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Preface

Pericarditis, the commonest form of pericardial disease with known infectious or
noninfectious causes, and an idiopathic etiology, is on the rise across the world.
Although the approaches to diagnosis and management of acute and chronic peri-
carditis are well established and reported in international clinical guidelines, there

is a large number of unresolved issues in these fields. For instance, clinical criteria,
including signs and symptoms, the presence of specific physical findings such as
pericardial rub, electrocardiographic changes and echocardiographic evidence for
hemodynamic modality and pericardial effusion or constriction, do not specifically
correspond to the etiology and natural evolution of the disease. Yet, the etiology of
some idiopathic cases may be defined as viral, including COVID-19, and may also be
associated with long Covid, tuberculosis, neoplasm, systemic vasculitis and connec-
tive tissue diseases. In fact, variable diagnostic tests seem to be highly specific and
sensitive if no specific etiologies are suspected in connection with the epidemiological
background, patient history and clinical presentation. This book presents a summary
of conventional diagnostic and treatment approaches in acute, chronic and recurrent
pericarditis, with a particular focus on clinical practice utilization.

Alexander E. Berezin

Professor of Medicine and Senior Consultant,
Internal Medicine Department,

Zaporozhye State Medical University,
Zaporozhye, Ukraine
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Chapter1

Acute Pericarditis

Evhan Hafiz and Ozgur Altinbas

Abstract

Pericardium is a double-layered anatomic structure that surrounds the heart and
output sections of the great vessels. Despite numerous functions of this layer, mains
are the protection of the heart and facilitation of the heart movements. Various
diseases were defined related to the pericardium and one of them is acute pericarditis
caused by inflammation of the pericardium mostly by infection. In this chapter, it
is aimed to give brief information about the mostly seen pericardial diseases and
detailed information about the signs, symptoms, diagnosis, and treatment modalities
about the acute pericarditis.

Keywords: pericardium, acute pericarditis, infection, inflammation, effusion

1. Introduction

Pericardium is a flask-shaped structure that contains the heart and the proximal
parts of the great vessels. Various functions of the pericardium were defined such as
stabilization of the heart in its correct anatomic position by maintaining the suitable
geometry of the heart and providing the pressure-volume correlation of the cardiac
chambers. It also acts as a barrier to protect the heart from spread of infections and
neoplasms born of mediastinum. It prevents the abrasion of the surface of the heart
due to the movements of the heart by the fluid in pericardial cavity. This fluid con-
tains prostoglandines which is secreted by endothelial and mesothelial cells of the
pericardium and regulates the cardiac reflexes, contractile function of the myocar-
dium, and coronary tone of the epicardium [1-3].

Various systemic and cardiac disorders can affect the pericardium. Occasionally,
pericardium itself can be locus of isolated disease. Pericardial responses to the detri-
mental agent are usually acute pericardial inflammation called pericarditis or peri-
cardial effusion whereas both of them often occur together. In addition, if a response
of acute pericardial inflammation does not regress, a chronic process includes micro-
scopic fibroproliferation followed by macroscopic thickening can take place [4].

Acute inflammation of the pericardium, namely acute pericarditis may occur with
or without pericardial effusion. It may manifest a systemic disease or an isolated clini-
cal issue. Although multiple causes were defined in the literature underlying factors
of acute pericarditis, 90% of the cases are virally originated or idiopathic. Correct and
rapid diagnosis may help to prevent undesirable conditions such as recurrent pericar-
ditis and pericardial construction [5].

Acute pericarditis is diagnosed in nearly 0.1% of hospital admissions and 5% of
the patients admitted to emergency department with noncardiac chest pain. Bacterial
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causes are rarely detected in the pericarditis cases in developed countries, however
especially tuberculosis is widely found to be the cause of the disease in developing
countries. Mortality rate of the acute pericarditis for in-hospital patients was found to
be 1.1% [6-8].

The purpose of this chapter is to give brief data about the anatomy, histology, and
diseases related to pericardium and then broad description about acute pericarditis by
reviewing the literature.

2. Anatomy and the histology of the pericardium

The pericardium is a double-layered structure which surrounds the heart and
the roots of great vessels. Outer layer consists of connective tissue and called
fibrous pericardium and the inner layer consists of serous membrane and called
serous pericardium. Serous pericardium has two layers; parietal and visceral lay-
ers. Pericardial fluid takes part between these layers [9]. Pericardium itself and its
fluid protect the heart against trauma, infection, maintain the stable position of
the heart in the mediastinum, and provide lubrication for heart movements [10].

The pericardium also prevents the both overfilling of the heart which can be
resulted in low cardiac output and excessive heart dilatation [11]. The pericardio-
phrenic artery is the main artery of the pericardium and its venous drainage goes into
the azygos and internal thoracic veins. Phrenic nerve innervates the pericardium [12].

The amount of the pericardial fluid in adult humans is approximately between 20
and 60 mL (average 15-35 mL) and transudate in nature. Over the half of the cells
involved in pericardial fluid are lymphocytes and others are granulocytes, macro-
phages, eosinophils, basophils, and mesothelial cells [13].

Anterior parietal pericardium is composed of three layers; serosa, fibrosa, and
epipericardial connective tissue layer. The serosa includes a surface layer of mesothe-
lial cells, the fibrosa contains collagen and small elastic fibers, and the epicardial con-
nective tissue consists of large bundles of collagen that is the part of pericardiocostal
ligament. Electron microscopic examinations showed that mesothelial pericardial
cells have unique cilia and covered with microvilli which increases the surface area
for transportation of fluid and assumes friction [14]. Mesothelial monolayer gener-
ates the visceral pericardium which adheres firmly to the epicardium. Mesothelial
cells present in the pericardium are metabolically active and play role in myocardial
contractility and modulation of symphatetic neurotransmission by producing endo-
thelin, prostacyclin, eicosanoids, and prostaglandin E, [15].

3. Diseases of the pericardium

Pericardial diseases can be categorized as acute pericarditis, pericardial effusion,
constrictive pericarditis, and cardiac tamponade. Afterward recurrent or chronic
pericarditis can be developed in patients. Congenital structural pericardial abnor-
malities and pericardial cysts are occasionally seen and usually symptom-free [16].

3.1 Congenital structural defects of the pericardium

Congenital defects of the pericardium are uncommon conditions and classified
as the size and the location of the defect such as complete or partial absence of the
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pericardium and right or left-sided pericardium. This condition does not change

the life expectancy, however in particular cases strangulation and herniation of the

cardiac chambers can cause life-threatening situations like sudden cardiac death [17].
Treatment differs from patient’s signs and symptoms, and the location and the size

of the defect [18].

3.2 Pericardial cysts

Cysts of the pericardium are rarely seen congenital masses located in the
mediastinum.

Although it is usually asymptomatic it may have severe complications like obstruc-
tion of the main bronchi and right ventricle outflow tract, tamponade, and abrupt
cardiac death due to size and the location of the lesion. Treatment approaches include
follow-up if the patient is asymptomatic and drainage and/or resection if becomes
symptomatic [19].

3.3 Pericardial tamponade

Pericardial tamponade is a clinical situation where the intrapericardial fluid accumula-
tion raises the pressure surrounding the heart and compromises cardiac filling. Markedly
elevated venous pressures result by compression of the heart cause impaired cardiac
output producing cardiogenic shock which can be fatal [5]. The most common causes of
the pericardial tamponade are malignancies, idiopathic pericarditis, and uremia [20]. The
amount of the fluid that causes the pericardial tamponade differs 100-1000 cc according
to the thickening and the stretching features of the pericardium. It may occur with less
amount of fluid in patients with recurrent pericarditis due to scar formation [21].

Beck’s triad aids in the diagnosis of the cardiac tamponade; decrease in the sys-
temic blood pressure, increase in the systemic venous pressure and diminished heart
sounds [22]. However, echocardiography is the gold standard of diagnosis [23].

Treatment of the pericardial tamponade upon the removal of the fluid. This can be
performed either by pericardiocentesis or sub-xiphoidal surgery. Resuscitative thora-
cotomy can be used in emergency department to whom with traumatic arrest [24].

3.4 Pericardial effusion

Pericardial effusion is the accumulation of fluid in the pericardial sac more than
it should. Although variety of etiologic factors were defined in the literature lead to
pericardial effusion such as infection, inflammation, neoplasms, trauma, cardiac
and vascular disorders, many cases of pericardial effusion are idiopathic [25]. Beside,
pericardial effusion due to tuberculosis is more common in developing countries while
postoperative complications and viral infections that cause pericardial effusion are
prevalent in developed countries [26]. Because of the limited elasticity, in acute set-
tings, lesser amount of fluid (100-150 mL) can cause cardiac tamponade. In chronic
situations when the accumulation is gradual, the parietal pericardium has enough time
to stretch, so pericardial effusion may become over 1 L before it causes tamponade [27].
Tachycardia, increased jugular venous pressure, pulsus paradoxus, orthopnea, and
pericardial rub (only in pericarditis) are the main signs and symptoms of the pericardial
effusion. Bradycardia and hypotension are usually seen before cardiac arrest [28].

Primary diagnostic tool for pericardial diseases including pericardial effusion
remains echocardiography because of its portability, availability, and limited costs. In
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addition, computed tomography and cardiac magnetic resonance imaging allow the
detection of loculated effusion, pericardial masses, and thickening and associated
chest abnormalities by providing larger field of view [25].

Treatment approaches to the pericardial effusion based on underlying disease if
itis detectable. If the diagnosis is idiopathic or unclear with elevated inflammatory
markers aspirin or non-steroidal anti-inflammatory drugs can be initial therapy
which also allows evaluating the response. In the circumstance of recurrent inflam-
matory situation initial therapy is recommended to be aspirin or non-steroidal
anti-inflammatory drugs with colchicine. If accompying status such as pregnancy or
systemic inflammatory disease, corticosteroids at low to moderate doses can be added.
Corticosteroids are also be used if there is intolerance or contraindication to aspirin or
non-steroidal anti-inflammatory drugs or failure with those drugs. Methotrexate and
azathioprine are the other treatment choices [29-32].

3.5 Constrictive pericarditis

Constrictive pericarditis is characterized by fibrosis, scarring, calcification, and
loss of elasticity of pericardium which leads to external impedance of heart that
inhibits diastolic filling [33]. In the past, tuberculosis played an important role in
the etiology of constrictive pericarditis, however today other causes such as thoracic
irradiation and previous open heart surgeries are other common causes of the disease.
But most cases still seemed to be idiopathic in origin [34].

Various clinical manifestations are related to constrictive pericarditis. These may be
associated with volume overload that leads to weight gain or sweating or in association
with decreased cardiac output that leads to dyspnea on exertion and fatigue. In addition,
congestive hepatomegaly and/or ascites may cause abdominal discomfort. Peripheral
edema may also be present. Echocardiography is the best-recommended test for the
diagnosis of constrictive pericarditis as in any other pericardial diseases [35].

Exact management of chronic constrictive pericarditis is pericardiectomy with
removing as much of pericardium as possible. Myocardial penetration with calcifica-
tion and fibrosis are the worse prognostic factors. Diuretics can be used to decrease
edema. Besides, anti-inflammatory treatment up to 3 months with close follow-up
should be started a hemodynamically stable patient with newly diagnosed constric-
tive pericarditis [36].

4. Acute pericarditis

In general, inflammation of the pericardial sac described as pericarditis. It is
the most common pathologic course involving the pericardium. If the duration of
pericarditis lasts for less than 4-6 weeks, it is called “acute pericarditis”. Subacute
pericarditis is the disease in which the pericarditis lasts for more than 4-6 weeks but
less than 3 months. Chronic pericarditis continues more than 3 months. If there is
an asymptomatic intervals of 4-6 weeks between episodes then the term “recurrent
pericarditis” is used [18].

4.1 Etiology

According to the 2015 European Society of Cardiology guidelines, etiology of
the acute pericarditis was divided into two fundamental groups; infectious and
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non-infectious causes. Viral infections are the most common cause of the acute infec-
tious pericarditis. Various types of viral agents were defined that lead to acute peri-
carditis such as coxsackie A and B viruses, adenoviruses, echoviruses, parvovirus B19,
influenza viruses, human immunodeficiency virus, cytomegalovirus, and Ebstein-
Barr virus [37]. Bacterial microorganisms lead to pericarditis are rarely seen in devel-
oped countries however tuberculosis is still considered to be the most common cause
of pericarditis in the endemic part of the developing countries. Beside, pneumococ-
cus, Coxiella burnetii, meningococcus, streptococcus, and staphylococcus are the
other bacterial causes of pericarditis which can appear as purulent tamponade with
life-threatening clinical situations [38]. Fungal and parasitic organisms rarely cause
acute pericarditis. Histoplasma, Candida, Coccidioides, Blastomyces, Toxoplasmosis,
and Echinococcus species can be given as examples of causative agents [39].

Various non-infectious factors that lead to acute pericarditis were described in the
literature. The mains are malignancy especially secondary to metastasis, connective
tissue disease, and metabolic causes [6].

Blunt-force trauma is supposed to be another cause of acute pericarditis. The clinic
becomes apparent days or weeks after initial injury. Pathophysiology of the post-
traumatic pericarditis is thought to be autoimmune but exact mechanism still remains
unclear [40].

Dressler syndrome is a form of acute pericarditis which happens as a result of
injury to pericardium or heart following cardiac surgery or myocardial infarction. It is
also called post-myocardial infarction syndrome with delayed inflammatory response
usually present greater than 2 weeks after the initial event [41].

Several medications were defined as cause to drug-induced pericarditis. Drugs
such as hydralazine, isoniazid, and procainamide cause to lupus-like syndrome which
is associated with pericardial involvement and serositis manifesting as pericarditis.
Similarly, nivolumab and ipilimumab lead to cardiac toxicity, including pericarditis
and myocarditis [42, 43].

In the presence of systemic findings, sarcoidosis and amyloidosis should be kept
on mind as the causes of pericarditis [44].

Despite explaining multiple reasons about the source of pericarditis, up to 90% of
the cases no clear etiology can be established and diagnosis is made as “acute idio-
pathic pericarditis”

4.2 Epidemiology

The incidence of acute pericarditis is nearly 27.7/100,000 individuals per year.
In developed countries, mortality rate of the disease is 1.1%. Acute pericarditis can
be developed in all age groups, however, it is common in patients age between 20
and 50 years. Racial predilection is not defined related to disease. Men are more
commonly affected than women. Most of the cases with pericarditis is idiopathic. In
developed countries the main reasons of the acute pericarditis are viral infections and
malignancies. Tuberculosis and HIV infections are the common causes of pericarditis
in developing countries [8, 45-48].

4.3 Pathogenesis

Spread of cardiotrophic viruses to the pericardium usually happens via hema-
togenous way. Thus inflammation and fibrinous changes occur with the infiltra-
tion of PMN leukocytes which lead to pericardial effusion. Bacterial pericarditis
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result from various ways such as contagious spread of infection within the chest
via trauma or surgery, spread from infective endocarditis, hematogenous spread
of infection or direct inoculation. Spread of tuberculosis pericarditis happens
via lymphatic way or contagious spread from a focus of infection in the lung or
pleura [6].

4.4 Clinical presentation and diagnosis

Approximately 95% of the cases with acute pericarditis have sharp, retrosternal,
and pleuritic pain that radiates into arms, neck, or jaw like acute myocardial infarction
(AMI). However, pain in the acute pericarditis has different manifestations from pain
due to AMLI. It increases in the supine position with inspiration and coughing. It improves
by leaning forward and seated position because of reduced pressure on the parietal
pericardium. It also respondless to nitrates in opposite to AMI. Chest pain may radiate
to shoulders and trapezius ridges which hardens to make differential diagnosis from
other causes of life-threatening diseases like aortic dissection or MI [49]. So differential
diagnosis should be performed promptly with the diseases angina pectoris, esophagitis,
acute gastritis, gastroesophageal reflux disease, AMI, myocardial ischemia, peptic ulcus
disease, pleuritis, pneumonia, esophageal spasm, pulmonary embolism, tension pneu-
mothorax, acute aortic dissection, and esophageal rupture [50].

In the literature, predictors of severe illness in patients with acute pericarditis
were defined. Major predictors are; fever greater than 38°C, subacute onset, evidence
of cardiac tamponade, large pericardial effusion (an echo-free space greater than
20 mm), and ineffective non-steroidal anti-inflammatory drug treatment after 7
days. Minor predictors are immuncompromised state, acute trauma, history of anti-
coagulant therapy, and elevated cardiac troponin levels [51].

If the etiologic factor is bacterial originated patients may present fever, chills, and
leukocytosis whereas gastrointestinal or influenza-like symptoms may present in viral
etiology [49].

A pericardial friction rub within auscultation is highly pathognomonic and
specific for acute pericarditis. It can be detected 35-85% of the cases according to data
of different studies. It is characterized by scratchy, rasping triphasic sound related
to friction between pericardial layers during atrial and ventricular systole and early
ventricular diastole. The intensity of the sound may increase during auscultation in
the position of lean forward. Differential diagnosis between pleural and pericardial
rub can be performed by asking the patient to hold the breath while auscultation.
According to this physical examination if rub is still present it represents the pericar-
dial rub. Because respiration does not affect pericardial friction rub. It should be kept
on mind that despite the sensitivity and diagnostic value of frictional rub, its absence
does not rule out the diagnosis [52, 53].

Electrocardiographic findings due to pericardial inflammation can be observed
nearly 90% of the individuals with acute pericarditis. Four stages of echocardio-
graphic changes were defined: stage 1: diffuse, concave ST segment elevation, stage
2: ST segment normalize, ] point returns to baseline, T wave amplitude begins to
decrease, PR segment depression begins to appear, stage 3: symmetric, diffuse T wave
invertions, stage 4: changes normalize or T wave inversions may become permanent
(Figure 1). Beside, Q waves and reciprocal ST segment changes are absent in opposite
to AMI [54].

According to European Society of Cardiology 2015 Guidelines, two of four criteria
are required to diagnose acute pericarditis [37]. These criteria are;
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Figure 1.
ECG changes including nearly diffuse, concave-upwards ST-segment elevation, and PR-segment depressions in
acute pericarditis.

1. Pericardial chest pain

2. Pericardial frictional rubs

3.New widespread ST segment elevation or PR segment depression on ECG
4.New or worsening pericardial effusion

In addition to anamnesis, physical examination and electrocardiographic find-
ings supportive findings like chest X-ray, cardiac computed tomography, magnetic
resonance imaging, basic metabolic panel, complete blood count, erythrocyte sedi-
mentation rate (ESR), C reactive protein (CRP), troponin I and creatine kinase levels
can be used in the evaluation of the disease [55]. Chest radiography is useful to detect
the abnormalities related to lungs and mediastinum, especially for pericardial effu-
sion. WBC count, CRP levels, and ESR are usually elevated. Long duration of elevated
CRP levels (usually normalizes in 85% of the patients within 2 weeks after treatment)
suggests continued inflammation and requires prolonged therapy. Troponin I levels
can be elevated up to 50% of patients in association with epicardial inflammation in
oppose to myocyte necrosis seen in AMI. This elevation is transient and resolves within
1-2 weeks without adverse prognosis. Elevation of CK-MB can accompany or not [49].

In selected patients viral seromarkers, blood culture and tests for tuberculosis like
PPD or quentiferon tuberculosis assay can be performed. If there is a suspicion of
opportunistic infection, HIV testing should be obtained because of strong correlation
between tuberculosis and fungal infections and immune-suppressed state. Further
studies such as anti nuclear antibody or tests toward a systemic disease (systemic
lupus erythamosus, sarcoidosis ...) may be done [56].

Despite disadvantages like ionizing radiation and frequent requirement of intrave-
nous contrast material, CT is very useful for evaluating pericardial anatomy, anatomic
variants and pericardial abnormalities. On CT scan of patients with acute pericarditis
thickening of the pericardium with smooth margins and intense early contrast
enhancement with various amounts of effusion can be detected [57].
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Cardiac MRI is another method for the evaluation of the pericardium. It has good
spatial and temporal resolution with highly reproducible measurement and does not
expose radiation to the patients. Smooth and thickened pericardial images suggest
acute or subacute pericarditis whereas irregular and thickened pericardium indicates
chronic pericarditis, tumors, metastasis, or fibrosis. It also identifies loculated or
localized pericardial effusions with its nature [58].

Two diagnostic imaging methods mentioned above (CT and MRI) should be con-
sidered as further imaging modalities in patients with underlying etiologies such as
systemic inflammatory diseases, neoplasms, renal diseases, and tuberculosis. Routine
trans-thoracic echocardiography is recommended in all patients with acute pericardi-
tis as a first-line diagnostic tool. It can be used to detect the pericardial effusion and
its hemodynamic effects on cardiac structures if constrictive pericarditis or cardiac
tamponade is suspected (Figure 2). It also gives opportunity to exclude AMI by the
evaluation of the abnormalities in wall motion [59].

If there is a suspicion of tuberculosis, neoplastic or purulent pericarditis, or an
effusion refractory to treatment leads to cardiac tamponade or hemodynamic com-
promise, then pericardiocentesis and if possible biopsy of the pericardium are indi-
cated. Symptomatic or large pericardial effusion refractory to treatment also requires
pericardiocentesis [50]. In a study designed by Permanyer it is emphasized that rate of
pericardial tamponade differs 5-15% of patients with acute idiopathic pericarditis and
up to 60% of those with purulent, neoplasm or tuberculosis pericarditis [60].

Two dimensional and M-mode Doppler echocardiography is specific, non-inva-
sive, sensitive, and easily available technique and the gold standard for the diagnosis
of pericardial effusion. Small amounts of pericardial fluid may be physiologic and
detected during ventricular systole. If it is over 50 mL en echo-free space persists
throughout the cardiac cycle. Small effusion was initially detected over the postero-
basal left ventricle, as the volume increases it spreads anterior, lateral, and behind
parts of the left atrium. “Swinging heart” is a possible sign of pericardial tamponade
due to large pericardial effusion [61].

Pericardial effusion analysis can help for the diagnosis of neoplastic and infec-
tious effusions. Tumor markers and cytology should be performed in suspicion of

Figure 2.
Echocardiogram showing acute pericarditis with small pericardial effusion.
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Consider hospital admission Outpatient follow-up
and etiology search

Table 1.
A summariged perspective for the diagnosis and management of pericarditis [63].

malignancy. Pericardial fluid culture should performed at least three times with the
blood culture in suspected bacterial infections [62].
Diagnosis and management of pericarditis was summarized in Table 1.

4.5 Treatment

Exercise restriction is recommended therapy for all patients during the symptoms
and at least 3 months for athletes. Ibuprofen can be started at 3 x 600 mg/day for 1 or
2 weeks with proton pump inhibitor and dose can be decreased to 400 mg/week when
the inflammatory markers become normalized in acute pericarditis [37]. In patients
with a history or significant risk factors for coronary artery disease (CAD), aspirin
may be used instead of ibuprofen at a dose of 900 mg/day for 1-2 weeks and dose can
be decreased to 600 mg/week when the symptoms resolve and inflammation mark-
ers normalize. Colchicine treatment requires a careful follow up the patients because
of increased risk of incessant or recurrent pericarditis. If appropriately used with
pay attention to narrow therapeutic index of the drug, it can be safe. Potential drug
interactions and comorbidities of the patients also be kept on mind while prescribing
the drug [64]. If underlying autoimmune rheumatic diseases lead to acute pericarditis
or there is a contraindication to NSAIDs or colchicines, corticosteroids can be used.
Although they are initially effective, they may promote recurrence and attenuate
the efficiency of colchicines if used first-line. In the state of idiopathic pericarditis
steroids should only be used as adjuvant therapy if there is a recurrence after a trial of
NSAIDs and colchicine. Duration of the steroid treatment is 4 weeks if the inflamma-
tion markers normalize and symptoms resolve, and doses must be tapered slowly to
avoid adrenal insufficiency [31, 65].
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For the patients failing first-line therapy with NSAIDs and colchicine or second-
line therapy with NSAIDs, steroids, and colchicines, third-line therapeutic approach
is possible. This modality includes azathiprine, intravenous immunoglobulin, and
an interleukin 1 beta antagonist called anakinra. Surgical pericardiectomy is the last
option and rarely required in clinical practice especially to whom has previous cardiac
surgery and/or features of constrictive pericarditis [64].

4.6 Miscellaneous facts about acute pericarditis
4.6.1 COVID-19 and acute pericarditis

COVID-19 disease primarily affects respiratory system however, cardiac
involvement such as heart failure, myocardial infarction, arrhythmias, endo-
carditis, myocarditis, and pericarditis were reported nearly 10% of the patients
with COVID-19. Although pericarditis was diagnosed in the minority of the cases
with COVID-19, accompanied pericardial effusion and cardiac tamponade were
observed in some of those patients [66]. Various hypothesis about cardiac involve-
ment due to COVID-19 are mentioned in the literature. One of them emphasized
that direct SARS-CoV-2 effects could be the result of cardiac injuries. ACE 2 recep-
tors highly expressed in lung and heart plays a main role in the mechanism of the
inflammation [67]. Macrophage-induced inflammation is the other hypothesis for
cardiac complication in patients with COVID-19. Activation of macrophages results
in release of massive amounts of cytokine which leads to endothelial activation,
expression of adhesion molecules for inflammatory cell infiltration and vascular
inflammation [68].

Patients with COVID-19 had pericardial effusion up to 27%, although, severity of
effusion was mild in the majority of the cases. In addition, pericarditis is associated
with high mortality rates and onset of new cardiac complications such as atrial fibril-
lation and heart failure [69].

4.6.2 Acute pericarditis after chemotherapy

Relationship between high-dose chemotherapy and acute pericarditis was sug-
gested in the literature. Despite unknown mechanism, opportunistic infections,
direct toxic or immunological drug-related mechanisms may play a role in this clinical
situation [70].
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Chapter?2
PET Imaging of Infection

Christopher ]. Palestro

Abstract

Nuclear medicine has played an important part in the diagnosis of infection for
50 years. Gallium-67 citrate was one of the first radionuclides used for diagnosing
and localizing infection. The development of techniques for radiolabeling leukocytes
and monitoring their migration to foci of infection was a significant advance. More
recently, investigators have worked on developing positron-emitting radiopharma-
ceuticals for diagnosing infection. Positron emission tomography (PET) provides
high-resolution three-dimensional images, facilitating precise localization of radio-
pharmaceutical uptake. Semiquantitative analysis could facilitate the differentiation
of infectious from noninfectious conditions and could be used to monitor treatment
response. Not surprisingly, the first PET agent investigated was fluorine 18-fluorode-
oxyglucose (**F-FDG). Although *F-FDG has proved to be invaluable for diagnosing
infection, it is not specific, and also accumulates in neoplasms, and noninfectious
inflammatory conditions. Considerable effort has been devoted to developing PET
radiopharmaceuticals that are specific, or at least more specific than **F-FDG, for
infection. Investigators have explored the potential of leukocytes labeled in vitro with
various PET radiopharmaceuticals, gallium-68 citrate, gallium-68 labeled peptides,
iodine-124 fialuridine, and "*F-fluorodeoxysorbitol. This chapter reviews the role of
'8F-FDG for diagnosing infection and monitoring treatment response and other PET
agents whose potential for diagnosing infection has been studied.

Keywords: cardiovascular infections, BE_FDG, ®F-FDS, FIAU, FUO, gallium,
osteomyelitis, sarcoid, spondylodiscitis, tuberculosis, zirconium

1. Introduction

Infection is a major cause of patient morbidity and mortality throughout the
world. The diagnosis of infection can be challenging and imaging studies are often
used for confirmation and localization. Radiological tests, such as x-rays, ultrasonog-
raphy, computed tomography, and magnetic resonance imaging, reflect structural
alterations in tissues and organs produced by a combination of the infection and the
host’s response to the infection. Structural changes take time to evolve and there is
a delay between the molecular events of the disease process itself and the appear-
ance of structural changes on radiologic imaging. Nuclear medicine imaging agents
can be taken up directly by cells, tissues, and organs, or can be attached to native
substances that then migrate to an inflammatory focus. These agents reflect physi-
ological changes in the inflammatory process and can identify abnormalities before
the development of structural changes [1]. For many years, the single photon emitting
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radiopharmaceuticals, gallium-67 citrate, and iz vitro labeled leukocytes were the
mainstay of nuclear medicine imaging of infection. Positron emission tomography
(PET) has several advantages over single photon imaging. PET provides high-resolu-
tion three-dimensional images of the whole body facilitating precise localization of
radiopharmaceutical uptake. Semiquantitative analysis could facilitate the differenti-
ation of infectious from noninfectious conditions and could be useful for monitoring
response to treatment. In view of the advantages of PET over single photon imaging as
well as the proliferation of clinical PET over the past 25 years, it is not surprising that
investigators have turned their attention to developing PET radiopharmaceuticals for
diagnosing infection. The first and most extensively studied of these agents is fluo-
rine-18 fluorodeoxyglucose ("*F-FDG). Developed primarily for oncology, *F-FDG
uptake in inflammation was soon recognized. While such uptake could confound
study interpretation in patients with tumors, the possibility of *F-FDG for imaging
infection was exploited [2]. The potential of human leukocytes labeled iz vitro with
E_FDG, copper-64 (**Cu), and zirconium-89 (*¥’Zr) for imaging infection has also
been investigated. Other PET agents that have been studied include gallium-68 (**Ga)
citrate, iodine-124 (***1)-filauridine, fluorine-18 fluorodeoxysorbitol (®F-FDS), and
%8Ga labeled peptides.

2. 8F_FDG

Cellular uptake of fluorodeoxyglucose, which is a structural analog of 2-deoxyglu-
cose, is governed by three mechanisms: passive diffusion, active transport by a Nal-
dependent glucose transporter (GLUT), and via GLUT-1 through GLUT-13 transporters.
Once inside the cell, it is phosphorylated to 2’-FDG-6 phosphate by the hexokinase
enzyme. Unlike glucose-6-phosphate, 2’-FDG-6 phosphate is not a substrate for the
enzymes of the glycolytic pathway or the pentose—phosphate shunt. It is trapped intracel-
lularly but is not metabolized, and does not diffuse back into the extracellular space [3].

The normal distribution of *F-FDG includes the brain, myocardium, and urinary
tract. Thymic uptake, particularly in children, has been observed. Gastric and bowel
activity are variable. Liver, spleen, and bone marrow uptake generally are low-grade
(Figure 1) [4]. The small ®F-FDG molecule enters poorly perfused areas rapidly, so
imaging can be performed within 1-2 hours after administration. Skeletal uptake
usually normalizes within 3-4 months after trauma or surgery, and degenerative bone

Figure 1.
Normal ®*F-FDG maximum intensity projection image. There is brain, myocardial, liver, spleen, and urinary
tract activity. Faint bone marrow uptake is present.
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changes ordinarily show only mildly increased uptake, which are advantageous when
musculoskeletal infection is a concern [5]. Over the past two decades, BE_FDG has
assumed an increasingly important role in molecular imaging of infection.

2.1 Musculoskeletal infection

8F-FDG has proved to be very useful for diagnosing osteomyelitis (Figure 2).
In one systematic review, BF_FDG PET had a pooled sensitivity of 0.92 (95% CI:
0.87-0.96) and a pooled specificity of 0.92 (95% CI: 0.87-0.96) for the diagnosis
of osteomyelitis, for a positive likelihood ratio of 9.77 (95% CI: 5.99-15.95) and a
negative likelihood ratio of 0.12 (95% CI: 0.07-0.20). The area under the summary
receiver operating characteristics curve was 0.97 [6]. In another systematic review,
8F-FDG PET had a pooled sensitivity of 0.96 (95% CI: 0.88-0.99) and a pooled
specificity of 0.91 (95% CI: 0.81-0.95) for diagnosing chronic osteomyelitis [7].

