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With an exponential rise in recent times, cardiovascular disorders have gained 
notorious recognition as the top killer disease in the Indian subcontinent. 
Moreover, coronary heart disease affects Indians 5 or 6 years earlier than their 
western counterparts. Rheumatic heart disease has scourged this part of the 
world since eternity and continues to be the commonest cardiovascular dis-
ease in the young. With a rapidly rising population and a large number of 
young individuals, congenital heart disease also seems to be more prevalent. 
In short, the cardiovascular disease burden on the Indian subcontinent is more 
threatening than ever before. Every effort is being made at every possible 
level to change this scenario. Though universal health insurance is lacking, 
various health insurance schemes have been introduced. Skilled manpower 
and cutting-edge technology are being made available with every passing 
day. Free or low-cost health camps are being held at grassroots level to 
address the problem in rural areas. Efforts are being made to catch the disease 
early to maximize results. Active involvement by a cardiovascular pathologist 
not only saves the day by examining specimens but also establishes useful 
feedback mechanisms, which are extremely essential for perpetual quality 
control. This is particularly true of endomyocardial biopsy that is performed 
for various myocardial diseases. With the establishment of centers primarily 
aimed for cardiac care and changing criteria for treatment of various disor-
ders, a surgical pathologist may encounter tissues other than valves, atherec-
tomies or biopsies. Besides, cardiac transplantation has now become fairly 
well entrenched as a procedure in many institutes.

Apart from the knowledge gained through assessment of surgically excised 
specimens, examination of the cardiovascular system at autopsy has played a 
very important role in the understanding of several cardiovascular disorders. 
Though the rate of clinical autopsy has declined the world over, it neverthe-
less serves as an important tool of quality assurance in clinical medicine and 
therefore continues to be relevant in this high technology era. Founded in 
1926, the twin institutes of Seth Gordhandas Sunderdas Medical College and 
the King Edward Memorial Hospital are one of the most important tertiary 
care and teaching hospitals in Mumbai and have autopsy facility for clinical 
as well as medico-legal cases. A unique feature is that some of them are per-
formed by experts from Pathology and Forensic Medicine departments, the 
so-called combined autopsies; effectively around 800 autopsies are per-
formed by the pathology staff. The 2200 bedded hospital has 55 wards and 15 
intensive care units for different medical and surgical specialties, treating 
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about 1.8 million outpatients and 85,000 inpatients annually from across the 
state and country. It provides low-cost basic care and advanced treatment 
facilities in all fields of medicine and surgery, and majority of the patients are 
from low socio-economic strata. Besides illiteracy, a high population density, 
lack of awareness, inadequate health care system, alcohol and tobacco addic-
tion, the tendency to tolerate symptoms for a long time before seeking medi-
cal attention and reliance on traditional medicine add to the problem. Hence, 
the average clinician across all specialties in India faces a disease process, 
which is more complex, long-standing and neglected, and hence the natural 
history of varied cardiovascular diseases along with common and uncommon 
complications is often encountered at autopsy. This case-based book deals 
with our experience of cardiovascular diseases at autopsies.

Mumbai, India Pradeep Vaideeswar  
Ahmednagar, India  Sagar Kulat  
New Delhi, India  Shashank Tyagi   
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1Basic Cardiac Anatomy 
and Cardiac Dissection

Shashank Tyagi and Pradeep Vaideeswar

1.1  Introduction

Diseases of the brain and heart account for the 
majority of deaths in developed countries. Yet the 
heart and brain remain very emotive organs for 
the public and underlie the reluctance of relatives 
to agree to their retention at autopsy. When con-
ducting an autopsy, particularly in someone who 
died unexpectedly without a prior illness (most 
often related to cardiovascular disease, CVD), 
one must be prepared to look more carefully at 
the heart. In an approach to autopsy in a deceased 
with CVD, retention and evaluation of the heart 
on the part of the prosector is crucial. For a path-
ological (clinical or academic) autopsy, consent 
from a relative is required, while in a medicolegal 
autopsy, consent from relatives is not needed. In 
a setting of sudden cardiac death, a combined 
autopsy is recommended where experts from 
forensic medicine and pathology would work as a 
team.

1.2  Gross Examination 
of the Heart

The prosector must examine the heart in such a 
manner that it exhibits the best alterations of the 
cardiovascular system caused by the disease. 
Many dissection methods are available and the 
prosector must select the right approach for a 
specific heart disease. Comprehension of the 
clinical picture is requisite for the preparation of 
the dissection and assessment method. A sys-
tematic approach to the analysis of cardiac spec-
imens is important, regardless of the method 
selected. Even if there is no evidence of sus-
pected heart disease, prior planning by the 
expert and team can encourage adequate tissue 
sampling that could be used for future diagnos-
tic or research purposes such as ultrastructural, 
immunohistochemical, molecular, and/or 
genetic analyses. The gross examination of the 
heart begins with in situ inspection of the heart. 
After removal of the sternum, it is highly essen-
tial to examine the intact pericardium for tam-
ponade evaluation. If tamponade is present, the 
pericardium will be distended and filled with 
blood (especially in cases of sudden death) or 
serofibrinous/serosanguineous fluid. The longi-
tudinal incision is made over the anterior aspect 
of the pericardial sac and the volume of blood or 
fluid is collected in a container and measured. 
Clots, if present, should be weighed. 
Additionally, the pulmonary trunk and its 
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branches should be palpated and then incised to 
look for the presence of fatal thromboemboli. At 
this time too, blood samples can be collected 
through aseptic techniques for biochemical, 
serological, or microbiological investigations.

After en masse evisceration (a routinely fol-
lowed procedure), the heart and lung block is 
separated from the abdominal viscera, which 
entails cutting the inferior vena cava just above 
the diaphragm. The heart and the great arteries 
with their branches are then separated from the 
lungs by cutting the pulmonary veins and arteries 
as close to lung hila as possible with separation 
from the trachea-bronchial tree. The superior 
vena cava and the left and right brachiocephalic 
veins are also likewise dissected. If the great 
arteries are devoid of significant disease, the 
aorta and the pulmonary trunk are cut trans-
versely about 3 cm above the semilunar valves by 
putting the index and middle fingers into the 
transverse sinus of the pericardial cavity. After 
separation, the heart should be thoroughly 
washed and the anterior and posterior surfaces 
(Fig. 1.1) should be carefully inspected for any 

alterations from normal, which would give clues 
and guidance for further dissection.

In order to achieve the best examination of the 
coronary arteries for their abnormalities, it is 
advisable to perfuse the coronary arteries (and 
the heart) with buffered formalin through a can-
nula in the aorta through a motorized pump, 
under the pressure of 100 mmHg. The coronary 
arteries would retain their near normal caliber to 
aid proper assessment of the pathological fea-
tures, especially for morphometry. In routine 
autopsies, the prosector will simply cut across the 
epicardial arteries along their courses at 0.5 cm 
intervals in the fresh state, with a sharp scalpel 
blade with a subtle sawing motion to validate any 
narrowing location and to examine the pathology 
explicitly. The arteries commonly examined in 
all hearts include the four major epicardial coro-
nary arteries (Fig.  1.2)—right, left main, left 
anterior descending, and left circumflex arteries. 
It is widely accepted that longitudinal cutting of 
vessels can disrupt thrombi/emboli and make an 
assessment of stenosis impossible. A four-point 
system is applied by 25% increments of narrow-

ba

Fig. 1.1 Structures seen on the (a) Anterior and (b) 
Posterior surfaces of the heart. Note that the apex is point-
ing to the left and formed by left ventricle LV. * represents 
the crux of the heart, a point of convergence of all four 
chambers (AA ascending aorta, CS coronary sinus, IVC 

inferior vena cava, LA left atrium, LAA left atrial append-
age, LPV left pulmonary vein, PT pulmonary trunk, RA 
right atrium, RAA right atrial appendage, RPV right pul-
monary vein, RV right ventricle, SVC vena cava)

S. Tyagi and P. Vaideeswar
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a b

Fig. 1.2 (a) The right coronary artery RCA after its ori-
gin traverses the right anterior atrio-ventricular groove. 
The left main coronary artery LMC is a short vessel that 
divides into left anterior descending artery that courses 
over the anterior inter-ventricular groove and the left cir-

cumflex artery, which enters the left anterior atrio- 
ventricular groove; (b) The RCA continues into the right 
posterior atrio-ventricular groove and in right dominant 
circulation terminates as posterior descending artery 
(PDA)

ing in cross-sectional area. Stenosis of at least 
75% is considered severe enough to produce 
mortality.

1.3  Dissection of the Heart

Dissection techniques are acquired from personal 
experience and depend not only on the individual 
autopsy surgeon, but also on the type of 
CVD.  Many older methods are impractical for 
routine diagnostic pathology. Only the inflow- 
outflow and short axis (bread slice) techniques 
have withstood the test of time. For the inflow- 
outflow method of Virchow, three cuts are applied 
on either side of the heart (Fig. 1.3a–c). The scis-
sors is used to cut the atria, their appendages, 
arteries, and veins, while the ventricles are sliced 
with a scalpel blade or knife. If there is an associ-
ated mitral valvular pathology, then a mitral 
valve-sparing incision (Fig. 1.3d) is taken paral-
lel to the anterior interventricular groove and 
approximately 1  cm away from it. This curved 
cut is best achieved with a scalpel; caution should 

be taken not to cut into either the mitral leaflet or 
the interventricular septum. Scissors can be used 
to extend the cut across the aortic valve and 
ascending aorta.

Once the heart has been cut, the heart should 
be thoroughly washed and ‘persistent’ postmor-
tem blood clots should be removed manually. 
The heart is then weighed (0.25% of the body 
weight). The chambers and the valves have to be 
identified through their specific morphology 
(Figs. 1.4 and 1.5). The atria and the ventricles 
are described with reference to their cavity size, 
appearance of endocardium, and thickness of 
myocardium, particularly for the ventricles (right 
ventricle ≤0.5  cm and left ventricle ≤1.0–
1.5  cm). The atrioventricular valves have to be 
assessed on the basis of the size of annulus, com-
missures, leaflets, and the subvalvular apparatus 
(chordae tendineae and papillary muscles) and 
the arterial valves are described with respect to 
their annular size, commissures, cusps, and their 
number. Always confirm the origin of the right 
and left coronary arteries from their respective 
sinuses-of-Valsalva.

1 Basic Cardiac Anatomy and Cardiac Dissection
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a b

dc

Fig. 1.3 (a) The first cut on the right side is made from 
the inferior vena cava to the right atrial appendage RAA, 
preserving the superior vena cava with the sinus node 
region. The right ventricular inflow tract is opened from 
the right atrium along the right border of the heart through 
the posterior tricuspid leaflet. The third cut is through the 
mid-portion of the outflow tract; (b) The left atrium LA is 

opened with scissors between the right and left upper pul-
monary veins, while the second cut is through the left bor-
der, which goes through the posterior mitral leaflet; (c) 
The third cut is through the anterior leaflet AML of mitral 
valve and the left atrial LA wall and thence into the 
ascending aorta AA; (d) The mitral valve-sparing incision 
(LV left ventricle, PT pulmonary trunk, RV right 
ventricle)

The short axis method (bread loafing) is the 
method of choice not only for the evaluation of 
ischemic heart disease as well as for certain non-
ischemic myocardial disorders. This is best 
accomplished using a long, sharp knife on the 

intact specimen. With the anterior aspect of the 
heart placed against the cutting board, the cuts 
are made parallel to the posterior atrioventricular 
(AV) groove at 1 cm intervals from the apex of 
the heart to a point approximately 2 cm distal to 

S. Tyagi and P. Vaideeswar
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a b

Fig. 1.4 (a) The right-sided inflow tract. The right atrium 
RA has two important landmarks, the fossa ovalis FO and 
the crista terminalis or terminal crest TC.  The tricuspid 
valve has three leaflets, anterior ATL, posterior PTL, and 
septal STL leaflets, with three commissures. The anterior 
APM and posterior PPM muscles are well seen. The right 
ventricle RV is heavily trabeculated with a thin wall; (b) 

The left-sided inflow tract. The left atrium LA is practi-
cally featureless with a thick white endocardial surface. 
The mitral valve has two leaflets (anterior AML and pos-
terior PML), two commissures (antero-lateral ALC and 
postero-medial PML), and two beefy papillary muscles 
(anterior APM and posterior PPM). The left ventricle LV 
is finely trabeculated with a thick compact myocardium

a b

Fig. 1.5 (a) The right-sided outflow tract. The right ven-
tricular RV in the outflow tract is also trabeculated. The RV 
leads to the pulmonary trunk PT via the pulmonary valve. 
It has three cusps, one anterior APC and two posterior RPC 
and LPC. (b) The left-sided outflow tract. The left ven-
tricular LV outflow is smooth. The cusps of the aortic valve 

are designated as right coronary RCC, left coronary LCC, 
and non-coronary NCC cusps. The right and left coronary 
arterial ostia arise within the sinuses of Valsalva and below 
a discontinuous ridge transverse ridge, the sino-tubular 
junction. * is the position of the membranous septum. 
Dotted line represents the aorto-mitral fibrous continuity

1 Basic Cardiac Anatomy and Cardiac Dissection
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the AV groove. The outcome is a sequential of 
cross-sections (short axis) across the ventricles, 
including papillary muscles, leaving the AV valve 
apparatus intact in the remainder of the speci-
men. The four-chamber method is advocated in 
certain types of cardiomyopathies.

The excised heart, which is meticulously 
grossed, carefully measured and histologically 
examined with photographic documentation, 
continues to remain the gold standard. In sudden 
cardiac death, organ retention and referral should 
also be considered as the ‘gold standard’.
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2Tuberculous Pericarditis

Gayathri Amonkar and Pradeep Vaideeswar

2.1  Clinical History

An adolescent female was admitted with chief 
complaints of progressive shortness of breath for 
the past 2  months. It was initially grade 2 and 
progressed to grade 4 with development of par-
oxysmal nocturnal dyspnea, chest pain, palpita-
tion, and pedal edema. There had been associated 
mild intermittent fever with chills, dry cough, 
episodic dull abdominal pain, and loss of weight/
appetite. On examination, the general condition 
was poor with pulse rate of 80 per minute, blood 
pressure of 90/70 mmHg, and respiratory rate of 
34 per minute. She was conscious and well- 
oriented. Systemic examination revealed audible 
heart sounds, absent breath sounds in the right 
lower zone, and tenderness in the right hypo-
chondrium. The clinical diagnosis was possibly 
viral myocarditis with congestive cardiac failure 
and superadded bronchopneumonia. The investi-
gations have been tabulated (Table 2.1). She was 
given antibiotics, inotropes, diuretics, and was 

mechanically ventilated. She succumbed within 
2 days.

