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Preface

Inflammatory Heart Diseases, edited by Drs. Aronow and Murashita, presents
comprehensive information on pericardial diseases, cardiomyopathies, and
atherosclerotic cardiovascular diseases.

In the first section, chapters cover advanced concepts in pericardial disease,
pericardial disease in the elderly, tuberculous pericarditis, surgical treatment of
chronic constrictive pericarditis, surgery for chronic pericardial effusion, and
anesthesia for patients with pericardial disease.

In the second section, chapters discuss inflammation and diabetic cardiomyopathy,
peripartum cardiomyopathies, and medical imaging in myocarditis.

In the third section, chapters examine atherosclerosis of extracranial carotid vessels
and serum homocysteine, and the role of lifestyle in the development of coronary
heart disease.

I would like to thank all of the contributors for their outstanding work. I would also
like to acknowledge the excellent editing of Professor Murashita and the excellent
assistance of Sara Bacvarova, Author Service Manager at IntechOpen.

Wilbert S. Aronow, MD, FACC, FAHA
Professor of Medicine and Director of Cardiology Research,
Westchester Medical Center and New York Medical College
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Chapter1

Prologue: Introduction to
Advanced Concepts in Pericardial
Disease

Takashi Murashita

1. Introduction

Pericardial diseases are common in clinical practice and include a variety of
pathologies such as pericarditis (acute, subacute, chronic, and recurrent), pericar-
dial effusion, cardiac tamponade, constrictive pericarditis, and pericardial masses
[1, 2]. The etiology of pericardial diseases is classified into infectious, autoimmune,
post-myocardial infarction, and autoreactive causes. When etiology is not appar-
ent, it is classified as idiopathic. Multimodality imaging is an essential approach for
amodern and comprehensive diagnostic evaluation [3]. The goal of this text is to
highlight the current concepts in the clinical characteristics, presentation, diagno-
sis, and the treatment for pericardial diseases.

2. Pericarditis
2.1 Acute pericarditis

Acute pericarditis can be diagnosed with at least two of the four following
criteria: (1) pericarditic chest pain, (2) pericardial rubs, (3) new widespread ST
elevation or PR depression on electrocardiogram, and (4) pericardial effusion (new
or worsening). The additional supporting findings include (1) elevation of inflam-
mation markers (C-reactive protein, erythrocyte sedimentation rate, and white
blood cell count) and (2) evidence of pericardial inflammation shown by computed
tomography or magnetic resonance imaging.

In developing countries, tuberculosis is the leading cause of pericarditis, and it is
often associated with HIV infection. In developed countries, more than 80% of the
cases are idiopathic, and the cause is often presumed as viral infection [2].

In terms of diagnosis of suspected acute pericarditis, electrocardiogram, trans-
thoracic echocardiogram, chest X-ray, and assessment of inflammation markers and
myocardial injury are recommended as a class I indication [1].

Predictors of poor prognosis for acute pericarditis include (1) fever >38°C,

(2) subacute onset, (3) large pericardial effusion, (4) cardiac tamponade, and (5)
lack of response to aspirin or nonsteroidal anti-inflammatory drugs (NSAIDs) after
at least 1 week of therapy. If the patients are categorized in high risk (at least one
risk factor of above), hospital admission is recommended. Outpatient management
is recommended for low-risk patients.

Regarding treatment, aspirin or NSAIDs are recommended as first-line therapy
with gastroprotection. Colchicine is also recommended as first-line therapy as an
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adjunct to aspirin/NSAID therapy (Table 1). Evaluation of response to anti-
inflammatory therapy is recommended after 1 week. Low-dose corticosteroids can
be considered in cases of contraindication/failure of aspirin/NSAIDs and colchi-
cine, when an infectious cause is excluded or when there is a specific indication such
as an autoimmune disease.

2.2 Recurrent pericarditis

Recurrent pericarditis is the most common complication of acute pericarditis,
and it happens in 30% of patients with a first attack of acute pericarditis. Recurrent
pericarditis is defined with a symptom-free interval of 4-6 weeks or longer after the
first episode of acute pericarditis.

Diagnosis is established by C-reactive protein, computed tomography, and/or
cardiac magnetic resonance imaging showing pericardial inflammation.

Commonly prescribed anti-inflammatory therapies for recurrent pericarditis are
aspirin, ibuprofen, indomethacin, and colchicine (Table 2). Colchicine is recom-
mended for at least 6 months. In cases of incomplete response to aspirin/NSAIDs
and colchicine, corticosteroids may be used. However, severe side effects of corti-
costeroids were reported in about 25% of patients with high oral dose of corticoste-
roids. In order to avoid systemic side effects of corticosteroids, the intrapericardial
route has been proposed [4, 5]; however, this technique requires further investiga-
tion. Drugs such as immunoglobulin, anakinra, or azathioprine are considered
as third-line therapy in cases of non-response to aspirin/NSAIDS, colchicine, or

Drug Usual dosing Therapy Tapering
duration
Aspirin 750-1000 mg every 1-2 weeks Decrease doses by 250-500 mg every
8 hours 1-2 weeks
Ibuprofen 600 mg every 8 hours 1-2 weeks Decrease doses by 250-500 mg every
1-2 weeks
Colchicine 0.5 mg per day (<70 kg) 3 months Not mandatory
0.5 mg twice a day
(>70 kg)
Table 1.

Commonly prescribed anti-inflammatory thevapy for acute pericarditis.

Drug Usual dosing Therapy Tapering
duration
Aspirin 500-1000 mg every Weeks-months Decrease doses by 250-500 mg every
6-8 hours 1-2 weeks
Ibuprofen 600 mg every 8 hours Weeks-months Decrease doses by 200-400 mg every
1-2 weeks
Indomethacin 25-50 mg every 8 hours Weeks-months Decrease doses by 25 mg every
1-2 weeks
Colchicine 0.5 mg per day At least Not mandatory
(<70 kg) 6 months
0.5 mg twice a day
(=70 kg)
Table 2.

Commonly prescribed anti-inflammatory therapy for recurrent pericarditis.
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corticosteroids. As a last resort, pericardiectomy is considered after a thorough trail
of unsuccessful medical therapy.

C-reactive protein dosage should be considered to guide the treatment duration
and assess the response to therapy. After the normalization of C-reactive protein, a
gradual tapering of therapies should be considered, tailored to symptoms, stopping
a single class of drugs at a time.

2.3 Myopericarditis

Pericarditis which has concomitant myocardial involvement is referred to as
myopericarditis. The classical presentation of myopericarditis is chest pain with
other signs of pericarditis, in addition to the elevation of markers of myocardial
damage. Viral infections are the most common cause in developed countries,
whereas infectious causes such as tuberculosis are common in developing countries.

In cases of suspected myopericarditis, coronary angiography is recommended in
order to rule out acute coronary syndrome. Cardiac magnetic resonance is also rec-
ommended for the confirmation of myocardial involvement. Hospitalization, rest,
and avoidance of physical activity beyond normal sedentary activities are recom-
mended in nonathletes and athletes with myopericarditis for a period of 6 months.

3. Pericardial effusion and cardiac tamponade

Pericardial effusion is classified according to onset as acute, subacute, and chronic
when lasting >3 months. The pericardial effusion, which was caused by inflamma-
tion leading to increased production of pericardial fluid, is called exudate pericardial
effusion. On the other hand, the accumulation of pericardial fluid caused by decrease
reabsorption due to an increase in systemic venous pressure as a result of congestive
heart failure or pulmonary hypertension is called transudate pericardial effusion.

As of diagnosis, transthoracic echocardiography is recommended (Figure 1),
and it can assess the size of the pericardial effusion (mild, < 10 mm; moderate,
10-20 mm; or large, > 20 mm), distribution (circumferential or loculated), and
hemodynamic effects.

Pericardial effusion is often associated with known or unknown medical
conditions such as infections (viral, bacterial, and tuberculosis), cancer, connective

Pericardial effusion

Figure 1.
The echocardiographic imaging for pericardial effusion. LA, left atrium; LV, left ventricle.
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tissue diseases, trauma, and metabolic causes (e.g., hypothyroidism). In developed
countries, over 50% of the etiology is idiopathic, whereas tuberculosis is the leading
etiology in developing countries.

It is recommended that the therapy of pericardial effusion is targeted at the eti-
ology. When pericardial effusion is associated with systemic inflammation, aspirin/
NSAIDs/colchicine, and treatment of pericarditis are recommended. For cardiac
tamponade, symptomatic moderate to large pericardial effusions not responsive
to medical therapy, and suspicion of unknown bacterial or neoplastic etiology,
pericardiocentesis or pericardial window is indicated.

The common causes of cardiac tamponade include pericarditis, tuberculo-
sis, iatrogenesis (invasive procedure-related, post-cardiac surgery), trauma,
and neoplasm/malignancy. The other causes include autoimmune diseases
(systemic lupus erythematosus, rheumatoid arthritis, scleroderma), radiation,
post-myocardial infarction, uremia, aortic dissection, bacterial infection, and
pneumopericardium.

4. Constrictive pericarditis

Constrictive pericarditis is a result from inflammation and fibrosis of the peri-
cardium leading to diastolic dysfunction and right heart failure. Generally speak-
ing, constrictive pericarditis is irreversible, and once the diagnosis is made, surgical
pericardiectomy is indicated in patients with symptoms of heart failure.

In Western countries, the etiology of constrictive pericarditis is mainly idiopathic,
presumably unrecognized prior viral pericarditis. Previous cardiac surgery and
prior mediastinal radiation therapy are becoming more popular. On the other hand,
tuberculosis is a major cause of constrictive pericarditis in developing countries.

In constrictive pericarditis, Kussmaul sign and pericardial knock are common
physical findings. Electrocardiogram may show low voltages, non-specific ST-T
changes, or atrial fibrillation. Chest X-ray shows pericardial calcification in one-
third of the cases.

Figure 2.
Cardiac magnetic resonance imaging shows thickening of the pericardium (arrow).
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Syndrome Definition Therapy
Transient Reversible pattern of constriction 2-3 months of empiric anti-inflammatory
constriction following spontaneous recovery or drugs

medical therapy
Effusive- Failure of the right atrial pressure Pericardiocentesis followed by medical
constrictive to fall by 50% or to a level below therapy. Surgery for persistent cases
pericarditis 10 mmHg after pericardiocentesis
Chronic Persistent constriction after Pericardiectomy, medical therapy for
constriction 3-6 months advanced cases or high risk of surgery, or

mixed forms with myocardial involvement

Table 3.
Definition and thevapy for constrictive pericarditis.

For the diagnosis of constrictive pericarditis, transthoracic echocardiography
and chest X-ray with adequate technical characteristics are recommended in all
patients with suspected constrictive pericarditis. Echocardiography may show
septal bounce, pericardial thickening and calcifications, respiratory variation of the
mitral peak E velocity of >25% and variation in the pulmonary venous peak D flow
velocity of >20%, or color M-mode flow propagation velocity > 45 cm/s. Computed
tomography and cardiac magnetic resonance imaging are indicated as second-level
imaging techniques to assess calcifications, pericardial thickness (3-4 mm), degree,
and extension of pericardial involvement (Figure 2). Cardiac catheterization may
show “dip and plateau” sign, right ventricular diastolic and left ventricular diastolic
pressures usually equal, and ventricular independence.

The definitions and therapy of the main constrictive pericarditis are listed in Table 3.

5. Surgical treatment for pericardial disease
5.1 Pericardial window

A pericardial window is the procedure to create a communication from the peri-
cardial space to the pleural space. The purpose of this procedure is to allow a pericar-
dial effusion (usually malignant) to drain from the pericardial space into the chest
cavity to prevent a large accumulation of pericardial fluid and cardiac tamponade.

Subxiphoid pericardial window is done by either local or general anesthesia.

A vertical incision about 4 cm is made over the xiphoid process and upper abdo-
men. The diaphragm is dissected away from the undersurface of the sternum and
xiphoid, fat is removed from over the pericardium, and the pericardium is opened
under direct vision. All fluid is aspirated, and loculations may be broken up gently
with the sucker. As large a pericardial window as possible is made by excision of
the pericardium. Pericardial tissue and fluid are sent for bacteriologic and histo-
logic study.

Another way to do a pericardial window is via a left anterolateral approach. A
small left anterolateral incision is made, and a simple pericardial window is created,
usually of necessity anterior to the phrenic nerve. After evacuation of fluid, chest
tubes are placed in the pleural space.

5.2 Pericardiectomy

Pericardiectomy is indicated in patients with symptomatic constrictive peri-
carditis, especially those patients requiring increasing doses of diuretics. It is also
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indicated in patients with effusive-constrictive pericarditis who do not respond to
anti-inflammatory medications.

Pericardiectomy is typically done through median sternotomy, whereas it can
be done via left anterolateral or bilateral thoracotomy. Complete pericardiectomy
is defined as removal of the whole pericardium overlying the heart and proximal
great vessels except for the pericardium posterior to the left atrium in the oblique
sinus and variable amounts of pericardium adjacent to the phrenic nerves. Thus, the
anterior pericardium (phrenic nerve to phrenic nerve), the diaphragmatic pericar-
dium, and a portion of the pericardium posterior to the left phrenic nerve should
be removed. Failure to remove the pericardium from the diaphragmatic surface may
lead to late recurrence of constrictive physiology.

Although cardiopulmonary bypass and systemic heparinization may increase the
risk of bleeding, decompression of the heart with extracorporeal circulation is use-
ful and necessary in many patients because circulatory support facilitates dissection
of the pericardium and allows wide manipulation of the ventricles. Further, with
cardiopulmonary bypass, any injury to the myocardium is more easily repaired.
Another advantage is that during cardiopulmonary bypass, the patient’s total blood
volume is drained into the cardiotomy reservoir, and after pericardiectomy, intra-
vascular volume is adjusted to maintain adequate cardiac output and perfusion.

One of the largest number of pericardiectomy was reported from the Mayo
Clinic [6]. They reviewed 1071 pericardiectomy operations for about 80 years. The
etiology of constrictive pericarditis was idiopathic in 62%, post-cardiac surgery
in 27%, and postradiation in 10% in the contemporary era. The 30-day mortality
was 5.2% in the contemporary era and 13.5% in the historical era. The risk factors
of overall mortality in the contemporary era were the New York Heart Association
class III or IV, etiology of radiation or post-cardiac surgery, and the need for cardio-
pulmonary bypass.

6. Conclusions

Despite the recent advancement in diagnostic images and treatment options,
there have been a limited number of randomized controlled studies in the field of
pericardial disease. Therefore, contemporary management of pericardial disease

is mainly performed empirically. Nowadays new diagnostic techniques have been
available in the study of pericardial diseases.
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Chapter2

Pericardial Diseases in Elderly
Patients

Ammar Athar, Kartik Dhaduk and Wilbert S. Aronow

Abstract

The pericardium is a double-walled, fibrous sac typically containing 20-50 mL
of fluid surrounding the heart and great vessels. In addition to its known anatomical
and physiological functions, the pericardium also serves an active immunological
role that is the focus of interest pertaining to inflammatory cardiac conditions such
as pericarditis and myocarditis. In the geriatric population, the pericardium also
undergoes age-related changes similar to other anatomical structures; however, in
contrast to common cardiac diseases such as coronary artery disease, heart failure,
valvular disease, etc., data from randomized trials regarding the management of
pericardial diseases are limited, especially in the elderly population. In this chapter,
we will discuss age-related pericardial anatomical changes, various pericardial
diseases (acute, recurrent and constrictive pericarditis, pericardial effusion, cardiac
tamponade, etc.) along with their clinical impact, and evidence-based management.

Keywords: pericardial disease, elderly, acute pericarditis, constrictive pericarditis,
recurrent pericarditis, cardiac tamponade, pericardium, myocarditis

1. Age-related pericardial anatomical changes

The pericardium is subject to age-related changes just like any other organ in the
human body although available literature regarding pericardial anatomy and peri-
cardial disease etiology related to aging is very limited. One study examining bovine
pericardium for age-dependent differences in collagen alignment showed higher
elasticity, higher tensile strength, and thin pericardium in neonatal compared to
adult bovine pericardium [1]. Despite such noted anatomical changes in the pericar-
dial structure with age, the spectrum of pericardial disease remains similar among
younger and older populations. Although most guidelines have not discussed
specific age-related pericardial disease management, diagnostic evaluation and
treatment of pericarditis in the geriatric population should take comorbidities into
consideration for optimal management [2].

2. Pericardial effusion
The pericardial space contains 20-50 mL of fluid in the pericardial sac which
works as a lubricant between two layers of pericardium. Pericardial effusion is

defined by an excess fluid collection over the normal physiological amount within
this space. Pericardial fluid accumulation can be secondary to increased fluid
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production (i.e., any inflammatory condition) or from reduced fluid reabsorption
(i.e., heart failure, pulmonary hypertension, and pericardial lymphatic obstruc-
tion). The fluid starts accumulating according to gravitational forces, initially in
the posterior-inferior site then circumferentially resulting in moderate to large
effusion.

Pericardial effusion can be classified based on various characteristics such as
size (mild, moderate, and large), onset (acute, subacute, and chronic), distribution
(localized or circumferential), composition (transudate, exudate, blood, or rarely
gas from bacterial infections), and hemodynamic effects (without tamponade, with
tamponade, effusive-constrictive) [2, 3]. (Table1).

The normal pericardium is made up of a high content of collagen fibers, which
creates a relatively inelastic sac that contains the heart. The pressure-volume curve
of the normal pericardium is a J-shaped curve, which allows a limited stretch of the
pericardium in response to physiological events such as posture or volume status
without significant change in the intrapericardial pressure; however, after reaching
a certain intrapericardial volume, the intrapericardial pressure rises suddenly and
can cause sudden systemic hemodynamic derangements. The rapid rate of the fluid
collection also plays a role in the pressure-volume curve; a sudden rise in intraperi-
cardial volume (such as with aortic dissection or trauma with hemopericardium)
of 100-200 mL significantly raises the intrapericardial pressure, whereas the slow
collection of fluid may allow the development of a large pericardial effusion (1-2 L)
without signs of cardiac tamponade [3, 4].

2.1Etiology
Among the elderly, the spectrum of etiologies for pericardial effusion does not

differ significantly from the rest of the population. The underlying cause of effu-
sion can usually be inferred from the clinical picture. One study in 322 patients

Size of fluid collection in TTE' Less than 10 mm—mild

10-20 mm—moderate

More than 20 mm—Ilarge

Onset of fluid collection <1 week—acute

>1 week to <3 months—subacute

>3 months—chronic

Fluid distribution Localized
Circumferential
Fluid composition Infectious—exudative

Non-infectious—transudate

Hemopericardium—blood

Pneumopericardium—air

Chylopericardium—chylous

Hemodynamic effects No tamponade effect

Tamponade effect

effusive-constrictive

"TTE, transthoracic echocardiography.

Table 1.
Classification of pericardial effusion.
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has reported around 60% of cases had a known cause of pericardial effusion [5].

A varying amount of effusion can be seen in other conditions such as malignancy
(with or without direct pericardial involvement), renal failure, pregnancy, aortic or
cardiac wall rupture, trauma, heart failure, cirrhosis of the liver, nephrotic syn-
drome, autoimmune diseases, radiation, etc. One study incorporated demographics
in their review of pericarditis etiology by comparing a younger patient population
(age 15-65, n = 221) to a geriatric population (age 66-88, n = 101) and found no
statistically significant differences in the incidence of idiopathic (33 vs. 38%)
versus neoplastic (14.4 vs. 10.8%) pericarditis or the incidence of tamponade (36 vs.
38.6%) [6]. The cause of effusion may also vary by geographical area and clinical
setting. For example, effusions related to viral pericarditis or idiopathic pericarditis
are more common in outpatient populations of the western world, whereas bacte-
rial and tuberculous inflammation and effusion are more common in sub-Saharan
Africa and the developing world. Effusions associated with uremic pericarditis or
malignancies are frequently found in hospital settings [3, 7].

According to one study with a mean participant age of 56, when determining the
cause of moderate to severe pleural effusions, it is important to consider three major
factors: (1) size of effusion; (2) presence of tamponade; and (3) inflammatory signs
(defined as two or more from: fever >37°C, pericardial friction rub, characteristic
chest pain, and diffuse ST-segment elevation). The presence of inflammatory signs
was associated with acute idiopathic pericarditis (likelihood ratio = 5.4, P < 0.001),
a large effusion without any inflammatory signs or tamponade was found to be
associated with chronic idiopathic pericardial effusion (likelihood ratio = 20,

P < 0.001), and the features of tamponade without inflammatory signs were associ-
ated with malignant effusions (likelihood ratio = 2.9, P < 0.01) [5].

2.2 Clinical presentation

The presentation of pericardial effusion varies according to the speed of accu-
mulation, size of effusion, and etiology. The rate of fluid collection plays a critical
role in clinical presentation as rapidly accumulating pericardial effusion causes a
quick rise in intrapericardial pressure, which results in cardiac tamponade, while
slowly accumulating fluid accommodates comparatively larger volume before signs
of tamponade [2, 3]. The cases of isolated pericardial effusion can be asymptomatic
or can have symptoms related to the underlying etiology or to the effusion itself.
The classically reported symptom is dyspnea on exertion; however, the wide
spectrum of symptoms related to compressive effect includes cough, weakness,
fatigue, palpitations (from compressive effect of the pericardial fluid or reduced
blood pressure), nausea (diaphragm), dysphagia (esophagus), hoarseness of voice
(recurrent laryngeal nerve), etc. Patients may present with fever from underlying
disease (infectious or systemic inflammatory disease), pleural effusion, ascites, or
hepatic dysfunction from long standing pericardial constriction [2, 8].

Physical examination may remain normal without any significant findings in
patients with no hemodynamic compromise. Pulsus paradoxus is an inspiratory drop
in systolic BP >10 mmHg due to the augmentation of right ventricular preload causing
impaired left ventricular filling resulting in abnormal decrease in stroke volume [9]
and is a phenomenon commonly seen with large pericardial effusion or cardiac tam-
ponade. Pericardial friction rub is rarely heard but is a usual finding of pericarditis.

2.3 Diagnostics

Upon clinical suspicion of pericardial effusion, the diagnostic approach
should consider three major steps: (1) confirm the presence of effusion; (2)
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assess the hemodynamic impact; and (3) effort to identify the underlying etiol-
ogy. Transthoracic echocardiography (TTE) is recommended in all patients with
suspected effusion as a class I, level C recommendation. Further imaging modalities
such as computed tomography (CT) scan, cardiac magnetic resonance imaging
(CMRI), pericardial fluid analysis, or biopsy can be considered in cases where
loculated effusion, masses, or thickening of the pericardium are suspected. Basic
diagnostic work up, including blood counts, chemistry, thyroid function tests,
cardiac biomarkers, inflammatory markers such as C-reactive protein (CRP) and
sedimentation rate (ESR), electrocardiogram (ECG), and chest X-ray, should be
done [2, 10]. ECG findings in pericardial effusion include low QRS voltage and
electrical alternans, a finding of large pericardial effusion or tamponade that is
usually associated with sinus tachycardia.

TTE is recommended as the first modality to determine the hemodynamic
significance of pericardial effusion and is highly sensitive and specific. The
pericardial fluid appears as echo-lucent space between the pericardium and
epicardium on TTE. The semi-quantitative assessment for largest echo-free space
in echocardiographic views provides an assessment of severity. Mild pericardial
effusion is considered <10 mm, moderate between 10 and 20 mm, and large effu-
sion is any collection >20 mm. The collection of effusion follows gravity initially
in the inferolateral position close to right atrium in the apical four chamber view
with the patient in a supine-left lateral position. The pattern of collection changes
to circumferential in the pericardium with increasing amount of fluid (Figure1).
After the development of a large amount of effusion, the heart can be seen swing-
ing in the pericardial cavity, a finding that correlates with electrical alternans on
ECG [2, 3, 11].

Cardiac CT and CMRI are useful imaging modalities for the evaluation of
pericardial effusion and tamponade especially for more detailed assessment and the
localization of the effusion and associated abnormalities in the mediastinum, lungs,

55 BPM »

Figure 1.
Large circumferential pericardial effusion.
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and adjacent structures. They are useful for the guidance of pericardiocentesis since
loculated effusions or calcified pericardium can be identified. CMRI is superior

to CT in differentiating fluids especially highly exudative fluid from thickened
pericardium. CT detects a minimum amount of pericardial calcium and is relatively
quick [2, 11].

Pericardial fluid analysis is often performed when the patient requires pericar-
diocentesis. Routine fluid studies include measuring fluid protein level, protein
fluid/serum ratio, lactate dehydrogenase (LDH), LDH fluid/serum ratio, glucose,
cell counts, and specific gravity. Fluid cytology and tumor markers (carcinoembry-
onic antigen, cancer antigen 19-9, adenosine deaminase, and interferon gamma) are
useful measures in malignancy. Polymerase chain reaction and fluid cultures help in
infectious etiologies.

2.4 Treatment

For small-to-medium sized, asymptomatic pericardial effusion without signs
of hemodynamic instability, regular outpatient follow-up with clinical examina-
tion and/or echocardiography should be preferred. Management of pericardial
effusion with signs of inflammation (pericarditis) should follow the standard or
treatment for pericarditis; however, in the absence of any inflammation, anti-
inflammatory drugs, such as nonsteroidal anti-inflammatory drugs (NSAIDs),
colchicine, and corticosteroids, are generally not effective. Such cases as well as
cases with large effusion that failed empiric anti-inflammatory therapy would
require pericardiocentesis. Recurrence of effusion is fairly common and further
management options include pericardial window formation or pericardiectomy. A
study comparing patients age 15-65 to a group of patients age 66-88 years showed
elderly people had more persistence of effusion (6.3 vs. 14%; P < 0.05) but no sta-
tistically significant difference in mortality (24 vs. 30%) or evolution of cardiac
constriction (4 vs. 2%) during median follow up time of 11 months [6]. There is
no standard guideline available for elderly patients regarding pleural effusions;
however, the expert consensus suggests adjusting the type and dosages of medi-
cations with special attention to drug interactions and renal function given the
prevalence of polypharmacy and renal dysfunction in the geriatric population [2].
A proposed management algorithm for pericardial effusion of unknown origin is
depicted in Figure 2 [2, 3].

2.5 Prognosis

The prognosis of pericardial effusion is related to its etiology and size.
Moderate-to-large size effusions are more commonly associated with bacterial
infection, systemic inflammatory disease, or malignancy. Idiopathic pericardial
effusion has a good prognosis, but effusion related to bacteria, post-radiation, or
pericardial injury has a higher rate of developing either early (cardiac tamponade)
or late complications (constrictive pericarditis). Large effusion (>3 months) carries
a 30-35% risk of progression to cardiac tamponade. The follow-up of pericardial
effusion is mainly based on symptomatic evaluation with the follow-up of inflam-
matory biomarkers and echocardiography [3]. A recent meta-analysis regarding
prognosis of pericardial effusion in an elderly population with mean age > 60
reported that pericardial effusion can be considered as a marker of severity of the
underlying disease as evidenced by a higher hazard ratio (HR) in patients with peri-
cardial effusion with myocardial infarction (HR 2.65, 95% CI: 1.4-4.99; P = 0.003,
15 months follow-up) versus those with chronic heart failure (HR 1.53, 95% CI:
1.22-1.92; P < 0.0001, 31 months follow-up) [12].
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Figure 2.
Management algorithm for pericardial effusion with unknown origin.

3. Acute pericarditis

Acute pericarditis is a condition defined by the inflammation of the pericardial
sac that can take place in the setting of a systemic disease (infectious, malignant,
inflammatory, etc.) or independently of any other condition [2, 5, 13-15]. Among
the elderly, it is important to consider malignancy in the evaluation of etiology as it
is more common in this population and may prompt appropriate testing leading to a
faster diagnosis and potential earlier intervention.

3.1 Etiology

Various infections (viral, bacterial, fungal, and tick-borne) have been known
to cause the inflammation of the pericardium. In fact, prior to the widespread
distribution of anti-retroviral medications, pericarditis was found to be the
most common cardiovascular manifestation of human immunodeficiency virus/
acquired immunodeficiency syndrome [16, 17] and, in conjunction with tuber-
culosis, remains the most common cause of pericardial inflammation in the
developing world [18], whereas coxsackievirus maintains its status as the most
common viral etiology of pericarditis overall. Malignancy, independent of other
systemic diseases, has also been associated with acute pericardial disease and
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accounts for about 6% of cases without another explanation [19, 20]. Systemic
diseases, such as systemic lupus erythematosus (SLE) and rheumatoid arthritis
(RA), have been found to cause pericardial inflammation with approximately
50% of patients with SLE experiencing pericarditis. Other established etiolo-
gies of acute pericardial disease include post-myocardial infarction pericardial
inflammation and/or effusion [21-24], post-radiation pericarditis with or
without pericardial effusion [25], and uremic pericarditis usually in the setting
of advanced renal failure and inadequate dialysis [26, 27]. Hypothyroidism
severe enough to result in myxedema can result in a large, slowly accumulating
pericardial effusion but rarely causes acute pericarditis [28].

3.2 Clinical presentation

There are four major distinctive features of acute pericarditis (at least two of
which are required to make a clinical diagnosis): chest pain, pericardial friction rub,
characteristic ECG changes, and pericardial effusion. The predominant presenting
symptom is chest pain that is usually pleuritic in nature, sharp and alleviated by sit-
ting up and leaning forward due to the positional shift of the pericardium, a feature
which distinguishes it from the typical chest pain caused by myocardial ischemia
[29, 30]. Pericardial chest pain is also often associated with nonproductive cough and
dyspnea [29]. A scratchy, squeaking sound heard over the left sternal border upon
auscultation known as a pericardial friction rub is the second of four major clinical
features of pericarditis and is reported to be found in approximately 85% of patients
with acute pericarditis in the absence of a pericardial effusion [20]. It is an extra
heart sound resulting from the friction between the parietal and visceral pericar-
dium coming into contact in the presence of inflammation. The presence of a peri-
cardial effusion is the third of the four major signs of acute pericarditis and can best
be appreciated on an echocardiogram. The last of the four major signs of pericarditis
is new, diffuse ST-elevation, PR segment depressions, and PR segment elevation in
lead aVR found on ECG (discussed further under Diagnostics) [15, 29, 31]. Other
secondary features of pericarditis that may or may not be present are fever, subacute
course of chest pain, elevated troponin (suggestive of myocardial involvement), and
hemodynamic instability (suggestive of cardiac tamponade) [32, 33].

3.3 Diagnostics

Various laboratory tests and imaging modalities play role in establishing the
diagnosis of acute pericarditis. Inflammatory markers, such as white blood cell
count (WBC), erythrocyte sedimentation rate (ESR), and C-reactive protein (CRP)
levels although nonspecific, may help distinguish pericarditis from a condition with
overlapping features given appropriate clinical criteria. Troponin levels, usually
elevated in acute coronary syndrome, may also be elevated in pericarditis indicating
myocardial involvement [34].

The chest X-ray may show cardiomegaly in the presence of a significant pericar-
dial effusion but otherwise has limited utility in the diagnosis of pericardial disease.
An echocardiogram can be similarly useful although the absence of pericardial
effusion would not necessarily exclude the diagnosis of acute pericarditis. Cardiac
CT imaging can serve a dual purpose in the diagnosis of acute pericarditis in that it
may also help elucidate the underlying pathology responsible for the inflammatory
changes. Pericardial thickening and effusion in the absence of calcification along
with the enhancement of the visceral and parietal pericardium with intravenous
contrast are indicative of active inflammation consistent with pericarditis [35].
CMRI can confirm inflammation but is likely not necessary in the diagnostic
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workup of acute pericarditis unless the presumed etiology is a systemic inflamma-
tory or autoimmune disease with characteristic cardiac findings.

The ECG may be perhaps the most useful diagnostic modality when consider-
ing acute pericarditis. The ECG progresses through a distinctive, four stage pat-
tern although the evolution can be variable with up to 40% of patients showing
atypical changes [30-32]. Stage 1 is characterized by widespread ST elevation with
reciprocal ST depression in leads aVR and V1 as well as PR segment elevation in
lead aVR accompanied by PR segment depression in the remaining limb leads and
V5-6. Within 1 week of onset, normalization of ST and PR segments on the ECG
comprises Stage 2. Stage 3 of the ECG is marked by diffuse T-wave inversions, while
Stage 4 consists of normalization of the ECG. However, not all forms of pericarditis
result in the characteristic ECG pattern as the pericardium itself is an inert tissue
and only inflammatory changes involving the epicardium or myocardium would be
reflected in acute pericarditis [36]. In fact, one review found that of 100 patients
studied, only seven arrhythmias were identified all resulting from underlying heart
disease [37], while a separate study comparing acute pericarditis to myopericarditis
found arrhythmias more frequently associated with myopericarditis [38].

3.4 Treatment

Medical treatment of acute pericarditis utilizes one or a combination of two out
of three different medications: NSAIDs, colchicine, and glucocorticoids. Treatment
duration is usually guided by the resolution of symptoms and etiology of disease in
the absence of confounding factors such as acute kidney or liver injury.

A combination of NSAIDs and colchicine is the mainstay of therapy for acute
viral or idiopathic pericarditis. NSAIDs alone have been shown through multiple
studies to effectively treat up to 80% of pericarditis cases [20, 32, 39]. No one partic-
ular NSAIDs has been shown to be more effective than another except in the case of
post-myocardial infarction pericarditis for which aspirin is recommended and other
NSAIDs should be avoided in order to prevent the disruption of myocardial scar
formation [40]. Patients taking NSAIDs for pericarditis should concurrently take a
proton-pump inhibitor for ulcer prophylaxis in the absence of any direct contrain-
dication to do so. Treatment can be tapered once the patient is symptom-free for at
least 24 hours (typically 1-2 weeks). Alternatively, one study recommends following
weekly CRP levels along with symptom resolution and beginning tapering, once the
patient is symptom-free for 24 hours and CRP levels have returned to normal [41].

In 2005, the Colchicine for Acute Pericarditis (COPE) trial suggested colchicine
as an effective adjunct for treating acute pericarditis when combined with NSAIDs
therapy for patients with non-bacterial, non-malignancy-related pericardial disease
[39]. The addition of colchicine was further shown to reduce symptom burden and
decrease the rate of recurrent pericarditis by a subsequent, randomized-control
trial (RCT) [42], a finding, which was later supported by a meta-analysis in 2014,
that demonstrated a reduced risk of recurrence at 18 months in patients undergoing
treatment for acute pericarditis [43]. The management of acute pericarditis with
a combination of NSAIDs and colchicine is also currently supported by the 2015
European Society of Cardiology (ESC) guidelines [2].

