on some authors’ experience, this limitation occurs in 6% of the cases, and, 
in these cases, a RITA “Y” composite graft with LITA can be performed [1]. When 
we use the skeletonized ITA, the length of this artery increases compared to the 
pedicle artery, thus allowing RITA to reach the LAD (20.1 vs. 16.4 cm, P < 0.001.); 
in addition there was a reduction of infectious complications in the diabetic 
patients’ sternum (2.2 vs. 10.0%, P < 0.05) [18]. The reduction of the risk of sternal 
osteomyelitis with this technique is due to the preservation of the blood supply and 
lymphatic drainage, and consequently leading to increased flow compared to the 
non-skeletonized ITA [7].

Some authors observed that using saphenous vein graft for the RC territory 
brings results as satisfactory as RITA for that same region of the heart [5, 6]. 

137

Right Internal Thoracic Artery with an Anteroaortic Course
DOI: http://dx.doi.org/10.5772/intechopen.89807

The long-term benefit can be obtained when both ITAs are used to irrigate the LC 
territory [1, 19, 20]. The other option to use both in situ ITAs to the left coronary 
system is the retroaortic RITA for CX territory [4, 7]. However, some authors cite 
limitations on using this technique because the RITA length cannot reach two or 
three LM branches for sequential anastomosis, especially in off-pump surgery. When 
we use this technique and the CABG is performed without CPB, the confection of 
this anastomosis is impaired by the need to bring the heart to expose the coronary 
branches of lateral wall, distancing the coronary artery from the graft. On the other 
hand, at anteroaortic position this mentioned difficulty does not occur. The course 
of retroaortic RITA may present some disadvantages, such as difficulty to control 
the bleed of any branch or aortic artery compression or kinks not detected [20]. 
Another technique that can be used is bilateral ITA in “Y” composite graft (free 
RITA joined to the side of the LITA). Video 6 available from https://www.dropbox.
com/s/c71rbgpy7bzfwjs/Video%206%20%20%22Y%22anastomosis.mp4?dl=0 
shows coronaryography of a patient undergoing this technique. A meta-analysis of 
the studies comparing in situ with “Y” graft ITA configurations showed no signifi-
cant difference in clinical outcomes [21].

The presentation and publication in November 2016 of the planned 5-year 
interim analysis (of 10-year survival, a primary outcome) of the Arterial 
Revascularization Trial (ART) of the American Heart Association left the com-
munity of cardiac surgeons around the world surprised. The trial ART is the largest 
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artery graft, which may have further narrowed any potential differences between 
SITA and BITA [22]. Despite these limitations, ART trial remains the most solid 
available evidence comparing SITA versus BITA grafts. Furthermore, although 
the results of ART trial contradict much of the results of published observational 
studies, they are consistent with Cleveland Clinic results of nearly 20 years ago 
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After evaluating ITA remodeling, some authors cite predictors of occlusion: 
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Regarding the CABG procedure itself, there is a significant gender differentiation, 
because only a small percentage of women receive complete arterial revasculariza-
tion, as reported in the STS database (2.3% of women who underwent CABG from 
2002 to 2005 received BITA grafting vs. 4.7% of men) [25]. Some authors do not use 
gender [1], obesity, or the presence of diabetes as exclusion criteria to use BITA graft-
ing, but some consider females a risk factor, decreasing their chances to receive the 
best revascularization approach, BITA grafting. The long-term survival benefit of the 
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systematic use of BITA grafting among women remains unclear. Lately, some authors 
have shown that women had a similar 10-year survival compared to men when BITA 
grafting was used. Others have shown that women who underwent CABG in which 
BITA grafting was used had better survival than the group that used SITA, espe-
cially in patients older than 65 years. Thus, it was demonstrated that the best results 
obtained with the use of BITA grafts are gender independent [26].

Several studies have shown that the use of bilateral in situ internal thoracic 
arteries provides excellent probabilities of event-free survival and cardiac 
event-free survival during follow-up of 15 and 20 years. More studies including 
elderly patients with severe comorbidities are needed. Results from studies with 
15–20 years of total arterial revascularization suggest that cardiac surgeons should 
prefer total arterial grafts in order to reduce the risk of long-term cardiac events, 
especially during the second decade after surgery in relatively young and healthy 
patients. Despite the absence of a randomized control trial, there is evidence that 
the BITA graft is not only safe in the immediate postoperative period, but it has a 
supremacy over SITA use over long-term survival and absence of cardiac events. 
This is the reason why the use of RITA as a second arterial graft with LITA has 
acquired a Class IIa, evidence B indication at the European and American guidelines 
on myocardial revascularization [27, 28]. Total arterial revascularization using both 
ITAs is the best revascularization strategy that a cardiovascular community can 
offer for their patients with multivessel disease [29].

4. Conclusion

Coronary artery bypass grafting using antegrade in situ RITA for LAD terri-
tory, compared to the in situ LITA, anastomosed in the same region, presents the 
same results in an evaluation period of 6 months, assessed by multislice coronary 
angiotomography, as demonstrated by some authors [1]. The results demonstrated 
100% grafts’ patency. The OPCAB surgery that used both ITAs for LC territory 
proved to be safe, effective, and feasible, even in patients with multivessel disease.

The main reasons for the reluctance to use BITA grafts are its technical chal-
lenge, because it requires a high level of skill, experience, and concentration. The 
duration of surgeries is longer and may be associated with a minor increased risk 
of deep sternal wound infection in severe cases of diabetes, obesity, and/or chronic 
obstructive pulmonary disease. Another reason is the lack of convincing evidence 
of a randomized controlled trial. All these difficulties/problems can be overcome 
with the use of ITAs skeletonization. We should always bear in mind Lytle’s state-
ment made in 1999: “two internal thoracic artery grafts are better than one.” Some 
studies already postulate the use of three arterial grafts in order to obtain better late 
survival.

The CABG off-pump surgery leads to less cell injury than the conventional 
method of CABG surgery (on-pump) [1, 10, 19]. Based on randomized and obser-
vational trials that have compared off- versus on-pump CABG, there is one point 
that most surgeons would agree with the following: surgeons have to be experienced 
and routinely use off-pump techniques to have comparable results with off- versus 
on-pump CABG. The best results with off-pump CABG come from centers with 
large volume of surgical patients [19].
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Chapter 9

Tips and Tricks in Microvascular 
Anastomoses
Sharifah Ahmad Roohi

Abstract

Microvascular anastomosis is a highly skilled surgical technique that requires the 
assistance of optical magnification via an operating microscope or loupes to be fully 
visualised and thus accomplished reasonably well. It demands the full attention of 
the surgeon throughout the procedure. Even the smallest of inadvertencies may result 
in disastrous results. Practice has no shortcut and the more experienced a skilled sur-
geon is, the better his results. The chapter begins with a detailed account of prepared-
ness in the operating room, for preparation is the path to success. There are however 
tips to reduce the incline of the learning curve and points to remember when things 
are not quite going right. This chapter attempts to deal with those moments.

Keywords: arterial repair, microvascular anastomosis, replantation, 
revascularization techniques, venous repair and grafting

1. Introduction

Microvascular anastomosis is a fine art form which requires practice to get it 
perfect. Perfection is required to repair a vessel that is 2 mm or less in diameter 
with precision in order to prevent the development of a thrombus resulting in 
vessel occlusion. In order to achieve this, harmony should be present between the 
microscope, its operator (the surgeon), and his instruments. With experience, 
the surgeon may be able to successfully anastomose 1–2 mm diameter vessels with 
loupes magnification, but it is not recommended for the novice. This chapter is 
divided into two sections: the first is a brief description of the surgeon’ s posture, 
his instruments, patient factors and the environment to illustrate how the har-
mony results in a better whole. In the second section, the techniques on how to 
accomplish the process without compromising the quality of repair and the finer 
points on how to enhance it will be highlighted to bring the whole orchestra to its 
crescendo and conclusion.