2.1.1 Spondylodiscitis

The role of ®*F-FDG in the diagnosis of spondylodiscitis has been extensively
studied. The pooled sensitivity and specificity of *F-FDG PET/PET-CT were 97%
and 88% in one meta-analysis [8]. In another meta-analysis, the pooled sensitivity
was 94.8% and the pooled specificity was 91.4% (Figure 3) [9] . In intraindividual
comparisons, *F-FDG has outperformed bone and gallium-67 scintigraphy both
alone and in combination [10, 11].

Postoperative spondylodiscitis often has an indolent, nonspecific presentation.
Prompt diagnosis is imperative because a delay may lead to involvement of the bone,
epidural space, and paravertebral soft tissues, and may necessitate hardware removal,
which can lead to instability and pseudoarthrosis [12]. In a meta-analysis of BE_FDG
for diagnosing postoperative spondylodiscitis, the summary AUC for spondylodiscitis
was 0.92 in patients with versus 0.98 in patients without spinal hardware. False-
positive results were more common in patients with than in patients without hard-
ware (12.8% vs. 7%), presumably due to hardware-induced aseptic inflammation.
Performing PET/CT rather than PET alone reduces hardware-associated false-positive
results [8]. Analyzing uptake patterns may facilitate the differentiation between
aseptic inflammation and infection. Confluent increased '*F-FDG uptake in soft
tissue and bone immediately adjacent to the hardware at multiple contiguous levels

Figure 2.
Sacral osteomyelitis. There is *F-FDG uptake in a sacral decubitus ulcer extending into the distal sacrum
(arrow).
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Figure 3.
Spondylodiscitis. There is abnormal ®*F-FDG activity in the T12-L1 vertebrae corresponding to evosive changes on
the CT component, with extension into the prevertebral space (arrow).

Figure 4.

Sp%:dylodiscitis thovacic spine. On the pretreatment *F-FDG PET/CT (left) there is intense uptake in the T2-T3
vertebrae (arrow). On the posttreatment study, performed about 3 months later, the abnormal uptake had resolved.
Peysistent esophageal activity (arrowhead) was thought to be secondary to a foreign body reaction or metastatic
disease in this patient with esophageal cavcinoma (veproduced with permission from Seminars in Nuclear Medicine:
Raghavan M, Palestro CJ: Imaging spondylodiscitis: an update. 53:152-166. DOI: 10.1053/j.semnuclmed.2022.11.005).

is suggestive of infection, while focal uptake adjacent to one or two hooks, screws, or
anchors, usually at the upper or lower aspects of the spinal hardware is more sugges-
tive of noninfectious complications [13].

8F-FDG may be useful for monitoring treatment response in spondylodiscitis
(Figure 4). Some investigators have reported that changes in standardized uptake
value (SUV) reliably differentiate responders from nonresponders, while other
investigators have observed that changes in uptake patterns are useful for monitoring
treatment response [14-19].

2.1.2 Diabetic pedal osteomyelitis

Because diabetics can have a significant foot infection with few signs or symptoms
and without mounting a systemic inflammatory response, the diagnosis of osteomy-
elitis can easily be overlooked [20]. Molecular imaging has always had an important
role in the workup of these patients and data indicate that "®*F-FDG is useful in this
population. In one meta-analysis, the pooled sensitivity and specificity of *F-FDG
were 74% and 91%, respectively [21].

In another meta-analysis, the pooled sensitivity and specificity of *F-FDG were
89% and 92%, respectively, which was similar to the pooled sensitivity and specificity
of #™Tc-labeled leukocyte scintigraphy: 91% and 92%, respectively [22].

2.1.3 Periprosthetic joint infection

In a systematic review the pooled sensitivity and specificity of *F-FDG-PET
for diagnosing lower extremity periprosthetic joint infection (PJI) were 86% (95%
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CI: 82-90%) and 86% (95% CI: 83—89%), respectively [23]. In another systematic
review, the pooled sensitivity and specificity of ®F-FDG-PET for lower extremity PJI
were 82.1% (95% CI: 68.0—90.8%) and 86.6% (95% CI: 79.7-91.4%), respectively
[24]. The authors noted that caution is warranted because results of individual stud-
ies were heterogeneous and could not be fully explored. These limitations are borne
out by the inconsistent results reported in individual investigations over the years
[25]. Different test probabilities, the inability to discriminate between infection and
aseptic inflammation, and a lack of standardized interpretative criteria are obstacles
to incorporating '*F-FDG-PET into the routine diagnostic imaging workup for PJI
(Figure 5) [26].

Data on ®F-FDG for diagnosing PJI of shoulder arthroplasties are scant. In an
investigation of 86 patients with suspected chronic PJI of the shoulder, the sensitiv-
ity and specificity of BE_FDG PET/CT were 14% (3/22) and 91% (58/64), respec-
tively [27].

2.2 Cardiovascular infections

The term cardiovascular infection encompasses a wide range of infections,
including endocarditis, cardiac implantable electronic device (CIED), and prosthetic
vascular graft infections. Diagnosis of these often life-threatening conditions can be
challenging and "®F-FDG can play an important role in their diagnosis.

2.2.1 Infective endocarditis

Infective endocarditis (IE) is a life-threatening infection. In spite of advances
in diagnosis and treatment, patients with IE still have high rates of morbidity and
mortality. The diagnosis is based on modified Duke's criteria that classify patients into
three categories: definite, possible, and rejected IE. The overall sensitivity of modified
Duke’s criteria is approximately 80% [28, 29].

E_FDG is a useful adjunct for diagnosing IE with a pooled sensitivity and speci-
ficity of 61% and 88%, respectively (Figure 6). It is especially useful in the setting of
prosthetic heart valves. False-negative results are associated with lesions below the
limits of res olution of current systems and antibiotic treatment for more than 1 week
prior to imaging. False positive results can occur with postoperative inflammation
during the first 2 months after implantation and in the presence of severe prosthetic
valve thrombosis [30, 31].

Figure 5.

Asymptomatic knee arthvoplasties. There is intense periprosthetic *F-FDG around the right knee arthroplasty
and to lesser extent avound the left knee arthroplasty. The inability to be able to consistently discriminate between
periprosthetic infection and aseptic inflammation, is a significant disadvantage of *F-FDG.
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Figure 6.
Infective endocarditis prosthetic aortic valve. ®F-FDG is especially useful for diagnosing infective endocarditis in
patients with prosthetic heart valves.

Figure 7.
Infected left ventricular assist device and driveline. There is abnormal *F-FDG accumulation around the device
(top) and driveline (bottom, arrows).

2.2.2 Cardiac implantable electronic device infections

CIEDs, such as permanent pacemakers, cardioverter-defibrillators, and cardiac
resynchronization systems, have become increasingly important in the management
of cardiac disease. The number of devices implanted has increased over time, espe-
ciallgf in older patients with more comorbidities, leading to higher infection rates [32].

®F-FDG is useful for diagnosing CIED infections (Figure 7). Besides diagnosing
pacemaker pocket infection, *F-FDG delineates the extent of infection and improves
the diagnostic accuracy of the modified Duke’s criteria for CIED infection. It is useful
for diagnosing left ventricular assist device infection, determining extent of infec-
tion, and monitoring treatment response [33-36]. In a meta-analysis of nearly five
hundred patients, the pooled sensitivity of *F-FDG PET/CT for diagnosing CIED
infection was 83% and the pooled specificity was 89%. For diagnosing pocket infec-
tion, pooled sensitivity and specificity were 96% and 97%, respectively. The test was
less sensitive for lead infection and CIED-IE with pooled sensitivity and specificity of
76% and 83%, respectively [37].

2.2.3 Prosthetic vascular graft infections

Although prosthetic vascular graft infections are infrequent, they are associated
with high morbidity and sometimes, mortality. Underlying comorbidities increase
risk of infection and infection-related complications, such as sepsis, enteric fistulae,
spread of infection to other sites, and death [38].

8F-FDG accurately diagnoses prosthetic vascular graft infection, with sensitivity
and specificity ranging from 88% to 100% [39, 40]. It is important to be cognizant
of the fact that these grafts can incite a foreign-body inflammatory response that
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can lead to increased "*F-FDG uptake in the absence of infection. Familiarity with
typical ®F-FDG uptake patterns associated with infection and foreign body reaction
is important. Vascular graft infection generally presents as focal or heterogeneously
increased "*F-FDG uptake that projects over the vessel on the CT component of the
examination (Figure 8). In contrast, the aseptic foreign body reaction presents as
linear, diffuse, and homogeneous uptake along the graft (Figure 9) [41, 42].

2.3 Sarcoidosis

Sarcoidosis is a multisystemic disease that most often affects the lungs and intra-
thoracic lymph nodes but can involve any organ in the body. The diagnosis is based on
a combination of history, physical examination, radiologic and pathologic findings,
and exclusion of other causes [43, 44].

8F-FDG, the molecular imaging study of choice for sarcoid, with an overall sensi-
tivity of 89—100% is more sensitive than the ACE and soluble interleukin-2 receptor
tests (Figure 10). Whole-body imaging facilitates identification of unsuspected
disease sites and guides management in these patients [45, 46]. ®*F-FDG is useful
for monitoring treatment response. A decrease in '*F-FDG lesion avidity after the
initiating treatment correlates with clinical improvement, while persistent activity
identifies nonresponders [47, 48].

Figure 8.
Infected aortic endovascular stent. There is intense heterogeneous *F-FDG uptake surrounding the vascular stent.

Figure 9.
Uninfected endovascular stent. Theve is faint homogeneous *F-FDG uptake around this stent (arvows). Compare
this pattern with that of the infected stent in Figure 8.

Figure 10.
Sarcoidosis. There is intense *F-FDG uptake in multiple mediastinal lymph nodes, with patchy less intense uptake
in both lungs, greater on the right.
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Pulmonary parenchymal uptake of ®F-FDG uptake correlates with active pulmo-
nary disease and predicts response to anti-inflammatory treatment [49]. *F-FDG
uptake correlates with the bronchoalveolar lavage fluid neutrophil count and may
serve as a noninvasive prognostic tool [50].

In patients with pulmonary involvement, distinguishing between fibrosis and
fibrosis with active inflammation is important because patients with active inflam-
mation could benefit from a change in therapy. Published data suggest that *F-FDG
can facilitate the differentiation between pure fibrosis and fibrosis plus inflammation
because pulmonary fibrotic changes do not demonstrate uptake while active lesions do.
It is superior to high-resolution CT and serological evaluation for this purpose [50, 51].

2.4 Tuberculosis

Tuberculosis is the leading cause of infectious disease-related mortality world-
wide. One-fourth of the world’s population is latently infected and 3-5% of these
individuals develop active tuberculosis disease during their lifetime. The lungs are
the most common site of involvement and pulmonary disease is present in more than
80% of cases. The most common sites of extrapulmonary disease are thoracic and
cervical lymph nodes, spine, adrenal glands, meninges, and gastrointestinal and geni-
tourinary tracts [52, 53]. Early, accurate diagnosis with prompt initiation of treatment
is important to minimize morbidity and mortality and to reduce the likelihood of
transmission. *F-FDG is useful for identifying both pulmonary and extrapulmonary
disease, measuring disease activity, identifying individuals with latent tuberculous
infection at risk of developing an active infection, and monitoring response to treat-
ment. In patients with active infection, there are two general patterns of *F-FDG
uptake. The lung pattern is associated with pulmonary tuberculosis. Mediastinal
lymph nodes can be slightly enlarged and demonstrate moderate '*F-FDG uptake. The
lymphatic pattern is associated with predominantly systemic, extra-thoracic disease.
Mediastinal lymph nodes are larger and have higher *F-FDG uptake than those in
patients with the lung pattern. Inmunocompetent patients tend to develop the lung
pattern, while immunocompromised patients are more likely to develop the lymphatic
pattern [54].

Lesion activity as measured by SUV correlates with disease activity. Using dual
time-point imaging, it may be possible to distinguish active from inactive pulmonary
tuberculomas. Active pulmonary tuberculomas have a higher SUV max at1and
2 hours and a greater increase in SUV max from early to late imaging compared to
inactive tuberculomas [55]. "®F-FDG uptake can be present in clinically cured patients
who do not go on to develop active disease. This may represent a post-treatment
equilibrium in which the immune system prevents replicating bacilli from progressing
to overt disease [56].

Identifying individuals with latent tuberculosis infection who are at risk of
progressing to active infection is important because they should be treated. In one
investigation, ®F-FDG showed infiltrates and/or fibrotic scars or active nodules in
ten asymptomatic subjects with an initial negative screen for active disease. These
subjects were significantly more likely to have "®F-FDG uptake within mediastinal
lymph nodes compared to 25 subjects with either normal lung parenchyma or discrete
small nodules [57].

8F-FDG can assess early treatment response when radiological features may
remain unchanged, with consequent significant impact on patient management. In 28
subjects with multidrug-resistant disease, *F-FDG-PET/CT performed 2 months into
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treatment was the best method for early prediction of treatment results and long-term
outcomes [58].

In summary, '*F-FDG is valuable for staging tuberculosis, locating extrapulmo-
nary disease, identifying patients with subclinical tuberculosis, and assessing early
treatment response.

2.5 Fever of unknown origin

Fever, or pyrexia, of unknown origin (FUO) is a fever that exceeds 38.3°C (101°F)
on several occasions, with more than 3 weeks' duration of illness, and a failure to
obtain a diagnosis after an appropriate inpatient or outpatient workup. FUO is
divided into four categories: classic (the most common), nosocomial, neutropenic,
and HIV-associated. Causes of classic FUO are divided into five categories: infection,
neoplasm, inflammation, miscellaneous, and undiagnosed. The relative frequencies
of these categories vary with the historical period, geographic region, care setting
(tertiary versus community), and patient population. The etiology of FUO is undiag-
nosed in up to 50% of patients [59].

The workup of a patient with FUO consists of several first-line investigations:
history and physical examination, laboratory tests, chest x-ray, and echocardiography
when endocarditis is suspected. When first-line investigations do not yield a diagnosis,
second-line procedures, including CT, MRI, and molecular imaging studies, are per-
formed. ’Ga and labeled leukocyte scintigraphy, at one time the mainstays of molecular
imaging for FUO, have been replaced by "*F-FDG as the molecular imaging test of
choice in this population (Figure 11). Abnormalities identified with ®F-FDG guide
additional investigations that may yield a final diagnosis. A negative study excludes
these conditions with a reasonable certainty, thereby avoiding unnecessary additional
testing. A negative result is a good predictor of a favorable prognosis. Performed within
the first 1-2 weeks in the FUO workup, ®F-FDG is cost-effective by obtaining a diagno-
sis sooner, reducing the number of expensive, potentially invasive, diagnostic proce-
dures performed, and decreasing the number of patients without a final diagnosis [59].

8F-FDG contributes useful information in children with FUO. In one investiga-
tion, 19 (43%) of 44 scans were helpful by allowing focused evaluation in 9 cases and
eliminating further workup in 10 cases [60]. In one of the largest pediatric studies
to date, (n = 110) ®F-FDG PET/CT established a definite diagnosis in 62% and led
to treatment modification in 53% [61]. ®F-FDG is helpful in children with terminal
chronic liver failure and FUO during the pretransplantation period, as well as in
immunocompromised children with fever [62, 63].

Figure 11.

Vasculitis. There is diffuse ®F-FDG throughout the wall of the thovacic and abdominal aorta with extension into
the subclavian and iliac arteries. ®F-FDG is very sensitive for detecting large vessel vasculitis, which is a well-
recognized cause of fever of unknown origin.
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3. Gallium-68 citrate

For nearly 50 years, ’Ga has been used for imaging infection. Now that gal-
lium-68 citrate (**Ga) is available, investigators have studied the role of this agent
in diagnosing infection [64]. In a pilot study, ®*Ga accumulated in pulmonary and
extra-pulmonary sites of disease in patients with tuberculosis was superior to CT for
detecting extra-pulmonary disease. Not all pulmonary lesions concentrated *Ga and
the authors hypothesized that this radiopharmaceutical might be useful for differ-
entiating active from inactive disease and for monitoring treatment response [65].

In another investigation of patients with tuberculosis, although more lesions overall
were detected with ®F-FDG, brain lesions were better defined with %Ga, presumably
due to the lack of phglsiological brain uptake of this radiopharmaceutical [66].

The potential of ®*Ga for diagnosing musculoskeletal infection also has been
studied. In one investigation of 31 patients with suspected musculoskeletal infection,
all 23 infections were detected. There were four false positive results all of which
were due to tumor. Sensitivity, specificity, and accuracy were 100%, 76%, and 90%,
respectively [67]. In a prospective investigation, 34 patients with clinically proven
or suspected lower extremity PJI underwent '*F-FDG and ®Ga-citrate PET/CT.
Sensitivity, specificity, and accuracy of 8Ga-citrate PET/CT and *F-FDG PET/CT
were 92%, 88%, and 91% and 100%, 38%, and 85%, respectively. The authors con-
cluded that preliminary evidence suggests that ®Ga-citrate PET/CT potentially could
be complementary to *F-FDG PET/CT by facilitating the differentiation between
infection and aseptic inflammation [68].

4. Labeled leukocytes

Although ®F-FDG and *®Ga are useful in the diagnostic workup of patients with
infectious diseases, they are not specific and accumulate in noninfectious conditions,
including benign and malignant neoplasms, and various noninfectious inflammatory
conditions. Considerable effort has been devoted to developing positron-emitting
radiopharmaceuticals that are specific, or at least more specific for infection, than
F-FDG and *Ga.

4.1BF-FDG labeled leukocytes

One of the earliest attempts at creating a more specific PET radiopharmaceuti-
cal for infection imaging was the development of an iz vitro method for labeling
autologous leukocytes with BE_FDG [69, 70]. A recent meta-analysis indicates that
8F-FDG labeled leukocyte imaging accurately diagnoses infection [71]. Seven studies
(n = 236) were included in the meta-analysis. Pooled sensitivity was 86.3% (95%CI:
75-92.9%) and pooled specificity was 92% (95% CI: 79.8—97.1%). The positive likeli-
hood ratio was 6.6 (95% CI: 3.1-14.1) and the negative likelihood ratio was 0.2 (95%
CL: 0.12—0.33).

In spite of these favorable results, *F-FDG WBC has not been integrated into the
routine diagnostic workup of infection. There are several reasons for this. Labeling
efficiency is variable both in patients and normal volunteers, ranging from less than
25% to more than 95% [72-78]. This inconsistency makes it difficult to determine the
quantity of ®*F-FDG needed for labeling leukocytes. If a worst-case labeling efficiency
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scenario is assumed, that is, 35%, what happens if the labeling efficiency is 80%? Is
the amount of activity reinfused is reduced accordingly? If so, will the number of
labeled leukocytes reinfused be adequate to provide diagnostically useful data?

Stability of the ®F-FDG WBC label is another issue. In one investigation, leu-
kocyte retention of ®F-FDG decreased from 39% to 44% at 90 minutes to 19% at
4 hours [75]. In an investigation of normal volunteers, mean leukocyte retention of
BE_FDG was 85% + 4% at 1 hour, and 68% * 7% at 4 hours [77]. In view of the degree
of ®F-FDG elution, one has to question whether imaging findings reflect accumula-
tion of **F-FDG WBC, "*F-FDG, or a combination.

The 110 minute physical half-life of fluorine-18 is a significant disadvantage. The
time needed for in vitro labeling, up to 3 hours, needs to be accounted for when deter-
mining the amount of activity used to label the leukocytes. The short half-life makes
it impractical for labeling to be performed off-site, which is a significant limitation in
the United States where the vast majority of these labelings are performed at outside
radiopharmacies. In indolent, low-grade, infections, leukocyte accumulation is slow,
and imaging at later time points (e.g., 24 hours) may be necessary. The short half-life
of fluorine-18 precludes imaging more than 4-5 hours after reinfusion of labeled
cells. For all of these reasons, it is unlikely that "*F-FDG-labeled leukocyte imaging
will ever become part of mainstream clinical nuclear medicine.

4.2 Copper-64 labeled leukocytes

$4Cu labeling of leukocytes also has been investigated. In 10 normal volunteers,
the labeling efficiency, cell viability, and stability of ®4Cu labeled leukocytes were
compared with those of M1 labeled leukocytes and BE_FDG labeled leukocytes [77].
The mean labeling efficiency for %4Cu labeled leukocytes, 87% + 4%, was nearly iden-
tical to that of "'In labeled leukocytes 86% + 4%. Leukocyte viability was the same
for both radiolabels at 1 hour, 99% * 1%, but was significantly higher for ®*Cu labeled
leukocytes than for M1 labeled leukocytes at 3 hours (98% vs. 96%, respectively)
and at 24 hours (61% vs. 48%), respectively). Label stability was significantly higher
for "[n labeled leukocytes at 1, 2, 3, 4, and 24 hours (94%, 93%, 92%, 91%, and 88%,
respectively) than for *Cu labeled leukocytes (91%, 89%, 88%, 86%, and 79%) and
8F-FDG WBC (85% + 4%, 81% + 4%,76% + 4%, and 68% + 7%). Unfortunately, the
labeling procedure required the use of two chelating agents: tropolone to allow the
$*Cu ion to enter the cell, and quin-MF/AM, to prevent elution. This complex, time-
consuming procedure, which requires skilled personnel, is not well suited to routine
clinical use.

Chitosan nanoparticles also have been used to label human leukocytes with **Cu.
The labeling efficiency was only about 26% and more than 90% of the activity had
eluted from the leukocytes at 2 hours [79].

4.3 Zirconium-89 labeled leukocytes

8971, with a half-life of 78.4 hours, has also been used to label leukocytes in vitro. In
one investigation, chitosan nanoparticles were used to label human leukocytes with
$97r. Labeling efficiency was 76.8%. Cell viability at the completion of labeling was
61%; 28.4% of the intracellular activity had eluted at 2 hours, 35.2% at 4 hours, and
53.3% at 24 hours. The entire labeling process took nearly 6 hours to complete. In this
investigation, only 61% of the labeled leukocytes were viable.
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Recent investigations are more promising. In one study, iz vitro labeling of human
leukocytes with ¥'Zr-oxine was compared to labeling with 'In-oxine [80]. Labeling
efficiency for 871 labeled leukocytes was 48.7% vs. 89.1% (P < 0.0001) for My
labeled leukocytes. However, there were no significant differences between **Zr
labeled leukocytes and "'In labeled leukocytes with respect to elution of activity or
cell viability. Another group obtained similar results when using **Zr-oxinate4 to
label human leukocytes [81]. These results are encouraging, but iz vivo investigations
of ¥Zr labeled leukocytes to diagnose infection are lacking.

5. Infection-specific agents
5.1Iodine-124 fialuridine

The radioiodinated thymidine analog fialuridine (FIAU) was developed for
reporter genes, for cells that were transfected with herpes simplex virus thymidine
kinase (TK). This enzyme transfers a phosphate group from ATP to pyrimidine
deoxynucleoside. The lipophilic agent diffuses into the cell where it is trapped with
the TK activity [82]. FIAU is also phosphorylated by endogenous bacterial TK.

In a pilot investigation, "*I-FIAU PET/CT successfully detected musculoskeletal
infection in seven patients and was negative in one healthy control [83]. Results of
subsequent investigations of "**I-FIAU for diagnosing musculoskeletal infection were
less satisfactory. In 19 subjects with suspected lower extremity PJI, image quality was
suboptimal because of metal artifact and high nonspecific muscle uptake [84]. In

an investigation of "**I FIAU for diagnosing foot osteomyelitis in diabetics the study
was terminated because of a lack of correlation between "I FIAU uptake and bone
biopsy results [85].

5.2 Fluorine-18 fluorodeoxysorbitol

Sorbitol, a sugar alcohol, is a metabolic substrate for Enterobacteriaceae, the
largest group of Gram-negative bacterial pathogens in humans. Sorbitol is selec-
tively taken up by bacteria via surface transporters, phosphorylated, and further
metabolized [86]. The radiolabeled sorbitol analog, ‘*F-FDS rapidly and selectively
accumulates in Enterobacteriaceae. In a murine myositis model, "*F-FDS PET rapidly
differentiated infection from sterile inflammation [87]. ®F-FDS was determined to be
safe and well tolerated after a single intravenous dose was injected into healthy human
volunteers to assess biodistribution and radiation dosimetry [88].

In a prospective investigation of 26 patients, '®F-FDS PET/CT was safe, rapidly
localized Enterobacterales infections and differentiated them from sterile inflam-
mation and tumor. Follow-up imaging in the same patients performed for monitor-
ing antibiotic treatment demonstrated decreased uptake correlating with clinical
improvement [89].

5.3 Antimicrobial peptides

Antimicrobial peptides (AMPs) bind to the bacterial cell membrane. Their
expression may be constant or induced by contact with microbes. They also may be
transported to sites of infection by leukocytes [90]. Radiolabeled synthetic fragments
of ubiquicidin, a naturally occurring human AMP that targets bacteria, possess the
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ability to differentiate infection from sterile inflammation and have shown potential
for monitoring treatment in staphylococcus aureus infections [91-93].

Although *™Tc labeled AMPS have been used in most investigations, preclinical
data indicate that ®*Ga labeled AMPS can be used to detect and localize infection
[94]. ®8Ga-DOTA-TBIA101 successfully detected E. coli-infected muscle tissue in
mice. Normalization of the infected thigh muscle to reference tissue showed a ratio
of 3.0 + 0.8 and a ratio of 2.3 + 0.6 compared to the identical healthy [95]. Although
these results are encouraging, at the present time human data are too few to draw any
conclusions about the clinical utility of these agents.

6. Conclusions

8F_FDG is extremely useful in the diagnostic workup of patients suspected of
having infection. It has emerged as the molecular imaging test of choice for spon-
dylodiscitis, FUO in both adults and children, sarcoid, and vasculitis. This test is
also valuable in the diagnostic workup of patients with diabetic foot and cardiovas-
cular infections. The most significant limitation of "*F-FDG is a lack of specificity.
Investigators have sought to capitalize on the advantages of PET over single photon
emitting radiopharmaceuticals, by developing PET radiopharmaceuticals that are
more specific for infection. Early efforts focused on in vitro labeling of leukocytes with
PET radiopharmaceuticals but for a variety of reasons, these agents have not entered
the clinical arena, nor is it likely that they will. Initial results with 1241 FIAU were
encouraging, but subsequent data dampened the enthusiasm for this agent. Based on
preliminary data, ®®F-FDS and ®®Ga labeled siderophores and AMPs show promise as
infection-specific agents. However, clinical trials are needed to establish their value.
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Chapter 3
Constrictive Pericarditis

Francesco Maria Lauri

Abstract

Constrictive pericarditis (CP) is a challenging clinical scenario in which the heart
muscle is entrapped by thick, fibrous, and frequently calcified pericardial layers.
Whereas infectious diseases (mostly bacterial) had been observed as the main etiology
in the last decades, nowadays, post-surgical or radiotherapy iatrogenic inflammation
is becoming highly prevalent with the exception of developing countries and patients
with immunodeficiency in which tuberculosis is still frequently observed. Clinically,
progressive dyspnea and peripheral edema are present and frequently considered of
unknown origin because of the diagnostic challenge that CP poses. As a matter of fact,
a specific knowledge of echocardiography and right heart catheterization is essential to
recognize constriction features. Moreover, a valuable support is provided by dedicated
imaging modalities (mostly magnetic resonance). Complete surgical removal of the
pericardium (pericardiectomy), when feasible and performed early, is associated with
excellent symptomatic improvement. Unfortunately, in specific scenarios (radiation
therapy) or when surgery is performed after severe constriction development, surgical
outcomes are poor, and CP assumes the profile of an end-stage disease. This reinforces
the unmet need of early detection of CP and the development of novel therapeutic
strategies.

Keywords: constrictive pericarditis, right heart catheterization, pericardiectomy,
heart failure, restrictive cardiomyopathy

1. Introduction

Constrictive pericarditis (CP), firstly described by Richard Lower in “Tractatus
de Corde” (1669), is the end-stage evolution of chronic inflammation and fibrosis of
pericardium. Many of the causes of acute pericarditis listed in previous chapters have
been associated with the development of pericardial constriction weeks to months
after the acute episode. Nonetheless, the appearance of progressive dyspnea and
peripheral edema are not promptly addressed to CP and are frequently considered of
unknown origin because of the diagnostic challenge that CP poses [1]. As a matter of
fact, diagnosis of CP can be challenging because of the low prevalence (<1% of acute
pericarditis, 0.2-0.4% of patients submitted to cardiac surgery) and subsequent
detraining of echocardiography specialists. Moreover, constrictive hemodynamics
can be difficult to distinguish from restrictive cardiomyopathy (RCM) physiology,

a primary myocardial disease, and finally, pericardium could present a normal
thickness in almost 20% of CP cases with calcifications present in less than half of
patients [2].
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2. Etiology

Traditionally, CP had been described months to years after acute bacterial peri-
carditis, whereas in the last decades, chronic inflammation associated with previous
thoracic surgery or radiotherapy has become the most frequent cause of CP. A recent
meta-analysis of patients submitted to pericardiectomy for symptomatic CP [2]
has collected data about 2114 patients admitted between 1991 and 2019. Idiopathic
etiology was present in approximately half of patients (50.2%) followed by post-
cardiac surgery (26.2%) and mediastinal radiotherapy (8.9%). Interestingly, studies
published after 2000 have reported a dramatic decrease of cases secondary to cardiac
surgery with respect to previous reports (15% vs. 33%, p < .001). This could reflect
the evolution of cardiac surgery techniques with progressively reduced operative
times and close echocardiographic evaluation after surgery.

Moreover, end-stage renal disease, connective tissue disorders (i.e., lupus ery-
thematosus, rheumatoid arthritis, systemic sclerosis, etc.), and pulmonary diseases,
including pulmonary asbestosis and mesothelioma infiltrating the pericardium,
are less frequent but important causes of CP. More exceptional is CP secondary to
transmural myocardial infarction (Dressler’s syndrome), given the spread of primary
angioplasty and, consequently, the reduction of infarct size, in developed countries.
Finally, CP secondary to tuberculosis infection in developed countries has been
reported to be a rare condition (3%) with an increasing trend in the last decades due
to imported cases and the spread of HIV infections. Nonetheless, taking into account
socioeconomic background, tuberculosis infections and, along with them, late com-
plications like CP are significantly increasing in developing countries. Consequently,
tuberculosis has become the first cause of CP in countries of sub-Saharan Africa and
few countries of Asia, including India where tuberculosis was associated with more
than half of cases of CP (51.6%) in a retrospective single-center analysis, including
patients submitted to pericardiectomy between 2009 and 2020 [3].

3. Pathophysiology

Chronic pericardial inflammation usually drives a structural change of pericardial
layers, resulting in progressive fibrosis and calcifications and leading to partial adhe-
sions between the layers. Consequently, difficulties in diastolic ventricle filling can be
observed. As a matter of fact, during diastole, ventricles experience an active (ATP-
consuming) relaxation with a rapid decrease of chamber pressures leading to mitral
valve opening and early inflow with a velocity as higher as the pressure gradient
between atrial and ventricular chambers. This phase is usually followed by an atrial
contraction leading to further ventricle filling with no significant increase of end-
diastolic ventricular pressures unless pathologic conditions, like CP, occur. In case of
CP, given the reduced compliance of pericardium and its reduced stretching, diastolic
pressures of the ventricles rapidly increase, and consequently, ventricular filling
abruptly ceases during early to mid-diastole, when cardiac volume reaches the limit
set by non-compliant pericardium. Thus, atrial emptying will be incomplete, lead-
ing to the increase of atrial and pulmonary/systemic venous pressure [4]. Systemic
venous congestion results in hepatic congestion, peripheral edema, and ascites
and, if long-standing, in cardiac cirrhosis and symptoms secondary to low cardiac
output (Figure 1). As a matter of fact, although left ventricle (LV) ejection frac-
tion is usually normal, the absolute reduction of diastolic filling, due to pericardial
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Figure 1.