For patients with contraindications to NSAIDs therapy (kidney failure, GI bleed-
ing, pregnancy, etc.), glucocorticoids may be used in combination with colchicine
for the initial treatment of acute pericarditis. Treatment duration is then guided
by symptom resolution and the normalization of CRP levels with tapering usually
started 2-4 weeks thereafter. Glucocorticoids have also been utilized in patients
with pericarditis refractory to NSAIDs and colchicine though one study shows a
trend toward higher rate of recurrent pericarditis with steroid use [44].
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Geriatric patients appear to have a higher risk of mortality when admitted and
treated for pericarditis in the hospital. Although data regarding treatment of spe-
cifically elderly patients are sparse, one study examined the relationship between
pericarditis, age, hospital admission, and mortality. They analyzed 45,504 patients
above the age of 65 from 1999 to 2012 and found that hospitalization for the treat-
ment of pericarditis is associated with increased risk of 1-year all-cause mortality
despite a decrease in 1-year mortality rate from 19.7% (95% confidence interval
(CI) 18.8-20.8) in 1999 to 17.3% (95% CI 15.3-20) in 2012 [45]. While it is possible
that this association is in part due to a higher prevalence of significant comorbidi-
ties and compromised immune systems among the elderly, it nevertheless remains
an aspect of pericardial disease that warrants further investigation as advanced
therapies and support devices continue to enable longer lifespans with time.

4. Recurrent pericarditis

Recurrent pericarditis is a syndrome defined by the reemergence of pericarditis
after the treatment of the initial inflammatory event [31, 46-48]. A minimum
4-6 week symptom-free interval post anti-inflammatory treatment is required to
differentiate recurrent pericarditis from incessant pericarditis.

4.1 Etiology

Acute pericarditis has been found to have recurrence rates as high as 30% in
patients treated without colchicine [32, 39, 47, 49]. Some cases of recurrent peri-
carditis appear to reflect localized inflammation given the detection of certain
cytokines (interleukin (IL)-6, IL-8, and interferon gamma) in the pericardial fluid
and their absence in the serum [50]; however, most cases are considered to be of
autoimmune etiology [2, 51].

4.2 Clinical presentation

Chest pain appears to be the most common recurring symptom; however, the
clinical diagnosis of recurrent pericarditis requires the presence of at least one
of the following in addition to pleuritic chest pain: fever, pericardial rub, ECG
changes, pericardial effusion, elevated WBC, ESR, CRP, or evidence of active peri-
cardial inflammation on imaging [15]. Patients with previously treated pericarditis
may experience multiple recurrences over the course of months to years following
the initial event [52-54].

4.3 Diagnostics

The selection of the initial treatment regimen can directly impact the potential
for the recurrence of acute pericarditis and may serve as an independent predictor
of risk. For instance, a prior response to NSAIDs therapy is associated with the
reduced risk of recurrence [32], whereas treatment with glucocorticoids is associ-
ated with increased recurrence [55]. It is difficult to rely upon ECG changes for the
diagnosis for recurrent pericarditis as they are non-specific in the majority of cases.
Chest X-ray and TTE also have limited utility as both will appear to be normal with-
out a significant pericardial effusion. CT and CMRI imaging have proven to be of
benefit in elucidating the diagnosis of recurrent pericarditis as contrast-enhanced
CT can detect active pericardial inflammation while CMRI may reveal the evidence
of edema via pericardial gadolinium enhancement [2, 35].
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4.4 Treatment

Recurrent viral or idiopathic pericarditis is typically managed with an outpatient
medical regimen [2, 52, 54] initially consisting of an NSAIDs and colchicine [15]
as glucocorticoids are known to increase the risk of recurrence despite multiple
recurrences of pericarditis [56]. Glucocorticoid therapy is, therefore, reserved for
patients who are either unable to tolerate NSAIDs or have failed NSAIDs therapy in
the past [2].

It is important to ensure an adequate trial of NSAIDs was given prior to labeling
a patient as refractory. Common agents such as Aspirin and Ibuprofen should be
attempted first followed by Indomethacin for treatment resistant cases. Medication
should be administered in three doses over 24 hours to ensure consistent therapeutic
levels, and dosage should be titrated up as needed to achieve symptom control until
the daily maximum is reached or symptoms have subsided [10, 32, 39, 52, 54, 57].

Patients with recurrent pericarditis are often times designated as refractory to
colchicine therapy after having received inappropriate dosing or rapid tapers [43].
In addition, colchicine should be given twice a day in order to reduce the risk of
poor compliance due to gastrointestinal discomfort [10, 57, 58].

In cases of recurrent pericarditis refractory to treatment with NSAIDs, col-
chicine, and glucocorticoids, patients found to have the evidence of systemic
inflammation may benefit from anti-interleukin-1 therapy. A recent trial in 2016
demonstrated a significant reduction of recurrence (90-18%) in patients with
pericarditis resistant to colchicine and dependent on corticosteroids with the addi-
tion of anakinra, an IL-1B antagonist [59]. Although promising, this study’s results
were limited by a small sample size and inconsistent colchicine dosing across trial
participants warranting further investigation.

5. Constrictive pericarditis

Constrictive pericarditis is a condition that occurs when a thickened or calci-
fied pericardium loses elasticity resulting in the reduction of diastolic filling. It is
a syndrome that is the end result of chronic pericarditis and pericardial effusion
gradually progressing to fibrosis [2, 15, 29, 60]. Such impairment overtime causes
the reduction of pericardial space, which in turn uncouples intrathoracic and intra-
cardiac pressures generating increased interventricular interdependence visible on
echocardiogram [2, 35, 61, 62].

5.1 Etiology

Constrictive pericarditis can occur as a result of inflammation and effusion
from any pericardial disease [2, 31, 63]. A combination of studies has found that
42 to 61% of cases were idiopathic or viral, 11 to 37% postcardiac surgery, 2 to 31%
postradiation, 3 to 7% due to connective tissue disorders, 3 to 15% bacterial or
tuberculous, and 1 to 10% related to malignancy, trauma, drug toxicity, sarcoid-
osis, or uremic pericarditis [64-69]. Tuberculosis remains a major global cause of
constrictive pericarditis especially in endemic nations [2, 70].

5.2 Clinical presentation
Patients with constrictive pericarditis usually present with symptoms of right

heart failure in the absence of ventricular function impairment. Symptoms are
consistent with volume overload, such as edema, pleural effusion, dyspnea, ascites,
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or low output states such as exertional dyspnea and fatigue [2]. As high as 93%

of patients present with elevated jugular venous pressure (JVP) [65], while only
approximately 20% of patients present with pulsus paradoxus or Kussmaul’s sign
[64, 65, 71]. A pericardial knock has been noted in 47% of patients with constrictive
pericarditis [65].

5.3 Diagnostics

Although the diagnosis of constrictive pericarditis can be made by echocardiog-
raphy [72], an ECG and chest X-ray should also be obtained as part of the initial
evaluation. There are no specific ECG changes consistently indicative of constrictive
pericarditis; however, an ECG may be helpful in ruling out other cardiac pathology.
The chest X-ray may show the evidence of pericardial calcification in which the
presence of right heart failure would be strongly suggestive of constrictive pericar-
ditis; however, the absence of such a finding would not rule out the disease [2].

All patients with suspected pericardial disease should be evaluated with echo-
cardiography [2, 73]. Septal bounce and pericardial thickening on M-mode and
2-dimensional echocardiography would be suggestive of a constrictive pattern. On
Doppler echocardiography, increased interventricular interdependence is associ-
ated with pericardial fibrosis, and the ratio of the right ventricular (RV) area to the
left ventricular (LV) area, known as systolic area index (SAI), is virtually diagnostic
of constrictive pericarditis when the SAI is >1.1 [74].

CT imaging can show pericardial thickening and calcification but is not neces-
sary to diagnose constrictive pericarditis. However, the identification of important
vascular structures on CT can prove useful if planning for pericardiectomy [75].
Positron emission tomography (PET)/CT can also be helpful in predicting response
to corticosteroid therapy [76]. CMRI may show characteristic changes of constric-
tive pericarditis, such as pericardial thickening, dilation of the inferior vena cava,
or ventricular interdependence, but is usually necessary unless investigating other
related cardiac pathology.

5.4 Treatment

Treatment of constrictive pericarditis is dependent on the course of the disease
at the time of evaluation. For early subacute disease in patients who are hemo-
dynamically stable, medical therapy similar to that used for acute pericarditis
is recommended. Patients who present with the evidence of late chronic disease
(cachexia, pericardial calcifications, and hepatic dysfunction) or those who have
failed conservative management with anti-inflammatory therapy can be treated
with pericardiectomy [63]. The majority of patients achieve symptomatic relief
with early surgical removal of the inflamed pericardium [69] with one study
reporting up to 69% of patients being symptom-free at 4 year follow-up [65].

6. Cardiac tamponade

Cardiac tamponade is characterized by the accumulation of pericardial fluid
causing significant impairment in cardiac function due to the pressure effect of
external pericardial content causing compression of all cardiac chambers. Increase
in intrapericardial pressure reduces the myocardial transmural pressure with a
reduced ventricular wall diastolic compliance and a decrease in cardiac output
and blood pressure. In cardiac tamponade, unlike constrictive pericarditis, most
of the inspiratory decline in the intrathoracic pressure is transmitted through
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the pericardium to the right ventricle and results in increased venous return and
right ventricular distention. The higher intrapericardial pressure limits the right
ventricular free wall expansion, resulting in bulging of the right ventricular septum
to the left ventricle. This bulge diminishes the compliance of the left ventricle,
which results in decreased filling and cardiac output [4, 77]. A similar mechanism
contributes to pulsus paradoxus, an abnormal decline in systolic blood pressure
(>10 mmHg) with inspiration. Cardiac tamponade is a treatable cause of cardio-
genic shock that can be rapidly fatal.

Usually, cardiac tamponade is seen after pericarditis, tuberculosis, iatrogenic
(secondary to cardiac interventions), trauma, neoplasm, with other uncommon
causes including, collagen vascular disorder, radiation therapy, post-myocardial
infarction, uremia, aortic dissection, and a bacterial infection.

6.1 Etiology

Cardiac tamponade could be acute, subacute, low-pressure type, or regional.
Acute cardiac tamponade is sudden in onset and acutely life-threatening if not
treated. Subacute cardiac tamponade is less dramatic compared to acute, but once
the intrapericardial pressure reaches the threshold, patients experience classi-
cal tamponade symptoms related to decreased cardiac function. Low-pressure
tamponade is a condition that appears in hypovolemic patients (such as traumatic
hemorrhage, over diuresis, etc.). Correction of volume status reveals a typical tam-
ponade pattern. Regional tamponade occurs from loculated effusion or a localized
hematoma causing compression of only selected chambers. It is usually seen after
myocardial infarction or pericardiotomy [77].

6.2 Clinical presentation

Depending on the severity of the tamponade, a variety of clinical findings are
seen. Sinus tachycardia as a physiologic response to maintain the cardiac output is
common. Elevated jugular venous pressure, muffled heart sounds, and systemic
hypotension together referred to as Beck’s triad is a pathognomonic sign for
tamponade.

6.3 Diagnosis

The diagnostic approach and the evaluation of cardiac tamponade are similar
to that for patients with suspected pericardial effusion. The ECG findings include
sinus tachycardia, low voltage of QRS complex, and frequently electrical alternans,
which is beat-to-beat changes in the position of the heart with relation to cardiac
tamponade. The presence of total electrical alternans, including P wave, QRS
complex, and ST segment alternans, is highly specific for cardiac tamponade, but
sensitivity is very low with findings present in only 5-10% of cases. The presence
of lone QRS alternans is more common but is not very specific for tamponade. The
presence of QRS vector alternans (axis shift) is more specific than QRS amplitude
alternans for the cardiac tamponade [77, 78].

TTE is the standard first-line imaging technique recommended for the evalu-
ation of cardiac tamponade with excellent safety and efficacy. The size of the
pericardial effusion does not indicate significance. Since respiration has an impact
on intracardiac pressures, mainly on the right side of the heart, this respirophasic
flow pattern becomes more evident in tamponade, which can be measured by
Doppler echocardiographic variations in blood flow across the mitral (>25% varia-
tion) (Figure 3) and tricuspid valves (>40% variation) as well as pulmonary and
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systemic outflow. Right atrial collapse and RV collapse on diastole (Figure 4) are
usual signs of cardiac tamponade, but in the setting of severe pulmonary hyperten-
sion, right-sided chamber collapse may be delayed and preceded by left atrial col-
lapse. In most cases, the thickness of the left ventricular wall and lower compliance
prevents LV collapse. As the tamponade worsens, there are progressive impairments
in hemodynamics and intracardiac flows. Elevated pressures in the right atrium can

Figure 3.
Doppler echocardiographic variations in blood flow across the mitral valve.

Figure 4.
Diastolic collapse of the right ventricular wall (top arrow) and diastolic period of cardiac cycle (bottom
arrow).
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be assessed from a plethora of the inferior vena cava (IVC) which is a lack of change
in IVC caliber in response to respiratory flow pattern (<50% reduction in IVC diam-
eter during inspiration). The swinging movement of the heart within the pericar-
dial sac is another echocardiographic sign. These TTE findings in cardiac structural
and functional change with a decline in cardiac function often occur well before

the onset of pulsus paradoxus and significant clinical deterioration, and thus, they
are an important indicator in cardiac tamponade [11, 79]. Cardiac CT and CMRI
may provide valuable information about the functional and structural change of
the heart and pericardium, but they are only required in special conditions such as
localized tamponade, loculated pericardial effusion, or hematoma [61, 79].

6.4 Treatment

The treatment of cardiac tamponade is decompression with pericardiocentesis
which can be done by percutaneous catheter pericardiocentesis or open surgical
drainage with or without a pericardial window or video-assisted thoracoscopic
pericardiectomy. Catheter pericardiocentesis under echocardiographic or fluoro-
scopic guidance is a more rapid and less invasive technique. Surgical pericardiocen-
tesis is usually performed in purulent pericarditis bleeding into the pericardium or
when pericardial biopsies and pericardiectomy are needed [2, 77]. A triage system
proposed by the ESC Working Group on Myocardial and Pericardial Diseases can be
used to guide the timing of the pericardiocentesis in non-emergent cases [80]. Fluid
removal and decompression of the pericardial cavity rapidly improve the clinical
hemodynamic status. Positive pressure mechanical ventilation should be avoided
as it increases the intrathoracic pressure that deteriorates cardiac filling. The use of
vasodilators and diuretics that reduce the preload is not recommended in the pres-
ence of cardiac tamponade [2].
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Chapter 3
Tuberculous Pericarditis

Picco José Miguel

Abstract

The pericardium formed by two layers, pleural and visceral, fulfills the role
of keeping the heart in position and in turn acts as a barrier against infections.
Their commitment may be due to a wide variety of rare diseases where the causes
are usually idiopathic, inflammatory, neoplastic, traumatic, congenital, or infec-
tious. Within the latter they are of viral, fungal, and bacterial origin, being able
to be caused by Mycobacteria. Tuberculous pericarditis is the entity in which
inflammation of the pericardium is caused by Koch’s bacillus. The access route to
it includes three mechanisms: (1) lymphatic; (2) hematogenous spread, mainly in
immunocompetent patients; and (3) by direct contact from adjacent structures
such as the lung and pleura. In immunocompetent patients, the condition is usually
paucibacillary, with manifestation at the level of a single organ, while in immuno-
compromised patients, the rate of bacterial replication is high. Tuberculosis (TB)
is a disease that is far from being eradicated today. Despite the great majority of
cases in which pulmonary involvement is confirmed, a large number of patients
suffer compromises from other organs. If tuberculous pericarditis is suspected, it is
important to be able to establish an early diagnosis in order to achieve an adequate
treatment as soon as possible.

Keywords: pericarditis, pericardium, tuberculosis, infection

1. Introduction

Tuberculosis (TB) has decreased its incidence in the industrialized countries in
the last 100 years; despite this it remains within the top 10 of infectious diseases
that cause death (above HIV). Millions of people contract TB every year [1].
Tuberculous pericarditis, caused by Mycobacterium tuberculosis (Mtb), is a rare
disease, observed in about 2% of people suffering from pulmonary tuberculosis and
about 1% in autopsies of people who die from tuberculosis [2].

2. Epidemiology

According to the global report of TB 2018, it is estimated that about 10 million
people developed the disease during 2017. Cases were reported in all countries
and age groups, but the majority (90%) occurred in adults (>15 years old). Nearly
9% of infected people were HIV carriers (72% in Africa). Two thirds of the cases
were reported in eight countries: India (27%), China (9%), Indonesia (8%), the
Philippines (6%), Pakistan (5%), Nigeria (4%), Bangladesh (4%), and South Africa
(3%). Only 6% of the cases were reported in the European region and 3% in the
region of the Americas [1].
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3. Pathogenesis of tuberculous pericarditis

Tubercle bacilli access the pericardium via three mechanisms: (1) retrograde
lymphatic spread from mediastinal, paratracheal, and peribronchial lymph nodes
[3], (2) hematogenous spread (dominant in immunocompromised hosts) [4], and
(3) direct contiguous spread from adjacent structures such as the lungs, pleura,
and spine (infrequent) [3]. When the guest is immunocompetent, tuberculous
pericardial disease is localized to the pericardial space. Usually in a paucibacillary
condition, tubercle proteins trigger an important cell-mediated hypersensitivity
response with T-helper cell (subtype 1) predominant cytokine release, leading to an
inflammatory exudative effusion and its hemodynamic sequelae [5, 6]. The immune
response to the viable acid-fast bacilli penetrating the pericardium is responsible
for the morbidity associated with tuberculous pericarditis. In patients with dys-
functional immunity as occurred in HIV/AIDS, there is evidence that mycobacterial
replication is active, bacillary loads are high, and the clinical manifestations of
tuberculous pericarditis are related to the impact of the infectious and virulent
nature of the Mtb itself in addition to the hemodynamic sequelae [4-7].

There are four pathological stages of tuberculous pericarditis: (1) fibrinous
exudation, initial polymorphonuclear leukocytosis, abundant mycobacteria, and
early granuloma formation with loose organization of macrophages and T cells;

(2) serosanguineous effusion with a predominantly lymphocytic exudate with
monocytes and foam cells; (3) absorption of effusion with organization of granu-
lomatous caseation and pericardial thickening caused by fibrin, collagenosis, and,
ultimately, fibrosis; and (4) constrictive scarring. The fibrosis generated between
the visceral pericardium and the parietal pericardium can calcify and adhere to the
myocardium, generating a cuirass around the heart, preventing the correct diastolic
filling, and generating the clinical syndrome of constrictive pericarditis [8].

Tuberculous pericarditis presents clinically in three forms: pericardial effusion,
constrictive pericarditis, and a combination of effusion and constriction.

4, Pericardial effusion

The triad of severe pericarditic chest pain: a pericardial friction rub, widespread
ST segment, and T-wave abnormalities; and PR segment depression typical of
acute pericarditis is an uncommon clinical presentation of tuberculous pericarditis,
accounting for only 3-8% of patients who present with tuberculous pericarditis [9].
The pericardial effusion begins as soon as the tubercle bacillus enters the pericardium
and develops slowly and insidiously. Is characterized pathologically by polymorpho-
nuclear leukocytosis with abundant bacilli and granuloma formation, and is usually
present with nonspecific systemic symptoms, such as fever, night sweats, fatigue, and
weight loss. Chest pain, cough, and breathlessness are uncommon symptoms [10].

TB pericarditis should be considered in the evaluation of all cases of pericarditis
without a rapidly self-limited course.

4.1 Diagnosis of pericardial effusion

ECG is abnormal in most cases of tuberculous pericardial effusion, usually in the
form of nonspecific ST-T-wave changes. The presence of microvoltage (complexes
<5 mm in limb leads and <10 mm in precordial leads) suggests a large pericardial
effusion [11]. Chest radiograph usually shows an enlarged cardiac shadow in more
than 90% of cases and demonstrates features of active pulmonary TB in 30% of
cases and pleural effusion in 40-60% of cases (Figure 1) [12]. The advent and
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accessibility of echocardiography have made it possible to diagnose the pericardial
effusion when suspected; however, it does not determine the etiology. The presence
of fibrinous strands on the visceral pericardium is typical but not specific for a
tuberculous pathogenesis (Video 1, https://bit.ly/2JNuQdB) [13]. Computed tomog-
raphy of the chest shows typical changes in mediastinal lymph nodes (enlargement
>10 mm with matting and hypodense centers and sparing of hilar lymph nodes) in
almost 100% of cases [14].

4.2 Direct methods for the diagnosis of tuberculous pericarditis

The pericardial fluid is bloodstained in 80% of cases of tuberculous pericarditis,
but malignant disease and the late effects of penetrating trauma may also cause
bloody pericardial effusion, so confirmation of TB as the cause is important [15].
Tuberculous pericardial effusions are typically exudative and characterized by
a high protein content and increased leukocyte count, with a predominance of
lymphocytes and monocytes. Light’s criteria (whereby an exudate is defined as
having one or more of the following: pleural fluid protein divided by serum protein
>0.5, pleural fluid lactate dehydrogenase [LDH] divided by serum LDH >0.6, and/
or pleural fluid LDH level > 66% of the upper limit of normal for serum LDH) [16]
is the most reliable diagnostic tool for identifying pericardial exudates.

The definitive diagnosis of tuberculous pericarditis should be established as
soon as possible, by searching for the acid-alcohol bacilli resistant in sputum, lymph
nodes, or pericardial fluid [17]. Culture of tubercle bacilli from pericardial fluid
can be improved by inoculation of the fluid into double-strength liquid Kirchner

Figure 1.

Chest X-vay in front of a merchant marine patient who consulted due to progressive dyspnea for months of
evolution. In the consultation, he presented signs of cardiac tamponade, so an echocavdiogram (Video 1, https://
bit.ly/2JNuQdB) was performed with an evacuating pericardiocentesis of 3 liters of hematopurulent fluid.
Bacteriological isolation was not obtained, but there was increased ADA activity.

33



Inflammatory Heart Diseases

culture medium, resulting in a 75% yield, compared with a 53% yield with con-
ventional culture [18]. Pericardial biopsy specimens may also be used to diagnose
tuberculous pericarditis. The polymerase chain reaction (PCR) has also been sug-
gested for detecting M. tuberculosis DNA in pericardial fluid [19]. The probability
of obtaining a definitive bacteriological result is greatest when pericardial fluid and
biopsy specimens are examined early in the effusive stage [18].

4.3 Indirect methods for the diagnosis of tuberculous pericarditis

The difficulty of carrying out the diagnosis of tuberculous pericarditis, associ-
ated with its high mortality without proper treatment, has led to the use of indirect
methods. Indirect methods such as dosing activity of adenosine deaminase (ADA)
in the pericardial fluid, with cut-off levels between 30 and 60 U/L of ADA activity,
are suggestive of tuberculous pericarditis [20]. In areas of the high endemic level of
tuberculosis, a cut-off level of ADA activity <35 presents a sensitivity of 90% and a
specificity of 74% for diagnosis [21]. The utility of ADA activity in pericardial fluid
was also demonstrated in HIV-positive patients, although in patients with severe
CD4 lymphocyte depletion, the ADA levels observed are lower [22].

Very high levels of ADA in pericardial fluid have strong association with con-
strictive pericarditis [23].

The measurement of interferon gamma (IFN-y) levels in the pericardial fluid
also helps early diagnosis. Cut-off values >200 pg/L have a sensitivity of 92% and
specificity of 100% for the diagnosis of TB [21].

In summary, the “definitive” diagnosis of tuberculous pericarditis is based on the
presence of the tubercle bacillus in the pericardial fluid or proving it in the pericar-
dium biopsy and “probably” when there is evidence of tuberculosis elsewhere in the
body and the presence of unexplained pericarditis, with high levels of ADA or good
response to pharmacological treatment.

5. Treatment

Pharmacological treatment increases survival in tuberculous pericarditis,
even in HIV-positive patients [24]. A regimen that includes rifampicin, isoniazid,
pyrazinamide, and ethambutol for at least 2 months, followed by rifampicin and
isoniazid (up to 6 months), proved to be effective in extrapulmonary tuberculosis
[25]. Treatments beyond 6 months do not show better results, increasing cost and
decreasing tolerance [26].

The treatment associated with corticosteroids would not be justified at pres-
ent, given that the evidence for its use is not the best [27]. Although the results are
inconclusive, adding corticosteroids to treatment may have benefits on morbidity
and re-experiences, but randomized controlled trials with sufficient numbers of
HIV-positive and HIV-negative patients are needed [28].

It is obvious that if pericarditis is associated with severe pericardial effu-
sion, with hemodynamic compromise, the first treatment option associated with
antituberculous treatment is drainage by subxiphoid puncture or by minimal
thoracotomy.

6. Constrictive pericarditis

It is the most feared complication of tuberculous pericarditis; it is described in
about 30% of patients, even in spite of antituberculous treatment and the use of
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corticosteroids [29]. The clinical presentation can be variable, from asymptomatic
patients and stress design to heart failure with preserved function, liver failure (due
to retrograde passive congestion) with ascites, and generalized edema. The presence
of pericardial knock, associated with protodiastolic murmur, splitting of the second
heart sound, and Kussmaul’s sign (paradoxical increase in jugular venous pressure
in inspiration), is frequent in constrictive pericarditis but difficult to detect by non-
experienced observers [30].

6.1 Diagnosis of constrictive pericarditis

Sometimes we can see a calcium shell surrounding the heart in the chest X-ray,
but it is not the most frequent [31]. Other nonspecific radiographic findings are
dilation of the superior vena cava [12].

In the electrocardiogram there are no specific signs, either atrial fibrillation,
nonspecific alterations of repolarization (changes in the T wave), or complexes with
low voltage.

The Doppler echocardiogram may show thickening of the pericardium; the pres-
ence of fibrin; restrictive transmitral filling pattern, associated with normal size of
the cavities, in the absence of ventricular hypertrophy; and valvular insufficiency.

6.2 Treatment

The treatment must include antituberculous medication for 6 months. Consider
pericardiectomy in all patients once antibiotic treatment has been instituted [32].
Surgery should be performed early if the patient presents hemodynamic deteriora-
tion (despite antituberculous treatment) [33] or if they present pericardial calcifi-
cations, which are markers of chronicity of the disease [34].

7. Effusive-constrictive pericarditis

It is the presence of increased intrapericardial pressure due to effusion and
constriction of the visceral pericardium, which does not improve with pericardio-
centesis. The signs and symptoms are similar to those of constrictive pericarditis.

The treatment is pericardiectomy associated with antituberculous treatment for
6 months.

8. Conclusions

Tuberculous pericarditis is a rare pathology in developed countries but frequent
in developing countries. There is difficulty in the diagnosis due to low bacteriologi-
cal and histological results. The usefulness of indirect methods for diagnosis should
be taken into account, especially in patients with torpid pericarditis. The presence
of positive serology for HIV can modify the clinical presentation and the outcome
of tuberculous pericarditis.

There is still a lack of sustainable evidence for the use of systemic corticosteroids
in this pathology.

Pharmacological treatment should be performed for at least 6 months in all
patients with tuberculous pericarditis, regardless of drainage or pericardiectomy.
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Chapter 4

Chronic Constrictive Pericarditis
(CCP) in Africa: Epidemiology,
Etiology, Diagnosis, and Surgical
Treatment

Koffi Herve Yangni-Angate

“What has been accomplished does not die, but too often alas, the personality of those who have
handed the torch from one generation to another soon fades into oblivion.”
Harvey Cushing (as quoted in Harvey Cushing: A Biography by John F. Fulton, 1947)

Abstract

Chronic constrictive pericarditis (CCP) is not rare in Africa with tuberculosis
as the most common etiology. A long history of visceral tuberculosis, typi-
cal symptoms of CCP because of late clinical presentation in most cases, make
diagnosis almost easy to establish. Echocardiography and cardiac catheterization
may be helpful as final investigation when differentiation between CCP, endo-
myocardial fibrosis, and restrictive ventricular heart disease is difficult to attest.
Pericardiectomy remains the only efficient treatment to carry out. We review the
African teams’ surgical experiences on pericardiectomy and report their surgical
results and those worldwide in literature overall. In African groups, early mortality
varies from 0 to 22% versus 2.1 to 18.6% outside Africa associated with New York
Heart Association Functional Class IV as the most common significant risk factor
for early deaths in all series in the World, including Africa.

Keywords: chronic constrictive pericarditis, epidemiology, etiology, diagnosis,
pericardiectomy

1. Definition

Constrictive pericarditis is a reduction or a quasi-absence of heart distension
because of a chronic inflammatory, thickened, and compressive pericardium.

2. Historical remark

Pericardium and pericardial diseases, especially constrictive pericarditis,
have always been a concern for physicians and surgeons in cardiovascular field.
Some remarkable landmarks [1, 2] are as follows: the first anatomical descrip-
tion of the pericardium has been done by Hippocrates in 460 BC. Centuries after,
surgical treatment started in the seventeenth century by Riolan, who performed
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a pericardotomy for an effusion in 1649. Then, Vieussens, some years later in
1679 and 1715, observed some cases of pericardial adhesions; from that step,

the concept of constrictive pericarditis was born. Afterward, in 1728, Lancisi
confirmed the existence of constrictive pericarditis and its risks such as cardiac
compression and death via necropsy studies. Those observations were also men-
tioned by Morgagni (1761), Senac (1749), Laennec (1819), and Cheevers (1842).
Clinical patterns related to the right atrium and ventricle compression, mainly as
the most important source in the compression process, has been emphasized by
Wilkes (1870). Based on anatomical findings, clinical pictures were then clarified:
Kussmaul (1873) pointed out the venous pressure elevation in case of constrictive
pericarditis; Pick (1896) described a new entity named “Pericarditis pseudocir-
rhosis of the liver.” Since then, Pick Syndrome was recognized as a component

of constrictive pericarditis clinical presentation. From that, surgical treatment
was considered as the most efficient therapy for releasing heart compression due
to pericardium thickness and fibrosis. By then, Rhen and Sauerbruck (1913) in
Germany, Hallopeau in France (1921), Schmieden and Fisher (1926) in Germany,
Churchill (1929) and Beck (1931) in USA performed the first cases of pericardiec-
tomy for constrictive pericarditis successfully.

3. Anatomy and function of the pericardium

The pericardium is a solid fibro-serous sac that maintains the heart in the
anterior mediastinum in a closed thoracic cavity called the “pericardial cavity.” The
pericardium has two main components: (1) an external, fibrous pericardium ensur-
ing the fixity of the pericardium and (2) an internal serous pericardium with two
principal layers: the visceral and the parietal pericardium. In a normal heart, the
parietal and visceral pericardium release the pericardial cavity filled with a fluid up
to 50 ml allowing easy systolic and diastolic heart movements. Pericardium prevents
the heart from inflammation, infection, damage, and excessive dilatation; it also
ensures heart stabilization and anchoring [1-3].

4. Pathophysiology

In case of constrictive pericarditis, restricted diastolic heart distensibility does
exist and may provoke a right and a left ventricular preload decrease with a reduc-
tion of stroke volume and cardiac output [2, 3]. In Africa, we use to face on late
clinical presentation of patients with massive pericardial thickness and calcifica-
tions inducting myocardial atrophy, fibrosis, and severe systolic dysfunction that
significantly affect the results after pericardiectomy.

Key observations are described:

1. Impairment of ventricular distensibility and filling coexisting with ventricular
stroke volume reduction.

2. Abnormal rapid diastolic ventricular filling and abnormal venous pressure
elevation followed by an early diastolic ventricular dip.

3. High diastolic plateau due to a small expansion of the ventricular volume at the
late diastolic period.

All those consequences determine the so called “Dip-and-plateau waveform.”
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5. Epidemiology and etiology

Classically, constrictive pericarditis appears as a complication of acute or effusive
pericarditis. From Yadav’s study [4], approximately 9% of patients with acute pericar-
ditis will contract a pericardial constriction. In Africa, the frequency of acute pericar-
ditis varies widely with geographical location ranging from 2 to 11.3% among patients
admitted in a hospital for cardiovascular diseases [5-7]; it affects mostly young male
population with an average age between 26 and 42 years old and tuberculosis as the
most frequent etiology from 33 to 69.5% in sub-Saharan Africa [5, 6, 8]. Over the past
decades, the incidence of tuberculous pericarditis has risen up because of the HIV epi-
demic in sub-Saharan Africa [8, 9]. Noubiap et al. [10] have reported a comprehensive
understanding of the epidemiology of pericardial diseases in Africa confirming
clearly that tuberculosis remains as the leading cause of pericardial diseases in African
Resource-Limited Settings with poor outcome marked by a mortality rate between
18 and 25% including a very high one of 40% within 6 months among patients with
HIV/AIDS positive. However, pericardial tuberculosis frequency is variable according
to authors such as Mayosi [11] and Thwaites [12] who found, respectively, pericardial
tuberculosis in 69.5% of cases admitted for pericardiocentesis and in 10% of all
hospitalized patients with heart failure. Moreover, the risk for developing constrictive
is very high for tuberculosis or purulent pericarditis: 20-30% and in almost all the
cases of tuberculous pericarditis as reported by Gupta [13]. In their prospective study
on 500 consecutive cases, Imazzio et al. [14] have demonstrated that the evolution
from non-constrictive pericarditis to constriction is different according to pericarditis
etiology: the risk of constriction is greater for bacterial etiologies (tuberculosis or
purulent pericarditis) than viral or idiopathic acute pericarditis; the incidence rate
of constriction is, respectively, 31.65 cases per 1000 person-years for tuberculous
pericarditis and 52.74 person-years for purulent pericarditis versus 0.76 person-years
for viral or idiopathic pericarditis. The same observation has been described by
Permanyer-Miralda et al. [15] in a prospective study of patients with occurrence of
constriction in 56 and 35% of patients with tuberculous and purulent pericarditis,
respectively, and in 17% of patients with neoplastic pericarditis after an acute pericar-
ditis. In Africa, and in literature overall, the epidemiological pattern, incidence, and
prevalence of CCP are not well elucidated. Nevertheless, it is known that tuberculosis
is the most frequent etiology of constrictive pericarditis in Africa and emerging
countries (40-90%) [16] versus other rare etiology in our practice such as constric-
tive pericarditis after surgery. In a recent study, Gaudino et al. [17] have concluded
their study insisting on the fact that constrictive pericarditis after surgery has its
own pathophysiological characteristics, but we still be ignorant on its real origin and
pathogenesis. Therefore, we should be vigilant and keep in mind that any cardiac
symptoms without explanation must be suspected and be treated surgically as soon as
possible if there is any doubt of pericardial constriction.