2.2  Autopsy Findings

The appearance of the eviscerated viscera is 
depicted in Fig. 2.1. On gross examination, there 
was extreme adherence of both the layers of the 

G. Amonkar 
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Table 2.1 Investigations

Hematological Hemoglobin 9.1 g/dL
Total leukocyte count 10,100/
cmm
Differential count—Neutrophil 
predominant (67%)
Platelet count 2.5 lakhs/cmm

Biochemical—
routine

Blood glucose 91 mg/dL
Serum creatinine 1.3 mg/dL
Blood urea nitrogen 28 mg/dL
Total protein 6.7 g/dL
Albumin 2.7 g/dL
aSGOT 30 U/L
aSGPT 7.0 U/L
aSodium 135 mEq/L
aPotassium 3.9 mEq/L
aChloride 104 mEq/L

Radiological ECG: Low-voltage complexes
X-ray: Right pleural effusion
USG: Right pleural effusion, mild 
pericardial effusion, mild ascites

Others Urine: Normal
Pleural fluid: Exudate (5.15 g/dL, 
predominant lymphocytes)

aMean values
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a b

Fig. 2.1 Eviscerated organs as seen from the (a) anterior and (b) posterior aspects. Note opacification of the parietal 
pericardium and visceral pleurae with miliary mottling seen in the liver anteriorly and right lung posteriorly

pericardium, along with adherence to the dia-
phragm. Besides, the grey-white opacification 
and thickening (Fig.  2.2a), the parietal layer 
showed the presence of yellowish-white granu-
larity. In this case, the heart could not be opened 
through the inflow-outflow method and had to be 
bisected (Fig.  2.2b). There was widening and 
obliteration of the pericardial cavity (Fig. 2.2b) 
due to alternate areas of congested granulation 
tissue, grey-white glistening fibrosis, and soft 
creamy pale yellow to grey-white caseation 
necrosis (Fig.  2.3). The thickness of the case-
ation was maximal over the right side of the 
heart (1.8 cm, Fig. 2.3a), particularly around the 
right atrium and both the appendages. The ves-

sels at the base of the heart were also surrounded 
by similar material till the pericardial attach-
ments. There was hardly any visible adipose tis-
sue. This pathology had produced moderate 
cardiomegaly (340  g), but the heart itself was 
normal in size with normal chambers and valves. 
The histology (Figs. 2.4 and 2.5) revealed sev-
eral layers of caseation necroses, fibrin deposi-
tion, granulomatous reaction, granulation tissue, 
and hyalinized fibrosis. The stain for acid-fast 
bacilli (AFB) was negative. The lymph nodes 
over the arch and in the para-aortic regions were 
enlarged and frankly caseous; scrape cytology 
revealed many AFBs. Associated findings were 
miliary pulmonary tuberculosis, bronchopneu-

G. Amonkar and P. Vaideeswar



13

a b

Fig. 2.2 (a) The thickened parietal layer of the pericar-
dium could not be separated from the visceral layer; (b) 
Bisected heart showing obliteration of the pericardial cav-
ity by extensive exudative reaction (AA ascending aorta, 

AV aortic valve, IVS interventricular septum, LV left ven-
tricle, LAA left atrial appendage, MV mitral valve, PT pul-
monary trunk, RAA right atrial appendage, RV right 
ventricle)

a b

Fig. 2.3 (a) Close-up of the right side shows alternate 
layers of creamy exudates and congested to grey-white 
tissue (AA ascending aorta, AV aortic valve, IVS interven-

tricular septum, LV left ventricle, RAA right atrial append-
age), which is well brought out in the (b) scanner view of 
the right ventricular section

2 Tuberculous Pericarditis
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a c

db

Fig. 2.4 (a) Central zone of granular pinkish caseation 
necrosis flanked by inflammation and fibrotic reaction; (b) 
Granulomatous reaction surrounding darker pink glassy 

appearing fibrin; (c) Caseating granuloma surrounded by 
areas of granulation tissue; (d) Hyalinized collagen infil-
trated by mononuclear inflammatory cells (H&E × 250)

a b

Fig. 2.5 (a) The epicardial adipose tissue is enclosed on either side by fibrosis with chronic inflammatory cell infiltrate; 
(b) The zone of caseation necrosis is separated from the myocardium by a layer of granulation tissue (H&E × 250)

G. Amonkar and P. Vaideeswar
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monia, centri-zonal hemorrhagic necroses of the 
liver, splenic miliary lesions, and peripancreatic 
tuberculous  lymphadenitis. The brain was nor-
mal; there was no evidence of tuberculous 
meningitis.

Cause of Death: Tuberculous Pericarditis 
with Miliary Tuberculosis.

2.3  Discussion

Pericarditis is the most common manifestation 
of pericardial disease, characterized by inflam-
mation of the pericardial layers and the accu-
mulation of various types and amounts of 
exudates. It often affects the young population, 
who present as acute pericarditis, effusion, tam-
ponade, and/or constriction, depending on the 
etiology. The causes may be infective or nonin-
fective; some of them can cause concomitant 
involvement of the underlying myocardium 
(myopericarditis).

In developing countries, where tuberculosis 
remains a major health concern, tuberculous 
involvement accounts for more than half of the 
cases of pericarditis among infectious causes. 
The pericardium is a critical extrapulmonary site 
for tuberculosis, and after central nervous system 
disease, tuberculous pericarditis is responsible 
for significant morbidity and mortality in the 
early stage of disease, ranging from 17 to 25% in 
human immunodeficiency virus (HIV) negative 
and 34–40% in HIV-positive patients. It has been 
reported in 1% of all autopsied cases of tubercu-
losis and 1–2% cases of pulmonary tuberculosis. 
The tubercle bacilli gain access into the pericar-
dium mainly by retrograde lymphatic spread or 
direct extension from tuberculous mediastinal, 
hilar or para-aortic lymphadenitis. Hematogenous 
dissemination or continuous extension from 
pleural, pulmonary, or even vertebral lesions is 
among the other mechanisms. Any one of these 
mechanisms would have operated in the case 
described, where there was miliary 
dissemination.

Four phases of tuberculous pericarditis have 
been described. It is important to note that these 
phases can progress at nonuniform pace with 

skipping of some stages, and the patients too 
can present at different stages. An initial ‘dry’ 
stage is characterized by acute fibrinous peri-
carditis with a neutrophilic inflammatory 
response and loose clusters of lymphocytes and 
macrophages; there would a fair number of 
mycobacteria. This is followed by the effusive 
phase in which there is varying accumulation of 
serosanguineous fluid with dominant lympho-
cytes and focal granulomatous reaction. The 
effusion is succeeded by ‘absorptive’ phase, 
where there is thickening of the pericardium 
and obliteration of the cavity by layers of fibrin, 
caseation necrosis, granulomatous inflamma-
tion, granulation tissue, and fibrosis, as seen in 
the index case. This paves the way for the phase 
of constrictive pericarditis with fibro-hyaliniza-
tion and eventual calcification; the heart is then 
finally encased in a fibro-calcific shell. The 
transition from effusion to constriction is 
explained based on delayed hypersensitivity 
reaction invoked by the subsets of 
T-lymphocytes. This is associated with the pro-
duction of increasing concentrations of pro-
inflammatory/pro- fibrotic mediators and low 
levels of anti-fibrotic factors.

The patients with tuberculous pericarditis 
usually present with pericardial effusion. 
Constitutional symptoms, features related to 
the pericardial involvement, and effects of syn-
chronous tamponade and constriction 
 (effusive- constrictive pericarditis) may be 
seen. Many of these features were present in 
our patient, but they were mistaken for those 
associated with viral myocarditis. However, 
even with the availability of well-established 
and novel diagnostic modalities, tuberculous 
pericarditis remains one of the most difficult 
and challenging aspects and about 20% of the 
cases are not diagnosed, particularly in 
resource limited settings. The definitive diag-
nosis rests on the demonstration of 
Mycobacterium tuberculosis in the pericardial 
fluid or tissue by either direct examination or 
culture, but there is now an increasing reliance 
on Xpert MTB/RIF coupled with biochemical 
estimations of adenosine deaminase or 
γ-interferon for early diagnosis.

2 Tuberculous Pericarditis
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3Pericardial Hemangiomatosis 
with Cardiac Tamponade

Pradeep Vaideeswar, Milind Tullu, 
and Priyash Tambi

3.1  Clinical History

A 5-month-old male had 3 admissions for recur-
rent, massive, rapidly filling hemorrhagic peri-
cardial effusion and associated thrombocytopenia. 
In the first admission (ward stay of 41 days), he 
had presented with mild intermittent fever, cough, 
cold, and increased respiratory activity. He was 
noted to have massive pericardial effusion and 
thrombocytopenia (mean of 59,000/cmm). The 
effusion was tapped 6 times and was hemor-
rhagic; no malignant cells or significant number 
of inflammatory cells were identified. The child 
was given fresh frozen plasma, empirical antitu-
berculous therapy, and intravenous immunoglob-
ulin. There was a partial response with 
hemodynamic stability and he was discharged. 
However, he was readmitted after 8  days for 
respiratory distress. During the second admission 
(ward stay of 21 days), pericardial window with 
drain and biopsy was performed. However, the 
histopathology revealed fibro-fatty tissue and 
skeletal muscle fibers; pericardial tissue was not 

identified. The etiological workup was negative 
for infections and hematological, endocrinal, or 
rheumatological abnormalities. The pericardial 
drain was removed after a period of 5 days and 
patient was discharged. After 6  days, he was 
admitted for the third time with 1 day history of 
increased respiratory activity. On examination, 
he had tachypnea, tachycardia, basal crepitations, 
and tender hepatomegaly. Investigations revealed 
anemia (mean Hb 9.3 g/dL), neutrophilia (mean 
total leukocyte count of 23,000/cmm), thrombo-
cytopenia (mean platelet count of 24,000/cmm), 
hyperbilirubinemia (3.17 mg/dL), and mild ele-
vation of transaminases (plasma aspartate amino-
transferase 234  U/L and plasma alanine 
aminotransferase 245 U/L). There was derange-
ment of the coagulation profile (elevated pro-
thrombin time, activated partial thromboplastin 
time and thrombin time, reduced fibrinogen, and 
strongly positive D-dimer). The chest radiograph 
revealed globular cardiomegaly and the com-
puted tomographic scan showed consolidation of 
right lung with moderate pericardial effusion 
(Fig. 3.1a). Pericardial tapping was done thrice in 
the current admission. He was treated with anti-
biotics and steroids; antituberculous therapy was 
continued. However, there was no improvement 
and child succumbed after 12 days of admission.
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a

b c

Fig. 3.1 (a) Moderate pericardial effusion on the CT scan; (b) Focal hemorrhagic appearance of inner aspect of parietal 
pericardium; (c) Pericardial thickening due to spongy hemorrhagic to pale red tissues

P. Vaideeswar et al.
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3.2  Autopsy Findings

Remarkable findings were present in the medias-
tinum. The heart appeared enlarged due to hem-
orrhagic pericardial effusion; 80 mL of fluid was 
aspirated at autopsy. The inner aspect of the pari-
etal pericardium showed multifocal soft, velvety 
reddish tissue (Fig.  3.1b). The pericardium in 
these areas was thickened due to a spongy, hem-
orrhagic to pale red tissue (Fig.  3.1c). The 
 adventitial aspects of the intrapericardial vascu-
lar channels, the tributaries of the superior caval 
vein, the arch and arch arteries, proximal 4.3 cm 
of the descending thoracic aorta, the trachea, the 
main bronchi, and esophagus were covered by a 
layer soft congested tissue (Fig. 3.2a, b) Similar 
tissue surrounded the lung hilar structures and 
had infiltrated the thymus, which was shrunken 

and densely adherent to the parietal pericardium. 
On histology, the red brown areas were com-
posed of large and small bundles of proliferating 
capillaries (Fig. 3.3a). They were lined by plump 
endothelial cells, devoid of pleomorphism 
(Fig.  3.3b, c). The trachea revealed extensive 
squamous metaplasia. The capillary tufts were 
seen to insinuate between the cartilaginous plates. 
Apart from the thymus (Fig. 3.4a–d) and trachea, 
the proliferations were restricted to the surfaces 
of all the mediastinal structures. The epicardium 
was covered with fibrinous exudates; the heart 
was normal. Hemangiomatous foci were not seen 
in the lungs; bronchopneumonia was present. 
Other organs, including the liver, were normal.

Cause of Death: Mediastinal and pericardial 
hemangiomatosis with recurrent, massive peri-
cardial effusion, and cardiac tamponade.

a b

Fig. 3.2 (a) and (b) Structures in the anterosuperior medi-
astinum and basal aspect of the heart covered by congested 
tissue. There is sparing of the apical portion of the heart 

(LCCA left common carotid artery, LSA left subclavian 
artery, LV left ventricle, RBCA right brachiocephalic artery, 
RV right ventricle, SVC superior vena cava, T trachea)

3 Pericardial Hemangiomatosis with Cardiac Tamponade
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a b

c

Fig. 3.3 (a) The mediastinal connective tissue infiltrated by bundles of capillary channels (H&E × 200); (b) and (c) 
Capillary channels lined by plump endothelial cells (H&E × 400)

a

b d

c

Fig. 3.4 The thymic architecture is replaced by proliferating capillaries with small clusters of lymphocytes (a) H&E × 
200, (b) H&E × 400 and ill-formed Hasall’s corpuscles (c) H&E × 200, (d) H&E × 400
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3.3  Discussion

An infant in this illustrated case presented with 
repeated episodes of hemorrhagic pericardial 
effusion and unfortunately succumbed due to 
development of cardiac tamponade. Pericardial 
effusion, defined by an increase in the physio-
logical amount of fluid within the pericardial 
cavity, is a rare disease in the pediatric age 
group. It has varied etiologies, which can pri-
marily be a pericardial disorder or part of a sys-
temic illness. Most often, they are related to 
infection or appear as a post-cardiac surgery 
complication; other causes include connective 
tissue diseases, metabolic disorders, and malig-
nancies. Tuberculosis and bacterial infections 
are responsible for effusions in the developing 
countries, while viral infections and post-viral 
states are the main causes in the high-income 
countries. In some cases, the reason for the 
effusion remains unclear, i.e., idiopathic effu-
sions. In such cases, the etiology is frequently 
presumed to be viral or immune- mediated, but 
evidence for same is usually not found (because 
of the expense involved, the inaccessibility of 
pericardial tissue/fluid, and the time delay or at 
times the inaccuracy of viral titers). It is even 
more infrequent to have recurrent, rapidly fill-
ing, hemorrhagic pericardial effusions, which 
are caused by tuberculosis or malignant peri-
cardial infiltration. Furthermore, a progression 
to cardiac tamponade with ensuing disturbance 
in the normal hemodynamics is also uncom-
mon. Though our patient was treated with anti-
biotics, antituberculous drugs, and repeated 
tapping, the therapy failed to stem the effusion. 
The biopsy performed was also not representa-
tive. It appeared antemortem that the effusion 
was idiopathic in this case, but the autopsy 
revealed multifocal capillary proliferations—
hemangiomatosis in the mediastinal soft tissue, 
including the layers of the pericardium.

In general, hemangiomas are the most common 
vascular tumors that occur in the pediatric popula-
tion with a prevalence of 4.5% and an incidence 
ranging from 5 to 10%. In the current backdrop, 
they are classified into congenital and infantile 
hemangiomas on the basis of their clinicopatho-

logical features, natural history, and their immuno-
histochemical positivity for glucose transporter 1 
protein (GLUT-1). Congenital hemangiomas are 
GLUT-1 negative and are well- developed in the 
neonatal period, while infantile hemangiomas are 
GLUT-1 positive and are well- established in 
infancy. We considered our case as an infantile 
hemangiomatous process due to the rapid prolif-
eration and hence an early clinical presentation at 
the age of 5 months; however, GLUT-1 immuno-
histochemistry could not be performed.

The natural history of these hemangiomas in 
infancy usually follows 3 stages—proliferative 
phase (8–12  months), involuting or stationary 
phase (1–5  years), and involuted phase 
(6–12 years). The proliferation occurs due to var-
ious vasogenic peptides. Most of the lesions are 
cutaneous and often multiple (30–50% of the 
infants). Since they undergo involution, no spe-
cific therapy is advocated. If there are more than 
5 cutaneous hemangiomas (high-risk tumors), it 
may represent benign hemangiomatosis, but 
there is a likelihood of extra-cutaneous or vis-
ceral involvement, i.e., diffuse or multifocal 
infantile hemangiomatosis; such manifestations 
portend ominous clinical course. Liver is the 
most common organ to be affected followed by 
the brain, intestines, and lungs. Apart from 
hepatic dysfunction and hemorrhage in the 
affected organs, the shunting leads to high-output 
cardiac failure and the flow through the tortuous 
channels causes coagulopathy related to con-
sumption of the coagulation factors and thrombo-
cytopenia. The infant in this case did not have 
vascular lesions over the skin, but had a dominant 
involvement of the mediastinum; other organs, 
particularly the liver and brain, were not affected. 
The morbidity and mortality were produced by 
recurrent and massive pericardial effusion. Had 
the child survived, he may have also developed 
immunological abnormalities due to thymic 
affection. Such life-threatening conditions should 
be recognized early with prompt treatment with 
beta-blockers like propranolol and steroids, 
which inhibit proliferation and accelerate the 
regression of the hemangiomatous process. 
Surgical excision is performed wherever 
necessary.
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4Acute Rheumatic Fever: 
A Fulminant Form

Ashutosh Goyal, Pradeep Vaideeswar, 
Saranya Singaravel, and Girish Sabnis

4.1  Clinical History

A 16-year-old adolescent was referred for mild 
fever on and off associated with severe pain and 
swelling of various large joints (knee, elbow, 
ankle, and wrist in that sequence) over the past 
2 months. The fever, joint pain, and swelling had 
partially responded to nonsteroidal anti- 
inflammatory drugs. She also complained of 
effort intolerance and dyspnea on exertion Class 
II for a month, followed by paroxysmal nocturnal 
dyspnea for 4 days before admission.