Constrictive pericarditis physiology. During early to mid-diastole, ventricular filling (ved arrows) is limited by
pericardial thickness and incompliance (A) that vesist to myocardial relaxation (white arrows) and, therefore,
limiting ventricular preload to the early diastolic phase as showed by trans-mitral Doppler inflow pattern

« « 3 « 2

characterized by elevated and short “e”wave and a minor “a”wave (B) and sharp “y” descending wave at jugular
vein pulse (C). Limitation to ventricular filling is, finally, associated to peripheral vein congestion as highlighted
by dilation of inferior vena cava (D).

reduced compliance, leads to reduced cardiac output and, consequently, to fatigue
and reduced functional class. Finally, physiologic reduction of intrathoracic pres-
sure during inspiration acts on lungs and pulmonary veins, as usual, but will not be
transmitted to the heart (heart-lungs decoupling) because of the limited heart diastolic
compliance (myocardial relaxation, after reaching maximal diastolic volume limited
by pericardium incompliance, fails to increase linearly with respect to negative intra-
thoracic pressure that usually drives a suction phenomenon). Consequently, whereas
in normal hearts, trans-mitral flow increases during inspiration, as a consequence of
this suction phenomenon, in patients with CP, it is reduced because pulmonary veins
have a negative pressure with respect to the left atrium, resulting in a reduction of
forward blood flow, and, finally, to LV diastolic filling [5]. This phenomenon clearly
does not apply to right ventricle (RV) because inspiratory negative pressure is not
applied to systemic veins (originating outside of thorax), and consequently, venous
pressure is not lower than right atrial pressure so that diastolic filling of RV is less
reduced than LV during inspiration (Figure 2). This right-left mismatch and ventricle
inter-dependence secondary to thickened non-compliant pericardium (expansion of
one ventricle occurs at expenses of the other one because both are into a rigid pericar-
dial envelope) explain the reason why, as explained before, during inspiration, LV fill-
ing decreases whereas RV filling increases with secondary leftward interventricular
septal shift (septal bounce). Conversely, during expiration, pulmonary vein pressure
increases, driving forward blood flow and, therefore, increasing trans-mitral flow.
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Figure 2.

Re%pimtory variations of ventricular filling pressures in constrictive pericarditis. During inspiration (left),
thorax expansion is accompanied by a negative pressure transferved to lungs, pulmonary veins but not to the
heart (because of uncompliant pericardium) and pervipheral veins (outside of thovax). Pressure gradient from
pulmonary veins to left atrium is veduced whereas gradient from vena cava to right atvium is increased (red
arrow). Consequently, mitval inflow is reduced with respect to tricuspid flow and septum is shifted leftward ().
During expiration (right), a positive pressure is transferved on pulmonary veins driving the increase of gradient
from pulmonary veins to left atrium (ved arrow) and the increase of mitral inflow with respect to tricuspid
inflow. As a consequence, septum returns to neutral position.

In this case, right ventricle filling, expressed as trans-tricuspid flow, decreases, and
leftward interventricular septal deviation disappears [6].

4. Clinical “red flags”

When approaching a patient with CP, jugular venous pressure (JVP) increases,
with specifically an abnormal increase during inspiration explicated by the incompli-
ance of pericardium that impedes the venous blood, that usually increases because of
suction inspiratory forces, to enter into the RV. This phenomenon (Kussmaul’s sign) is
opposite to normal condition when, during inspiration, usually JVP falls because more
blood enters into RV. Moreover, JVP increase is associated to peculiar invasive pres-

<« 3 .

sure patterns (sharp descending “y” wave associated to rapid ventricle diastolic inflow
and, if sinus rhythm is present, sharp descending “x” wave associated with late systolic
inflow produced by atrial contraction) [7]. Consequently, the presence of peripheral
edema, hepatomegaly, and, eventually, ascites are the cornerstone of clinical assess-
ment. Finally, although the presence of restricted RV diastolic filling, most of all during
inspiration when the higher venous return is not followed by an increase of ventricular
filling, tricuspid flow increases with respect to mitral flow, explaining the presence,
frequently, of a peripheral pulse markedly diminished, or even abolished, during
ordinary or quiet inspiration (paradoxical pulse) secondary to the decrease of LV filling
and, consequently, the drop of systolic pressure (>10 mmHg) during inspiration.

Finally, an essential clinical feature of CP is a pericardial knock, a high-pitched
sound that occurs in early diastole and is best heard at the left sternal border and/or
the cardiac apex [8].

5. Non-invasive imaging “red flags”

The essential technique for non-invasive assessment of CP is echocardiography that,
moreover, is widely available and cost-saving. Therefore, it should be considered a first-
line exam in patients with suspicion of CP. This is because, beside echocardiography,
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Figure 3.

Multimodality imaging of pericardial thickening and calcifications. Chest X Ray (A), Cardiac CT (B) and
Cardiac MRI (C) revealing extensive pericardial calcifications (ved arvows) suggesting pericardial constriction
physiology. This is confirmed at Cardiac MRI by the presence of septal bounce phenomenon (*).

diagnosis of CP can be challenging with other techniques given the fact that there are no
specific findings pathognomonic of pericardial constriction. As a matter of fact, atrial
fibrillation at EKG can be a frequent finding in this subset of patients but, given its high
prevalence in general population, lacks adequate specificity. On chest X-rays, pericardial
calcification is not always seen and, when encountered, is not necessarily an expression
of constrictive physiology [9]. Moreover, another useful but not specific marker of CP

is pulmonary vascular congestion and redistribution on chest X-rays, secondary to the
increase of LV filling pressures. Similarly, a CT scan permits to detect even small spots of
pericardial calcification and minor increases of pericardial thickness (>2 mm) [10]. This
applies also to MRI, without the need for iodinated contrast or ionizing radiations but
with reduced accuracy than CT in detecting small calcifications and measuring thickness
(Figure 3). Nonetheless, although pericardial morphology can be described precisely,
physiologic repercussions of CP on ventricular diastole cannot be estimated directly and
can be only presumed by hepatic venous congestion, ascites, and pleural effusions. A
step-forward is obtained by Cine acquisition in which ventricular-wall-motion abnor-
malities and ventricular-contour distortion secondary to localized adhesions to peri-
cardium (corresponding to areas of major pericardial calcifications) can be visualized,
and moreover, ventricular inter-dependence can be derived by leftward interventricular
septal shift during early diastole (septal bounce) [11].

Consequently, given the limitations of the aforementioned non-invasive tech-
niques, echocardiography, when feasible (optimal ultra-sonographic window is not
always available), is the exam of choice in this subset of patients. Importantly, a
respirometer is mandatory in order to detect respirophasic changes of ventricular
diastolic filling and septal movements [12].

Similar to Cine CT or MRI, first step of assessment of CP by echocardiography is
the observation of thickened pericardium [13], with or without areas of tethering on
myocardium, usually at the level of the right free wall, appreciated on sub-costal and
apical 4-chambers views. In addition, septal bounce phenomenon during inspiration,
a constant finding of CP, can be highlighted as a septal notch in an M-mode long-axis
parasternal view [14].

Moreover, dilation of supra-hepatic and inferior vena cava is observed in a sub-
costal view in almost all patients with CP.

Central role in echocardiographic assessment of CP is played by Doppler hemo-
dynamic evaluation. Most of the times, Doppler findings can confirm constrictive
physiology without the need for invasive confirmation. Mitral and tricuspid inflows are
characterized by high early diastolic velocities (E wave) with short deceleration time
and significant respiratory variations in 2/3rd of patients [15]. Mitral E wave variation
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>25% (minimum at the end of inspiration) and tricuspid E wave variation>40% (maxi-
mum at the end on inspiration) are considered pathognomonic of CP, although absence
of respiratory variation does not exclude the diagnosis (Figure 3). As a matter of fact,
the presence of respiratory variations of mitral- and tricuspid-inflow-Doppler patterns
alone can be present also without CP, like in patients with severe COPD due to higher
respiratory variations of intra-thoracic pressures. Nonetheless, patients with COPD
present a marked increase of inferior vena cava and supra-hepatic vein systolic forward
flow velocity, whereas in patients with CP, this increase is blunted [16]. It is important
to remember that in patients with CP, during inspiration, tricuspid flow is relatively
increased with respect to mitral flow, but absolute flow is limited by pericardial con-
striction and, therefore, cannot increase significantly. A higher positive predictive value
(96%) is offered by supra-hepatic-vein-Doppler pattern characterized by a decrease of
expiratory diastolic forward velocities with large expiratory diastolic reversals.

Another useful parameter to detect CP is obtained by mitral annular tissue Doppler
assessment of early diastolic velocity (e’'wave), with evidence of “nnulus reversus”,
consistent with similar or slower lateral-wall relaxation with respect to septal wall
(e’septal/e’lateral ratio > 0.91) when in normal conditions the opposite occurs, that
has 95% of positive predictive value of CP [17]. Interestingly, absolute values of
medial e’'waves could be normal (septal e’'wave > 9 cm/seg) or even increased (annulus
paradoxus) despite the evidence of increased LV diastolic pressures (ratio E/e’ > 13)
[18]. This phenomenon is explicated by the predominance of longitudinal cardiac
relaxation of septum during LV diastolic filling because lateral wall is frequently
entrapped and tethered by thick and calcified pericardium. This marker, also, has 95%
of positive predictive value for CP diagnosis (Figure 4). Unfortunately, both annulus
reversus and annulus paradoxus are affected by a significant proportion of false nega-
tive results (50% and 57% of negative predictive values, respectively). Consequently,

Thickened
pericardium e’

. = —p lateral

..

\.'

e.l

Figure 4.

Tissue Doppler characteristics of constrictive pericarditis. Contrary to normal physiology, in constrictive
pericarditis lateral wall velaxation velocity (white arrow) during early diastole (e'wave) is usually is frequently
reduced in comparison with septal e'wave (annulus reversus). This occurs because lateral wall is frequently
entrapped and tetheved by thick and calcified pericardium (white line). Moreover, although diastolic filling
restriction is present, septal e’'wave can be normal (> 8 cm/second) and can be used as a veliable marker of
constriction in order to differentiate the latter with myocardial vestriction (annulus paradoxus).
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a multi-parametric approach is warranted to assess a patient with suspected CP, and in
doubtful cases or when quality of echocardiography is sub-optimal (challenging acous-
tic window, respirometer not available), a multi-modal assessment with CT and/or MRI
can be helpful in identifying calcifications, ventricular wall distortions, septal bounce
during inspiration, and systemic vein congestion [19]. Finally, if doubts still persist,
right- and left-heart catheterization is essential for invasive pressure measurement and,
therefore, demonstration of equalization of RV and LV-end-diastolic pressures second-
ary to the non-compliance of pericardium, a common constraint for both ventricles.

6. Invasive hemodynamic assessment

Simultaneous right- and left-heart catheterization is currently the gold standard
for the diagnosis of CP. Evidence of equalization of end-diastolic pressures (< 5 mmHg
difference between right- and left-ventricle-end-diastolic pressures secondary to fixed
pericardial volume and consequent ventricular interdependence) and the visualization

Panel A

ﬁ
Normal LV pressure pattern Constrictive LV pressure pattern
panel B Expiration Inspiration

)

Respirophasic RV/LV pressure pattern

Figure 5.

Invasive pressure measurement characteristics of constrictive pericarditis. Constrictive physiology is characterized
by sharp ventricular pressure increase after early diastolic inflow that, in comparison with normal hearts, is
highlighted by a peculiar diastolic pressure curve morphology known as “square root” or “dip and platean”
(panel A). Moreover, ventricular intevdependence (panel B) is another crucial marker of constriction and is
demonstrated by equalization of end-diastolic pressuves (< 5 mmHg difference between RV and LV end-diastolic
pressures) secondary to fixed pericardial volume in which both ventricles are moving (*). The same mechanism,
added to the dissociation between intra-cardiac and intrathoracic pressures, explains the evidence of RV and LV
opposite respiratory variations (panel B). This is also a useful marker to distinguish pericardial constriction from
myocardial vestriction (in this case, LV pressure variates in the same manner wheveas RV pressure remains stable
as its preload is not influenced by intrathoracic pressure and both ventricles are independent from each other,).
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of “square root” or “dip and plateau” sign (secondary to sharp ventricular-pressure
increase when pericardial constraining volume is reached immediately after early
diastolic inflow) are considered the most important features for the diagnosis [20].
Another important marker of constriction is the presence of significant respiratory
variations of LV and RV systolic and diastolic pressures as a consequence of dis-
sociation between intracardiac and intrathoracic pressures (Figure 5). This has been
quantified using the systolic area index (ratio of RV to LV systolic pressures x time area
during inspiration). If >1.1 (RV pressure increasing while LV pressure decreasing
during inspiration), it is highly suggestive of CP. Moreover, Kussmaul’s sign, quantified
as <5 mm Hg decrease in right atrial pressure during inspiration, is often encountered.
It is worth mentioning that hypovolemia secondary to previous aggressive diuretic
therapy can mask hemodynamic features described above. An important tip in these
cases is to perform a fluid challenge with rapid infusion of saline (500-1000 ml over
5-10 min) before assessment [21]. Finally, not specific but important findings at
invasive assessment are also the reduction of stroke volume (as per Frank-Starling
effect secondary to reduced diastolic filling) and the maintenance of pulmonary artery
pressures within or mildly above upper normal limit, explaining the higher prevalence
of right instead of left heart-failure symptoms.

7. Constrictive versus restrictive physiology: differences and similarities

Clinical spectra of CP and RCM frequently overlap given the defect of diastolic
ventricle filling that is common to both diseases. Anyway, as a specific treatment
for each of them is present, a correct differential diagnosis is mandatory. RCM
is characterized by increased myocardial stiffness and, therefore, increased ven-
tricular filling pressures in both the systemic and pulmonary circulations with the
increase of both mitral and tricuspid inflows during inspiration. Differently, CP is
characterized by discordant respiratory flow variations in RV and LV (ventricular
interdependence) (Figure 5), frequently accompanied by the paradoxical pulse sign
and septal bounce pattern and, predominantly, by systemic venous congestion.

That makes the presence of symptoms and signs of pulmonary edema and conges-
tion more frequent in RCM than in CP. This phenomenon is also reflected by the
presence of severe post-capillary pulmonary hypertension in RCM, whereas it is
almost absent in patients with CP. Similarly, although both present a “square root”
morphology of ventricular diastolic pressure, tele-diastolic pressures of LV and RV
are usually equal in CP, whereas LV has usually a higher pressure (4-5 mmHg more)
than RV in RCM [22]. Finally, from a clinical perspective, the presence of pericar-
dial knock suggests CP diagnosis.

Moreover, non-invasive imaging modalities, like echocardiography, CT scan,
and cardiac MRI, are helpful in the diagnostic process as the presence of pericardial
calcifications and/or increased pericardial thickness suggest CP, whereas ventricular
hypertrophy (with or without delayed gadolinium enhancement at MRI) and marked
atrial enlargement suggest RCM. Finally, myocardial tethering by adhered pericar-
dium is present in CP (absent in RCM) and is accompanied by LV shape deformations
and/or reduced circumferential restoration and speckle-tracking examination with
normal longitudinal restoration. On the contrary, in RCM, circumferential restoration
is normal, whereas longitudinal restoration is reduced. Similarly, e’lateral is equal or
slower than e'medial in CP (annulus reversus), whereas it is the opposite in patients
with RCM (Figure 4). Medial e’'wave is usually normal in patients with CP (reflecting
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the absence of myocardial disease), whereas it is reduced in patients with RCM
(annulus paradoxus) [23]. Finally, in doubtful cases, endomyocardial biopsy could
confirm or exclude RCM [24].

8. Treatment

Surgical pericardiectomy is the treatment of choice of CP with acceptable outcomes
in the long-term [25-28]. Nonetheless, diuretic therapy is the first-line treatment of
CP, often started even before proper diagnosis is obtained, and permits initially to con-
trol mild symptoms and reduce venous congestion. Unfortunately, as CP progresses,
patients become refractory to diuretics and maintain an adequate cardiac output with
compensatory sinus tachycardia. This is the reason why beta-adrenergic blockers,
verapamil, and diltiazem should be avoided. In case of high-rate supraventricular
arrhythmias, digoxin is the negative chronotropic agent of choice. In the specific subset
of patients developing CP early (<3 months) after cardiac surgery, treatment with
nonsteroidal anti-inflammatory agents, colchicine, and steroids for at least 3 months
has been proposed. Predictors of success of this strategy are increased biomarkers of
systemic inflammation (hsCRP) and evidence of significant pericardial inflammation
visualized as intense delayed enhancement on MRI [29, 30]. Nonetheless, surgical
pericardiectomy should not be delayed in case of failure of initial anti-inflammatory
strategy as earlier surgery is associated with improved outcomes. In patients without
ongoing acute pericardial inflammation or with long-standing symptoms, surgical
pericardiectomy is the first-line treatment. Different surgical approaches have been
described (on- versus off-pump, median sternotomy versus mini-invasive thora-
cotomy) without a clear benefit of one of them. Complete pericardiectomy, defined as
extensive excision of pericardium up to superficial epicardium, if involved, anteriorly
between the 2 phrenic nerves and from the great arteries superiorly to the diaphragm
inferiorly, posteriorly between the left phrenic nerve to the left pulmonary veins,

Figure 6.

Surgical approach to constrictive pericarditis. Complete pericardiectomy with extensive excision of pericardium
anteriorly between the 2 phrenic nerves and from the great arteries superiorly to the diaphragm inferiorly (left
panel) and posteriorly between the left phrenic nerve to the left pulmonary veins is considered the gold standard
for treatment of CP. When extensive calcification is encountered, a less invasive approach with multiple transverse
and longitudinal incisions up to the epicardial layer (“waffle” procedure) with the help of a dedicated ultrasonic
scalpel (*) is considered a valid alternative (right panel).

51



Pericarditis - Diagnosis and Management Challenges

including the diaphragmatic wall of left ventricle, is highly recommended. In case

of severe calcification, it can be associated with ultrasound or laser debridement.
Moreover, a less invasive approach with multiple transverse and longitudinal incisions
on the epicardial layer (“waffle”procedure) has been proposed in patients with exten-
sive calcific involvement of visceral pericardium and epicardium (Figure 6) [31, 32].
Despite long-standing experience in this procedure, pericardiectomy has a relatively
high perioperative mortality rate (2-20%) associated with frequently reported low
cardiac output. Predictors of poor perioperative outcomes are post-radiation CP,
comorbidities (COPD, renal insufficiency, coronary artery disease, etc.), prior cardiac
surgery, significant cardiac involvement (reduced LV systolic function, myocardial
fibrosis/atrophy, severe tricuspid regurgitation), cardiopulmonary bypass, and

poor functional status (New York Heart Association (NYHA) stage IV symptoms)
[26]. Therefore, safety concerns about post-operative complications explain cur-

rent indication to manage conservatively elderly healthy subjects, most of all in the
presence of mild constriction, with pericardiectomy as a second-line therapy in case
of progression. Similarly, patients at higher operative risk like elderly patients with
severe symptoms and comorbidities are considered at prohibitively high risk, whereas
radiation-induced CP is considered a relative contraindication to surgery.

9. Prognosis

Pericardiectomy, if performed early after diagnosis, is usually associated with
acceptable quality of life. Symptomatic relief (associated with diastolic function
recovery in up to 50% of cases) usually occurs immediately after surgery or, only
in a small proportion of patients, after few months [27]. Long-term survival rates,
unfortunately, remain moderately acceptable, despite surgical advances in the last
decades, as reported in a meta-analysis of patients submitted to pericardiectomy [2]
in which pooled all-cause 1-year and 5-year mortality rates after pericardiectomy
were 17.4% and 32.7%, respectively. Interestingly, patients enrolled after 2000 had
higher 1-year and 5-year all-cause mortality rates compared with before 2000 (19.8%
vs. 10%, p = 0.01, and 49.4% versus 20%, p < 0.001, respectively). This possibly
reflects the shift that occurred in the last decades toward more complex and recur-
rent etiologies of CP like cardiac surgery or mediastinal radiotherapy. As a matter of
fact, patients with CP secondary to cardiac surgery have significantly higher risk of
all-cause mortality after pericardiectomy when compared with patients with idio-
pathic etiology (HR: 2.15; 95% CI: 1.21 to 3.61, p = 0.01), with even worse outcomes
when CP secondary to radiotherapy is compared with idiopathic etiology (HR: 3.21;
95% CI: 1.56 to 6.50, p < 0.01) [2]. Finally, pericardiectomy performed in patients
with CP secondary to tuberculosis, the most common etiology observed in developing
countries, has been recently reported to have similar outcomes with respect to other
etiologies, although with more technical complexity in terms of increased operative
time, more blood loss, and prolonged ICU and hospital stay [3].

10. Conclusion

Diagnosis of CP in the context of patients with signs and symptoms of heart failure
can be challenging, and frequently, distinguishing it from RCM can be difficult.
Firstly, thinking about CP when evaluating patients with diastolic dysfunction, most
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of all after cardiac surgery or mediastinal radiotherapy, is crucial to recall in our
minds all the characteristics of CP and make it possible to address the correct diagno-
sis. CP should also be suspected when ventricular filling restrictions are observed few
months after a tuberculosis infection, taking into account that tuberculosis is the first
cause of CP in countries of sub-Saharan Africa and few countries of Asia.

Secondly, the use of multimodality imaging is the cornerstone for the diagnosis of
CP and the evaluation of the extension of the disease and, finally, to guiding surgi-
cal treatment. In doubtful cases, we should not hesitate to ask for invasive pressure
assessment, safe and diagnostic in the majority of the cases. Finally, long-terms
results of surgery in patients with chronic end-stage disease are poor, most of all when
CP is secondary to previous cardiac surgery or radiation therapy, also with less inva-
sive surgical strategies like “waffle ’procedure. Consequently, new therapeutic strategies
are strongly warranted. Meanwhile, an early diagnosis could make the difference in
the natural history of the disease and, therefore, should be actively promoted.

Acronyms and abbreviations

CP constrictive pericarditis
RCM  restrictive cardio-myopathy
LV left ventricle

RV right ventricle

JVP jugular venous pressure

CT computed tomography

MRI  magnetic resonance imaging
hsCRP high sensitive C reactive protein
NYHA New York Heart Association
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Abstract

Percutaneous access of the pericardial space is increasingly sought. This is not only
due to growing prevalence of pericardial effusions and cardiac tamponade, but also
the emerging diagnostic and therapeutic potential of the pericardial space for mapping
and ablation of arrhythmogenic circuits, biopsy, and drug delivery. Although increas-
ingly performed, percutaneous pericardiocentesis remains a technically challenging
procedure with potentially life-threatening complications. Consequently, manage-
ment of patients with pericardial disease is highly complex. In this chapter we outline
a step-by-step approach to percutaneous pericardiocentesis and the required
specialised management of pericardial disease patients. Procedural complications are
discussed along with their alleviating therapeutic strategies. Furthermore, we describe
approaches to the prevention and management of recurrent pericardial effusion
including diagnostic and therapeutic procedures such as percutaneous balloon
pericardiotomy and intra-pericardial delivery of chemotherapeutics and sclerosing
agents.

Keywords: pericardial effusion, cardiac tamponade, pericardiocentesis, percutaneous
balloon pericardiotomy, pericardial disease management

1. Introduction

The pericardial space is a potential space contained between the inner visceral
pericardium and the outer fibrous pericardium. In normal physiological states it
contains up to 50 mL of serous fluid, which acts as a lubricant for the enclosed heart
[1]. Similar to the pleural space, the pressure within the pericardial space varies with
respiration driven changes in intra-thoracic pressure — ranging from — 5 cm of water
during inspiration to +5 cm water during expiration. However, in certain pathological
states, both the volume and pressure within the pericardial space can increase giving
rise to haemodynamic compromise.

An increase in intra-pericardial volume and pressure is initially compensated
for by the compliance of the pericardium [2]. However, when intra-pericardial
pressure rises to equilibrate with or surpass intra-cardiac pressures (at approximately
15-20 mm Hg), right heart haemodynamic function is compromised. The underlying
pathophysiology centres on excessive intra-pericardial pressures that cause
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compression of right heart chambers. Consequently, right ventricular filling is
restricted and results in a reduction in cardiac output, increased systemic venous
pressures and ultimately cardiac tamponade.

Cardiac tamponade is a clinical diagnosis characterised by the concurrent presence
of three non-specific clinical signs known as Beck’s Triad. This comprises hypoten-
sion, distended neck veins and ‘distant muffled’ heart sounds on auscultation [3].
Although cardiac tamponade is classically taught as a potentially fatal medical emer-
gency requiring immediate intervention, in practice, the presentation is a spectrum
ranging from more subtle asymptomatic persistent hypotension (often refractory to
intravenous fluid resuscitation) to life-threatening circulatory collapse.

Clinical severity is not only determined by the volume of fluid within the
pericardial space, but also the rate at which it accumulates. Rapidly developing peri-
cardial effusions are more likely to cause cardiac tamponade at smaller fluid volumes
than slowly accumulating effusions [2]. In rapidly accumulating pericardial effusions,
the pericardium remains relatively stiff resulting in a rapid rise in intra-pericardial
pressure. In comparison, slow progressive effusions allow for adaptive stretching of
the pericardium over time and thus result in lower intra-pericardial pressures
for longer.

Echocardiography is crucial to the assessment of any patient with suspected
pericardial effusion and/or cardiac tamponade [4]. It can be performed quickly at the
bedside to confirm cardiac tamponade in an emergency setting. Although less conve-
nient, haemodynamic assessment during invasive catheterisation can also provide
important diagnostic information. Boxes 1 and 2 outline key echocardiographic and
haemodynamic findings in cardiac tamponade.

Definitive management is drainage of the excess pericardial fluid. This is most
commonly performed via percutaneous pericardiocentesis which involves insertion of
a needle through the skin into the pericardial sac to drain the effusion and relieve
haemodynamic compromise on the heart. In this chapter we outline a step-by-step
guide to percutaneous pericardiocentesis along with the peri-procedural management
of pericardial patients. Novel techniques to prevent and alleviate recurrent pericardial
effusions — such as percutaneous balloon pericardiotomy and intra-pericardial
chemotherapeutics — are also discussed.

* Presence of a pericardial effusion

 Right atrial collapse in late diastole

* Right ventricular free wall collapse in early diastole

* Increase in E-wave velocity across tricuspid valve during inspiration

* Decrease in E-wave velocity across mitral valve during inspiration

* Inspiratory decrease and expiratory increase in diastolic pulmonary venous forward flow

 Dilated inferior vena cava without inspiratory collapse

Box 1.
Key echocardiographic findings in cardiac tamponade.
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¢ Elevated right atrial pressure

¢ Elevated intra-pericardial pressure (very similar to right atrial pressure)
¢ Elevation and equalisation of left-right ventricular filling pressure

* Loss of y descent of the right atrial pressure waveform

e Arterial pulsus paradoxus (i.e., an inspiratory decrease in excess of 10 mmHg in systolic blood pressure)

Box 2.
Key haemodynamic findings in cardiac tamponade.

2. Percutaneous pericardiocentesis
2.1 Indications

The clinical utility of percutaneous pericardiocentesis cannot be understated. It is
both diagnostic - providing pericardial fluid for analysis of cell counts, cytology,
culture etc. — as well as therapeutic — reducing intra-pericardial pressures and
improving right ventricular filling and cardiac output. However, as subsequently
outlined, it is a technically challenging procedure with potential life-threatening com-
plications. As such, there are a narrow range of indications for percutaneous
pericardiocentesis (Box 3) [5].

Timing of percutaneous pericardiocentesis depends on the degree of
haemodynamic deterioration and the rapidity with which compromise has developed.
Echocardiographic features, aetiology of the underlying effusion and risk-benefit
ratio of the procedure (e.g. presence of concurrent coagulopathy) must be considered.

Among patients with life-threatening circulatory collapse, immediate intervention
is required. However, the clinical scenario is more complex when haemodynamic
compromise is progressive. Percutaneous pericardiocentesis may be deferred to facil-
itate appropriate planning but these patients remain at high risk of clinical deteriora-
tion. Numerous scoring systems have been developed to aid clinicians in determining
the timing of intervention. Halpern et al., developed a pericardial effusion scoring

¢ Cardiac tamponade

¢ Suspected bacterial pericarditis (including tuberculous pericarditis)

¢ Suspected neoplastic pericarditis

¢ Moderate to large pericardial effusions not responsive to medical therapy

* Chronic (persisting longer than 3 months) large pericardial effusion (> 20 mm on echocardiography in
diastole)

Box 3.
Indications for percutaneous pericardiocentesis.
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index to predict need for pericardiocentesis among patients with haemodynamically
stable moderate-to-large pericardial effusions [6]. More recently, the ESC Working
Group on Myocardial and Pericardial Diseases published a novel triage system based
on aetiology, clinical presentation and diagnostic imaging findings [7]. A combined
score of six or greater requires urgent pericardiocentesis. In cases of a score less than
six, intervention can be delayed for up to 12-24 hours to facilitate planning. Of note,
these recommendations are not based on a body of published data but rather on expert
opinion. As such randomised studies are required to validate this triage system.

In the absence of clinical haemodynamic compromise, echocardiographic evidence
of cardiac tamponade is not a clear indication for intervention as recent evidence
suggests echocardiographic findings of ‘pre-tamponade physiology’ may be over-
sensitive [4]. Consequently, despite near ubiquity of echocardiographic assessment,
the decision to proceed with pericardiocentesis is primarily a clinical one.

2.2 Contraindications

Percutaneous pericardiocentesis is potentially life-saving and as such there are no
absolute contraindications. It is, however, a technically challenging procedure with
potential complications. The decision to intervene mandates risk-benefit analysis.
Furthermore, surgery may offer a superior alternative to percutaneous intervention in
some clinical scenarios (Box 4).

Haemopericardium secondary to aortic dissection, trauma (iatrogenic or other-
wise) or ventricular free wall rupture post myocardial infarction are clear indications
for emergency cardiothoracic surgery [8]. Furthermore surgical repair should not be

¢ Haemopericardium secondary to type A aortic dissection
¢ Traumatic haemopericardium
¢ Haemopericardium secondary to post-myocardial infarct ventricular free wall rupture
¢ Bleeding diathesis
o Use of anticoagulants
o Raised INR/APTT/PT
o Platelet count <50,000
¢ Recurrent pericardial effusions
¢ Purulent pericardial effusions
 Small pericardial effusions that warrant drainage
¢ Loculated pericardial effusions

* Posteriorly located pericardial effusions difficult to access percutaneously

Box 4.
Situations warranting special consideration befove performing pevicardiocentesis.
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delayed by attempted percutaneous pericardiocentesis. Only in cases where surgery is
delayed or the patient is too unstable for transfer to theatre should percutaneous
intervention for controlled drainage of small amounts of haemopericardium be
considered [9]. Surgery is also preferred for unstable septic patients with purulent
pericardial effusions and in cases of loculated effusions [5].

Surgery offers numerous advantages that include access to large pericardial tissue
samples for histopathological analysis, the ability to insert large bore drains (particu-
larly important in purulent pericardial effusions) and the ability to drain complex
loculated effusions. However, outside of the scenarios outlined above, surgical risk
may outweigh benefit. In particular, general anaesthesia may cause hypotension and
circulatory collapse in patients with restrictive cardiac physiology [10].

Percutaneous pericardiocentesis for diagnostic purposes alone is generally not
recommended. Aetiology of an effusion can usually be determined based on clinical
presentation, laboratory results and imaging without requiring pericardial fluid sam-
ples for analysis. Evidence suggests that in approximately 60% of pericardial effusions
there is an identifiable underlying cause [11]. In the case of small effusions that do not
meet criteria for therapeutic drainage, procedural risk is high.

Similarly percutaneous drainage is not recommended for idiopathic pericardial
effusions without haemodynamic compromise. Published data indicate that such
effusions respond well to anti inflammatory therapy or resolve spontaneously [5].