6. Diagnosis

In African countries [18-26], the diagnosis of constrictive pericarditis is usually
obvious for patients present late after the development of the constrictive process
characterized mostly by advanced clinical manifestations of right-sided heart
failure (50-100%), progressive New York Heart Association (NYHA) Functional
Class III or IV (42-100%) associated with an evident antecedent pulmonary and
extra-pulmonary tuberculosis such as tuberculous pericarditis (26-99%). Duration
of illness prior to surgery may range from 1 month to 25 years with an average of 15
or 30 months found, respectively, by Ali et al. [26] and Yangni-Angate et al. [21].
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Generally, male gender predominance is noted (60-80%), patients have an average
age below 40 years; for instance in Morocco (32 years) [18], Ghana (33 years) [22],
Senegal (23 years) [20], Gabon (36 years) [23], Cote d’Ivoire (28.8 years) [21], and
Ethiopia (24.3 years) [26]. Main clinical findings often due to severe constriction
include: hepatomegaly (74-100%), raised jugular venous pressure (76-100%),
hepato-jugular reflux (67-100%), ascite (50-76%), peripheral edema (46-79%),
complete “Pick Syndrome”(50-76%). Kussmaul sign is less detected (9.8%). In
African setting, frequent radiographical findings at chest X-ray are as follows:
enlarged cardiothoracic ratio or cardiomegaly (88-47%), calcifications (36-52.5%),
and pleural effusion (44-63%); electrocardiography shows invariable modifica-
tions such as low QRS voltage (32.5-82.5%), atrial fibrillation (18-46%), and T
wave abnormality up to 87.5%. Echocardiography is largely available and is useful
for accurate assessment in revealing in most cases a thickened pericardium (56 and
100%), pericardial calcifications in 30.2%, 47.4% of cases according to authors and
left ventricular septal motion abnormality (63.6%) with reduced ejection fraction
below 0.60 in Rabat, Morocco [19]; cardiac catheterization performed only in a
very few centers [21, 24, 25, 27] documents elevation and equalization of diastolic
heart pressures with the typical dip-plateau waveform of constrictive pericarditis
and evaluate the stroke volume, cardiac output, and myocardial systolic function.
It still prevails to be the most final diagnostic assessment in sub-Saharan Africa. In
his study, Yangni-Angate et al. [21] reported that cardiac catheterization confirmed
a dip-and-plateau (square root sign), an equalization of end-diastolic pressures in
right and/or left cardiac chambers ranged between 10 and 40 mmHg, a mean cardiac
index (CI): 2.3 I/min/m? (extremes: 1.3-3.6). From this author, the constriction was
limited to the right cardiac cavities called right constriction (n = 54, 45%) or to the
right and left cardiac cavities called bilateral constriction (n = 66, 55%) and hemo-
dynamic parameters and cineangiograms confirmed the diagnosis of pericardial
constriction in all the patients. Omboga in Nairobi [25] showed the same observation
with elevation of intracardial pressures in all cases, raised mean right atrium, end-
diastolic right and left ventricular, and elevated mean pulmonary artery pressures
at 18, 18, 20, and 27mmHg, respectively. Other imaging studies such as computed
tomography and magnetic resonance imaging are rarely prescribed because they
are inexistent usually. Those modern imaging techniques could be heavily useful in
diagnosing constrictive pericarditis. When done, pericardial biopsy can be con-
tributive for constrictive pericarditis etiology. Laboratory investigations regarding
protein-losing enteropathy in patients with chronic constrictive pericarditis are not
yet done for Africans. Differential diagnosis is always considered, and distinction
from both constrictive pericarditis and restrictive cardiomyopathy due to endomyo-
cardial fibrosis is really the usual situation to be clarified. Endomyocardial fibrosis
(EMF) is a tropical heart disease with fibrous endocardial lesions lying in the right
and/or the left ventricle. Endoventricular fibrosis is shown and confirmed in all cases
by bi-dimensional echocardiography and angiocardiography [28].

7. Natural history

Constrictive pericarditis occurs mostly in our African context after a non-
diagnosed, untreated tuberculous or pyogenic pericarditis or even as a sequel of a
treated tuberculous pericarditis. Constrictive process starts with an acute pericardi-
tis; then a subacute and chronic pericarditis marked in most of the cases by a fusion
of the two layers of the pericardium and an occlusion of the pericardial cavity [3].

The delay from onset clinical symptoms to constriction is widely flexible from
1 month to 10 years even 25 years [2].
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8. Surgical treatment

When diagnosis of constrictive pericarditis is confirmed and surgery is indicated,
a pericardiectomy should not be delayed; surgery remains the only efficient and com-
prehensive treatment option. Pericardiectomy is frequently performed via a median
sternotomy approach or a left anterolateral thoracotomy approach; it may be partial
or complete. From the African teams’ surgical experiences, cardiopulmonary bypass
has not been used in all cases and excellent early surgical outcomes were reported.

9. Early outcomes and risk factors for early deaths
9.1 From cardiac centers in Africa

Yangni-Angate in Cote d’Ivoire [21], in his retrospective study related to 120
patients with CCP who underwent pericardiectomy through a median sternotomy
approach (n = 117; 97.5%) found 15 early deaths (12.5%); the cause of hospital
deaths was due to a low cardiac output (n = 12) and to a hepatic failure (n = 3). Class
III or IV (NYHA) (p = 0.01), mitral regurgitation (p < 0.05), persistent a diastolic
syndrome after surgery (p < 0.05) and low cardiac index (p < 0.02) were the
important risk factors (Table 1). Age, size of cardiac X-ray silhouette, right and left
ventricular diastolic pressures, ejection fraction, atrial fibrillation, and pericardial
calcifications had no impact on early survival (Table 2).

Tettey in Ghana [22] reviewed the surgical management of constructive pericar-
ditis and the post-operative challenges of 11 patients who had pericardiectomy via a
median sternotomy in all patients with no early mortality and a significant improve-
ment of functional capacity of all of the patients followed-up.

Mutyaba in South Africa [24] through a retrospective study of 121 patients who
had undergone total (n = 105; 88.2%) or partial (n = 14; 11.8%) pericardiectomy for
constrictive pericarditis at Groote Schuur Hospital, noted an early mortality of 14%
(n = 14) mainly due to a low cardiac output syndrome. In this work, it has been sta-
tistically attested that serum sodium and pre-operative New York Heart Association
Class IV versus combined Class I-III were independent predictors of early mortal-
ity. He also showed that early mortality after pericardiectomy was not influenced
by HIV status and that of New York Heart Association Functional Class IV and
hyponatremia were predictable factor for early mortality after pericardiectomy.

Ali in Ethiopia [26] has done a retrospective study at the Thoracic Surgical Unit,
Tikur Anbessa Hospital, Department of Surgery, Medical Faculty, Addis Ababa
University, Addis Ababa on 19 patients who underwent pericardiectomy for CCP
by a median sternotomy approach (n = 15; 79%) often. One early post-operative
mortality was registered. The author emphasized the benefit of pericardiectomy in
terms of physical exercise improvement.

Ondo N’Dong in Gabon [23] has published his series on 18 patients with con-
strictive pericarditis treated surgically. All of them underwent a partial pericardi-
ectomy via a left anterior thoracic incision in 17 patients and a median sternotomy
incision in 1 patient. Four patients died in the early post-operative period due to low
cardiac output; this study revealed pre-operative severe heart failure as a principal
predictable risk factor for early death after pericardiectomy. This finding has been
also noted In Rabat, Morocco by Nzondo [19]; in Fes, Morocco by Hind [18] and in
Senegal by Ciss [20].

Nzondo [19] has retrospectively analyzed 11 patients who had undergone partial
pericardiectomy via a median sternotomy approach for constrictive pericarditis.
Early mortality was of 9.1% related to acute heart and multi-organs failure. Hind in
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Author Country Study Cases Aetiology Early Causes of Early risk
period (n) deaths (%) deaths factors
Ombogaetal. KENYA  1973-1981 51 TB (30%) 8.5 * Pulmonary -
[25] Idiopathic embolism
(70%) (n=3)
¢ Massive
haemorrhage
(n=1)
Yangni— Cote 1977-2012 120 TB (99%) 12.5 ¢ Low cardiac ¢ ClassIII or
Angateetal.  d’Ivoire output IV (NYHA)
(21] (n=12) ¢ Low cardiac
* Hepatic index
failure o Mitral
(n=3) regurgitation
¢ Persistent
diastolic
post-
operative
syndrome
Ondo Gabon 1986-1999 18 TB (50%) 222 Low cardiac Class IV
N’Dong et al. Idiopathic output (n=4) (NYHA)
[23] (33%)
Infection
(17%)
Mutyaba South 1990-2012 121 TB (91%) 14 Low cardiac Class IV
etal. [24] Africa Idiopathic output (n=11) (NYHA)
(5%) Acute kidney
Miscellaneous injury (n=6)
(4%)
Zamani Morocco  1994-2009 23 TB (43%) 17 Low cardiac Class IV
etal. [27] Idiopathic output (n=2) (NYHA)
(57%) Severe
dysarythmia
(n=1)
Haemorrhage
(n=1)
Alietal. [26] Ethiopia 1996-2005 19 TB (31.6%) 53 - -
Infection
(10.5%)
Miscellaneous
(67.9%)
Cisset al. Senegal 1996-2008 32 TB (63.6%) 6.25 Low cardiac Class IV
[20] output (n=1)  (NYHA)
Nzondo Morocco  1996-2010 11 TB (45.5%) 91 Low cardiac Class IV
etal. [19] Idiopathic output (n=1)  (NYHA)
(54.5%)
Tettey Ghana 2000-2004 11 TB (63.6%) 0
etal. [22]
Hind et al. Morocco  2003-2013 43 TB (58%) 4.6 Low cardiac Class IV
[18] Idiopathic output (n=2)  (NYHA)
(48%)

TB: Tuberculosis.

Table 1.

Surgical early vesults after pevicardiectomy for chronic constrictive pericarditis.
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Risk factors for immediate Alive (n = 105) Deceased (n = 15) P
deaths Average Extremes Average Extremes

Age (years) 30.4 +16.6 10-51 284 +10.1 8-46 0.09
CTR 0.55+0.05 0.45-0.70 0.53+0.3 0.50-0.59 0.34
RVEDP 206 +78 7-40 162+10.3 15-40 0.12
LVEDP 201+6.1 10-30 246+77 16-35 0.07
EF 504 + 16 31-67 543+5 49-59 0.24
CI 242+ 0.7 1.3-36 163+ 0.2 14-2 0.02
WPAP 206 +99 10-40 25+104 18-37 0.36
SPAP 273 +£111 21-66 382+179 21-66 0.08
Functional class NYHA III-IV 42/105 15/15 0.01
Atrial fibrillation 18/105 3/15 0.10
Calcifications 54/105 6/15 0.07
Mitral insufficiency 6/105 9/15 0.00
Persistence of post-operative 9/105 5/15 0.00
constriction

Bilateral constriction 61/105 15/15 0.04

CTR, cardiothovacic ratio; RVEDE, right ventricle end-diastolic pressure; SPAP, systolic pulmonary arterial pressure;
WPAR, wedged pulmonary artery pressure; LVEPD, left ventricle end-diastolic pressure; CI, cardiac index; EF,
ejection fraction.

Table 2.
Risk Factors for immediate deaths after pericardiectomy for constrictive chronic pericarditis—from Yangni-
Angate et al. study [21].

Fes, Morocco [18] on a study of 43 patients with constrictive pericarditis focused
on 41 who had a partial pericardiectomy through a median sternotomy approach;
hospital mortality was 4.6% (n = 2).

Finally, Ciss et al. [20] in their study on 32 patients with constrictive pericarditis
undergoing partial pericardiectomy via a median sternotomy approach reported an
early mortality of 6.25% in 2 patients out of 32 caused by hemodynamic and severe
instability added to a poor NYHA functional class pre-operatively.

Omboga in Nairobi [25] in his study of 47 patients out of 51 who underwent
surgery through median sternotomy (82.9%) and left lateral thoracic (17.1%)
approaches has mentioned 8.5% of hospital mortality not due to acute failure as
mentioned in previous studies in Africa but attributable to massive hemorrhage
in the operative table (n = 1) and pulmonary embolism (n = 3) secondary to deep
venous thrombosis.

None of African teams mentioned above used robotic approach; this minimally
invasive modern approach seems to be less painful, more adequate for a complete
release of the pericardial constriction [29].

9.2 From worldwide outside Africa

Compared to African series, where the most common etiology of CCP is TB,
in developed world CCP etiology profile is different with idiopathic as most fre-
quent. However, there is no significant difference among either surgical operative
approach and hospital mortality or risk factors for early deaths. This fact is on the
same line with McCaughan’s consideration cited by Kirklin and Barratt-Boyes [2]
who demonstrated in 1985 that most of early deaths are due to acute heart failure
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and that of pre-operative NYHA class Il and IV are significant risk factor for early
death after pericardiectomy as noted in African surgical experiences. Chowdhury
et al. [30] in a study including 338 patients (85.6%) who underwent total pericar-
diectomy (group I), and 57 patients (14.4%) undergoing partial pericardiectomy
(group II), has demonstrated better perioperative and late mortality rates after total
pericardiectomy; in addition, duration of symptoms, advanced functional class,
partial pericardiectomy, pre-operative high right atrial pressure, hyperbilirubine-
mia, renal dysfunction, atrial fibrillation, pericardial calcification, thoracotomy
approach, were significant risk factors for death.

In a recent study from Porta-Sanchez in Spain [31], 140 consecutive patients
who underwent pericardiectomy for constrictive pericarditis over a 34-year period
in a single center were analyzed. Most frequent etiology found was idiopathic in 76
patients (54%). Median sternotomy was done in all patients. Perioperative mortality
was 11%. There was no difference in mortality between etiologies.

Mayo Clinic Experience with pericardiectomy for constrictive pericarditis over
eight decades [32] related to 1071 pericardiectomies in 1066 individual patients.
Patients were divided into two intervals: an historical (pre-1990) group (n = 259)
and a contemporary (1990-2013) group (n = 807). This study showed a significant
change in constrictive pericarditis etiology with a similar overall survival over
decades and a significant decrease of 30-day mortality from 13.5% in the histori-
cal era to 5.2% in the contemporary era (p < 0.001). Another article from North
America with no significant disparity is the Montreal Heart Institute Experience
over a 20-year period [33]; it involved 99 consecutive patients with constrictive
pericarditis; idiopathic was the most frequent etiology (61%) and hospital mortality
7.9% after isolated pericardiectomy.

Busha et al. [34] revealed an higher mortality death of 18.6% after pericardiec-
tomy in 97 consecutive patients with constrictive pericarditis and no different risk
factors for early death such as reduced left ventricular ejection fraction (LVEF)
(35% < LVEF <55%) and right ventricular dilatation on multivariable analysis. He
also found no difference in early mortality between patients with isolated pericardi-
ectomy and those with concomitant surgery (p = 0.62).

10. Late outcomes

In African context, lack of substantial late outcomes after pericardiectomy is
observed due to a significant number of patients lost to follow-up in general; how-
ever, in his series from Cote d’ivoire, Yangni-Angate [21], after an average follow-up
of 4 years (extremes: 1-10 years), no late death was observed. A functional class I or
I (NYHA) was mentioned in all survivors. Among them, those who underwent car-
diac catheterization late post-operatively, a significant reduction even a normaliza-
tion of the right and/or the left ventricular end-diastolic pressures, of the pulmonary
capillary wedge pressure (p < 0.05) and of the right atrial pressure (p < 0.05) and
absence of the dip-and-plateau after pericardiectomy were certified (Table 3).

Significant reduction of right atrial mean pressure from 17 + 6 mmHg pre-
operatively to 7.1 + 4.2 mmHg after pericardiectomy for CCP has been also shown by
an African team work published by Zamani in Rabat, Morrocco [27].

A similar experience as African teams series has been published by Bicer et al.
[35] with a predominance of tuberculous constrictive pericarditis (48.8%); other
etiologies were: idiopathic (31.9%), malignancy (6.4%), prior cardiac surgery
(4.3%), non-tuberculosis bacterial infections (4.3%), radiotherapy (2.1%), uremia
(2.1%), and post-traumatic (2.1%). They had performed pericardiectomy in all
patients via a sternotomy approach with a very low early mortality of 2.1%, while
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Hemodynamic measurements Average Extremes P
Preop. Postop. Preop. Postop.

RAP 16 74 10-36 5-10 0.04
RVEDP 21 10 7-40 5-15 0.02
SPAP 29 23 8-66 17-30 0.09
WPAP 21 14 10-40 9-19 0.00
LVEDP 21 13 10-35 4.5-20 0.02
CI 23 2.7 1.2-36 1.92-3.5 0.15

Significant (P < 0.05); Non-significant (P > 0.05); Preop., Pre-operative; Postop., Post-operative; RAB, right atrial
pressure; RVEDE, right ventricle end-diastolic pressure; SPAB, systolic pulmonary arterial pressure; WPAP, wedged
pulmonary artery pressure; LVEPD, left ventricle end-diastolic pressure; CI, cardiac index.

Table 3.
Comparison of hemodynamic measurements: pre-operative versus post-operative in patients who underwent
pericardiectomy for chronic constrictive pericarditis—from Yangni-Angate et al. study [21].

late mortality was 23.4%, and actuarial survival rates at 1, 5, 10 years were 91, 85,
and 81%, respectively. Those rates are closed to the Montreal Heart Institute experi-
ence [33] characterized by tolerable long-term clinical outcome: 79% of patients
were in NYHA class I or II post-operatively with an overall survival rate of 87% at

5 years and 78% at 10 years. At 10 years survival, Bicer et al. [35] estimated rate
was worse (64%) because of poor prognosis of pericardiectomy after constrictive
pericarditis post-mediastinal irradiation.

In a 24-year experience on pericardiectomy in patients with constrictive peri-
carditis, based on Kaplan-Meier survival curves demonstration, Szaboa et al. [36]
have confirmed poor prognosis of post-irradiation constrictive pericardiectomy and
shown better and comparable long-term survival after in other etiologies as idio-
pathic tuberculosis myocardial infarction, and uremia; the author noted no survival
after 5 years with post-radiation constrictive pericarditis; it is widely accepted
radiation etiology is a negative factor affecting long-term survival results as well
indicated by Nishimura in Japanese population [37] and Avgerinos et al. [38]. On
his study related to 46 patients with a mean age of 59 years and various classic
etiologies, Nishumuna et al. [37] have described the very high severity of radiation
etiology with death within only 1 year after pericardiectomy confirming overall
literature results.

Avgerinos et al. [38] reported his 36 patients study who underwent pericardiec-
tomy for constrictive pericarditis over 15 years; he has no hospital mortality and 1-,
5-,10-, and 15-year survival rates were 97.2, 94.6, 86.5, and 78.3%, respectively; he
fund risk factors for increased long-term mortality such as: pre-operative heart fail-
ure, elevated pre-operative total bilirubin (>2.7mg/dl, hazard ratio 6.8, p = 0.02),
and elevated creatinine (>1.4 mg/dl, hazard ratio 3.1, p = 0.05). Subsequently, he
demonstrated from Kaplan-Meier survival analysis a significant decrease in sur-
vival of all the patients with post-radiation etiology associated (p = 0.05) or with
impaired cardiac, hepatic or renal dysfunction.

According to Porta-Sanchez et al. [31], from a Cox-regression analysis in his
study, age at surgery, advanced New York Heart Association Functional Class
(III-1V) and previous acute idiopathic pericarditis were associated with increased
mortality during follow-up ranging from 0.1 to 33.0 years with a mean follow-up of
12 years.

Predictor factors of prognosis and mortality after pericardiectomy have been
largely documented by many studies; one of them from Kang [39] has even stipu-
lated that an echocardiographical measurement of higher early diastolic mitral
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inflow velocity in predicting mortality after pericardiectomy was 71 cm/s (sensitiv-
ity of 84.6% and specificity of 52.2%); that value may also be useful in predicting
late survival (p = 0.029).

Because of satisfactory long-term results, pericardiectomy can be considered as
a safe and efficient technical procedure [40]; it can be achieved in most cases with
minimal hospital mortality, post-operative functional class significant improve-
ment and substantial reduction of heart diastolic pressures and absence of any
recurrence if completely performed.
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Chapter 5

Pericardial Diseases: Surgery for
Pericardial Effusion

Ing Xiang Soo

Abstract

Management of pericardial effusion is a common topic for cardiothoracic
surgeons. From a surgeon’s perspective, we would review and evaluate patients
for surgical drainage. Besides discussing the frequent indications for performing
pericardial window creation, we would go through the decision-making process
during the perioperative management of these patients who might be critically ill.
For example, regardless of whether surgery is for diagnostic or therapeutic reasons,
the risks of surgery must be weighed against the benefits including the odds of
quality of life across a reasonable life expectancy.

Keywords: pericardial window, surgical drainage

1. Introduction

Management of pericardial effusion is a common topic for cardiothoracic
surgeons. In this chapter, we will discuss the common etiologies referred for surgi-
cal management. From a surgeon’s perspective, we would review how to evaluate
patients for surgical drainage, as well as the frequent indications for performing
pericardial window creation. Technically, surgery is rather straightforward com-
pared to other procedures done by cardiothoracic surgeons; however, it requires
lots of decision-making experience during the perioperative management of these
patients who might be critically ill. For example, regardless of whether surgery is for
diagnostic or therapeutic reasons, the risks of surgery must be weighed against the
benefits including the odds of quality of life across a reasonable life expectancy.

Other discussion points will include anterior thoracotomy technique vs. video-
assisted thoracoscopic surgery (VATS) approach. Other technical points include
identifying the phrenic nerve and removing adequate pericardial tissue anterior to
the nerve to avoid risk of recurrent pericardial effusions.

2. Reasons requiring surgical drainage
2.1 Neoplastic

The common etiologies encountered in surgery for pericardial effusion can be
broadly classified into neoplastic, infective, and reactive. For neoplastic causes,

frequently malignant pericardial effusion can manifest after tumor involvement
of the pericardium. Majority of this type of effusion will be from hematogenous
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spread, whereby primary tumors of the pericardium are rare [1]. Occasionally,
pericardium effusions can result from local spread of thymic malignancy and even
myocardial tumor-like lymphoma. We will discuss the rationale for proceeding
with therapeutic surgical drainage for this group of patients later, as this involves a
careful consideration of their long-term prognosis.

2.2 Infective

Another etiology of pericardial effusions will include infectious causes. Even
though rare in this day and age due to the use of antibiotics, infection of the peri-
cardial space is a consideration in immunocompromised patients. These groups of
patients can be rather septic from this deep-lying infection, especially if the source
is bacterial in origin. In areas where tuberculosis is still prevalent, infection involv-
ing the pericardial cavity has been reported [2]. Treatment with the appropriate
antibiotics can then be optimized when drainage has been achieved and the correct
causative organism identified. The role of the surgeon here is to assist in surgical
drainage for both therapeutic and diagnostic reasons. Occasionally, smaller bore
drains inserted percutaneously are unable to reduce septic foci, and surgery is
required for source control. However, unlike creating a permanent window for
drainage into the pleural space in cases of malignant effusions, I would be less
inclined to do so for infective causes. This is to avoid contaminating the pleural space
with infection.

2.3 Traumatic

For trauma-induced pericardial effusion, most surgeons would suggest surgical
exploration rather than conservative approach. This is because in the acute setting,
most patients are unstable with multiple injuries, and they would require urgent
surgery to exclude ongoing bleeding into the pericardial cavity. The resultant
tamponade is rapidly fatal unless drainage and hemostasis are quickly established.
Any blunt or penetrating injury in the cardiac box (bounded by both nipple lines
laterally, the clavicles superiorly and the costal margin inferiorly) must be viewed
with a high index of suspicion that there is myocardial injury. Opinion is divided
between the left anterior thoracotomy incision and the sternotomy incision. The
sternotomy approach is safer as it allows rapid access to the ascending aorta and
vena cava if cardiopulmonary bypass is urgently required for repair of a heart
chamber perforation. Left anterior thoracotomy avoids a bigger incision and the
risk of sternal wound infection; however, if cardiopulmonary bypass is required, it
may still require conversion to a sternotomy for better control. Another reason why
traumatic pericardial effusion cannot be usually treated conservatively is the fact
that most commonly the right ventricle is involved and this usually requires surgical
repair.

2.4 Iatrogenic

Iatrogenic pericardial effusion can be caused by injury to any cardiac chamber or
intra-pericardial injury to the superior vena cava. Especially if the patient is anti-
coagulated and symptomatic, urgent intervention is required. This may be in the
form of an urgent pericardiocentesis to prevent impending cardiac tamponade [3].
If there is persistent drainage after pericardiocentesis or if it is unable to adequately
decompress the pericardial cavity, emergency surgical drainage is indicated. The
approach would be similar to that mentioned above, although I would recommend a
sternotomy approach for better exposure and safety.
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2.5 Others

Another common cause of pericardial effusion encountered by both thoracic
and cardiac surgeons includes the broad group underreactive causes. This also cov-
ers the postcardiotomy pericarditis and Dressler’s syndrome [4, 5]. It often occurs
after cardiac surgery when the pericardium gets inflamed and produces pericardial
fluid which cannot be reabsorbed fast enough. Drainage can be in the form of peri-
cardiocentesis or open subxiphoid approach which avoids re-sternotomy. But for
persistent pericardial effusions, creating a surgical window between the pericardial
cavity and the pleural cavity is better suited for longer-term drainage.

I would classify unknown and idiopathic causes as underreactive. This is because
despite clinical suspicion, some cases of pericardial effusion may not have a defini-
tive diagnosis. Specimens of pericardium tissue and pericardial fluid obtained
during surgery may only be labeled as inflammatory or even normal in appearance
under the microscope. Hence, apart from knowing there is an inflammatory reason,
the patient should be treated with other clinical inputs to achieve diagnosis. These
causes which are also not exhaustive include uremic, auto-immune, drug-related
and postradiation. However, despite not knowing the diagnosis, most of the time,
surgical drainage is therapeutic and achieves the desired outcome of symptom relief.

3. Presurgical considerations
3.1Indications

This is the portion that the art of medicine is needed more than the science.
Being a surgeon, it would appear rather strange that I would advocate surgical
drainage only if all other alternatives have been considered first. But my approach
to surgical drainage of pericardial effusion is always to weigh the risks against the
benefits. This is always the case in medicine and even more so in these patients who
might be in extremis prior to surgery.

An ideal patient for surgical drainage would be one with good life expectancy
despite advanced disease or cancer. I do not recommend surgical drainage for
patients with less than 6 months of life expectancy. Surgical drainage is to improve
long-term outcome and relief of symptoms in patients, so I would consider other
forms of drainage for short-term belief.

3.2 Preoperative assessment

A great deal of effort is usually required to counsel the patient prior to any
surgery for pericardial effusion. In fact, I take the most time to talk to this group of
patients, even more than patients with other pathologies. This is because patients
in this group tend to have multiple medical conditions and pro-morbidities which
complicate surgery. Speaking to them and understanding their wishes and concerns
is paramount. For example, if they are not affected functionally by the pericardial
effusion, they may not want surgery especially if surgery is high risk and can lead to
adverse outcomes which they might not accept.

The patient should not have any other contra-indications to general anes-
thesia. A good bedside assessment, which has been handed down from seniors,
would be to check if the patient is able to lie completely flat with the head not
elevated. This tells two things about the patient: firstly, the pericardial collection
is not causing too much hemodynamic compromise that it is affecting venous
return to the heart, and, secondly, it is to ensure there is no other pathology that

57



Inflammatory Heart Diseases

could lead to his or her symptoms. It is an unwise clinical decision to operate
and drain a pericardial effusion promising full relief of symptoms, where, for
example, the symptoms are actually manifested from compression of the airway
due to mediastinal disease.

3.3 Timing of surgery and long-term outcomes

The timing of creating a surgical pericardial window also varies widely. For the
first presentations of pericardial effusions, surgery may not be always necessary
after initial pericardiocentesis and resolution of pericardial effusions. As patients
could be treated with chemotherapy or immunotherapy for their primary disease
or the causative factors modified to reduce the risk of recurrent effusions, I do not
recommend surgical drainage for all first presentations. However, once the effusion
recurs, this increases the subsequent times that it continues to be recurrent; hence,

I do advocate creating a pericardial window for this group of patients. As all other
disease, discussion with the patients’ primary physician or oncologist is advised to
better optimize care.

Another issue which must be discussed with the patient is the likelihood of
recurrent pericardial effusion despite surgical drainage. The risk of this recurring
can be up to 16% in reported cases [6]. Of course there are technical pitfalls in this.
For example, my preference is for an anterior thoracotomy rather than a subxi-
phoid approach. The latter could be under local anesthesia which sometimes is the
only option in patients who are not candidates for general anesthesia. However, it
has been reported to have higher failure rates [6]. This could be due to reposition-
ing of the diaphragm closing off the window, leading to recurrent effusions. Other
authors have found no significant differences between both techniques [7]. Most
authors have described a 2-3 cm size of pericardium tissue to be excised [6-11].
Despite all efforts, recurrent pericardial effusions do occur, and patients should be
counseled for this. It is not uncommon to see a loculated right pericardial effu-
sion occurring after a left pericardial-pleural window (Figures 1 and 2). This can
be contributed by intra-pericardial adhesions or disease which progress despite
medical treatment. A redo pericardial window can be done in such patients and
probably in my opinion, safer and more effective via a different side than the
initial approach.

Figure 1.
Loculated vight pericardial effusion (arrow). Patient had prior left pericardial-pleural window.
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Figure 2.
Axial view of the loculated right pericardial effusion (arrow).

4. Surgical technique
4.1 Anterior thoracotomy approach

I believe for surgical approach to pericardial effusion that simple is better and
the best is the enemy of the good. Like many other surgical techniques, different
approaches have been described to get to the same end point. My suggested surgical
approach is summarized in Figure 3. Left anterior thoracotomy is most commonly
done in my surgical practice and it is outlined below.

As mentioned earlier, whenever possible I advocate percutaneous drainage of
the pericardial effusion before bringing the patient to the operating theater. This
will reduce the risk of cardiovascular collapse upon initiation of general anesthesia.
Often, nonsurgical colleagues or even the patient will ask the need for surgery if the

Pericardium Effusion

Pericardioceniesis if passible
|t reduce peri-operative risk

Unstable Haemodynamics | I Stable Haemndvnamlcs

— |

Also alfows sternotomy i
Su pine Position Fegrired emergency Lateral Position

candiv-parlmosary hyparx
Subxiphoid | Anterior Thoracotomy I VATS
Figure 3.

Suggested flowchart for surgical approach.
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effusion has been already drained. The answer is simple; creation of a surgical win-
dow is to bring about long-term benefits by reducing the risk of recurrent effusions.

The patient is positioned supine before general anesthesia via a single-lumen
endotracheal tube. This approach has several advantages. Firstly, in sick and
unstable patients, there is no need to turn to lateral decubitus position compared to
lateral thoracotomy or VATS approaches. Conversion to midline sternotomy is also
easier if required in emergency situation. Subsequently, this incision is also optimal
if ascending aorta and superior vena cava cannulations are needed for crash car-
diopulmonary bypass. There is always the risk of injury to the heart during surgery
that requires the bypass circuit for repair. If the patient is unwell, communication
with the anesthesia team is paramount. It takes an experienced anesthesiologist to
intubate a patient who cannot lie flat and who requires only a little more sedation to
collapse. I frequently ensure the surgical team and scrub team are ready to proceed
with crash incision if required prior to onset of anesthesia.

The left anterior thoracotomy incision is made at left fourth intercostal space.
This is done by surface marking the left fifth rib. I would also utilize any recent
computed tomography (CT) scan of the thorax to help guide the incision over the
pericardium (Figure 4). The incision is centered over the mid-clavicular line and
extends either side to about a total of 4-5 cm in length. This is just below the nipple
line in males, but care is required to avoid incision thru breast tissue in females. The
incision is deepened pass the intercostal muscles, staying close and on top of the
inferior fifth rib to avoid injury to any intercostal vessels. Another pitfall is to extend
too medially, where the internal mammary vessels run about 1 cm from the lateral
sternal margin (Figure 4). If done correctly, the pleural cavity is breached first,
with the surface of the pericardium seen after (Figure 5). If the incision is too low,
pericardial fat could be obscuring the actual pericardium tissue. This fat would need
to be removed for adequate exposure. Further exposure could be also improved by
using a sponge-stick to gently retract the lung laterally again from the pericardium.

Before incision of the pericardium, proper communication with the anesthesia
team is important. Frequently, a drop in blood pressure can be encountered on
drainage of the pericardial effusion. This is attributed to inadequate venous return

Figure 4.
CT used to plan incision at left fourth intercostal space (white line), inferior to the nipple. Take a note of the
location of left internal mammary artery, about 1 cm from the lateval sternal edge (arrow).
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Figures.
Circumferential pericardial effusion (arrow) in noncontrast scan. Following the direction of the white line, left
pleural cavity is breached first before the pericardium is seen.

to the patient’s re-expanded heart chambers; hence, fluids should be prepared prior
to drainage. Occasionally, blood-stained pericardial fluid is seen from a malignant
process. If this occurs, caution is required. I suggest waiting to ensure no further
hemodynamic compromise occurs before extension of the incision. Injury of the
myocardium can mimic this, and even experienced surgeons can get into trouble via
injury to the heart chambers.

Once the pericardial cavity is drained, I would usually excise the pericardium
approximately to 3-4 cm diameter. It should be extended as laterally as possible. I
believe that a bigger-sized incision and going more lateral reduces the risk of spon-
taneous closure of the window. A surgical pitfall is to injure the phrenic nerve which
runs on the lateral pericardial surface. To avoid this, the tough pericardial tissue can
be grasped and retracted towards the ceiling while the lung is retracted laterally. This
is usually enough to identify the phrenic nerve and to avoid it. From this approach
the pericardium can only be opened anterior to the phrenic nerve. A left-sided
approach is better suited if the effusion is circumferential as minimal retraction of
the lung is required to reach the pericardium (Figure 6). For right anterior thora-
cotomy, I would reserve this for redo-window creation or when there is a loculated
effusion that is only accessible from the right. From the right, more of the lung is in
the way before the pericardium can be seen. This may require lung isolation or even
periods of intermittent apnoea from the anesthesia team for optimal visualization.

4.2 Video-assisted thoracoscopic surgery (VATS) approach

If the patient is stable enough for lung isolation via double-lumen endotracheal
tube or a bronchial blocker, VATS approach can be utilized. The benefits of VATS
and other minimally invasive approaches have been described at length by many
authors [5, 6, 9-11]. Visualization is definitely better through a camera; the entire
pericardium can be visualized once the lung is isolated well. The phrenic nerve
which is the lateral limit of excision can be accurately identified and preserved.
Another benefit of VATS includes a less painful incision during the perioperative
period, which will reduce the amount of opioids given and hence reduces their
side effects. However, this effect is less pronounced compared to my preference
for the anterior thoracotomy incision, which is not that painful as there is minimal
spreading of ribs. The patient could be positioned either supine or lateral position
for VATS, depending on the surgeon’s preference. I prefer the supine approach as
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Figure 6.
Healed scar from the left anterior thoracotomy incision (arrow).

mentioned earlier; it is easier to convert to sternotomy if required. However, most
surgeons would avoid sternotomy if possible, as it brings about more pain with a
bigger scar as well as higher risk of infection to both the superficial tissue and ster-
num. The greater the surgical trauma, the longer healing requires before adjuvant
treatment like chemotherapy or radiotherapy could be initiated.

4.3 Variation in anesthesia methods

Another variation of technique involves the consideration between general
anesthesia and local anesthesia. General anesthesia remains the most common way of
anesthesia for patients; it involves intubation and protection of airway under muscle
paralysis, sedation and amnesia. But for patients who have hemodynamic compro-
mise from pending cardiac tamponade due to a significant acute pericardial effusion,
general anesthesia remains very high risk. In fact this group of patients is frequently
the American Society of Anesthesiologists (ASA) class V, the highest-risk class. Many
asurgeon have been demoralized after losing patients on the operating table, after this
group of patients collapse upon giving the slightly amount of medication that could
lower the vascular tone and reduce the blood pressures. Local anesthesia has been
advocated to be safer in these patients, but often not practical as few patients could
tolerate the pain of an anterior thoracotomy incision even with the best local infiltra-
tion. Mentioned later below, a subxiphoid incision could be more tolerable with this,
and some surgeons have been successful with it. A new method in the middle ground
could be non-intubated general anesthesia. This has been successful in reported VATS
surgery [12]. Without muscle paralysis and using a laryngeal mask airway to continue
spontaneous-assisted ventilation, this resulting loss of vascular tone could be reduced
and perhaps reduce the risk of anesthesia. But the surgeon must also realize and cope
with the increased muscle tone and continued ventilation of the lungs. Exposure
needs to be ensured as the lung cannot be isolated in this setting.