On examination, the pulse rate was 132 per 
minute and blood pressure 96/60 mmHg. There 
were distended neck veins with a pulsatile jugu-
lar venous pressure of 12 cm and pedal edema; 
there was no joint swelling but arthralgia was 
present. Auscultation revealed an audible S3 gal-

lop with Grade IV/VI pansystolic murmur. 
Significant laboratory findings were an elevated 
erythrocyte sedimentation rate (ESR 95 mm after 
1 h), raised C-reactive protein (CRP, 42 mg/dL), 
and a high ASLO titer (1:200). Other hematologi-
cal and biochemical investigations were normal. 
Two-dimensional transthoracic echocardiogra-
phy showed moderate mitral regurgitation with 
an ejection fraction of 60%. The clinical diagno-
sis was acute rheumatic fever (ARF) and the 
patient was administered diuretics and aspirin. 
There was some gradual improvement with 
reduced joint swelling and pain, pulse rate to 98 
per minute, ESR to 54 mm at the end of 1 h, and 
CRP to 35 mg/dL. However, she developed sud-
den severe abdominal pain on the sixth day of 
admission and sustained a fatal cardiac arrest.
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4.2  Autopsy Findings

The heart was moderately enlarged in size and 
weighed 330 g. There was a marked thickening 
of both layers of the pericardium, between which 
was present a very thick layer of flaky grayish- 
white fibrinous exudate. The exudate effectively 
obscured the normal landmarks of the heart as 
seen on the external aspect (Fig. 4.1). There was 
a moderate enlargement of all 4 chambers with 

patchy endocardial thickening and granularity, 
and myocardial thinning. Annuli of all valves 
were dilated. Anteroseptal and postero-septal 
commissures of the tricuspid valve were fused 
with mild thickening of the leaflets (Fig. 4.2a). 
The pulmonary valve appeared normal on gross 
examination. Both leaflets of the mitral valve 
were thickened with a row of fine light brown 
granular vegetations at the lines of closure 
(Fig. 4.2b). The commissures were mildly fused 
and chordae only mildly thickened. Endocardial 
granularity and rugosity—MacCallum’s patch 
was present over the posterior wall of the left 
atrium. The aortic valve also showed mild com-
missural fusion and rounding up of free margins 
of the cusps (Fig.  4.2c). To our complete sur-
prise, we observed the presence of fulminant 
rheumatic pancarditis on histopathology 
(Fig.  4.2c) with the presence of numerous 
Aschoff bodies in the visceral pericardium 
(Fig. 4.3a–c); in some of the epicardial coronary 
arterial radicles (Fig.  4.3d, e), all four valves 
(Figs. 4.4, 4.5 and 4.6), chambers (Fig. 4.7a–d), 
and papillary muscles. The endocardial granu-
larity noted in the left ventricle was due to pro-
truding Aschoff bodies (Fig. 4.7e). There was no 
rheumatic pneumonitis; pulmonary edema was 
present. Other organs were normal.

Cause of Death: Acute rheumatic pancarditis.

Fig. 4.1 Moderately enlarged heart is covered by a very 
thick flaky grey-white fibrinous exudate. The structures 
normally seen on the anterior surface are obscured

a b c

Fig. 4.2 (a) Right-sided inflow tract showing mild leaflet 
and chordal thickening of the tricuspid valve. There is dif-
fuse endocardial thickening of right ventricular RV endo-
cardium; (b) There is mild involvement of all the 
components of the mitral valve. Fine grey-white granular-
ity is present at the lines of closure of the leaflets. * indi-
cates fused posteromedial commissure; (c) The aortic 

valve looks almost normal except for few pin-head sized 
vegetations close to the nodulus of Arantii of the right 
coronary cusp RCC (AA ascending aorta, AML anterior 
mitral leaflet, ATL anterior tricuspid leaflet, LA left atrium, 
LMC, left main coronary artery, LV left ventricle, NCC 
noncoronary cusp, PML posterior mitral leaflet, RA right 
atrium, STL septal tricuspid leaflet)

A. Goyal et al.
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a 

b

c d

e

Fig. 4.3 (a) Fresh and (b) Organizing fibrinous pericar-
ditis (H&E × 250); (c) Presence of classic Aschoff body, 
mainly composed of the uninucleate Anitschkow’s cells 
with intermingled fibrinoid necrosis and other mononu-

clear inflammatory cells (H&E × 400); Destruction of the 
epicardial coronary arterial radical by Aschoff body (d) 
(H&E × 250); (e) (H&E × 400)

a b c

Fig. 4.4 (a) Scan of the section showing the left atrium, 
mitral valve, and left ventricle. Small vegetation (arrow) is 
seen at the line of closure; (b) Vegetation with organiza-

tion and surface fibrin is accompanied by acute valvulitis 
(H&E × 250); (c) Aschoff body within the valve substance 
(H&E × 400)

4 Acute Rheumatic Fever: A Fulminant Form
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a b

Fig. 4.5 (a) Stack of Aschoff’s bodies within the sinus-of-Valsalva of the aortic valve. Arrow points to the inflamed 
non-flow surface of the cusp (H&E × 250); (b) Aschoff body (H&E × 400)

a

b d

c

Fig. 4.6 Tricuspid valve showing (a) Acute valvulitis 
(H&E × 250) with many (b) Aschoff bodies (H&E × 400); 
Pulmonary valve showing (c) Acute valvulitis, despite 

normal gross appearance (H&E × 250) with many (d) 
Aschoff bodies with plentiful of Aschoff’s giant cells 
(H&E × 400)

A. Goyal et al.
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a

b d

c e

Fig. 4.7 Nonspecific lymphocytic myocarditis (a) (H&E 
× 250), (b) (H&E × 400); Granulomatous myocarditis 
with Aschoff bodies in the interstitium (c) (H&E × 250), 

(d) (H&E × 400); (e) Aschoff body protruding through 
endocardium (H&E × 400)

4.3  Discussion

Mortality in the presented case was due to ARF, 
which is a systemic, nonsuppurative complica-
tion of group A beta-hemolytic streptococcal 
(GAS) infection most frequently in the throat and 
in some cases possibly the skin. A precursor to 
the more debilitating valvular deformities, it usu-
ally affects children and young adults with an 
equal gender distribution; however, recurrences 
can be seen in adults below the age of 35–40 years. 
The main predisposing factors are linked to poor 
socioeconomic and environmental conditions. It 
is not surprising that the disease remains com-
mon in low—and middle-income countries and 
also among the less privileged population in the 
developed countries. Polymorphisms in the genes 
that regulate the adaptive immune response have 
also been shown to play an important role, which 
explains the occurrence of ARF in around 6% of 
patients with GAS infections.

In susceptible individuals, ARF develops 
approximately 2–5 weeks after a pharyngeal (or 
cutaneous) infection. An immune response that 
results in the production of antibodies and activa-
tion of T-cells against streptococcal antigens such 
as the M-protein and N-acetyl β d-glucosamine 
also targets heart proteins (cardiac myosin, val-
vular endothelium, laminin, and vimentin), brain 

proteins (lysoganglioside, tubulin, and dopamine 
receptors) and skin proteins (keratin) due to 
structural similarity (cross-reactivity or ‘molecu-
lar mimicry’) with consequent autoimmune dam-
age to the host tissue. Such a response is also 
initiated when streptococcal antigens bind with 
the host proteins to create ‘neo-antigens’. The 
ensuing tissue damage results in ‘fibrinoid necro-
sis’ surrounded by characteristic inflammatory 
reaction termed as Aschoff bodies or nodules. 
These nodules develop in 3 distinct phases—the 
initial (exudative), intermediate (proliferative or 
granulomatous), and late (healing). All layers of 
the heart in this case showed Aschoff bodies in 
the proliferative phase, which are said to occur 
from the 4th to 13th week of acute illness.

The autoimmune reaction causes systemic 
effects in the form of migratory arthritis (≥ 75%), 
clinical carditis (50–65%), chorea (15–20%), 
erythema marginatum, and subcutaneous nodules 
(3–10%)—the major Jones criteria, along with 
constitutional symptoms and alterations in the 
investigational parameters—the minor criteria, 
all of which are incorporated in the revised Jones’ 
criteria. The index case, which fulfilled 2 major 
criteria, was clinically diagnosed as ARF and 
treated as per protocol. The sine-qua-non for the 
diagnosis of carditis is valvulitis, which in this 
case was only represented antemortem as MR; 
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however, autopsy demonstrated extensive 
involvement of the other 3 valves as well. Despite 
florid rheumatic granulomatous myocarditis 
(another autopsy surprise) that manifested as a 
fatal ventricular arrhythmia, the left ventricular 
ejection fraction at the time of diagnosis was sur-
prisingly normal. Though the inflammation was 
mostly seen in the interstitial connective tissue, 
the large numbers of granulomas had caused 
damage to the adjacent cardiomyocytes. It may 
be speculated that the addition of corticosteroids 
at presentation as against only salicylates admin-
istered in the index case might have ameliorated 
myocardial inflammation.

Abdominal pain in rheumatic fever (included 
in the 1944 criteria) is considered a nonspecific 
symptom and has been attributed to acute local-
ized peritonitis (often mimicking acute appendi-
citis) or rectus myositis. It is also noteworthy that 
the pericardial coronary arterial radicles had 
revealed rheumatic granulomatous vasculitis. In 
this case, we wonder if it was an example of 
referred pain of acute myocarditis or myocardial 
ischemia. This case is remarkable as it so vividly 
demonstrates the phenomenon of pancarditis 
with florid myocarditis, in contrast to the recent 
trends of describing rheumatic carditis solely as a 
valvular affection.
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5Silent Rheumatic Mitral Stenosis

Pawan Daga, Rushabh Shah, 
and Pradeep Vaideeswar

5.1  Clinical History

A 35 years old female, G4 P3 L3 A1, presented to 
our hospital on third November in an uncon-
scious state, not responding to deep stimuli and 
with muffled heart sounds. Her hemoglobin was 
9.9 g/dL, total WBC count 26,200/cmm, platelet 
count was less than 20,000/cmm, blood urea 
nitrogen 28.1  mg/dL, and serum creatinine 
2.5  mg/dL.  She succumbed within 3  h despite 
continuous inotropic support.

She had presented to three different hospitals 
in the previous 12 days. She initially went to a 
peripheral hospital on 22nd October with bleed-
ing per vaginum and passage of clots for 4 days 
associated with abdominal pain, vomiting, and 
giddiness. Her last menstrual period was in the 
first week of October. On examination she was 
afebrile with a feeble pulse of 60 per minute, 
blood pressure of 90/60  mmHg, and had mild 
pallor. Systemic examinations were normal. Per 

vaginal examination had revealed a bulky, 
6 weeks size uterus without cervical motion ten-
derness or forniceal fullness. Her hemoglobin 
was 11.3 g/dL and β-human chorionic gonadotro-
pin (β-HCG) 4810 mIU/mL. The pelvic ultraso-
nography was suggestive of products of 
conception. She was administered intravenous 
Pause 1  g and was discharged on tablets 
Methargan, Pause, and Doximate. A β-HCG 
advised to be repeated after 2 days was 1405 mIU/
mL. As the bleeding continued, she was admitted 
to another nursing home on 31st October. Her 
hemoglobin was 10.2  g/dL, total WBC count 
13,900/cmm, erythrocyte sedimentation rate 
62 mm at 1 h, plasma aspartate aminotransferase 
55.7 U/L (normal 5–40 U/L), and plasma alanine 
aminotransferase 72.4 U/L (normal 7–56 U/L)]. 
Abdominal and pelvic ultrasonography had 
revealed hepatomegaly, increased cortical reflec-
tivity of both kidneys, and possibly an endome-
trial polyp or retained products of conception. A 
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dilatation and curettage was performed under 
general anesthesia. Postprocedure, she developed 
an irregularly irregular pulse, hypotension, and 
bilateral crepitations. She was shifted to the 
intensive care unit and given injection 
Amiodarone. However, she took discharge 
against medical advice. She was admitted to a 
third nursing home on third November for pro-
gressive shortness of breath. At this juncture, her 
pulse could not be felt and the blood pressure was 
unrecordable. The heart rate was 186 per minute 

and the central venous pressure 24–25  cm of 
water. Inotropic support started, but she devel-
oped anuria and was then transferred to our 
center.

5.2  Autopsy Findings

The heart weighed 290 g and showed moderate 
cardiomegaly with moderate enlargement of the 
right-sided chambers (Fig.  5.1a) and marked 

a

c

b

Fig. 5.1 (a) Moderate cardiomegaly is produced by 
enlargement of the right atrium RA and ventricle RV. Note 
that the apex is formed by the RV and the pulmonary trunk 
PT is as large as the ascending aorta AA. (b) Left lateral 
view of the heart to show a large and prominent left atrial 

appendage LAA; (c) Serial cross-sections to show fresh 
occlusive thrombi. Due to friability, the thrombus has 
dropped off in some of the slices. (RAA right atrial 
appendage)
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a b

dc

Fig. 5.2 Opened out right ventricular (a) Inflow and (b) 
Outflow tracts. The valves do not show any alterations. (c) 
Opened out left ventricular inflow tract. The left atrium 
LA is dilated. A thrombus protrudes from the appendageal 
opening (arrow). There is severe mitral stenosis with cal-
cification and severe subvalvular disease. (d) Outflow 
tracts. (AA ascending aorta, AML anterior mitral leaflet, 
ATL anterior tricuspid leaflet, FO fossa ovalis, LAA left 

atrial appendage, LCC left coronary cusp, LMC left main 
coronary artery, LV left ventricle, NCC non-coronary 
cusp, PML posterior mitral leaflet, PT pulmonary trunk, 
PTL posterior tricuspid leaflet, PV pulmonary valve, RA 
right atrium, RCA right coronary artery, RCC right coro-
nary cusp, RV right ventricle, TV tricuspid valve, STL sep-
tal tricuspid leaflet)

enlargement of the left atrium and its append-
age (Fig. 5.1b). The appendage was firm in con-
sistency and the lumen in its entirety was 
obliterated by a fresh red-brown thrombus 
(Fig. 5.1c). The tricuspid and pulmonary valvu-
lar annuli were dilated with mild right ventricu-
lar hypertrophy; however leaflets and cusps 

were normal (Fig. 5.2a, b). There was marked 
mitral stenosis (MS, orifice 1.0 cm across) with 
marked commissural fusion, calcification of the 
anterolateral commissure, and marked leaflet 
thickening. The chordae tendineae were thick-
ened, shortened, and almost completely fused 
with the leaflets. This marked MS had resulted 
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a b

c

Fig. 5.3 (a) Scanned slide of the posterior mitral leaflet; (b) Extensive fibrosis of the leaflet (H&E × 250); (c) Interstitial 
and perivascular scars (H&E × 250)
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a b c

d e

Fig. 5.4 (a) Small intestinal gangrene; (b) Splenic and (c) Renal, infarctions; (d) Fresh and (e) Fresh and organizing 
thrombi in the kidney (H&E × 250)

in moderate dilatation of the left atrium 
(Fig.  5.3c). The left ventricle was of normal 
size; there was no gross involvement of the aor-
tic valve (Fig.  5.3d). On histopathological 
examination, the thickened mitral leaflets 
showed marked fibrosis, and small perivascular 
and interstitial ischemic scars were seen in the 
left ventricle. The thromboemboli from the 
thrombus in the left atrial appendage had 

resulted in intestinal gangrene, splenic, and 
bilateral renal infarctions (Fig. 5.4). The lungs 
showed brown induration, while the liver 
revealed features of chronic passive venous 
congestion with focal centrilobular hemor-
rhagic necroses (Fig. 5.5).