3. Performing a percutaneous pericardiocentesis
3.1 Preparation
Informed consent must be obtained from the patient with capacity. The procedure

itself must be explained along with the indication and potential complications (Box 5)
[12-14].

* Monitor ECG signal from aspiration needle

o ST segment elevation/premature ventricular contractions (PVCs) suggest epicardial irritation or
puncture

o PR segment elevation/premature atrial contractions (PACs) suggest entry into right atrium
¢ Monitor pressure

o Intrapericardial pressure tracing observed (right ventricular pressure waveform suggests entry
into right ventricle)

« Inject agitated saline and observe for bubbles arriving in pericardial space with echocardiography
* Inject contrast under fluoroscopic screening

¢ Advance an 0.035-inch J wire and observe it wrapping around heart using fluoroscopy

Box 5.
Techniques for confirming needle/catheter placement in the pericardial space.
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The procedure should be performed in the catheterisation laboratory either under
echocardiographic [15] or fluoroscopic guidance [16]. In emergency settings percuta-
neous pericardiocentesis in a controlled planned environment may not be possible and
the procedure may have to be performed at the bedside under echocardiographic
guidance alone.

Monitoring of heart rate, blood pressure and oxygen saturations along with
continuous electrocardiographic (ECG) monitoring is required. Echocardiography
facilitates needle tip visualisation and confirms entry into the pericardial space. A
resuscitation trolley should be available at the bedside to pre-empt life-threatening
complications. Furthermore, a sonographer and nurse should be present during the
procedure to provide assistance.

3.2 Patient positioning

The patient should be positioned head-up at a 30-45° angle to allow pooling of the
fluid to the inferior surface of the pericardial sac. The objective of patient positioning
is to minimise the distance between the skin surface and the target fluid contained
within the pericardial space.

3.3 Selecting an entry site

Prior to creation of a sterile field with a drape, the most appropriate entry site
should be determined using echocardiography. The entry site should be the shortest
distance from the skin to the pericardial fluid — thus minimising the risk of damage to
intervening structures. Once the optimal entry site has been selected, the
proceduralist should note the distance in centimetres from the probe to the pericardial
fluid. This acts as an approximate guide for the distance in which the needle tip should
be inserted to achieve access to the pericardial fluid.

The classical entry site is sub-xiphoid as usually the fluid accumulates along
the inferior surface of the pericardial sac under gravity. However, the rise in the use of
echocardiographic visualisation has enabled alternative access sites (e.g. apical,
parasternal) to be used safely depending on the clinical scenario. Distance to the
pericardial space is greater with the sub-xiphoid approach compared to other
entry sites and risk of damage to adjacent structures (e.g. liver, peritoneal cavity) is
higher, likelihood of iatrogenic pneumothorax is lower compared to an apical or
parasternal approach. Recent evidence supports echocardiography-guided entry
site selection with numerous observational studies reporting fewer peri-procedural
complications compared to a traditional sub-xiphoid approach [12, 13, 15, 17].

3.4 Aseptic technique

A strict aseptic technique must be adhered to such that introduction of iatrogenic
infection into the pericardial space is avoided. The skin around the proposed entry site
is first cleaned with aseptic solution prior to the application of a drape to create the
sterile field. Additional sterile drapes placed over the lower abdomen and lower limbs
reduce risk of inadvertent contamination.
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3.5 Local anaesthetic

One percent lignocaine is infiltrated into the skin at entry site. Local
anaesthetic should also be injected into the deeper subcutaneous tissues along
the proposed route to minimise intra-procedural pain. Care must be taken
when applying lignocaine to ensure it is not infiltrated into small intervening blood
vessels.

3.6 Access to the pericardial space

A needle is inserted at a 90° angle to the skin along the planned trajectory. As
outlined above, the most common entry point is sub-xiphoid. However, with the
advent of more advanced imaging techniques, alternative entry points are increas-
ingly common - particularly in instances of loculated pericardial effusions [18]. The
needle is advanced at an angle of 15-30° toward the left shoulder such that it passes
beneath the inferior costal margin.

Continuous aspiration should be attempted during insertion to avoid inadvertent
entry into vasculature and to confirm entry into the pericardial space. Further local
anaesthetic can be infiltrated into the subcutaneous tissues intermittently during
entry as additional intra-procedural analgesia.

3.7 Approaches for confirming entry into pericardial space
3.7.1 Blind’

In emergency situations at high risk of immediate patient demise, percutaneous
pericardiocentesis may need to be performed ‘blind’. In such cases, ECG monitoring
and continuous needle aspiration during insertion should be utilised to confirm peri-
cardial space entry. The commencement of fluid drainage from the inserted needle is
suggestive of entry. However, a sanguineous aspirate may pose a dilemma for the
clinician as it may be unclear whether this is due to a haemorrhagic pericardial
effusion or myocardial puncture. The development of ST segment elevation on
continuous ECG monitoring is suggestive of needle over-advancement leading to
myocardial injury [19].

3.8 Echocardiography

Since the development of echocardiography-guided pericardiocentesis in 1979, the
technique has rapidly become standard of care [17]. The approach can either be
performed under continuous echocardiographic surveillance, in which the needle tip
is visualised throughout its trajectory from skin to pericardial space [20], or via the
echocardiography assisted technique, in which the probe is used only to confirm entry
into the space post insertion [17].

Regardless of approach subtype, correct position can be determined by injecting
5-10 mL of agitated saline through the needle and visualising bubbles arriving into the
pericardial space. The presence of bubbles within the cardiac chambers is suggestive
of needle over-advancement into the myocardium and should alert the clinician to
withdraw. Inability to visualise bubbles can either be due to extra-cardiac position of
the needle tip or presence of a very large pericardial effusion which hampers
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visualisation. To distinguish between the two potential aetiologies more agitated saline
should be injected and the pericardial space visualised from an alternative
echocardiographic window.

3.9 Fluoroscopy

Fluoroscopy guided pericardiocentesis is performed in the catheterisation
laboratory - most commonly for iatrogenic pericardial effusions that occur
during interventional procedures or cardiac surgery [21, 22]. Injection of contrast
through the needle tip followed by radiographic imaging can be used to assess
needle tip position relative to the pericardial space. Should the position be correct,
contrast will pool in the dependent portion of the pericardial space. Alternatively, a
0.035-inch J-wire can be inserted through the needle. It should be seen to curl around
the heart silhouette on radiographic imaging if the needle tip is in the pericardial
space. Guidewire position should be confirmed in two orthogonal planes (e.g., lateral
and antero-posterior). Passage outside of this silhouette indicates an extra-pericardial
location.

Fluoroscopy guidance is limited by radiation exposure to both patient and clinician
along with the requirement to be performed in the catheterisation laboratory.

3.10 Computed tomography (CT)

In recent years computed tomography (CT) guided pericardiocentesis has
emerged as a viable alternative technique for select indications such as cardiac effu-
sions which are often posteriorly located and difficult to visualise with echocardiog-
raphy [23]. The procedure involves a planning CT scan to delineate pericardial
anatomy, subsequent needle insertion through the marked trajectory followed by a
single CT scan post procedure to confirm needle entry. This technique is not
performed under continuous CT imaging.

There are clear drawbacks to CT guided pericardiocentesis - lack of continuous
imaging during insertion, radiation exposure and prolonged procedure time (median
time is 65 minutes per procedure in one study [24]). However, despite these short-
comings, CT guidance does have clinical utility. It is particularly useful for cases of
difficult-to-access loculated pericardial effusions or for access to ‘dry’ pericardial
spaces (i.e., do not contain an effusion) for interventional procedures.

3.10.1 Drainage catheter placement

The drainage catheter is inserted via Seldinger-technique. A 0.035-inch J wire is
inserted through the needle into the pericardial space. If resistance to insertion is
encountered, the J-wire should not be forced. Instead troubleshooting should begin to
identify the source of resistance. Once the J-wire is correctly and securely positioned,
the insertion needle can be removed. A 6-8 Fr dilator is then inserted over the wire to
dilate the entry tract for subsequent placement of the 6-8 Fr pigtail drainage catheter.
Appropriate positioning of the drainage catheter can be proven via the various tech-
niques outlined above.

The end of the 6-8 Fr pigtail drainage catheter is connected to a three-way tap so
that pericardial fluid can be initially drained into a 50 mL Leur-lock syringe and
subsequently transferred into the drainage bag. The drain is usually sutured to the skin
to prevent dislodgement — particularly in cases of likely prolonged drainage time.
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4. Post pericardiocentesis management

Management of patients post percutaneous pericardiocentesis should occur in a
specialised cardiac care unit (CCU) at a tertiary level medical centre where
possible (Box 6). It is a technically challenging life-saving procedure with potential
complications.

A chest X-ray (CXR) should be obtained immediately post procedure to exclude
an iatrogenic pneumothorax. Regular vital sign recording along with clinical
observation should be undertaken to ensure early detection of complications such
as haemodynamic collapse, pericardial decompression syndrome or iatrogenic
introduction of infection.

Appropriate care of the drainage catheter is essential. The catheter can either be
left on continuous free drainage or intermittent aspiration. Intermittent aspiration
every 46 hours via the three-way valve system is often preferred in clinical practice
due to the lower risk of luminal occlusion [25]. The drainage system should be flushed
with sterile heparinised saline between aspirations to preserve patency.

The volume of pericardial fluid drained should be recorded at regular intervals.
Drainage of greater than 450 mL in the immediate post insertion setting should be
avoided due to the higher risk of pericardial decompression syndrome [26].

The drain should be removed when less than 25 mL of fluid is drained in a 24-hour
period [25]. Prior to removal an echocardiogram should be performed to ensure

¢ Close vital sign monitoring and clinical observation for development of complications

* Post-procedure chest x-ray (CXR) to exclude pneumothorax

¢ Analgesia (usually with non-steroidal anti-inflammatory agents) as required for pericardial pain

* Catheter drainage can be either free drainage or intermittent aspiration

¢ Record volume draining at regular intervals

e Strict aseptic technique for catheter manipulation

* Flush drainage catheter with heparinised saline every 6-8 hours

¢ Minimise duration of catheter stay to reduce risk of infection

¢ Remove catheter as soon as appropriate or when volume draining is less than 25 mL in 24 hour period
¢ Remove drainage catheter in event of fever or septic clinical deterioration

¢ Perform echocardiogram to determine residual pericardial effusion size prior to removing drainage
catheter

* Surveillance echocardiogram at appropriate intervals following catheter removal

¢ Immediate echocardiogram in event of haemodynamic deterioration

Box 6.
Post-pericardiocentesis management”.
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adequate interval echocardiographic improvement. In the event of haemodynamic
instability post pericardial drain removal an immediate echocardiogram should be
performed to assess for evidence of cardiac tamponade [25].

5. Complications of percutaneous pericardiocentesis

Although considered a high-risk procedure, complication rates for echocardiogra-
phy guided or fluoroscopy guided percutaneous pericardiocentesis are low. Multiple
large scale retrospective observational studies report total complication rates of up to
4.7-6.2% [12, 27]. Importantly, procedural success rates are high. In one study
involving 1127 echocardiography guided pericardiocentesis procedures over 21 years,
procedural success rate was 97% and did not change over the study period [12].
However, it must be noted, these analyses were performed from patient cohorts
across a timespan of decades in large tertiary level institutions with considerable
expertise. As such real-life complication rates may be higher when performed for
emergency indications in lower volume centres by less experienced clinicians.

In comparison, ‘blind’ percutaneous pericardiocentesis is associated with a life-
threatening complication rate of 20% and a mortality risk of up to 6% [19]. Conse-
quently, imaging guided pericardiocentesis is the gold standard and a ‘blind” proce-
dure should only be performed in life-threatening emergency settings when no
alternative is readily available.

Complications of percutaneous pericardiocentesis include death due to iatrogenic
damage to the myocardium or adjacent structures. Myocardial or coronary artery
puncture can result in haemopericardium and worsening tamponade. Haemoper-
icardium can initially be clinically silent or present as either a tamponade refractory to
drainage or worsening bloody pericardial drain output. latrogenic peri-procedural
haemopericardium occurs in less than 1% of cases and is an indication for emergent
cardiothoracic surgery [19].

Accidental puncture of surrounding structures can also have deleterious conse-
quences. Vascular damage (including puncture of the intercostal vessels or internal
mammary vessels) can lead to significant blood loss. Piercing of the lung parenchyma
can result in a pneumothorax while accidental intra-peritoneal puncture (most likely
with a sub-xiphoid approach) can lead to intra-abdominal organ damage. The most
commonly involved intra-abdominal structure is the liver, however, cases of hollow
viscus perforation and inferior vena cava perforation have been reported [28, 29].

Incidence of bacterial infection introduction into the pericardial space is low. As
such there is no consensus on use of prophylactic antibiotics in the peri-procedural
setting.

Arrhythmias in the peri-procedural setting is also a concern. All patients should be
on continuous electrocardiographic monitoring during the procedure and during post-
procedural observation in the cardiac care unit [30]. ST segment elevation during
pericardiocentesis is an indicator of possible myocardial needle puncture while per-
sistent ST segment elevation post procedure is suggestive of potential coronary artery
injury leading to myocardial injury [19, 31]. Vasovagal bradycardia is common post
pericardiocentesis. Although generally self-limiting, there have been documented
fatalities secondary to vasovagal hypotension [32].

Pericardial decompression syndrome, although it has multiple aliases, it is broadly
defined as an acute deterioration in haemodynamics that results in hypotension and
pulmonary oedema post an uncomplicated pericardiocentesis procedure [33-35]. It is
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estimated to occur in 5% of cases [36]. Although there is some limited data to suggest
it occurs more frequently in malignant effusions, there is no strong predisposition for
any particular effusion aetiology [36]. The underlying pathophysiology has not been
fully elucidated, however, there are multiple proposed mechanisms. One theory sug-
gests increased right ventricular venous return post decompression results in septal
bowing and a consequent drop-off in left ventricular stroke volume leading to pul-
monary oedema [34, 37, 38]. Another proposed mechanism involves left ventricular
myocardial stunning secondary to pericardial compression induced coronary ischae-
mia [36, 39]. Judicious drainage of the pericardial effusion to allow haemodynamic re-
equilibration is recommended to avoid the development of pericardial decompression
syndrome. The European Society of Cardiology recommends rapid drainage of the
fluid volume required to clinically alleviate tamponade but that subsequent fluid
drainage should be no more than 1 L in 24 hours to allow haemodynamic re-
equilibration [5].

6. Recurrent pericardial effusions

The natural course of a pericardial effusion can be unpredictable. To prevent fluid
re-accumulation and to promote adherence of the pericardial layers, the drain should
not be removed until output is <30 mL in a 24-hour period. In cases at high risk of
effusion recurrence, prolonged drainage is a Class IB recommendation from the
European Society of Cardiology as it has been shown to reduce recurrence rates [5].
Despite this, recurrent pericardial effusion post-pericardiocentesis is common. It is
particularly frequent among malignant pericardial effusions which have a recurrence
rate as high as 31-62% [40, 41].

There are multiple therapeutic options for the management of recurrent pericar-
dial effusions including repeated percutaneous pericardiocentesis, intra-pericardial
administration of sclerosing agents or chemotherapeutics or creation of a pericardial
‘window’ - either through open cardiothoracic surgery, a video assisted thorascopic
approach (VATS) approach or percutaneous balloon pericardiotomy.

There is no guideline or consensus on the approach for interventional management
of recurrent effusions as there is a paucity of evidence directly comparing
management strategies.

6.1 Surgical pericardial window

Although not the scope of this chapter, surgical intervention for recurrent pericar-
dial effusion is common - either via drainage through a pericardial window or surgical
pericardiectomy. Access to the pericardium can be obtained either via an open thora-
cotomy, an open sub-xiphoid incision or VATS approach [42].

Multiple small retrospective single institution analyses have reported that while
initial success and diagnostic yield is similar between surgical and percutaneous
pericardiocentesis, the complication rate and re-accumulation rates are lower with
surgical intervention [43, 44]. It must be noted that these studies included first
presentation and recurrent pericardial effusions and both malignant and non-
malignant aetiologies. In some studies, there may be a selection bias toward surgical
intervention as the cohort also included post-operative pericardial effusions following
cardiothoracic surgery. A recent published analysis of 44,637 non-surgically related
pericardial effusion cases managed either surgically or percutaneously has reported
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higher mortality and re-intervention rates with percutaneous intervention but
increased risk of post-procedural complications and longer hospital admissions with
surgery [45].

6.2 Percutaneous balloon pericardiotomy

Percutaneous balloon pericardiotomy is a less-invasive alternative for the manage-
ment of recurrent pericardial effusion. It is usually reserved for patients with recur-
rent malignant effusions who are unfit for surgical intervention or in whom the in-
hospital post-operative period would significantly impact their remaining limited
quality of life.

First described by Palacios et al., in 1991, percutaneous balloon pericardiotomy is
similar to a conventional percutaneous pericardiocentesis procedure [46]. It is
performed in a cardiac catheterisation laboratory under either fluoroscopic or echo-
cardiographic guidance. A sub-xiphoid approach is used and the area pre-infiltrated
with local anaesthetic prior to incision. A stiff 0.038-inch wire with a pre-shaped
broad curved tip is advanced into the pericardial space via a needle or through a pre-
existing pericardial drain catheter. Position is confirmed via either echocardiography
or fluoroscopy. A 10French dilator is advanced over the wire to pre-dilate the skin and
subcutaneous tissues and then removed. A balloon-dilating catheter is then advanced
over the wire under fluoroscopic guidance until it straddles the parietal pericardium.
A 30x20 mm diameter balloon is used, but use of the Inoue balloon (Torray Interna-
tional America Inc., Houston, TX, USA) has also been described. It is essential the
proximal end of the balloon is beyond the skin to prevent pericardio-cutaneous fistula
formation. The position of the balloon is confirmed via insufflation with a contrast —
saline mix. Insufflation is repeated until the waist formed by the parietal pericardium
on the balloon visually disappears. The balloon-dilating catheter is then replaced with
a pericardial drain catheter.

Post-procedural management is similar to percutaneous pericardiocentesis
described above. However, intra-operative and post-operative pain is greater with
balloon pericardiotomy — primarily due to purposeful stretching of the nociceptive
fibre rich parietal pericardium [47]. Consequently, pre-medication with
analgesics and regular pain scores is essential to the care of a balloon pericardiotomy
patient.

The previously listed complications of percutaneous pericardiocentesis can also
be seen with percutaneous balloon pericardiotomy. However, post-procedural left
sided pleural effusion is more common following balloon pericardiotomy. This is
believed to be due to balloon insufflation induced creation of a pericardiopleural
window which allows the recurrent effusion to drain into the more resorptive pleural
space. In one retrospective analysis by Ziskind et al. involving 50 cases of balloon
pericardiotomy, a post-procedural pleural effusion was seen in all cases and eight
required thoracocentesis mediated drainage [47]. Post-operative pneumothorax also
appears to occur more commonly with balloon pericardiotomy.

Although usually reserved for oncology patients with poor operative fitness,
percutaneous balloon pericardiotomy is an effective alternative to surgical interven-
tion with procedural success rates of 85-100% documented in retrospective studies
[48, 49]. However, patient prognosis is poor. Median survival post procedure in these
patients is reported up to 3.3 months [47]. The poor survival was primarily driven by
underlying malignancy since peri-procedural mortality rates were low (approximately
0-1%) [48].
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Overall, there remains a paucity of evidence surrounding percutaneous balloon
pericardiotomy. The 2015 ESC guidelines for the diagnosis and management of peri-
cardial diseases do not recommend balloon pericardiotomy for neoplastic effusions
but rather “in rare cases of recurrent effusion” [5].

6.3 Intra-pericardial delivery of therapeutics

Intra-pericardial administration of therapeutics is a potential percutaneous inter-
vention which can be performed once percutaneous access has been obtained and the
effusion has been drained.

The most common indication is for delivery of sclerosing agents, which drive
inflammation and fibrosis of the visceral and parietal layers — thus eliminating the
potential space for fluid to re-accumulate. A variety of chemotherapeutic or sclerosing
agents have been employed in the past. These include tetracyclines [50], bleomycin
[51], cisplatin [52, 53] and thiotepa [54, 55].

Intra-pericardial instillation of sclerosing agents such as talc has no proven recur-
rence reduction benefit over other approaches including balloon pericardiotomy and
surgical intervention. Although it has lower peri-procedural risks, specific complica-
tions include severe retrosternal chest pain (likely due to the induction of constrictive
pericarditis), atrial arrhythmias or electrocardiographic changes on monitoring sug-
gestive of sub-pericardial or epicardial injury [56, 57].

The 2015 ESC guidelines on the diagnosis and management of pericardial disease
recommend intra-pericardial instillation of chemotherapeutics as part of the manage-
ment of large neoplastic pericardial effusions [5]. It has been shown to reduce recurrence
for lung and breast malignancy associated pericardial effusions [52-54]. Chemotherapy
choice should be tailored to the specific malignancy - cisplatin is more effective for lung
malignancy [52, 53] and thiotepa more beneficial in breast cancer [54].

7. Pericardial complications of Catheter Ablation

Catheter ablation of atrial fibrillation is an established therapy however pericardial
effusion is a common complication that occurs in up to 14% of cases [58]. The
majority of effusions are mild and asymptomatic and resolve spontaneously within a
month. However pericardial tamponade may occur in up to 1% of cases and is usually
related to traumatic transseptal puncture [59].

Ischaemic and non-ischaemic cardiomyopathy and infiltrative myocardial disease
may be complicated by ventricular tachycardia. Treatment with catheter ablation is
increasingly employed with improved outcome. While an endocardial approach is most
common, presence of epicardial re-entrant circuits can result in treatment failure and
necessitate an epicardial approach. This approach can be percutaneous or surgical and
improves procedural success but major complication rates in certain sub-groups, such as
post infarct patients, may be as high as 14%. Complications include haemopericardium,
right ventricular puncture and may necessitate emergent cardiac surgery [60].

8. Conclusions

Incidence of cardiac tamponade is rising due to the increasing prevalence of
pericardial access for electrophysiological intervention and cardiothoracic surgery.
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Fortunately, percutaneous pericardiocentesis is a safe and effective intervention for
the management of this potentially life-threatening clinical syndrome. However, the
field of percutaneous pericardial intervention has significantly expanded beyond
pericardiocentesis alone. More complex interventional techniques including balloon
pericardiotomy and intra-pericardial instillation of chemotherapeutic agents have
emerged, particularly in the management of recurrent malignant pericardial effusions.
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Vasculitis
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Abstract

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)
constitute a group of necrotizing systemic vasculitis with preferential involvement
of small- to medium-sized vessels. None treated; they are considered as a life-threat-
ening illness by their renal, cardiac and neurologic damages. Therefore, treatment is
usually aggressive, with high-dose corticosteroid therapy combined with immuno-
suppressive drugs in the major part of cases. New biologic drugs have been introduced
such as rituximab. In this chapter, we will present the update and recent advances in
the treatment of AAV.

Keywords: ANCA vasculitis, granulomatosis with polyangiitis (Wegeners),
microscopic polyangiitis, Eosinophilic granulomatous with polyangiitis, treatment

1. Introduction

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV)
constitute a group of necrotizing systemic vasculitis with preferential involvement
of small- to medium-sized vessels. They represent serious disorders, and three
clinical subtypes are involved: granulomatosis with polyangiitis (GPA; formerly
Wegener’s disease), microscopic polyangiitis (MPA) and eosinophilic GPA (EGPA;
formerly Churg Strauss Syndrome). They share similar pathogenic mechanisms,
and most patients have only one ANCA serotype detected in their serum [1, 2].
Non-treated, they were considered as fatal or life-threatening illnesses. In the last
two decades, better knowledge of pathogenic mechanisms and progression in clas-
sification criteria improved therapeutic management [3-5]. Treatment is usually
aggressive, with high-dose corticosteroid therapy combined with immunosuppres-
sive drugs in the major part of cases. New biologic drugs have been introduced such
as rituximab [4]. In this chapter, we will present the update and recent advances in
the treatment of AAV.

2. Pathogenesis of ANCA-associated vasculitis:new paths for intervention

The etiology of AAV remains poorly understood, and research on their pathogen-
esis focuses on the role of ANCAs themselves [4].
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2.1Role of ANCA antibodies and neutrophils

ANCAs, which represent autoantibodies directed against neutrophil cytoplas-
mic proteins, recognize a range of antigens. Only two relevant protein targets are
identified, called proteinase 3 (PR3) and myeloperoxidase (MPO). These proteins
are found in the primary granules of neutrophils and are involved in defense against
microbes [5].

During AAV and in small vessels, a pathological and sustained interaction occurs
between ANCA and abnormally activated neutrophils. Thus, in the systemic form
of GPA, ANCAs recognize PR3 in about 75% of cases. Whereas MPO-ANCA is more
commonly associated with MPA (60%) and EGPA (50%) [5-7].

Experimental and clinical data provide evidence that ANCAs and neutrophils
are the key players in pathogenesis. In response to inflammation or infection,
neutrophils exposed to cytokines (interleukin 1, tumor necrosis factor a...) or
complement C5a become primed with movement of MPO and PR3 from primary
granules to the cell surface. ANCAs bind to these autoantigens on the neutrophil
surface. Neutrophils become activated and bind to vascular endothelium, resulting
in tissue damage.

2.2 Role of the complement system, cellular and humeral immunity
The pathogenesis of AAV also involves [5-8]

A. Activation of the alternative complement pathway responsible for the amplifica-
tion of neutrophil-ANCA activation.

B. Monocytes and macrophages: in the formation of the classic GPA granuloma.

C. B and T lymphocytes: in the occurrence of endothelial damage and granuloma
formation.

D. Eosinophilic polynuclear cells: The blood level of eosinophils can be high in the
various vasculitis. These cells have cytotoxic granules that can contribute to
cardiac involvement and vascular damage as seen in EGPA [7].

2.3 Predisposing factors for ANCA-associated vasculitis

A. Environmental factors:

* Pesticides, asbestos, smoke and silica.

* A number of therapeutic agents are responsible for drug-induced AAV such as
propylthiouracil, benzylthio-uracil and hydralazine ... [5].

* Chronic carriage of staphylococcus aureus which is reported to be a risk factor
for relapse in GPA.

B. Genetic predisposition: Familial cases of AAV have been reported and predispos-
ing HLA haplotypes such as HLA DPB1 [8].
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3. Classification and prognostic score of ANCA-associated vasculitis
3.1 Classification criteria of ANCA-associated vasculitis:
3.1.1 Granulomatosis with polyangiitis

Granulomatosis with polyangiitis (GPA), formerly named Wegner’s disease, is
characterized by vessel wall inflammation, peri- and extra-vascular granulomatosis.
Its annual incidence is 10.2 cases per million people, and its prevalence is between 24
and 150 cases per million people [9]. Caucasians are the most affected persons accord-
ing to researches conducted in Europe [10]. GPA is diagnosed at an age of 35-55 years
with no gender predominance.

This disease involves mainly upper and lower airways, ear nose throat sphere
and kidney. Nasosinus involvement occurs in 70-100% of patients as epistaxis,
nasal septum deformation or perforation [11, 12]. Lungs manifestations affect
50-90% of the patients as lung nodules, cavitations, pleuritis and/or alveolar hem-
orrhages. Renal involvement affects 40-100% of patients as abnormalities in urine
sediment and renal failure. Other systemic manifestations may include arthralgia,
anorexia, weight loss, ocular involvement (episcleritis, uveitis, retinal thrombosis,
orbital pseudotumor...) myocarditis [11]. Recently, a new criteria set has been
approved and validated by the American College of Rheumatology (ACR) and the
European Alliance of Associations for Rheumatology (EULAR). The aim of the
classification criteria is to differentiate GPA from other types of small- or medium-
vessel vasculitis (Table 1) [13].

A limited form of GPA is defined by the presence of upper airways and/or pul-
monary involvement without alveolar hemorrhage. There is no renal involvement or
life-threatening conditions.

A diffuse or severe form of GPA is known by the presence of a severe renal
dysfunction and/or progressive alveolar hemorrhage and/or life-threatening organ
involvement.

Clinical criteria

Nasal involvement: bloody discharge ulcers, crusting, congestion, blockage, septal defect/ +3
perforation +2
Cartilaginous involvement (inflammation, of ear or nose cartilage, hoarse voice or stridor, +1

endobronchial involvement or saddle nose deformity
Conductive or sensorineural hearing loss

Laboratory, imaging and biopsie criteria

Positive test for cytoplasmic antineutrophil cytoplasmic antibodies (c ANCA) or antiproteinase 3 +5
(anti-PR3) antibodies +2
Pulmonary nodules, mass or cavitation on chest imaging +2
Granuloma, extravascular granulomatous inflammation or giant cells on biopsy +1
Pauci-immune glomerulonephritis on biopsy -1
Positive test for perinuclear antineutrophil cytoplasmic antibodies (pANCA) or -4

antimyeloperoxidase (anti-MPO) antibodies
Blood eosinophil count >1* 10° /liter

Table 1.
2022 American college of rheumatology (ACR)/European alliance of associations for rheumatology [13].

83



Pericarditis - Diagnosis and Management Challenges

3.1.2 Eosinophilic granulomatosis with polyangiitis

Eosinophilic granulomatosis with polyangiitis (EGPA) formerly known as Churg-
Strauss syndrome is a rare systemic small-vessel vasculitis associated with asthma
and eosinophilia. EGPA is the least common systemic vasculitis among AAV with an
annual incidence of 4.2 cases per million people and a prevalence of 10.7 per million
people [14]. It affects people aged between 40 and 60 years with no gender pre-
dominance or ethnic predisposition [15, 16]. In 1990, ACR defined the classification
criteria for EGPA including asthma, eosinophilia >10%, neuropathy, non-fixed lung
infiltrates, paranasal sinus abnormalities and extravascular eosinophils on biopsy
(Table 2) [17]. EGPA should be suspected in a patient with an adult-onset asthma and
multiple systemic manifestations (asymmetric neuropathy, purpura or skin ulcers,
cardiac, pulmonary and/or renal involvement ...). Laboratory data show mainly
peripheral eosinophilia (>1500 cells/pL) correlated with the disease activity [18].
MPO-ANCA with perinuclear Immunofluorescence (pANCA) are noted in 50% [5].
Histologic findings confirm the leukocytoclastic vasculitis with eosinophilic granulo-
mas in different biopsy sites (lung, kidney...).

3.1.3 Microscopic polyangiitis

MPA is a systemic necrotizing vasculitis with a pneumo-renal tropism. Capillaritis
is the cause of its main feature including alveolar hemorrhage and rapidly progres-
sive glomerulonephritis. The annual incidence of MPA is about 5.8 cases per million
people [14]. MPA affects older patients compared to other AAV (between 50 and
60 years) [19]. Some studies suggest that increased life expectancy may contribute to
the increased incidence of this disease [20]. Men are more frequently affected than
women [14]. Other clinical manifestations may include general signs (fever, weight
loss) in 70% of patients, skin lesions as vascular pupura, peripheral neuropathy,
liver dysfunction and gastrointestinal manifestations. MPO-ANCA are detected in
about 50% of cases, but its absence does not exclude its diagnosis [5]. Histological
data allow the differentiation of MAP from other AAV. This entity is characterized by
the absence of eosinophilic tissue infiltration found in GEPA and granulomas found
mainly in GPA but also in GEPA.

3.1.4 Five-factor scove: a prognosis scove of ANCA-vasculitis

The five-factor score (FFS) for AAV is used to evaluate prognosis at diagnosis of
the vasculitis. The following factors were significantly combined with higher five-
year mortality: age > 65 years, cardiac involvement, renal insufficiency (creatinine
>150 pmol/L) and gastrointestinal symptoms. The presence of each was scored +1

1. Asthma

2. Eosinophilia >10%

3. Neuropathy (mono- or poly-neuropathy)

4. Non-fixed pulmonary infiltrates

5. Paranasal sinus abnormalities

6. Extravascular eosinophil infiltration on biopsy
At least four of the six ACR criteria are required.

Table 2.
ACR classification of EGPA [17].
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Age > 65 years

Cardiac insufficiency

Renal insufficiency (Creatinemia>150 pmol/L)

Gastrointestinal involvement

Absence of ear, nose and throat manifestation for GPA and EGPA.
One point for each of these five items when present.