4.4 Alternatives including subxiphoid approach
A subxiphoid approach (Figure 7) is usually less painful than VATS. The reason

is that being in midline, less respiratory muscles are incised. It is also the preferred
approach for patients who had recent sternotomy and subsequently presents with a
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Figure7.
Healed scar from the subxiphoid incision (arrow).

pericardial effusion. In this group of patients, rather than to redo sternotomy, only
the inferior portion of the scar needs to be reopened for access to the pericardial
cavity. The sternum and wires used to oppose the bone during the initial sternotomy
do not require any further manipulation from this approach. This type of effusion,
if related to bleeding postsurgery, usually does not recur frequently or long term;
hence, this approach is simple and effective. A subxiphoid incision can be also used
to create a pericardial-peritoneum window. This method, when paired with a pleu-
roperitoneal shunt, has been described to have comparable results to other methods
[13]. The proposed shunt pumps fluid actively into the peritoneum cavity, and this
can possibly reduce accumulation rates by preventing omentum from occluding the
pathway from the pericardium to the peritoneum. Authors have been successful
with this with only local anesthesia; hence, this alternative is useful for patients who
are at high risk with general anesthesia.

5. Summary

Surgical approach to pericardial effusion involves many a thought process.
Different patients require different approaches for the best results. Decision-
making should be made with the patient’s best interest and wishes. It is rewarding
indeed when patients get symptomatic relief and are able to return to their function
postsurgery.
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Chapter 6

Anaesthesia for Patients with
Pericardial Disease

Michelle Correia

Abstract

Patients with pericardial disease can present to the anaesthesiologist for a variety
of diagnostic procedures or therapeutic interventions. Providing safe anaesthesia
care for these patients is challenging because of their primary pericardial pathol-
ogy and significant co-morbidities affecting other organ systems. A thorough
understanding of the pathophysiology of the pericardial disease state and its
effect on overall haemodynamic variables is necessary before formulating a peri-
operative care plan. A multidisciplinary approach involving cardiology, surgical,
anaesthesia and critical care teams is needed to provide optimal peri-operative
care. This chapter examines the basic pathophysiology of pericarditis, pericardial
effusions, tamponade and constrictive pericarditis as these conditions pertain to the
anaesthesiologist in the peri-operative period. Diagnostic tools, especially the role
of echocardiography, that aid in the diagnosis and management of these high-risk
patients are highlighted.

Keywords: anaesthesia, pericardial disease

1. Introduction

Patients with pericardial disease can present to the anaesthesiologist for a variety
of diagnostic procedures or therapeutic interventions. Providing safe anaesthesia
care for these patients is challenging because of their primary pericardial pathology
and significant co-morbidities affecting other organ systems. A thorough under-
standing of the pathophysiology of the pericardial disease state and its effect on
overall haemodynamic variables is necessary before formulating a peri-operative
care plan. A multidisciplinary approach involving cardiology, surgical, anaesthesia
and critical care teams is needed to provide optimal peri-operative care.

This chapter will examine the basic physical and physiological principles that
govern the pathological states of pericarditis, pericardial effusion, tamponade and
constrictive pericarditis. A thorough understanding of these principles is required
prior to the induction of anaesthesia.

2. Normal anatomy and physiology
2.1 Normal anatomy

The normal pericardium is situated in the anterior mediastinum surround-
ing the heart and proximal portions of the great vessels [1-7]. It is composed of
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two layers: an inner visceral layer which is thin, adherent to and continuous with
the epicardium of the heart and an outer parietal layer which is thicker and more
fibrous. Normal pericardial thickness is 1-2 mm [8]. The parietal and visceral
layers are separated by a small amount of serous fluid [1-8]. In non-disease states,
approximately 15-50 ml of fluid is contained within the pericardial sac. This fluid
is produced by visceral mesothelium cells and is drained from the pericardial space
via the lymphatic system to the right side of the heart.

The pericardium is fixed in its anatomical position to the diaphragm and ster-
num via the pericardio-phrenic and sterno-pericardial ligaments, respectively [4].
Posteriorly, the loosely bound connective tissue anchors it to structures contained
within the posterior mediastinum.

Vascular supply is from the pericardio-phrenic artery which is a branch of the
internal thoracic artery. Venous drainage is via the pericardio-phrenic veins which
drain into the brachiocephalic veins bilaterally. The phrenic nerve provides sensory
innervation and the sympathetic trunks’ vasomotor innervation [4].

The reflections of the pericardium surrounding the great vessels form two
potential spaces called the oblique and transverse sinuses which can be visualised
on echocardiographic imaging [4, 8]. The larger oblique sinus forms posteriorly
between the left atrium and pulmonary veins. The transverse sinus too lies behind
the left atrium, posterior to the aorta and pulmonary trunk [4]. Both sinuses are
common sites for blood to collect post-cardiac surgery. Because of the formation of
these two sinuses, the left atrium is not entirely an intra-pericardial structure.

2.2 Normal physiology and functions of the pericardium

Although normal cardiovascular function can occur in the absence of the peri-
cardium, it does bestow certain physiological benefits [1-8]. Because of its relatively
fixed ligamentous attachments, the pericardium stabilises the heart in its anatomic
position and limits excessive movement within the chest cavity particularly with
changes in body position. The pericardial fluid minimises friction exerted on the
epicardium from normal heart movements during the cardiac cycle and serves to
balance hydrostatic pressures over the surface of the heart. The pressure exerted
on the cardiac chambers by the pressure within the intra-pericardial space prevents
acute distention of the chambers and helps optimise atrial and ventricular coupling
and filling. The pericardial sac serves as a physical barrier against the spread of
infection or neoplastic disease within the mediastinum. Prostaglandins secreted
by mesothelial and endothelial cells of the pericardium regulate autonomic cardiac
reflexes, modulate myocardial contractile function and influence epicardial coro-
nary artery tone.

3. Pathology

There are a number of pericardial pathologies which can be a cause for concern
in the peri-operative period [2-4, 9, 10].

3.1 Congenital defects

Congenital defects are rare, usually associated with other cardiac, pulmonary
and skeletal abnormalities, and are often only found at autopsy with an incidence
of 1:10,000 [9]. The absence of the pericardium is more commonly partial with
the left side being affected about 70% of the time. Left-sided defects predispose to
herniation of the heart which may become haemodynamically significant during
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induction of anaesthesia or cause prolonged ischaemia due to compression of the
coronary vessels. Right-sided defects may cause significant compression of the vena
cava compromising venous return and cardiac output. Total pericardial absence is
rare. Excessive cardiac motion and displacement associated with complete absence
predispose to an increased risk of traumatic aortic dissection.

3.2 Acute pericarditis

Acute pericarditis is an inflammatory disease of the pericardium lasting less than
6 weeks and the most common pericardial pathology encountered in clinical prac-
tice [6, 9-16]. It may be a self-limiting benign condition or the first presentation of
an underlying infectious or neoplastic disease process. In this setting, it is prudent
to postpone elective surgery for diagnosis and initiation of appropriate treatment.

Causes of acute pericarditis vary widely and may be idiopathic, infectious,
non-infectious or autoimmune. The most common causes encountered in the peri-
operative period are non-infectious post-cardiac surgery, associated with trauma,
uraemia in patients with chronic renal failure or post-myocardial infarction.

Symptoms include a sharp left precordial or retrosternal chest pain which may
be pleuritic in nature and varies with posture, being decreased on sitting and
increased on lying supine. The pain may radiate to the trapezius ridge. This pain
referral is due to the involvement of the phrenic nerve which traverses the pericar-
dium and supplies its sensory innervation. Often there are associated prodromal
symptoms of malaise, fever and generalised myalgia. Tachycardia and tachypnoea
are usually out of proportion to the low grade fever. A tri-phasic friction rub corre-
sponding to atrial systole, ventricular systole and rapid early filling during diastole
may be present on examination.

In the peri-operative period, differentiating between acute pericarditis and other
causes of chest pain is of utmost importance. Careful clinical examination and spe-
cial investigations should be carried out to make the correct diagnosis and allow for
the institution of appropriate treatment. Three of the more important differential
diagnoses are acute coronary syndrome, aortic dissection and pulmonary embolism.

Patients suffering from pericarditis associated with bacterial or fungal infec-
tions, malignancies, end-stage renal disease or post-cardiac surgery are at an
increased risk to progress to pericardial effusion and tamponade [12].

Post-cardiac injury syndromes, also known as post-pericardiotomy syndromes, are
being recognised as an important cause for pericardial disease [13, 14]. This clinical
syndrome is characterised by a febrile illness associated with pleuritic chest pain
and effusions of the pleura and pericardium. The initiating event is an injury to
the pericardium, myocardium and pleura from ischaemia, post surgery or a non-
iatrogenic traumatic event. In predisposed individuals, an autoimmune-mediated
response is triggered that can vary from a simple, self-limiting pericarditis to a
complicated pleuropericarditis, resulting in massive pericardial and pleural effu-
sions with tamponade.

Special investigations would include a 12-lead electrocardiogram (ECG) which
will show sinus tachycardia, PR interval depression and diffuse concave upward
sloping ST-segment elevation. Transthoracic echocardiography (TTE) may show
an associated pericardial effusion and tamponade as well as other cardiac or para-
cardiac diseases.

Treatment for acute pericarditis remains symptomatic with non-steroidal
anti-inflammatory drugs (NSAIDs) for pain and potentially adding colchicine as
an adjunct to prevent recurrence [15]. Low-dose corticosteroids may also be intro-
duced by the primary care team if there is an associated autoimmune disease or in
the case of a post-cardiac injury syndrome [13, 14, 16].
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3.3 Chronic pericarditis

Chronic pericarditis may be a result of the progression of acute disease or due to
recurrent episodes of relapse [6, 9, 10]. The peri-operative management will depend
on haemodynamic consequences the disease process has on patient physiological
parameters.

Differentiation should be made between chronic pericarditis with ongoing
inflammation, pain and fever, relapsing disease where patients have periods of
being symptom free and chronic pericardial effusion with persistent fluid accumu-
lation within the pericardial sac.

As with acute pericarditis, all elective surgery should be postponed to enable
symptomatic treatment of attacks with NSAIDs, colchicine and corticosteroids.
Pericardiectomy is indicated in patients with frequent and severe symptoms that are
unresponsive to maximal medical therapy [6, 9].

Chronic inflammatory disease may be associated with a pericardial effusion.
Moderate to large effusions, determined at echocardiography as being more than
10 mm separation of the pericardial layers during diastole, should be drained before
any elective surgery takes place. Haemodynamic effects of the effusion should be
assessed via echocardiographic studies and quantified prior to induction of anaes-
thesia as detailed below.

3.4 Pericardial effusions and tamponade

Pericardial effusion occurs when there is excessive fluid accumulation within
the pericardial space [3-10, 12, 17-41]. The effusion may be transudative, exuda-
tive, haemorrhagic or purulent depending on the cause. Progressive accumulation
of fluid within the pericardial sac may lead to compression of cardiac chambers,
obstruction of cardiac filling and tamponade.

3.4.1 Causes for effusion

Causes of pericardial effusion are similar to those for pericarditis and may be
due to the inflammatory process itself [6, 16, 18-21]. The most common causes of
pericardial effusion seen in the peri-operative period are iatrogenic, associated with
cardiac surgery or percutaneous coronary intervention (PCI); traumatic as seen in
blunt or penetrating chest injuries; associated with malignancy; as a consequence of
end-stage renal disease or dialysis; and those occurring from infectious diseases. In
developing countries, especially where the prevalence of HIV is high, tuberculous
pericarditis is common [6, 17].

There are a few groups of patients that require special mention as they fre-
quently need intervention by the anaesthesiology team and present with pericardial
effusions in the peri-operative period.

3.4.1.1 End-stage venal disease

Patients with end-stage renal disease (ESRD) frequently present to the anaes-
thesiologist for a number of diagnostic, therapeutic or vascular access procedures
[6, 18-21]. The association with end-stage renal and cardiovascular disease is well
established. Increased inflammatory processes, immune and autoimmune dysfunc-
tion, dyslipidaemia, endocrine abnormalities, oxidative stress and accumulation of
toxic metabolites have all been suggested as causes for this association. This popula-
tion is known to have an increased incidence of coronary artery disease, valvular
pathology, arrhythmias and myocardial and pericardial diseases [18].
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The incidence of pericarditis in ESRD is 2-21% with effusion and tamponade
being present in up to 14-56% of patients. The aetiology differs between patients on
haemodialysis and those who are not. Patients not yet on haemodialysis develop a
uraemic pericarditis and effusions that generally respond well to aggressive dialysis
and filtration. The incidence of uraemic pericarditis is decreasing because of more
efficient dialyzer membranes and methods.

Patients on haemodialysis develop dialysis pericarditis with effusions that more
frequently require drainage via a pericardial window procedure. This group of
patients has a higher incidence of progressing to constrictive pericarditis possibly
requiring pericardiectomy [18]. Progression from effusion to tamponade may be
difficult to diagnose, but progressive right heart failure and hypotension in the
setting of adequate diuresis is highly suggestive [18]. All patients with ESRD pre-
senting for surgery should have pre-operative investigations to rule out significant
pericardial disease that may impact on peri-operative management.

Indications for drainage of effusions in these patients are based on clinical
and biochemical features. Dialysis pericarditis, tachypnoea >20 breaths/min,
fever >39°C, low voltage complexes on 12-lead ECG, hypoalbuminaemia <31 g/1,
leukocytosis and any signs of tamponade on TTE all indicate the need for drainage
[18]. There are little data to support one drainage procedure over another [6, 18].
Pericardiocentesis and pericardial window are both acceptable methods for relief of
raised intra-pericardial pressure.

Although these patients may exhibit signs of large effusions and even tampon-
ade, significant haemodynamic compromise associated with anaesthesia is rare
in this group of patients. Because of the chronicity of the disease process and the
associated hypertension, careful titration of agents used for general anaesthesia to
facilitate drainage procedures is usually well tolerated [21].

3.4.1.2 Post-cardiac surgery and post-operative pericardial effusions (PPE)

Patients post-cardiac surgery are another group whose management frequently
requires the involvement of the anaesthesiology team [24, 32-38]. Accumulation
of blood within the pericardial sac because of ongoing bleeding from either a
surgical or medical cause peri-operatively will lead to the development of PPE
and tamponade. PPE can be divided into early, presenting within 7 days, and late
complications occurring more than 7 days post-procedure. An important cause of
persistent PPE is the inflammatory response associated with post-cardiac injury
syndrome [13, 14, 33].

The incidence for PPE has a wide range depending on the study quoted and is
approximately 20% on the 20th post-operative day [33]. Most effusions are clini-
cally insignificant, defined as less than 10 mm in diastole on TTE, and resolve
spontaneously after reaching their maximum volume on day 10 post-operatively
[33]. The incidence of significant pre-tamponade and tamponade requiring
re-intervention is 1-2.6% [33].

Presenting symptoms are usually non-specific consisting of tachycardia,
hypotension, tachypnoea, orthopnoea and decreased heart sounds [24, 32-34].
This low cardiac output state must be differentiated from other common causes of
cardiogenic shock in the post-operative period. The differential diagnosis would
include hypovolaemia, significant ischaemia, ventricular dysfunction or severe
inflammatory response syndrome [32].

The following have been identified as independent risk factors for the develop-
ment of post-operative effusions [33, 34, 37]: heart transplantation, pulmonary
thromboembolism, aortic aneurysm surgery, increased body surface area, valve
surgery, immunosuppression, urgent or emergent surgery, renal failure and
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prolonged cardiopulmonary bypass (CPB) times. In other studies, female gender,
pre-operative use of anticoagulants and early chest drain removal have been associ-
ated with increased incidence of PPE [33, 37].

In the setting of post-operative haemodynamic deterioration, critical tamponade
may develop quickly with even small amounts of fluid accumulation causing signifi-
cant haemodynamic effects. The diagnosis should be made immediately in order to
facilitate life-saving intervention. TTE remains the diagnostic tool of choice because
it is non-invasive and has a high sensitivity and specificity for detecting the signs of
cardiac tamponade [6, 24, 32, 35, 38]. It may also be useful in confirming or ruling
out other causes for post-operative haemodynamic deterioration. Because tampon-
ade is a dynamic pathological process, especially in the post-operative period, serial
or repeat echocardiographic examinations coupled with ongoing clinical evaluation
are necessary to ensure appropriate and timeous management.

Although TTE remains the diagnostic tool of choice, detecting effusions and
tamponade post-operatively may be challenging [31, 32, 38]. Patients who have
altered anatomy are most likely to be on positive pressure ventilation with positive
end expiratory pressure (PEEP), may have pneumopericardium (air trapped in the
pericardium) and will have drains in situ. Effusions post cardiac surgery are often
loculated causing regional compression of only one or some of the cardiac chambers.
Blood and clots collect in the posterior sinuses making diagnosis via the traditionally
accepted criteria on TTE difficult. Trans-oesophageal echocardiography (TOE) is
well tolerated in sedated or anaesthetised patients but is more invasive and may not
be readily available. Supplemental modalities such as CT scan and cardiac MRI have
been suggested to aid in the diagnosis when TTE is inconclusive [6, 31, 38].

Indications for drainage of effusions are based on clinical and TTE findings of
tamponade: left ventricular dysfunction in patients receiving intermittent posi-
tive pressure ventilation, loculated effusions or clots causing compression of the
left atrium or left ventricle, documented collapse of right-sided chambers and if
pericardial separation is >20 mm [3, 32, 35].

Anaesthetic management of post-operative effusions and tamponade remains
the same as for an effusion from any other cause. The need for ongoing inotropic
support and appropriate mechanical ventilation, massive fluid shifts, ongoing
bleeding due to surgical causes, coagulopathy due to anticoagulant use, intrinsic
clotting abnormalities, need for massive blood transfusion, renal dysfunction and
the significant risks of re-sternotomy are just a few of the unique challenges for
the anaesthesiologist to consider when taking a cardiac patient back to theatre for
re-intervention. Drainage procedures are most often limited to pericardiocentesis
under ultrasound- or video-assisted guidance [25, 32, 35]. A small percentage of
patients may require sternotomy for the effective management of post-operative
effusions [25, 32].

3.4.1.3 Effusions in patients undergoing percutaneous cardiac interventions

Percutaneous intracardiac intervention is a risk factor for the development of
pericardial effusion and tamponade [39-41]. The exact incidence depends on the
procedure performed, the extent of the intervention, whether it is diagnostic or
therapeutic, and if anticoagulation is used in the peri-procedural period. The exact
procedure-specific incidence is difficult to determine, and small to moderate effu-
sions may occur much more frequently than studies suggest [39]. The incidence of
tamponade ranges from <1 to 6% depending on the study being quoted. Some of the
more commonly performed interventions include atrial fibrillation ablation associ-
ated with a 4% risk of tamponade, permanent pacemaker insertion which carries
a1.7% risk of cardiac perforation and life-threatening tamponade and left atrial
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appendage (LAA) occlusion procedures which are associated with a 1.8-3% risk of
tamponade, most commonly due to LAA perforation.

The overall incidence of tamponade following percutaneous coronary interven-
tion (PCI) is 0.12% and is associated with high mortality [40, 41]. Coronary artery
perforation following percutaneous coronary intervention is found in 0.3% of
patients of which 10% went on to develop tamponade [41]. The risks were increased
in patients requiring more complex interventions and if athero-ablative procedures
were performed instead of angioplasty and stent placement.

Pericardial effusion and tamponade following PCI usually present acutely in the
catheterisation lab but can have an insidious onset and are an important cause for
late hypotension post intervention [40].

The diagnosis of tamponade post PCI remains predominately clinical and should
be confirmed with TTE and other imaging techniques as soon as possible in order to
facilitate life-saving treatment drainage procedures as described below.

3.4.2 Pathophysiology of pericardial effusions

The haemodynamic effects of the effusion and the development of tamponade
are dependent on the rate of fluid accumulation within the pericardial space, the
total volume of fluid that accumulates, the type of the fluid that accumulates and
the intrinsic compliance of the pericardial tissue layers [4, 5, 7, 24].

Because the pericardium is relatively stiff, it has a limited reserve volume. Small
but rapidly accumulating effusions quickly exceed the compliance of the parietal
layer. Once the limit of pericardial stretch is exceeded, even small increases in
volume cause a steep increase in pericardial pressure causing external compression
of the cardiac chambers and tamponade.

Chronic accumulation over a prolonged period allows for pericardial stretch and
compensatory mechanisms meaning that the intra-pericardial pressure remains
low despite a large amount of fluid within the space. Even with additive amounts of
fluid, the pericardial compliance curve remains less steep than in the acute setting
resulting in slower increases in intra-pericardial pressures relative to the volume of
fluid within the space.

The type of fluid that accumulates may influence the haemodynamic presenta-
tion. Exudative fluid may become fibrinous and cause constriction, haemorrhagic
fluid may contain clots causing isolated chamber compression and chronic effusions
may become fibrotic and confining.

The compliance of the pericardial tissues is also an important determining factor in
the overall haemodynamic effects of an effusion. Pericardial compliance is decreased
in mesothelioma, scarring from previous cardiac surgery and constrictive states.

Once intra-pericardial and intracardiac pressures increase beyond a certain
limit, cardiac chamber filling and preload are reduced which causes a drop in stroke
volume and cardiac output. This decrease in cardiac output causes a reduction in
organ perfusion which triggers compensatory mechanisms including activation
of the sympathetic nervous system and the renin-angiotensin-aldosterone axis.

The resultant tachycardia, peripheral vasoconstriction and fluid retention are an
attempt to maintain systemic blood pressure and organ perfusion in the face of a
low cardiac output state.

3.5 Tamponade
Tamponade physiology occurs when cardiac chambers exhibit compression due
to an increase in intra-pericardial pressures and equalisation of transmural pres-

sures [3-10, 14-17, 22-24].
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3.5.1 Causes of tamponade

Patients most at risk for the development of tamponade are those with iatrogenic
causes post-cardiac surgery, PCI, insertion of pacemaker or percutaneous valve
repair, chest trauma where blunt injuries are five times more commonly associated
with tamponade when compared with penetrating injuries [25], malignant disease
which is the most common cause of cardiac tamponade accounting for up to 60% of
cases [25] and ESRD. Uraemic disease accounts for 10-15% of cases, while the inci-
dence of dialysis pericarditis is 12% in patients on long-term haemodialysis [18-21].

3.5.2 Pathophysiology of cardiac tamponade

Under normal circumstances, intra-pericardial pressures reflect intrathoracic
pressures and are negative [3-10, 12, 21-31]. As fluid accumulates within the
pericardial space, the intra-pericardial pressures increase. Pericardial pressures are
elevated throughout the cardiac cycle and cause compression of chambers for the
duration of diastole when intracardiac chamber pressures are lowest.

Impaired filling of the cardiac chambers leads to diastolic dysfunction and a type
of obstructive shock [23]. The venous return pattern to the atria eventually becomes
unimodal and is confined to ventricular systole. In severe tamponade, atrial filling
only occurs when ventricular contraction forces the atrioventricular valvular appa-
ratus towards the myocardial apex. This caudad motion of the tricuspid and mitral
valves causes a decrease in atrial pressures and enhanced systemic and pulmonary
venous return.

As tamponade physiology progresses, ventricular filling becomes highly depen-
dent on atrial systole as the intra-pericardial pressures increase. The maintenance
of a sinus cardiac rhythm becomes paramount to ensure adequate ventricular filling
to maintain end-diastolic ventricular volumes which are equivalent to ventricular
stroke volume.

Physiologically speaking, cardiac chamber filling pressures are dependent on
the myocardial transmural pressure gradient expressed mathematically by the
following:

transmural pressure = intra-pericardial pressure - intracardiac pressure

The intracardiac pressures are different for each chamber with right atrial pres-
sures being the lowest to facilitate systemic venous return.

Based on Ohm’s law (V = IR), in order to ensure filling and forward flow in a
normal series circulation, there must be a pressure gradient (P1-P2 or V) between
the systemic venous return and the aorta. The pressure gradients below are often
seen during diagnostic cardiac catheterisation procedures when venous and arterial
pressures are obtained and documented:

systemic venous return pressure > right atrial pressure » right ventricular
end-diastolic pressure > right ventricular systolic pressure > pulmonary capillary
wedge pressure > pulmonary venous return pressure > left atrial pressure > left
ventricular end-diastolic pressure > left ventricular systolic pressure > aorta

As the intra-pericardial pressure increases, extrinsic compression of the car-
diac chambers occurs. Compression causes the intracardiac chamber pressures to
increase, and the transmural pressures begin to equalise. Right-sided filling pres-
sures during diastole are lower than the left and are the first to be equalled and then
exceeded by the increasing intra-pericardial pressures.
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The right atrium and ventricle are compressed, right-sided chamber filling is
compromised and the right atrial pressure, measured clinically as the central venous
pressure (CVP), increases to try and maintain right ventricular filling. This causes
a significant decrease in the venous return to the right heart as right atrial pressures
exceed systemic venous return pressures.

A decrease in right atrial venous return leads to impaired right ventricular
filling, an underloaded right ventricle which functions at the lower end of the
Frank-Starling curve and a resultant decrease in right ventricular stroke volume.
Reductions in right ventricular stroke volume translate into decreased flow through
the pulmonary circulation with decreased pulmonary venous return to the left
atrium. With continued increases in the intra-pericardial pressures, equalisation of
left-sided pressures eventually transpires. This results in massive reductions in and
eventual cessation of diastolic filling and forward flow of blood through the heart
with dramatically reduced cardiac output.

A cycle of exhaustive physiological compensation follows with eventual
cardiac arrest manifested as pulseless electrical activity. Although reductions in
coronary blood flow do occur with the drop in cardiac output and aortic diastolic
pressures, this is coupled with limited cardiac work, and ischaemia is usually
avoided.

It is of utmost importance to note that the equalisation of transmural pressures
found in cardiac tamponade is a dynamic process influenced by extra-cardiac
factors. Induction of general anaesthesia causes a decrease in heart rate, vasodila-
tion and direct myocardial depression. Coupled with the institution of positive
pressure ventilation, massive decreases in venous return and cardiac output occur.
Thus, induction of anaesthesia may precipitate complete cardiovascular collapse in
patients with tamponade.

Patients at risk for the development of tamponade should therefore have
echocardiographic studies to confirm their pre-operative haemodynamic state. In
the event of potential or imminent tamponade, all elective procedures should be
postponed and the pericardium drained via the most appropriate method to relieve
transmural pressures before induction of anaesthesia is performed.

3.5.3 Classification of tamponade

Not all cases of cardiac tamponade are uniform, and patients can present with
different forms [24, 25].

Low-pressure tamponade occurs at very low diastolic pressures of 6-12 mmHg
and is present in patients with severe hypovolaemia. Patients do not present with
the full clinical picture of tamponade until they have been adequately fluid resusci-
tated and are fluid replete. This form is often found in trauma patients with ongoing
haemorrhage or post-cardiac surgery.

Regional tamponade occurs when only specific cardiac chambers are compressed
from localised amassing of fluid. This is a common finding post-cardiac surgery or
myocardial infarction. Typical clinical findings of acute tamponade are often absent
necessitating multimodal diagnostic imaging to make the diagnosis.

Hypertensive tamponade is said to be present when there are classical features of
tamponade but with elevated arterial pressures, sometimes over 200 mmHg. It is
thought to be due to excessive beta-adrenergic drive in patients with pre-existing
hypertension.

Effusive-constrictive pericarditis is present when there is decreased pericar-
dial compliance with a reduced pericardial cavity associated with an effusion.
Constrictive physiology is present, and tamponade can occur even with minimal
amounts of fluid accumulation. A variety of haemodynamic and imaging signs
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make for a mixed clinical picture. Drainage of the effusive fluid provides the best
clue as symptoms of constriction persist in spite of appropriate drainage.

3.5.3.1 Clinical signs and diagnosis

Dyspnoea, orthopnoea, diaphoresis, chest pain and tachycardia are all non-
specific signs of pericardial effusion and tamponade. Muffled heart sounds, raised
jugular venous pressure and hypotension are the features classically described as
Beck’s triad used in the diagnosis.

Pulsus paradoxus is a clinical sign commonly found in tamponade and refers to
the exaggeration of the normal physiological variation in systolic blood pressure
of more than 10 mmHg during negative pressure ventilation. Under normal physi-
ological conditions, the intra-pericardial pressure mirrors intrathoracic pressures.
Negative intrathoracic pressure generated on inspiration is transmitted to the heart,
and the intra-pericardial pressure decreases. This in turn increases the transmural
pressure gradient. The increase in transmural pressure gradient augments right
atrial and ventricular filling during diastole. This is demonstrated on Doppler
echocardiography by increased blood flow velocity across the tricuspid valve during
inspiration [28].

The augmentation in right ventricular filling causes the intra-ventricular septum
to shift to the left which transiently impacts on left ventricular filling. This is known
as interventricular dependence. With normal pericardial pressures and compliance,
compensation for this slight shift is maintained leading to minimal reductions in
left ventricular end-diastolic volume. There is a small decrease in left ventricular
stroke volume and cardiac output which results in a small decrease in systolic blood
pressure during inspiration of not more than 10 mmHg. The augmented right
ventricular stroke volume during inspiration translates into increased pulmonary
venous return to the left atrium after several cardiac cycles. An increase in left ven-
tricular stroke volume and systolic blood pressure is then seen during expiration.

In cardiac tamponade, this normal systolic pressure variation with respiration
is exaggerated. With the decrease in pericardial compliance, the normal pericardial
compensation for the left heart shift is lost. As the intra-ventricular septum shifts
to the left, the left heart cannot expand because of the increased intra-pericardial
pressures. Left ventricular filling and flow through the left ventricular outflow tract
are affected to a greater degree resulting in enhanced ventricular interdependence.
This translates into a decrease of systolic blood pressure of more than 10 mmHg
during inspiration.

Pulsus paradoxus is not very sensitive or specific for cardiac tamponade and may
be absent even when tamponade is present or be present with conditions other than
tamponade [22, 24, 25].

Pulsus may be absent in the presence of tamponade with severe aortic regurgita-
tion where left ventricular filling is maintained due to back flow from the aorta;
with localised effusions or clot that compress only certain chambers of the heart;
with an atrial septal defect where the pressure effect on the right atrium is balanced
by the intra-cardiac shunt; and with severe right ventricular hypertrophy with pul-
monary hypertension where the pressure effects from increased intra-pericardial
pressure on right heart are less pronounced.

Pulsus paradoxus may exist in the absence of tamponade in severe chronic
obstructive pulmonary disease, asthma or severe bronchospasm, hypovolaemia,
congestive cardiac failure and obesity.

Pulsus paradoxus will be reversed in patients receiving positive pressure ventila-
tion with increased systolic blood pressure noted on inspiration and a fall in systolic
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blood pressure on expiration [22, 25]. This can be interpreted as systolic pressure
variation in patients receiving mechanical ventilation which is often used clinically
as a sign of fluid responsiveness.

Mechanical ventilation with PEEP has three main effects on cardiac physiology.

(1) With the increase in intra-thoracic pressure, alveolar pressures increase more than
pleural pressures which causes compression of pulmonary capillaries and increased
right ventricular afterload. (2) Compression of pulmonary capillaries squeezes blood
from the pulmonary bed into the left atrium augmenting left ventricular preload. (3)
Positive inspiratory pressure augments left ventricular systolic function.

The augmentation of left ventricular stroke volume and systolic function during
inspiration leads to increased systolic blood pressures. Pulmonary transit time is
approximately 2 s, and the drop in right heart cardiac output from positive intratho-
racic pressures translates into a drop in left ventricular cardiac output and systolic
blood pressure during expiration. A reversed pattern of pulsus paradoxus is seen.

As mentioned above, the combination of decreased venous return or preload to
the right heart with induction of anaesthesia plus the increased right ventricular
afterload effects of mechanical ventilation can severely compromise cardiac func-
tion in patients with tamponade.

3.5.3.2 Special investigations

Chest X-ray will show an enlarged globular bottle-shaped cardiac shadow if the
pericardial fluid volume is >200 ml, a widened mediastinum with a right costo-
phrenic angle <90° and clear lung fluids [7-10, 12, 21-29]. There may be an associ-
ated pleural effusion that requires concurrent drainage and management.

ECG may show a sinus tachycardia which is the most common finding. Other
findings may include low QRS and T wave voltages, PR segment depression, non-
specific ST-T wave changes and bundle branch block. Electrical alternans is the
change in QRS voltage with each beat and reflects excessive swinging movement of
the heart within a large effusion [21].

TTE is the investigation of choice to diagnose and evaluate pericardial disease
[3-6,12,23-28, 30, 31]. Itis a class 1 recommendation with a high sensitivity and
specificity for the detection of effusions and tamponade. TTE in addition allows
for the evaluation of myocardial and endocardial structures and function, aiding
to rule out other causes for the clinical picture. A grading system for the size of the
effusion is based on echo-free space in diastole with small effusions being <10 mm
in size, moderate effusions 10~-20 mm and large effusions >20 mm. Right atrial
collapse and invagination for >30% of the cardiac cycle on ECHO is 100% sensitive
for the diagnosis of tamponade [26].

Other TTE signs of tamponade include distention and loss of respiratory varia-
tion in the size of the IVC which reflects increased right atrial pressures, increased
respiratory variations in tricuspid and mitral trans-valvular inflow velocities on
Doppler studies, intra-ventricular septal shift reflected clinically as pulsus para-
doxus [26], localised or loculated effusions showing isolated chamber compression
and regional tamponade commonly encountered post-cardiac surgery [32].

Cardiac catheterisation is usually not performed in acute tamponade as TTE is
less invasive, less time-consuming and diagnostic. If catheterisation is performed,
ablunted Y descent may be demonstrated [29]. The Y descent on the CVP tracing
after the v wave indicates opening of the tricuspid valve and reflects early diastolic
filling of the right ventricle. Attenuation of the y descent reflects rapid equalisa-
tion of pressures between the right atrium and ventricle which leads to ineffective
ventricular filling during early diastole in tamponade (Figure 1).
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Figure 1.
CVP tracing in cardiac tamponade reflecting higher baseline pressures and attenuation of the y descent.

3.5.4 Medical management of pericardial effusions and tamponade

In about 60% of cases of pericardial effusion, an underlying disease process
is known, and medical management would therefore be targeted at the aetiology
[6]. In the absence of significant associated inflammation, NSAIDs, colchicine and
steroids are generally ineffective, leaving no conservative management options for
isolated effusions. In these instances, surgical drainage is indicated.