2. The components of the orchestra

There are four main components to the whole scenario. If we liken it to a Musical 
Concert, then the place where the whole operation takes place is the Operating 
Room (OR) while the main Conductor of the event is the Chief Surgeon. The surgi-
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Chapter 9

Tips and Tricks in Microvascular 
Anastomoses
Sharifah Ahmad Roohi

Abstract

Microvascular anastomosis is a highly skilled surgical technique that requires the 
assistance of optical magnification via an operating microscope or loupes to be fully 
visualised and thus accomplished reasonably well. It demands the full attention of 
the surgeon throughout the procedure. Even the smallest of inadvertencies may result 
in disastrous results. Practice has no shortcut and the more experienced a skilled sur-
geon is, the better his results. The chapter begins with a detailed account of prepared-
ness in the operating room, for preparation is the path to success. There are however 
tips to reduce the incline of the learning curve and points to remember when things 
are not quite going right. This chapter attempts to deal with those moments.

Keywords: arterial repair, microvascular anastomosis, replantation, 
revascularization techniques, venous repair and grafting

1. Introduction
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loupes magnification, but it is not recommended for the novice. This chapter is 
divided into two sections: the first is a brief description of the surgeon’ s posture, 
his instruments, patient factors and the environment to illustrate how the har-
mony results in a better whole. In the second section, the techniques on how to 
accomplish the process without compromising the quality of repair and the finer 
points on how to enhance it will be highlighted to bring the whole orchestra to its 
crescendo and conclusion.

2. The components of the orchestra

There are four main components to the whole scenario. If we liken it to a Musical 
Concert, then the place where the whole operation takes place is the Operating 
Room (OR) while the main Conductor of the event is the Chief Surgeon. The surgi-
cal (musical) instruments are what are essential for the surgery to take place and 
finally the musical score is the patient upon which this whole event is dependent 
upon to be successful.
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2.1 The operating room

The theatre where the drama takes place is the operating room. The environment 
in this room is critical to the success of the surgery. The conductor or Master of the 
OR is the surgeon and the environment should be tailored to his or her preference.

Microsurgery requires a steady hand and practiced skill. It takes hours to com-
plete a replantation or undertake a coronary artery by-pass graft while demanding 
full concentration to the task at hand. Mundane issues must be sorted out for any 
discomfort may prolong the surgery and even render it unsuccessful.

2.1.1 Temperature and lighting

The temperature of the OR is of course controlled within specified limits of 
regulatory standards, but the main surgeon must be comfortable throughout the 
duration of the surgery.

The lighting, similarly, has to be of superb quality to visualise the most intricate 
detail. The aim is to have a well-illuminated field without shadows. The operating 
microscope achieves this by housing an incandescent or halogen bulb in the floor 
stand and transmitting the light via a built-in fibre optic cable to the operating field. 
The general surgical field, however, is wider and once the surgeon looks out to this 
area, it will appear dark, thus the periphery also has to be well-lit with good OR lights.

2.1.2 Theatre equipment

Surgical equipment such as the Operating microscope, the x-ray machine, the 
coagulation (diathermy) unit, the heart-lung bypass machine and the anaesthetic 
machines all need to be co-ordinated and well-spaced out (Figure 1). In a centre 
routinely performing these surgeries, there are fixed protocols: they are there for a 
reason. Surgeons in different centres will do it differently depending on how (and 
where) they have been trained; therefore, these protocols are to be tailored to the 
surgeon or institution.

The surgeon’s stool (Figure 1: inset) is obviously of extreme importance and 
depending upon their preference should be comfortable and of perfect (adjustable) 
height with rollers to allow the surgeon to move seamlessly. Different sub-specialties 
have slightly varying adjustments such back support, arm support (or none) a ring 

Figure 1. 
Operation theatre set-up. The X-ray machine (mini C-arm), operating microscope and diathermy machine 
should all be away from the main surgeon and not touching the operating table. The surgical stool is shown in 
the inset.
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below to rest the foot and so on. These are personal preferences and every attempt 
should be made to accommodate them.

The Diathermy cable should be tucked well out of the way and the foot pedal 
next to the surgeon’s dominant foot. If the microscope has foot control, then it could 
be placed at the assistant’s preferred foot or elsewhere. The wire should not interfere 
with the rollers of the operating surgeon’s stool.

2.2 The surgeon

The surgeon performing an operation must be well rested, energised, reasonably 
hydrated and abreast of the task at hand. It is important to note that any heavy activity 
(swinging heavy objects, manual activity) should be avoided in the 24 hours prior 
to microsurgery. If one wants to test this out, try playing table tennis after a round 
of tennis. Using the larger muscle groups will compromise the fine motor control (in 
millimetres and micrometres) required in microsurgery. Caffeine intake should be the 
amount the surgeon is used to: not more and not less. For obvious reasons the use of 
sedatives prior to surgery is not advised as are medications that may cause drowsiness.

During emergency cases, if progress is not being made, a 10–20-minute break 
is advised; it usually allows a fresh take on the stumbling block. If it is a technically 
difficult step, take a breather before starting it, better insight is gained with a few 
deep breaths.

2.3 The equipment

2.3.1 The operating microscope/loupes

The Operating microscope is used in many different surgical specialities and has 
been adapted for their particular needs. The Ophthalmic one for example is angled 
at 45° while the neuro one is used while in standing position. The Plastic and Hand 
Surgeons use the same one in a sitting position and new the latest ones by Zeiss 
(Pentero and Kinevo) have 3D images and screens that are facing the surgeon so he 
does not even have to look down at the field (Figure 2)!

The Neuro Microscopes show arterial and venous flow – they also have infrared 
technology that allows intra-operative visual assessment of blood flow and patency, 
all with the push of a button.

Figure 2. 
Operating microscopes. The classic Zeiss microscope came on the S88 floor stand. Now Zeiss has the modern 
Pentero and Kinevo which can do fluoroscan view as well as show the screen up front (on the right), so the 
surgeon can operate seeing up, not down, reducing neck strain.
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In cases where the vessel diameter is more than 1.5 mm, it is possible to use 
high powered loupes (4.2x or even 6.0x) to perform the anastomoses safely (by an 
experienced surgeon). There are now a number of high-quality loupes in the market 
from various players that provide an extended field of vision with great clarity. It 
should be noted that the focal length is fixed, so be sure of your working distance 
before purchasing one.

2.3.2 Surgical instruments

The surgical set for a microvascular anastomosis should be comprehensive 
(Figure 3), however the number of instruments on the table during the repair 
should be limited to the ones in use and best housed in a silicone-based beaker 
of water (not saline). There are a few essential instruments that one cannot do 
without: a good microsurgical needle holder, a straight and curved microsurgical 
scissors, a pair of fine jeweller’s forceps (straight and angled) and a vessel dilator 
[1]. Obviously, it is essential to have a set of microvascular clamps, both single 
and double, with the latter optional to be mounted on a frame. I prefer the Acland 
clamps with a bar across (Figure 4), which helps to anchor the suture when repair-
ing the vessel. I also like to use a blunt-tipped curved dissecting micro-scissors 
(Figure 5) for it does not damage the adventitial tissue and the all-important intima 
during vessel preparation.