Table 3.
Revised 2011 Five-Factor score in AAV [21].

point. Whereas ear, nose and throat (ENT) involvement, affecting patients with GPA
and EGPA, were associated with a lower risk of death. Their absence was accorded +1
point (Table 3) [21].

4. Treatment of granulomatosis with polyangiitis

The choice of treatments in GPA depends on several forms of the disease (limited
vs. diffuse), patient’s age, his overall physiological state and in particular his renal
function. At present, the choice of treatment according to the immunological profile
(ANCA-PR3, ANCA-MPO or ANCA-negative) remains a subject of controversy [22].

4.1 Remission induction therapy

Regardless the clinical form of GPA, the treatment is based on a combination of
corticosteroids with immunosuppressant drug or rituximab. Corticosteroids are used
at a dose of 1 mg/kg/day, preceded by methylprednisolone pulses (7.5 to 15 mg/kg/
day) in severe or active cases. The choice of the immunosuppressant drug depends on
the clinical form and extent of the disease [22, 23].

4.2 Non-severe or limited forms of granulomatosis with polyangiitis

Methotrexate, rituximab and cyclophosphamide are effective at inducing remission
the limited form of GPA. Although, methotrexate is currently recommended in this
patient group [24]. The weekly dose is 0.3 mg/kg. According to the NORAM study; its
efficacy is comparable to that of cyclophosphamide with a lower risk of infection. Also,
mycophenolate mofetil (MMF) is effective as an induction therapy for the limited form
of GPA with satisfactory results. Rituximab may be used for patients with recurrent
relapses while receiving methotrexate or concerns regarding compliance [24].

4.3 Severe or diffuse forms of granulomatosis with polyangiitis

Both rituximab and cyclophosphamide, in combination with glucocorticoids, have
been used for remission induction in GPA [24]. Corticosteroids with cyclophospha-
mide have always represented the gold standard in the treatment of diffuse forms
of GPA. Cyclophosphamide can be administrated per os (2mg/kg/day) or by intra-
venous pulses (15mg/kgevery 2 weeks for the first 3 pulses then every 3 weeks ) for
an initial duration of 3 to 6 months. According to the studies, they have comparable
results in terms of efficiency and average survival. However, due to the high cumula-
tive dose of the oral route, this modality is associated with a high risk of infectious
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events [25, 26]. Rituximab or anti-CD20 is now preferred over cyclophosphamide
for many reasons. Its efficiency in inducing remission has been proven by numer-
ous studies, especially for relapsed diffuse forms [22, 27, 28]. It is a better-tolerated
treatment and is considered less toxic than cyclophosphamide. It has lower risks of
malignancy and/or infertility. Also, the risk of infectious complications is almost the
same between these two drugs [29]. Rituximab has been approved for use in GPA as
a weekly infusion of 375 mg/m?2 for 4 consecutive weeks or as two 1-gram infusions
spaced two weeks apart. Currently, it is prescribed for relapsed patients, those of
childbearing age and/or those who have already received high cumulative doses of
cyclophosphamide. A duration of 3 months may be required to achieve maximum
therapeutic benefit.

As in all AAVs and by extrapolation to their efficiency in Goodpasture’s syndrome,
plasma exchange is indicated in severe forms of GPA with alveolar hemorrhage and/or
glomerulonephritis. The MEPEX study showed their efficacy in patients with severe
renal impairment (creatinine level over 500 umol/l), but this action is not maintained
over the long term [30]. The benefit was most pronounced in patients with the highest
risk of end-stage renal disease [24]. Polyvalent immunoglobulins are recommended
for relapsing or severe disease. The total dose of infusions is 2 g/kg over 2 or 5 days.

4.4 Remission maintenance therapy

To reduce its iatrogenicity, gradual tapering of corticosteroids is preferable after
inducing remission.

* Remission maintenance treatments for non-severe or limited forms of GPA are
based on the same immunosuppressant used in the induction phase (methotrexate,
MMF) [22]. Methotrexate should be taken for a long-term period (several years).
According to the NORAM study, stopping methotrexate at one year of progression
increases the risk of relapse of GPA [23]. For diffuse forms of GPA, methotrexate
and azathioprine represented the conventional remission maintenance drugs in
the last years. The WEGENT study concluded that they have comparable results
in terms of efficiency, safety and relapse frequency [31]. Rituximab is mentioned
in the latest European EULAR/ERA-EDTA guidelines as a remission maintenance
drug. Several prospective and retrospective studies have compared rituximab with
other molecules such as azathioprine. The results of these studies were in favor of a
greater reduction in the relapse rate of GPA by rituximab [22]. Therefore, rituximab
is now favored and highly recommended over methotrexate or azathioprine for
maintaining remission of severe GPA, but cost and other factors may limit ritux-
imab use [24]. Upon remission of GPA, this biomedicine is started within 1 month
of the last cyclophosphamide infusion or 4 to 6 months after the start of rituximab
induction therapy. It is administered in 5 infusions of 500 mg over 18 months (at D1
and D15 then every 6 months for 18 months) (FDA-approved) [22].

5. Treatment of eosinophilic granulomatosis with polyangiitis

5.1 Conventional therapeutic regimen

Like other AAV, corticosteroids are the treatment’s cornerstone for GEPA.
Depending on the severity of the presentation, high-dose corticosteroids are oftenly
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initiated with pulses of methylprednisolone (15 mg/kg). It is recommended for a
minimum period of 4 weeks followed by a taper. This helps to control asthma, general
signs and hypereosinophilia [32]. Corticosteroids are prescribed alone or combined
with an immunosuppressant after evaluation of the clinical presentation by the FFS.

o If the FFS is equal to 0: These patients have no poor prognostic factors.
Corticosteroids are sufficient to achieve remission in more than 70% of cases
[32]. Cyclophosphamide is used in case of relapse or resistance to corticosteroids
[33]. Survival rates in this group are important even in case of relapse.

o If the FFS is equal to or more than 1: Intravenous pulse cyclophosphamide should
be combined. Treatment strategy recommends 6 pulses in less than 4 months
(15 mg/kg every two weeks for three doses and then every three weeks for three
doses). For remission maintenance, azathioprine at a dose of 2 mg/kg/day or
methotrexate at a dose of 0.3 mg/Kg/week will be used for 12 to 18 months
depending on the evolution [34].

5.2 Therapeutic alternatives

There have been very few randomized controlled trials conducted to date in EGPA.
Rituximab is not yet validated as an alternative to cyclophosphamide in GEPA. Due to
the rarity of this disease compared to other AAV, a small number of therapeutic trials
have been reported in the literature with conflicting results. Some studies confirm the
efficiency of this biomedicine especially in case of relapse [35-38] and particularly in
patients with a positive vasculitis/anti-MPO profile [39]. Nevertheless, in addition to
infectious complications, rituximab has been incriminated in the occurrence of severe
bronchospasm secondary to a hypersensitivity reaction [39].

Recently, interleukin-5 inhibitors have been introduced into the GEPA therapeutic
regimen. Mepolizumab is a humanized monoclonal antibody against interleukin-5. It
has been approved for use in severe eosinophilic asthma. In refractory forms of GEPA,
it was effective in remission induction and maintenance due to its immunosuppressive
properties [40, 41]. A recent international randomized, controlled and double-blind
study compared the effect of mepolizumab versus placebo in refractory GEPA treated
with corticosteroids combined or not with immunosuppressive treatment. Long-term
remission of GEPA was noted in the group using mepolizumab [42].

Anti-IgE drugs such as omalizumab have been used during severe allergic asthma.
For GEPA, the results of the use of this biomedicine are variable and contradictory. As
previously described, omalizumab has been incriminated as an unmasking factor for
underlying vasculitis [43]. Other studies suggest its efficacy during GEPA especially
for pulmonary relapses but also as a cortisone-sparing agent [44, 45]. In conclusion,
further data are needed before omalizumab can be recommended or contraindicated
in the treatment of GEPA [36].

6. Treatment of microscopic polyangiitis

Management of MPA is based on remission induction therapy and remission
maintenance therapy. For non-renal forms with an FFS equal to zero, corticosteroids
are used alone as a first-line treatment to induce remission. An immunosuppressant
will be associated in case of non-response, relapse or dependence on corticosteroids
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but also in case of extension to a systemic form with involvement of other organs (car-
diac, renal, CNS ...). However, high-dose corticosteroids associated with rituximab or
cyclophosphamide are recommended for severe forms of MPA with a life-threatening
outcome [22]. Azathioprine and methotrexate have been validated as remission
maintenance treatments [31]. By extrapolation of their efficacy in good pasture’s
syndrome, plasma exchange is indicated in fulminant forms of MPA with severe renal
involvement and/or alveolar hemorrhage. Currently, rituximab is also recommended
for remission induction in case of refractory disease [28].

7. Associated treatments in ANCA-associated vasculitis

Management of AAV includes other therapeutic measures such as local and/
or surgical treatment of ENT manifestations in GPA and EGPA (nasal irrigations,

Type of Phase of Form of Recommendation/ Level of Associated
vasculitis  treatment vasculitis statement evidence treatment
GPA/MPA  Remission Active non- High dose of GCs + MTX ~ Very low to -Cotrimoxazole
induction severe/limited (over CYC, RTX, AZA or moderate -Local or surgical
therapy form of GPA MMF) treatment of ENT
Active severe High dose of GCs + RTX ma}nlfefstatlons
form of GPA/ (over CYC) “Kinesitherapy .
MPA and symptomatic
treatments for
Remission Non-severe/ GCs + _ neuropathic
maintenance  limited form MTX, AZA or MMF manifestations
therapy of GPA (continue the same
medication)
severe formof  Patients whose disease Very low to
GPA/MPA has entered remission moderate
after treatment with CYC
or RTX:
GCs + RTX (over MTX
or AZA
EGPA Remission Active non- GCs alone or with Very low to
induction severe formof =~ MEP (over MTX, AZA or low
therapy EGPA MMF)
Active severe High dose of GCs + either ~ Very low
form of EGPA CYC or RTX (over MEP)
Remission Non-severe CGs _
maintenance  limited form
therapy of EGPA
severe formof  Patients whose disease has ~ Very low
EGPA entered remission after
treatment with CYC:
GCs + MTX, AZA or
MMF
(over RTX or MEP)

GPA: granulomatosis with polyangiitis, MPA: microscopic polyangiitis, EGPA: eosinophilic granulomatosis with
polyangiitis, GCs: glucocorticoids MTX: methotrexate, AZA: azathioprine, MMF: mycophenolate mofetil, CYC:
cyclophosphamide, MEP: mepolizumab, ENT: ear nose throat.

Table 4.
Recommendations/statements for the management of ANCA vasculitis [24].
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nebulizations, polyposis resection ...), kinesitherapy and symptomatic treatments
for neuropathic symptoms and hemodialysis in end-stage renal disease. In addition,
complications related to the long-term use of corticosteroids should be managed
(hypertension, diabetes ...) [28].

Cotrimoxazole (trimethoprim/sulfamethoxazole) is highly recommended in AAV
and should be discussed in case of lymphopenia. Especially in GPA, it prevents from
pneumocystis and has a role in remission maintenance of this vasculitis (Table 4).

8. Conclusion

Significant advancements in pathogenic knowledge helped to improve the man-
agement and the prognosis of patients suffering from AAV. This group of rare sys-
temic vasculitis has now earlier remissions and lower relapse rates but needs urgent
and aggressive treatment based on corticosteroids and immunosuppressant agents
most of the time. Nowadays, rituximab has gained popularity because of his effi-
ciency and less toxic properties. It is now preferred in severe cases of GPA and MPA.
It was even more potent than cyclophosphamide in relapsing forms of the diseases.
Our understanding of the pathogenesis continues to expand, and targeting specific
pathogenic pathways is needed to improve the outcome.
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Chapter 6

The Evaluation of Myocarditis in
the Post-Covid-19 Era: Pearls
and Perils for the Clinician

Daniel Zinkovsky and Michael R. Sood

Abstract

Coronavirus disease 2019 (COVID-19), which is caused by the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2), continues to remain a global
threat since declared a pandemic by the World Health Organization in March 2020.
While primarily a respiratory disease, its clinical manifestations vary widely ranging
from asymptomatic infection to multi-organ failure and death. As more research
becomes available, cardiovascular involvement including acute coronary syndrome,
heart failure, arrhythmias, thromboembolism, myocarditis and pericarditis have been
reported in both the acute infectious stage as well as the post-symptomatic period.
Myocarditis is an inflammatory disease of the myocardium that can result from infec-
tious or non-infectious causes including autoimmunity, drug and toxin exposures.
This chapter discusses the incidence, pathology, diagnostic modalities, and the man-
agement of myocarditis with a special focus on the essential role of a comprehensive
approach, while utilizing advanced cardiac imaging for the assessment of myocarditis
in the post COVID-19 era.

Keywords: cardiac MRI, CMR, COVID-19, Dallas criteria, endomyocardial biopsy,
Lake Louise criteria, myocarditis, SARS-CoV-2 mRNA vaccine

1. Introduction

As of October 2022, the COVID-19 pandemic has been responsible for over
1 million deaths in the United States and over 6.5 million deaths globally [1, 2]. Its
clinical manifestations range from asymptomatic to a mild, self-limited infection,
to severe multi-organ failure and/or death. Due to the wide spectrum of illness and
organ involvement as well as the diversity of cardiovascular manifestations and
methods for its diagnosis, myocarditis can pose a particular challenge to clinicians.

Myocarditis is an inflammatory disease of the myocardium that can weaken the
efficiency of the heart to pump blood or interfere with its conduction system. Most
commonly, it occurs as a result from viral infection or autoimmune activation, toxins,
drugs, or vaccine exposure. The diagnosis ranges widely and can be made based on
history and various clinical aspects or via biopsy, which relies on an established cri-
teria including histologic and immunohistochemical evidence. In 1986, the proposed
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Dallas criteria established histopathological classifications to aid in the diagnosis of
myocarditis requiring evidence of an inflammatory infiltrate with or without associ-
ated myocyte necrosis/fibrosis unrelated to ischemia [3]. Endomyocardial biopsy has
remained the gold standard for diagnosis, despite recent advances in imaging tech-
nologies. However, postmortem analysis has revealed many limitations, stemming
from challenges in specimens and sampling errors, in addition to variation in expert
interpretation [4]. Furthermore, numerous studies have shown that a virus may be
present in the myocardium in a replicative or non-replicative form in the absence of
inflammation sufficient to meet the Dallas criteria [5, 6].

More commonly in clinical practice, a patient’s clinical symptoms, laboratory
tests and imaging studies—including the use of cardiac magnetic resonance imaging
(CMR)—is not only sufficient to establish a diagnosis but represents a non-invasive
alternative to biopsy. CMR can detect early myocardial tissue response such as edema,
hyperemia, and necrosis, as well as late consequences such as myocardial fibrosis and
provide enhanced information that can be utilized in prognostication and clinical
decision making [7].

2. Etiology/pathogenesis

The global incidence of myocarditis in 2017 was 3,071,000 cases, a 59.6% increase
from 1990 according to data from the Global Burden of Disease Study 2017 [8].
However, the exact incidence is difficult to determine as myocarditis has a vari-
able clinical presentation mimicking other conditions and can coexist with other
cardiac or systemic diseases. Furthermore, there is limited availability of advanced
cardiac imaging or endomyocardial biopsy, which can also contribute to confirming
its diagnosis. Thus, the actual cases of myocarditis are believed to be significantly
underestimated [9].

2.1 Infectious

Infectious causes remain the most frequent causes of myocarditis globally with
viral etiology more common in the developed countries of North America and
Europe, while bacterial, protozoal, fungal, and other rare pathogens are responsible
for most cases in the developing countries of Africa, Asia, and South America [10].

A comprehensive list of currently identified infectious causes of myocarditis can be
found in Table 1.

Bacterial myocarditis is rare, but the most common cause is Staphylococcus aureus
and Streptococcal species [16]. The prevalence is difficult to determine with few
studies published reporting 0.2-1.5% from cardiac biopsy samples post-mortem [17].
Furthermore, its prevalence has been shown to be more common in the setting of
sepsis with or without concomitant endocarditis. The pathogenesis typically involves
direct bacterial invasion into cardiac myocytes or by pathogenic toxins (common with
clostridium or diphtheria). Cardiac dysfunction of either the left or right ventricle
subsequently develops from severe sepsis (mediated by increased circulating cyto-
kines), myocardial inflammation/necrosis, direct action from toxins and in the later
stages, ventricular remodeling.

Viral myocarditis is by far the most common etiology with an incidence in the
range of 10-22 per 100,000 individuals [18]. The pathogenesis follows a similar
course of other pathogens that involve direct myocardial invasion with three distinct

98



The Evaluation of Myocarditis in the Post-Covid-19 Eva: Pearls and Perils for the Clinician
DOI: http://dx.doi.org/10.5772/intechopen.110395

Viral Adenoviruses, HBV, HCV, HH6, HSV 1 and 2, Chikungunya virus, SARS COV-
2, Coxsackie virus, Dengue virus HIV, CMV, EBV, Influenza, Parvovirus B19,
Measles virus, Mumps virus, Polioviruses, Rabies virus, Respiratory syncytial
virus, Rubella virus, Varicella-Zoster virus, Variola virus, Vaccinia virus, Yellow
fever virus

Bacterial Brucella, Chlamydia, Clostidrium, Corynebacterium diphtheria, Haemophilus
influenzae, Gonococcus, Legionella spp, Meningococcus, Mycobacteria,
Mycoplasma pneumoniae, Pneumococcus, Salmonella, Staphylococcus,
Streptococci, Vibrio cholera

Protozoa Entamoeba histolytica, Leishmania, Plasmodium falciparum, Trypanosoma
cruzi, Toxoplasma gondii

Spirochete Borrelia burgdorferi, Leptospira, Treponema pallidum

Fungal Actinomyces, Aspergillus, Blastomyces, Candida, Coccidioides, Cryptococcus,
Histoplasma, Mucormycoses, Nocardia, Sporothrix schenckii

Parasites/Rickettsia Echinococcus granulosus, Schistosoma, Taenia solium, Toxocara canis,
Trichinella spiralis, Coxiella burnetii, Rickettsia rickettsii

Abbreviations: CMV—Cytomegalovirus; EBV—Epstein-Barr virus; HBV—Hepatitis B virus; HCV—Hepatitis C virus;
HH6—human herpesvirus 6; HIV—human immunodeficiency virus; HSV—Herpes Simplex virus

Table 1.
Infectious causes of myocarditis [11-15].

phases: acute, subacute, and chronic. Each phase is characterized by a distinct process
with variable transitional periods. In phase 1 (acute), the virus gains access into the
target organ tissue and triggers an immune response. This may progress into phase

2 (subacute), an autoimmune phase involving autoreactive T-cells, cytokines, and
cross-reacting antibodies predominant after the full or partial resolution of the

initial infection. Finally, in phase 3 (chronic), there is progressive remodeling often
from autoimmune injury to the myocardium resulting in a persistent or often dilated
cardiomyopathy [18, 19].

The acute phase includes the first days following infection where viral replication
occurs within the heart and other organs. Viral entry is largely facilitated by specific
receptors that vary based on the pathogen. For instance, Measles virus entry depends
on the major reovirus receptor JAM-A, SARS-CoV-2 utilizes the spike protein to bind
the ACE2 receptor and in Group B coxsackieviruses (CVB) viral entry is mediated
via two host receptors, decay-accelerating factor (DAF) and coxsackievirus-adeno-
virus receptor (CAR). In the case of coxsackievirus, these receptors are expressed
in cardiac myocytes and pancreatic cells. Animal models have demonstrated the
important role they play in so much that targeted deletion of these receptors is
protective against CVB-induced pancreatitis and myocarditis [20]. Following initial
viral entry, the virus causes cell lysis and spreads infection to adjacent cells through
release of packaged virions. The cardiomyocyte injury triggers an innate immune
response increasing the levels of cytokines and infiltration of immune cells into the
damaged tissue (seen in Figure 1).

Approximately 1 week following infection, the subacute, autoimmune phase
develops in response to the immune dysregulation caused by myocyte injury via
molecular mimicry of the viral antigens to host cardiac proteins [22]. It should be
noted that acute reduction in LV function along with hemodynamic compromise can
occur during acute and subacute phases. The constant activation of T cells, increased
levels of cytokines including tumor necrosis factor-a (TNF-a), interleukin (IL)-1,
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Figure 1.

Fulminant Myocarditis (FM) pathological phenotypes. a—c representative HE staining of EMB samples of FM
patients showed lymphocyte FM (a), eosinophilic FM (b), and giant cell FM (c). d—f IHC staining showed
massive T lymphocyte (CD45RO) infiltrated into myocardium (d). Macrophage (CD68) can also be observed (e).
Few B lymphocytes (CD20) can be seen in EMB samples (f). From [21]. Copyright © Hang et al. Distributed
under the terms of the Creative Commons Attribution 4.0 International License.

and IL-6, may lead to persistent and recurrent myocardial damage causing further
impairment of the heart’s contractile function and progressive remodeling, which is
seen in the chronic phase of the disease.

In the final, chronic phase of the disease, the cumulative effect of the virus either
through direct cytotoxic or subsequent autoimmune damage initiates a process of
myocardial remodeling that can lead to dilated cardiomyopathy. In most cases by the
chronic stage, the virus has been cleared and inflammation subsided, but in some
cases the chronic phase is associated with a persistent viral infection and ongoing
autoimmune responses. In myocarditis patients with chronic symptoms and inflam-
mation, parvovirus B19 (PVB19) and human herpesvirus 6 (HHV6) genomes pre-
dominate in EMB samples with approximately 30% of patients having multiple viral
infections [23].

2.2 Drug/toxin induced

Toxic drug-induced myocarditis is inflammation of the myocardium from drugs
used as part of medical treatment or recreation. Damage is often by direct cytotoxic
effect and/or immune-mediated but in many cases the concomitant mechanisms
are poorly understood. Table 2 lists many of the currently identified drugs/toxins
reported to induce myocarditis with a recent analysis of World Health Organization
pharmacovigilance database recognizing five distinct categories of drugs: antipsy-
chotics, cytotoxic drugs, immunotherapies, vaccines, and salicylates [11-15, 24-30].
Although patients are not routinely screened, they share many distinct similarities
in presentation and clinicians should have heightened awareness to such etiologies.
Cardiac injury can be either acute or progressive but frequently irreversible (even if
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Antipsychotics Phenothiazines, Tricyclic antidepressants, Lithium, Clozapine
Vaccines Smallpox, Influenza, Anthrax, DTPP, HepA/HepB,
Meningococcal, COVID-19

Immunotherapy (including Immune Ipilimumab, Nivolumab, Pembrolizumab, Atezolizumab,

Checkpoint inhibitors) Durvalumab, Avelumab, Cemiplimab

Cytotoxic 5-Fluorouracil, Anthracyclines, Cyclophosphamide

Salicylate Mesalazine, Sulfasalazine

Drugs of abuse Amphetamines, Cocaine, Alcohol, ephedrine

Cardiac medications Dobutamine, Epinephrine, Norepinephrine, Dopamine
Table 2.

Drugs/toxins known to cause toxic myocarditis [11-15, 24-32].

recognized early in its course), manifesting with new onset arrhythmias, a bundle
branch block and in its end stage as an idiopathic dilated cardiomyopathy. Like other
causes, resulting inflammation and myocyte destruction gives way to fibrous tissue
replacement. In the case of antipsychotics such as clozapine, it is believed that a type 1
hypersensitivity reaction to clozapine itself or its cardiotoxic metabolite triggers a rise
in inflammatory mediators [31].

Immune checkpoint inhibitors (ICI) which enhance T-cell mediated immune
responses for the treatment of a variety of malignancies are effective but are associ-
ated with either fulminant or insidious myocarditis. While the incidence of myo-
carditis with these agents is rare, ranging from 0.27% to 1.14%, it is associated with
a high mortality rate of 40-50% in those affected [32]. The risk was greatest with
the combination therapy utilizing anti-cytotoxic T-lymphocyte associated protein 4
(anti-CTLA-4) and anti-programmed cell death 1 (anti-PD 1) agents. ICI-associated
myocarditis is unique histologically demonstrating myocardial infiltration of T lym-
phocytes and macrophages with direct involvement of the conduction system leading
to more observed arrhythmias upon presentation with a lower incidence of heart
failure when compared to other forms of myocarditis such as viral and autoimmune in
which inflammation ultimately leads to dilated cardiomyopathy [30].

Hypersensitivity reactions with eosinophilic myocarditis are associated with
both antipsychotic agents and salicylates while ICIs are associated with lympho-
cytic myocarditis (Figure 1). Direct cardiac cytotoxicity, apoptosis and free radical
oxidative damage are predominant features of cytotoxic antineoplastic agents.
Vaccine associated myocarditis, on the other hand, such as seen with smallpox is
primarily an autoimmune mediated response from the vaccine’s ability to mimic
myocardial antigens [11].

2.3 Autoimmune

While immune activation has a prominent role in the pathophysiology of myo-
carditis secondary to infectious or selected drug-induced process as previously
described, systemic immune-mediated diseases that include systemic lupus erythe-
matosus (SLE), antiphospholipid syndrome (APS), vasculitis (such as eosinophilic
granulomatosis and polyangiitis (EGPA)), sarcoidosis and even organ-based immune
mediated diseases such as chronic inflammatory bowel diseases may be associated
with myocarditis [33].
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Eosinophilic myocarditis can be seen with autoimmune diseases (SLE, EGPA,
inflammatory bowel disease), hypersensitivity to select medications (antibiotics,
sulfa-drugs, anticonvulsants, diuretics), hematologic nonmyeloid malignancies (lym-
phoma, acute myeloid leukemia, acute lymphoblastic leukemia) as well as infectious
(parasitic, fungal, HIV) causes [34]. It should be suspected in patients with peripheral
blood eosinophilia >1.5G/L and symptoms of acute coronary syndrome or heart
failure but without obstructive coronary disease. Additional clues may include rash or
elevated liver function tests. Rate of death or cardiac transplantation with a fulminant
presentation of eosinophilic myocarditis can exceed 26% in only 60 days [35]. A
resulting cardiomyopathy proceeds along three stages progressing from (1) infiltra-
tion of myocardium by eosinophils, (2) thrombosis driven largely by endomyocardial
damage and alteration of systemic coagulation via enhanced tissue factor expression
and impaired thrombomodulin, (3) biventricular endomyocardial scarring and fibrosis
from activation of cardiac mast cells to the released eosinophilic granules [36].

Giant cell myocarditis (GCM) on the other hand, is associated with thymomas,
inflammatory bowel disease, autoimmune disorders, drug hypersensitivity and is
considered among the most fatal forms of myocarditis with studies indicating a rate
of death or cardiac transplantation of approximately 70% [37]. In particular, giant-
cell myocarditis has been shown to be histologically similar to cardiac sarcoidosis.

A retrospective audit of 73 cases of GCM diagnosed in Finland since the late 1980s
found that 60% of the original GCM diagnoses required conversion to cardiac
sarcoidosis [38]. Myocardial necrosis and granulomas are present in both cardiac
sarcoidosis and GCM although necrosis is typically more extensive in GCM where
both eosinophils and lymphocytes are found in higher numbers, while granulomas
are more common in cardiac sarcoidosis which has a greater extent of myocardial
fibrosis [39]. This overlap is important to consider when the early diagnosis of GCM
with calcineurin based immunosuppressive therapy can reduce the complications
and mortality over cardiac sarcoidosis in which the mainstay of treatment consists of
glucocorticoids.

Systemic lupus erythematosus (SLE) is another autoimmune disease commonly
with cardiac and extracardiac involvement. Cardiac injury can occur from immuno-
logical injury, ischemia from accelerated atherosclerosis, as well as valvular disease
from immunoglobulin and complement deposition. Although pericarditis is more
common, lupus myocarditis occurs at a prevalence of 9% but is believed to have a
higher prevalence in a subclinical form with 57% seen on autopsy [40]. Given the
heterogeneous cardiac manifestations in systemic immune-mediated diseases, screen-
ing for autoimmune disease is recommended in patients with clinically suspected
myocarditis for prompt diagnosis and appropriate management [41].

2.4 COVID-19/COVID vaccine

Recent studies estimate the incidence of cardiac injury ranging between 7 to
30% of patients with COVID-19 [33, 34]. This cardiac injury is believed to be mul-
tifactorial, caused by direct viral infection of the myocardium, complications from
the widespread systemic inflammatory response, in addition to the prothrombotic
changes including plaque rupture, demand ischemia or vasospasm [35]. The vari-
ability in symptoms and complications of SARS-CoV-2 infection has been presumed
to be the result of the viral spike protein’s utilization of its functional receptor, the
angiotensin converting enzyme-2 (ACE-2), which has widespread expression on
pulmonary alveolar cells, cardiac myocytes, gastrointestinal epithelial cells, and
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vascular endothelial cells [36]. Determining the true incidence of myocarditis is
challenging, limited by the lack of endomyocardial biopsy in many presumed cases
which would allow for histological confirmation or isolation of SARS-CoV2 virus in
the myocardium.

In a meta-analysis of 31 case studies including 51 patients with suspected COVID-
19 associated myocarditis, males were more commonly affected (69%) with a median
age of 55 years (range 28-60 years) [37]. Another cohort single center study of 416
patients hospitalized with COVID-19 had an older median age of 64 years and bal-
anced gender distribution with females affected at 50.7%. Of the total patients, 19.7%
had cardiac injury, which tended to be older (median age 74), with more comorbidi-
ties (59% had hypertension), that commonly required noninvasive mechanical ven-
tilation, had more complications (acute respiratory distress syndrome, acute kidney
injury, electrolyte disturbances, coagulation disorders) and had a higher mortality
than those without cardiac injury (51% vs. 4.5%) [38]. Numerous autopsy studies
had demonstrated the widespread distribution of SARS-CoV-2 viral infiltration and
replication in various body tissues including the respiratory tract, brain and cardiac
myocytes [39, 40]. The virus can persist in these tissues without a concomitant
inflammatory or immune mediated response.

Following widespread COVID-19 vaccination efforts specifically with the SARS-
CoV-2 mRNA vaccines, myocarditis and myopericarditis cases were increasingly
being reported in the literature. The estimated incidence ranges from 4 to 29.8
cases per million doses, most commonly seen in males aged <40 years following the
second dose and presenting with symptoms on day 3 through 7 post-vaccination. The
mechanism behind vaccine induced myopericarditis is believed to be caused in part
by molecular mimicry of antibodies against SARS-CoV-2 spike protein and a self-anti-
gen, increased IL-18-mediated immune responses and aberrant induction of apopto-
sis [41]. It is not associated with eosinophilia, thrombosis or mast cell activation.

3. Clinical presentation/diagnosis

Due to a varied clinical presentation and potential insidious processes of myo-
carditis, ranging from asymptomatic to congestive heart failure, hemodynamic
compromise with shock or death, the diagnosis can be a challenge for the experi-
enced clinician. The severity of clinical presentation can serve as a potential predic-
tor of the prognosis with those exhibiting hemodynamic instability and or systolic
dysfunction (LVEF < 50%) on admission suffering the highest risk of death or need
of transplantation [42].

The most commonly presenting symptoms include fever, shortness of breath,
cough, and chest pain (which can often overlap with pericarditis) or Myocardial
Infarction with Non-obstructive Coronary Arteries (MINOCA) type syndrome,
associated with elevated troponin on labs and regional wall motion abnormalities on
echocardiogram. These patients tend to have generally good outcomes as opposed to
other presentations of myocarditis that include heart failure (or acute cardiomyopa-
thy), ventricular tachycardia, heart block or sudden death.