3.6 Constrictive pericarditis (CP)

Chronic inflammation of the pericardium causes it to thicken and become
non-compliant and rigid [4, 6, 7, 9, 10, 12, 25, 31, 43-49]. This thickening may be
concentric or regional depending on the cause. The pericardial space becomes oblit-
erated as the visceral and parietal layers change and stiffen. Restriction of cardiac
chamber expansion during diastole causes impedance of cardiac filling and diastolic
dysfunction at both the atrial and ventricular levels. The usual form is constriction
without effusion but effusive-constrictive forms can occur.

3.6.1 Causes of constrictive pericarditis

Causes are similar to those for acute and chronic pericarditis including infectious
disease, radiation to the mediastinum, trauma and autoimmune conditions [4, 13,
14, 48, 49]. In the developing world, tuberculosis remains the most common cause
with a prevalence of >90% in places where the HIV infection rates are high [49].

Post-cardiac surgery is the most common cause of CP in the peri-operative
period. The usual presentation is constrictive pathophysiology with an increase in
pericardial membrane thickness. However, constrictive pathophysiology may pres-
ent in the absence of pericardial membrane thickening [4, 48].

Post surgery, blood in the pericardial space causes a post-pericardiotomy-type
picture with inflammation and adhesions [4, 13, 14]. These adhesions diminish the
pericardial space and cause a constrictive pathophysiological picture in spite of
normal pericardial thickness. This is termed normal thickness constrictive pericar-
ditis. In a Mayo Clinic study from 2003, 18% of patients with proven constriction
who underwent pericardiectomy had a normal pericardial thickness of <2 mm on
pre-operative imaging [48]. Disease of the pericardium in the normal thickness
group consisted of mild focal areas of inflammation, calcification and fibrosis. The
majority of patients were post-cardiac surgery and post chest irradiation or had
suffered previous infective or idiopathic disease. Pericardiectomy was equally effec-
tive in relieving the disease symptoms in these patients compared with those who
had a pericardial thickness > 2 mm. It would therefore seem reasonable to consider
pericardiectomy in patients with a normal pericardial thickness if the endocardial
biopsy is negative for restrictive cardiomyopathy [4, 48].
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3.6.2 Pathophysiology of CP

Under normal circumstances, the pericardium can accommodate changes in
cardiac volume [4, 6, 9, 12, 25, 43, 46, 47, 49]. With ongoing inflammation, the peri-
cardial compliance decreases. The now thickened, calcified and rigid pericardium
encases the heart and limits cardiac chamber expansion during diastole. Initially,
early diastolic filling is not affected, and the atrial contribution to ventricular filling
is mostly impeded during mid- to late diastole.

Over time, diastolic filling becomes severely impaired, and the total blood
volume within the heart remains relatively constant during diastole, leading to a

fixed stroke volume state. Any increases in tissue perfusion demands must therefore
be met by an increase in heart rate.

One of the most important features of CP is that changes in intrathoracic pres-
sures during the respiratory cycle are not transmitted to the heart. This is because
the pericardial space has been destroyed by the inflammatory process and intra-
pericardial pressure no longer mirrors intrathoracic pressures [25]. This means that
the normal augmentation of venous return to the right heart during inspiration does
not occur. Lack of inspiratory decline in the jugular venous pressure leads rather to
an increase in CVP with inspiration which is known as Kussmauls sign.

Respiratory variation in systolic blood pressures may still be seen clinically as the
pulmonary veins lie outside of the pericardium and the left atrium is only partially
within the pericardial sac. Changes in intrathoracic pressures will therefore still
cause changes in pulmonary vein flow despite the uncoupling of intra-pericardial
and intrathoracic pressures [4]. During negative pressure ventilation, inspiration
will cause the pressure gradient between the pulmonary veins and the left ventricle
to decrease, resulting in a decrease in LV filling and a small decrease in systolic
blood pressure. This effect, however, is not enough to cause pulsus paradoxus.

Another important pathophysiological feature of CP is the dramatic increase in
ventricular interdependence [45]. Pressure changes in one ventricle will be trans-
ferred to the other which explains the observed equilibration of diastolic ventricular
pressures. This increase in ventricular coupling means that there is little, if any,
trans-septal pressure gradient during diastole. Abnormal shifting of the intra-
ventricular septum has been observed in some studies but because the ventricles are
operating at much higher baseline diastolic pressures, small changes in pressures
caused by septal shift have very little effect on overall ventricular filling.

Chronic constriction of the myocardium can lead to damage of the underlying
muscle tissue. Constriction causes the ventricles to operate at the lower end of the
Frank-Starling curve which causes a kind of disuse atrophy within the myocardium.
Myocardial atrophy may present with continued diastolic dysfunction coupled with
significant systolic dysfunction even after successful pericardiectomy is performed
and the myocardium is released. Often these patients will require ongoing inotropic
support in the peri-operative setting.

3.6.2.1 Clinical signs and diagnosis

Signs and symptoms are usually non-specific and mimic right ventricular
failure making diagnosis difficult [4, 6, 12, 25]. Tachycardia is the predominant
sign because of the fixed stroke volume state. Arrhythmias, especially atrial
fibrillation, are not uncommon. Fluid overload ranging from peripheral oedema
to anasarca is a usual finding. This is due to venous hypertension which is often
worsened by protein-losing enteropathy in decompensated disease. Patients may
have associated pleural effusions and cachexia, indicating a chronic and insidious
disease process.
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Decreased cardiac output with shortness of breath and fatiguability are almost
always elicited on thorough enquiry. Ascites, hepatomegaly, pleural effusion and
peripheral oedema can be misdiagnosed as chronic liver disease.

Classical clinical findings in CP include a pericardial knock and Kussmaul’s sign.
A pericardial knock is a high-pitched sound occurring in early diastole before the
third heart sound. It indicates the cessation of ventricular filling at the end of the
early diastole due to the pericardial constriction.

Kussmauls sign is a paradoxical increase in jugular venous pressure on
inspiration. It reflects an increase in right atrial preload from an increase in
intra-abdominal pressure during inspiration. This increased venous return from
the intra-abdominal veins is independent of intrathoracic pressure changes. The
increase in preload cannot be accommodated because of the fixed pericardial
constriction, and the back pressure is transmitted to the systemic venous system.
This is detected clinically as increased pressure in the jugular vein.

The differential diagnosis for constrictive pericarditis is important to consider
as clinical signs can be confusing. Restrictive cardiomyopathy, pulmonary embolus,
right ventricular infarction, pleural effusion and chronic obstructive pulmonary
disease can all have a similar clinical presentation.

3.6.2.2 Special investigations

The diagnosis of constrictive pericarditis remains challenging, and the clinical
picture of unexplained venous congestion should be clarified with multiple imaging
modalities to ensure accurate and efficient diagnosis [4, 6, 12, 25, 31].

Chest X-ray may show a ring of calcification around the heart and cardiomegaly
if there is an associated effusion.

ECG may show low voltages, non-specific upward sloping ST-T wave changes,
atrial fibrillation and P mitrale, indicating chronic atrial hypertension.

CT scan and MRI are both useful to confirm pericardial thickening and calcifica-
tion [4, 31]. CT scan can delineate and quantify the degree of calcification based on
CT scan score, and MRI has a 93% accuracy for differentiating CP from restrictive
cardiomyopathy based on a pericardial thickness of >4 mm.

TOE has a high sensitivity for the detection of features consistent with the diag-
nosis [12]. An increase in pericardial thickness > 2 mm, abrupt inspiratory posterior
motion of the intra-ventricular septum in diastole and a non-pulsatile dilated IVC
indicating venous hypertension are all expected echocardiographic features.

Pulsed wave Doppler on echocardiography can be used to assess the mitral
trans-valvular inflow velocity pattern. Classically, an increase in the E wave velocity
represents rapid early diastolic filling. Significant reductions in the A wave velocity
represents decreased flow in mid- to late diastole. This indicates rapid early fill-
ing with premature equalisation of left atrial and left ventricular pressures from
pericardial constriction.

Reverse pulmonary vein flow changes will be detectable as the poor left atrial
compliance and raised left atrial pressures redirect flow back into the pulmonary
veins. This results in decreased left atrial filling and decreased left ventricular end-
diastolic volume.

Cardiac catheterisation may reveal a classical square root sign pattern on the
right ventricular trace. This is because right ventricular pressures drop rapidly in
early diastole which causes a “dip” in the trace as a small amount of blood enters the
right ventricle. The limit of RV distensibility is quickly reached because of constric-
tion by the rigid pericardium. Rapid equalisation of right atrial, right ventricular
and pulmonary wedge pressures occurs, and blood flow across the tricuspid valve
ceases abruptly causing a “plateau” in the pressure tracing (Figure 2).
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Right ventricular pressure tracings: pulmonary capillary wedge pressure, pulmonary artery pressure, right
ventricular pressure and right atrial pressure with diastolic equalisation of pressures and sharp “y-dip” in the
case of CP [46].

Kussmaul and Vaitkus were the first to delineate criteria for correctly diagnosing
CP in patients on whom cardiac catheterisations were performed. They identified three
criteria that could be used in the diagnosis: a left and right ventricular end-diastolic
pressure difference of <5 mmHg, a ratio of right ventricular end-diastolic pressures to
right ventricular systolic pressures of >1.3 and a right ventricular systolic pressure of
<50 mmHg. If all three criteria are present and patients have clinical features in keep-
ing with the condition, CP will be correctly diagnosed in >90% of patients [49].

3.6.3 Medical management for constrictive pericarditis

Medical management is focused on the underlying cause of the pathology and
may include diuretics, digoxin and beta-blockers to decrease venous congestion
and tachyarrhythmias pre-operatively [9, 12, 46, 47, 49]. In the cases of TB pericar-
ditis, anti-tuberculous chemotherapeutic treatment is required for a minimum of
2 months before surgery but can be continued for up to 12 months pre-operatively.

3.6.4 Differentiating constrictive pericarditis (CP) from vestrictive cavdiomyopathy (RC)

Many of the features of CP can also be found in RC making the diagnosis dif-
ficult [4, 6, 9, 12]. Restrictive cardiomyopathy is an intrinsic myocardial disease
resulting in impaired relaxation and reduced compliance of cardiac chambers with
severe diastolic dysfunction and atrial hypertension. Causes include infiltrative
disorders such as amyloidosis, haemosiderosis and sarcoidosis or endomyocardial
fibroelastosis found in scleroderma, radiotherapy or idiopathic disease.

The most important differentiating features in CP are the uncoupling of intra-
thoracic and intracardiac pressures and the increased ventricular interdependence.
In RC, normal respiratory variation will be found on the CVP tracing. Conduction
defects are also more common in patients with RC.

Differentiating features can also be elicited on TTE investigation [12]. E wave
velocities reflecting early diastolic filling are reduced in RC because the intrinsic
myocardial disease affects ventricular filling throughout the whole of diastole.
Transmitral inflow velocity variation and respiratory variation in pulmonary vein
flows are rarely found in RC. Atrial enlargement is marked reflecting severe atrial
hypertension. Left ventricular hypertrophy is a common finding, and pericardial
thickness will be normal. Pericardial calcifications will be absent in RC.
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4. Anaesthetic management
4.1 Pericardial effusions and tamponade
4.1.1 Pre-operatively

Accumulation of fluid in the pericardial space is the primary problem, and
therefore definitive drainage and relief of the raised intra-pericardial pressure
are required [9, 12, 21, 22, 32]. The type of drainage procedure will depend on the
aetiology of the pericardial effusion and the clinical condition of the patient. A
multidisciplinary team approach is needed, and a thorough pre-operative workup
should be done if time allows. Clinical history and examination should be carried
out focusing on pertinent physiological symptoms and signs to identify the cause
and severity of the pathology.

Patients fall broadly into two categories: pericardial effusion with pre-
tamponade physiology and a haemodynamically stable clinical picture or features of
tamponade are present on TTE with haemodynamic consequences and instability.
The presence of orthopnoea and pulsus paradoxus is a sign of a severely compro-
mised patient.

If there is haemodynamic compromise, the safest and quickest drainage option
needs to be selected. Haemodynamic goals pre-drainage should follow the “Airway,
Breathing, Circulation” approach bearing in mind the pathophysiology of tam-
ponade as discussed above. If required, a definitive airway management strategy
should be employed and supplemental oxygen administered in order to optimise
the delivery of oxygen to tissues during the decreased cardiac output state. Positive
pressure ventilation should be avoided, but if required, peak airway pressures and
PEEP should be minimised to avoid precipitation of cardiovascular collapse.

Large-bore peripheral access is needed for fluid and blood product administra-
tion and should be secured before any pharmacological agents are administered.
Invasive arterial and central venous lines are needed for monitoring but should not
delay drainage for patients in extremis.

Optimisation of preload is advised pre-operatively as hypovolaemia will worsen
tamponade physiology. Dynamic measures of fluid responsiveness should be used
to guide fluid therapy. A single, individualised fluid challenge may be beneficial,
and outcome-based measures should be used to assess response. Improvement will
be if the patient reports relief of symptoms or markers of end-organ perfusion
improve.

Caution needs to be exercised as too much fluid will worsen the ventricular
interdependence and further compromise cardiac output. Volume loading pre-
drainage may also exacerbate volume overload post-drainage. Temporary haemo-
dynamic support with a vasopressor agent may be more appropriate than excessive
fluid administration to maintain blood pressure in the pre-operative period.

4.1.2 Types of drainage procedures

Needle pericardiocentesis consists of percutaneous placement of a catheter into
the pericardial sac to facilitate external drainage of the effusion [24, 25]. Specific
anatomical landmarks with echocardiographic and/or fluoroscopic guidance are
used to insert the catheter using a Seldinger technique. This can be done in an awake
patient with supplemental local anaesthetic and is the treatment of choice for an iat-
rogenic tamponade caused in the interventional suite [38]. The subcostal approach
is safest for a blind procedure in the emergency setting where TTE may not be avail-
able. The apical and parasternal approaches may also be used. Pericardiocentesis is
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diagnostic and therapeutic as drained fluid can be sent for testing. It is the preferred
method of drainage in hypotensive patients.

Percutaneous balloon pericardiotomy is performed in a similar manner to
TTE-guided pericardiocentesis and is effective in patients with malignant effusions.
A balloon is used to generate a pericardial window to prevent recurrence of the
tamponade.

Surgical procedures include a pericardial window performed via a substernal
approach. Anterolateral thoracotomy and video-assisted thoracoscopic approaches
may also be used. Surgical drainage allows for the formation of a pleuropericardial
window which allows ongoing drainage of the effusion and decreases the risk of
recurrent tamponade. Surgical drainage is preferred for haemopericardium, puru-
lent effusions and recurrent disease. The sub-xiphoid approach consists of a small
sub-xiphoid incision made to relieve pressure and directly visualise the parietal
pericardium. The advantages of this approach include its effectiveness and simplic-
ity and that it can be performed under local anaesthesia if needed for the patient
nearing cardiovascular collapse.

4.1.3 Complications of drainage procedures

Needle pericardiocentesis under ultrasound guidance is considered a life-saving
procedure with morbidity rates of 1-3% and a mortality rate of <1% [21, 41, 42, 50].

Puncture and/or rupture of myocardium or coronary vessels; arrhythmias;
myocardial infarction; subsequent infection or damage to surrounding structures
such as the stomach, liver or lung; and re-accumulation are some of the rare
complications.

In the case of aloculated effusion, the pericardiocentesis may not be effective in
relieving the chamber compression, and more definitive surgery may be needed.

Paradoxical haemodynamic deterioration following relief of pericardial tampon-
ade is sometimes encountered because of vasovagal effects with decreases in blood
pressure and heart rate.

Pericardial decompression syndrome [21, 50] is defined as an unexpected decline in
haemodynamic parameters associated with pulmonary oedema and global LV dys-
function. It usually occurs following surgical drainage of large, chronic effusions,
but the incidence is rare <5%, and in most patients, there is no discernible reason
for the ventricular dysfunction observed. The cause is unknown but may be related
to increased interventricular interdependence. The sudden increase in preload and
ventricular filling causes an abrupt increase in systolic wall stress, myocardial stun-
ning and volume overload with acute left ventricular failure. Sudden increases in
left ventricular end-diastolic pressures are transmitted to the pulmonary circulation
with increases in pulmonary pressures and extravasation of fluid into the alveoli
leading to pulmonary oedema.

4.1.4 Anaesthetic techniques

All patients require adequate peripheral access and standard ASA monitoring
prior to any anaesthetic agent being administered [12, 21, 22, 32, 49, 51-54]. It may
also be necessary to institute invasive monitoring via arterial and central venous
lines when appropriate, ensuring that insertion of the lines does not delay definitive
treatment.

The anaesthetic technique chosen will depend on the clinical condition and hae-
modynamic stability of the patient, any concomitant co-morbidities, the aetiology
of the effusion and the procedure being performed. There are some advantages to
performing general anaesthesia over local anaesthesia and sedation. Patient comfort
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is improved, surgical and operating conditions are optimised and TOE may be
employed to guide surgery and ensure adequate evacuation of the effusion [21].

Regardless of the technique chosen, the following haemodynamic goals should
be adhered to increase cardiac output, maintain heart rate, maintain sinus rhythm,
maintain systemic vascular resistance and left ventricular afterload as tamponade is
a fixed output state and ensure an appropriate ventilatory strategy to decrease right
atrial and pulmonary pressures. This will augment right atrial filling and decrease
right ventricular afterload to promote forward flow through the lungs and maintain
left-sided filling pressures from the pulmonary veins.

Local anaesthetic infiltration with supplemental sedation using ketamine,
midazolam or fentanyl may be sufficient for pericardiocentesis and sub-xiphoid
windows in the less stable patients who are co-operative. Midazolam is a potent,
short-acting benzodiazepine that may be used to facilitate drainage procedures
under local anaesthesia. Doses of 0.01-0.03 mg/kg may be given slowly and titrated
to effect. Respiratory depressant effects are exaggerated with concomitant adminis-
tration of opioids and other central nervous system depressant drugs.

If general anaesthetic is required, haemodynamic goals remain the same as
above. Supplemental administration of fluid and/or blood products with vasopres-
sor or inotropic infusions may be required to support cardiac output.

4.1.4.1 Intraoperatively

Induction of anaesthesia may be associated with severe hypotension and subse-
quent cardiovascular collapse. The suppression of sympathetic drive from induc-
tion agents such as propofol or thiopentone causes vasodilation and bradycardia.
Coupled with the deleterious effects of mechanical ventilation as described above,
induction of anaesthesia may cause cardiovascular collapse in patients at risk.

The avoidance of respiratory depressant drugs and positive pressure ventilation
should be the technique of choice if possible. Spontaneous respiration with a vola-
tile agent such as sevoflurane is ideal if tolerated by the patient. Conditions which
may preclude inhalational induction include significant aspiration risk, morbid
obesity, severe orthopnoea or an unco-operative patient [12].

Sevoflurane is a fluorinated methyl isopropyl ether anaesthetic agent that is non-
pungent, causes minimal airway irritation and is well tolerated by awake, sponta-
neously breathing patients. It causes a dose-dependent decrease in mean arterial
pressure by causing vasodilation and reducing systemic vascular resistance. At
concentrations of more than 1.5 minimum alveolar concentration (MAC), increases
in heart rate may occur. Nominal changes in cardiac output and stroke volume occur
with careful titration. Infusions of vasopressor agents may be required to maintain
blood pressures while acquiring adequate depth of anaesthesia with a volatile agent.
Adequate depth of anaesthesia should be confirmed before any attempts at manipu-
lation of the airway.

IV induction can be used for more stable patients with no evidence of tampon-
ade. Surgical preparation and draping to facilitate emergency drainage is advisable
if IV induction is to be used. IV induction agents need to be carefully selected.
Ketamine and etomidate are recommended agents of choice as they will have the
least vasodilatory effects.

Ketamine is a phencyclidine derivative that induces a dissociative anaesthetic
state. The cardiovascular effects mimic those of sympathetic nervous system
stimulation. Systemic blood pressure, heart rate and cardiac output are all increased
after intravenous induction doses of 1-2 mg/kg which satisfy the haemodynamic
goals required in patients with tamponade pathophysiology. Although there isa
theoretical concern about increases in right ventricular afterload with ketamine, it

84



Anaesthesia for Patients with Pericardial Disease
DOI: http://dx.doi.org/10.5772/intechopen.82540

has been used safely in patients for both adjunctive sedation and general anaesthe-
sia. Critically ill patients may respond with unexpected decreases in blood pressure
and cardiac output, reflecting a depletion of catecholamine stores and the unmask-
ing of ketamine’s direct myocardial depressant effects. Caution must therefore be
exercised with these patients. In this instance, it may be more appropriate to use
local anaesthesia with supplemental sedation doses of ketamine instead.

Etomidate is a unique carboxylated imidazole-containing compound that exerts
its anaesthetic effect by binding to the GABA, receptor and enhancing GABA
binding. Myocardial depressant effects are minimal and contractility is preserved.
Nominal changes in heart rate, stroke volume and cardiac output are noted after
induction doses of 0.3 mg/kg. This superior cardiovascular stability profile makes
etomidate the recommended IV induction agent for patients with little or no
cardiovascular reserve.

Propofol is a substituted isopropyl phenol which causes rapid onset of anaesthesia
at induction doses of 1.5-2.5 mg/kg when administered intravenously. Its mechanism
of action is to modulate GABA receptors causing hyperpolarisation and inhibition of
the postsynaptic cell membrane. Propofol causes decreases in systemic vascular resis-
tance, negative inotropy and bradycardia. Vasodilation is mediated by the activation
of protein kinase C, increased concentrations of nitric oxide and calcium channel-
blocking effects at a cellular level. This effect is present on both sides of the vascular
system with arterial- and veno-dilation causing decreases in preload and afterload.
Propofol has a depressant effect on the heart rate by decreasing the baroreceptor
response to a drop in blood pressure [51]. These effects are exaggerated in patients
with tamponade, and the use of propofol at induction doses is not recommended.

Potent opioid agonists, such as fentanyl, are recommended for use in varying
doses for both sedation and anaesthesia in patients with cardiac tamponade coming
for drainage procedures. They exhibit superior cardiac stability when compared
with morphine and are useful adjuncts to provide analgesia and reduce the dose of
narcotics required.

Inotropic and vasopressor support should be anticipated, immediately available
and used as needed to maintain haemodynamic goals at induction of anaesthesia.
The positive inotropic effects of catecholamine-enhancing drugs may be limited in
patients with tamponade [32]. This may be because patients are already operating at
maximum sympathetic stimulation as a compensatory mechanism for the low car-
diac output state. The choice of inotropic agent will depend on the patient’s clinical
condition. Those agents with inodilator properties may improve coronary perfusion
initially, but no increase in other organ perfusion has been shown. Caution should
be exercised and drugs titrated in at low doses with continuous assessment of
haemodynamic response. Vasopressor agents are useful to maintain afterload but
should be avoided in patients with normal blood pressure as their use may cause
further decreases in cardiac output.

4.1.5 Airway management

Securing a definitive airway early and in the safest way possible is recom-
mended. Endotracheal intubation allows for adequate control of ventilation and
oxygenation. Mechanical ventilation may increase right ventricular afterload and
decrease forward flow through the right ventricular outflow tract. This will in turn
increase right ventricular end-diastolic pressures, worsen interventricular septal
shift, further compromise left ventricular filling and negatively impact cardiac
output. With an appropriate ventilatory strategy, however, the effect of mechanical
ventilation can be minimised. The lowest possible inspiratory pressures and PEEP to
maintain minute volume and oxygenation should be used [21].
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The choice of endotracheal tube will depend on the procedure. For example,
one-lung ventilation may be needed to facilitate surgery in thoracotomy and video-
assisted thoracoscopic surgery (VATS). The time taken to insert a double-lumen
tube and check its position may be detrimental in an unstable patient. Under these
circumstances, placing a single-lumen tube with a bronchial blocker may be more
appropriate.

If the patient is very unstable, the safest option may be to perform a sub-xiphoid
window initially under local anaesthetic to relieve the tamponade. General anaes-
thesia may then be more safely induced.

4.1.6 Maintenance of anaesthesia

General anaesthesia care including intraoperative acid-base management,
correction of electrolyte abnormalities, temperature and glucose control is required
as for all high-risk patients coming for a procedure. These patients may present in a
decompensated state which negates pre-operative optimisation of their condition.
In the case of any emergency surgery, ongoing resuscitation is required even after
the patient has been safely anaesthetised.

IV opioids, propofol, ketamine and volatile agents can all be used if they are
tolerated and the haemodynamics remain stable. Careful titration of agents rather
than specified doses should be employed. Muscle relaxants should only be used
once the patient can tolerate positive pressure ventilation. The choice of neuro-
muscular-blocking agent will depend on the onset and duration of action required.
The newer agents from both the aminosteroid and benzylisoquinoline groups of
intermediate-acting neuromuscular-blocking agents are appropriate as they do not
exhibit significant cardiovascular effects.

Continuous infusions of inotropes and pressors may be needed and must be
continued on a case-by-case basis.

Because of surgical handling of the heart, intraoperative arrhythmias are com-
mon and should be anticipated. A defibrillator and antiarrhythmic drugs should
be immediately available and standard Advanced Cardiac Life Support (ACLS)
algorithms employed to manage peri-operative arrhythmias.

Transfusion triggers and the need for intraoperative administration of blood and
clotting factors should be discussed and decided by the multidisciplinary team before
induction. Ongoing fluid and blood product resuscitation may be required. Adequate
haemoglobin levels to ensure optimal oxygen-carrying capacity is needed and should
be individualised per case. Peri-operative monitoring of the patient’s coagulation
status with thromboelastography (TEG) is advised in order to guide targeted admin-
istration of plasma products and pharmacological agents that may be required.

Because intrinsic myocardial function is generally preserved in pericardial
effusion and tamponade, once the tamponade is relieved, there is usually a dramatic
improvement in haemodynamics. At this point, vasopressor and inotropic infusions
should be reviewed and weaned if appropriate. The use of vasodilator therapy is
controversial and only indicated if there is associated systemic hypertension and
elevated systemic vascular resistance [32].

4.1.6.1 Post-operatively
Patients should be transferred to a high-dependency unit for continuation
of care. Ongoing monitoring is necessary to assess for recurrence of tampon-

ade, ongoing bleeding and continuation of cardiovascular and ventilatory
support.
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4.2 Pericardiectomy for constrictive pericarditis

Pericardiectomy is the only definitive treatment for established constriction, and
most studies suggest that resection should be as complete as technically feasible
[49, 54-57]. A retrospective review by Nozohoor et al. showed that radical pericardiec-
tomy was associated with improved functional status and 10-year survival rates of 94%
compared to 55% with subtotal pericardiectomy [55]. Bozbuga et al. also showed that
performing early radical resection in combination with appropriate chemotherapeutic
agents translated into the best outcomes in patients with tuberculous disease [56].

4.2.1 Types of pericardiectomy

Pericardial stripping is carried out via sternotomy or lateral thoracotomy with or
without cardiopulmonary bypass support [49]. Total resection is extremely difficult
to perform via a thoracotomy, and median sternotomy is the preferred approach to
provide definitive resection and optimise benefit [49, 55].

Partial pericardiectomy is defined as incomplete decortication of one or both
ventricles because of severe myo-pericardial adhesions.

Total pericardiectomy is when wide excision of the pericardium is performed. The
anatomical borders consist of the phrenic nerves posteriorly, the great vessels and
intra-pericardial portion of the superior vena cava/right atrial junction superiorly
and the diaphragm and inferior vena cava/right atrial junction inferiorly.

Radical vesection is the removal of the pericardium including the anterolateral
and diaphragmatic surfaces of the left and right ventricles with careful dissection
posterior to the phrenic nerves to leave the left and right phrenic pedicles intact.

Epicardial involvement may be missed at surgery leading to persistent constric-
tive physiology post-operatively. Reoperation to remove the diseased epicardium or
visceral pericardium may be required [49].

The need for cardiopulmonary bypass (CPB) should be individualised per case.
Studies suggest that mortality rates are higher in patients who required CPB, but data
may be skewed because its use is usually reserved for patients with a poor pre-operative
status. Other indications include any coexisting cardiac conditions that may require
intervention, previous cardiac surgery or partial pericardiectomy, a heavily calcified
pericardial “cocoon” encasing all four cardiac chambers, post mediastinal irradiation
and unintentional surgical damage to cardiac structures intraoperatively [49].

Persistent constrictive physiology and abnormal diastolic filling patterns may
be seen in a percentage of patients even after successful surgery. In conjunction
with symptomatic improvement, normalisation of pressure-volume loops and
echocardiographic findings post pericardiectomy are used as markers of successful
resection [49, 58].

4.2.2 Complications associated with pericardiectomy

Pericardiectomy is a very technically challenging operation with significant mor-
bidity and mortality performed in high-risk patients [49, 54-57, 59]. Intraoperative
complications may contribute significantly to poor outcomes. Sufficient pre-
operative preparation prior to induction of anaesthesia is paramount to ensuring
patient safety, and a multidisciplinary team approach should be used.

Massive haemorrhage should be anticipated with contingency plans in place
before the administration of any anaesthetic agents. Timeous activation of a mas-
sive transfusion protocol is necessary. Cardiopulmonary bypass support should be
immediately available with cannulation of femoral vessels under local anaesthesia
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in select patients with severe or decompensated disease. Appropriate IV access and
invasive monitoring should be established, and inotropic or vasopressor infusions
drawn up and running at the time of induction of anaesthesia. Damage to underly-
ing epicardium, myocardium and coronary vessels poses the most risk to patients
contributing to an overall mortality of about 7-18% [4]. Arrhythmias are common
and prompt management as per the latest ACLS guidelines.

Low cardiac output syndrome, defined as a cardiac index of <2.2 1/min/m, will
result in a subset of patients with chronic constrictive pericarditis [49, 60]. This is
a form of acute cardiac failure, and there are a number of suggested mechanisms.
The underlying myocardium may be affected by prolonged constriction caus-
ing myocardial disuse atrophy; residual constriction from partial or incomplete
removal of the epicardial layer results in persistent constriction; the disease
process itself may affect the myocardium; prolonged abnormal diastolic filling
leads to architectural changes with remodelling of the ventricles; worsening of
tricuspid regurgitation with progressive right ventricular dysfunction causes vol-
ume overload and right ventricular failure; and elongation of the papillary muscles
leads to significant mitral regurgitation and left ventricular failure post relief of
the constriction.

The incidence of low cardiac output syndrome post pericardiectomy is 28%
with an associated mortality rate of up to 70% [60, 61]. Patients demonstrating
prolonged symptomatic disease are at greatest risk [60]. This complication should
be anticipated peri-operatively and managed with the appropriate haemodynamic
and ventilatory support. Some studies suggest that levosimendan may be a pharma-
cological agent of choice [60].

4.2.3 Anaesthetic management

Intraoperative haemodynamic goals are to maintain heart rate, maintain
systemic vascular resistance, optimise venous return and support myocardial
contractility [12, 21, 22, 32, 49, 51-54, 60]. General anaesthesia care including
intraoperative acid-base management, correction of electrolyte abnormalities,
temperature and glucose control is required and will apply to these patients as
mentioned above for pericardial tamponade.

Because CP is a fixed output state, patients have an increased reliance on heart
rate and systemic vascular resistance to maintain systolic blood pressures and organ
perfusion. Optimisation of preload and venous return preinduction are important
to compensate for the decreased filling of the cardiac chambers. The consequences
of possible fluid overload must always be considered, and these patients require
dynamic assessment of fluid status as they too operate at the lower end of the
Frank-Starling curve. This places them at increased risk for volume overload and
low cardiac output syndrome, especially after relief of the constriction.

A balanced anaesthetic technique ensuring haemodynamic goals is necessary
to avoid sudden decompensation at induction of anaesthesia [54, 60]. Ketamine
is often recommended as the anaesthetic induction agent of choice because of its
sympathomimetic effects on the cardiovascular system. Midazolam, etomidate and
potent opioids such as fentanyl have also been safely used for induction of anaesthe-
sia. Securing a definitive airway is recommended, and the use of muscle relaxants
can be used early on, bearing in mind the possible deleterious effects of mechanical
ventilation. The institution of positive pressure ventilation may compromise right
heart chamber filling, and appropriate settings are needed to optimise ventilation,
oxygenation and haemodynamics.

It is highly recommended that inotropic and/or vasopressor infusions are drawn
up and running at the time of induction. These should be continued and titrated
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throughout surgery and continued into the post-operative period in anticipation for
a persistent low cardiac output state, especially in at-risk patients.

Anticipation for massive blood loss, both acute and ongoing, is of vital impor-
tance as mentioned above. Monitoring with heightened intraoperative vigilance,
regular blood gas and TEG analysis will guide transfusion of blood, clotting factors
and pharmacological agents that may be required.

Damage to cardiac structures may lead to massive sudden haemorrhage, myo-
cardial ischaemia or significant arrhythmias. Appropriate management must be
instituted immediately and may include the need for cardiopulmonary bypass if
conventional surgical and medical management fail.

The need for elective cardiopulmonary bypass support will depend on the
pre-operative condition of the patient, the aetiology of the CP and the underly-
ing myocardial function. The decision for the adjunctive use of bypass should be
discussed and decided upon during the multidisciplinary team discussion prior to
surgery. If deemed necessary, the femoral vessels should be prepped and cannulated
under local anaesthesia prior to induction of anaesthesia.

Post-operatively, patients should be transferred to a high-dependency unit for
continuation of care. Ongoing monitoring for persistent bleeding and low cardiac
output syndrome is necessary as well as ongoing haemodynamic and ventilatory
support.

4.2.4 Predictors of outcome following pericardiectomy

Early post-operative mortality rates are in the region of 18% [46, 49, 56, 57, 59].
Peri-operative mortality is highly dependent on the patient’s pre-operative NYHA
status [56].

Predictors of poor long-term outcome include the aetiology of the disease,
previous radiation, renal dysfunction, hyponatraemia, old age, low pre-operative
left ventricular ejection fraction, right ventricular dilatation, elevated pulmonary
pressures and the severity of tricuspid regurgitation [46, 49, 57, 59].

Because of the high peri-operative morbidity and mortality, patients with mild
or very advanced disease, renal failure or post-radiation constrictive pericarditis
should be evaluated very carefully pre-operatively as the risk of pericardiectomy
may outweigh the benefits.

5. Conclusion

Patients with pericardial disease can be challenging for the attending anaesthe-
siologist. An in-depth understanding of the pathophysiology of each disease state is
necessary to provide optimal care. Careful pre-operative evaluation of the clinical
history, examination and diagnostic investigations will allow adequate evaluation
of risk and alert the anaesthesiologist to the necessary steps to be taken to manage
these high-risk patients in the safest way possible.