2.3.3 Sutures

The main suture I use for arterial repair of less than 1.0 mm in diameter is the 
10/0 by Ethicon; code W2870 – Figure 6A. This has a diameter of 1/1000 of an 
inch and a length of 13 cm which is one inflexion of the wrist across the operating 
field under the microscope. There is thus no delay in visualisation i.e. one does not 
have to move one’s vision away from the Operating microscope or drop the needle 
and pick it up again because the suture is too long. For larger diameter vessels, 9/0 
Ethilon may be used or even 8/0 but one has to balance between ease of perfor-
mance and needle penetration causing leaks. For veins, being thin-walled and more 

Figure 3. 
A basic set of microsurgical instruments. Note the fine double hooks on the right and a nerve holder next to the 
needle holder. The curved (blunt) micro needle-holder is the second from the left and is extremely useful. The 
instruments should be comfortable to hold and use.
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challenging to handle, a 10/0 suture is practical. For those more experienced, 11/0 
(Figure 6B) may be used, although not all theatres carry those. If it is anticipated 
that the patient’s vessels are fragile or small, you may want to forewarn the Sister in 
charge to obtain the 11/0 sutures.

Figure 4. 
Double approximator clamps. These thoughtfully designed clamps are mounted on a bar (yellow arrow), 
where one clamp is fixed whilst the other can slide. Surrounding it is a frame (blue arrows) which assists by 
allowing one to anchor the suture on to it. The pressure exerted by the clamps (A for artery – green arrow) is 
approximately 30 g [5, 8].

Figure 5. 
Blunt tipped micro-scissors (curved). These are excellent for dissecting the soft tissue (adventitia) surrounding 
the vessels for the blunt tips have less chance of puncturing or damaging the vessel (see magnified inset). Also 
notice there is hardly a gap when the scissors close (useful feature).

Figure 6. 
Ethilon 10/0 and 11/0 sutures from ETHICON. A. The 10/0 suture is 1/1000th of an inch and 13 cm long 
(W2870, BV75-3 13cm black) B. The 11/0 suture (W2881G, BV50-3 13cm black as in package in inset) is 
of same length but finer, not visible to the naked eye. These are used at the fingertip for arteries (10/0) and 
veins (11/0).
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2.3.4 Other items

Drugs: Syringes of Normal Saline, heparinised saline (1000iu to 50 cc or 100 cc 
of saline) and Lignocaine 2% are prepared in 10 cc syringes with different coloured 
cannulas attached to them to differentiate them [3].

Background material (usually made of plastic and blue or green in colour) 
to place under the anastomosis site during the procedure can be cut to size and 
prepared. Micro arrowhead sponges to absorb blood and fluids from the surgical 
site, multiple small single or double skin hooks, white gauze as background around 
operative field and some folded towels to support one’s wrist are all the minute 
details that will assist in the procedure going smoothly (Figure 7).

2.4 The patient

The ideal patient is young and healthy with no co-morbidities, but this is far 
from reality. For replantation surgery, one must weigh the pros and cons of doing 
the surgery, for life is more important than limb. Main areas to look out for are 
cardiac, respiratory, renal, hepatic and clotting functions. In the case of coronary 
by-pass surgery, obviously life is dependent on the microsurgical aspect, hence the 
technique must be perfect!

2.4.1 General condition of the patient (e.g. blood pressure)

Several factors affect immediate outcome: the blood pressure (BP) of the patient 
must be above 110/70 mmHg to ensure good flow through the anastomosed part, a 
low BP is prone to thrombus formation. Thus, even in a heparinised condition, one 
has to make sure thrombus formation is not due to inadequate perfusion.

Hypothermia is another cause for failure. One must ensure adequate warmth 
in the theatre, for the patient as well as the vessel. The anastomosed vessel needs 
to be kept warm with sterile warm bath or gauze moistened in warm water/saline. 
We place a bottle of saline in the microwave after unscrewing the cap, and heat it 
up, then use that. Other modalities include placing a sterile container in a hot water 
bath to heat up the saline within. Lignocaine 2% can be applied locally to dilate the 
vessel and reduce spasm after the repair has been completed.

Figure 7. 
The operative field. Note the microscope stand (green rectangle) is away from the field allowing the surgeon 
space to move to the left or right. The right hand should be supported on a roll of towels (yellow oval) and the 
white gauze (red trapezoid) keeps the background clear (needles visible).
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2.4.2 Co-morbidities

The most commonly encountered co-morbidities are Hypertension and 
Diabetes. The former is not usually an issue, but the latter may well be. Peripheral 
vascular disease may affect anastomoses in the digital vessels and affect outcome. In 
central anastomoses, this may not be an issue, but control of the blood sugar level is 
mandatory in peripheral repair.

When there are multiple co-morbidities, peripheral repair or replantation or 
even central vascular repair becomes a challenge, not in the technical aspect, but 
in terms of long-term outcome, due to it being more likely for complications to 
develop. Where possible, these must be addressed and stabilised prior to surgery.

2.4.3 Skin conditions

When there are clues such the red streak sign (Figure 8), it means the digit is 
unfavourable for replantation because of intimal damage and blood leakage. Vein 
grafting could be attempted but, in the end, it still may fail because there is exten-
sive inner damage.

Severe or dirty abrasion wounds need to be appropriately cleaned or brushed to 
avoid contamination of the field and delayed infection destroying the repair. Crush 
injuries cause damage beyond that which is visible and hence should be approached 
with respect [4].

2.4.4 Operative vessel conditions

If the digital vessel is found in a coiled state or there is a long trailing digital 
nerve (Figure 8), it means this was an avulsion injury (avulsed from the proximal 
aspect) and the vessel has suffered intimal damage. The entire length requires vein 
grafting which may leave some areas without a blood supply.

Locally, if there is damage to the vessel ends, these need to be trimmed to a level 
where they seem intact. On occasion a flap is to be placed for a defect caused by 
cancer: one must ensure that an irradiated vessel is not used for the anastomosis.

If there is discordance in the size of the donor and recipient vessel, a few tricks 
are available to harmonise the size mismatch – which needs to be done – to prevent 
turbulent blood flow [2].

Figure 8. 
Red streak sign. The blue arrows point to a faint red line that can be seen where the artery lies. Its intima has 
been stretched (avulsion injury) and the ecchymosis is due to leakage of blood from avulsed branches. The green 
arrow shows a red ribbon sign where the vessel is coiled up like a corkscrew due to the avulsion force tearing the 
layers of the vessel wall. Nerve and tendon may similarly have a long trail. These are poor prognostic signs.



The Current Perspectives on Coronary Artery Bypass Grafting

148

2.3.4 Other items

Drugs: Syringes of Normal Saline, heparinised saline (1000iu to 50 cc or 100 cc 
of saline) and Lignocaine 2% are prepared in 10 cc syringes with different coloured 
cannulas attached to them to differentiate them [3].

Background material (usually made of plastic and blue or green in colour) 
to place under the anastomosis site during the procedure can be cut to size and 
prepared. Micro arrowhead sponges to absorb blood and fluids from the surgical 
site, multiple small single or double skin hooks, white gauze as background around 
operative field and some folded towels to support one’s wrist are all the minute 
details that will assist in the procedure going smoothly (Figure 7).

2.4 The patient

The ideal patient is young and healthy with no co-morbidities, but this is far 
from reality. For replantation surgery, one must weigh the pros and cons of doing 
the surgery, for life is more important than limb. Main areas to look out for are 
cardiac, respiratory, renal, hepatic and clotting functions. In the case of coronary 
by-pass surgery, obviously life is dependent on the microsurgical aspect, hence the 
technique must be perfect!

2.4.1 General condition of the patient (e.g. blood pressure)

Several factors affect immediate outcome: the blood pressure (BP) of the patient 
must be above 110/70 mmHg to ensure good flow through the anastomosed part, a 
low BP is prone to thrombus formation. Thus, even in a heparinised condition, one 
has to make sure thrombus formation is not due to inadequate perfusion.

Hypothermia is another cause for failure. One must ensure adequate warmth 
in the theatre, for the patient as well as the vessel. The anastomosed vessel needs 
to be kept warm with sterile warm bath or gauze moistened in warm water/saline. 
We place a bottle of saline in the microwave after unscrewing the cap, and heat it 
up, then use that. Other modalities include placing a sterile container in a hot water 
bath to heat up the saline within. Lignocaine 2% can be applied locally to dilate the 
vessel and reduce spasm after the repair has been completed.