Cause of Death: Multiorgan infarction in a 
case of rheumatic mitral stenosis with left atrial 
appendageal thrombus.
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Fig. 5.5 (a) Hepatomegaly with an exaggerated nutmeg appearance on the cut surface; (b) Centrivenular hemorrhagic 
necrosis (H&E × 400); (c) Fatty change in the midzonal hepatocytes (H&E × 400)

5.3  Discussion

In this young patient, significant narrowing of the 
mitral valvular orifice MS was observed, which is 
an example of valvular heart disease (VHD). It 
results from structural changes or purely func-
tional abnormalities of the atrioventricular and 
arterial valves; the left-sided valves, i.e., the 
mitral and aortic valves are chiefly affected. For 
optimal valvular function, there has to be perfect 
synchrony of not only the valvular components, 
but also of the adjacent structures. Disruption of 
one or more of these components results in steno-
sis and/or regurgitation of varying proportions. In 
general, VHD is caused mainly by 
 post- inflammatory or inflammatory (infective or 
noninfective) conditions affecting the valves or 
their adjacent structures, degenerative changes, 
and congenital or heritable conditions.

MS, as seen in this case, is the most common 
manifestation of chronic rheumatic heart dis-

ease (RHD), a major sequel of healing of cardi-
tis caused by acute rheumatic fever (ARF, See 
Chap. 3). However, a history of ARF can be 
elicited in only half of the cases with chronic 
RHD. The next common valve affected in RHD 
is the aortic valve, followed by the tricuspid and 
rarely the pulmonary. Such preferential involve-
ment of the valves is related to the hemody-
namic stress attributable to transvalvular 
pressure gradients and its effect on transforming 
growth factor β1. Isolated mitral valvular afflic-
tion, as present in this case, occurs in about 70% 
of cases, while both left-sided valves are 
affected in about 25% of patients. Rheumatic 
MS with or without other valvular involvement 
can follow a single episode of severe carditis, 
but most often results from recurrent attacks of 
ARF, leading to cumulative damage and conse-
quent thickening and scarring. The histology is 
not spectacular and mainly shows fibrosis, neo-
vascularization, and variable degree of chronic 
inflammation.

P. Daga et al.



37

The stenotic mitral valve leads to stasis of 
blood and elevated pressure in the left atrium with 
subsequent development of chronic passive pul-
monary congestion (‘brown induration’), pulmo-
nary hypertension, and eventually right heart 
failure. Most patients present at ages 20–50 years, 
though some individuals in the Afro-Asian 
 countries develop juvenile MS. However, the clin-
ical scenario depends on the degree of stenosis. 
Patients with mild to moderate valvular stenosis 
can go unnoticed clinically, with echocardiogra-
phy being the only way to identify them (subclini-
cal RHD). Patients having moderate to severe 
stenosis are usually symptomatic and are readily 
recognizable on clinical examination. However, 
in some cases, the auscultatory findings are not 
easily detectable since severe calcification leads 
to dampening of the opening snap, and an enlarged 
right side of the heart leads to displacement of the 
valve and its associated murmur towards the pos-
terior axillary line, along with shifting of the aorta 
towards the left sternal border. These are exam-
ples of clinically silent RHD and such patients 
can even remain asymptomatic. Clinically silent 
cases are detected as a surprise finding at autopsy, 
as in the case presented.

Women of childbearing age have the highest 
prevalence of RHD in endemic areas and it is not 
surprising that rheumatic MS is often the com-
monest lesion seen during pregnancy. The various 
pregnancy-related adaptive changes in the mater-
nal cardiovascular system (See Chap. 42) may 
result in emergence of symptoms of MS for the 
first time during pregnancy. Furthermore, the risk 
of cardiac decompensation increases with each 
subsequent pregnancy as a result of advancement 
of age and reduction of the cardiac load- bearing 
capacity. However, early symptoms and signs may 
be attributed to normal manifestations of preg-

nancy, resulting in delayed diagnosis that increases 
the chances of maternal, fetal, and neonatal mor-
bidity and mortality. The presence of other over-
whelming diseases too can mask features of 
RHD.  Our case had a silent MS that had gone 
unnoticed during the previous three pregnancies 
resulting in first trimester death in the fourth preg-
nancy. In the natural course of the disease, MS 
results in severe cardiac failure and can present as 
postpartum collapse. An important complication 
in the form of thromboembolism can occur. Stasis 
of blood in the left atrium and its appendage cou-
pled with atrial fibrillation and pregnancy-associ-
ated hypercoagulability predisposes to thrombosis. 
In the case presented, there was left atrial appenda-
geal thrombosis with embolism and multiorgan 
infarction that proved fatal.
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6Rheumatic Mitral Stenosis 
and Anticoagulant Toxicity

Amey Rojekar and Pradeep Vaideeswar

6.1  Clinical History

A 21-year-old female had been diagnosed with 
chronic rheumatic heart disease 15  years ago. 
She had severe rheumatic mitral stenosis (MS) 
with atrial fibrillation and had undergone a bal-
loon mitral valvotomy (BMV) 7 years ago. She 
had developed right-sided hemiparesis 4 months 
back, when a computed tomographic (CT) scan 
of the brain had revealed a small acute infarct in 
the left middle cerebral artery territory. Atrial 
fibrillation (AF) was also detected and anticoagu-
lant (warfarin) therapy was started. She now pre-
sented to our hospital in a poor general condition 
with barely felt peripheral pulses and recordable 
blood pressure, following acute severe pain in the 
abdomen and vomiting. CT of the abdomen per-
formed in the previous evening in a private 
health-care facility was suggestive of hemoperi-
toneum due to ruptured left ovarian cyst. The 
hemoglobin was 4.1 g/dL and prothrombin time 
was more than 100  s (international normalized 

ratio >10); other routine investigations had been 
normal. She expired within an hour of 
admission.

6.2  Autopsy Findings

A partial chest and abdomen autopsy was per-
formed. The heart weighed 230  g. On external 
examination, the heart was mildly enlarged 
(Fig.  6.1a) with moderate enlargement of the 
right ventricle and left atrium. The right-sided 
inflow tract (Fig. 6.1b) showed complete obliter-
ation of the septostomy opening (performed for 
the BMV) in the fossa ovalis region of the inter-
atrial septum, moderate fusion of the anteroseptal 
commissure of the tricuspid valve, and moderate 
right ventricular hypertrophy. There was marked 
mitral stenosis (1 × 0.7 cm, Fig. 6.2a) and the ori-
fice allowed the passage of only the index finger. 
However, the posteromedial commissure was 
well split right into the apices of the posterior 
group of papillary muscles; the anterolateral 
commissure continued to be markedly fused 
(Fig. 6.2a). The leaflets were markedly thickened 
with minimal focal calcification. There was 
severe subvalvular pathology with hardly any 
interchordal spaces; the papillary muscles 
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a b

Fig. 6.1 (a) Anterior surface of the heart showing moder-
ate enlargement of the right ventricle RV and dilated pul-
monary trunk PT, which is larger than the ascending aorta 
AA; (b) Opened out right-sided inflow tract. Note intact 
fossa ovalis, fused anteroseptal commissure, and RV 

hypertrophy (ATL anterior tricuspid leaflet, LAA left atrial 
appendage, LV left ventricle, PTL posterior tricuspid leaf-
let, RA right atrium, RAA right atrial appendage, STL sep-
tal tricuspid leaflet)

a b c

Fig. 6.2 (a) There is severe mitral stenosis with involve-
ment of all the components. The anterolateral commissure 
ALC is well split; (b) The papillary muscles appear 
directly fused with the leaflets. A probe (arrow) has been 
passed through the stenotic orifice. Commissures * of the 
aortic valve appear fused. (AA ascending aorta, AML ante-

rior mitral leaflet, LA left atrium, LCC left coronary cusp, 
LV left ventricle, PMC posteromedial commissure, NCC 
noncoronary cusp, RCC right coronary cusp); (c) 
Hypertrophy of the cardiomyocytes with interstitial fibro-
sis. The collagen is stained bright red (Picro-sirius × 400)
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a

b

Fig. 6.3 (a) Anterior and (b) Posterior aspects of the uterus and its adnexae. The right ovary was enlarged, cystic, and 
hemorrhagic with a rent on its posterior surface (arrow)

appeared to be directly fused to the leaflets. All 
the 3 commissures of the aortic valve were fused 
(Fig.  6.2b). The cusps appeared normal, but on 
histology showed features of healed valvulitis. 
The dilated left atrium also showed hypertrophy 
and extensive interstitial fibrosis (Fig.  6.2c). 
Apart from chronic passive venous congestion, 
the lungs did not show features of pulmonary 
hypertension.

The surprise finding was the cause for the 
hemoperitoneum. The left ovary was enlarged 
(5  ×  3  cm) with a congested external surface 

and a 1  cm rupture on the posteroinferior 
aspect (Fig.  6.3). This complication was pro-
duced by a hemorrhagic follicular cyst 
(Fig. 6.4). The uterine endometrium was in its 
proliferative phase. There was around 800 mL 
of fluid blood with blood clots in the lower 
abdominal cavity and the pelvis with patchy 
fibrinous exudates of the intestines. Other 
organs were normal.

Cause of Death: Hypovolemic shock due to 
hemoperitoneum following ruptured ovarian fol-
licular cyst.
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a

b c

Fig. 6.4 (a) The opened out right ovary with a hemor-
rhagic cyst; (b) Most of the cyst wall was disrupted by 
hemorrhage which had involved the ovarian stroma (H&E 

× 250) and was also seen around the (c) Corpus albicans 
(H&E × 250)

6.3  Discussion

The medical management of rheumatic MS is 
mainly directed towards prevention of further 
attacks of acute rheumatic fever, alleviation of 
left ventricular dysfunction, prevention of infec-
tive endocarditis, and reduction of thromboem-
bolic episodes. The deceased, who had 
well-established disease at the age of the 6 years, 
would fall in the category of ‘juvenile’ MS, a 
term coined by Roy et  al in 1963. The disease, 
unfortunately, progressed to severe stenosis, 
which could not have been managed by medica-

tions alone and hence she also underwent the 
BMV at the age of 14 years. BMV is considered 
as the best option in such cases, which entails a 
transseptal puncture and passage of balloon 
through the interatrial septum with inflation 
across the stenotic valve (See Chap. 16). The 
intermediate and long-term results often depend 
on the morphology of the stenotic valves.

The mortality in this case was related to the 
anticoagulant therapy administered for her 
thromboembolic episode, which manifested as 
right-sided hemiparesis. The sources of the bland 
emboli in a setting of MS are thrombi located 
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mainly in the left atrial appendage; some are 
present as mural left atrial thrombi. Apart from 
stasis of blood, an important predisposing factor 
is development of atrial fibrillation, which itself 
is related to left atrial chamber dilatation and 
importantly to histomorphological changes in the 
chamber and its appendage, designated as 
“fibrotic atrial cardiomyopathy” as noted in the 
present case. Oral anticoagulant therapy is the 
standard treatment for well-established thrombi 
as well as a prophylactic measure, for which war-
farin is the most commonly used oral anticoagu-
lant. But, the therapy has an inherent risk of 
significant bleeding due to its widely variable 
dose requirement, narrow therapeutic window, 
drug and dietary interactions, and genetic varia-
tions in its metabolism. Hence, regular blood 
monitoring and dose adjustment are necessary to 
maintain the INR within the target therapeutic 
range (usually between 2 and 3) to prevent com-
plications. An INR of >3 often results in bleed-
ing, while an INR <2 leads to a thrombogenic 
tendency. Rupture of ovarian cyst causing hemo-
peritoneum is a rare but serious complication of 
chronic anticoagulation therapy. Most of them 
are due to ruptured corpus luteum as they are 
hypervascular. In a large case series of 46 patients 
by Jamal et al on corpus luteum rupture, almost 
50% patients were on anticoagulation therapy, 
and among those, 77% patients presented with 
hemoperitoneum. However, hemoperitoneum 
due to follicular cyst rupture with anticoagulation 
therapy is not reported in the literature. Patients 
with hemoperitoneum due to ovarian cyst rupture 
commonly present with complaints of sudden 
abdominal pain, anemia, and signs of peritonitis. 

These signs and symptoms are also seen in cases 
of ruptured ectopic gestation, acute appendicitis, 
and acute salpingitis in women of reproductive 
age group. Hence, accurate diagnosis by imaging 
is important for management, as warfarin-related 
toxicity can be treated conservatively by transfu-
sion of fresh frozen plasma, withholding, and 
subsequent readjustment of the dose as per 
INR. Thus, in all valvular heart disease patients 
with atrial fibrillation who are on oral anticoagu-
lants, careful monitoring by regular follow-up 
and a high clinical suspicion in patients present-
ing with acute abdomen are most important for 
prevention and accurate diagnosis of this rare but 
life-threatening complication.
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7Rheumatic Mitral Stenosis 
with Sickling Crisis

Tejaswini Waghmare and Pradeep Vaideeswar

7.1  Clinical History

A 38-year-old woman, with a ward stay of 13 h, 
presented with progressive shortness of breath 
for the past 1 month, and fever, cough, mucoid 
expectoration, and palpitation since 10 days. She 
had exertional dyspnea for the past 2 years and a 
past history of a cerebrovascular accident; how-
ever, there were no reports available of the diag-
nosis or treatment. An echocardiography 
performed a month before the current admission 
had revealed chronic rheumatic heart disease 
(RHD) with severe mitral stenosis (MS, area of 
0.7 cm2), mild mitral/aortic regurgitation, severe 
tricuspid regurgitation, and severe pulmonary 
hypertension.

On examination, the pulse rate was 114 per 
minute and blood pressure 100/70  mmHg. 
Bilateral crepitations and diastolic murmur were 
heard on auscultation. The clinical diagnosis 
was rheumatic MS with lower respiratory tract 
infection. Apart from mild anemia (hemoglobin 
12.4 g/dL), other routine hematological and bio-

chemical investigations were normal. A repeat 
echocardiography showed similar features, but 
also picked up moderate aortic stenosis. She 
was given lasix infusion with antibiotics. Since 
there was marginal response to medical therapy, 
a decision to perform an emergency balloon 
mitral valvotomy was taken. She had cardiac 
arrest after the first inflation and could not be 
revived.

7.2  Autopsy Findings

A partial autopsy had been performed in this 
case. The heart was moderately enlarged (weight 
370 g, Fig. 7.1a). There was marked enlargement 
of the right-sided chambers and moderate 
enlargement of the left atrium. The pulmonary 
trunk was larger than aorta. Fresh and organizing 
fibrinous exudates were present over the right 
atrium and its appendage. The interatrial septum 
in the midportion of the oval fossa showed a 
ragged transversely placed septostomy opening, 
0.7 cm in length. It was of similar dimensions on 
the left atrial aspect. The valvotomy procedure 
had not produced the expected results, with con-
tinued marked commissural fusion and severe 
orificeal stenosis; the posteromedial commissure 
was superficially split (Fig.  7.1b). The postero-
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a b

c d

Fig. 7.1 (a) Moderate cardiomegaly. The apex is formed 
by both ventricles. Note a milk patch over anterior surface 
of right ventricle RV and pulmonary trunk PT, as large as 
the ascending aorta AA; (b) Severe mitral stenosis with 
superficial split (arrow) in the fused posteromedial com-

missure (LA left atrium, LCCA left common carotid artery, 
LSA left subclavian artery, LV left ventricle, RBCA right 
brachiocephalic artery, RAA right atrial appendage); 
Sickled RBCs in the vasculature of the (c) heart and (d) 
lungs (H&E × 400)

medial commissure was also heavily calcified 
with a calcific spur connecting it to the interven-
tricular septum, as seen from the ventricular 
aspect. The chordae were markedly fused and the 
thickened leaflets appeared to be directly con-
nected to the papillary muscles. There would 
have been mild aortic stenosis produced by 
marked fusion of the commissure between the 
right and left coronary cusps; there was mild cus-
pal thickening. The tricuspid and pulmonary 
valves were normal. Mild to moderate hypertro-
phy was present in the right-sided chambers and 

left atrium, with small foci of interstitial 
scarring.