An appreciation of how the chosen anaesthetic technique may influence
the patient’s haemodynamic state is necessary to avoid unwanted anaesthetic
complications. This includes a thorough understanding of the effect of pharma-
cological agents as well as how mechanical ventilation may influence haemody-
namics. The potential risk and complications of the surgical procedure should
be examined and discussed with the multidisciplinary team pre-
operatively in order to ensure adequate preparation for any potentially cata-
strophic events. These patients are best cared for by experienced peri-operative
teams who have this appreciation.
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Abstract

Diabetes mellitus (DM) is a metabolic syndrome that manifests a low grade
of systemic inflammation that contributes to the development of cardiovascular
diseases (CVDs). DM is a predominant risk factor for CVDs inducing structural
changes in the heart, infiltration of fibrosis, apoptosis, and cardiac remodeling,
all leading to myocardial infarction (MI), heart failure (HF), and sudden cardiac
death. Furthermore, more than 80% of diabetic patients usually die from heart
diseases or diabetic cardiomyopathy (DCM). Currently, HF is one of the main
causes of mortality in the world despite advances in drug treatments. According to
literature, a strong association exists between chronic inflammation and the devel-
opment of DCM. In order to have a better appreciation of the effect of diabetes and
inflammation on the cardiovascular system (CVS), it is of paramount importance to
have a better understanding of diabetes, the physiology of the CVS, and the patho-
physiology of DM. Thus, the present review highlights the role of chronic inflam-
mation in the complex interplay between the development of DM and DCM. Our
understanding of the process is critical in the discovery of new targeted therapies
for DCM and other forms of HF.

Keywords: heart, cardiomyopathy, hyperglycaemia, hypertension, inflammation

1. Introduction

Cardiovascular diseases (CVDs) remain the leading cause of death in the world
[1, 2]. By the year 2020, it is estimated that nearly 40% of all deaths worldwide
will be due to CVDs, more than twice the percentage of deaths from cancer [3].
In line with the 2017 Update: A Report From the American Heart Association,
CVDs account for one out of every three deaths or approximately 800,000 deaths
in the United States, and coronary heart disease (CHD) accounts for most deaths
due to CVDs, followed by stroke (1 of 20 deaths in the United States) and heart
failure (HF) [4]. CVDs are considered multifactorial conditions which affect the
essential components of the circulatory system of the human body including the
heart, blood vessels and blood [5]. CVDs can either be congenital or acquired
throughout people’s lifespan [6]. The rising incidence of such cardiovascular risk
factors as unhealthy life styles (especially eating and physical inactivity), obesity,
diabetes and hypertension can underlie an increase in CVDs especially coronary
artery disease (CAD). The burden of chronic diseases, including CVDs, obesity,
diabetes and cancers, is rapidly increasing worldwide. These non-communicable
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diseases have become a major health concern and burden to mankind, not just in
developed countries but also in developing countries [7]. Chronic inflammation
and oxidative stress are associated with the development of various CVDs including
hypertension, arrhythmias, CAD and HF. Globally, CVDs remain a leading cause of
death despite the development of new drugs and novel treatments [2]. Recent data
showed that the prevalence of macro-vascular complications including coronary
artery disease (CAD), peripheral artery disease (PAD) and stroke is two to four
times more common in people with diabetes than healthy subjects [8]. According

to the Framingham Study, the frequency of CAD is twice as common in diabetic
patients of both sexes [1]. Existing data highlight the complex nature of the cardio-
vascular system, and different signalling pathways may play various roles depend-
ing on the stages of the pathology. In order to have a better appreciation of the effect
of CVDs on the increased morbidity and mortality rate, it is helpful to have a brief
understanding of the physiology and pathophysiology of the cardiovascular system.

2. Cardiovascular system physiology and pathophysiology

The cardiovascular system (CVS) is composed of the blood, heart and blood
vessels. The heart is a relentless muscular organ, which never stops pumping blood
during life. It beats approximately 100,000 times per day, and each beat requires a
vast amount of energy. The weight of the human heart is around 250-300 g for adult
and a size similar to a closed fist. The heart rests on the diaphragm, near the midline
of the thoracic cavity, and is surrounded by a fibrous sac called the pericardium [9].
The heart is divided into left and right sides by a septal wall. Each side of the heart is
made up of two chambers, the atria and ventricles which are separated by atrioven-
tricular valves [9]. The left side of the heart delivers oxygen-rich blood to the body
passing through the aortic valve to the aorta (systemic circulation), while the right
side pumps blood to the lungs passing though the pulmonary valve and the pulmo-
nary artery for oxygen replenishment in the lungs (pulmonary circulation). The four
valves of the heart ensure unidirectional flow of blood through the heart. The valves
are opened and closed due to pressure differences between the heart chambers. The
right atrium receives deoxygenated blood from the body through the superior and
inferior vena cavae, while the left atrium receives oxygenated blood from the lungs
through pulmonary veins. Coronary arteries supply the myocardium with oxygen-
rich blood (the left anterior descending coronary artery, the left circumflex artery
and the right coronary artery). The apex of the heart is the pointed end, and the area
opposite the apex is called the base of the heart [10]. HF develops when the volume
of blood pumped from the heart is inadequate to meet the metabolic demands or
needs of the body [11]. The traditional hemodynamic hypothesis is that diseases,
which normally increase the hemodynamic burden of the heart, ultimately lead to
HF by inducing defects in the contractility of cardiac myocytes. The hypothesis of
depressed cardiac myocyte contractility in HF is in support of several other related
studies [12, 13], but not all [14]. Previous investigations suggested that cardiac
myocytes in the failing human heart undergo many alterations which resultin a
significant loss of contractile function. These alterations involved a reduction in
a-myosin heavy chain gene expression along with a rise in f-myosin heavy chain
gene expression, significant loss of myofilaments in myocytes and changes in
cytoskeletal proteins [15].

There is general agreement about the contractile properties of the myocar-
dium, which can be similar in both normal and in failing heart muscle under basal
conditions. However, the rate-related contractile reserve is absent or significantly
reduced in failing human myocardium [16]. Many studies reported that during the
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end-stage of HF, basal contractility is well preserved, but the ability to increase
contractility with heart rate or sympathetic stimulation is severely depressed [17].
Thus, the fundamental changes in muscle performance and regulation can be
explained by the poor pumping function, reduced exercise capacity and tachycar-
dia intolerance of the human failing heart [14]. HF can no longer be considered a
simple contractile disorder or a disease of the heart alone [18]. Clinical manifesta-
tions are, in fact, the result of changes to the cellular, sub-cellular and molecular
components of the heart and to mediators that drive homeostatic control mecha-
nisms. Cardiac remodelling (CR) is now generally accepted as a determinant of the
clinical course of HF. CR is defined as genome expression, resulting in molecular,
cellular and interstitial changes, and manifested clinically as changes in size, shape
and function of the heart. CR is determined by the general process of adaptation,
which allows for both the myocyte and the collagen network to adapt to new work-
ing conditions [19].

3. Inflammation

Inflammation is one of the body’s defence mechanisms, and there are commonly
two types of inflammation, namely, acute and chronic inflammation. Acute inflam-
mation starts rapidly and becomes more severe in a short time, and the symptoms
may last for a few days. On the other hand, chronic inflammation which is a long-
term inflammation in nature can last for prolonged periods of several months to
years. Generally, the extent and effects of chronic inflammation vary with the cause
of the injury and the ability of the body to repair and overcome the damage [4].
This review now describes the relevant data about inflammation induced by several
risk factors leading to the onset of CVDs. Basically, an inflammatory response
aims to reduce the agent that causes tissue injury and to induce appropriate wound
healing and to restore tissue homeostasis [20]. A cascade of inflammatory pathways
and mechanistic effects are supposedly well-orchestrated by the immune system
in order to eradicate the causative agent. Several immune cells can change their
number, morphology and nature depending on the stage and type of inflammation
[20], provided that the immune response succeeds in repairing the initial tissue
injury. However, in cases where the inflammation fails to resolve, the tissue injury,
due to the persistence of the triggering agent(s) or due to unsuccessful repair of the
initial tissue injury or dysfunction, a sustained underlying inflammatory process
can develop, leading to further tissue dysfunction and detrimental consequences
[21]. Several traditional and emerging risk factors are thought to influence the
cardiovascular system especially inflammation-related chronic diseases, by their
interrelation with underlying molecular and cellular manifestations. In turn,
these can result in chronic inflammatory responses leading to the loss of tissue
properties and subsequently dysfunction [22]. Apart from dyslipidaemia, other
well-established risk factors are involved in the process including hypertension,
diabetes and obesity. Inflammation that causes endothelial dysfunction seems to
be the key causative underlying mechanistic player, at the molecular and cellular
levels, for the onset and development of subsequent inflammation-related chronic
disorders such as atherosclerosis and subsequent CVDs and renal disorders [23, 24].
Hypertension, diabetes and obesity have harmful effects of oxidised low-density
lipoprotein cholesterol, initiating a chronic inflammatory reaction, the result of
which is a vulnerable plaque, prone to rupture and thrombosis. Epidemiological and
clinical studies have shown strong and consistent relationships between markers of
inflammation and risk of future cardiovascular events [3]. Inflammation is widely
considered to be an important contributing factor in atherogenesis and the risk
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of athero-thrombotic complications. Baseline measurements of some inflamma-
tory markers are well-known to be predictive risk factors for future CVD events
in prospective epidemiological studies. Inflammatory markers dominant in the
literature are acute phase response (APR)-associated, and they include fibrinogen
and C-reactive protein (CRP) [25].

The presence of subclinical inflammation is accompanied by an elevated
concentration of high-sensitivity CRP and increased concentrations of other
inflammatory markers. Epidemiological studies suggest strong association between
high-sensitivity CRP concentrations and CVD risks [37].

4, Risk factors for cardiovascular diseases

There are a number causal risk factors which are associated with CVDs and it is
of paramount importance to understand and recognise these risk factors in order to
predict and more so, to prevent CVDs. Risk factors may be causal or just a marker
of risk(s) in nature and they are often called “innocent bystanders” [26]. The WHO
has identified high blood pressure, tobacco use, physical inactivity, unhealthy diet,
overweight, obesity, diabetes, high blood glucose and high cholesterol, as the main
causal factors of the global burden of CVDs [27]. This review will now focus on
how hypertension and diabetes mellitus can lead to heart failure (HF) and diabetes-
induced cardiomyopathy (DCM).

5. Hypertension and ischaemic heart disease

Hypertension is a well-recognised risk factor for CVDs [28]. In fact, 14 weeks
of hypertension can increase left ventricular weight by 30% and wall thickness by
42%, while the number of myocytes and total length of capillaries remain constant.
Hypertrophy of myocytes is associated with reduced mitochondria to myofibril
ratio [29]. Thus, physiological and pathological cardiac hypertrophies are caused
by different stimuli and functionally distinguishable. A pathological stimulus
causing pressure overload like hypertension produces an increase in systolic wall
stress which results in in concentric hypertrophy (a heart with a very thick wall but
with relatively small cavities) [30]. In the pathological hypertrophied heart, the
function may decompensate, resulting in left ventricle dilation and HE. However, in
physiological hypertrophy, the function does not decompensate [30]. Accordingly,
regular exercise training (ET) can induce beneficial effects in the myocardium.
Cardiac action potential duration (CAPD) of the hypertrophied heart is prolonged
compared to control [31]. According to literature, mortality rates from coronary
artery and cerebrovascular diseases can increase progressively as blood pressure
increases [21]. CAD is caused by the accumulation of lipid and inflammatory cells
in the arterial walls to form atherosclerotic plaques. Unstable coronary plaques are
prone to erosion or rupture, obstructing coronary blood flow and causing an acute
myocardial infraction (MI). It is now known that various CVDs can alter the ultra-
structure of the heart. Myocardial ischaemia develops when the coronary blood
supply to the myocardium is reduced either in terms of absolute flow rate (low-flow
or no flow) or relative to increased tissue demand. The main feature of ischaemia
is that oxygen supply to the mitochondria is insufficient to support oxidative
phosphorylation [32]. After the onset of ischaemia, ultrastructural changes in the
myocardium occur rapidly. These changes can be considered as reversible altera-
tions if reperfusion of the tissue can be effected quickly. However, when ischaemia
lasts for more than 20-30 min without collateral flow, the result is a transition from
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a state of reversible ultrastructural alterations to a state of irreversible tissue injury
[33]. An early consequence of myocardial ischaemia is depression of myocardial
contractility. Also during ischaemia, arrhythmias may occur, ranging in severity
from isolated ventricular premature beats, through runs of ventricular tachycardia,
to ventricular fibrillation [34]. During ischaemia, there is a reduced availability of
oxygen and the metabolic substrates, leading to a deficit of high-energy phosphates.
In addition, the Ca** uptake mechanisms in the sarcoplasmic reticulum (SR) of
cardiac myocytes are impaired, leading to intracellular free Ca** accumulation or
elevated diastolic [Ca**]; [35].

6. Diabetes induced cardiomyopathy (DCM)

CVDs are closely associated with diabetes-induced hyperglycaemia, resulting
in the death in 80% of people with diabetes [1]. Diabetic cardiomyopathy (DCM)
is defined as a disorder of the heart muscle caused by diabetes. It results in patho-
logical cardiac remodelling without previous incidence of CAD, hypertension and
valvular disease. The exact cellular, subcellular and molecular mechanisms of DCM
are complex and remain unclear [2]. Thus, further studies are essential for better
understanding of the mechanism(s) of DCM and also in reversing the pathologi-
cal cardiac remodelling induced by diabetes [3]. The increased frequency of HF in
diabetic patients can persist despite correction for age, obesity, hypercholesterol-
emia and CAD. DCM is characterized by diastolic dysfunction, which can lead to
the development of systolic dysfunction [36]. Echocardiography for patients with
type 1 diabetes mellitus (T1DM) without known CAD shows diastolic dysfunction
with a reduction in early diastolic filling, increase in atrial filling, an extension of
iso-volumetric relation and increased numbers of supra-ventricular premature
beats. The most common abnormality observed in asymptomatic diabetics is left
ventricular (LV) diastolic dysfunction, likely resulting from greater LV myocardial
and vascular stiffness [37]. A deep understanding of its development is necessary
for the early diagnosis and subsequent treatment of diabetes-related cardiovascular
diseases.

There is a rapidly growing literature on DCM investigating the structural, func-
tional and metabolic changes that occur in the diabetic myocardium and how these
changes contribute to the development of DCM in humans [38, 39]. The structural
changes include left ventricular hypertrophy, interstitial fibrosis, increased cell
death and oxidative stress and myocardial lipotoxicity [40, 41]. The functional
changes include diastolic dysfunction, systolic dysfunction and impaired contractile
reserve. Metabolic changes include altered substrate utilisation and mitochondrial
dysfunction [42]. In type 2 diabetes mellitus (T2DM), left ventricular mass is an
independent marker of cardiovascular risks that often occur independently of
atrial blood pressure. Hence, diabetes is an independent risk factor leading to left
ventricular hypertrophy, myocardial stiffness and inflammation [43]. DCM is also
characterized by interstitial fibrosis, mostly composed of collagen and perivascular
fibrosis [44]. In biopsies from diabetic heart patients, the deposition of collagen
around the vessel and between myofibres is significantly raised. Furthermore,
lipofuscin (which is a brown pigment composed of lipid-containing residues),
cholesterol and myocardial triglyceride is also significantly increased in cardiac
tissue biopsies from the left ventricle [45].

During DCM, hyperglycaemia (HG) can lead to both acute reversible cellular
metabolism damage and irreversible changes in endogenous macromolecules in
the heart [46]. Elevated blood HG can affect many organs in the body including
the kidneys, the eyes, the nerves and the heart resulting in long-term damage and
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failure [47, 48]. The first target of HG-induced damage is the microvasculature.
As aresult, the small blood vessels will initiate a systematic complication [49,
50]. Increased oxidative stress (OS) is a key contributor to HG-induced diabetic
damages [51]. Increased OS is a possible biochemical mechanism linking the onset
of DM and its complications due to OS [52-54]. Furthermore, hypertrophy and
myocardial fibrosis are also associated with endothelial cell dysfunction (ECD),
inflammation and abnormal vascular remodelling seen in DCM [45]. The activa-
tion of endothelial cells (ECs) from a quiescent phenotype to vasoconstriction,
pro-inflammatory and pro-apoptotic state can also result in ECD [55]. The expo-
sure of the blood vessels to high fluctuating levels of elevated blood glucose (HG)
is a known factor for ECD [56].

An increase in myocardial stiffness is an early sign in the pathogenesis of
DCM. This increase in myocardial tissue stiffness is a result of increased collagen
production by fibroblasts along with the fibrotic replacement of apoptotic/necrotic
cells [57]. Collagen type I and type III fibres accumulate in the epicardial (EPI)
layer of the heart and perivascular domains, whereas type IV is mostly found in
the endocardial (ENDO) layer of the myocardium [58]. The increased stiffness in
diabetic hearts may be due to an increase in the stiffness of cardiac myocytes within
the myocardium. Although the changes in stiffness are not dramatic, they may be
enough to cause or to contribute to increased cardiac workload over time, leading
to DCM progression [59]. At the molecular level, DCM leads to prolongation and
enhanced temporal dispersion of the repolarization phase of cardiac action poten-
tial (CAP) in myocytes leading to alterations of the spatial heterogeneity of ion
channel expression and AP duration [60]. The major recognised factors of DCM are
insulin resistance (IR) and hyperinsulinemia [61]. A disruption of insulin-mediated
glucose metabolism occurs during IR and hyperinsulinemia which can significantly
alter the efficiency of metabolism in cardiac muscle as well as skeletal muscle. The
diabetic heart is affected by insulin in both systematic metabolism abnormalities
via direct effects on insulin signalling pathways in the myocardium [62]. The early
recognised change in insulin resistance in the heart is the impaired ability of insulin
to increase glucose transport [63]. Recently, it was found that IR is linked to cardiac
contractile dysfunction. In addition, a previous study, has developed a new IR rat
model in which the animals were fed on a high cholesterol fructose (HCF) diet
[63]. These results demonstrate that IR is directly linked to biochemical changes
in the heart, thereby contributing to the development of DCM. Despite the recent
advances in this field, our understanding of the initiation and progress of DCM is
still very limited.

7. Conclusion

CVDs are considered as the leading cause of deaths globally and they are mul-
tifactorial in nature affecting the heart, the blood vessels and the blood. The flow
diagram in Figure 1 reveals the processes and mechanism(s) whereby diabetes-
induced elevated hyperglycemia, hyperinsulinemia and hyperlipidemia can lead to
oxidative stress, inflammation, mitochondrial dysfunction and other mechanisms,
all resulting in cardiac dysfunction, including HF, DCM ,arrhythmias and sudden
cardiac death., Initially, these dysfunctions are induced at the cellular, sub-cellular
and molecular levels in the heart and they include changes in size, shape and
function of the myocardium, including cellular calcium homeostasis. If the heart is
left untreated, then it can develop, hypertrophy and disarray of the myofilaments
and subsequently apoptosis and infiltration of fibrosis leading to remodeling of the
myocardium. Moreover, chronic inflammation associated with cardiac dysfunction
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Figure 1.
Changes occurring in the heart during diabetic cardiomyopathy. DCM in turn can lead to structural and
Sfunctional changes at cellular and subcellular levels in the myocardium.

can also result in damage and subsequent failure to a number of organs in the body
including the heart and kidneys where the dynamics of blood flow is disturbed. In
relation to the myocardium, there is an increase in CAPD and subsequently elevated
diastolic [Ca®*]. The end-result is a delay in contraction and blood ejection from

the heart. This leads to slower relaxation and filling process in the heart. Over time,
the whole process will lead to a weak heart or DCM and subsequently, death of the
patient. The cellular and molecular mechanisms associated with chronic inflamma-
tion and the cardiovascular system are not fully known and the literature suggests
the need for further research into novel inflammatory markers of CVD risk.
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Abstract

Peripartum cardiomyopathy (PPCM) is a rare clinical entity during pregnancy.
PPCM is a diagnosis of exclusion. These patients do not have prior history of heart
disease, and there are no other known possible causes of heart failure. It is more
common in African countries, may be related to the consumption of kanwa, in
the postpartum period. The multiparity, African descent and pregnancy-induced
hypertension are a few risk factors for PPCM. The exact etiology of PPCM is not
known; possible theories range from myocarditis to the maladaptation to the
changes of pregnancy. The clinical manifestation varies from shortness of breath to
thromboembolic phenomenon. Echocardiography is essential for diagnosis as well
as differential diagnosis of PPCM. These patients preferably are managed in tertiary
healthcare facilities. Anticoagulation and antiarrhythmic medications are pillars
for the management of PPCM patients. If required, mechanical devices should be
used temporarily. PPCM patients may need heart transplant. The beneficial role of
bromocriptine and immunosuppression is not clear in PPCM patients. Subsequent
pregnancies should be avoided to prevent the PPCM occurrence.

Keywords: echocardiography, left ventricular ejection fraction, peripartum
cardiomyopathy, multiparity, heart failure, anticoagulation and antiarrhythmic
medications

1. Introduction

Peripartum cardiomyopathy (PPCM) is the heart muscle weakness that begins
during the late pregnancy and extending into 5 months in puerperium without
any other known etiology. PPCM is a dilated cardiomyopathy and involves systolic
dysfunction, decreased left ventricular ejection fraction (EF), and congestive
heart failure. There is an increased risk of atrial and ventricular arrhythmias and
thromboembolism. PPCM is a diagnosis of exclusion, patients have no prior history
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of heart disease, and there are no other known possible causes of heart failure (HF).
Echocardiogram is essentially used for both diagnosis and monitoring purposes

in the progress of PPCM. Although initially described in the 18th century, it was
recognized as distinct clinical in 1930, and Demakis et al. described and defined
PPCM [1]. PPCM was initially termed as pregnancy-associated cardiomyopathy,
toxic postpartum heart failure, Meadows’ syndrome, postpartum myocarditis, and
Zaria syndrome.

2. Definition

There are varieties of definitions for PPCM; the more simplified one is by the
working group on peripartum cardiomyopathy from the European Society of
Cardiology in 2010. It avoids under diagnosis by adopting a broader definition. It
contains the following characteristics:

1. The development of heart failure in last month of pregnancy or up to 5 months
in postpartum period

2. Absence of another known or identifiable cause for heart failure

3. Systolic dysfunction of left ventricle (LV) and LV ejection fraction of less than
0.45 with or without LV dilatation [2]

3. Epidemiology

PPCM constitutes less than 1% of all cardiovascular events related to pregnancy.
It is more common in Africa, 1:300 pregnancies. This may be due to the consump-
tion of kanwa, a tradition, for 40 postpartum days. Kanwa is a dry salt and causes
hypervolemia and hypertension. Ninety percent of PPCM occurs within 2 months
of delivery [3]. In a recently concluded study about the incidence of PPCM from
43 countries, affecting females from all ethnicity and all continents, the incidence
widely differs depending on geographic location. PPCM was common in Nigeria
(1100), Haiti (1300), South Africa (11,000), Canada (12,400), and Denmark
(110,149) and was lowest in Japan (1,20,000 live births). There are case reports
from other countries [4]. Hence the information is not complete as many countries
are not having a registry. The higher incidence in Nigeria may be related to above-
mentioned postpartum high salt intake or may be a genetic factor superimposing
the geographic and dietary variabilities [5].

4, Risk factors

The following are the risk factors for PCCM, even though the etiology of PPCM
is still not clear.

1. Age over 30 years, pregnancy with multiple fetuses [6].
2.Multiparty, African descent [7].

3.Maternal cocaine abuse [8].
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4. Long-term tocolytic therapy [9].

5.History of preeclampsia, eclampsia, or peripartum hypertension, the hyper-
tensive disorders of pregnancy are significant predispose for PPCM, and the
preeclampsia patient is four times more susceptible for developing PPCM [10].

5. Etiopathology

In the pathology of peripartum cardiomyopathy, the macroscopic view is a pale
myocardium, dilated heart often with intramural thrombus in the ventricles. There
will be endocardial thickening and pericardial effusion. The myocardial cellular
hypertrophy and myofibril degeneration with areas of fibrosis with interstitial
edema are the nonspecific findings. In a small group of patients, there are features
of myocarditis with the presence of inflammatory cell infiltration of myocardium,
focal necrosis, variable hypertrophy, and fibrosis of the myocardium [11].

Although PPCM is a separate clinical entity, the exact etiology of PPCM is still
not known. Following hypothesis had been proposed for the etiology.

5.1 Familial

The familial clustering of PPCM is well known; it could be due to genetic
or environmental factors. Ancestry with African genomics may be a risk factor
and explains the higher prevalence of PPCM in Haiti, Africa, and black women
in other countries. The guanine nucleotide-binding protein beta-3 (GNB3)
subunit has a polymorphism called C825T. This polymorphism is associated with
an increased risk of hypertension, low plasma renin, and cardiac remodeling.
GNB3 has a prevalence of 50% in black individuals compared with 10% in white
individuals [12].

5.2 Myocarditis

First time Melvin et al. proposed myocarditis as a cause for PPCM. Myocarditis
could be viral or autoimmune. With pregnancy there is increased in susceptibility
to both. In another study, endomyocardial biopsies in five patients showed features
of myocarditis. The reason for lesser positive biopsy report among the studies may
be related to small sample size and timing of biopsy with relation to the onset of
symptoms. The incidence of inflammation is greater in patients who are biopsied
soon after presentation [13, 14]. The proinflammatory-inflammatory cytokines may
play a role in the pathogenesis and progression of PPCM, as the cytokines that are
elevated in PPCM compared with controls include tumor necrosis factor (TNF)-
alpha and interleukin-6 [15].

5.3 Abnormal immune response

The entrance of fetal cells into the maternal circulation remains in the circula-
tion without rejection due to weak immunogenic paternal haplotype of chorionic
cell. If these cells lodge into the cardiac tissue, immune response may be triggered.
The raised titres of immunoglobulins and other autoantibodies in patients with
PPCM are suggestive of abnormal immune response, whereas other studies found
no significant difference in levels of immunoglobulins and other autoantibodies in
PPCM and control group of patients [12, 16].
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5.4 Maladaptation to stress of pregnancy

The hyperdynamic circulation during pregnancy causes remodeling and tran-
sient hypertrophy of the left ventricle. The exaggerated reduction in left ventricular
systolic function with stress of gestational hypertension may contribute to heart
failure in PPCM patients. In pregnancy 40-50% increase in blood volume and
cardiac output occurs which results in transient LV hypertrophy. The hemodynamic
stress of gestational hypertension, may contribute to the development of PPCM
and heart failure, with an angiogenic imbalance may better explain the association
between preeclampsia and PPCM [17].

5.5 Angiogenic imbalance and balance

Human and animal studies suggest that PPCM is caused by systemic angio-
genic imbalance. Animals that lack cardiac PGC-1a, a regulator of proangiogenic
factors such as VEGF, develop severe PPCM. These data may also explain why
preeclampsia and multiple gestations are risk factors for PPCM. During late
gestation, the human placenta secretes VEGF inhibitors such as soluble fms-like
tyrosine kinase 1 (sF1t1), which damages the vasculature, with higher levels seen
with multiple gestations or preeclampsia. Preeclampsia and multiple gestations
are risk factors for PPCM as in these patients subclinical cardiac dysfunction
correlates with sFIt1 levels [18].

5.6 Prolactin role

Alteration in prolactin processing is involved in the pathogenesis of peripartum
cardiomyopathy; animal with a knockout in the cardiac tissue-specific signal

Figure 1.
Summary of etiopathogenesis of PPCM (from [19]).
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transduction and activator of transcription 3 (STAT3) developed PPCM. Reduction
in STAT3 leads to increased cleavage of prolactin into an anti-angiogenic and
proapoptotic 16 kDa isoform by cathepsin D. The 16 kDa prolactin fragment

(16K PRL) causes endothelial damage leading to myocardial dysfunction; 16K PRL
induces microRNA-146a expression in endothelial cells, which leads to most of the
anti-angiogenic effects of 16K PRL. Females with PPCM have elevated levels of
microRNA-146a compared with healthy postpartum women or women with other
cardiomyopathies (Figure 1) [20].

6. Clinical presentations

PPCM is common in first postpartum montbh; it is also rare before 36 weeks of
gestation (Figure 2). The common presentations of PPCM are dyspnea, cough,
orthopnea, and paroxysmal nocturnal dyspnea, which may be confused with the
physiological changes of pregnancy. Initial diagnosis may be delayed since symptoms
such as nonspecific fatigue, shortness of breath, and pedal edema are similar to those
observed in normal pregnancy The patient may have arrhythmia and even cardiac
arrest rarely [4]; PPCM can present with thromboembolic manifestations; patients
with left ventricular ejection fraction (LVEF) < 35% are at risk for developing left
ventricular thrombus. PPCM is manifested after 38 weeks of pregnancy, whereas
pregnant patients with chronic heart disease develop sign and symptoms of heart
failure in the second trimester of pregnancy due to stress of hemodynamic overload.

- Relative levels Pri* and sFltl
— Relative increase in CO
B Incidence PPCM

<% 131 3336 3740 , 14 54 9§13 1316 >16
trimesters weeks gestation T weeks postpartum

delivery

Figure 2.
Pregnancy and occurvence of PPCM [19].

7. Signs and symptoms

Signs and symptoms are variable and similar to that in other forms of systolic HF
due to cardiomyopathy. Signs include an elevated jugular venous pressure, displaced
apical impulse, a third heart sound, and a murmur of mitral regurgitation. Signs
and symptoms of systemic or pulmonary thromboembolism may be present.
Various studies have reported varying rates of thromboembolism, and further
data are required to quantify the risk of this complication. Patients with PPCM left
ventricular thrombus were identified by echocardiography in 16 of 100 patients
with PPCM (with mean LVEF of 26%) in a case series [2, 21].
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8. Diagnosis

As mentioned initially diagnosis of PPCM based on three clinical criteria,
development of heart failure in last month of pregnancy or in the initial 5 months
following delivery with the absence of another identifiable cause of HF and left ven-
tricular (LV) systolic dysfunction with an left ventricular ejection fraction (LVEF)
of < 45%. The last criteria will exclude patients with accelerated hypertension,
diastolic dysfunction, systemic infection, pulmonary embolism, or preeclampsia
or amniotic fluid embolus. Chest X-ray, electrocardiogram (ECG), and echocardio-
gram should be performed in patients who are clinically suspected of having PPCM.

Studies showed brain natriuretic peptide (BNP) levels, cardiac magnetic reso-
nance (CMR) imaging, cardiac catheterization, and endomyocardial biopsy (EMB)
will be helpful in these patients. Bacterial cultures and viral titers are usually not
indicated, as these tests are nonspecific and without proven value in patients with
myocarditis. The novel markers, plasma concentrations of proangiogenic and anti-
angiogenic factors, placenta growth factor, and fms-like tyrosine kinase 1 receptor,
have been proposed to be used to distinguish patients with PPCM [22].

8.1 Electrocardiogram (ECG)

It is not specific in PPCM patients and may show sinus tachycardia rarely
arrhythmias and nonspecific ST segment and T wave changes. PR and QRS intervals
may be prolonged. An ECG is helpful in identifying conditions in the differential
diagnosis such as myocardial infarction and pulmonary embolism [1].

8.2 Brain natriuretic peptide (BNP)

Plasma BNP or pro-BNP (proBNP) measurement is helpful in the evaluation and
diagnosis of patients with heart failure. Patients with PPCM have increased BNP
and NT-proBNP levels, higher than seen in healthy women during pregnancy or
postpartum.

8.3 Chest X-rays

Commonly it will show enlargement of the cardiac silhouette with pulmonary
congestion and/or interstitial edema and pleural effusions. However, a chest radio-
graph is not necessary to make a diagnosis of HF or PPCM and exposes the patient
to ionizing radiation.

8.4 Echocardiography (echo)

Echocardiogram is essential in the diagnosis of PPCM,; it reveals a global reduc-
tion in LV systolic function with LVEF of < 45%. Left ventricle is commonly but not
always dilated. Assessment of right ventricular systolic pressures can be performed
(Figure 3). Echo may show presence of left atrial thrombus, dilated right ventricle,
abnormal ventricular wall motion, mitral and tricuspid regurgitation, and pericar-
dial effusion.

8.5 Cardiac magnetic resonance imaging (CMR)
If echocardiography is technically suboptimal, CMR can help. It helps in assess-

ing LV function and LV volumes. Experience with CMR in PPCM is limited and its
role is still being evaluated.
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Figure 3.
Four chamber view of PPCM A: Echocardiographic four chamber view of PPCM. B: Echocardiogrhic Mitral
regurgitation view of PPCM.

8.6 Cardiac catheterization

It may be helpful in critically ill patients, requiring a complete assessment or
ongoing evaluation of their hemodynamic state.

8.7 Left heart catheterization and coronary angiography

It is required in selected patients in whom it is necessary to evaluate coronary
artery disease as a potential cause for the cardiomyopathy. The coronary angiog-
raphy exposes the patient to ionizing radiation and it is commonly not required in
patients with suspected PPCM.

8.8 Endomyocardial biopsy (EMB)

EMB is recommended in clinical scenarios in which a biopsy is anticipated to
yield a diagnosis of a specific condition with treatment implications. These scenarios
include heart failure with hemodynamic compromise of less than 2 weeks duration or
heart failure of less than 3 months duration if associated with heart block, new ven-
tricular arrhythmias, or refractory heart failure. EMB is not recommended for the rou-
tine evaluation of heart failure, as there are no pathognomonic findings in PPCM. The
risk of a serious acute complication is less than 1% using flexible bioptomes.

9. Differential diagnosis
PPCM should be differentiated from other forms of cardiomyopathy (Figure 4),
heart failure, pulmonary thromboembolism, severe eclampsia, and pneumonia. From

history, in physical examination and investigations, one must exclude myocardial
infarction, idiopathic dilated cardiomyopathy, and valvular heart disease [9].
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Figure 4.
Four chamber echocardiographic view showing thrombus in PPCM.

10. Management

The therapeutic approach of PPCM is the same as for other types of HF with
left ventricular systolic dysfunction. Precautions should be taken to ensure the
safety of the mother and the unborn or breastfeeding child; these patients may need
antiarrhythmic drugs, anticoagulation therapy, mechanical support, and the use of
investigational medications (bromocriptine).

The cornerstone in the management of PPCM is to reduce preload and after load
and increase the cardiac contractility. Heart failure during pregnancy may be acute or
acute on chronic. The pregnant patient with known cardiac disease can present in sta-
ble condition during early stages of pregnancy. Careful physical examination should
be done. Their management is mainly adjustment of their medication and monitoring
for cardiac failure. The initial New York Heart Association functional class status
should be documented. Serial ECG and echocardiogram should be performed.

Patients presenting heart failure during pregnancy or the peripartum period
require a detail history and physical examination and the evaluation of severity
of decompensation. An ECG may reveal deteriorating left ventricular functions,
arrhythmia, LVH, or arterial abnormality. The therapeutic approach in these
patients includes optimizing hemodynamics, reducing after load, optimizing pre-
load, and cardiac contractility. These can be achieved by treatment of pulmonary
congestion, control of hyper-/hypotension, treatment of cardiac arrhythmia, and
prevention of thromboembolic events.

10.1 Antiarrhythmic therapy

Arrhythmias are common in patients hospitalized for PPCM. The occurrence of
arterial and ventricular arrhythmias is variable. In one of the studies, 18.7% PPCM
patients had an arrhythmia, and ventricular tachycardia was in 4.2% with cardiac
arrest in 2.2%. In smaller studies, the reported incidence of ventricular tachycar-
dia was 20 and 25%. The atrial fibrillation was reported to occur in 3.1-11.9% of
patients with PPCM [23].
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Ventricular arrhythmias should be treated aggressively in PPCM patients. Class
III antiarrythmic medications are the best option. Intravenous medications are
needed in PPCM patients admitted to the intensive care therapy unit. Therapy with
inotropes such as dobutamine, adrenaline, and milrinone should be directed by
invasive cardiac monitoring. While interpreting the invasive hemodynamic moni-
toring, one should take into account the normal changes that occur during preg-
nancy. Digoxin is safe to use in pregnancy. Diuretics can be used if salt restriction is
not sufficient. Beta-blocker improves left ventricular function in patients of PPCM,
but ACE inhibitors are the drugs of choice in postpartum PPCM [24].