Figure 7. 
The operative field. Note the microscope stand (green rectangle) is away from the field allowing the surgeon 
space to move to the left or right. The right hand should be supported on a roll of towels (yellow oval) and the 
white gauze (red trapezoid) keeps the background clear (needles visible).

149

Tips and Tricks in Microvascular Anastomoses
DOI: http://dx.doi.org/10.5772/intechopen.92903

2.4.2 Co-morbidities

The most commonly encountered co-morbidities are Hypertension and 
Diabetes. The former is not usually an issue, but the latter may well be. Peripheral 
vascular disease may affect anastomoses in the digital vessels and affect outcome. In 
central anastomoses, this may not be an issue, but control of the blood sugar level is 
mandatory in peripheral repair.

When there are multiple co-morbidities, peripheral repair or replantation or 
even central vascular repair becomes a challenge, not in the technical aspect, but 
in terms of long-term outcome, due to it being more likely for complications to 
develop. Where possible, these must be addressed and stabilised prior to surgery.

2.4.3 Skin conditions

When there are clues such the red streak sign (Figure 8), it means the digit is 
unfavourable for replantation because of intimal damage and blood leakage. Vein 
grafting could be attempted but, in the end, it still may fail because there is exten-
sive inner damage.

Severe or dirty abrasion wounds need to be appropriately cleaned or brushed to 
avoid contamination of the field and delayed infection destroying the repair. Crush 
injuries cause damage beyond that which is visible and hence should be approached 
with respect [4].

2.4.4 Operative vessel conditions

If the digital vessel is found in a coiled state or there is a long trailing digital 
nerve (Figure 8), it means this was an avulsion injury (avulsed from the proximal 
aspect) and the vessel has suffered intimal damage. The entire length requires vein 
grafting which may leave some areas without a blood supply.

Locally, if there is damage to the vessel ends, these need to be trimmed to a level 
where they seem intact. On occasion a flap is to be placed for a defect caused by 
cancer: one must ensure that an irradiated vessel is not used for the anastomosis.

If there is discordance in the size of the donor and recipient vessel, a few tricks 
are available to harmonise the size mismatch – which needs to be done – to prevent 
turbulent blood flow [2].

Figure 8. 
Red streak sign. The blue arrows point to a faint red line that can be seen where the artery lies. Its intima has 
been stretched (avulsion injury) and the ecchymosis is due to leakage of blood from avulsed branches. The green 
arrow shows a red ribbon sign where the vessel is coiled up like a corkscrew due to the avulsion force tearing the 
layers of the vessel wall. Nerve and tendon may similarly have a long trail. These are poor prognostic signs.



The Current Perspectives on Coronary Artery Bypass Grafting

150

Figure 9. 
Placement of vessel ends in double clamps. The two ends of the severed vessel are placed one end in each clamp 
and brought closer together until they are a vessel diameter apart.

2.4.5 Coagulopathic state

In the medical history it is important to note any features that may give rise to 
a hypercoagulable state (age, obesity, OCP intake, etc.) and the reverse where a 
patient is taking anti-coagulants or herbal supplements such as ginseng. In both 
cases extra steps need to be taken to ensure complications are kept to a minimum.

3. The technique

The initial debridement, dissection and macro fixation (bone, tendon and lig-
ament repair) may be performed under tourniquet control, but the microvascular 
repair is usually performed without it [3]. The proximal vessel end is clamped 
(with a single clamp), the tourniquet is deflated (if it was up), and the vessel 
then tested for good flow by releasing the single clamp. If it has a good spurt, the 
repair is proceeded with. If it does not, the patient is then checked to have good 
hydration (BP), temperature and oxygenation. Locally, the wound is checked for 
damage to the proximal vessel or if there is a crush injury [4]. After ruling this 
out, and ensuring good flow, the proximal vessel end is clamped and flushed with 
heparinised saline to remove any clots and blood present. Enough length of the 
vessel is dissected to allow placement in the double clamps, so that a clear view 
of the end is seen enabling it to be prepared for suturing under magnification. 
The opposite vessel is similarly prepared and brought into view with the double 
clamp, making it clearer with a dark coloured background material (Figure 9). 
To achieve these “clear ends”, the vessels needs to be “freed” from the surrounding 
adventitial sheath that they are housed in. I prefer to use the curved dissecting 
micro scissors (blunt tips) to avoid damaging the vessel wall (Figure 5). Care 
must be taken not to leave any open branches (ligate or clip them) which will 
cause oozing later. An IV bolus of 1000 U of Heparin is given at this point. I have 
found this to be enough in the Asian setting. 3000–5000 U causes spontaneous 
bleeding and I prefer the lower dose.

Once the ends are placed in the clamps, if they are not smooth, they are cut 
using the adventitial scissors (straight) to provide a sharp clean edge for sutur-
ing. It has traditionally been taught to trim the adventitial layer using the sharp 
adventitia micro scissors, but the blunt-tipped curved micro-scissors allow closer 
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dissection. Hold the vessel by the adventitial layer with the jeweller’s forceps and 
go around the circumference taking off at least 2 mm from the edge (Figure 10). 
Finally, dilate both ends with a fine blunt-tipped vessel dilator to about 1.5 times 
its original diameter and hold it for 2 seconds [5]. This step is important because 
not only will it allow better visualisation, it will also stretch the smooth muscle of 
the intima paralysing it for a couple of hours, so it cannot go into spasm. If there 
is spasm, 1% or even 2% lignocaine can be applied to the vessel wall to alleviate 
it. The ends are then rinsed with Heparinised saline and the repair is ready to 
begin (Figure 11).

3.1 Arterial repair: end-to-end

For an end-to-end anastomosis, the vessel ends are usually aligned (and cut if 
they are prepared vessels) perpendicularly to the vascular axis. If one end is larger 
than the other, the smaller vessel may be cut at an angle to match the diameter size 
of the larger vessel (Figure 12A).

3.1.1 Triangulation method

In summary, the technique requires the circumference of the vessel wall 
to be divided into thirds and a stay suture placed at each point (Figure 12B). 
Subsequently sutures are placed between the three stay sutures and depending on 
the size of the vessel one, two or even three may be squeezed in.

Figure 10. 
Trimming the adventitia. (A) The adventitia is pulled using a jeweler’s forceps (left hand) and using the 
micro-scissors (right hand), it is nipped just at the vessel edge (media). (B) With the hole thus created, one 
blade of the scissors is used to enter, and then cut the adventitia all the way around the vessel, above and below. 
(C) End result.

Figure 11. 
Prepared vessels. After the adventitia is cleared, the vessels are almost translucent. A dark background and 
bathing them in saline facilitates repair. Inset: clamps facing the surgeon make certain repair techniques easier.
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dissection. Hold the vessel by the adventitial layer with the jeweller’s forceps and 
go around the circumference taking off at least 2 mm from the edge (Figure 10). 
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is spasm, 1% or even 2% lignocaine can be applied to the vessel wall to alleviate 
it. The ends are then rinsed with Heparinised saline and the repair is ready to 
begin (Figure 11).

3.1 Arterial repair: end-to-end

For an end-to-end anastomosis, the vessel ends are usually aligned (and cut if 
they are prepared vessels) perpendicularly to the vascular axis. If one end is larger 
than the other, the smaller vessel may be cut at an angle to match the diameter size 
of the larger vessel (Figure 12A).

3.1.1 Triangulation method

In summary, the technique requires the circumference of the vessel wall 
to be divided into thirds and a stay suture placed at each point (Figure 12B). 
Subsequently sutures are placed between the three stay sutures and depending on 
the size of the vessel one, two or even three may be squeezed in.