The other findings included brown induration 
of the lungs with features of venous hypertension 
and cardiac cirrhosis of the liver (weight 1.2 kg). 
The spleen weighed 180 g and appeared normal 
(Fig. 7.2a). The most startling findings were the 
presence of sickled red cells in the heart, lungs 
(Fig. 7.1c, d ), liver, kidneys, spleen (Fig. 7.2c, 
d), and bone marrow.

Cause of Death: Vaso-occlusive sickling cri-
sis with severe rheumatic mitral stenosis.
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b

a
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Fig. 7.2 (a) Spleen with a normal cut surface; Sickled red cells in the (b) Central veins and dilated sinusoids of the 
liver, (c) Vasa recta of the renal medulla and (d) Sinusoids of the red pulp of the spleen (H&E × 400)

7.3  Discussion

This young woman sustained a cardiac arrest dur-
ing the well-established BMV procedure for 
rheumatic MS, and a restricted autopsy revealed 
the concomitant presence of widespread sickling 
of the RBCs. RHD (see Chap. 5) is an important 

cause of heart disease in India, a nation that is 
also estimated to have the second highest burden 
of sickle-cell disease (SCD). SCD, a prototypic 
hereditary hemolytic anemia, is characterized by 
the presence of HbS formed due to substitution of 
a hydrophilic glutamic acid residue in the sixth 
position of the β-globin chain by a hydrophobic 
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valine residue. It encompasses the homozygous 
inheritance HbSS, that is also termed as sickle- 
cell anemia (SCA), and a combination of HbS 
with other β-globin chain mutations and 
β-thalassemia. A common characteristic for all 
the conditions under SCD is a tendency for 
polymerization of deoxygenated HbS, initiated 
and/or potentiated by hypoxia, dehydration, aci-
dosis, infection, or other unidentified factors. 
Through a sequence of events (nucleation, clo-
sure, growth, and final alignment), the HbS poly-
mers form long fibers or tactoids leading to RBC 
rigidity and distortion and the formation of the 
characteristic sickle cells. The repeated process 
of sickling and unsickling of the RBCs results in 
a chronic hemolytic anemia, but can also predis-
pose the individual to vaso-occlusive, hemolytic, 
and/or aplastic crises.

The current case demonstrated vaso-occlusive 
crisis, where the vasculature in various organs 
retrieved in the partial autopsy showed conglom-
eration of sickled erythrocytes. The effects are 
not only produced by mechanical occlusion of 
the blood vessels, but also by ensuing hypervis-
cosity, endothelial damage, and procoagulant/
proinflammatory state. In this patient, the hemo-
globin was within the normal range, and the 
spleen was also of normal size. This may be 
explained on the basis of benign phenotype of the 
homozygous state wherein the red cells are pro-
tected due to high levels of fetal hemoglobin, 
concurrent α-thalassemia, β-globin gene haplo-
types and other gene polymorphisms, or the pres-
ence of sickle-cell trait (heterozygous state). In 
all these settings, sickling can occur under stress-
ful conditions and be responsible for morbidity 
and mortality. In this patient, since red cell 
pathology was not suspected either clinically or 
at autopsy, testing for abnormal hemoglobin was 
not done.

Cardiovascular complications are mainly 
described in cases of SCD and are seen as left 

ventricular diastolic dysfunction related to micro-
vascular occlusion and consequent ischemic 
scarring, dysrhythmias and sudden death, and 
pulmonary vascular complications in the form of 
acute chest syndrome and pulmonary hyperten-
sion. Our patient was a known case of RHD with 
severe MS. The myocardial scarring was noted in 
only perivascular regions in our case, a feature 
which typically occurs due to healing of an epi-
sode of acute rheumatic fever (ARF). The coexis-
tence of RHD and SCD, though rare, is known 
and few studies have also suggested increased 
prevalence of RHD in cases of SCA. Some of the 
reasons postulated include damage to the vascu-
lar endothelium and moderate to severe immuno-
suppression produced by SCA, which make these 
individuals susceptible to the autoimmune 
response as seen in ARF.
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8Rheumatic Heart Disease 
and Prosthetic Valvular 
Thrombosis

Supreet P. Marathe and Pradeep Vaideeswar

8.1  Clinical History

A 35-year-old female was admitted with chief 
complaints of dyspnea for a week with associated 
orthopnea and paroxysmal nocturnal dyspnea for 
the past 3 days. She had undergone mitral valve 
replacement at the age of 19  years for severe 
rheumatic mitral stenosis and was on regular 
warfarin therapy that was poorly monitored. On 
examination, her general condition was poor with 
tachycardia (130/min) and hypotension 
(90/70  mmHg). Both the heart sounds were 
heard, but a click was not appreciated. There 
were bilateral crepitations. Routine laboratory 
investigations revealed anemia (hemoglobin 9 g/
dL), neutrophilic leukocytosis (16,200/cmm), 
and a prolonged prothrombin time of 22.7 s (con-
trol of 13  s, INR 1.9). Sinus tachycardia with 
anterolateral myocardial infarction and a choked 
prosthetic mitral valve with severe pulmonary 
hypertension (60  mmHg) were noted on ECG 
and echocardiography, respectively. She was 
given ventilator support and started on diuretics, 

inotropes, and anticoagulants. Her condition 
remained poor and she expired after 13 h.

8.2  Autopsy Findings

The heart (280 g) was moderately enlarged with 
focal adherence of the layers of the pericardium. 
Milk patches were present over the right atrium 
and posterior surface of the left ventricle. Sutures 
buried in fibrous tissue were seen over the atria 
and ascending aorta. The right-sided chambers 
and the left atrium were moderately enlarged with 
mild myocardial hypertrophy. The entire mitral 
valve (including the papillary muscles) had been 
excised and replaced by a mechanical uni-leaflet 
valve. It showed restricted mobility due to a layer 
of firm pale brown to red-brown fresh thrombotic 
material over both atrial (Fig. 8.1a) and ventricu-
lar (Fig. 8.1b) aspects. The thrombus was histo-
logically bland (Fig. 8.1c, d). Microscopy of the 
left ventricle revealed the presence of multiple 
healing and healed microinfarcts that corre-
sponded to the foci of congestion and glistening 
grey-white areas seen on transverse sections; 
thrombotic occlusion of the epicardial or intramu-
ral coronary arteries was not seen in the samples 
taken. The lung and the liver showed features of 
chronic passive venous congestion; there were no 
changes of pulmonary hypertension.

Cause of Death: Prosthetic Valvular 
Thrombosis.
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dc

Fig. 8.1 (a) The uni-leaflet disc valve over one half is 
completely covered by a layer of friable thrombus. The 
ring is well-endothelialized. Foci of calcification (arrows) 
are seen over the ring and left atrial LA endocardium; (b) 
The valve is ‘stuck’ leaving a crescentic effective orifice 
(arrow). Thrombotic material over nearly half of the cir-

cumference of the prosthetic valve (AA ascending aorta, 
LCC left coronary cusp, LV left ventricle, NCC noncoro-
nary cusp, RCC right coronary cusp); (c) The superficial 
aspect showed collections of leukocytes with underlying 
fibrin, while (d) layers of fibrin and platelets were present 
in the deeper portion of the thrombus (H&E × 200)

8.3  Discussion

India has an enormous load of rheumatic heart 
disease, which predominantly involves the mitral 
and aortic valves (See Chaps. 5 and 9). 

Unfortunately, most patients often present in the 
later stages when the disease process as well as 
valve pathology is significantly advanced. These 
valves are not amenable to repair and such 
patients often have to undergo valve replace-
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ments, even at a younger age. Surgical valve 
replacement, using either mechanical or 
 bioprosthetic valves, is an acceptable and stan-
dard mode of therapy. The choice of valve 
depends on a variety of factors including age, 
cost, patient selection, physical activity, presence 
of comorbidities, compliance with anticoagula-
tion, and likelihood of future pregnancy. The flip 
side of the valve replacements is the ushering of 
prosthetic valve- related disease and consequent 
dysfunction in the form of valve degeneration, 
fibrous pannus overgrowth, and para-valvular 
leaks, and to the more life-threatening complica-
tions of thrombosis and endocarditis.

Prosthetic devices and materials implanted 
within the cardiovascular system are potentially 
thrombogenic and hence formation of thrombi is 
a norm. Such thrombi formed at the early stage of 
implantation are useful in endothelialization and 
reactive fibrosis, which strengthen the annular 
attachments of the prosthetic valves. On the other 
hand, prosthetic valvular thrombosis (PVT) is a 
pathological phenomenon, which induces valvu-
lar dysfunction and/or systemic thromboembo-
lism. In general, mechanical valves are more 
thrombogenic (an annual rate of 0.1–5.7%) than 
bioprosthetic valves; the incidence is likely to be 
higher in developing countries. Also the valves in 
the mitral position are more likely to thrombose 
than those in the aortic position; highest inci-
dence is seen for valves in the tricuspid position.

Popular bi-leaflet mechanical valves used in 
our setup include St Jude™ (St Jude Medical, St 
Paul, Minnesota, USA) and On-X™(On-X Life 
Technologies, Austin, Texas, USA). The indige-
nously manufactured uni-leaflet TTK Chitra 
valve from the Sri Chitra Institute is also popular. 
Ball and cage (no longer used) and uni-leaflet 
valves are more predisposed to thrombosis as 
compared to bi-leaflet disc valves. The prosthetic 
valve used in this patient was of the uni-leaflet 
type and the fatal thrombosis occurred almost 
14 years after replacement. The thrombi initially 
form at the hinge points, restricting the mobility, 
and then extend around the annulus and/or 
towards the orifice. The mechanisms under the 
Virchow’s triad are also applicable to PVT and 
include prosthetic surface factors, flow-related 

factors, and hemostatic (common and esoteric) 
factors. Most important and common cause is 
suboptimal anticoagulation, which would have 
also played a role in this instance; other impor-
tant factors include left ventricular dysfunction, 
atrial fibrillation, and valvular malposition.

The clinical presentation of PVT can be vari-
able depending on the degree as well as duration 
of obstruction. Acute thrombosis has a more dra-
matic presentation in the form of relatively sud-
den onset cardiac failure, pulmonary edema, 
arrhythmias, and cardiovascular collapse. 
Subacute or chronic thrombosis has a more sub-
tle presentation in the form of progressive dys-
pnea. PVT also has a high risk of systemic 
thromboembolism and stroke, which can be the 
presenting symptom. Clinical history often 
reveals noncompliance with anticoagulation or 
subtherapeutic INR. A classic physical finding is 
absence or attenuation of the ‘mechanical valve 
click’. Noninvasive modalities are enough to 
diagnose PVT including transesophageal echo-
cardiography which reveals increased gradients 
across the valve with or without regurgitation, 
reduced effective valve area, lack of movement 
of one or both leaflets, and thrombus. Fluoroscopy 
is a useful noninvasive adjunct for diagnosis of 
mechanical PVT as it shows lack or decreased 
movement of valve leaflets.

Management of PVT in most situations is an 
emergency. Systemic anticoagulation is started in 
the form of intravenous heparin. After evaluating 
comorbidities and ruling out contraindications, 
thrombolytic therapy is often commenced (strep-
tokinase, urokinase, or recombinant tissue plas-
minogen activator). This usually only works in 
acute PVT and is unlikely to prove completely 
successful for subacute or chronic PVT. However, 
it can prevent progression of the process and 
allow some clinical stabilization. This is followed 
by surgical rescue which involves explantation of 
the thrombosed prosthesis with implantation of a 
new valve. In rare situations of acute PVT, 
removal of thrombus without replacement of the 
valve is sufficient. Though initial anticoagulation 
was initiated, this patient succumbed as she also 
had features of acute coronary syndrome, an 
uncommon incident in a setting of PVT.

8 Rheumatic Heart Disease and Prosthetic Valvular Thrombosis
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9Dominant Rheumatic Aortic 
Stenosis

Pawan Daga and Pradeep Vaideeswar

9.1  Clinical History

A 32-year-old unemployed male presented with 
progressive dyspnea associated with episodes of 
vomiting and disorientation since a day. He was a 
smoker and chronic alcoholic for the past 10 years 
with an alcoholic binge before the onset of the 
aforementioned symptoms. There was also a his-
tory of surgery for fracture of the right neck of 
femur a few years ago. On examination, the gen-
eral condition was poor with a pulse rate of 96 
per minute and blood pressure of 80/60 mmHg. 
He was disoriented with reference to time and 
place and also could not recognize his close rela-
tives. There was mild icterus, and a systolic mur-
mur was heard on chest auscultation, raising the 
suspicion of aortic stenosis. Apart from hypona-
tremia (Sodium 121 mEq/L), mild hyperbilirubi-
nemia (total 2.2 mg/dL, direct 1.6 mg/dL), and 
metabolic acidosis, the other investigations were 

normal. Despite appropriate therapy, he expired 
within 6 h of admission.

9.2  Autopsy Findings

A complete autopsy had been performed. There 
was marked enlargement of the heart (weight 
410 g) with marked enlargement and hypertro-
phy of the left ventricle (Fig.  9.1a). The trans-
verse section showed severe hypertrophy with 
bulge of the interventricular septum on to the 
right side with visible small foci and streaks of 
grey-white fibrosis (Fig.  9.1b). The right coro-
nary artery was dominant and all epicardial 
arteries were patent. The great arteries had a nor-
mal relationship. The ascending aorta was larger 
than the pulmonary trunk. The ascending aorta 
was opened out by cuts through its anterior and 
posterior walls to reveal marked valvular aortic 
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a b

c

Fig. 9.1 (a) Marked cardiomegaly produced by left ven-
tricular LV hypertrophy; (b) Hypertrophied LV myocar-
dium with prominence of the papillary muscles and 
trabeculae. Note small foci of scarring (arrows); (c) 

Opened out ascending aorta AA reveals severe stenosis. 
All fused commissures * are at the same level. (A anterior 
wall, IVS interventricular septum, L lateral wall, P poste-
rior wall, PT pulmonary trunk, RV right ventricle)

stenosis (AS, Fig. 9.1c). All the 3 commissures 
were present at the same level, but were exten-
sively fused with a central slit like narrow orifice 
(0.8  cm across, Fig.  9.2a). All the cusps were 
markedly thickened with calcification and roll-
ing out of the free margins (Figs. 9.2b and 9.3). 
Surprisingly, the mitral valve appeared mini-
mally involved (Fig. 9.4). There was mild thick-

ening of both leaflets with fusion of the 
posteromedial commissure and associated 
chordal thickening; histology revealed chronic 
healed mitral valvulitis (Fig.  9.4). Other organ 
findings included chronic passive venous con-
gestion of liver and lungs with extensive pulmo-
nary edema.

Cause of Death: Severe Rheumatic AS.