A patient with suspected myocarditis may present with a constellation of abnor-
mal findings on laboratory, ECG, Echocardiogram and cardiac MRI. On ECG, many
patients demonstrate non-specific ST segment and T wave changes that are present in
addition to ventricular tachycardia or premature ventricular complexes. Elevated car-
diac (Troponin, NT-pro-BNP) and inflammatory biomarkers (WBC, IL-6, CRP) are
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common as well as left ventricular dysfunction and hypokinesis on echocardiogram
[37]. In the multicenter ITAMY study of 386 patients with acute myocarditis, most
patients were young males (75% male, average age of 35), with preserved LVEF (62%)
presenting with chest pain (95%), troponin elevation (100%, average peak 1.85 ng/
ml), ECG abnormalities (96%), and wall motion abnormalities on echo (21%). An
anteroseptal pattern on CMR was most associated with increased risk of major cardiac
events (MACE) when compared to the inferolateral pattern which had the lowest risk
of any LGE pattern [43]. Despite the gold standard diagnosis via myocardial biopsy,
there is not one specific diagnostic criterion for the evaluation of myocarditis and
advancements in cardiac imaging have led this evolution [44]. Therefore, a compre-
hensive evaluation is prudent and thus, we will discuss various imaging modalities
further in this section.

3.1 Laboratory studies

To identify patients with suspected acute myocarditis, initial workup may involve
laboratory tests for biomarkers of cardiac injury (troponin I, creatinine kinase-MB
(CK-MB), Natriuretic Peptides (BNP or NT-proBNP) ), inflammatory markers (C-reactive
protein (CRP), erythrocyte sedimentation rate (ESR)), and differential white blood cell
count (which can reveal eosinophilia) are routinely recommended. However, despite
the availability of cardiac and inflammatory biomarkers, these may pose a challenge
in the diagnosis of myocarditis as each of these markers, respectively, may be elevated
in response to systemic illness (such as from tachycardic states, catecholamine excess,
hypoxia driven myocardial stress and/or dysfunction), or other extra-cardiac organ
dysfunction such as anemia or renal failure. Therefore, the utilization in surveillance of
such biomarkers in relation to other clinical parameters (symptoms, physical examina-
tion, timing) and various imaging modalities, comprehensively, is recommended.

Troponin I has been shown to be highly specific (89%) but has limited sensitivity
(34%) and superior to CK-MB in the diagnosis of myocarditis [45]. CK-MB elevations
occur less frequently than troponin elevations in acute myocarditis. Plasma BNP,

a cardiac neurohormone released in response to increased ventricular stress, is an
important laboratory marker with a high positive predictive value for the diagnosis of
heart failure. Like other biomarkers, it has been shown to be elevated in other cardiac
etiologies such as acute coronary syndrome [46]. In acute myocarditis, patients with
high baseline NT-proBNP had the highest rate of major adverse cardiac events both at
30 days and up to 3 years follow up, suggesting higher levels are predictors of poor out-
comes [47]. Similarly, in the case of COVID-19, NT-proBNP is commonly elevated and
high levels were significantly correlated to increased risk of death [48]. Inflammatory
markers such as CRP are positive in 80-95% of cases of myocarditis in addition to ESR,
in which persistent elevations could suggest an underlying autoimmune disorder [49].

Other less common serologic tests or virological tests can be considered to narrow
the differential diagnosis in select patients presenting with myocarditis from infec-
tious or autoimmune causes which include, HIV and Borrelia burgdorferi antibodies,
polymerase chain reaction from samples of the respiratory tract (influenza and SARS-
CoV-2), and autoantibodies (antinuclear antibodies) to name a few.

3.2ECG

Myocarditis can present with a multitude of electrocardiographic (ECG) abnor-
malities across a spectrum of tachy- or bradyarrhythmia. Mechanisms for these
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Figure 2.

12-glead electrocardiogram (ECG) in a 22-year-old male without any known cardiovascular conditions presenting
2 days after veceiving first dose of COVID-19 vaccine (BNT162b2) showing diffuse PR segment depression and PR
segment elevation in lead aVR (black arrows). From [50] Copyright © Patel et al. 2021. Distributed under the
terms of the Creative Commons Attribution 4.0 International License.

observed changes are believed to result from direct myocardial damage, high cat-
echolamine states with elevated sympathetic or parasympathetic tone, and conditions
of high interleukins or inflammatory-mediated myocardial damage. These conduction
alterations may also be associated with concomitant structural abnormalities such

as left or right ventricular chamber dilatation in various stages of myocarditis. Sinus
tachycardia associated with nonspecific ST/T-wave changes are the most common
ECG findings in myocarditis, while patterns of PR segment depressions in leads with
ST segment elevation (STE), precordial and limb leads, or a PR segment elevation

in aVR generally favors the diagnosis of pericarditis or peri-myocarditis (Figure 2).
STE and T wave inversions (TWI) may be evident in various phases of myocarditis
due to varying voltage difference in depolarization and repolarization exhibited
between the epicardial and endocardial layers in the setting of myocarditis. Often this
may overlap with STE mimicking that of ischemic injury pattern from obstructive
coronary artery disease or pericardial involvement. Reports have also shown STE on
presentation similar to that of an acute STE myocardial infarction without any proven
obstructive coronary artery disease, and where the initial ECG findings and STE cor-
responded to areas of non-ischemic scar pattern seen later on CMR (Figure 3) [51].
The ECG features most associated with a poor prognosis in patients presenting with
acute myocarditis are pathological Q waves, wide QRS complex, QRS/T angle >100°,
prolonged QT interval, high-degree atrioventricular block and malignant ventricular
tachyarrhythmia (Ventricular tachycardia (VT), ventricular fibrillation (VF), and
torsades de pointes) [52].

In a study of 800 patients with COVID-19 at Mount Sinai Hospital, VT or VF con-
tributed to 11% of the mortality [53]. Additionally, a small retrospective study of 275
patients presenting to the emergency department with COVID-19 found most ECGs
were in normal sinus rhythm, with 10% of patients having atrial fibrillation/flutter,
and another 40% with repolarization abnormalities including negative T waves in
21% of all abnormalities. The finding of an abnormal axis or left bundle branch block
was significantly associated with in-hospital mortality [54]. In a larger observational
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Figure 3.

Fingdings in a 30-year-old male presenting with substernal chest pain 3 days after he received the second dose of
the SARS-CoV-2 mRNA vaccine. ECG: sinus rhythm with nonspecific ST and T wave abnormality lead V3,

and infero-lateral ST segment elevations (arrows) with low voltage. CMR scan (bottom right) 2 months post
presentation with basal segment, mid to epicardial LGE in the same corvesponding infero-lateval and lateral wall
territory as seen in ECG findings (blue arrows point to LGE, star denotes the left ventricular cavity). From [51].
Copyright © Sood et al. 2022. Distributed under the terms of the Creative Commons Attribution License.

study including 751 patients with COVID-19, STE were rare findings, while other ECG
abnormalities such as the presence of one or more atrial premature contractions, a
right bundle branch block or intraventricular block, ischemic T-wave inversion and
nonspecific repolarization increased the odds of death [55].

3.3 Imaging
3.3.1 Echo

Echocardiography is often the initial imaging modality utilized in patients pre-
senting with cardiac complaints due to its wide availability and lower costs. It can
be performed non-invasively and at a patient’s bedside. While findings can be non-
specific, it is useful in the diagnosis of heart failure and can determine patterns of
dilated, hypertrophic, restrictive, and ischemic cardiomyopathies. It is also effective
to easily exclude emergent cardiac conditions such as cardiac tamponade, acute mitral
regurgitation, and other states of hemodynamic compromise, all of which may be
secondary complications of myocarditis. Myocarditis may cause segmental or global
dilatation of the Left Ventricle, focal thickening of the ventricular wall, regional
wall motion abnormalities, pericardial effusion, and focal interstitial edema of the
myocardium. Right Ventricular dysfunction is associated with increased morbidity
and mortality and a higher need for heart transplantation. In a study of 42 patients
with biopsy-proven myocarditis, 23% of the patients had evidence of RV dysfunction
which was associated with a worse prognosis [56].

Patients with obesity or chronic lung diseases pose a well-known limitation of
echocardiography, due to a poor acoustic window which leads to an inadequate
assessment of cardiac function and structure [57]. Similar to laboratory markers, the
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delineation of abnormal echocardiographic findings such as chamber dilatation or
reduction in left or right ventricular systolic function as a result of demand related
stress from systemic or critical illness (such as from hypoxia, tachycardia, anemia)
vs. myocarditis can be a challenge. In general, acute cases of myocarditis have subtle
echocardiographic features, including focal wall motion abnormalities and mildly
reduced ejection fraction [58].

3.3.2 CMR

Cardiac magnetic resonance (CMR) continues to further advance the diagnostic
capabilities possible in heart disease. The lack of ionizing radiation and newer contrast
agents that are exclusive of contraindications in those with compromised renal func-
tion make it a safe imaging modality to a wider variety of patients. The agent used is
often gadolinium, which in a healthy myocardium with intact cellular membranes
tends to clear at a higher rate when compared to damaged cardiac tissue. In an acute
myocardial infarction, ruptured cellular membranes tend to have delayed clearance
of the contrast agent, and in tissues with signs of chronic damage such as myocardial
fibrosis the contrast agent becomes confined within the collagen matrix of the scar
causing a specific finding on CMR known as late gadolinium enhancement (LGE).

Myocardial fibrosis can be seen in a variety of cardiac diseases oftentimes in charac-
teristic patterns. Subendocardial or transmural fibrosis patterns are often seen after an
ischemic event such as a myocardial infarction where damaged tissue becomes replaced
with fibrosis. Several diseases have multiple overlapping patterns such as sarcoidosis
and myocarditis that can appear with mid-wall or epicardial patterns as a result of reac-
tive interstitial fibrosis. Sparing of the subendocardial border in non-coronary distribu-
tions are hallmark features exhibited in non-ischemic scar patterns [59].

The diagnosis of myocarditis using CMR imaging is based on the Lake Louise
Criteria. CMR is useful to assess left ventricular volume, size and function, the
presence of myocardial inflammation/injury, and the evidence of pericardial effu-
sion. As per the 2009 criteria, in the setting of clinically suspected myocarditis, at
least two of the following criteria must be present on CMR to support presence of
myocardial inflammation: (1) regional or global myocardial signal intensity increase
in T2 weighted images (including evidence of myocardial edema with increased
septal thickness), (2) increased global myocardial early gadolinium enhancement
ratio between myocardium and skeletal muscle in gadolinium-enhanced T1-weighted
images (indicating myocardial hyperemia and capillary leak), and (3) atleast one
focal lesion of myocardial injury with non-ischemic regional distribution on LGE
[60]. It is important to note that with the recent modifications to the Lake Louise
Criteria in 2018, the myocardial early global gadolinium enhancement ratio has
largely fallen out of favor due to the inconsistent image quality of skeletal muscle to be
used as a reference point and two of two criteria were required for a diagnosis of acute
myocardial inflammation (Figure 4) [62]. Two of two criteria are now required for
an MRI diagnosis of acute myocardial inflammation which included (1) myocardial
edema (on T2 mapping or T2 weighted images) and (2) non-ischemic myocardial
injury (via abnormal T1 mapping, Extracellular volume fraction, or LGE) [63].
Typical findings of myocarditis can be seen in Figure 5. The additional findings of
left ventricular systolic dysfunction or pericardial effusion, while not diagnostic, can
provide additional supportive evidence for myocarditis.

While CMR was a challenge to obtain in early days of the pandemic, follow-
up studies on COVID-19 infected and SARS-CoV-2 mRNA vaccine-associated
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UPDATED LAKE LOUISE CMRI CRITERIA SUPPORTING THE DIAGNOSIS OF ACUTE MYOCARDITIS

MAIN CRITERIA SUPPORTIVE CRITERIA

1. Pericarditis
(Effusion at cine
images or abnormal
LGE, T2 or T1)

1. Myocardial edema
(Regional or global at
T2 mapping or on T2w
images)

Mild pericardial effusion
Regional increase Regional native T2
of T2 51 at T2w Images increase at T2 mapping

2. Systalic LV
Dysfunction

(Regional or global wall
motion abnormality)

2. Non-ischemic
myocardial injury
(Regional or global
abnormal T1, ECV or
LGE)

Normal LVEF

Regional non-ischemic Regional native T1 Regional ECV increase
LGE increase at T1 mapping

Figure 4.

Cagse of Acute myocarditis based on 2018 cardiac magnetic resonance imaging Lake Louise criteria. At least

one T2 marker of myocardial edema and one T1 marker of myocardial injury are required. On the left: main
criteria ave fulfilled, as there ave both (1) signs of myocardial edema (vegional increase of SI on T2w images
and vegional increase of native T2 at T2 mapping, underpinned by head arrows in the anterolateral wall) and
of (2) non-ischemic myocardial injury (regional LGE, increase native T1 at T1 mapping and ECV expansion in
the anterolateral wall, underpinned by head arrows, with non-ischemic pattern). On the right: one supportive
criterion is present, in fact a small pericardial effusion is evident at cine images, whereas there are neither
global hypokinesis nor regional wall motion abnormalities in this case. Abbreviations: T2w, T2 weighted; SI,
signal intensity; LGE, late gadolinium enhancement; ECV, extracellular Volume; LVEF, left ventricular ejection
fraction. From [61]. Copyright © Elsevier Inc 2020. Reproduced under the terms of the COVID-19 resource center
hosted on Elsevier Connect.

Figures.

Typical findings of myocarditis on CMR. 16-year-old patient with midwall and subepicardial distribution of
increased signal intensity in the left ventricle (blue arrow) on T2-weighted (a), T1-weighted early gadolinium
enhancement (b), and late gadolinium enhancement (c) imaging. From [64]. Published 2015 Nov 17. doi:10.1186/
$12968-015-0201-6. Copyright © Banka et al. 2015. Distributed under the terms of the Creative Commons
Attribution 4.0 International License.

myocarditis revealed unique characteristics otherwise not seen in other forms of myo-
carditis (Figure 6). A similar pattern of myocardial injury was seen between vaccine-
associated myocarditis compared with other causes of viral myocarditis involving the
basal infero-lateral wall. However, COVID-19 myocarditis exhibited more widespread
fibrosis patterns, such as subepicardial involvement. Those with vaccine-associated
myocarditis had less extensive LGE that spared septal involvement [65]. In addition,
patients recovering with post COVID-19 syndrome (54%) commonly have cardiac
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Figure 6.

Segmental distribution of MRI abnormalities. Color-shaded bull’s-eye plots represent the percentage of patients
in each group with late gadolinium enhancement and/or hyperintensity on T2-weighted images for each
myocardial segment according to a standardized 17-segment model. COVID-19 vaccine = patients with vaccine-
associated myocarditis, COVID-19 illness = patients with myocarditis who had recovered from COVID-19, other
myocarditis = patients with other causes of myocarditis. From [65]. Copyright © 2022 by the Radiological Society
of North America, Inc. Reproduced under the terms of the PMC Open Access.

abnormalities: myocardial scar formation (32%), residual pericardial effusion,
myocardial edema and interstitial fibrosis likely from persisting inflammation and
increased vascular permeability [66].

Five other non-exclusive LGE patterns seen in CMR studies of patients with
myocarditis include: (1) subepicardial (common with Parvovirus B19), (2) intramyo-
cardial (common with co-infection of HH6 and PVB19), (3) focal (common mimic
of sarcoidosis or neoplasm), (4) transmural (can mimic myocardial infarction), (5)
patchy or multifocal (common with co-infection of HH6 and PVB19, or sarcoidosis)
[67]. Septal involvement and degree of LGE was found to be associated with worse
outcomes and higher rates of major cardiac events, which supports the utility of CMR
in prognostication, adding valuable information not only on tissue characterization
but risk stratification in patients with suspected myocarditis [68, 69].

CMR is generally appropriate when patients present with (1) new onset or persist-
ing symptoms suggestive of myocarditis (dyspnea, orthopnea, palpitations, exercise
intolerance, chest pain), (2) evidence of recent/ongoing myocardial injury (ven-
tricular dysfunction, new or persisting ECG abnormalities, elevated troponin), (3)
suspected viral etiology (history of recent systemic viral disease or previous myo-
carditis). Additional considerations that support a CMR study include the absence
of coronary artery disease risk factors, age < 35 years, and symptoms not explained
by coronary stenosis on angiogram or a recent negative ischemic stress test [60]. In
addition, in patients presenting with new onset heart failure, CMR may be useful
in delineating myocarditis from other related or structural abnormalities seen in
conditions such as hypertrophic cardiomyopathy, arrhythmogenic cardiomyopathies,
left ventricular non-compaction, congenital heart disease with shunt evaluation,
or in evaluating other causes of idiopathic dilated cardiomyopathies. This can be of
particular importance for the assessment in younger patients with possible vaccine-
associated myocarditis who may present with arrhythmias or heart failure and can
help guide appropriate management and follow-up, including the return to exercise or
competitive sports.

In 2016, the MyoRacer Trial demonstrated the usefulness of mapping techniques
in biopsy proven patients with acute symptoms, to confirm or reject myocarditis,
superior to the Lake Louise Criteria. In patients with acute symptoms, native (pre-
contrast) T1 mapping was a more specific and sensitive test. However, T2 mapping
was a superior diagnostic tool in patients with chronic symptoms [70].
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In the case of cardiac sarcoidosis and myocarditis, CMR has been shown to improve
diagnostic capabilities. In studies, cardiac involvement varies from 0.58 to 7.4%, for
clinical diagnosis, which increases from 13 to 45.7% with CMR, and from 24 to 45% on
autopsy. Up to 19% of patients had LGE in the absence of cardiac symptoms [71].

Important limitations exist with CMR and specifically LGE. LGE could mimic
other nonischemic and ischemic diseases and can be undetectable in healed myo-
carditis. Falsely larger areas of fibrosis may be present in acute myocarditis where
necrosis is in conjunction with edema or absent in mild diffuse disease if separate
edema sequences are not performed [72]. Despite the limitations, a subgroup of the
ITAMY study investigating the prognostic value of a repeat CMR 6 months after the
initial scan demonstrated the greatest survival probabilities in those with complete
resolution of edema and LGE, while edema without LGE suggests a residual chance
of recovery followed by the worst prognosis in those with residual LGE (especially
midwall septal pattern) without edema, likely representing persistent fibrosis [73].

3.4 Biopsy
While the gold standard for diagnosing myocarditis remains histopathological

evidence via endomyocardial biopsy (EMB), the invasive nature of the procedure
has made the alternative, often a clinical diagnosis (history, examination, labs, ECG)
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Figure 7.
Clinical and diagnostic approach to diagnosis of myocarditis.
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along with echocardiogram and CMR much more common in practice. Biopsy is often
reserved in cases of acute myocarditis due to its invasiveness but becomes particularly
important in fulminant myocarditis. The initial clinical approach to diagnosis of
myocarditis is illustrated in Figure 7. An EMB should be performed in the setting of
unexplained acute cardiomyopathy (usually a dilated cardiomyopathy) and when
other causes of cardiomyopathy have been excluded (ischemic, hypertensive/valvular,
metabolic, toxic) in a patient that demonstrates symptoms of refractory heart failure
not responding to guideline directed medical therapy, high grade heart block, symp-
tomatic VT or requiring inotropic or mechanical circulatory support [74]. When there
is adequate suspicion for giant cell myocarditis, a rare but important cause of cardio-
myopathy, death, and transplant, EMB has shown an 82-85% sensitivity on diagnosis
[75]. If diagnosed early, it can respond to calcineurin based treatment (cyclosporine)
with positive outcomes on treatment course. In contrast, low-risk patients with more
benign clinical presentations (hemodynamic stability, mild to normal LVEF >50%,
without ventricular arrhythmias or heart block), CMR is preferred over EMB [49].
EMB has the potential for guiding therapy in patients with myocarditis or
inflammatory related cardiomyopathies. These patients can be classified into four
groups based on biopsy results (Figure 8): inflammation-negative, virus-negative;
inflammation-positive, virus-negative; inﬂammation-negative, virus-positive;
and inflammation-positive, virus-positive. In addition to guideline directed medi-
cal therapy for heart failure, immunosuppressive therapy should be a mainstay for
virus-negative inflammatory cardiomyopathy [23]. It should be noted the potential
relationship between an idiopathic dilated cardiomyopathy and various stages of
myocarditis, thus, it is prudent to delineate the presence of residual inflammation or
virus in such patients with a thorough investigation albeit myocardial biopsy and/
or advanced cardiac imaging, if clinically indicated. In addition, further research is

*Virus active myocarditis w

+Virus associated
myocarditis

( *Lymphocytic myocarditis
*Eosinophilic myocarditis

*Giant-cell myocarditis

*Cardiac sarcoidosis

Inflammation + @ Inflammation +

Virus +

Virus -

" +Post myocarditis
+Dilated
cardiomyopathy

+*Viral Latency

)

Figure 8.

Categories of myocarditis based on endomyocardial biopsy results. Adapted from [23].
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needed regarding the potential role that autoantibody targeting may have in autoim-
mune, or virus associated inflammatory heart disease.

4. Management/prognosis

In line with the broad spectrum of etiologies, management of myocarditis
includes conventional treatment for arrhythmias and heart failure along current
guidelines [49, 76]. Tachy or bradyarrhythmia is common in the acute phase of
myocarditis or can be asymptomatic. Antiarrhythmic therapy is generally reserved
for symptomatic ventricular tachycardia or supraventricular tachycardias that can
exacerbate underlying heart failure. Cardioversion can be considered for sustained
ventricular arrhythmias. Implantable cardioverter (ICD) is indicated per guide-
line directed therapy for life threatening arrhythmias or persistent myocardial
dysfunction.

Pharmacological treatment is the most common, first line approach including beta
blockers for less than class IV heart failure, or the use of amiodarone, dofetilide in
refractory cases. Patients that present with hemodynamic stability with sequelae of
either acute or chronic heart failure should receive diuretics, angiotensin-converting—
enzyme inhibitors, or angiotensin-receptor blockers and beta-adrenergic blockers if
tolerable. Aldosterone antagonists may be added for more advanced heart failure with
symptoms that persist or LVEF <35%.

The presentation of hemodynamically unstable heart failure may require mechan-
ical circulatory support. In patients presenting with cardiogenic shock where there
is severe ventricular systolic dysfunction refractory to medical therapy, ventricular
assist devices or extracorporeal membrane oxygenation (ECMO) may be required
to prevent multi-organ dysfunction and provide a bridge to recovery by allowing for
myocardial recovery or transplant [77].

Patients with myocarditis are encouraged to avoid nonsteroidal anti-inflam-
matory drugs, alcohol consumption or other toxin mediated substances that have
been shown to increase severity of myocarditis. Abstinence from heavy aerobic
physical activity has been shown to reduce myocardial demand and reduce the
potential for accelerating viral replication. Avoiding physical activity for a period
of 3-6 months following the acute phase of myocarditis is recommended with
reassessment every 6 months, including the use of repeat biopsy or advanced
imaging such as CMR [49, 78].

Current ACC/AHA/ESC guidelines recommend consideration of immunosup-
pression for patients with active myocarditis and negative viral genome on EMB.

A viral genome analysis is generally recommended on EMB samples to determine
the safe use of immunosuppressants. Inmunosuppressant regimen combinations
that include glucocorticoids, azathioprine, cyclosporine is the basis for therapy
for giant-cell myocarditis, cardiac sarcoidosis and eosinophilic myocarditis (once
drugs or parasites have been ruled out). Patients with a positive viral biopsy for
PVB19, HHV-6, CMV, Epstein-Barr, should have initial treatment with antiviral
therapy during the acute phase then maintenance with immunosuppression.
Ongoing, future, studies for alternative regimens include: the Myocarditis Therapy
with Steroids [MYTHS] trial, Anakinra versus Placebo for the Treatment of Acute
Myocarditis [ARAMIS], Abatacept for the Treatment of Immune-Checkpoint
Inhibitors Induced Myocarditis [ACHLYS].
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5. Conclusion

Myocarditis is a heterogeneous disease ranging from mild, self-limiting to fulmi-
nant, including the manifestations of heart failure, cardiogenic shock and/or death.
While myocarditis has numerous etiologies, viral myocarditis is the most common.
Despite an array of clinical, laboratory biomarkers, imaging and biopsy, there is not
one sole diagnostic method for its diagnosis. Laboratory markers may provide clues
to its diagnosis and their use for continued surveillance may prove useful to monitor
disease severity and response to treatment. Echocardiography is a valuable initial
modality for the assessment of left or right ventricular dysfunction and to assess
hemodynamic instability or secondary complications of myocarditis. Despite the gold
standard method of biopsy, it poses several limitations in invasiveness, the diagnostic
accuracy based on the location or degree of cardiac involvement, pathological inter-
pretation and resource limitations, and hence, is reserved in refractory cases or those
with hemodynamic instability. CMR has superior utility in evaluating myocarditis
non-invasively, not only at its diagnostic stage but also in various sub-clinical or
convalescent stages of myocarditis and to ensure adequate resolution and follow-up in
such patients. Findings in CMR may also overlap with other dilated or idiopathic car-
diomyopathies and may be of particular use in conjunction or independent of biopsy.
In the new post COVID-19 era, the utility of CMR provides an excellent modality to
delineate various cardiomyopathies where an infectious or inflammatory mediated
process is in the differential. Clinicians should ensure a comprehensive work-up and
thorough surveillance while caring for such patients.
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Chapter7
Chronic Constrictive Pericarditis

Onur Benli

Abstract

Constrictive pericarditis is the result of a chronic inflammation of the pericardium.
Chronic constrictive pericarditis is still a rare disease but is being recognized more
frequently. It is characterized by fibrous thickening and calcification of pericardium
that impairs diastolic filling, reduced cardiac output, and ultimately leads to diastolic
heart failure. Clinically, chronic constrictive pericarditis is characterized by dyspnea
during exercise, symptoms of right heart failure. Pericardiectomy with complete
decortication is the treatment of choice for constrictive pericarditis.

Keywords: pericardium, constrictive, pericarditis, pericardiectomy, decortication

1. Introduction

Normal pericardium consists of an outer sac or fibrous- parietal- pericardium
and an inner double-layered sac called the serous -visseral- pericardium The layers
of serous pericardium include the visseral layer or epicardium,which covers the heart
and proximal great vessels. The fibrous parietal pericardium, which contains collagen
and elastin fiber and is normally <2 mm thick. The visseral pericardium is composed
of a single layer of mesothelial cells with accompanying collagen and elastin,which
adheres to the epicardium. The visceral and parietal layers are separated by the
pericardial cavity, which in healthy people contains up to 50 mL of physiological
pericardial serous fluid. The pericardium serves a variety of functions. In addition
to its mechanical effects on the heart (limiting distention, promoting chamber —
coupling interaction, maintaining cardiac geometry, enabling fictionless movement,
hemodynamic effect on the atria and ventricles myocardial and serving as a barrier to
infection), the pericardium has immunologic, vasomotor, paracrine, and fibrinolytic
activities. However, due to the close proximity to the myocardium, alternations in
pericardial elasticity thickness, and volume of pericardial fluid can cause compromise
of cardiac filling resulting in pericardial constriction or tamponade.

Constrictive pericarditis occurs with severe fibrotic and cicatricial thickening
of the pericardium, loss of elasticity, calcification, and adhesions in the pericardial
cavity. Diastolic heart failure occurs as the pericardium, which has lost its elasticity,
suppresses cardiac diastole filling. (Hypodiastolia Syndrome).

In conclusion, chronic constrictive pericarditis is one of the causes of diastolic
right heart failure. Making that diagnosis may be difficult, as constrictive pericar-
ditis may mimic other disorders. However, constrictive pericarditis is a pericardial
disease process characterized by the development of right heart failure secondary
to pericardial induced impaired diastolic filling, despite preserved right and left
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ventricular myocardial function. Since it has different pathophysiology, etiology and
treatment from other causes of diastolic right heart failure, its definitive diagnosis is
mandatory.

2. History

Constructive pericarditis, which has been described as “Pericardial adhesion”,
“Chronic pericardial adhesion”, has also been named as callous, calcified or ossi-
fied pericardium, “Concertio cordis cum pericarditis”, as a result of knowledge,
experience and observations on this subject. This clinical syndrome is also known
as “Pick’s disease” [1]. In 1669 Lower described the clinical effect of the constrictive
pericardium on the diastole of the heart in detail [2]. Based on the autopsy findings
of a 30-year-old woman with pericardial adhesion in 1669, Lower stated that the
pericardium, which should have been thin/translucent, was thickened, opaque and
hardened (callous), which would limit the movements of the heart. J. Mayow, in
1674, described a pericardial adhesion as “as if the heart was surrounded by cartilage
and stuck to the front”, and reported that this condition prevented blood return to
the ventricle [3]. T. Bonet, in 1679, said that pericardial adhesion was the cause of
palpitation and used the term (cordis tremor) [4]. R. De Vieussens mentioned the
effect of pericardial adhesions on cardiac functions in two cases in 1679 and 1715,
and stated that the adhesions were of inflammatory origin, not congenital [5]. A. von
Haller described pericardial calcification in 1755 based on autopsy findings [6]. G.

B. Morgagni described pericardial adhesions and calcifications in 7 cases in 1761 and
gave information about the physiopathology and clinic of constructive pericarditis
[7]. In 1823, R. T. H. Laénec detected calcification between the pericardial leaves in
the autopsy of a 65-year-old patient with exertional dyspnea but no orthopnea, with
cyanotic lips [1]. N. Chevers explained diastolic dysfunction in constructive pericar-
ditis and its clinical picture for the first time in 1842 [8]. Wilks explained constructive
pericarditis in detail in 1870 [9]. A. Kusmaul reported in 1874 that venous filling

in the inspiratory increased in constrictive pericarditis (Kusmaul’s sign) [10]. ]. M.
Charcat reported constructive pericarditis due to rheumatoid arthritis in 1891 [11].
F. Pick mentioned “pseudo cirrhosis” (Pick’s disease) resulting from right heart fail-
ure in 1896 [12]. G. Daniel and S. Puder drew attention to the relationship between
hemopericardium and constrictive pericarditis in 1932 [13]. T. H. Sellors in 1946

[14] and P. While in 1951 indicated tuberculosis as the primary cause of constructive
pericarditis [15]. W.G. Bigelow et al. in 1956 [16], H. B. Schumaker Jr. and Rose [17]
in 1960, and Fitzpatrick et al. [18] in 1962 reported that radical pericardiectomy was
the only method to prevent recurrence of pericardial constructions. C.A. Bush et

al. reported that constrictive pericarditis can disrupt hemodynamics even without
adherence to the epicardium [19] E. Weil predicted the excision of the thickened
fibrous pericardium in constructive pericarditis in 1895, and E. Delorme also showed
on cadavers that pericardial decortication could be applied in 1898 [20, 21]. E. Rehn
performed experimental pericardiectomy in 1913, performed pericardiectomy in 4
cases of constrictive pericarditis in humans in 1920, and reported that this was the
treatment method of choice [22]. It was predicted by C. S. Beck that this type of
intervention could be performed in 1901 [23] and helped in the development of the
pericardiectomy technique from 1930 [24]. C. S. Beck reported in 1937 as a result of
his experimental studies that the removal of the thickened pericardium provided
hemodynamic improvement [25].
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3. Epidemiology

The prevalence of constrictive pericarditis is not known for certain, but it is a rare
disease. In a prospective study of 500 patients followed for a media of 6 years after
an episode of acute pericarditis and the rate of development of chronic constrictive
pericarditis is 1.8% [26]. The incidence of constrictive pericarditis in patients with
idiopathic or viral pericarditis is lower when compared to other etiologies such as
rheumatic disease, connective tissue disease, pericardial injury syndrome,malignancy
or bacterial infection. In patients undergoing open heart surgery, the incidence of
symptomatic chronic constrictive is similarly low (0.2%-2.4%) [27, 28].