Figure 10. 
Trimming the adventitia. (A) The adventitia is pulled using a jeweler’s forceps (left hand) and using the 
micro-scissors (right hand), it is nipped just at the vessel edge (media). (B) With the hole thus created, one 
blade of the scissors is used to enter, and then cut the adventitia all the way around the vessel, above and below. 
(C) End result.

Figure 11. 
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Figure 13. 
First stay suture. (A) The adventitial layer is lifted with the tip of the needle and the forceps is gently inserted 
into the lumen. (B) The needle is then placed on the media and pierced through perpendicularly into the jaws 
of the forceps tips. (C) A bite on the opposite lumen is similarly placed with the aid of the forceps, this time 
from outside. × is where the second stay suture should be placed.

The first stay suture is placed as in Figure 13. The needle tip is used to hook the 
adventitia and the left-hand forceps is placed gently just inside the lumen. The tip of 
the needle is then pushed into the lumen with the forceps acting as a counterforce [6].

The needle is then brought out and equidistant through the opposite lumen with 
the left-hand forceps again acting as a resistive force. The needle is pushed through 
in between the tips of the forceps and picked up in two or three steps gently ensur-
ing the needle swage does not damage the vessel wall and that the thrombogenic cut 
ends are not inverted inside. Once tied, one thread is kept longer to wind around 
the clamp bar to stabilise the vessel ends. The first two stay sutures are difficult 
but especially important because they prevent the back wall of the vessel being 
caught up. The second suture should be performed in an easy position: on the upper 
surface of the vessel (Figure 14). Once these two are in, two or three intervening 
sutures are put in. Due to the tightness of the space sometimes it is difficult to place 
the last two sutures, so it can be modified by not tying the second last suture and 
continuing the stitching to the last one, leaving the needle in place (Figure 15). This 
allows good visualisation when inserting the needle for the last stitch, preventing 
catching the ‘back wall’. The second last suture is tied followed by the final suture.

Figure 12. 
Triangulation method of repair. (A) If the diameter of the vessel walls are grossly mismatched, the smaller one 
may be cut obliquely to increase the diameter size. (B) Three stay sutures are placed 120° apart as a guide.
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The double clamp may then be flipped 180° and the third suture placed with the 
back wall up, so it is not taken in with the suturing. The double clamps are moved 
slightly apart to apply tension on the vessel ends, separating them, allowing the 
sutured vessel wall to be seen through (Figure 16). One can check the repair done as 
well as safely proceed with the rest of the suturing. The third stay suture is placed equi-
distant from the other two main stay sutures. The suture is tied and again one end may 
be wound around the clamp bar to steady the vessel ends. The remaining two thirds of 
the vessel wall are sutured in a similar fashion. The vessel repair is now complete.

3.1.2 One-way-up

An extremely useful technique to master in situations where there is hardly 
any manoeuvrability (short vessel length and space) or space to flip the clamp or 
perform a vascular repair. Suturing is started at the most difficult point in the back 
wall and done using the inside out technique, moving upwards to easier points.

Place the double clamp with the tips facing you, this will reduce the amount of 
space they utilise and allow better visualisation (Figure 11 – inset). Next, place the 
first suture at the far end of the back wall using the ‘inside out’ technique so that the 
knot is outside (Figure 17A). The needle is pushed from the outside of the left vessel 

Figure 14. 
Second stay suture. (A) The 2nd stay suture is put in at approximately 1/3 of the circumference of the vessel from 
the first one. It is more difficult to place than the first and is crucial to get it right. Therefore, it is placed in the 
easier position on the front wall. (B) The two stay sutures are tightened until the front edges approximate in 
one line.

Figure 15. 
Double suture. Once the first pass of the needle is done, the knot is not tied and the needle is passed again 
between the first pass and the last tied suture. The needle is left in situ and the first pass knot is tied by grabbing 
the free end of the suture. Once this is tied, the needle is pulled through and the second knot tied.
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The double clamp may then be flipped 180° and the third suture placed with the 
back wall up, so it is not taken in with the suturing. The double clamps are moved 
slightly apart to apply tension on the vessel ends, separating them, allowing the 
sutured vessel wall to be seen through (Figure 16). One can check the repair done as 
well as safely proceed with the rest of the suturing. The third stay suture is placed equi-
distant from the other two main stay sutures. The suture is tied and again one end may 
be wound around the clamp bar to steady the vessel ends. The remaining two thirds of 
the vessel wall are sutured in a similar fashion. The vessel repair is now complete.

3.1.2 One-way-up

An extremely useful technique to master in situations where there is hardly 
any manoeuvrability (short vessel length and space) or space to flip the clamp or 
perform a vascular repair. Suturing is started at the most difficult point in the back 
wall and done using the inside out technique, moving upwards to easier points.

Place the double clamp with the tips facing you, this will reduce the amount of 
space they utilise and allow better visualisation (Figure 11 – inset). Next, place the 
first suture at the far end of the back wall using the ‘inside out’ technique so that the 
knot is outside (Figure 17A). The needle is pushed from the outside of the left vessel 

Figure 14. 
Second stay suture. (A) The 2nd stay suture is put in at approximately 1/3 of the circumference of the vessel from 
the first one. It is more difficult to place than the first and is crucial to get it right. Therefore, it is placed in the 
easier position on the front wall. (B) The two stay sutures are tightened until the front edges approximate in 
one line.

Figure 15. 
Double suture. Once the first pass of the needle is done, the knot is not tied and the needle is passed again 
between the first pass and the last tied suture. The needle is left in situ and the first pass knot is tied by grabbing 
the free end of the suture. Once this is tied, the needle is pulled through and the second knot tied.
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Figure 17. 
One-way-up suture technique. (A) Take the first bite the furthest away from you. (B) The second bite is placed 
next to the first starting with the left vessel wall edge from outside-in. (C) The needle is then pulled out and 
inserted inside-out of the right vessel wall edge. (D) This is continued to the end till complete.

wall edge to inside the lumen and then it goes from the right vessel wall edge lumen 
to outside, where the knot is tied. Again, one end is kept long to assist in stabilis-
ing the vessel ends. The next suture is placed next to the first one, nearer to you in 
a similar outside in fashion (Figure 17B and C), until one moves upwards, then 
the suturing becomes easier and may be done in the usual way at the top side until 
complete (Figure 17D).

3.1.3 Continuous suturing

In the hands of a practiced surgeon, this suturing technique is rapid and gives 
good results; however a single mistake may prove costly, requiring the suturing to 
be redone and perhaps the vessel shortened! Also, a less experienced surgeon may 

Figure 16. 
Doing the back wall. Once the clamps are flipped and tensioned, the view of the sutured first segment can be 
seen and repair checked before proceeding.
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end up entangling the suture or pulling it too tight to cause purse-stringing. Thus, 
one should only attempt this when one’s technique is smooth and well-orchestrated.

In the first few attempts at this technique, the surgeon should aim to divide the 
vessel end walls into two by putting in one stay suture each on opposing ends. The 
first stay suture is tied and the long end of the thread is fastened to the clamp bar 
(Figure 18). The opposite is similarly knotted and anchored, but the needled thread 
is not cut, being used to start the front side of the suturing. Three or maximum 
four passes with the needle are most likely required in a 1.0–1.5 mm diameter vessel 
starting with the first one as close as possible to the stay suture to prevent leakage. 
At the end, any slack in the continuous run is picked up and the suture is tied to the 
free end of one of the threads. The clamp is then flipped 180° and the needle used to 
continue suturing the opposing side. Care must be taken not to accidentally take the 
back-wall for the two are close. Once the other end is reached, the suture is tied to 
the long thread. The anastomosis is complete.

3.2 Arterial repair: end to side

This technique is an important one to have in the armamentarium. It allows a 
“way out” for example when there is a paucity of recipient vessels or if the flap 
donor vessel is too short. It does however carry a risk of size mismatch in terms of 
diameter and wall thickness. While the former may be somewhat addressed by an 
oblique cut or narrowing the larger vessel, difference in thickness is more difficult 
to deal with. The risk of turbulent flow must be born in mind [7].