P. Daga and P. Vaideeswar
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a b

Fig. 9.2 (a) The aortic valve has been cross-sectioned after decalcification; (b) Scan of the whole mount section shows 
commissural fusion and cuspal thickening with calcification (H&E). * represents the commissures

a c

db

Fig. 9.3 (a) Cuspal fibrosis; (b) Intra-cuspal calcification with surrounding inflammation; (c) The calcification reaches 
up to the cuspal surface; (d) The calcific nodule ulcerates through the surface (H&E × 250)

9 Dominant Rheumatic Aortic Stenosis
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Fig. 9.4 The mitral valve shows mild changes in all the 
valvular components. Inset shows the section taken, 
stained by H&E

9.3  Discussion

In this young patient, severe AS had produced 
rapid deterioration of the left ventricular dysfunc-
tion. Traditionally, AS is classified with reference 
to the level of obstruction as subvalvular, valvular, 
and supravalvular. By and large, valvular AS rep-
resents the most common type of valvular heart 
disease in the developed countries, where it is 
related to age-related calcification of the normal 
aortic valve (AV) (See Chap. 12) or calcification 
of congenitally malformed AVs (See Chaps. 13 
and 14). It is often associated with other valvular 
diseases, which may be of the same or another eti-
ology. However, in the middle—and low-income 
countries, chronic rheumatic heart disease (RHD) 
remains the most common cause of AS, where it 
is always associated with concomitant rheumatic 
mitral valve disease (stenosis and/or regurgita-
tion) or aortic regurgitation (AR). It should also 
be noted that the incidence of rheumatic AS is 
superseded by rheumatic MS and in the majority 
of RHD patients (75%), isolated mitral stenosis 
(MS) is seen. ‘Clinically’ isolated AS (as seen in 
our case) due to RHD is an uncommon finding, 
with a prevalence of less than 2%. If such cases 
are encountered at autopsy, it would be necessary 
to inspect the MV carefully for subtle changes 
and subject the valve for histopathology to dem-
onstrate the chronic changes of rheumatic valvuli-
tis (fibrosis and neovascularization).

Like MS, AS also begins with commissural 
fusion, which may uniformly affect all 3 com-
missures, as seen in the present case. At times, 

there may be severe involvement of one of the 
commissures, which may give a pseudo-bicuspid 
appearance. The cusps become thickened and 
retracted. In due course of time, calcification 
occurs, which typically involves the free margins 
and often placed towards the commissural 
aspects. These changes make an AV functionally 
stenotic as well as regurgitant in most cases. 
Slowly progressing AS leads to LV outflow tract 
obstruction, which is initially compensated with 
myocardial hypertrophy. This helps in maintain-
ing cardiac output until excessive hypertrophy 
and decreased compliance lead to diastolic fail-
ure. Increased LV pressures are transmitted to left 
atrium (LA) which causes LA dilatation and pre-
disposes an individual to atrial fibrillation, 
chronic pulmonary congestion, and venous 
hypertension. These pathophysiological adapta-
tions are further modified by the presence of 
proximal valvular lesions. Due to the ability of 
the heart to maintain cardiac output with mild to 
moderate AS, patients may remain asymptomatic 
for many years. However, once the valve orifice 
is <1  cm2, they become symptomatic reflecting 
exhaustion of compensatory mechanisms of the 
heart. Patients with rheumatic AS become symp-
tomatic earlier in life (akin to those with AS pro-
duced by congenital deformed valves), and the 
mortality dramatically increases; without inter-
vention, the average lifespan is only 2–3 years. 
The classic triad of symptoms (in the order of 
appearance) consists of dyspnea on exertion, 
chest pain, and syncope. In the later stages of the 
disease, symptoms of LV failure and right ven-
tricular (RV) failure secondary to pulmonary 
hypertension set in. Occasionally, some asymp-
tomatic patients with severe AS do die suddenly 
with an estimated risk of 0.5–1.0% per year, as 
noted in the index case.
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10Mitral Valvular Prolapse 
and Sudden Cardiac Death

Shashank Tyagi, Manoj Parchake, 
and Pradeep Vaideeswar

10.1  Clinical History

A 34-year-old woman had a late night syncopal 
attack and could not be revived. The body was 
referred for a medicolegal autopsy.

10.2  Autopsy Findings

There was mild cardiomegaly (weight 310  g) 
with mild left ventricular enlargement 
(Fig.  10.1a). The striking discovery was an 
abnormality of the mitral valve, which had all the 
characteristic gross features of a valvular pro-

lapse (Fig. 10.1b). There was no chordal rupture. 
The histopathology revealed disruption of the 
normal layered micro-architecture by increased 
proteoglycans in the valve substance (Fig. 10.1c) 
with classic mitral annular disjunction (Fig. 10.2). 
The myocardium of the left ventricle showed 
multiple small foci of scarring in the posterior 
and lateral walls (Fig. 10.3) and also in the poste-
rior papillary muscles. The lungs showed exten-
sive edema with focal hemorrhage. There was 
incidental lymphocytic thyroiditis. All other 
organs were normal.

Cause of Death: Mitral valvular prolapse and 
‘arrhythmogenic’ sudden cardiac death.
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a b

c d

Fig. 10.1 (a) Mild cardiomegaly with milk patches over 
the epicardial surface of right RV and left LV ventricles 
(arrows); (b) The mitral valve with glistening and moist 
appearance of both the anterior AML and posterior PML 
leaflets with prominent inter-chordal hooding (AA ascend-

ing aorta, LA left atrium, LAA left atrial appendage, PT 
pulmonary trunk, RAA right atrial appendage); (c) Leaflet 
showing increased basophilic ground substance substance 
(H&E × 100); (d) stained light blue (Alcian blue × 100)

a b

Fig. 10.2 Mitral annular disjunction (arrow) showing curtain-like separation of the left ventricular LV summit from the 
left atrial-mitral annular junction, (a) Scanned slide stained by H&E and (b) H&E × 100

S. Tyagi et al.
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a b

Fig. 10.3 (a) Fibrous tissue surrounding individual or 
groups of cardiomyocytes; (b) Scanned slide of a section 
from the posterolateral wall of the left ventricle showing 

fibrosis (stained green) prominently located in the suben-
docardial region (Masson trichrome)

10.3  Discussion

A previously asymptomatic young woman had 
sudden death (SD), which is defined as “a natu-
ral, unexpected fatal event occurring within one 
hour from the onset of symptoms in an apparently 
healthy subject or in one whose disease was not 
so severe as to predict an abrupt outcome”. If the 
sudden demise is unwitnessed, SD refers to “the 
death of an individual within 24h after being seen 
alive and in a normal state of health”. The term is 
also extended to include “sudden, rapid and fatal 
deterioration in patients who have had a diag-
nosed stable chronic condition, or who have an 
illness, which would not be expected to cause 
death”. Most of the cases of SD are caused by 
cardiovascular disorders (sudden cardiac death, 
SCD), particularly ischemic heart disease (see 
Part VI) which accounts for over 80% of the 
cases in adults across all ages. Nonischemic 
myocardial disorders (see Part VII) and valvular 
diseases, though uncommon, are responsible for 

SCD in individuals below the age of 40  years. 
SCD in this young patient was caused by mitral 
valvular prolapse (MVP).

MVP is the most common example of myxoid 
mitral valvular disease and is the most frequent 
cause of mitral regurgitation (MR) in the devel-
oped world. It is characterized by a systolic 
 displacement of one or both mitral leaflets above 
the mitral annular plane into the left atrium. 
When the displacement is >2 mm and when the 
leaflet thickness is >5  mm, the condition is 
referred to as the classic type; in the non-classic 
type, the leaflet thickness is <5  mm, but more 
than the normal thickness of 1–2 mm. MVP has a 
prevalence of 2–3% and can occur in syndromic 
(secondary) or non-syndromic (primary) settings. 
The syndromic type, best exemplified by the 
Marfan syndrome, is associated with other car-
diac and extra-cardiac manifestations. Some 
cases of primary MVP are seen in the elderly and 
result from an acquired loss of collagen, elastin, 
and proteoglycans (fibroelastic deficiency). 
Another type of primary MVP that is seen in 
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young persons, especially women (like the pres-
ent case), is associated with increased proteogly-
cans in the valvular spongiosa (Barlow’s disease). 
It too occurs in isolation and the genetic basis 
(autosomal dominant in most cases) for this type 
is yet to be clearly elucidated; the setting can be 
sporadic or familial.

The morphological changes will vary depend-
ing on the degree of proteoglycan accumulation 
that leads to leaflet thickening/ chordal elonga-
tion/chordal rupture and can involve both leaflets, 
one leaflet, or parts of the leaflet. This is followed 
thereafter by mitral annular dilatation and 
patients present with chronic mitral regurgitation 
(MR). There is ensuing congestive cardiac failure 
and a predisposition to infective endocarditis (see 
Part V). Some patients also develop ST-T wave 
changes with ventricular ectopy which can lead 
to life-threatening tachyarrhythmias and SCD.

The prevalence of such cases of ‘arrhythmo-
genic’ or ‘malignant’ MVP in the SCD victims 
is 2.4% and they usually have bi-leaflet disease 
with moderate MR. Important substrates for the 
development of arrhythmias are left ventricular 
hypertrophy/fibrosis and MAD.  Myocardial 
fibrosis is mainly seen in the basal and mid- 
inferolateral parts of the left ventricle and the 
papillary muscles. MAD refers to separation of 
the left atrial wall-MV junction from the LV 
free wall so that there is a curtain-like appear-
ance at the posterior annulus. Endocardial ‘fric-
tional’ fibrosis that develops between the 

chordae tendineae can also be additional sub-
strates. The trigger is mainly the mechanical 
stretching of the cardiomyocytes, though there 
may be a role played by autonomic 
dysfunction.
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11Congenital Valvular Mitral 
Stenosis

Pradeep Vaideeswar and Girish Sabnis

11.1  Clinical History

A 33-year-old male, admitted in severe respira-
tory distress, expired within 40 min of admission. 
He was symptomatic for a week with sudden- 
onset shortness of breath and atypical chest pain. 
There had been an admission in a private hospi-
tal, where a diagnosis of large ventricular septal 
defect (VSD) with Eisenmengerization was 
made. Due to financial constraints, he was dis-
charged against medical advice.

11.2  Autopsy Findings

There was marked enlargement of the heart 
(weight 420 g, Fig. 11.1) with marked enlarge-
ment of the right (RV) and moderate enlargement 
of the left (LV) ventricles. The apex was formed 
by both the ventricles and was flattened. There 
was also mild to moderate dilatation and hyper-
trophy of the atrial chambers. The great arterial 
relationship was normal, but the pulmonary trunk 

was dilated and larger than aorta. There was no 
coarctation, but a probe patent ductus arteriosus 
was present, measuring 1 cm in length. The pul-
monary trunk and its dilated branches showed 
intimal thickening with few atheromatous 
plaques. A large 1.5 × 1  cm VSD was present 
between the 2 limbs of the septal band below the 
anteroseptal commissure of the tricuspid valve on 
the right side (Fig.  11.2a), and below the right 
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Fig. 11.1 Marked cardiomegaly. The apex is formed by 
both the enlarged ventricles. The pulmonary PT is dilated 
(AA ascending aorta, LAA left atrial appendage, LV left 
ventricle, RAA right atrial appendage, RV right ventricle)
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coronary cusp of the aortic valve on the left side 
(Fig. 11.2b). Accessory valvular tissue was pres-
ent on the right aspect, which could have pro-
duced some degree of restriction to the 

left-to-right shunt (Fig.  11.2b). The septal and 
anterior leaflets adjoining their commissure were 
thickened, focally calcified with chordal thicken-
ing (Fig. 11.2a). There was marked RV and mild 

a b

dc

Fig. 11.2 Perimembranous ventricular septal defect as 
seen from the (a) right (white arrows) and (b) left side 
(black arrow). The tricuspid valve TV leaflets are thick-
ened and focally calcified. Accessory valvular tissue * is 
seen at the site of the defect on the left side (AA ascending 

aorta, AV aortic valve, LV left ventricle, RA right atrium, 
RV right ventricle); Hypertrophy of (c) right and (d) left 
ventricle (H&E × 400). Note the larger size of the cardio-
myocytes in the right ventricle
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a b
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Fig. 11.3 Congenital mitral stenosis. Chordae tendineae 
attached to the (a) anterolateral commissure ALC and (b) 
posteromedial commissure PMC appear directly attached 
to left ventricular LV endocardium. Two slender papillary 
muscles appear to be directly attached to the leaflets; (c) 

Scanned image of the H & E stained section of the poste-
rior mitral leaflet, which is thickened; Mounds of hyalin-
ized fibrosis on the flow surface depicted in (d) area 2, 
which is at the left atrial-mitral annular junction and (e) 
area 1, which is at the line of closure (H & E × 100)

LV hypertrophy (Fig.  11.2c, d). An incidental 
finding was congenital mitral stenosis (MS). 
There was moderate commissural fusion with 
moderate leaflet thickening. The tendinous cords 
were hardly formed. A ‘netted’ curtain and a 
‘membranous’ curtain connected the anterolat-
eral and posteromedial commissures, respec-
tively, directly to the left ventricular endocardium 
(Fig. 11.3). Two slender papillary muscles were 
also present and appeared directly attached to the 
leaflets. The lungs revealed only mild medial 
hypertrophy of the arteries. Other organs were 
normal.

Cause of Death: Congenital mitral stenosis 
with perimembranous VSD.

11.3  Discussion

The unexpected finding in this case was the typi-
cal congenital mitral stenosis (C-MS), which is 
an example of congenital obstruction to left ven-
tricular inflow tract. Apart from C-MS, the 
obstruction can be located at/near the junction of 
pulmonary vein and left atrium or within the left 
atrium (cor triatriatum). In general, congenital 
mitral valve anomalies are uncommon entities 
and the incidence of stenosing lesions has been 
estimated at 0.6% of necropsy cases of congeni-
tal heart disease and 0.21–0.42% of clinical 
cases. It is important to note that C-MS involves 
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the annulus, the zone immediately above and 
contiguous with the annulus, the leaflets, and the 
subvalvular apparatus usually in combination 
and in varying severity. Moreover, it is typically 
associated with other congenital cardiac malfor-
mations (particularly obstructive like Shone’s 
complex), which may mask or get masked by 
C-MS.

Ruckman and Van Praagh proposed a simple 
classification based on pathologic findings of 
autopsied specimens of C-MS, in which 4 cat-
egories were described: (1) Typical MS with 
thickened leaflets, short and thickened chordae 
tendineae, obliteration of interchordal spaces, 
underdevelopment of papillary muscles, and 
reduction of interpapillary distance (as seen in 
the present case); (2) Hypoplastic MS, where 
all components are miniaturized and which is 
almost always associated with a hypoplastic 
left heart syndrome; (3) Supramitral (supraval-
vular) ring with a nearly circumferential con-
tinuous or discontinuous endocardial fibrous 
ridge at or above the mitral annulus but distal to 
the opening of the left atrial appendage; and (4) 
Parachute mitral valve, where thick and short 
chordae are attached to a single papillary mus-
cle (typically the posterior). The physiologic 
consequences of C-MS are analogous to 
acquired MS (See Chap. 5).

Any narrowing in the pulmonary circulation 
produces a reduction in pulmonary blood flow 
and pulmonary to systemic blood flow ratio in a 
posttricuspid shunt. The group of patients with 
VSD and mitral valve disease had high measured 
pulmonary vascular resistance (PVR) and low 
pulmonary blood flow on evaluation and had a 
significant immediate postoperative fall in PVR 
and pulmonary artery pressure. The absence of 
irreversible pulmonary vascular disease (as seen 
on histology in the case presented) may be due to 

the protective effect of C-MS.  This can be 
explained as if we are taking Ohm’s Law into 
action, i.e., V = IR, where V is pressure gradient 
across the pulmonary circulation, I indicates pul-
monary blood flow, and R the pulmonary vascu-
lar resistance. Elevated left atrial pressure due to 
C-MS here acts as a resistance in series to the 
pulmonary blood flow, which was the natural 
mechanism that prevented significant left-to- 
right shunt and consequent irreversible pulmo-
nary vascular changes. Additionally, the 
restriction of the left-to-right shunt produced by 
accessory valvular tissue might have played a 
secondary role. Lung pathology showing only 
mild to medial hypertrophy points against a sig-
nificant Eisenmenger physiology. This hemody-
namic situation is similar to pulmonary vascular 
disease observed in pure mitral valve disease 
which is reversible in most cases. Increased flow, 
rather than pressure, is the important factor in 
producing changes in pulmonary vascular dis-
ease associated with congenital heart disease and 
therefore in deciding the prognosis. Although an 
incidental finding, C-MS appears to be the cen-
tral pathophysiologic mechanism leading to the 
terminal event in our case.
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12Senile Calcific Aortic Stenosis

Pradeep Vaideeswar and Sagar Kulat

12.1  Clinical History

A 72-year-old woman, with a past history of 
hypertension and ischemic heart disease, devel-
oped sudden onset of shortness of breath and was 
admitted in an unconscious state. The peripheral 
pulses were not felt and the blood pressure was 
not recordable. She expired despite resuscitative 
measures within an hour.