4. Pathology

Histologically, constrictive pericarditis typically demonstrates fluctuating pericar-
dial edema, inflammation and fibrin deposition similar to acute pericarditis, rather
than the pericardial fibrosis and calcification more commonly seen in chronic peri-
cardial constriction. This results in pericardial thickening in both situations leading
to a loss of elasticity of the the pericardium and ultimately constrictive physiology.
Although the constrictive, inelastic pericardium is typically fibrotic, calcific and thick,
it is seen that the pericardium is of normal thickness at a rate of 18% in constrictive
pericarditis [29].

5. Etiology

All of the causes in the etiology of acute pericarditis can become chronic and
lead to constriction (Table 1) [30]. However, pericarditis caused by some etiologi-
cal agents, especially tuberculosis, tends to become more chronic. Tuberculosis
from these etiological agents; In regions such as China, Iran, and South Africa, itis
the dominant cause of constrictive pericarditis with a rate of 22.2-91% [31-33]. A
South African institution reported 121 cases of constrictive pericarditis over 22 years
(1990-2012) and of these, tuberculosis was confirmed as the cause in 29.8% of cases
and suspected in an additional 61.2% of cases. However, tuberculosis was historically
the most common cause for constrictive pericarditis in North America; a report from
1962 cited tuberculosis as the cause of 48% of cases of constrictive pericarditis. And
at the present time, in developed countries (North America and Europe), constric-
tive pericarditis due to tuberculosis is very low (less than 5.6%). In these regions,
idiopathic or previous cardiac surgery, radiotherapy to the thorax, human immuno-
deficiency viriis and AIDS old acute pericarditis are more common in the etiology
of constrictive pericarditis [34-38]. It is known that there is a relationship between
hemopericardium and constructive pericarditis [39, 40]. Radiation-induced “late
pericarditis”. Constructive pericarditis requiring pericardiectomy develops in 20% of
cases [41, 42]. Constructive pericarditis occurs an average of 23 months after cardiac
surgery [39, 40].

Recent studies show that changes in gene expression could be directly associated with
inflamation and the subsequent formation of fibrosis [43], the key pathological process
underlying the constrictive pericarditis. Furthermore, an array of changes in non-
coding RNAs, including micro RNAs (miRNAs), long non-coding RNAs(IncRNAs) and
circular RNAs(circRNAs) were belived to play a critical role in the relevant molecular
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¢ Irradiation
* Postcardiotomy
« Infectious

Viral (Echovirus, Coxsackie viriis, Adenovirus, CMV, Hepatitis B, EMN, HIV/AIDS)
Bacterial (Pneumococcus, Staphylococcus, Streptococcus, Mycoplasma, Lyme disease, Haemophilus influenza,
Neisseria menengitides, Others)

Mycobacterial
Mycobacterium tuberculosis
M.avium-intracellulare complex

Fungal
Histoplasmosis
Coccidiodomyocosis

Protozoal

Neoplastic

Connective-tissue disorders (Systemic lupus erythematosus, Rheumatoid arthritis, Scleroderma,
Dermatomyositis, Sjégren sydrome, Mixed)

Uremic disease

Trauma

Sarcoidosis

Drugs (Kinidin, Procainaide, Hydralazine, Isoniazid, Streptomycine, Cylosporine, Penisilin, Metyserjid)
Implantable cardioverter-defibrillator patches

¢ Trauma (blunt, penetrating)

Table 1.
Causes of constrictive pericarditis (AIDS: acquired immunodeficiency syndome; HIV: Human immunodeficency
virus).

signaling pathways and biological processes leading to fibrosis.Nevertheless, how these
molecular substrates mediate the constrictive pericarditis is still poorly understood.
High-throughput sequencing and bioinformatics analysis have been widely exploited to
identify specific genes associated with various diseases [44]. These interesting findings
promoted researchers to explore if there are abnormally expressed genes and sigaling
pathways involved in the inflammation and fibrosis processes of Constrictive pericar-
ditis. Molecular biological experiments are neede to further delineate the roles of these
circRNAs identified in Constrictive pericarditis [45].

6. Pathophysiology

In constrictive pericarditis, the pericardium leaves are stuck together and the
thickness may be 5-6 mm, sometimes more than 1 cm. Focal or diffuse calcification is
seen in 50% of cases. Calcification can sometimes envelop the entire pericardium. The
heart in this state is called the “armored heart”. In constrictive pericarditis, the basis of
the pathophysiological event is the obstruction of the diastolic filling of the right heart
and venous return. As a result, cardiac output decreases, venous pressure rises and
systemic arterial pressure decreases. The pathological process often extended to the
myocardium. In this case, myocardial contractility is impaired (systolic dysfunction). In
constrictive pericarditis, in contrast to the symptoms in cardiac tamponade, blood and
plasma administration does not increase cardiac output. With decreased cardiac output,
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liver and kidney perfusion decrease. Salt and water retention increases. Increased blood
volume and increased venous pressure do not increase cardiac output. Venous pressure
elevation causes congestive symptoms and signs. In constrictive pericarditis, although
the left ventricular ejection fraction is normal, stroke volume and cardiac output are
decreased. As aresult, exercise dyspnea occurred. Because cardiac volume is limited due
to constriction, cardiac filling and output vary depending on respiration. The right ven-
tricle will not dilate even though venous return is increased in the inspiration. Rarely,
right ventricular volume may be increased by a shift (shift) of the ventricular septum
towards the left ventricle. This will reduce left ventricular filling and output.

7. Clinical presentation

The hemodynamic changes and symptoms of constrictive pericarditis are shown
in Table 1. In chronic constrictive pericarditis, patients may have retrosternal pain
and palpitations. In constrictive pericarditis, fatigue and exertional dyspnea develop
due to low cardiac output. However, signs of pulmonary congestion (orthopnea,
paroxysmal nocturnal dyspnea) are not seen. There may be syncope attacks caused
by exertion as a result of the cardiac output not meeting the adequate perfusion.
Although exertional dyspnea and peripheral edema are common symptoms in most
patients, peripheral edema is scarce [31, 32, 37]. Initially, abdominal discomfort,
tenderness, pain, and then ascites occur due to passive hepatic congestion (Pick’s
disease-Pseudocirrhosis) (Table 2).

8. Physical examination

Symptoms vary depending on the stage of the disease.

1. The main finding is jugular venous distension. This finding may not be seen in
mild constrictive pericarditis and hypovolemic patients [46].

2.Inflate the patient’s face and abdomen.
3. Systemic arterial pressure is within normal limits or low.
4.The pulse pressure range is reduced.

5.Contrary to normal, the elevated venous pressure increases further with inspira-
tion. (Kusmaull sign) [47].

6. Diastolic beat can be noticed with palpation. (Diastolic shock).

7.By listening, the heart is usually quiet and S1 and S2 are soft. A high-frequency
early diastolic snap sound may be heard along the left edge of the sternum. (Peri-
cardial knock). This early diastolic additional sound occurs as a result of abrupt
cessation of ventricular filling [48, 49]. This is a sign of the sudden decrease in
the “y” wave in central venous pressure and the response of ventricular filling.

8. Peripheral pulse may be paradoxical. (Pulsus Paradoxus).
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Haemodynamic Effects Dynamic Changes in Right and Left Heart Filling with Respiration
Elevation and Equalization of Cardiac Filling Pressures
Increased Venous Pressure
Decreased Cardiac Output

Clinical Manifestations Symptoms:

Dyspnea on Exertion
Oedema

Chest Discomfort
Fatique

Abdominal Symptoms
Cachexia

Signs:

Juguler Venous Distension
Steep, Deep Jugular y-descent
Kusmaul Sign

Pleural Effusion

Pericardial Knock
Hepatomegaly

Ascites

Table 2.
The principal haemodynamic abnormalities and typical clinical presentations associated with constrictive
pericarditis.

Pulsus Paradoxus: Pulsus paradoxus described by Kusmaul in 1872; It is a decrease
in systolic arterial pressure by more than 10 mmHg as a result of the pooling of the
blood expelled from the right ventricle in the lung bed in the inspiration [10]. In
summary; It is the exaggerated form of a normal physiological event [50, 51]. Venous
return limitation caused by pericardial restriction causes a decrease in systolic arterial
pressure of more than 10 mm Hg in inspiration [51-53]. This event is the dynamic
between the pericardium and the heart. Explains the clinical findings that occur
because the relationship affects the intracardiac volume/pressure relationship at every
stage of the cardiac cycle.

9. Palpation reveals pulsatile liver, ascites, peripheral edema
9.1 Evaluation

Constrictive pericarditis is not immediately diagnosed with standard tests. The
reasons why diagnosis is difficult is because it shows symptoms similar to heart failure
or lung/liver disease. Constrictive pericarditis should be considered in the pres-
ence of unexplained heart failure, pleural effusion, jugular venous distension, liver
disease, edema. In addition to these findings, if there is a history of cardiac surgery,
chest radiotherapy/pericarditis, the diagnosis of constrictive pericarditis is correct.
Constrictive pericarditis is most often confused with restrictive cardiomyopathy,
which has similar findings.

Diagnostic methods initially include ECG, Chest radiograph, laboratory findings
and echocardiogram.

Electrocardiography: The ECG is nonspecific. Low-voltage QRS, nonspe-
cific changes in the ST segment, widening/inversion of the T wave are seen in
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approximately 25% of patients. The P wave may be narrow and bifid. Atrial fibrilla-
tion was detected in approximately 30% of them [32, 37, 38, 54].

9.2 Chest radiography

Findings on chest X-ray are nonspecific, but cardiomegaly due to pleural effusion,
pulmonary vascular congestion, or pericardial effusion is seen. Pericardial calcifica-
tion is seen on chest X-ray in 27% of constrictive pericarditis cases.

9.3 Laboratory assessment

The plasma brain natriuretic peptide (BNP) level can be used for diagnosis. BNP
is a determinant of ventricular dysfunction and wall tension. Elevation is typical in
many forms of heart failure and cardiomyopathy. In constrictive pericarditis, BNP
elevation is less than in cardiomyopathy. Hepatic function tests are abnormal due to
congestion.

9.4 Echocardiogram

While echocardiography is performed to rule out heart failure, left ventricular,
right ventricular dysfunction, and valve dysfunction, it is very important to dis-
tinguish between constrictive pericarditis and restrictive cardiomyopathy, which
is most confused (Table 3). In echocardiography performed specifically for con-
structive pericarditis; movement-shift of the ventricular septum towards the left
ventricle, as an indicator of increased vena cava inferior pressure; Enlargement of
the hepatic veins and inferior vena cava is seen. Pericardial thickening, calcification
is seen.

A. Left shift of the ventricular septum in relation to vespiration (shift): A decrease in
left-sided cardiac filling during inspiration causes the ventricular septum to shift
to the left. This increases right ventricular filling. In contrast, two-dimensional
and M-mode echocardiography shows the septum shifting to the right in the
expiration. Sliding movement in the ventricular septum is very important in
relation to respiration in constrictive pericarditis, and its sensitivity is 93%.

B. Change in mitral inflow velocity in velation to vespivation: A decrease in cardiac
filling of the left side during inspiration is an indication of a decrease in mitral
early inflow velocity [55-57].

C. Reversal of hepatic vein flow in relation to respivation: During late diastole in
expiration, right-sided cardiac filling decreases as a sign of hepatic vein flow
reversal. Reverse hepatic vein diastolic flow during expiration is 88% specific for
constrictive pericardium [56].

Computed Tomography (CT): Measurement is made for pericardial thickening and
calcification in cardiac CT of the heart (Figure 1). Pericardial thickening is detected
at a rate of 72% and pericardial calcification at a rate of 35% in CT [29]. In addition,
defect in the ventricle contour is detected due to pathology-disease in the pericardium
in CT [58].
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Clinical signs Constrictive pericarditis Restrictive cardiomyopathy

Heart size Normal Often enlarged

Jugular venous pressure M view* M view

symptom of vomiting There is There is

systolic murmur Rare There is

S3 Galop™ There is Except for amyloid

Systemic Disease Tuberculosis Amyloid,Sarcoidosis

Thorax radiography

heart shadow Normal Normal/slightly enlarged.

Pericardial calcification 50% have it Rare

ECG

P mitral There is Rare

Atrial fibrillation There are 33% Stylish

message defect Rare Stylish

T wave Inversion frequent Inversion frequent

Qwave e Pseudo MI pattern is common

Echocardiography

pericardium Thick

Calcification Pericardial myocardial

Septal movement Normal weakened

CT/MRI Thick pericardium normal pericardium
Table 3.

Clinical and examination findings in the differential diagnosis of constrictive pericarditis and restrictive

cardiomyopathy (* due to significant x and y descents, **pericardial knock).

Figure 1.

Computed tomography view of calcific pericardium in constrictive pericarditis.

Cardiac Magnetic Resonance Imaging (CMRI): Provides information on cardiac
anatomy including pericardial thickness, calcification and pericardial effusion, such

as CMRI, cardiac CT [58, 59].
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Delayel gadolinium enhancement (DGE): Granulation tissue and chronic inflam-
mation in the DGE of the pericardium are associated with increased fibroblast
proliferation and neovascularization [60]. DGE of the pericardium shows the pres-
ence of inflamation, which is a part of the constrictive process, and highlights medical
therapy, which is an early -stage option in the treatment [61].

Invasive Haemodynamics evaluation: Hemodynamic catheterization is necessary
when non-invasive evaluation methods for CP are inadequate. Especially if the central
venous pressure is less than the expected value (less than about 15 mmHg), the
sensitivity of the evaluation with catheterization is high [62].

10. Classic findings in catheterization

1. Right and left ventricular diastolic filling pressures close to equivalent, and CVP
and intracardiac pressures increased.

2. When the right atrial pressure is observed, deep “y” wave descent and right ven-
tricular pressure “dip and plateau or square root” sign are observed. Both signs
occur with decreased pericardial compliance and rapid-early diastolic filling of
the right ventricle.

The atrial pressure curve shows high “a” and high “v” waves and prominent “x

«__»

and “y” descents (“M” and “W? appearance) (Figure 2).

Due to high venous pressure, ventricular filling is rapid in early diastole. The result is
a deep fall in early diastole followed by a spike (“tip”) and a high diastolic plateau in
ventricular pressure curves. This typical finding is called “square root sign” because
it resembles the “ deep and plateau” and the square root (/) sign (Figure 3).

Figure 2.

«

High “a” and “v” waves, deep and slow “x” and “y” descents (M view) in right atrial pressure curve for
constrictive pericarditis.
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Figure 3.
“Deep” and plateau (square voot, indicated by a red elliptical circle) sign in the right ventricular pressure curve
for constrictive pericarditis.

3. Right ventricular systolic pressure is less than 50% mmHg.

4. Right ventricular end diastolic pressure is less than 1/3 of right ventricular sys-
tolic pressure.

When the gradient between pulmonary capillary wedge pressure and intrathoracic
and left ventricular diastolic pressure develops, a difference of >5 mmHg between the
expiration and inspirum has been reported as 81% specificity and 93% sensitivity for
the diagnosis of constrictive pericarditis (Figure 4) [63].

10.1 Biopsy and surgical exploration

There may be cases where the diagnosis remains uncertain even after extensive
evaluation with hemodynamic catheterization, imaging modalities, and echocardiog-
raphy. Surgical exploration is sometimes recommended in these cases. Endomyocardial
biopsy may be a suitable option before surgical exploration [64] (Table 4).

10.2 Treatment
10.2.1 Transient constrictive pericarditis

In some cases of Constrictive Pericarditis, it resolves spontaneously or with anti-
inflammatory therapy. In a study conducted at the Mayo Clinic, 17% of Constrictive
Pericarditis cases healed spontaneously without the need for surgery [65]. 67%
of these cases were temporary Constrictive Pericarditis with effusion. Transient
Constrictive Pericarditis most commonly occurs after cardiac surgery. It is also
accepted that it may be idiopathic or have infection, trauma or malignancy. Most
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Suspected Constrictive Pericarditis

Echocardiograpy Constriction-Protocol

\

\Non-diagnostic

Diagnostic Cross-sectional Imaging Cardiaccatheterisation
e ~
- \\
//// \
e
Diagnostjc%/ Non-
diagnostic . / .
e \
o
Subacute/ Inflammatory ? Consider Exploratory
Surgery if Suspicion
Yes No Remains High
Trial of Consider Complete
Medical Therapy Surgical
Pericardiectomy
Figure 4.

Simplified diagnostic algorithm for the diagnosis and treatment of symptomatic constrictive pervicarditis.

Catheter Finding Constrictive Restrictive cardiomyopathy
pericarditis
In intracardiac pressures No There is
change with breathing
Diastolic pressures Same LV/RV
left atrial pressure Equal to RA pressure It is 10-20 mmHg higher than
the RA pressure.
right atrial pressure > 15 mmHg <15 mmHg
“\/"” (“square root”) appearance (“deep and There is Disappears with treatment
plateau”) in the right ventricular pressure curve
RVEDP / LVESP >1/3 <1/3
LVEDP -RVEDP < 6 mmHg > 6 mmHg
Pulmonary Hypertension Light Intermediate or advanced
Table 4.

Catheterizgation findings in constrictive pericarditis and vestrictive cardiomyopathy.
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patients who respond to steroid or non-steroidal anti-inflammatory drug therapy
are most likely seen in pericarditis with high serum inflammatory marker levels and
high DGE in cardiac MRI [61, 66]. In patients with subacute and distinct pericardial
inflamation is reasonable to try 2-3 months of anti-inflammatory therapy [67]. The
typical regimen of medical treatment consists of a non-steroidal anti-inflammatory
drug with Colchicine or an oral steroid. However, more work needs to be done.

2) Chronic Constrictive Pericarditis: In most of the cases, constrictive pericarditis
is chronic and progressive. Diuretic therapy is strictly palliative. The defined and
accepted treatment is surgical total pericardiectomy (Pericardial decortication) [67].
Pericardiectomy is an elective surgery. Left anterior thoracotomy is performed by
bilateral thoracotomy or median sternotomy. Decortication should be performed on
the left and right ventricles, covering the anterolateral and diaphragmatic surfaces,
from the phrenic nerve to the other phrenic nerve (if necessary, extending to the pos-
terior of the left phrenic nerve). In this procedure, as much pericardium as possible
should be removed (removal) to cover the diaphragmatic and posterolateral pericar-
dium [68]. Pericardial stripping is started from the anterior aspect of the left ventricle
and is performed towards the apex. The pericardium over the right ventricle and right
atrium is then resected. If the pericardium on the right atrium and right ventricle is
liberated first, pulmonary edema will develop as right ventricular output increases
and left ventricular pressure continues. Although there are those who suggest that
stripping the pericardium on the vena cava and right atrium is unnecessary, the major-
ity recommends that pericardiectomy be performed in these regions as well. Most of
the arrhythmias that occur during surgery are due to small infarcts in the coronary
vessels. These arrhythmias are controlled with 0.1% lidocaine HCL. Although peeling
of the pericardium over the atrium and vena cava is hemodynamically beneficial, the
risk is high. To reduce the risk. A cardiopulmonary bypass can be used [69]. Careful
care is required in the early postoperative period. Arterial and central venous pressure
are monitored. Myocardial insufficiency due to chronic construction does not return
to normal immediately after the operation. Low dopamine infusion is started for those
with ventricular irritability. Existing hepatomegaly, ascites, edema continue for a few
more months. Appropriate diuretics and protein loss are replaced.

11. Prognosis after pericardiectomy

Depending on the prognosis etiology, it is seen that the patient’s condition worsens
after pericardiectomy in advanced stages of NYHA functional classification, elderly
patient, impaired renal function, pulmonary hypertension, decreased Ejection
fraction, increased Child Pugh liver disease [35, 37, 70]. Care should be taken not to
injure the phrenic nerves during the pericardiectomy procedure. The mortality rate
after pericardiectomy is 5-15%, and the most common cause is low cardiac output.
The main cause of postoperative low cardiac output is myocardial atrophy caused by
chronic constriction; myocardial fibrosis found in cases secondary to mediastinal
radiation. After incomplete pericardiectomy, recurrent constrictive pericarditis is
associated with an increased risk and reduced survival rate [71]. In the publications of
several large volume centers, the mortality rate for surgical pericardiectomy has been
reported as 6%-7.1% [34-37]. Long-term survival after pericardiectomy varies greatly
depending on etiology and patient character, not age and gender [37]. For example;
The cure rate of patients with idiopathic constrictive pericarditis is >80% in 5-7 years
[34-36]. The long-term recovery rate after surgery is >80% in asymptomatic or mildly
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symptomatic patients [37]. On the other hand, it has been reported that the outcome
after pericardiectomy is very poor in patients with constrictive pericarditis due to
chest radiotherapy. The recovery rate in these is 0% - 30% for 5-10 years [34-37].

12. Conclusion

Constrictive Pericarditis; It is a disorder of cardiac filling caused by a diseased,
inelastic pericardium that restricts cardiac chamber expansion. Key pathophysiologic
feature include dissociation of intrathoracic and intracardiac pressures and and
enhanced ventricular interaction. It is a form of diastolic heart failure with different
pathophysiology and treatment. It often requires special study as it resembles other
forms of heart failure. It should be considered in all patients with unexplained right
heart failure symptoms or signs,especially when the left ventricular ejection fraction
is preserved.

Diagnosis remains challenging,and the most effective tools are designed to identify
the unique pathophysiologic mechanism underlying constrictive pericarditis: disso-
ciation of intrathoracic and intracardiac pressures and enhanced ventricular interac-
tion. Echocardiography is very important in the diagnosis of Constrictive Pericarditis.
Methods of cross-sectional imaging are as essential as hemodynamic catheterization
in confirming the diagnosis. Cardiac MRI is necessary to provide information about
the character of the pericardial tissue, while DGE is necessary to show the presence of
significant inflammation in the pericardium and to determine medical therapy(with
antiinflamatory).

Complete surgical pericardiectomy has been accepted as the only definitive treat-
ment for patients with chronic constrictive pericarditis.
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Constrictive Pericarditis: Surgical
Management
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Abstract

Constrictive pericarditis represents an uncommon sequela of multiple pathologic
processes. It involves the pericardium, a tri-layered sac that encases the heart within
the mediastinum. Inflammation of the pericardium can lead to formation of fibrous
adhesions between the outer wall of this sac and the surface of the heart. Due to the
stiff, inflexible structure of the pericardium, its adherence to the heart negatively
impacts normal diastolic filling and hemodynamics. Over time, this can lead to
reduced cardiac output and severe heart failure. This condition is typically refractory
to medical treatment. The definitive treatment of constrictive pericarditis involves
surgical decortication and removal of the pericardium to alleviate the constriction
and restore normal diastolic filling capacity. This procedure has evolved since its
inception and is now the gold standard in curing constrictive pericarditis. However,
despite its necessity in the treatment of constrictive pericarditis, this procedure car-
ries considerable risk of intra- and post-operative complications and poor outcomes.
The poor prognosis is often related to the patient’s pre-surgical status, which must
be considered when identifying candidates for surgery. When successful, though,
pericardiectomy can produce immediate and progressive improvements in hemody-
namic parameters.

Keywords: surgery, constrictive pericarditis, pericardiectomy, surgical treatment of
constrictive pericarditis, diagnosis of constrictive pericarditis

1. Introduction

Constrictive pericarditis is an uncommon, diagnostically challenging disease in
which the layers of the pericardium become fused and impede normal cardiac func-
tion. Historically, the majority of cases were idiopathic. While this is still a leading
cause of the disease today, the drastic increase in number of individuals undergoing
cardiac surgery, interventional, and electrophysiologic procedures has led to iatro-
genic causes becoming a more common source of constriction in the United States
and Europe [1, 2]. Elsewhere, tuberculosis infection represents the leading cause of
constrictive pericarditis. Studies in India, for example have attributed up to 93% of
constrictive pericarditis cases to tuberculosis compared to 4% in one US study [1, 3, 4].
As case numbers continue to rise, the importance of appropriate diagnosis and treat-
ment methodologies will also increase.
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Located within the mediastinum, the pericardium is comprised of 3 layers that
encircle the heart. It serves important purposes including protecting the heart from
friction-related damage, regulating diastolic filling, and preventing overexpansion.
The outermost layer of the pericardium, called the fibrous pericardium, is comprised
of dense irregular connective tissue and, due to its lack of elastic properties, helps
limit ventricular volume capacity. The fibrous pericardium is anchored superiorly to
the great vessels at the base of the heart and is continuous with the tunica adventitia.
It attaches to the diaphragm inferiorly. The inner portion of the pericardium is formed
by a serous bilayer, collectively referred to as the serous pericardium. The outermost
layer of the serous pericardium is called the parietal pericardium and is fused with
the fibrous pericardium to form a single outer envelope. The parietal layer reflects
around the roots of the great vessels where the fibrous pericardium emerges from the
adventitia and covers the outermost surface of the heart as the visceral pericardium.
The visceral pericardium is also referred to as the epicardium and provides an exter-
nal covering for the coronary vessels and myocardial cells. The visceral pericardium
also contains mesothelial cells that are responsible for manufacturing and secreting
pericardial fluid into the pericardial cavity. This fluid helps lubricate the layers of the
pericardium as they come into contact with one another during the cardiac cycle.

Constrictive pericarditis occurs following inflammation or injury to the pericar-
dium. As the pericardium heals, fibrous adhesions can form, anchoring the layers of
serous pericardium to one another. This results in anchoring of the fibrous pericar-
dium to the surface of the heart, progressively reducing diastolic filling capacity and
leading to symptoms of heart failure. This can be further complicated by formation
of calcifications that may extend deep into the myocardium, making cardiac function
and treatment more difficult.

Currently, the most effective treatment for constrictive pericarditis is total peri-
cardiectomy [5-9]. This procedure has evolved over the years from the previously
favored partial or “phrenic-to-phrenic” procedure which, while less technically chal-
lenging, did not resolve all constrictive foci. This resulted in continued constriction of
the posterior surfaces of the heart and less-favorable patient outcomes in many cases.
With the shift toward complete pericardial resection, survival rates following surgical
treatment for constrictive pericarditis have improved. However, the underlying etiol-
ogy of constriction and patient condition at the time of surgery do play crucial roles
in predicting a particular individual’s prognosis. While resolution of idiopathic and
tuberculosis-related constriction has produced 5-years survival rates around 80%,
rates in cases stemming from previous thoracic surgery and prior radiation treatment
are much lower [5]. Similarly, patients with advanced disease or poor hemodynamic
parameters at the time of treatment experience a perioperative mortality rate of up to
60% [10].

In this chapter, we will review the relevant mediastinal anatomy, discuss the
pathophysiology and clinical presentation of constrictive pericarditis, as well as
the common diagnostic findings. We will cover, in depth, the surgical treatment of
constrictive pericarditis, including the varying approaches and prognostic factors.

2. Mediastinal anatomy

The pericardium forms a 3-layered envelope that surround the heart. It consists of
a dense, inelastic outer layer called the fibrous pericardium and a serous bilayer. The
bilayer consists of a visceral pericardium that lies adherent to the heart, also known as
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the epicardium, as well as a parietal layer that is fused with the fibrous pericardium.
The visceral pericardium, comprised of mesothelial cells, secretes pericardial fluid
that helps reduce friction as the heart pumps within the envelope.

The pericardium defines the mediastinum within the thoracic cavity, separating
the heart and great vessels from the pleural spaces. The pericardium arises from the
tunica adventitia of the great vessels superiorly and is anchored to the central tendon
of the diaphragm inferiorly. Its lateral borders lie adjacent to the pleura. Anteriorly,
the pericardium attaches to the posterior surface of the sternum via weak sterno-
pericardial ligaments. The pericardium extends circumferentially to cover the dorsal
surface of the heart. Of surgical consideration, the left phrenic nerve lies superficial
to the pericardium of the left ventricle and the right phrenic nerve lies to the right of
the pericardium.

The reflections of the serous pericardium contribute to the overall anatomy of the
mediastinum by creating two sinuses. The oblique sinus spans the distance between
the right and left pulmonary veins on the dorsal surface of the heart. This space is
encapsulated posteriorly by the serous pericardium and anteriorly by the left atrium.
The oblique sinus allows for posterior expansion of the left atrium in to accommodate
additional blood volume. The transverse sinus is a result of the visceral serous peri-
cardium reflecting off the posterior pulmonary trunk and aorta to adhere to the atria.
This creates an open channel behind the pulmonary trunk and aorta that emerges
anterior to the superior vena cava.

The pericardium performs physiologic functions as well. The dense connective tis-
sue that comprises the fibrous pericardium prevents overexpansion of the heart and
limits diastolic filling. The fluid produced by the visceral mesothelial cells provides
a barrier around the heart to reduce friction during contraction, and the pericardial
attachments help to reduce motion of the heart within the thoracic cavity.

The pericardium primarily receives its blood supply from branches of the internal
thoracic arteries called the pericardiophrenic arteries. Additional blood supply is
delivered from branches of the musculophrenic, bronchial, esophageal, and superior
phrenic arteries. The visceral pericardium also receives a portion of its blood supply
from the coronary arteries. Venous drainage occurs via the pericardiophrenic veins,
which drain into the brachiocephalic trunk and the azygos system. The visceral
pericardium drains lymph into the tracheal and bronchial lymphatic chain, while
the parietal pericardium empties into mediastinal lymph nodes. Ventral pericardial
lymphatics travel over the cranial portion of the phrenic nerves. On the posterior and
lateral surfaces, the lymphatics join with lymphatic vessels of the mediastinal pleura.

The parietal pericardium receives somatic sensory innervation from the phrenic
nerve arising from C3-C5. The visceral pericardium lacks sensory innervation.
Autonomic innervation arises from the sympathetic trunk and vagus nerve.

3. Etiology of constrictive pericarditis

In the western world, acute pericarditis most often lacks a definitive diagnostic
origin [5, 11-15]. Of those cases determined to be of viral origin, infection by Epstein
Barr Virus (EBV), Cytomegalovirus (CMV), influenza, HIV, Adenoviruses, Echovirus,
Parvovirus B19, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), and
Coxsackieviruses A and B have all been implicated [16-26]. As mentioned previously,
tuberculosis is the leading cause of constrictive pericarditis in many areas of the
world, though it is not the only bacterial source of this disease [3, 4, 27]. In rare cases,
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pericarditis may result from bacterial infection by Meningococcus, Pneumococcus,
Coxiella burnetii, Staphylococcus, and Streptococcus species [28]. Acute pericarditis
may also, in extremely rare cases, be the result of fungal infection by Coccidiodes,
Candida, Histoplasma, or Blastomyces or parasites such as Echinococcus and
Toxoplasma [29]. The inflammatory reaction induced by these microbial species can
lead to formation of fibrous adhesion between the parietal and visceral pericardia,
resulting in constriction.

Another leading cause of constrictive pericarditis in western countries is previ-
ous cardiac surgery. Rates of constrictive pericarditis have actually increased as
cardiac surgery becomes more commonplace and is now seen over a wider variety
of age groups compared to previous years [2]. Surgeries in which the pericardium is
damaged or manipulated in some way predispose the patient to the development of
fibrous adhesions and, later, constriction. Therefore, any patient with a prior history
of corrected congenital heart disease, valvular surgeries, coronary artery bypass
grafting, or other procedures involving opening of the mediastinum should be evalu-
ated for the development of pericardial thickening or calcification. One twenty-year
study found that patients diagnosed with constrictive pericarditis were more likely
to have been treated surgically for valvular disease and atrial fibrillation and demon-
strated a significantly increased 7-year mortality rate compared to controls [30].