3.2.1 Preparing the vessel

Ensure the donor vessel is of adequate length to reach the arteriotomy site 
without undue tension. It must be freed of adventitia at least up to 3 mm away and 
dilated to ease anastomosis. It is essential to ensure there are no kinks or twists in 
the donor vessel (artery or especially if it is a vein) because this may be disastrous 
once it is anastomosed!

Figure 18. 
Continuous suture technique. The vessel is locked by two stay sutures 180° apart. A continuous running suture is 
started from the distal side proximally.
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end up entangling the suture or pulling it too tight to cause purse-stringing. Thus, 
one should only attempt this when one’s technique is smooth and well-orchestrated.

In the first few attempts at this technique, the surgeon should aim to divide the 
vessel end walls into two by putting in one stay suture each on opposing ends. The 
first stay suture is tied and the long end of the thread is fastened to the clamp bar 
(Figure 18). The opposite is similarly knotted and anchored, but the needled thread 
is not cut, being used to start the front side of the suturing. Three or maximum 
four passes with the needle are most likely required in a 1.0–1.5 mm diameter vessel 
starting with the first one as close as possible to the stay suture to prevent leakage. 
At the end, any slack in the continuous run is picked up and the suture is tied to the 
free end of one of the threads. The clamp is then flipped 180° and the needle used to 
continue suturing the opposing side. Care must be taken not to accidentally take the 
back-wall for the two are close. Once the other end is reached, the suture is tied to 
the long thread. The anastomosis is complete.

3.2 Arterial repair: end to side

This technique is an important one to have in the armamentarium. It allows a 
“way out” for example when there is a paucity of recipient vessels or if the flap 
donor vessel is too short. It does however carry a risk of size mismatch in terms of 
diameter and wall thickness. While the former may be somewhat addressed by an 
oblique cut or narrowing the larger vessel, difference in thickness is more difficult 
to deal with. The risk of turbulent flow must be born in mind [7].

3.2.1 Preparing the vessel

Ensure the donor vessel is of adequate length to reach the arteriotomy site 
without undue tension. It must be freed of adventitia at least up to 3 mm away and 
dilated to ease anastomosis. It is essential to ensure there are no kinks or twists in 
the donor vessel (artery or especially if it is a vein) because this may be disastrous 
once it is anastomosed!

Figure 18. 
Continuous suture technique. The vessel is locked by two stay sutures 180° apart. A continuous running suture is 
started from the distal side proximally.
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3.2.2 Making the arteriotomy

Place the artery in double clamps. The arteriotomy site must also be similarly 
cleared of adventitia to a three times length of the proposed defect. Care should be 
taken while performing this and instruments must be sharp and well approximated.

A suture is placed at the exact site of the arteriotomy and tied off (Figure 19A). 
It is to be used as an anchor for the excised piece. It is lifted taut and using the left 
hand, a 45° angled cut is made (Figure 19B). The blood is washed out and the 
micro-scissors are switched to the right hand making a similarly 45° angled cut 
meeting the opposite side exactly [5].

3.2.3 Technique of suturing

Either one of the three suturing techniques described before (interrupted, 
one-way-up or continuous) can be used. The key is to start with the right hand on 
the right-hand side of the arteriotomy and place the suture outside in, then take the 
donor vessel from inside out (Figure 19C). It is a safe practice to place another stay 
stitch at 180° to stabilise the loose donor vessel. Similarly, a stay stitch mid-distance 
along on the back wall, can be placed to keep it out of harm’s way (Figure 19D). The 
most important point to note in the suturing technique is to angle the stitches radi-
ally outwards to the arteriotomy to ensure an even spacing and place them as one 
would tighten nuts on the wheel of a tyre rim, progress from either side and moving 
to the centre to complete the anastomosis safely (Figure 19E and F).

3.3 Releasing the clamps

Once suturing is complete, the clamps are ready to be released but before doing 
that, make sure the blood pressure is well-maintained, a supply of lignocaine 2%, 
warm saline, clean gauze and heparinised saline are readily available [8]. Lignocaine 
is applied to the field and rinsed off with heparinised saline after 2 minutes. The 
double clamps are approximated, reducing tension on the repair and then the distal 

Figure 19. 
Performing and end-to-side anastomosis. (A) A suture is tied to the arterial wall (media). (B) A “v”-shaped 
cut is made. (C) The needle is pushed from the artery to the donor vessel, starting from the right side. (D) Two 
stay sutures at 180° (red arrows) stabilize the donor vessel; one more is put mid-way at the back (light blue 
arrow). (E) The sutures are placed radially and evenly. (F) Completed.
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one is released first, followed by the proximal one. There will be bleeding, but take 
the clean gauze, soak it with warm saline and continuously apply light compression 
on the anastomosis. An infusion of intravenous Heparin is started at this point – I 
give 4000 U over 24 hours. Previously I would also start the patient on Dextran 40, 
but now rely on Osmofundin.

After 2 minutes, gently remove the gauze, and rinse with warm saline. If there 
is no more bleeding, that is good. If there is, you may need to reapply compres-
sion and repeat the steps. If it is still spurting, there is a gap which needs closure 
and this is done with the blood flowing because proximal clamping will result in 
thrombosis. An assistant provides constant irrigation under which the surgeon 
performs the suture. If done correctly, it is not difficult but needs intense focus 
and a steady hand.

3.4 Achieving patency

3.4.1 Evidence of patency

There are a few signs to suggest that the anastomosis is a success. One must learn 
to appreciate the finer points when trying to decipher the result:

Expansile pulsation means the diameter of the blood vessel increases and 
decreases with each heartbeat and there is patency of flow. Longitudinal pulsation 
if it is seen proximally, implies the blood is ‘hammering’ against a block (thrombus) 
or a wrongly sutured vessel.

Wriggling is movement seen in a curved vessel that is patent and pulsating. It is 
not observed in straight vessels.

3.4.2 Testing patency

There are several tests that can be performed to illustrate patency and Robert 
Acland has described them beautifully [5].

The Uplift test shows blood filling and emptying with the systolic and diastolic 
phases of the heart when an instrument placed under the vessel lifts it up, almost 
occluding it.

The Empty-and-refill test if done gently provides the most conclusive evidence 
of patency. A fine curved jeweller’s forceps is used to gently occlude the vessel distal 
to the repair. Another pair of forceps is then used to milk the blood in the vessel 
distally and finally the proximal forceps is released (Figure 20). If the emptied 
vessel refills promptly, the repair is patent.

Figure 20. 
Empty-and-refill test. (A) An angled forceps is used to hold the vessel distal to the anastomosis. (B) A jeweler’s 
forceps is then used to gently occlude the vessel distal to this. (C) The jeweler’s forceps is moved in a distal 
direction. Upon release of the angled forceps, the vessel will fill up with blood.



The Current Perspectives on Coronary Artery Bypass Grafting

156

3.2.2 Making the arteriotomy

Place the artery in double clamps. The arteriotomy site must also be similarly 
cleared of adventitia to a three times length of the proposed defect. Care should be 
taken while performing this and instruments must be sharp and well approximated.

A suture is placed at the exact site of the arteriotomy and tied off (Figure 19A). 
It is to be used as an anchor for the excised piece. It is lifted taut and using the left 
hand, a 45° angled cut is made (Figure 19B). The blood is washed out and the 
micro-scissors are switched to the right hand making a similarly 45° angled cut 
meeting the opposite side exactly [5].