10.2 Anticoagulation therapy

The anticoagulation in PPCM is a must as pregnancy itself is a hypercoagulable
state, in addition to PPCM, dilatation of heart, and turbulent flow of blood. For
pregnant patients requiring anticoagulation, decisions and choosing anticoagula-
tion therapy are challenging due to the risk of bleeding in all stages of pregnancy
and the potential teratogenic effects of warfarin in the first trimester, dosage of
various agents, and management during labor and delivery. PPCM patients receiv-
ing bromocriptine have an increased risk of thromboembolic events; hence, it is
suggested to start anticoagulation therapy in patients with PPCM treated with bro-
mocriptine. There is no clear data, but expert suggests anticoagulation for patients
with PPCM with acute cardiac thrombus or evidence of systemic embolism. Before
delivery unfraction or low-molecular-weight heparin is the choice, whereas in
postpartum period warfarin is used.

10.3 Mechanical and device support and cardiac transplantation

The decisions to use implantable cardioverter defibrillator (ICD) or cardiac
resynchronization therapy in PPCM patients should be taken after a detailed natu-
ral history and the potential of recovery of ventricular function. All these therapies
should be deferred at least for 3 months and possibly for 6 months of presentation
as 20-60% of PPCM patients have complete recovery of left ventricular ejection
functions to normal by 6 months to 5 years [25].

Mechanical circulatory support (MCS) is considered early for PPCM patients
who are hemodynamically unstable and unresponsive to medical therapy with
maximal inotropic support. A device can be implanted in the acute phase either
to work as a bridge-to-recovery and subsequent weaning when the ventricular
function improves, or it can be a bridge-to-bridge for implantation of a longer
durable device. The bridge-to-transplantation is rarely required as the initial
approach as a high proportion of PPCM patients will have recovery of ventricu-
lar function. Hence initially a temporary device should be used if required in
these patients.

Severely reduced LVEF alone should not be an indication for the use of aggres-
sive therapies (MCS and cardiac transplantation) in PPCM patients. If MCS is
indicated, various devices can be used including intra-aortic balloon counterpulsa-
tion (IABP), venoarterial extracorporeal membrane oxygenation (ECMO), and LV
assist device (LVAD). The choice of device will depend on the hemodynamic status
of the patient and local availability and expertise. Venoarterial ECMO has been
associated with an increase in prolactin levels, which may be detrimental in PPCM
patients [26].

Loyaga-Rendon et al. reported that the PPCM patients who received durable
mechanical circulatory support had better survival rate than that of females
without PPCM with a survival rate of 83% in PPCM. These may be related to PPCM
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patients who were younger and had fewer comorbidities. The rates of myocardial
function recovery were poor, 6% in the PPCM group and 2% in without PPCM [27].

According to the older literature, the transplantation was performed in up to
one-third of PPCM patients, whereas the contemporary reports demonstrate that
transplantation rates vary from 4 to 23% of patients [28]. Hence PPCM patients
with significant LV systolic dysfunction should be managed at a tertiary center with
transplant facilities.

In a large study, it is found that the long-term survival in transplanted PPCM
patients was worse compared with all others undergoing transplantation. PPCM
patient who received a cardiac transplant had higher mortality, higher incidence of
rejection, poorer graft survival, and higher retransplantation rates. Younger patient
age, higher allosensitization, higher pretransplant acuity, and increased rejection
rates are all important factors for poorer outcomes in these PPCM patients [28].

10.3.1 Wearable cardioverter-defibrillators

Further multicenter trial would be valuable to establish if these devices are
beneficial; in a single smaller study, it was found to be useful.

10.4 Medical investigational therapy

Following therapies are not recommended for PPCM patients as its efficacy and
safety have not been established.

10.4.1 Bromocriptine

The use of bromocriptine therapy in PPCM patients is controversial. The pre-
liminary data have shown a benefit of bromocriptine in PPCM patients, but further
studies are needed to establish safety and efficacy; it is suggested not to routinely
use bromocriptine in PPCM patients. Its use is based upon experimental animal
studies of prevention of PPCM by prolactin blockade with bromocriptine. Smaller
and observational reports showed the beneficial response to bromocriptine therapy
in patients with PPCM [29].

A multicenter study showed that the rate of full recovery (LVEF > 50%) was
not significantly higher in the 8-week group compared with the 1-week group. The
patients in this trial had better outcomes than observed in prior series, but a placebo
control group was not included in the study [30]. One should start anticoagula-
tion in PPCM patients treated with bromocriptine, as the risk of thromboembolic
complications.

10.4.2 Immunosuppressive therapy

The advantage of immunosuppressive therapy has been found to be useful in
PPCM patients with biopsy-proven myocarditis, but its efficacy is unclear, and
empiric immunosuppression in the absence of evidence of a responsive form of
myocarditis is not recommended [31]. These medications have significant side
effects.

10.4.3 Intravenous immunoglobulin
This therapy is tried in patients with myocarditis or newly onset dilated car-

diomyopathy with no clear evidence of clinical benefit, and the efficacy of this
approach has not been confirmed in any type of myocarditis.
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11. Delivery

In PPCM patient the risks and benefits of early delivery should be considered
and discussed. The 2010 European Society of Cardiology working group statement
advised that early delivery is not required if the maternal and fetal conditions are
stable. But the patient-related factors, gestational age, cervical status, fetal status,
and the potential cardiovascular impact of continuing pregnancy must be consid-
ered in timing delivery. The decisions regarding timing and mode of delivery should
be based on combined multidisciplinary meeting. In PPCM patients with advanced
heart failure, prompt delivery of fetus is indicated for maternal cardiovascular
indications and hemodynamic instability. The elective cesarean delivery is preferred
for PPCM patients with advanced heart failure requiring inotropic therapy or
mechanical circulatory support [12].

12. Breastfeeding

According to the expert group, breastfeeding is to be avoided because of the
potential effects of prolactin subfragments, but in a study where PPCM patients
chose to breastfeed, none had adverse maternal effects, and that rate of recovery of
left ventricular function was significantly higher in lactating women, and accord-
ingly given the benefits of breastfeeding, it is recommended that women who are
stable should continue breastfeeding as long as it is compatible with their heart
failure medications [32].

13. Complications

The most common complication is thromboembolism. A premature delivery rate
of 25% has been reported in cases with PPCM. PPCM cases had increased incidence
of cesarean section up to 40% [33].

14. Prognosis
14.1 Maternal morbidity and mortality

The overall reported mortality rate in PPCM is better than other cardiomy-
opathy (Figure 5) patients approximately 10% in 2 years and 11-29% in 3 years
[15]. Cardiac transplantation rates of less than 1-2% per year [15]. The mortality
in PPCM patient is commonly caused by progressive pump failure, sudden death,
or thromboembolic events. The following factors have been shown to increase the
mortality in PPCCM patients (Table1).

PPCM is associated with a significant morbidity including brain injury, cardio-
pulmonary arrest, fulminant pulmonary edema, thromboembolic complications,
an-d defibrillator or pacemaker implantation [36].

14.2 Neonatal and obstetric outcomes
Lower section cesarean delivery was performed in 40% of patients, largely for

obstetric indications. Preterm birth was noted in 25 and 5.9% of infants were small
for date [37].
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Figure 5.
Comparative mortality of cardiomyopathies [34].

Worse New York Heart Association functional class

Left ventricular ejection fraction (LVEF) < 25%

Black race

Multiparity

Age more than 35 years [35]

Table1.
Risk factors for increased mortality in PPCM.

14.3 Subsequent pregnancy

In patients who have recovered or not recovered from left ventricular failure due
to PPCM, there is a high risk of PPCM in subsequent pregnancy. Termination of
pregnancy may not prevent relapse.

15. Prevention

In patients who have recovered from left ventricular failure due to PPCM, there is
a high risk of PPCM in subsequent pregnancy, and so the best way to avoid PPCM is
avoid subsequent pregnancy. The literature suggests that the patient or her partner
undergo a sterilization procedure or the patient use a highly effective non-estrogen
method of contraception. Though the risk of recurrence appears to be less in PPCM
patient with recovered LV function and LVEF > 25%, still these patients should
receive counseling, including the option of avoidance of subsequent pregnancy due
to the risk of relapse of PPCM, heart failure, and death. There is not much evidence
on the safety of contraceptives in PPCM patients; it is advised that the estrogen-
progestin contraceptives should be avoided in PPCM patients with persistent LV
dysfunction because of their potential to increase the risk of thromboembolism [38].

16. Conclusion

PPCM is a rare but potentially life-threatening disease of pregnancy. PPCM is
common in postpartum period. PPCM patient has various risk factor including
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hypertensive disorders of pregnancy. PPCM patients may present with shortness of
breath, arrhythmias, pulmonary edema, and thromboembolic signs and symptoms.
Echocardiography will essentially diagnose the PPCM, and it also helps in differ-
ential diagnosis. The management of PPCM patients is the management of heart
failure with special consideration of fetus. Therapy may involve the use of mechani-
cal devices or even cardiac transplant, but the anticoagulation and antiarrhythmic
medication plays an important role in the management. The medical management
with bromocriptine, immunosuppression, and immunoglobulin is controversial.
Commonly the left ventricular function recovers, but in PCCM the maternal
mortality is around 10%, and there is increased incidence of cesarean section. In
subsequent pregnancy in patient with PCCM, heart failure may be more severe and
may cause death. Family counseling is essential in these patients.
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Chapter 9

Application of Medical Imaging
in Diagnosis and Assessment of
Myocarditis and Pericarditis

Yousif Mohamed Y. Abdallah and Nouf H. Abuhadi

Abstract

Medical imaging is of one of the most essential means in the investigation of
cardiac disorders. In patients, the detection of the whole heart and its adjacent
tissues is a crucial procedure since it helps in myocarditis and pericarditis manage-
ments. Weekly, there are millions of cardiac imaging performed globally. Medical
imaging and processing techniques such as image segmentation, augmentation,
and scrutiny can detect cardiac lesions rapidly and precisely. This chapter discusses
the application of medical imaging in the diagnosis of myocarditis and pericarditis.
This chapter also summarized how to demonstrate image interpretation challenges
using diverse image processing procedures and techniques.

Keywords: medical imaging, diagnosis, myocarditis, pericarditis

1. Introduction

The pericardium is a muscular sac that covers the heart and cases its major
blood vessels. It facilitates and greases the heart motions [1-3]. In embryonic stage,
the internal layer of the pericardium forms the myocardium prior fused with the
exterior layer of the fibrous layer [4-7]. Those layers are a few millimeters thick
and they are separated from each other. The pericardium gets the blood from inner
mammary arteries and its inversion from the phrenic nerve [8, 9]. The pericardium
separates from the sternum, vertebral bodies, and diaphragm through many liga-
ments (Figure 1) [10].

The symptoms of myocarditis are common especially in middle-aged patients
[11]. Those diseases can cause discomfort, chest pain, tiredness, breathlessness, and
repeated visits to clinics. The coronary vessel disease is one of the causes of myocar-
ditis and pericarditis [12-14]. The virus infection is the main cause of myocarditis.
This infection is usually associated with serve viral infection. This infection may
cause the injury to the myocardium tissues, and it is associated with the accumula-
tion of fluid and local death of tissue, contingent on its nature and extent [15-18].
Fungal infections are infrequent and include aspergillosis, blastomycosis, and can-
didasis. The tissue can be recovered within days. In acute cases, complete functional
tissues work within weeks [19]. Cardiomyopathy may cause the consequences of the
chronic inflammatory process (Figure 2) [20, 21].

The causes of occurrence of acute myocarditis are idiopathic. Pericarditis is an
inflammatory process that affects the pericardium tissues. The signs of pericarditis
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Endocardium

Figure 1.
Shows the pericardium layers.

Normal heart Dilated heart

Figure 2.
Shows dilated heart.

are rub, abnormal ECG findings and possible pericardial effusion, chest discom-
fort, and breathing difficulties. The pericardial rub is best heard at the end of the
expiration phase with patient sloping frontward [22-24]. About 30% of patients
with myocarditis might be accompanied with pericarditis. Pericarditis is difficult
to detect. Some postmortem studies suggest that pericarditis is a subclinical type.
Pericarditis accounts for 5% of patients who are attending to emergency rooms
due to myocardial infraction and chest discomfort [25-29]. On laboratory results,
pericarditis can be detected in a troponin I test. Nevertheless, the elevation of
troponin (I) is not used as the adverse prognosis of the disease [30, 31]. Serology
may approve the cause as infectious or autoimmune pericarditis. Acute pericarditis
onsets with mild signs and symptoms and its treatment lasts for 6 weeks. The
infection symptoms might reoccur within 4-6 weeks [32, 33]. The prevalence of
pericarditis may include idiopathic, tuberculosis, viral (HIV infection) or systemic
infection, cancer (breast, leukemia, lymphoma, and lung), radiation therapy
(about 4% of mediastinal Hodgkin’s disease), cardiac surgery (20% of the cases
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of bypass graft surgery), and percutaneous heart examinations [34-36]. The
bacterium spreads to the pericardium by blood or direct extension of the adjacent
organs. Incidence of myocarditis has been stated after smallpox immunization. The
neoplastic pericardium is a secondary cause of the pericarditis [37]. Patients with
acute pericarditis have progressive disease and discomfort. This discomfort gets
worse when the patient is lying supine. The pain in the area refers to the trapezius
muscles and phrenic nerve. Fever might accompany the viral pericarditis [38-40].
Electrocardiogram (ECG) is the most frequent tool for acute pericarditis study. It
shows a saddle shape that reflects subepicardium infection. In ECG graph, acute
pericarditis shows no Q-wave and loss of R-wave. Imaging of the cardiac tissue has a
limited role especially in uncomplicated acute pericarditis. Chest radiographs show
the cardiomegaly and pericardial effusion (250 mL). Ultrasound imaging (M-mode
and Doppler) is used to differentiate constrictive and restrictive cardiomyopathy.
In the pediatric, a transesophageal probe is used to detect diastolic dysfunction.
Cytological examinations of pericarditis include glucose, protein, cell count,
bacteria and virus culture, and gram and Ziehl-Neelsen stain test. Myolemma and
sarcolemma can detect immune-mediated pericarditis. In neoplastic conditions,
the high level of the carcinoembryonic antigen is detected. Pericardial biopsy is
performed in the granulomatous or malignant suspicion [41-43].

2. Clinical presentation of myocarditis and pericarditis

The medical signs of acute pericarditis and myocarditis include malaise, rash,
tiredness, arthralgias, and respiratory and digestive syndromes. The acute infec-
tion continues for few weeks. Patients might attend the clinic with chest discom-
fort, breathlessness, tiredness, and syncope. Cardiac beat disorders are common
and include both atrial and ventricular with the possibility of atrioventricular
blockage. The European study of the inflammatory disease showed that 72% had
dyspnea and 32% chest discomfort. The medical signs in pediatric patients differ
according to their age. Kids may have anxiety, tiredness, raised temperature, loss
of appetite, increased breath rate, increased heartbeats, and blue skin due to lack
of oxygen. Symptoms in toddlers might comprise of chest and abdominal discom-
fort, muscle pain, tiredness, cough, and fluid accumulation in tissues. The degree
of symptoms is reliant on the age of the kid. Toddlers often have and might require
progressive cardiovascular and respiratory care in the initial phases of their disease
than adults [44].

3. Medical imaging in diagnosis and assessment of myocarditis and
pericarditis

3.1Electrocardiography

Echocardiography is beneficial for assessing cardiac tissue dimensions, wall
width, systolic and diastolic, and intracavitary thrombi. This technique can assess
cardiac failure. Myocarditis has no special radiographic features in this technique.
Nevertheless, myocarditis is characterized by widened, enlarged, and ischemic car-
diomyopathies. This technique is commonly used as a diagnostic tool. The accuracy
of electrocardiography for pericarditis and myocarditis is about 47% because ECG
findings are basic T-wave deviations (Figure 3) [45].

The classical ECG examination is comprised of four stages of changes and it is
described in about 50% of cases.
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Figure 3.
Shows the ECG scan of myocarditis and pericarditis.

Those stages are:

Stage 1: (hours to a few days): the ST elevation and depression of the PR
segment.

Stage 2: (first week): control of the ST and PR segments.

Stage 3: T-wave inversions.

Stage 4: standardization of ECG [46, 47].

3.2 Chest X-ray

Chest radiograph is a radiographic procedure that uses low-energy ionizing radiation
(X-rays) to visualize the chest organs. This procedure is very crucial in the assessment of
lung and heart signs and symptoms such as cough, chest infection, injury, and discom-
fort [48]. This procedure is used to evaluate and screen heart inflammatory diseases
such as myocarditis and pericarditis. This procedure is noninvasive and does not require
special patient preparation. Chest radiography is a standard procedure for myocarditis
and pericarditis patients. A distended cardiac shadow might be identified with accumu-
lated fluids. Chest X-ray shows cardiac enlargement as a result of chamber dilatation,
pericardial effusion, interstitial infiltrates, and pleural effusions (Figure 4) [49-51].

Figure 4.
Shows chest radiograph of myocarditis patient.
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Figures.
Shows computed tomography of the pericardium.

3.3 Computed tomography (CT)

Computed tomography provides clear images of pericardium space and infection
complications. Nuclear cardiology can delimit the pericarditis. Pericardiocentesis
is indicated for pericardial effusion, pus-filled pericarditis, and suspected tumor
(Figure 5) [52].

3.4 Nuclear medicine

FDG PET-CT can be used for visualization of myocarditis and pericarditis. This
technique helps to differentiate between the acute and chronic cardiomyopathy
diseases. Recently PET/MRI is used for detecting myocarditis and pericarditis [53].
The evaluation of myocarditis using nuclear scanning had started in the early 1970s.
This scanning technique had started by using gallium-67 to visualize the internal

Figure 6.
Shows the nuclear medicine image of myocarditis.
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muscles of the heart. In the early 1980s, the utilization of SPECT enhanced the

results of detection of the myocardial tissues. So the detection of the myocarditis and
pericarditis became easier than using planar scanner. The radioiodine-labeled (I-111)
was introduced in the 1970s. This radioactive test was used to detect monoclonal
antimyosin antibodies because of its ability to detect the necrotic area (Figure 6) [54].

4. Using cardiovascular magnetic resonance (CMR) in the assessment of
myocarditis and pericarditis

Recently, CMR has become a crucial tool for acute myocardial tissue damage.
In Europe, CMR represents the differential diagnosis of 1/3 of the cardiac cases
[55]. CMR is used to detect the features of myocarditis edema and is related with
pericardial fluids, which might be visualized together in images. CMR enables the
evaluation of myocardial fluid accumulation and infection process. The CMR gives
high accuracy and recognition of the acute inflammatory process, regardless of
image quality differences due to the scanner and applied procedure [56, 57]. CMR
might detect the accumulation of fluids which represents [58]. The body coil might
help in the reduction of acquiesced signal noise, signal scattering, flow suppres-
sion, suitable slice width, and sufficient scanning time. Sixteen short-axis views are
suggested to decrease the artifacts associated with the sluggish transplanar blood
stream. In females, the mild edema is scanned using the signal that normalizes to
skeletal muscle in similar slice. The gadolinium (Gd) might increase the recognition
of the myocarditis edema especially after using contrast media-sensitive sequence
and T1-weighted image. The comparison between the signals, prior and through-
out the contrast-enhanced scanning, might show the large volume of edema.
Consequently, using the adjacent muscle as reference helps in detecting of the
edema area [61-63]. Recently, many studies showed that using Lake Louise criteria
does not affect the diagnosis, but they increase the possibilities of the false-positive
probability rate (Figure 7) [59].

Other studies showed that an amplified Gd enhancement ratio of more than
4.0 is related to patient complications and disease prognosis [60]. T2-weighted
images might be used to detect myocardial edema, which indicates the presence of
myocarditis. This technique had shown high precision and accuracy. The patients’

Figure 7.
Shows cardiovascular magnetic resonance of the pericardium.
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movements and image artifacts affect the quality of the images. The new scanning
protocol overcomes those problems by using the short acquisition time [61-63].

5. Conclusion

Myocardium inflammation is considered as a serious condition that affects both
pediatric and adult patients with fetal consequences disease. The chronic myocar-
dial inflammation might eventually lead to cardiac failure. Recently, the evolution
in tools of diagnosis, screening, and treatment might decrease the morbidity rate of
myocarditis and pericarditis.

About 10% of myocarditis has been discovered in autopsy. Many studies had
shown that the best modality to diagnose the myocarditis is a biopsy. Many imaging
techniques might be used to diagnose myocarditis and pericarditis; nevertheless,
the CMR is the most crucial and precise analytical modality. CMR might help in
differentiating between the myocardial infraction, inflammation, and injuries
and the degree of severity. The fluoroscopic endomyocardial procedures have low
complications compared with other invasive tools. The advance CMR protocols are
used to improve the diagnosis and reduce the morbidity.
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Abstract

In this chapter we will discuss more about the role of homocysteine in ath-
erosclerosis and also association between serum homocysteine with extracranial
carotid atherosclerosis. Carotid atherosclerosis comprises an increase in carotid
intima-media (CIMT) thickening, plaque formation and carotid stenosis.
Atherogenic property of homocysteine was discovered in 1969. Atherosclerosis is
initiated by endothelial dysfunction. One of the causes of endothelial abnormality
is homocysteine. The development of aggregates of homocysteinylated lipoproteins
with microorganisms obstructs the vasa vasorum in vulnerable plaques. In one
study, serum homocysteine in the highest quartile was independently associated
with extracranial carotid artery stenosis >50%. In another study, raised serum
homocysteine was also independently associated with severe extracranial carotid
stenosis in both genders. In other studies, serum homocysteine was significantly
associated with carotid artery stenosis in internal carotid arteries and external
carotid arteries as well as the degree of stenosis. The hypertensive patients who had
raised serum homocysteine were reported to have higher risk of developing asymp-
tomatic extracranial carotid artery stenosis.

Keywords: homocysteine, carotid, extracranial, atherosclerosis, stenosis

1. History

Premature atherosclerosis was first reported by McCully in 1969 [1]. He
described it on two infant patients with raised homocysteine with similar arterial
changes [1]. These two patients had large- and medium-sized arterial narrowing
[1]. The histology was focal fibrosis of intima and media layers, focal proliferation
of perivascular connective tissue of small arteries, as well as prominent internal
elastic membranes in medium- and small-sized arteries [1].

Since then, numerous studies on homocysteine have been conducted. The level
of homocysteine-cysteine mixed disulphide after a methionine load was shown to
be slightly higher in the patients with coronary artery disease (CAD) in 1976 [2]. In
addition, the fasting level of serum homocysteine was 31% higher in the patients
with all vascular diseases than in controls [3]. Raised serum homocysteine was
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found to be an independent risk factor for vascular diseases with odds ratios (OR)
of 1.5 to 1.8 for every increase of 5 pmol/L in serum homocysteine [4]. In a meta-
analysis, raised serum homocysteine was an independent predictor of ischaemic
stroke and CAD in the healthy population [5].

2. Introduction: molecular aspects of homocysteine

Homocysteine is a sulphur-containing amino acid which is derived from methio-
nine [6]. Methionine is activated by ATP to S-adenosylmethionine (SAM) [6]. In
turn, S-adenosylhomocysteine (SAH) is produced from SAM by transmethylation
process [6]. Subsequently, SAH is then hydrolysed into homocysteine [6].

Cystathionine p-synthase (CBS) has the role of catalysing the condensation of
homocysteine together with serine into cystathionine by process of transsulfura-
tion [6]. The conversion of cystathionine into cysteine depends on pyridoxal
5’-phosphate [6].

3. Introduction to extracranial carotid atherosclerosis

Cardiovascular diseases due to atherosclerosis include ischaemic stroke, tran-
sient ischaemic attack (TIA), CAD and peripheral vascular disease [7]. One of the
causes of ischaemic stroke is the atherosclerosis involving the extracranial carotid
arteries [8, 9]. Ischaemic stroke occurs secondary to ischemia caused by flow-
limiting carotid artery stenosis or by embolism due to plaque rupture [8]. 20-30%
of ischaemic strokes in the Western countries are caused by stenosis or occlusion of
the extracranial carotid arteries [7].

Atherosclerosis is initiated by endothelial dysfunction [10, 11]. This endothelial
abnormality is mainly caused by free radicals, homocysteine, lipoproteins, free
radicals and infectious agents [10, 11]. In addition, atherosclerosis develops by acti-
vation and proliferation of smooth muscle cells [10, 11]. This leads to thickening of
the arterial wall [10, 11]. Moreover, there is infiltration of macrophages which result
in fatty streak and plasma-derived extracellular lipid accumulation in the thickened
intima layer [10-12].

Beginning in the mid-1980s, subclinical atherosclerosis was assessed by mea-
surement of carotid intima-media thickness with ultrasound carotid Doppler [13].
Later, other parameters such as carotid plaques were used to evaluate for atheroscle-
rosis [14]. These parameters of subclinical atherosclerosis are useful in assessment
of cardiovascular diseases, such as CAD and ischaemic stroke [15-18].

The frequency of ipsilateral strokes was higher in the patients with progressive
asymptomatic carotid stenosis than those without asymptomatic carotid stenosis
[19]. A rate of 5.3% of developing ipsilateral strokes was observed in the patients
with moderate asymptomatic carotid stenosis [19].

The presence of extracranial carotid artery stenosis was found to be nega-
tively associated with ideal baseline cardiovascular health in several studies
[20, 21]. An assessment of carotid intima-media thickness (CIMT) is a good
indicator of coronary atherosclerosis [22, 23]. In addition, CIMT is an inde-
pendent predictor of cardiovascular mortality [22, 23]. Moreover, reduced
frequency of subclinical atherosclerosis is associated with ideal cardiovascular
health profile [24]. Several large population studies showed that there was an
association between increased CIMT with future cardiovascular events [25].

In the Multi-Ethnic Study of Atherosclerosis (MESA), Zhang et al. reported
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that measurement of CIMT with magnetic resonance imaging (MRI) was more
consistently associated with incident cardiovascular diseases (especially stroke)
than ultrasound carotid [26].

The presence of carotid plaque helps in the identification of the patients with
coronary atherosclerosis [14]. The baseline plaque area is believed to be more than
3.4 times more powerful than the Framingham risk Equation [27]. The patients with
plaque scores in the highest quartile had 3.4 times higher risk of stroke, myocardial
infarction and overall mortality in the last 5 years than those in the lowest quartile
[27]. Measurement of plaque area is a sensitive parameter to assess atheroscle-
rosis [28]. In a recent study by Kaspar et al., ultrasound-based carotid plaque
analysis techniques are more promising for future research studies on generalised
atherosclerosis [25].

4. Pathophysiology

Raised serum homocysteine results in endothelial dysfunction as manifested by
changes in endothelial cell structure and function [29, 30]. The hypothesised mech-
anisms were pro-inflammatory effects (expression of tumour necrosis factor-o and
inducible nitric oxide (NO) synthase), oxidative stress and impaired endothelium-
mediated platelet inhibition [31-33]. In addition, raised serum homocysteine leads
to a decrease in nitric oxide bioavailability and inflammation [30].

The autoxidation of homocysteine produces oxidative stress [32]. Raised serum
homocysteine-related pathologies such as atherosclerosis and thrombosis are
believed to be due to oxidative stress [34-37]. Hydroxyl free radicals due to raised
serum homocysteine level remove electrons from other molecules including DNA,
proteins, lipids and carbohydrates in all the cellular components [34-37]. In addi-
tion, the hydroxyl free radicals stimulate lipid oxidation and accumulate intracel-
lular cholesterol [33]. Raised serum homocysteine level increases the adhesion
between the endothelial cells and neutrophils, resulting in release of extracellular
hydrogen peroxide which damages the endothelial cell [38].

Homocysteine is important in vascular function and atherosclerosis [39]. Ozone
activates thioretinaco to produce thioretinaco ozonide which is the active site for
oxidative phosphorylation [40]. In addition, ozone has been discovered to be pres-
ent in human atherosclerotic plaques, thus emphasising the important role of ozone
and cholesterol ozonolysis in atherosclerosis [41]. Aggregates of microorganisms,
homocysteinylated and oxidised low-density lipoproteins (LDL) and lipoprotein
autoantibodies in regions of high pressure lead to obstruction of the vasa vasorum
[39, 42, 43]. This in turn results in ischaemia and rupture into arterial intima to
form the vulnerable plaque [39, 42, 43].

Endothelial cell hyperplasia and fibrin deposition in the walls of arterioles may
worsen the degree of obstruction of the vasa vasorum by lipoprotein aggregates [1].
Homocysteine activates the proliferation of endothelial cells by inhibiting the nitric
oxide production by platelets and endothelial cells [37, 44]. Subsequently, produc-
tion of glutathione peroxidase is suppressed, and this results in a rise of amount of
arachidonic acid from platelets to produce more reactive oxygen species [37].

Homocysteine initiates the coagulation process by tissue factor pathway [45].
Homocysteine activates platelet production of the thromboxane A2, a vasoconstric-
tor and pro-aggregant [46]. Moreover, homocysteine causes thrombosis by inhibit-
ing tissue plasminogen activator binding domain of annexin II [47]. Homocysteine
suppresses the activation of protein C and thrombomodulin surface expression [48]
as well as increases the adhesion of platelets [49].
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5. Factors affecting serum homocysteine level

Genetic polymorphisms of the metabolic genes, such as methylenetetrahydrofo-
late reductase (MTHFR), cystathionine-beta-synthase (CBS), DNA methyltransfer-
ase (DNMT) and nicotinamide N-methyl-transferase (NNMT), results in increased
level of homocysteine [50, 51]. This leads to an increased risk of ischaemic stroke
[50, 51]. CBS deficiency is the most common cause of homocysteinemia due to
genetic cause [52]. In the mutation in the gene coding for the enzyme MTHFR,
cytosine is replaced by thymidine (C — T) at the base position 677 of the gene [53].
The carriers have nearly 70% reduction in the enzymatic activity [53]. Therefore,
the carriers have 20% increase of serum homocysteine concentrations [54].
Deficiencies in CBS and MTHFR result in very high serum homocysteine levels [55].

Nutritional and metabolic abnormalities can also result in elevated serum
homocysteine [42]. Metabolism of homocysteine involves remethylation to methio-
nine requiring folate and vitamin B12-derived methylcobalamin [56]. Furthermore,
in the process of transsulfuration to cystathionine, vitamin B6-derived pyridoxal
5'-phosphate is needed [56]. Nutritional deficiencies in the vitamin B cofactors
inhibit the metabolism of homocysteine metabolism, and this causes an elevated
level of serum homocysteine [56].

Serum homocysteine level was significantly higher in the patients with people
with impaired renal function [57]. In various studies, gender was significantly
correlated with serum homocysteine [53, 58]. However, in some other studies, there
was no variation in gender [59].

Parkinsonism and antiepileptic medications have been reported to lead to raised
serum homocysteine [60-63]. Paradoxically, lipid-lowering medications have also
been reported to cause raised serum homocysteine [60, 63]. The patients with
diabetes mellitus (DM) have higher homocysteine than nondiabetics irrespective of
gender and ethnic group [64, 65]. Malignancy also leads to higher concentration of
homocysteine [66].

6. Factors affecting extracranial carotid atherosclerosis

Atherosclerosis involves inflammation, intimal injury, proliferation of smooth
muscle cells and lipid metabolism [67, 68]. In the Framingham study, fasting
cholesterol level, systolic blood pressure (SBP), age and status of smoking were
significantly associated with the degree of extracranial carotid stenosis in both gen-
ders [69]. In the study by Zhu et al., age was correlated positively with CIMT [70].
Hyperlipidaemia, hypertension, DM and smoking were thought to be associated
with endothelial dysfunction [71]. In another study, there was positive correlation
between incidence of smoking and hypertension with the severity of presentation
of extracranial carotid artery stenosis [72].

In a recent study, CIMT and carotid plaques were associated with hypertension,

DM and hyperlipidaemia [73]. Male gender has an increased risk of ischaemic stroke

in comparison to female gender for all degrees of carotid stenosis [74, 75]. After the age
of 85, female gender had a higher risk of stroke [76]. Carotid plaques present in female
gender contain reduced level of pro-inflammatory cytokine and more smooth muscle
cell content [77]. Female gonadal hormones provide protective effect by causing favour-
able lipid profile change and by increasing neuronal viability and cerebral blood flow
[78, 79]. Oestrogen protects premenopausal women against atherosclerosis [78, 79].

Various ethnic groups have different associations with vascular risk factors [80].
Therefore, these ethnic groups have varying prothrombotic factors and degrees of
plaque rupture [80]. Particularly, South Asians have increased serum homocysteine
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levels in comparison to Chinese and European patients [80]. Kim et al. reported that
serum homocysteine is a predictor of asymptomatic carotid stenosis in the patients
undergoing coronary artery bypass surgery (CABG) [81].

7. Homocysteine and extracranial carotid artery stenosis

Kim et al. reported that serum homocysteine in the highest quartile was inde-
pendently associated with extracranial carotid artery stenosis >50% [81]. In another
study, raised serum homocysteine was also independently associated with severe
extracranial carotid stenosis in both genders [82]. In other studies, serum homo-
cysteine was significantly associated with carotid artery stenosis in internal carotid
arteries and external carotid arteries as well as the degree of stenosis [83, 84]. The
hypertensive patients who had raised serum homocysteine were reported to have
higher risk of developing asymptomatic extracranial carotid artery stenosis [85].
However, other studies showed conflicting results [86-87].

In a community-based study, serum homocysteine >19.3 pmol/L was associated
with asymptomatic carotid artery stenosis in the non-smoker participants aged
>40 without transient ischemic attack and coronary artery disease [21]. In addi-
tion, raised serum homocysteine was associated with asymptomatic carotid artery
stenosis in the diabetic patients [21]. Wang et al. reported that serum homocysteine
level of >15 pmol/L was a predictor of extracranial carotid stenosis [20] and serum
homocysteine level > 14.4 pmol/L was associated with increased extracranial carotid
stenosis >25% in the elderly people [88], whereas Samson et al. reported that serum
homocysteine >10 pmol/L was associated with carotid artery stenosis [89].

Every 1 pmol/L increase of total homocysteine level was associated with 1.12
times the risk for developing internal carotid artery (ICA) occlusion after adjust-
ment for stroke subtypes and risk factors [90]. In the study conducted by Wang
etal., every 1 pmol/L increase of total homocysteine level was associated with 1.096
times the risk of developing extracranial carotid stenosis [20]. In addition, Mueller
et al. identified serum homocysteine as independent predictor of ICA stenosis
>50%, with OR 1.32 (95% CI: 1.02-1.72) for every rise of 5 pmol/L [91].