Patients who have undergone mediastinal irradiation for treatment of primary or
metastatic cancer are also at increased risk of developing constrictive pericarditis.
Some evidence suggests that patients who develop constrictive pericarditis following
radiation treatment are also at increased risk of mortality following pericardiectomy
compared with patients receiving the same procedure for other causative states
[10]. In fact, mediastinal irradiation is considered an independent prognostic factor
for mortality following surgical correction of constrictive pericarditis, with 5-year
survival at a dismal 11.0% and an increased 10-year mortality rate [13]. One retro-
spective study reported an overall intraoperative mortality of 10.1% for patients with
a history of mediastinal irradiation over a seventeen-year period, though it should be
noted that the majority of those patients underwent concomitant procedures that may
have attributed to their outcome [31]. While there have been numerous reports indi-
cating poor outcomes for patients undergoing pericardiectomy following mediastinal
radiation treatment, it cannot be overlooked that the increased mortality rates among
these patients may be related to their original need for radiation therapy, rather than
an interaction between pericardiectomy and irradiated tissue.

In developing countries, tuberculosis infection is most often the causative agent of
constrictive pericarditis. This is especially pronounced in HIV-positive patients who
may lack the robust immune system needed to protect the pericardium from inflam-
mation. Current estimates suggest that tuberculosis is second only to purulent disease
as the cause of constrictive pericarditis in areas such as sub-Saharan Africa and Asia
[27]. Exact data is difficult to acquire, however, due to the challenges of diagnosing
this disease. Definitive diagnosis of tuberculous pericarditis is based on the presence
of tubercle bacilli in samples of a patient’s pericardial fluid or histologic section of
their pericardium. It is possible to identify “probable” cases in patients with known
tuberculosis infection and otherwise idiopathic pericarditis [4].

Other, less common, causes of constrictive pericarditis include connective tissue
diseases such as rheumatoid arthritis, systemic lupus erythematosus, Behget’s disease,
scleroderma, and Sjogren syndrome [7, 32-34]. Amyloidosis and sarcoidosis can result
in fibrous adherence between pericardial layers, as can metabolic pathologies such as
uremia [35-40]. Inflammation secondary to acute coronary syndromes have also been
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shown to precipitate constrictive pericarditis, a condition known as Dressler’s syn-
drome [41, 42]. Additionally, purulent pericarditis may lead to constriction in cases of
incomplete drainage [41, 43].

Lastly, certain pharmaceuticals have been implicated in the pathogenesis of
constrictive pericarditis. Procainamide, hydralazine, and isoniazid have all been
reported as causative agents of drug-induced systemic lupus erythematosus (SLE)

[33, 44]. SLE, as previously discussed, can lead to pericarditis through the induction
of serositis [33, 34]. The resultant inflammation can produce constrictive adhesions in
such instances. Cardiotoxic drugs, such as Ipilimumab and Nivolumab, have also been
attributed to development of constrictive pericarditis [45-48]. Patients taking these
drugs should be monitored for changes in hemodynamic parameters and evidence of
constriction.

4. Pathophysiology of constrictive pericarditis

Constrictive pericarditis is the result of a chronic inflammatory process that causes
fibrous adhesions and calcifications to form between the epicardium and parietal
pericardium. The ongoing inflammation leads to calcium deposition and remodeling,
resulting in thickening and scarring of the tissue. This scarring can reach deep into
the adjacent myocardium, further reducing cardiac function. This inflammation may
be attributed to episode(s) of acute pericarditis, chronic pericarditis, or the other
mechanisms described above.

Inflammation of the pericardium can result from a number of processes and
occurs in both acute and chronic forms. Acute pericarditis is one of the most com-
mon disorders involving the pericardium and occurs in approximately 0.1-0.2% of
hospitalized patients and 5% of patients admitted to the emergency department for
nonischemic chest pain [49, 50]. Clinical presentation of acute pericarditis includes
sharp, pleuritic chest pain that is alleviated with the patient leans forward, thereby
decreasing contact of the pericardium with nearby structures. On auscultation, a
pericardial friction rub can be heard at the left sternal border. Electrocardiogram
changes commonly associated with acute pericarditis include depression of the PR
segment and widespread ST elevation early in the disease process. It should be noted,
however, that these ECG findings may change over the course of the disease.

Under normal physiologic conditions, the pericardium is not especially compliant
but is capable of accommodating small changes in preload experienced by the heart.
It can also expand over time in cases of prolonged, slowly accumulating pericardial
effusion. However, the pericardium is not typically distensible or capable of elastic
recoil. This becomes relevant when discussing the pathologic changes observed in
constrictive pericarditis. In the normal cardiac cycle, diastolic volume increases by
approximately 70 mL over systolic volume. This expansion in volume causes the
lateral walls of the ventricles to expand outward, which is accommodated by the
pericardial cavity. This helps to regulate filling volume while also allowing for appro-
priate preload.

Another part of normal physiology is the interplay between respiration and
cardiac filling. This is represented by the relationship between intrathoracic and
intracardiac pressures. During inspiration, there is an increase in right-sided venous
return, which causes expansion of the right ventricle and pushes the interventricular
septum into the left ventricle to accommodate the added volume. This produces a
transient reduction in left ventricular size and transmural filling pressure, leading to

147



Pericarditis - Diagnosis and Management Challenges

a drop in left ventricular end diastolic volume. Reduced end diastolic volume results
in reduced stroke volume. These changes tend to be minimal and produce only small
changes to hemodynamic parameters.

When adhesions form between the layers of the pericardium, the pericardial
cavity is lost, and the outer fibrous pericardium must move in synchrony with the
expanding ventricles during diastole. As mentioned, though, the fibrous pericardium
lacks elasticity. This limits the ability of the ventricle to expand outwardly and accom-
modate its normal diastolic volume. As the constriction becomes more severe, ven-
tricular filling can become severely impeded and even lead to transient displacement
of the interventricular septum into the left ventricle, called septal bounce. Decreasing
the preload capacity of the heart leads to reduced cardiac output and venous conges-
tion. Over time, the restricted ventricular filling leads to dissociation of intracardiac
and intrathoracic pressures with respiration and equalization of intracardiac diastolic
filling pressures, which increase until the patient develops right heart dysfunction
[51]. Reductions in caval flow velocity during expiration, decreased mitral flow
velocity, reduced heart rate, and increased hepatic venous diastolic flow also result
[52]. Reduced end diastolic volume, stroke volume, and cardiac output result. These
changes mimic, and can eventually lead to, heart failure.

5. Patient presentation and symptom progression

Patients with constrictive pericarditis often present with symptoms that mimic heart
failure with preserved ejection fraction. As adhesions form between the parietal peri-
cardium and epicardium, myocardial function is progressively hindered. This results
in reduced cardiac output as well as pulmonary and systemic venous congestion. These
abnormal physiologies can lead to symptoms of progressive exertional dyspnea, fatigue,
tachypnea, peripheral edema, and gastrointestinal upset [1, 7, 53]. The patient may also
experience exertion-independent tachycardia. Some patients may report chest pain or
present with atrial arrhythmias, or symptoms of cardiac tamponade [1, 7, 53].

It is important to obtain a thorough patient history in a patient presenting with
signs of heart failure. Those who report previous episodes of acute pericarditis, tuber-
culosis, mediastinal radiation treatment, prior cardiothoracic surgery, or previous
chest trauma should produce a high index of suspicion for constrictive pericarditis.

5.1 Physical exam

Constrictive pericarditis can be identified on physical exam of the patient through
palpation of the precordium. A ‘diastolic apex beat’ or diastolic precordial impulse
represents a positive finding, as this beat should normally be felt during systole [51].
The abrupt termination of early diastolic filling, which is characteristic in constrictive
pericarditis, is responsible for this switch. Note that a positive finding should be con-
firmed by palpating the impulse at multiple areas along the sternum and epigastric
region and comparing the beat against the carotid pulse [51, 54].

While precordial palpation can reveal characteristic signs of constrictive peri-
carditis, the most common, though nonspecific, finding is elevated jugular venous
pressure [51, 54]. Distension can frequently be observed by reclining the patient to an
elevation of thirty degrees and having them look to their left. The clinician can then
evaluate the jugular vein for distension and abnormal pulsation. It should be noted
that elevated jugular venous pressure may not be observed in patients with mild to
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moderate constriction [54]. However, a high index of suspicion should be aroused in
patients presenting with unexplained jugular vein distension and a history of known
predisposition to constrictive pericarditis.

Other features that may be observed include pericardial knock or friction rub,
Kussmaul sign, or pulsus paradoxus [2]. As mentioned previously, peripheral edema
is also a frequent finding in patients with constrictive pericarditis, which may be
accompanied by ascities and hepatomegaly [51]. Pleural effusion is also often found
during the physical exam [2].

6. Diagnostic criteria and the differential

Early diagnosis of constrictive pericarditis is of vital importance to the success
of treatment as well as the long-term prognosis of the patient. Early treatment via
pericardiectomy is associated with lower intra- and post-operative risk and reduced
incidence of complications [51]. Surgical intervention prior to the onset of NYHA
Class III or IV symptoms—that is, heart failure symptoms with minimal exertion or
at rest, respectively, is associated with significantly reduced risk of morbidity and
mortality in the 30-days following pericardiectomy [7, 51, 55].

6.1Imaging

The diagnosis of constrictive pericarditis is based on guidelines set by the American
College of Cardiology and the European Society of Cardiology, both of which recom-
mend evaluation by 2-D echocardiogram [7, 56]. This test allows for visualization of
calcifications or increased thickness of the pericardium—both diagnostic indicators of
constrictive pericarditis. Echocardiogram also detects two other characteristic changes
associated with constriction: ventricular interdependence and loss of intrathoracic
pressure variation with breathing [7, 10, 56-58]. The abnormal rigidity of the peri-
cardium in constrictive pericarditis prevents independent activity of the ventricles,
which can be seen as decreased diastolic filling time and septal bounce [7, 10, 56-58].
Additionally, echocardiogram may detect the presence of dilation of the inferior vena
cava due to decreased preload [7, 10, 56-58].

M-mode ultrasound may also be used to exclude constrictive pericarditis from
a list of differential diagnoses. In constrictive pericarditis, when a patient inhales,
M-mode ultrasound should show posterior movement of the interventricular septum
during the early diastolic phase [59-61]. Another inspiratory feature indicative of
pericardial constriction is the absence of increased systemic venous return, again
visible on ultrasound [61, 62]. A third feature that would suggest a patient may be
experiencing constrictive pericarditis is the premature opening of the pulmonic valve
due to increased ventricular diastolic pressure [61, 62]. Absence of any of these three
features should help the clinician to rule out constrictive pericarditis [61].

Doppler echocardiography is also useful in the diagnosis of constrictive pericar-
ditis. Key indicators of this state include abnormal filling of the ventricles in early
diastole and changes in flow velocity across the tricuspid valve during the respiratory
cycle [63-65]. More specifically, during inspiration the clinician should expect to see
an increase in diastolic flow velocity followed by a decrease during expiration [56].
Additionally, the pulmonary veins and mitral valve should experience a drastic reduc-
tion in flow velocity during inspiration accompanied by a shift of the interventricular
septum toward the left ventricle [56].
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Computed tomography (CT) and cardiovascular magnetic resonance (CMR)
imaging are commonly used as adjuncts to echocardiography when making a definitive
diagnosis of constrictive pericarditis. These imaging modalities are particularly useful,
though, in differentiating constrictive pericarditis from restrictive cardiomyopathy,

a challenging distinction and common misdiagnosis. Cardiac MRI and CT provide
higher resolution and a broader field of view than more traditional imaging modalities
[66]. Cardiac MRI, in particular, is able to provide high-resolution and contrast of the
heart and related cardiac structures, including the pericardium. Use of cardiac MRI
allows for accurate measurement of pericardial thickness, which can be used as diag-
nostic criteria in constrictive pericarditis. Pericardium that exceeds 4 mm in thickness
produces a signal intensity that is equal to that of the myocardium and characteristic
calcification of the tissue can be visualized as well [67]. Other abnormalities associated
with constrictive pericarditis that may be detected with cardiac MRI include “tubing”
of the right ventricle, enlargement of the atria, abnormal motion of the interventricu-
lar septum, and enlargement of the inferior vena cava due to decreased preload [67].

Chest radiographs may also be useful in the diagnosis of constrictive pericarditis.
Patients who exhibit calcifications on radiograph in the presence of a consistent clini-
cal picture should produce a high index of suspicion. More specifically, lateral and
anterior oblique images of patients with constrictive pericarditis may show concen-
tric, linear rings of calcification surrounding the heart [7]. It should be noted that
evidence of pericardial calcifications on chest radiograph is not in itself diagnostic of
constrictive pericarditis as calcification can occur for a number of reasons, however
the pattern in non-constrictive disease is often more diffuse or patchy [7, 68, 69].
Some patients with constrictive pericarditis may not show evidence of calcification at
all and therefore radiograph should not be used to eliminate this diagnosis from the
differential in the setting of other, more characteristic findings.

6.2 Electrocardiogram

In contrast to acute pericarditis, constrictive pericarditis does not demonstrate
pathognomonic changes on electrocardiogram (ECG). A wide variety of ECG
changes, ranging from a normal QRS complex to low voltage, and generalized T-wave
flattening, or inversion may be exhibited [70]. Other commonly seen ECG changes
are those of right ventricular hypertrophy and right axis deviation [70]. Some patients
may display non-specific ST-segment changes, but the most common abnormality
observed is low voltage but, as stated, this is not diagnostic of constriction. Also, in
patients with long-standing or advanced constriction, the chronic elevation of left
atrial pressures may manifest as atrial fibrillation [6, 71]. While ECG findings may
aid in the diagnosis of constrictive pericarditis, any changes should be evaluated in
conjunction with echocardiography and CT or CMR imaging.

6.3 Cardiac catheterization

While more noninvasive diagnostic techniques are generally favored in the diagno-
sis of constrictive pericarditis, right heart catheterization remains the gold standard
and should be performed in patients being considered for surgical treatment. Cardiac
catheterization is particularly useful when other imaging modalities produce incon-
clusive results, or the diagnosis is particularly challenging. Cardiac catheterization
allows for monitoring of the hemodynamic changes characteristic of constrictive
pericarditis. In particular, the abnormal ventricular filling associated with different
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phases of the respiratory cycle and eventual equalization and interdependence of
right and left diastolic pressures can be measured with cardiac catheterization, then
used in the making of a definitive diagnosis [72].

Pressure changes during cardiac catheterization can also be of substantial use in
confirming a diagnosis of constrictive pericarditis. Indications include a notable drop
in pulmonary capillary wedge pressure compared to left ventricular diastolic pres-
sure during inspiration and sharp decreases in x and y descents of atrial and venous
pressure tracings [7, 73]. Diastolic pressure changes in the right and left ventricles may
produce a “square root” sign with an absent wave, which reflects the rapid ventricular
filling during early diastole, followed by diastatic plateau caused by compression [7].
Findings may also include increased right atrial pressure and increased right ventricu-
lar end-diastolic pressure [7].

6.4 Differential diagnoses

Diagnosis of constrictive pericarditis can be particularly challenging as the clinical
presentation of this disease closely resembles heart failure with preserved ejection
fraction, which can have a number of underlying etiologies. Therefore, it is important
for clinicians to maintain a high index of suspicion in patients who report predispos-
ing factors, such as prior cardiothoracic surgery, previous mediastinal radiation or
malignancy, thoracic trauma, tuberculosis, or a history of connective tissue disorders
(see Section 3). A thorough physical exam and utilization of the imaging modalities
described above can help to rule in or rule out a diagnosis of constrictive pericarditis.
Still, definitive diagnosis can be difficult.

On the list of differentials in a patient presenting with signs of constrictive peri-
carditis should be restrictive cardiomyopathy. While constrictive pericarditis results
from pericardial thickening and formation of adhesions between pericardial layers
that results in reduced ventricular compliance, restrictive cardiomyopathy is due to
progressive myocardial stiffness which likewise produces a decrease in ventricular
compliance. Restrictive cardiomyopathy is often considered to be the most diagnosti-
cally similar to constrictive pericarditis and may therefore be difficult identify. Proper
differentiation between these two conditions is crucial, as the treatment methodolo-
gies vary drastically. Constrictive pericarditis, in many cases, can undergo definitive
treatment with pericardiectomy. Restrictive cardiomyopathy, on the other hand, has
no curative therapeutic options and often requires cardiac transplantation.

As mentioned previously, constrictive pericarditis is frequently associated with
a history of one or more predisposing factors. Prior treatment for mediastinal
malignancy, mediastinal radiation, or with cardiothoracic surgery should increase
suspicion of underlying constriction [5, 7, 11, 12, 15, 74]. Likewise, constrictive
pericarditis, unlike restrictive cardiomyopathy, is associated with a history of tuber-
culosis, viral infections, trauma, and connective tissue disease [17, 18, 20, 22-26, 75].
Restrictive cardiomyopathy, in contrast, is often related to sarcoidosis, amyloidosis, or
inherited mutations in one of several genes related to the sarcomere subunit [6].

In both constrictive pericarditis and restrictive cardiomyopathy, patients can have
increased right and left sided filling pressures and preserved ejection fractions [6, 7].
Both conditions can also present as diastolic heart failure in their later stages [6, 7].
Fortunately, appropriate diagnostic testing and a thorough patient history can help
elucidate the underlying cause of a patient’s symptoms and ensure proper treatment.
Though not an exhaustive list, some useful diagnostic differences between constric-
tive pericarditis and restrictive cardiomyopathy include:
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1. Whereas constrictive pericarditis generally lacks notable ECG changes, restric-
tive cardiomyopathy can present with changes in depolarization, pathologic
Q waves, impaired conduction, repolarization abnormalities, or ventricular
hypertrophy [76]. Though it may be possible to observe abnormal repolarization
or low voltage in constrictive pericarditis though or nonspecific ST or T wave
changes, again, this is not common [60]. Also of note, in their later stages both
conditions may predispose a patient to atrial fibrillation [6, 71].

2.The difference in the underlying pathophysiology of both diseases produces
varying results in B-type natriuretic peptide (BNP) values and imaging studies.
BNP levels tend to be higher in patients experiencing restrictive cardiomyopathy
compared to constrictive pericarditis, likely owing to lack of ventricular wall
compliance in the former [77-79].

3.Pericardial calcification is sometimes seen in constrictive pericarditis but has not
been commonly associated with restrictive cardiomyopathy [7, 68, 69]. Rarely,
calcification of the ventricle may be seen in restrictive physiology and may con-
tribute to the pathogenesis of this disease [80].

4. Perhaps of no surprise, pericardial changes are not commonly observed in the set-
ting of restrictive cardiomyopathy [81]. Increased pericardial thickness (>4 mm)
may, however, be indicative of constrictive pericarditis when seen on imaging
[60]. It should be noted that pericardial thickening is not always observed in pa-
tients with constrictive pericarditis and the absence of thickening should not be
used to definitively eliminate constriction from the differential [60, 81].

5.As mentioned previously, constrictive pericarditis frequently presents with sig-
nificant respiration-dependent changes in ventricular filling on Doppler studies
[82]. Any such filling changes in restrictive cardiomyopathy are usually minimal
[82]. When measuring pulmonary venous flow using transesophageal echocar-
diography, it has been reported that peak systolic flow variations and flow ve-
locities during the respiratory cycle were also greater in patients with confirmed
constrictive pericarditis, comparted with restrictive cardiomyopathy [65].

6. The fibrous myocardium that is characteristic of restrictive cardiomyopathy
limits movement of the muscle. This is translated into markedly reduced sep-
tal bounce during diastole. As discussed previously, constrictive pericarditis
produces notably increased septal bounce as movement of the outer walls of the
ventricle become more impeded [7, 10, 56-58].

7.Measures of tissue strain using CMR tend to be significantly higher in patients
with restrictive cardiomyopathy as compared to restrictive pericarditis, likely
owing to the decrease in myocardial compliance associated with fibrous infil-
trates [83].

7. Surgical treatment of constrictive pericarditis

In 1898, the French physician, Dr. Delorme, first proposed surgical intervention in
the treatment of pericarditis [84]. However, another fifteen years would pass before
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Dr. Ludwig Rehn would perform the first successful pericardiectomy as a treatment
for constrictive pericarditis [85]. In the United States, the first successful surgical
treatment for constrictive pericarditis was performed by Dr. Edward Delos Churchill
at Massachusetts General Hospital in 1928 [86]. The surgery has evolved since then
and continues to be a mainstay of treatment for pericardial disease. Today, pericardi-
ectomy is the gold standard of treatment for constrictive pericarditis and considered
the only curative, rather than palliative, option. For most patients, medical therapy is
only effective in the treatment of acute pericarditis, where corticosteroids and anti-
inflammatory medications have shown to produce acceptable outcomes.

7.1Indications for surgery

When determining whether a patient is a good candidate for pericardiectomy in
the treatment of constrictive pericarditis, numerous factors must be taken into con-
sideration. This procedure, while curative, is not without notable risks to the patient.
Research into prognostic indicators is ongoing, though current recommendations
focus on preoperative state and the patient’s medical history,

Pericardiectomy produces the most positive outcomes in the treatment of constric-
tive pericarditis when performed early in the disease course [87, 88]. Clinical judg-
ment is used to determine which patients are best suited to undergo pericardiectomy.
Patients who fall into NYHA heart failure Classes I and II may remain clinically stable
for years and be placed at unnecessary risk through surgery [41]. However, a delicate
balance must be struck, as patients with advanced pericardial disease in NYHA Class
IV who have significant left ventricular dysfunction or advanced fibrosis and calcifi-
cation tend to have high mortality rates [41]. Therefore, outcomes depend largely on
individual patient factors and a thorough risk-benefit analysis should be employed.

7.2 Midline sternotomy approach

The surgeon must not only determine whether the patient is a good candidate
for pericardiectomy, but also which surgical technique is most appropriate given the
patient’s specific condition.

Approaching the pericardium through a median sternotomy is the most common
technique used in the decortication procedure. This access provides the broadest view of
the heart and its related structures, as well as the lungs and, crucially, the phrenic nerves.

The initial opening of the pericardium after a midline sternotomy may be easiest at
the lower portion of the right ventricle, over the epicardial fat pad by the diaphragm.
This provides the safest avenue of identifying the appropriate dissection planes, as
the likelihood of damaging underlying structures is low. Dissection continues as the
surgeon identifies the dissection plane that will separate the epicardium from its
parietal pericardial adhesions, taking special care to avoid damaging the coronary
vessels. It is also important to consider which portion of the heart will be decorticated
first. Traditionally, the left ventricle is free first as, this helps to prevent pulmonary
edema that may otherwise occur if the right ventricle were freed first. This particular
approach can be quite challenging, though, and some surgeons elect to begin with the
right ventricle and relieve the anterior plane first.

Avoiding damage to the underlying cardiac structures is of paramount importance
when performing a pericardiectomy. As such, the surgeon must be cognizant of the
dissection plane at all times. This can be particularly challenging in areas of especially
thickened adhesions. In such instances, it may be necessary to dissect around a focal
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adhesion and perform a waffle procedure to minimize the risk of inadvertent damage
to underlying myocardium. A waffle procedure involves making multiple longitu-
dinal and transverse incisions in the thickened area of pericardium to create a more
distensible surface.

As the surgical treatment for constrictive pericarditis has evolved and outcomes
have been analyzed, the preferred techniques for removal of the pericardium have
also changed. Historically, a partial, or anterior, pericardiectomy was performed.
Following decortication of the mid-anterior portion of the pericardium, dissection
proceeds laterally toward the phrenic nerves, carefully separating the planes of
tissue and ending approximately 1 cm anterior to the nerves. Immediate hemody-
namic improvement is observed upon removal of the diseased pericardium from the
ventricles. The surgeon then turns their attention to the atria and all stiff pericar-
dial tissue is resected. At completion, only the anterior section of the pericardium
is removed, leaving the posterior surfaces adhered. While this approach is thought
to be considerably less challenging and, therefore, safer than the alternative total
pericardiectomy, it leaves intact any posterior adhesions and does not provide full
resolution of the constriction. It also leaves an opportunity for further adhesions
to form on the posterior surface of the heart and lead to progressively increased
constriction and worsened hemodynamics. As will be discussed in more depth in
the “Outcomes” section, patients who undergo partial pericardiectomy tend to
experience sub-optimal outcomes and increased risk of complications [5, 8, 9].

Today, the more accepted approach is the total, or radical, pericardiectomy.
Most modern studies report improved outcomes with total pericardiectomy.
Improved hemodynamics, as measured by right ventricular pressures and reduced
instances of tricuspid regurgitation, have been noted with complete pericardial
removal as compared with the partial removal procedure [9]. Lower long term
mortality rates have also been reported in total versus partial pericardiectomy [9].
Despite the more favorable outcomes of total pericardiectomy, some patients may
be more suited to the partial approach. This includes those with advanced pericar-
dial disease, poor cardiac function, or those at risk of acute heart failure following
surgery [41].

This procedure begins at the right atrium, where the appropriate dissection plane
is identified, and the right atrium is freed from its pericardial adhesions. This dis-
section continues to the level of the pulmonary veins and inferior vena cava. It is at
this point that the right phrenic nerve is delicately removed as a fat pedicle, and the
pericardium can be resected from around the entirety of the inferior vena cava. The
surgeon then turns their attention to the left side of the heart, dissecting over the left
atrium to the diaphragmatic surface of the heart, again taking special care around the
coronary arteries and particularly dense adhesions. The left phrenic nerve is detached
and protected as a fat pedicle. The dissection continues, detaching the pericardium
from the diaphragm, pulmonary ligaments, posterior mediastinum, and major blood
vessels until it can be extracted in its entirety.

Once all visible pericardial adhesions have been relieved, thoracic drains are
inserted, the patient is monitored for hemodynamic stability, and echocardiography
confirms appropriate cardiac blood flow.

7.3 Anterolateral thoracotomy

An alternative approach that is favored in some instances is the anterolateral
thoracotomy. It provides for sufficient visualization of the lateral and diaphragmatic
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surfaces of the left ventricle without the need for excessive manipulation of the heart
required of the midsternal approach. This approach is particularly beneficial for
patients whose adhesions are primarily focused on the left side of the heart. It is less
useful when the right side of the heart is involved as the field of view is very limited in
that area.

The process of an anterolateral approach to pericardiectomy involves opening of
the chest wall through the fourth or fifth intercostal space. If an expanded view is
needed, the incision can be extended to the right side of the chest.

Once the thoracic cavity has been accessed, the left lung is displaced posteriorly,
revealing the left side of the heart and left phrenic nerve. The pericardium is dissected
anteriorly and posteriorly to the left phrenic nerve to a depth sufficient to identify
the desired plane. Once the plane between the epicardium and parietal pericardium
is localized, the pericardium is dissected away, beginning at the left ventricle, and
proceeding over to the right ventricle. Finally, the adhesions overlying the pulmonary
artery and aorta are removed, freeing the heart.

As previously stated, this approach does not allow for easy access to the right side
of the heart. If pericardial adhesions extend to this area, it may be necessary to extend
the thoracotomy to the right side of the chest. Then, a similar approach to that used
on the left side can be taken to resolve any constrictions.

7.4 Cardiopulmonary bypass

Cardiopulmonary bypass in the surgical treatment of constrictive is not com-
monly utilized unless additional procedures are to be performed concomitantly
and require it. More often, patients undergo the pericardiectomy with the femoral
vessels prepared in case emergency bypass, but not as a standard part of the
procedure. Having cardiopulmonary bypass at the ready can be useful in cases of
extreme blood loss, large calcifications, or accidental damage to the heart during
surgery [10].

Some research indicates that the use of cardiopulmonary bypass during a peri-
cardiectomy procedure is an independent predictor of post-procedure complications
[89]. It should be noted, though that because the use of cardiopulmonary bypass
has traditionally been reserved for more hemodynamically unstable or higher-risk
patients, it may not actually be a causative factor in negative outcomes but rather a
marker for those already predisposed to such results [8]. Therefore, it seems to largely
depend on surgeon preference whether a patient should undergo bypass during
pericardial surgery.

8. Post-surgical prognoses

Post-pericardiectomy outcomes have been the subject of much study in recent
years. Common avenues of research investigate the relationship between the etiol-
ogy of constrictive pericarditis and surgical outcomes. As mentioned previously,
the most common underlying causes of constrictive pericarditis include tuber-
culosis infection, previous cardiac surgery, mediastinal radiation, and idiopathic
means [2-5, 10-15, 27, 30]. It appears that, despite the common resultant patho-
physiology, unique causative etiologies are associated with variable long-term
prognoses. One study reported that patients presenting with constrictive disease
arising from tuberculosis infection and idiopathic sources tend to experience
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longer event-free survival than those having previously undergone cardiac
surgery [90]. A second center found that the 5-year survival rate of patients
treated for constrictive pericarditis arising from idiopathic causes stood at 79.8%,
while those treated post-cardiac surgery or following mediastinal radiation
demonstrated rates of 55.9% and 11.0%, respectively [13]. Previous mediastinal
radiation, in particular, seems to be implicated with relative frequency in poor
post-pericardiectomy outcomes [9].

Underlying etiology is not the only prognostic factor of post-surgical outcomes for
constrictive pericarditis. Preexisting illness also seems to be significant contributor to
patient prognosis. A retrospective study of patients at the Asian Medical Center found
that diabetes mellitus represented an independent risk factor for post-procedure mor-
tality, as did high early diastolic mitral inflow [91]. They also report that the patients
who died following pericardiectomy had higher levels of aspartate aminotransferase,
smaller left ventricular end-systolic dimension index, and higher early diastolic mitral
inflow velocity prior to surgery compared with the patients who survived [91]. Other
pre-surgery hemodynamic and structural parameters including reduced left ventricu-
lar ejection fraction, right ventricular dilation, central venous pressure, myocardial
atrophy or fibrosis, and tricuspid regurgitation also appear to contribute to poor out-
comes [41]. Perhaps unsurprisingly, advanced heart failure symptoms (NYHA III-IV)
and arrhythmias are also associated with poor outcomes [41]. Likewise, advanced age
and patients with end-stage renal disease, coronary artery disease, chronic obstruc-
tive pulmonary disease, sepsis, and other severe comorbidities also appear to experi-
ence poorer outcomes than other pericardiectomy patients [41, 92, 93].

9. Conclusions

While constrictive pericarditis represents a relatively rare disease process, it
provides several diagnostic and treatment challenges. Constriction of the heart within
the pericardium negatively impacts ventricular filling, leading to poor hemodynam-
ics which, over time, can result in heart failure. Early diagnosis and management
are key to improving patient prognoses and minimizing complications. Diagnosis of
this condition requires a high degree of suspicion from the treating physician and a
thorough exam. Imaging modalities, including computed tomography and cardiac
magnetic resonance imaging, help to differentiate constrictive pericarditis from other
conditions that may present with similar exam findings. Constrictive pericarditis
responds poorly to medical management and typically requires surgical decortication
of the fibrous adhesions holding the pericardium to the heart. The evolution of this
procedure from the partial removal of the pericardium to the radical pericardiectomy
has led to improved patient outcomes.
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This book is not about clear cases of acute and chronic pericarditis, but about unresolved
issues not covered by current clinical guidelines that frequently create unexpected
difficulties in the management of the disease in routine clinical practice. Here we
discuss different kinds of diagnostic management from conventional echocardiography
to advanced visualization procedures, such as magnetic resonance imaging and biopsy
procedures, with the aim of clearly elucidating novel approaches to establishing the
presence of the disease, predicting its natural course and determining its management.
Although pericarditis of unknown etiology is frequently encountered in clinical
practice, specific serological markers and culture tests are not regarded as final decision
tools to thoroughly establish plausible causes of the disease in patients without clear
backgrounds, signs and symptoms of heart failure, and concomitant conditions. In this
respect, endocardial and pericardial biopsy, combined visualization procedures, such
as contrast-enhanced magnetic resonance imaging with 3D-computer tomography
modeling of cardiac function, are the next steps in contemporary management. The
surgical approach, along with clear descriptions of patients’ enrollment and predicted
outcomes, are also described in this book.
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