3.2.3 Technique of suturing

Either one of the three suturing techniques described before (interrupted, 
one-way-up or continuous) can be used. The key is to start with the right hand on 
the right-hand side of the arteriotomy and place the suture outside in, then take the 
donor vessel from inside out (Figure 19C). It is a safe practice to place another stay 
stitch at 180° to stabilise the loose donor vessel. Similarly, a stay stitch mid-distance 
along on the back wall, can be placed to keep it out of harm’s way (Figure 19D). The 
most important point to note in the suturing technique is to angle the stitches radi-
ally outwards to the arteriotomy to ensure an even spacing and place them as one 
would tighten nuts on the wheel of a tyre rim, progress from either side and moving 
to the centre to complete the anastomosis safely (Figure 19E and F).

3.3 Releasing the clamps

Once suturing is complete, the clamps are ready to be released but before doing 
that, make sure the blood pressure is well-maintained, a supply of lignocaine 2%, 
warm saline, clean gauze and heparinised saline are readily available [8]. Lignocaine 
is applied to the field and rinsed off with heparinised saline after 2 minutes. The 
double clamps are approximated, reducing tension on the repair and then the distal 

Figure 19. 
Performing and end-to-side anastomosis. (A) A suture is tied to the arterial wall (media). (B) A “v”-shaped 
cut is made. (C) The needle is pushed from the artery to the donor vessel, starting from the right side. (D) Two 
stay sutures at 180° (red arrows) stabilize the donor vessel; one more is put mid-way at the back (light blue 
arrow). (E) The sutures are placed radially and evenly. (F) Completed.
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one is released first, followed by the proximal one. There will be bleeding, but take 
the clean gauze, soak it with warm saline and continuously apply light compression 
on the anastomosis. An infusion of intravenous Heparin is started at this point – I 
give 4000 U over 24 hours. Previously I would also start the patient on Dextran 40, 
but now rely on Osmofundin.

After 2 minutes, gently remove the gauze, and rinse with warm saline. If there 
is no more bleeding, that is good. If there is, you may need to reapply compres-
sion and repeat the steps. If it is still spurting, there is a gap which needs closure 
and this is done with the blood flowing because proximal clamping will result in 
thrombosis. An assistant provides constant irrigation under which the surgeon 
performs the suture. If done correctly, it is not difficult but needs intense focus 
and a steady hand.

3.4 Achieving patency

3.4.1 Evidence of patency

There are a few signs to suggest that the anastomosis is a success. One must learn 
to appreciate the finer points when trying to decipher the result:

Expansile pulsation means the diameter of the blood vessel increases and 
decreases with each heartbeat and there is patency of flow. Longitudinal pulsation 
if it is seen proximally, implies the blood is ‘hammering’ against a block (thrombus) 
or a wrongly sutured vessel.

Wriggling is movement seen in a curved vessel that is patent and pulsating. It is 
not observed in straight vessels.

3.4.2 Testing patency

There are several tests that can be performed to illustrate patency and Robert 
Acland has described them beautifully [5].

The Uplift test shows blood filling and emptying with the systolic and diastolic 
phases of the heart when an instrument placed under the vessel lifts it up, almost 
occluding it.

The Empty-and-refill test if done gently provides the most conclusive evidence 
of patency. A fine curved jeweller’s forceps is used to gently occlude the vessel distal 
to the repair. Another pair of forceps is then used to milk the blood in the vessel 
distally and finally the proximal forceps is released (Figure 20). If the emptied 
vessel refills promptly, the repair is patent.

Figure 20. 
Empty-and-refill test. (A) An angled forceps is used to hold the vessel distal to the anastomosis. (B) A jeweler’s 
forceps is then used to gently occlude the vessel distal to this. (C) The jeweler’s forceps is moved in a distal 
direction. Upon release of the angled forceps, the vessel will fill up with blood.
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3.5 Venous repair: end to end

Repairing a vein is not for the novice and is much harder than an artery. The most 
obvious reason for this is that the walls are floppy and much thinner, so it is difficult 
to see the edge after dissection. The other reason is that veins have less adventitial 
tissue that is rather adherent to its walls, making it challenging to dissect. They are 
hence also easier to damage unless handled with meticulous care and technique. Last 
but not least, the slower blood flow makes them prone to thrombosis and even slight 
damage to the intimal walls kicks off the cascade.

3.5.1 Dissection of the vein

The vascular sheath is flimsy but adherent. Pick it up (making sure one does 
not damage the venular wall) with a good pair of jeweller’s forceps and holding 
the dissecting (blunt) micro-scissors parallel to the vein, make a hole in it. Then 
slide the scissors into the space and dissect along the wall of the vein carefully, 
making sure not to pull out any tributaries with force. These should be ligated 
with 10/0 nylon or cauterised very carefully. Once released, the vein ends are 
brought together and placed in the double clamp. The job is made easier if there 
is an underlying piece of background material and the operative field is flooded 
with saline or Ringer’s lactate. A fine vessel dilator should be used to dilate the 
vein in two or three directions. It may be difficult to locate the lumen initially, 
but once this is done, the vein takes a more recognisable form and the lumen 
becomes visible.

3.5.2 Suturing technique

In view of the thin walls, there is a tendency for the vein edge to roll inwards and 
mistakes can be made in taking stitches. Extra precaution should be exercised and 
if there is any doubt, do not proceed until it is cleared. The first two stay sutures 
are the most crucial and should be done while bathed in saline. The intermediate 
sutures may be placed slightly further apart (double the distance) than in an artery 
because venous pressure is lower.

3.5.3 Checking patency

Once the repair is complete, the distal clamp is released first to flood the repair 
site and the vessel dilates immediately. Immediate release of the proximal clamp 
should show a good flow.

A good result will reveal a similar diameter and colour both proximal and 
distal to the anastomosis. Patency is confirmed by the uplift test. Flow is tested 
from distal to proximal (along the direction of flow) across the anastomotic 
site. If there is a block, it will bulge at the anastomotic site and the proximal 
diameter will be smaller, while the blood in the distal part will progressively 
become darker.

3.6 Interpositional vein graft

This procedure is more difficult than a straight-forward venous anastomosis and 
has multiple steps: getting the arterial defect ready, harvesting a vein for grafting 
using a meticulous dissection and anastomosing both ends of the graft. It is a neces-
sary skill to acquire for all microsurgeons.
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3.6.1 Getting the arterial defect ready

During emergency procedures and sometimes even in elective surgeries, the arterial 
conduit is damaged and needs replacement in part or more. This is where the interposi-
tional vein graft comes in useful. Most times the vein can be harvested from an adjacent 
site (size is matched) or a distant one (saphenous in the leg). In all instances, the defect 
must be measured in order to be bridged. Both the arterial ends are dissected free of 
adventitia and clamped with single clamps in preparation to receive the vein graft.

3.6.2 Harvesting the vein graft

This is an important step in the procedure and should not be taken lightly. Exact 
measurement and harvest of the vein graft is to be done by a competent surgeon 
very carefully. A slightly longer graft is taken in case damage is done to the ends. 
Too long a graft will cause tortuousness and kinking, while a shorter graft will tend 
to stretch and tear or leak.

A length of vein corresponding to the arterial defect is outlined (this is mea-
sured before the vein is cut) and using the same meticulous dissection techniques 
described in Section 3.5, the vein graft is extracted after applying clips (or ligating) 
both ends. Blood is removed from the vein manually and by irrigation. It is placed in 
the approximator (double) clamp on one side and the anastomosis is ready to begin.

This is started on the right side (for right-handed surgeons) because the artery 
gives a firm attachment point, and this is needed because the vein graft is free-
floating making it difficult to put a suture through. A piece of coloured paper may 
be used to assist as background material adding oblique cuts to it, so it can help to 
hold sutures in place while repair is in progress [5].

The second anastomosis is started after the vein graft is checked to avoid any 
twisting (this will cause kinks and blockages) and that the double clamp is not 
straddling the repair site.

3.7 Pearls (positive practice)

There are many pearls of wisdom and these are best summarised in tables accord-
ing to the procedure that is being performed. Table 1 describes general rules while 
Tables 2 and 3 enumerate good practices for arterial and venous repair respectively.