12.2  Autopsy Findings

There was moderate cardiomegaly (380 g). The 
apex, pointing to the left, was rounded and 
formed by a moderately enlarged left ventricle 
(Fig.  12.1a). The right coronary artery had a 
dominant circulation; all the coronaries showed 
multifocal atherosclerosis with short segments of 
critical stenosis. No thrombi were present. The 
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Fig. 12.1 (a) Rounded apex formed by an enlarged left 
ventricle LV; (b) The atherosclerotic ascending aorta has 
been opened out to show calcific nodules within the 
sinuses-of-Valsalva.; (c) Flow and (d) Non-flow surface of 

one of the calcified cusps with few fenestrations (arrows). 
The photograph has been taken after decalcification and 
the tissue appears yellow

myocardium showed concentric hypertrophy; 
regional foci of fibrosis or softening were not 
present. The aortic annulus was of normal size. 
All the 3 cusps were mildly thickened with 
rounding and rolling of the free margins and 
showed the presence of large and small nodules 
of calcification (Fig.  12.1b) that were predomi-
nantly localized to the basal aspects of the non- 
flow surfaces (Fig.  12.1c, d). The calcification 
was located within the valve substance 

(Fig. 12.2a, b). Some of the larger nodules also 
extended to the surface to produce ulcerations 
(Fig. 12.2c); no thrombi were present. This would 
have led to moderate aortic stenosis (AS). 
Calcification was not present on the ventricular 
aspect of the mitral valve or over the interven-
tricular septum. There was no commissural 
fusion.

Cause of Death: Critical Coronary 
Atherosclerosis and Acute Myocardial Ischemia.
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Fig. 12.2 (a) The cusp has been serially sectioned after 
the process of decalcification; (b) Calcification seen as 
irregular pinkish to purplish material (H&E × 200); (c) 

Calcification is seen to reach up to the surface (arrow) on 
the non-flow aspect of the cusp (H&E × 200)

12.3  Discussion

Aortic valve disease results in significant mor-
bidity and mortality through all age groups and 
may be due to congenital, post-inflammatory, or 
‘degenerative’ changes in the structure of the 
valve. With the decline in incidence of rheumatic 

heart disease in developed countries, most aortic 
valve surgery today (repair or replacement) is for 
noninflammatory causes and many such patients, 
especially adults who present clinically with 
AS.  In the present case, a hypertensive lady in 
her seventh decade with diffuse critical coronary 
atherosclerosis, the autopsy also showed pres-
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ence of nodular calcification of all the 3 cusps of 
the aortic valve. This is an example of an age-
dependent calcific AS, which currently is the 
most prevalent form of stenosis across the world, 
especially in industrialized and high-income 
countries. It most commonly affects individuals 
above the age of 65 years with an almost equal 
sex distribution.

Aortic valvular sclerosis and calcific AS, 
which were thought to be separate entities, are 
now considered as two ends of the spectrum of 
the same disease process. In sclerosis, cuspal 
thickening and stiffening occur as a result of lipo- 
calcified deposits seen at the basal aspects of the 
semilunar cusps (the sites of maximal flexion) 
and at the lines of coaptation. This change, which 
involves the fibrosa layer, is devoid of any clini-
cal dysfunction and is observed in about 30% of 
persons beyond 65  years of age and in almost 
50% of individuals over the age of 85 years. In 
due course of time, depending on risk factors, the 
sclerosis can progress to calcareous masses that 
anchor the cusps to the annulus, leading to vary-
ing degrees of hemodynamically significant cal-
cific AS. This affects 23% of those above 65 years 
of age and up to 12.4% of individuals greater 
than 75 years of age. There are specific features 
which differentiate calcification that develops 
over rheumatic affliction (See Chap. 9). There is 
no commissural fusion so that the valve remains 
triradiate (at least in the initial stages). The heaps 
of craggy calcification are ensconced within the 
sinuses-of-Valsalva towards the basal and non- 
flow aspect of the cusps. Furthermore, the free 
margins of the cusps are also initially uninvolved. 
The calcification can leave their valvular confines 
to extend onto the ventricular aspect of the mitral 
valve or over the interventricular septum. In 
patients with the latter, heart blocks can arise due 
to damage of the conducting tissue. The calcific 
deposits can ulcerate through the cusps and pre-
dispose to thrombosis, calcific/thromboemboli, 
and hemolytic anemia.

In the past, calcific AS was considered as an 
age-related and mechanical stress-related wear- 

and- tear disease and was termed as senile degen-
erative form of AS. However, it has now proved 
beyond doubt that it is indeed an active cell- 
mediated process. For optimal cuspal function 
and resistance to mechanical stress, the cuspal 
cells (valvular endothelial cells and valvular 
interstitial cells) and the extracellular matrix 
components (collagen, elastic, and proteogly-
cans) have a specific arrangement according to 
the blood flow, i.e., fibrosa on the non-flow 
aspect, ventricularis on the flow aspect, and spon-
giosa in the middle. Calcific AS is said to occur in 
2 phases of initiation and propagation. The pro-
cess is initiated by endothelial injury at the areas 
of maximal hemodynamic stress, accentuated by 
modifiable and non-modifiable risk factors that 
are usually attributed to the more common ath-
erosclerosis. The injured endothelium is highly 
permeable with consequent lipid infiltration and 
deposition in the valvular interstitium. Lipid oxi-
dation provokes chronic inflammatory cell infil-
trate and there is formation of lipo-calcification 
and neoangiogenesis. Though our patient had 
both coronary atherosclerosis and calcific AS, all 
patients do not necessarily have a similar associa-
tion, indicating that other pathways may also be 
involved. In the propagation phase, this initial 
‘atherosclerotic’ process, through various molec-
ular stimuli, leads to phenotypic switching of the 
valvular interstitial cells. With myofibroblastic 
and osteoblastic differentiation, there is increas-
ing amounts of fibrosis, calcification, and eventu-
ally even osteo-chondromatous metaplasia 
(metaplastic calcification).

The pathophysiology of calcific AS is similar 
to the other causes of AS (See Chap. 9). Despite 
a mine of information regarding the pathogene-
sis, medical therapy is not yet available to prevent 
progression or reducing the mortality. Dramatic 
results are still offered by surgical or transcathe-
ter aortic valve replacements. In the case pre-
sented, the stenosis appeared as an incidental 
finding and may have contributed indirectly to 
the mortality by adding on to the degree of hyper-
trophy produced by hypertension.
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13Bicuspid Aortic Stenosis

Pradeep Vaideeswar

13.1  Clinical History

A 63-year-old lady had been diagnosed with 
degenerative aortic stenosis (AS) 2  years ago. 
There was associated mild regurgitation and the 
left ventricular ejection fraction was 65%. She 
had been advised surgery, but the patient and her 
relatives were unwilling for the procedure. She 
was on antihypertensives for the past 4 years. She 
was now admitted in a gasping state and expired 
within 30 min.

13.2  Autopsy Findings

The heart was markedly enlarged in size (460 g) 
with marked concentric left ventricular hyper-
trophy (Fig.  13.1a, b) and focal scarring. The 
ascending aorta was dilated (3.6 cm in diameter) 
and showed differential thickening of its walls. 
The anterolateral wall was papery thin, while 
the posteromedial wall was of normal thickness 
with a calcified atheroma (Fig.  13.1a). The 
transverse, the descending thoracic, and abdom-

inal portions of the aorta were normal. The aor-
tic valve was bicuspid (Fig.  13.1c, d) with a 
larger anterior and smaller posterior cusp. The 
anterior sinus-of- Valsalva showed low-lying 
calcified raphe, and the coronary ostia arose on 
either side of this ill- formed commissure. 
Calcific nodularity was present in both the 
cusps, but maximally over the raphe (Fig. 13.2). 
The coronary arteries were devoid of significant 
atherosclerosis. Sections from the thinned por-
tion of the aorta revealed varying proportions of 
elastic tissue loss and fragmentation, loss of 
smooth muscle nuclei, and intralamellar 
increases in the mucoid extracellular matrix 
accumulation, which were summed up as mod-
erate aortopathy (as per the joint consensus 
statement from the Society for Cardiovascular 
Pathology and the Association for European 
Cardiovascular Pathology). The lungs were 
edematous with additional features of chronic 
passive venous congestion. The kidneys and 
other organs were normal.

Cause of Death: Bicuspid aortic valve (BAV) 
with severe stenosis.
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Fig. 13.1 (a) Marked cardiomegaly. Both great arteries 
are dilated; dilatation of the ascending aorta AA exceeds 
that of the pulmonary trunk PT. Arrow points to the ath-
eroma in the posteromedial wall; (b) Marked concentric 
left ventricular LV hypertrophy with small cavity size and 
slit-like right ventricular RV chamber; (c) Calcified 

anterior- posterior type of bicuspid aortic valve with a low- 
set raphae in the anterior sinus (arrow); (d) Cross-section 
of the valve after decalcification showing prominent cal-
cific nodularity at the site of the raphae * (A anterior wall, 
L lateral wall, LAA left atrial appendage, IVS interven-
tricular septum, P posterior wall)
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Fig. 13.2 (a) Image of the scanned H&E stained slide to cuspal calcification (stained blue) almost completely replac-
ing the raphae *(b) Cuspal fibrosis, calcification, and focal neovascularization (H&E × 250)

13.3  Discussion

A clinical (and possibly an echocardiographic) 
diagnosis of AS due to ‘degenerative’ valvular 
disease (See Chap. 12) was found to be caused by 
heavy calcification of a BAV. It is the commonest 
congenital cardiac anomaly, where the AV is 
composed of 2 cusps, instead of the normal 3. It 
has an estimated prevalence of 1–2% of the popu-
lation with a strong male predominance (male to 
female ratio of 3:1). BAV occurrence is sporadic 
or familial, where it is seen as an autosomal dom-
inant disorder with low penetrance. It may also 
be associated with congenital cardiac malforma-
tions and other inherited chromosomal or con-
nective tissue disorders.

Most often, the BAV comprises 2 unequal 
cusps, with the larger one having a central low- 
set raphe within the sinus-of-Valsalva. The raphe 
or the ill-formed commissure represents the site 
of fusion of the adjoining cusps during valvulo-
genesis and hence the larger conjoined cusp 
shows a notch at its free margin. In majority of 

the cases (74%, also seen in our case), the larger 
cusp is formed by the fusion of the right and left 
coronary cusps, which leads to the anterior- 
posterior subtype; the 2 coronary arteries arise 
from the sinus of the larger cusp on either side of 
the raphe. Embryologically, this type results 
from anomalous septation of the proximal por-
tion of the cardiac outflow tract, caused by dys-
functional neural crest cells. In other individuals, 
the larger cusp is formed by fusion of the right 
and noncoronary cusps (24%) or by fusion of the 
left and noncoronary cusps (2%), both of which 
give rise to the left-right (laterolateral) subtype. 
The arteries would then arise in their respective 
right and left sinuses. This morphology arises 
from a defect that occurs before cardiac outflow 
tract septation on the basis of an exacerbated 
nitric oxide- dependent epithelial-to-mesenchy-
mal transformation. Occasionally, the cusps are 
symmetrical and equal sized, devoid of raphe. 
This is the appearance of ‘pure’ BAV, which can 
also have anterior-posterior and left-right 
subtypes.
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Fig. 13.3 (a) Increase in the basophilic mucoid extracellular material in the media confined to the lamellar units (H&E 
× 400); (b) Fragmentation and loss of elastic fibers in the media (Elastic van Gieson × 400)

There is substantial evidence that BAV is not 
just a disease of abnormal valvulogenesis and 
valvular function, but has effects exerted on to 
the aortic root and the thoracic aorta, which are 
not explained merely on the basis of altered 
hemodynamics. It is to be noted that irrespec-
tive of the cuspal placement, BAV is always 
morphologically stenotic (at least to begin 
with), but may be seen as incidental finding at 
autopsy as seemingly competent valves. 
However, in the majority of the cases, valvular 
dysfunction sets in by the third to fourth 
decades of life. The abnormally oriented ori-
fices lead to abnormal flow pattern and turbu-
lence, which in due course of time promotes 
valvular stenosis through fibrosis and calcifica-
tion. Flow-induced annular dilatation with sub-
optimal coaptation, cuspal redundancy/
prolapse, and/or cuspal destruction by infective 
endocarditis (See Part V) produces valvular 
incompetence. But, both dysfunctions can also 
coexist. Calcific stenosis remains the most 
common complication, with an incidence from 

60 to 80% and is classically seen in the elderly 
population with BAV. Calcification is seen more 
commonly in the right-left form and usually 
begins at the raphe. The initiation and progres-
sion is through mechanisms similar to those in 
age- related calcific stenosis of a three-cuspid 
AV (See Chap. 12). Our patient was a hyperten-
sive, and in all probability, the severe calcifica-
tion would have obliterated the tell-tale features 
of BAV on imaging.

An additional finding, which in this case was 
incidental, was the presence of moderate degree 
of aortopathy restricted mainly to the anterolat-
eral wall of the dilated ascending aorta. In this 
regard, it has been suggested that the BAV is a 
disease not only of the valve, but a disease of the 
aortic root and the aortic segment up to the liga-
mentum arteriosum. The abnormality manifests 
as aneurismal dilatations involving the aortic 
root, ascending aorta and arch in isolation or in 
combination (owing to their different 
 embryological origins), and even acute aortic dis-
section. It has also been noted that the site and 
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degree of involvement may also depend on the 
type of BAV, e.g., the anterior-posterior type is 
associated with annulo-aortic ectasia and asym-
metric dilatation of the ascending aorta, while 
isolated ascending aortic aneurysm is linked to 
the left- right type of BAV. The paucity of smooth 
muscle cells, loss and fragmentation of elastic 
fibers, and increased accumulation of proteogly-
cans are related to not only the flow-related 
hemodynamic stress, but also to genetic predis-
position as well; mediation is through increase in 
the activity of matrix metalloproteinases and 
abnormalities in fibrillin-1 protein. Hence, the 
definitive treatment of BAV dysfunction by valve 
replacement is usually accompanied by aortic 
root repair and/or graft replacement of the tubular 
ascending aorta. It is also to be noted that the aor-
tic changes are also prevalent (to the extent of 
30%) in first degree relatives of BAV patients 
even with a normal three-cuspid aortic valves, 
which calls for screening of such individuals as 
well.
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14Unicommissural Unicuspid Aortic 
Stenosis with Idiopathic Aortitis

Pradeep Vaideeswar

14.1  Clinical History

A 28-year-old male was admitted in a private 
nursing home for acute febrile illness with 
increasing shortness of breath and episodic chest 
pain. The routine hematological and biochemical 
tests were normal. The peripheral smear for 
malarial parasite and serology for hepatitis, den-
gue, leptospirosis, and HIV were negative. He 
was transferred to our center in a gasping condi-
tion and expired within 2 h.