In a previous study, elevated serum homocysteine level is associated with a
higher prevalence of 40-100% extracranial carotid arterial disease (ECAD) in
older patients [92]. In this study, high serum homocysteine levels were seen in 45%
of the older male patients with 40-100% ECAD, whereas only in 20% of the older
men with 0-39% ECAD [92]. In addition, elevated serum homocysteine levels were
found in 40% of the older female patients with 40-100% ECAD versus 18% of the
older women with 0-39% ECAD [92].

Elevated serum homocysteine levels were also associated with a higher preva-
lence of coronary artery disease (CAD) and peripheral artery disease in older
patients [93, 94]. In another study, the significant independent predictors of new
cerebral infarction in older patients were serum homocysteine, age, smoking,
diabetes mellitus, hypertension and previous cerebral infarcts [95].

Moreover, in a previous study, the significant independent predictors of new-
onset CAD in older patients were serum homocysteine, age, smoking, diabetes
mellitus, hypertension and hyperlipidaemia [96].

8. Homocysteine and carotid plaque

Increased serum homocysteine level was associated with 1.344 higher risk of
developing carotid plaque [97]. Plaque area was reported to be increased in the
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patients with raised serum homocysteine level [98, 99]. Furthermore, the pres-
ence of complicated atheromatous plaque was significantly associated with serum
homocysteine level [98].

The patients with serum homocysteine level > 15 pmol/L had increased risk of
presence of carotid plaque and plaque in bilateral common carotid artery (CCA)
[100]. An increase in serum homocysteine was independently associated with
plaque morphology and larger plaque area [101].

The patients with serum homocysteine level of >8.6 pmol/L had higher risk
of developing echolucent plaques [101]. In another study, the patients with
raised serum homocysteine level had 1.28 times risk of developing advanced
carotid plaques after adjustment for age and gender [102]. Advanced carotid
plaques were defined as ulcerated plaque and plaques with incomplete fibrous
cap [102]. These advanced carotid plaques resulted in a higher ischaemic stroke
risk [102]. In the study by Zhang et al., raised serum homocysteine acted syner-
gistically with hypertension; therefore there was a greater risk of having plaque
in bilateral CCA [100]. Alvarez et al. reported that in the patients with carotid
stenosis of more than 70% and were receiving surgical management, high
homocysteine level was present in the patients with extracranial cerebrovascular
diseases [103].

9. Homocysteine and carotid intima-media thickness

An increase in homocysteine level was significantly associated with an increase
in CIMT carotid intima-media thickness [104]. In a study on the patients with
primary hypertension, serum homocysteine level was independently associated
with CIMT [105]. A significant positive correlation between homocysteine and
intima-media thickness was reported [106]. In another study conducted among the
patients with Parkinson’s disease receiving treatment, there was positive correlation
with statistical significance between CIMT and serum homocysteine level [107].
The patients with raised serum homocysteine as well as hypertension had higher
risk of increased CIMT [100].

10. Association of serum homocysteine with atherosclerosis

According to Wu et al., there was correlation between serum homocysteine level
with carotid intima-media thickness and total number of plaques and unstable
plaques [84]. He also reported that serum homocysteine level was correlated with
stenosis of ICAs and external carotid arteries (ECA) [84]. In a study on middle-
aged asymptomatic women, serum homocysteine was significantly associated with
atherosclerosis change after adjustment for age, LDL, diastolic blood pressure and
body mass index [108].

In conclusion, raised serum homocysteine should be diagnosed early as this
can lead to increased CIMT, carotid plaque and extracranial carotid stenosis.
Raised serum homocysteine level can be managed with folic acid and vitamin
supplementation.
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Chapter11

The Role of Lifestyle in
Development of Coronary Heart
Disease

Sushama J. Bhosale

Abstract

This chapter focuses on the study designed to assess the role of lifestyle in the
development of coronary heart disease (CHD). The data were analyzed to compare
the patients of CHD with matched normal. Lifestyle is defined as the general behav-
iour pattern of an individual including health behaviour, job involvement and work
style, social interactions, intimacy, locus of control and values. For this purpose the
matching of patients was carried out on one to one basis and on the parameters of
the age, education, family size and socioeconomic status. Total sample size was 162.
To measure lifestyle, a structured interview schedule was prepared which included
questions on the subparts, viz. health behaviour pattern, job involvement and
work style, social interactions, intimacy, locus of control, values. The coding of the
responses was quantified. The higher is the scores more is the risky lifestyle whereas
lower scores indicate the healthy lifestyle. Qualitative and quantitative analysis were
carried out.

Keywords: coronary heart disease, lifestyle, health behaviour pattern,
job involvement, social interactions, intimacy, locus of control, values

1. Introduction

Cardiovascular disease is reported to be the leading cause of death in world. In
1998, 12.4 million people died of heart attack and stroke. Of these 78% were in low
and middle income countries. The high income countries had lower death rates
because of better preventive and treatment program [1]. Though, several clinical and
biochemical risk factors have been identified, the role of psychological factors are also
gaining importance during the past few decades. Several risk factors have been identi-
fied to be associated with coronary heart disease (CHD) which include causative risk
factors (hypertension, hyperlipidemia and diabetes), conditional risk factors (triglyc-
erides and lipoprotein), and predisposing risk factors (obesity, physical activity, sex,
family history, socioeconomic factors, insulin resistance and psychological factors)
[2]. Evidence of various studies has shown a strong association in psychological stress
and CHD. Cardiovascular disorders pose a major health problem for industrialized
societies in terms of excess of morbidity and mortality. It is evident from the review of
literature that there is a strong relationship between coronary heart disease and some
psychological factors. Psychological variables like stress, personality, anxiety and
lifestyle are contributing along with high blood pressure, obesity; lack of exercise,
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cigarette smoking and high blood cholesterol to the development of CHD [3]. In pres-
ent study, a comparative study is carried out between coronary heart disease patients
and non-coronary individuals in relation to lifestyle.

Large number of clinical and biochemical factors have been identified in devel-
opment of CHD, the role of psychosocial factors are also gaining importance during
the past few decades. The World Health Organization has stated that since 1990,
80-90% of people dying from CHD had one or more risk factors associated with
lifestyle [4]. Lifestyle is a way person lives. This includes patterns of individual’s
health behaviour, social interactions, attitudes, values, belief and essentially the
way the person perceived by himself/herself and at times also how he/she perceived
by others. Lifestyle is one of the major factors which have shown a strong associa-
tion with CHD [5]. Lifestyle is based on subjective perception, is purposeful and
goal directed. It is motivated by a desire to overcome feeling of inadequacy coupled
with an urge to succeed. The general goals of lifestyle are to understand, predict,
and control life and self. Lifestyle has been found, as pointed out earlier, to have
influence on individual’s health, adjustment to environment, psychosomatic and
psychiatric illness [6]. Health psychologists found that healthy lifestyle and dietary
intake are associated with positive effects on blood cholesterol [7]. Diet, sleeping
pattern, smoking, and alcohol taking habits have a negative effect on health [7].

Russek and Zohman [8] observed in young coronary patients that prolonged
emotional strain was associated with job responsibility. The Framingham study had
demonstrated the significance of lifestyle, employment and interpersonal stress.
By showing that in males under 65, aging worries and daily stress and tension were
associated with a greater risk of developing CHD, while for males and females over
65; marital dissatisfaction or disagreements were risk factors for CHD [9]. A diet
high in fat, obesity and lack of exercise increases the risk of heart disease. Tobacco
use, whether it is smoking or chewing tobacco, increases risk of cardiovascular
disease [10].

There is a positive relationship between heart disease and fat intake, obesity,
smoking and lack of exercise. The relationship between smoking and risk for
CHD is simple and direct. Smoking has several negative effects on cardiovascular
system (MacDougall, 1983, cited in [6]). Job dissatisfaction and work load in males
emerged as a factor of predictive of CHD [6].

In the present study, lifestyle is measured on the basis of heath and behaviour
pattern, job involvement, social interactions, intimacy, locus of control and values.

2. Status in India

In India, in the past five decades, rates of coronary disease among urban popu-
lations have risen from 4 to 11% and four Indians die every minute due to heart
disease. In India, 50% of heart patients are under 45 years of age [11]. CHD is
emerging as a major cause of death in India. It has been projected that 15 years from
now India would have highest CHD deaths compared to any other country [12].
ICMR and WHO have predicted that cardiovascular diseases would be the most
important cause of mortality and morbidity in India by the year 2015 [13]. Data
from Christian Medical College, Vellore and All India Institute of Medical Sciences,
New Delhi, over a period of 30 years showed a decline in admission for rheumatic
heart disease (RHD) and increase in admission for CHD [14]. A comparative study
in Singapore on Indians and Chinese, revealed stronger cardiovascular reactivity
to stress among Indians than compared to Chinese men [15]. Chronic anxiety and
tension have been suggested as factors in the development of CHD. There is strong
evidence supporting prognostic associations with social isolation and low perceived
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emotional support and unhealthy lifestyle behaviors in the development of CHD
[16]. In India, it has been observed that there is age related increase in CHD. The
incidence of myocardial infarction (MI) was more common in urban India than
rural areas of India [17]. Studies in India have shown that heart attacks in India
occur 10 years earlier than in West. Hence it is needed to undertake well designed
prospective studies for evaluation of CHD in relation to psychological factors [18].
According to Theorell et al. [19], cases of CHD may increase from about 2.9 crore
in 2000 to as many as 6.4 crore in 2015.The prevalence rates among younger adults
(age group of 40 years and above) are also likely to increase. Prevalence rates
among women will keep pace with those of men across all age groups. Data also
suggest that prevalence rates of CHD in rural populations will remain lower than
that of urban population [17].

In brief the rationale of the study is the limited research available in this area
related to psychological factors in India. This study was carried on matched subjects
to contribute to this significant domain of research.

Lifestyle is one of the major factors which have shown a strong association with
CHD [5]. Lifestyle is based on subjective perception. The behaviour pattern of an
individual as expressed by his motives, his manners of coping and other factors
including values, social and family satisfaction, job satisfaction and work style are
called lifestyle. In the present study lifestyle is measured on heath and behaviour
pattern, job involvement, social interactions, intimacy, locus of control and values.
Research work has been done linking lifestyle, personality and coronary heart
disease. It shows that Type A behaviour pattern (TABP) promotes a lifestyle which
facilitates exposure to range of social, personal and occupational stresses which
emerges into a coronary heart disease. Wright’s identified five separate paths to
coronary artery disease that are inherited risk based on family history, risks that
accrue from personal lifestyle choices such as overeating and lack of exercise,
anger directed inward, anger directed outward that is combined with a sense of
time urgency and chronic activation and the traditional Type A pattern identified
by Rosenman and Friedman. Regular physical activity in the context of work,
recreation or an exercise training programme is associated with a marked reduc-
tion in heart disease related deaths in patients. Exercise has positive effects on the
cardiovascular system that reduce risk for coronary artery disease and myocardial
ischemia. Exercise tends to reduce heart rate, it improves the efficiency of the heart
and it reduces blood pressure. It improves efficiency in the respiratory system so
that oxygenation of blood and supply of oxygen to heart is better. Exercise reduces
weight and there is a beneficial effect on cholesterol, triglycerides and ratio of HDLs
to LDLs. The National High Blood Pressure Education Program recommended four
changes in lifestyle to help, prevent or manage hypertension, since hypertension
is a major modifiable risk factor for CHD. These are weight control, reduced salt
intake, increased exercise and moderate alcohol consumption. Diet has a direct
and important role in heart disease that goes beyond cholesterol. A diet high in
saturated fat increases the risk of heart disease and stroke. Gender linked risk can-
not be changed but high blood pressure, elevated cholesterol and smoking can be
significantly reduced by life changes. Simple adjustments to diet and exercise have
positive effects on both cholesterol and blood pressure. Tobacco use, whether it is
smoking or chewing tobacco, increases risk of cardiovascular disease. Passive smok-
ing is also risk factor for CHD. The relationship between smoking and risk for CHD
is simple and direct. Incidence of heart attacks and sudden cardiac deaths is directly
related to the number of cigarettes smoked on a regular basis. Cigarette smoking is
the most preventable cause of coronary heart disease. The Framingham data show
that men who smoke have up to 10 times the likelihood of sudden death compared
to nonsmoker. Smoking interferes with the oxygen carrying capacity of blood, it
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reduces bioelectrical control and finally smoking increases the tendency to platelet
aggregation and clot formation. Clots increase the potential for thrombosis and fatal
coronary. Russek and Zohman [8] observed emotional strain associated with job
responsibility in young coronary patients. There is a positive association between
job dissatisfaction and CHD. Karasek’s group in Sweden [18] explored the relation-
ship of the kinds of work stresses that may be associated with cardiac pathology.
They had given a model which links high work demands with an inability to make
decisions. Theorell’s prospective study of 6500 middle aged males in Swedish
construction industry found dissatisfaction with domestic and working life was
predictive of suffering a myocardial infarction during subsequent 2 years. In a study
of London transport bus drivers and conductors, results showed that bus drivers
had significantly higher incidence of heart disease than bus conductors because of
more responsible and stressful nature of their work. The Framingham study showed
that men undergo in frequent work promotions sustained an increased chance of
developing CHD. A supportive social network and having community ties promote
emotional and physical wellbeing. Some studies validate positive relationship
between social support and CHD mortality. Studies on marital status have repeat-
edly shown that the single widowed or divorced have higher CHD mortality rates
compared to their counter parts. It was also found that interpersonal relationship
and marital dissatisfaction or disagreements were risk factors for CHD.

The association between values and attitudes towards life was studied in cross
cultural context in Japanese young men.

It was found that Japanese who maintain their traditional way of life, values and
language after their emigration to US, do not have increased rate of CHD. In study
of Japanese- American males found that those with the lowest level of social affili-
ation had double the risk of developing CHD. The rate of CHD mortality increases
due to smoking, alcohol and foods rich in fats, less exercise, lack of control over
one’s working environment, reduced levels of social support, the cumulative life
cycle experience of belonging to a social class or nation undergoing rapid urbaniza-
tion and industrialization.

The main objective of this research was to study the role of lifestyle in develop-
ment of CHD and hypothesis formulated was patients of coronary heart disease
(CHD) would score higher on subscales of lifestyle as compared to matched non-
CHD individuals.

This being a study on stress, anxiety, type A behaviour pattern and lifestyle
variable of the patients of coronary heart disease (CHD) and their matched normal
patients for the present study were selected from cardiac care unit (CCU) of hospi-
tals from Pune city. During the survey for CHD patients 10:1 ratio of male to female
was observed. As, there is a physiological cause that men having a greater risk of
heart disease than women do, because, the higher levels of high density lipoprotein
(HDL) cholesterol, which helps to slough off the more lethal low density lipoprotein
(LDL), these higher HDL levels appear to be linked to premenopausal women’s level
of estrogen. Estrogen diminishes sympathetic nervous system arousal, which may
add to protective effect against heart disease seen in women. So in the present study
only male CHD patients were selected. Out of 121 male CHD patients admitted in
CCU’s of various hospitals in Pune, 81 CHD male patients agreed to participate in
the present study. In the present study selection of 81 matched normal was done by
keeping the patients in view. The patients and normals were matched, one to one on
the variables of age, education, occupation, family type and socioeconomic status.
These 81 male CHD patients met the inclusionary criteria, which were as follows:

Age: 30-60 years; education: minimum S.S.C. passed; occupation: employed;
family type: nuclear family is staying with wife and children, and joint family is
staying with wife, children and parent; socioeconomic status: minimum income
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Rs 10,000 per annum. The normals were selected after the medical checkup by the
physicians who labeled them as normal as they were not suffering from any disease.

Following tools and measures we used for data collection.

Personal data sheet: A personal data sheet comprising 14 items was prepared and
was required to be filled in by the patients and normal before the actual administra-
tion of psychological scales. The items were designed to get the information about
age, education, occupation, family type and socioeconomic status.

Interview schedule: To measure lifestyle in CHD patients and normal individu-
als, structured interview schedule was prepared on the basis of operational defini-
tion of lifestyle. Interview schedule includes four subparts in which questions are
formulated beforehand and asked in a set order in a specified manner. The descrip-
tion of interview schedule is given in Appendix A.

Description of the sub-dimensions is given below.

A. Health behaviour pattern: It includes information about sleeping habits, dietary
habits, daily exercise, smoking habits. To find out health behaviour pattern
three questions were framed to get detailed information about sleeping habits,
four questions for dietary habit, four questions for daily exercise, six questions
for smoking habits. The coding of the responses is quantified. A five point rat-
ing scale, that is, always, often, sometimes, rarely, and never is used to measure
the responses of person. Higher the scores on sleeping habits, dietary habits
and smoking habits indicates more risky lifestyle whereas lower scores indicate
healthy lifestyle. Lower scores on daily exercise indicate healthy lifestyle where
as higher scores indicate more risky lifestyle.

B. Social interactions: It includes the information about social awareness and social
life of the person. To get detailed information about social interactions 16 questions
were framed. The coding of the responses is quantified. A five point rating scale is
used to measure the responses of the person. Higher scores on social interactions
indicate healthy lifestyle whereas lower scores indicate more risky lifestyle.

C. Intimacy: It includes the information about family and personal life activities.
Intimacy is that quality of being close and affectionate with another person. It
can occur with or without sexuality. To get detailed information eight questions
were framed. The coding of the responses is quantified. A five point rating
scale is used to measure the responses of the person. Higher scores on intimacy
indicate healthy lifestyle whereas lower scores indicates more risky lifestyle.

D. Locus of control: It includes information about the individuals own interpre-
tation of personal control over illness and health. Locus of control refers to
the belief about location of control of behaviour by the subject. This locus is
classified as external and internal. Individuals with external control think that
their behaviour is controlled by the external forces like chance, luck, fate, some
influential person or external circumstances. Individuals with internal control
believe that their behaviour is controlled by the forces which are within them-
selves and the event is contingent upon their own behaviour. Eleven questions
were framed to get detailed information about locus of control related to health
and illness aspects. A five point rating scale is used to measure the responses of
the person. Higher scores indicate internal locus of control whereas lower scores
indicate external locus of control.

E. Values: It includes the information of two values namely money and religion of
the person. Values hold a central place in culture, identity and lifestyle of the
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individual. Total eight questions were framed to get details about values of person
out of which four questions were framed to get details about money and remain-
ing four questions were framed to get details about religious values. A five point
rating scale is used to measure the responses of the person. Higher the scores
on money and religious value more risky lifestyle whereas lower scores indicate
healthy lifestyle. Split half reliability was calculated and it is 0.89.

3. Procedure

A special permission was sought to collect the data of CHD male patients from
cardiac care unit (CCU) of Pune city which includes Ruby Hall Clinic, Jahangir
Hospital, DinDayal Heart Institute, Dinanath Mangeshkar Hospital, Joshi Hospital,
Kashibai Navale Hospital and Sasoon Hospital.

On the initial contact, after noting down residential address of the patients,
a formal permission was sought to see them at home after discharge from CCU
within 10 days. Special visits were made to see the CHD patients from Khadki,
Dapodi, Aund, Pimpari, Chinchwad, Vishrantwadi and Katraj in Pune city to
interview and complete the psychological measures. After establishing proper
rapport and explaining the objectives and purpose of the study the patients of
CHD co-operated whole heartedly. All the scales and interview schedule used
for this study were given individually to each patient at his residence. All the
patients were assured that information given by them would be kept confidential
and utilized solely for research purpose only. They were also instructed to ask
for clarification of any doubtful item, specific instructions for each scale were
printed at the beginning of the scale. No time limit was imposed for the comple-
tion of the scales.

Immediately within a week the sample of Non-CHD individuals were selected
after medical checkup by the physician who labeled them as normal as they were
not suffering from any disease. The patients and Non-CHD individuals were
matched one to one on each of the variables of age, education, occupation, family
type and socioeconomic status. A matched normal was assessed by psychologi-
cal tests and was interviewed personally by visiting their houses. Initially it was
proposed to take 75 numbers of data for both CHD patients and matched normal.
But effective rapport and co-operation by CHD patients and matched non-CHD
individuals the sample size was increased to 85, out of which four were rejected
because the questionnaires were incomplete. In the present study the no of CHD
patients were 81 and matched Non-CHD individuals were 81. So the total sample
size was 162.

3.1 Analysis of data

Data were analyzed with the help of statistical techniques like descriptive statis-
tics, and ‘t’ test. However, a few cases were explained to understand the qualitative
analysis.
4. Qualitative analysis

Analysis of personal data sheet was carried out. A personal data sheet compris-
ing 14 items was prepared. The information in the personal data sheet was sought in

order to match patients of CHD and non-CHD individuals on age, education, type
of family and socioeconomic status.
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4.1 Demographic characteristics of the sample

Table 1 and Figure 1 show age group wise sample distribution. Fifty percent
respondents belonged to the age group of 40-50 years. Similarly 14.8% belonged to
30-40 years of age, and 34.6% belonged to 50-60 years of age.

Table 2 and Figure 2 show that there are 53% participants who are having PG
education. There are 35.8% participants who were having graduation and remaining
11.2% participants who had completed H.S.C or diploma.

Table 3 and Figure 3 show that 71.6% participants belonged to the nuclear fam-
ily. Similarly 28.4% belonged to joint family.

Table 4 and Figure 4 show socioeconomic status wise sample distribution.
4.9% respondents belonged to the 1,00,000-3,00,000 annual income group. 38.4%
respondents belonged to the 3,00,000-6,00,000 annual income group.

35.8% respondents belonged to the 6,00,000-9,00,000 annual income group and
similarly 20.9% respondents belonged to 9,00,000 and above annual income group.

Two case studies have been given to understand experiences of CHD male
patients in greater detail. As mentioned earlier, a lifestyle was referred as a general
behaviour pattern of an individual which includes health behaviour pattern, job
involvement and work style, social interactions, intimacy, locus of control and
values. Health behaviour pattern is a set of habits includes sleeping habits, dietary
habits, daily exercise, smoking habit and physical and mental health.

4.1.1 Case study 1

A CHD patient of 37 years old working as a senior manager from last 2 years. He
represents a nuclear family having a wife and a daughter. He had no family history
of any disease. He is non-vegetarian and most of the time had outside eatables. He is
a chain smoker. He is workaholic, carrier and money oriented and no time to spend
with his family. A matched non-CHD individual also non vegetarian but most of
time take his meal with family and rarely had outside eatables. He does not have any
bad habit like smoking, chewing tobacco, etc. He had perfect compartment of work
place and for family. He spends his weekends with picnic, get-together with friends,
His priority to people and money.

Age group (years) CHD patients Non-CHD individuals
30-40 12 12
40-50 41 41
50-60 28 28
Table 1.

Sample distribution according to age (N = 162).

50-60 Yrs.34.6% 30-40 Yrs.14.8%

40-50 Yrs.50.6%

Figure 1.
Sample distribution according to age.
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Education CHD patients Non-CHD individuals
H.S.C./Diploma 09 09
Graduation 43 43
Postgraduation 29 29

Table 2.

Sample distribution according to education (N = 162).

HSC/Diploma
11.2%

Post Graduation
35.8%

Graduation 53%

Figure 2.
Sample distribution according to education.

CHD patients Non-CHD individuals
Joint family 23 23
Nuclear family 58 58

Table 3.
Sample distribution according to family type (N = 162).

Joint Family
284 %

Muclear Family
716 %

Figure 3.
Sample distribution accovding to family type.

4.1.2 Case study 2

A CHD patient of 45 years working as a senior lecturer from last 14 years. He
represents a nuclear family of a wife and two daughters. He had no family history
of any disease. He is vegetarian, not spend a single minute for exercise. He always
chews tobacco. He is very competitive and always feels unhappy about his life and
feels unlucky. He is religious and always depends on god. “T am very unlucky.” “Asel
debauch manat tar milel” such type of dialog often with him. He does not spend
money, always worried about dowry and marriage of daughters. A matched Non-
CHD individual is vegetarian as well as non-vegetarian. He daily takes a walk for
half an hour. He is happy go lucky enjoy all the moments and takes responsibility
of his work. The qualitative description of the two representative cases of CHD and
non-CHD groups clearly demonstrates the noticeable differences in lifestyle factors.
Results have been now discussed quantitatively.
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Annual income CHD patients Non-CHD individuals
1,00,000-3,00,000 04 04
3,00,000-6,00,000 31 31
6,00,000-9,00,000 29 29
9,00,000 & above 17 17

Table 4.

Sample distribution according to socio-economic status (N = 162).

9,00,000and above 1,00,000-3,00,000
4.9%

20.9%

3,00,000-6,00,000
38.4%

35.8%
&, 00,000-9, 00,000

Figure 4.
Socio-economic status and percentage of people.

5. Quantitative analysis
5.1 Lifestyle among patients of CHD and matched non-CHD individuals

The results of present study indicate that the mean differences were statistically
significant for subscales of lifestyle.

With reference to Table 5, CHD and lifestyle risk factors showed a significant
positive association with sleeping habits, dietary habits, exercise and Smoking
respectively. It was also appeared that there was a positive link between poor social
interactions, poor intimacy, more external locus of control and more money and
religious values. So, the hypothesis, “Patients of Coronary Heart Disease (CHD)
would score higher on subscales of lifestyle as compared to matched Non-CHD
individuals” is accepted.

The results of the present study support the findings of the earlier studies in
association with lifestyle and risk of coronary heart disease (CHD). Gupta and
Gupta [18] carried out a study on Indian male. In the present study, it was found
that lifestyle risk factors like diet, smoking habits plays an important role in
development of CHD. Orth-Gomer et al. [20] have demonstrated that low social
support and poor social integration predicted incidence of major coronary events.
The results revealed that the patients of CHD showed significant differences on
locus of control, it indicates that the patients were titled towards external locus
of control due to which they experienced the high stress on the other hand the
matched non-CHD individuals due to their internal locus of control experienced
less amount of stress and remain healthy [21]. The obtained results were discussed
in the light of violation of assumption and compared with the results of earlier
studies with necessary caution. A positive family history of premature coronary
heart disease is recognized as an independent predictor for cardiovascular mor-
tality in the first degree relatives. This will enable public health and behavioral
epidemiologists to plan and target appropriate and effective preventive lifestyle
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Lifestyle CHD patients Non-CHD individuals tratio
Mean SD Mean SD
Sleeping habit 12.02 171 5.40 135 27.01"
Dietary habit 2244 2.20 9.41 216 3710"
Daily exercise 9.42 149 516 120 19.90"
Smoking habit 26.88 4.50 13.04 214 24.98"
Health 12.40 219 764 177 1515
Job style 65.30 10.53 33.90 5.66 2361
Social interactions 62.74 792 26.35 3.88 37.09”
Intimacy 21.75 2.92 12.31 217 23.32"
Locus of control 4368 4.94 18.05 442 31.43"
Values 21.89 4.08 1314 336 14.88"
“P<0.01
Table 5.

Means, SDs, and t’ ratios on lifestyle for CHD patients and matched non-CHD individuals.

techniques to adults. Therefore, its primary prevention is an important factor.
Several studies have shown that primary prevention of coronary heart disease by
family life education in the community has better benefits compared to secondary
prevention for cardiovascular mortality as well as morbidity. Prevention program-
mers should have a multi-level focus, including individual, family and other social
institutions. It is also important to identify subgroups for intervention, so that
necessary steps at earlier level itself can be taken for the prevention of lifestyle
diseases like coronary heart disease.

5.2 Limitations

CHD is a life time disorder; it is difficult to detect the sufferer as this illness does
not reveal any overt causal symptoms. Moreover to get the authentic data, it was
highly essential to consult the medical practitioners or cardiologists. Therefore, the
researcher had to fully depend upon on the data which was available only in hospi-
tals and clinics.

1. As mentioned in literature, the incidence of CHD is a global health problem which
is given only medical attention, the psychological part of it is almost neglected.
Though there are many psychological dimensions to it, only lifestyle has been
studied in the present research, the other dimensions also needed to be studied.

2.The research is based on the data from Pune only.

3. This study was limited to male population only.

5.3 Implications

Healthy behaviour patterns like sufficient sleep, healthy diet, regular exercise,
more social interactions, intimacy, and internal locus of control have beneficial
effects among the non-CHD individuals. It is therefore reasonable to promote such
a healthy lifestyle to the patients of CHD.
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5.4 Suggestions

The following suggestions are made for future research:

1. Further research in this area may examine effects of emotions and coping
behaviour in the development of coronary heart disease.

2. A comparison could make on urban and rural population to find out develop-
ment of coronary heart disease.

3. A similar study may be conducted on a sample of female.

4. The further research in coronary heart disease may use multidimensional model
encompassing both environmental variables (stressors) and social variables.

Appendix A

A.INTERVIEW SCHEDULE
A. Health Behaviour Pattern
i. Sleeping Habits
1. Daily hrs. of sleep: Sleeping Time: Getting Time:
2. Are you sleeping well? Yes/No.
Always/Often/Sometimes/Rarely/Never
If No, Why?
3.Do you sleep at daytime? Yes/No.
Always/Often/Sometimes/Rarely/Never
ii. Dietary Habits
1. Are you veg/non veg/mixed?
If nonveg, How many times in a week?
2. Are you eating well? Yes/No
Always/Often/Sometimes/Rarely/Never
If No, Why?
3.Do you take your meal alone/with family/with friends? Yes/No
Always/Often/Sometimes/Rarely/Never

4.Do you have outside eatables? Yes/No

Always/Often/Sometimes/Rarely/Never
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iii. Daily Exercise
1. Are you doing daily exercise? Yes/No
Always/Often/Sometimes/Rarely/Never
2.Lonely/With friends?
3. Daily how much time you spend on exercise?
More than one hour/Less than one hour
4. Which type of exercise you do?
iv. Smoking Habits
1.Do you smoke? Yes/No
Always/Often/Sometimes/Rarely/Never
2.How many times in a day?
3.How many times in night?
4.1s their compulsive smoking?
5.Do you chew tobacco? Yes/No
6.How many times in a day?
v. Health
1. Does your family have a history of illness?
2. Before this illness are you taking care of your health? Yes/No
3.Before this illness have you suffered from any minor/major illness? Yes/No
If Yes, When?
Which drugs you had?
Intensity of illness:
4.From when, you are suffering from this illness?
5.Does your illness interfere with your life a great deal? Yes/No
Always/Often/Sometimes/Rarely/Never
B. JOB INVOLVEMENT AND WORK STYLE

1.Is your present job as per your ability? Yes/No
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If No, Why?
2.Is your present job as per your experience?Yes/No
If No, Why?
3.Do you have most risky work?
Always/Often/Sometimes/Rarely/Never
4. Are you doing extra work than your seniors?
Always/Often/Sometimes/Rarely/Never
5.1s your work challenging?
Always/Often/Sometimes/Rarely/Never
6. Are you happy with your promotion?
Very much/Quite much/Not much/Very little/Never
7. At what extent are working conditions in your organization?
Satisfactory/Unsatisfactory/Can’t Say.
8.Is there high team spirit in your work group?
Yes/No/Can't Say.
9. Generally my speed of work compared to others is fast.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
10.1 experienced inability to perform my job.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
11.1 get support from subordinates for my work.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
12.1 get support from my seniors for my work.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
13.1 think my job is reasonably secure.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
14.1 do not feel burdened in my work.

Strongly agree/Agree/Undecided/Disagree/StronglyDisagree
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15.1 plan my work in proper way.
Always/Often/Sometimes/Rarely/Never
16.1 do not depend on others for my own work.
Always/Often/Sometimes/Rarely/Never

17.1involve myself in the work.
Always/Often/Sometimes/Rarely/Never

18. Are you satisfied with welfare facilities (medical etc.) provided by the
organization?

Always/Often/Sometimes/Rarely/Never
19.If I get similar job in any other organization, I would like to quit this job.
Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
20. It is difficult for me to seek balance between my family and career
Always/Often/Sometimes/Rarely/Never
21. When were you promoted last time?
22.Have you liked promotion?
Always/Often/Sometimes/Rarely/Never
C. SOCIAL INTERACTIONS
1. How many friends do you have?
How many intimate friends?
2.Do you feel that your friends understand you?
Always/Often/Sometimes/Rarely/Never
3. Your social interactions are----
Very much/Quite much/Not much/Very little/Never
4.1s your wife supportive?
Very much/Quite much/Not much/Very little/Never
5.Tam happy with my wife.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree

168



The Role of Lifestyle in Development of Coronary Heart Disease
DOI: http://dx.doi.org/10.5772/intechopen.86866

6.1 am happy with my family.
Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
7.1 have happiness about my job.
Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
8.1 have happiness about my physical health.
Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
9.1 have happiness about my mental health.
Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
10.1 have difficulty in managing my time.
Always/Often/Sometimes/Rarely/Never
11.1 spare time for my hobbies.
Always/Often/Sometimes/Rarely/Never
12. Do you feel angry with some people? Yes/No
If yes, Why?
13. Do you feel awkward with some people? Yes/No
If yes, Why?
14. Social co-operation helps me in getting success.
Always/Often/Sometimes/Rarely/Never
15. Do you more irritable towards other people? Yes/No
Never/Rarely/Sometimes/Often/Always
16. Do you lose your patience with other people? Yes/No
Never/Rarely/Sometimes/Often/Always
D. INITAMACY
1.Do you and your partner have friends in common?
None/Few/Many
2.Do you think that you understand your partner?

Yes, always/Sometimes/Rarely/Never
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3.Do you feel that your partner understands you?
Yes, always/Sometimes/Rarely/Never

4.Do you visit friends and relatives together?
Always/Occasionally/Rarely/Never

5.Do you engage in outside hobbies and interests together?
Always/Occasionally/Rarely/Never

6. Do you share with your partner the responsibility of looking after your
child/children?

Always/Occasionally/Rarely/Never
7.Do you confide in your partner about your personal problems?
Always/Occasionally/Rarely/Never

8.Do you feel that your partner depends on you rather than her relatives for
advice about family matters. Yes/No.

If yes, Always/Occasionally/Rarely/Never

E. LOCUS OF CONTROL

170

1.1llness is a matter of bad luck.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
2.1f it is in your fate, you cannot avoid sickness.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
3.Keeping good health is a matter of good luck.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
4.1 think I can control my illness.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
5.1do not have detail information about my illness.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree

6.1 think one can maintain good health by paying attention to nutrition,
exercise etc.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree

7.God helps us to keep healthy.
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Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
8.People can help each other in dealing with many diseases.
Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree

9. There is no use worrying about illness, it will get cured when the time
comes.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
10.1 know the steps to get out of this illness.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
11. Good doctors can cure most illness.

Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree
Whether you feel successful/unsuccessful in your life, give at least five reasons:
(F) VALUES

1. Give your priority to values given below.
Money, People, Carrier, Religion.
2.Having a family is more important to me than having a carrier and money.

Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree

3.Money should be saved for old age.

Agree/Disagree/Can’t say

4.Earning money only through labour and honestly appears descent.

Strongly Disagree/Disagree/Undecided/Agree/Strongly Agree

5.Participation in social ceremonies is useless. Yes/No

If yes, Always/Occasionally/Rarely/Never

6.Man should behave according to religious beliefs?

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree

7.To what extent are you religious?

Very much Quite/Much Quite/Not much/Very little/Never

8.Keeping fast is necessary on main religious occasions.

Strongly Agree/Agree/Undecided/Disagree/Strongly Disagree
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