Surgeon Patient

1. Pre-operative preparation (well-rested, hydration, 
nutrition and self-relief).
2. Avoid heavy activity the day prior (24 hours).
3. Do not alter (maintain) caffeine intake.
4. Prepare for (elective) surgery mentally.

1. Ensure good hydration.
2. Control of medical conditions 
(co-morbidities) if any.
3. Peri-operative antibiotics.
4. Review imaging and investigations.

Operation theatre Amputated part

1. Adjust lighting.
2. Maintain OR temperature.
3. Ensure good positioning of machines and instruments.
4. Make sure surgical stool and diathermy foot pedal are 
in right position.
5. Hands should be well-supported with towels.
6. Place clean gauze as operative field background.

1. Beware of red streak sign.
2. Look for coiled vessels.
3. Look for trailing nerves and tendons.
4. Meticulous pre-dissection.
5. Ensure good spurt of arterial blood.

Table 1. 
Pre-operative preparation. This table summarises the various measures the surgeon needs to take prior to 
starting the surgery to ensure its success.
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3.7 Pearls (positive practice)

There are many pearls of wisdom and these are best summarised in tables accord-
ing to the procedure that is being performed. Table 1 describes general rules while 
Tables 2 and 3 enumerate good practices for arterial and venous repair respectively.
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Pre-operative preparation. This table summarises the various measures the surgeon needs to take prior to 
starting the surgery to ensure its success.
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3.8 Pitfalls (negative practice)

While there are an enormous number of things that can go wrong with even the 
most experienced surgeon, I have tried to list the most common ones here in order 
as they appear in the text: Various arterial repair techniques of increasing difficulty 
(Tables 4 and 5), venous anastomosis (Table 6) and grafting (Table 7) and finally 
arteriotomy and end-to-side repair (Table 8).

Positive practice points Things to avoid

1. Meticulous handling of soft tissues
2. Place (dark) background under vessel ends to 
see clearly
3. Gentle dissection to skeletonise and isolate 
vessel
4. Methodical and careful removal of adventitia
5. Rinse blood vessel and dilate it.
6. Approximate clamps

1. Tugging at unyielding tissues.
2. Grabbing the media (full thickness).
3. Performing an action without a clear view or in a pool 
of blood.
4. Using clamps larger than required.
5. Applying the diathermy to the main vessel.

Table 2. 
Tips to achieve a good arterial repair. Points to remember when performing an arterial repair.

Positive practice points

1. Very gentle dissection and minimal handling of vein.
2. Allow the vein to ‘rest’ after dissection then place it in the clamp.
3. Flush out all the blood, for any standing blood will cause thrombosis.
4. Dilate the vessel with a single prong, then both prongs of the dilator in different directions.
5. After dilation, bathe in lignocaine then apply the clamps.
6. Perform a meticulous anastomosis with evenly placed sutures.
7. Bathe in lignocaine (2–10%) before releasing the clamps.
8. After releasing clamps, allow the blood to flow for a few minutes.
9. If arterial and venous anastomoses are done simultaneously, release the artery clamps just before the 
vein.
10. If there is a leak, the vein needs to be re-clamped and repaired after the blood is flushed out.

Table 3. 
Tips to achieve a good venous repair. Veins need more care in their handling and rest periods in between steps. 
A keen eye will prevent mishaps such as catching the back wall inadvertently.

Positive practice points Negative actions to avoid

1. Have a clear operative field of vision and good 
access
2. Mobilise a good length of vessel
3. Properly trimmed adventitia and clean vessel 
ends
4. Comfortable spacing of clamps
5. Divide the vessel into equal thirds and place 
sutures equidistant from both vessel ends.
6. Clear view and sure of needle placement.

1. small and inadequate wound, poor retraction 
leading to poor visualisation
2. Trying the anastomosis with short vessel ends
3. Persisting in the anastomosis when view is 
obstructed or when facing trouble.
4. Excessive traction (clamps too far apart) or 
obscured view of lumen (clamps too close).
5. Asymmetrical placement of sutures with bad 
coaptation of vessel ends
6. Struggling with needle then catching the back 
wall.

Table 4. 
Arterial repair technique: Triangulation. The column on the left lists the positive actions to be practiced while 
the column on the right, the negative results thereof.
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One-way-up technique

1. Have the tips of the clamps facing you.
2. Make the first stitch furthest away from you
3. Start with the difficult side first and place sutures on either side of the first stitch
4. Avoid entangling your suture when placing the second half of the stitch
5. Work your way up carefully

Continuous suture technique

6. Divide the vessel ends into equal halves
7. Do not use too long a suture to prevent entanglement
8. Keep the stitches evenly placed and pull the thread to evenly tighten it at the end
9. Make sure the knots are squarely tied and secure.

Table 5. 
Pointers in performing arterial repair. Tips to ensure good results in the two other (more challenging) 
techniques of arterial repair.

1. Aggressive dissection and
2. Incorrect handling of the vein with forceps, scissors or bipolar coagulator.
3. Frequent picking up and letting go of the vessel wall.
4. Suturing inverted vessel edges.
5. Picking up the back wall.

Table 6. 
Pitfalls in venous anastomoses. These are the common mistakes made when anastomosing veins. Extra care 
needs to be taken in handling them because they tend to thrombose easily.

Pearls Pitfalls

1. Ensure right diameter of the vein graft
2. Measure the length of graft before harvesting.
3. Take the vein graft with a cuff of fat around it.
4. Lay the vein graft straightened out (untwisted) with 
both sides in clamps. This avoids twisting with no blood in 
graft, while ensuring its visibility.
5. Remember to reverse the vein graft for arterial flow to 
accommodate for the valves.

1. Suturing two vessels of mismatched 
diameters
2. The vein graft shortens after harvest!
3. A skeletonised graft is more susceptible to 
damage by the forceps.
4. Not checking for a twist before the second 
anastomosis may result in unnecessary 
anguish!
5. Using suction while graft is in the operative 
field is dangerous! Clamps also help avoid it 
being sucked in.
6. Getting the clamps in the way of the 
anastomoses may necessitate redoing it!

Table 7. 
Pearls and pitfalls of vein graft harvest and anastomosis. Performing the right steps in the correct order not only 
increases chances of success but also reduces time and effort taken.

1. Perform the arteriotomy in the steps mentioned in the text.
2. Angle the adventitia scissors at 45° to make the cut.
3. Remember to reverse the vein graft and place it straightened out (while still in the clamps).
4. Start with the arterial wall from outside in and take the vein inside out.
5. Place a second stitch at 180° to the first.
6. Place the sutures radially spaced and not longitudinal to the arteriotomy
7. Put in a stay suture on the back wall mid-way between these first two stitches.
8. Any technique may be used to perform the anastomosis.
9. Keep a short leash on the suture length
10. If using continuous suturing, tighten as you move along.

Table 8. 
Perfecting end-to-side repair. Pointers to bear in mind when performing this in addition to what has been 
mentioned earlier.
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4. Conclusion

In conclusion, microsurgical anastomosis is a fine art that needs practice, prac-
tice, practice to make perfection. There is absolutely no room for error. There are 
numerous techniques that can help the novice, though and repetition will improve 
the outcome. Good instrumentation, the correct suture materials and an excellent 
microscope will help tremendously. A number of items may be modified without 
sacrificing the result and some of these ideas may be used in less developed countries.
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4. Conclusion

In conclusion, microsurgical anastomosis is a fine art that needs practice, prac-
tice, practice to make perfection. There is absolutely no room for error. There are 
numerous techniques that can help the novice, though and repetition will improve 
the outcome. Good instrumentation, the correct suture materials and an excellent 
microscope will help tremendously. A number of items may be modified without 
sacrificing the result and some of these ideas may be used in less developed countries.
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