14.2  Autopsy Findings

The heart weighed 452  g. There was moderate 
cardiomegaly due to marked enlargement of the 
left ventricle (Fig.  14.1a). A transverse section 
showed moderate concentric left ventricular 
hypertrophy (Fig. 14.1b). The aorta and pulmo-
nary trunk had a normal relationship, but the 
ascending aorta (diameter of 3.8 cm) was twice 

the size of the pulmonary artery. The posterolat-
eral aspect of the dilated aorta also showed a sac-
cular bulge (5 × 4  cm, Fig.  14.1a) with a 
mulberry-like appearance. The aorta was opened 
out through cuts on its anterior and posterior 
walls to avoid the aneurysm. It showed a heavily 
calcified unicommissural, unicuspid aortic valve 
(UAV) with a small (0.8 cm) eccentric orifice that 
was oriented posteriorly (Fig. 14.2). The aneuris-
mal wall was papery thin (Figs. 14.2a and 14.3a) 
and crackled due to focal calcification. Rest of 
the ascending aorta was firm in consistency and 
revealed characteristic features of aortopathy. 
But, the histology from the aneurismal area 
revealed occult idiopathic giant-cell arteritis. The 
arch and the descending portions of the aorta 
were normal. There was moderate left ventricular 
hypertrophy with foci of scarring and ischemia. 
Edema and focal bronchopneumonia were also 
present.

Cause of Death: Unicommissural unicuspid 
AV with severe calcific stenosis.
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Fig. 14.1 (a) Moderate cardiomegaly. A dilated ascend-
ing aorta AA shows irregular outpouching (arrow) on the 
lateral aspect; (b) Concentric left ventricular LV hypertro-

phy (A anterior wall, IVS interventricular septum, L lateral 
wall, LAA left atrial appendage, P posterior wall, PT pul-
monary trunk, RV right ventricle)

a b

c

Fig. 14.2 (a) Opened out ascending aorta. It shows 
severe stenosis produced by a unicommissural * unicus-
pid aortic valve; (b) Serial slices of the decalcified valve 

and its corresponding (c) scanned H&E stained slide show 
extensive calcification. * represents the true commissure
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Fig. 14.3 Striking aortopathy—(a) Intralamellar increase 
of basophilic ground substance (H&E × 400) and (b) 
Fibrosis with separation and fragmentation of the elastic 
fibers, which appear as dark pink ribbons (H&E × 400); 
(c) A large focus of laminar necrosis (arrows) with sur-

rounding inflammation. The entire necrotic zone shows 
loss of smooth muscle nuclei (H&E × 200); (d) 
Lymphocytes, plasma cells, macrophages, and occasional 
giant cells are seen to hug the laminar necrosis LN (H&E 
× 400)

14.3  Discussion

Apart from coronary artery disease, an important 
cause for chest pain in young adults is a dynamic 
or fixed obstruction to the left ventricular (LV) 
outflow. This is invariably induced by ischemia 
of hypertrophied LV myocardium, produced in 
this case by severe stenosis of UAV. Among the 
congenital malformations of the AV, UAV is a 
rare anomaly, predominantly seen in males with a 
male to female ratio of 4:1. It has an incidence of 
0.02% in the general population to even as high 
as 22% for patients referred for AV surgery. This 
variation is explained by erroneous diagnosis of 
some cases as bicuspid AS (See Chap. 13) due to 
overlapping clinical presentation and imaging 
characteristics. Hence, postsurgery diagnosis by 
a cardiovascular pathologist is considered as the 
gold standard.

Two morphologic subtypes are described. The 
unicommissural valve has a single cusp that is 
attached circumferentially to the annulus, leading 
to a dome-shaped valve with a central pin-hole 

orifice, which results in significant stenosis in 
early childhood. Some of them are also associ-
ated with other congenital anomalies like ven-
tricular septal defects, patent ductus arteriosus, 
aortic coarctation, and anomalous coronary arter-
ies. Unicommissural valve, commonly seen in 
adults, has a single point of attachment to the aor-
tic wall through a true commissure, leading to an 
eccentric, elliptical, and exclamation mark/U/tear 
drop-shaped orifice. In most cases, it is possible 
to identify the 2 ill-formed commissures or 
raphes. The distance between the true commis-
sure and the raphes is nearly equal, while the cus-
pal tissue between the raphes is both smaller and 
thicker.

It is said that BAV and UAV represent the con-
tinuum of the same disease since they share simi-
lar underlying predisposition, demographics, and 
clinical presentation. However, a unicommissural 
UAV with a smaller orifice and an element of 
inherent incompetence predisposes the valve to 
early fibrosis and calcification leading to clinical 
manifestation of AS in the third to fifth decades 
of life, which is more common and more severe 
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when compared to age-matched bicuspid 
AS. Severe stenosis was present in this case too. 
As with BAV, the calcification is most severe at 
the raphes. Aortopathy (See Chap. 13) and 
ascending aortic dilatations/aneurysms also 
occur in UAV with a prevalence of 6–62%, a 
range higher as compared to BAV. Our patient too 
had extensive aortopathy that had led to diffuse 
ascending aortic dilatation, but the area of sac-
culations revealed active inflammation of the aor-
tic wall—aortitis.

Aortitis refers to inflammation of the aorta, 
in particular the media with or without involve-
ment of the intima and adventitia. The inflam-
matory response can be categorized into specific 
histopathological patterns of: granulomatous/
giant- cell response, lymphoplasmacytic reac-
tion, suppuration, or mixed inflammatory pat-
tern. A predilection for the thoracic segments of 
the aorta is seen with the heterogeneous group 
of noninfectious aortitis, which would also 
require correlation of the pathological features 
with clinical, imaging, and laboratory parame-
ters. In this background, many of the cases of 
noninfectious aortitis have an underlying rheu-
matologic basis (See Part IX) with development 
of aortic regurgitation, aneurysms, or dissec-
tions. However, a certain subset of patients (pre-
dominantly elderly women) with aortic 
aneurismal disease (to the extent of almost 70%) 
and pathological features of necrotizing/non-
necrotizing, giant-cell/lymphoplasmacytic infil-
trate do not have any evidence of systemic 
disease at the time of clinical presentation. This 
manifestation is termed as idiopathic, isolated 
or non-syndromic aortitis and is now considered 
as single-organ vasculitis. In the illustrated case, 
the necrotizing giant-cell inflammatory response 
involved only part of the aorta, which was other-
wise affected by UAV- induced severe aortopa-

thy. Such an association has not been reported 
so far. Other regions of the aorta or other arter-
ies were also not involved and so, this would be 
an example of isolated aortitis, which may have 
manifested as a febrile illness in this young 
man. With an antemortem diagnosis, a regular 
follow-up of such patients with appropriate 
serological tests and imaging is advisable, as the 
current isolated aortitis may be the forerunner of 
a subclinical systemic vasculitis that could man-
ifest subsequently.
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15Mitral and Aortic Valvular 
Regurgitation Due To Rheumatoid 
Arthritis

Pradeep Vaideeswar

15.1  Clinical History

A 50-year-old female, a known case of rheuma-
toid arthritis (RA, rheumatoid factor 101 IU/mL, 
normal up to 20 IU/mL), was taking “Ayurvedic” 
preparations for her condition for the past 2 years. 
She now presented with generalized weakness, 
easy fatigability, palpitation, and edema feet for a 
month, followed by progressive dyspnea and 
orthopnea since the last 15 days. On examination, 
she was afebrile with a pulse rate of 96 per min-
ute, blood pressure of 100/70 mmHg, and respi-
ratory rate 42 per minute. There was raised 
jugular venous pressure. Mid-diastolic and early 
systolic murmurs with bilateral crepitations were 
heard on auscultation. The routine investigations 
revealed anemia (Hb 8.8 g/dL) and mild neutro-
philia (total leukocyte count of 21,000/cmm); the 
biochemical investigations were within normal 
limits. Moderate mitral and aortic regurgitations 
were seen on 2-dimensional transthoracic echo-
cardiography, while bilateral pulmonary ill- 
defined ground-glass opacities were present on 
high-resolution computed tomography. The clini-
cal diagnosis was interstitial lung disease. She 
was treated with injectable antibiotics and ste-

roids, but there was no improvement. She expired 
after 32 h of ward stay.

15.2  Autopsy Findings

At autopsy, there was moderate cardiomegaly 
(heart weight 320 g) with moderate biventricular 
enlargement (Fig. 15.1a). The great arteries had a 
normal relationship and the ascending aorta was 
larger than the pulmonary trunk. Apart from 
dilated right ventricular cavity, other right-sided 
structures were normal. The left atrium was nor-
mal. The left ventricular cavity was moderately 
dilated with patchy endocardial thickening and 
thinning of its wall (0.9 cm). Striking abnormali-
ties were noted in the mitral (MV, Fig. 15.1b) and 
aortic (AV, Fig.  15.1c) valves. There was mild 
mitral annular dilatation. Both the commissures 
were mildly fused. The leaflets were grey-white, 
thick, and leathery. Few of the chordae attached 
to the anterior mitral leaflet were thickened and 
fused with each other, but there was no shorten-
ing. The aortic annulus was also mildly dilated 
with mild fusion of all commissures and moder-
ate thickening of all 3 cusps. Jet lesion of aortic 
regurgitation was present in the subaortic region 
of the interventricular septum. On histology, both 
the mitral and aortic valves showed features of 
acute-on-chronic valvulitis. Characteristic find-
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c

Fig. 15.1 (a) Biventricular enlargement. Note almost 
equal sizes of pulmonary trunk PT and ascending aorta 
AA; (b) There is mild mitral annular dilatation with com-
missural fusion and leaflet thickening. Few chordae are 
thickened and fused (arrow); (c) The aortic annulus is 
dilated with mild cuspal thickening. The right coronary 
cusp RCC also has rounding of its margin. Arrows point to 

jet lesions of aortic regurgitation. Note eccentric atheroma 
in the left circumflex artery LCA (ALC anterolateral com-
missure, AML anterior mitral leaflet, LA left atrium, LAA 
left atrial appendage, LCC left coronary cusp, LV left ven-
tricle, NCC noncoronary cusp, PMC posteromedial com-
missure, PML posterior mitral leaflet, RAA right atrial 
appendage, RV right ventricle)

ings in these valves were the presence of small 
rheumatoid nodules, composed mainly of fibri-
noid with palisaded histiocytic reaction and stro-
mal fibrosis (Figs. 15.2 and 15.3). All coronary 
arteries were mildly atherosclerotic with no sig-
nificant narrowing (Fig. 15.1c). The lungs showed 

capillaritis, interstitial pneumonitis, and diffuse 
alveolar damage. The liver showed centrizonal 
focal necrosis. Kidneys and other organs were 
normal.

Cause of Death: Congestive cardiac failure 
with diffuse alveolar damage.
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a b c

Fig. 15.2 (a) Scanned H&E stained slide of the mitral 
valve showing a nodule (arrows) at the annulus with thick-
ening of the posterior leaflet; (b) Conglomerate of rheu-

matoid nodules with bright pink fibrinoid necroses (H&E 
× 200); (c) Palisaded histiocytes around the zone of necro-
sis (H&E × 400)

a

b c

Fig. 15.3 (a) Scanned H&E stained slide at the mitral- 
aortic intervalvular fibrosa showing thickening of the 
anterior mitral leaflet and left coronary cusp. Fibrotic nod-

ules (short arrow) present at the aortic annulus; Hyalinized 
nodules surrounded by irregular-shaped macrophages (b) 
(H&E × 200) and (c) (H&E × 400)
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15.3  Discussion

Cardiopulmonary manifestations were responsi-
ble for morbidity and mortality, respectively, in 
this patient with a long-standing history of 
RA. RA is the most common example of a chronic 
autoimmune inflammatory disease, which pro-
duces symmetric polyarticular synovitis of the 
small joints of the hands and feet and subsequent 
destruction and distortion. In the developed world, 
the incidence ranges from 0.5% to 1.0%, while in 
India, the incidence is not exactly known but is 
said to be in the range of 0.28–0.7%. Though 
small joint arthritis is the most characteristic fea-
ture of RA, it is also associated with extra-articu-
lar involvement of several organs, especially the 
lungs and the heart. Since the treatment of RA 
entails prolonged medications, sometimes with 
immunosuppressives, there is a likelihood that 
some patients may resort to traditional medicine, 
as seen in this case, enhancing the chances of 
development of extra- articular manifestations. 
Lung involvement is seen in 60–80% of RA 
patients and is generally seen after about 5 years, 
though in a small proportion; it may even precede 
the joint involvement. All compartments of the 
lung parenchyma may be affected. Often an inter-
stitial lung disease pattern is produced. In this 
case, diffuse alveolar damage (the cause of mor-
tality) was present along with interstitial pneumo-
nitis and capillaritis. The autopsy also revealed a 
concomitant cardiac disease in the form of left-
sided valvular regurgitations.

In general, the causes of mitral regurgitation 
(MR) may be related to abnormalities of different 
components of the valve or may arise to left ven-
tricular geometrical alterations. Similarly, aortic 
regurgitation (AR) arises not only due to valvular 
deformity, but is also produced by aortic root 
abnormalities secondary to left ventricular or 
aortic diseases. In this case, MR and AR were 
produced by smouldering valvulitis in a setting of 
RA. About 60% of patients with RA have some 
form of cardiovascular disease, which to a large 
extent is subclinical. However, it is the major 
contributor to mortality (35–50%) during the 
course of the disease. Important among them is 
ischemic heart disease due to coronary athero-

sclerosis initiated by the traditional risk factors 
and accelerated by chronic inflammation and 
cytokine activity. The aberrant immune response 
can also lead to cardiomyocyte hypertrophy and 
fibrosis with diastolic dysfunction, acute myocar-
ditis, and reactive secondary amyloidosis, all of 
which are the nonischemic myocardial disorders 
of RA. Ischemic and nonischemic pathology can 
pave way for the development of arrhythmias and 
sudden death. Pericarditis (effusive or constric-
tive) is the most common cardiac manifestation 
of RA, but hardly produces any hemodynamic 
compromise. In the case presented, no changes 
were noted in the pericardium and myocardium; 
there was mild coronary atherosclerosis. Aortitis, 
another rare finding in RA, was also not present. 
The cardiac disease was seen in the form of com-
bined mitral and aortic regurgitation.

Valvular disease is seen in about 30% of 
patients with RA, asymptomatic in the majority 
of the patients. MR is the most common form. 
The valvular dysfunction results from nonspe-
cific inflammation that affects the annulus and 
leaflets, predisposing to subsequent fibrosis and 
calcification. In some cases, the chronic valvular 
changes are produced due to rheumatoid nodules 
(RN) that are often located at the annuli or the 
midportions of the leaflets or cusps. The nodules 
can also be seen within the myocardium and can 
localize within the atrioventricular node causing 
heart block in some patients with RA. RNs are 
the other common extra-articular manifestations 
of RA with pathogenetic mechanisms possibly 
unrelated to the synovitis. They commonly occur 
in the juxta-articular subcutaneous tissue, but can 
also occur at other sites, including the lungs and 
the heart. Palisading epithelioid histiocytes sur-
rounding foci of necrobiosis and fibrin are typical 
histopathological features; fibrosis, granulation 
tissue, and lymphoplasmacytic infiltrate can also 
be present. In this case, multiple such nodules 
were located at the mitral and aortic annuli with 
prominent valvulitis. Nonbacterial thrombotic 
endocarditis can also develop over the affected 
valves; the thrombi and the nodules can serve as 
a nidus for infective endocarditis. Myocardial 
rheumatoid nodules and thrombi were not pres-
ent in this case.
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16Infective Endocarditis Following 
Balloon Valvotomy for Rheumatic 
Mitral Stenosis

Pradeep Vaideeswar and Girish Sabnis

16.1  Clinical History

A 46-year-old lady underwent successful percuta-
neous balloon mitral valvotomy (BMV) for severe 
rheumatic mitral stenosis (MS) 6 weeks ago in a 
private health-care facility. A week after the proce-
dure, she started getting spikes of high- grade fever 
and dry cough. She was readmitted to the same 
hospital, where the investigations showed a total 
leukocyte count (TLC) of 29,200/cmm with a left-
ward shift. Transthoracic echocardiography 
revealed well-relieved MS with mitral valve areas 
of 1.3 cm2 and 1.4 cm2 by planimetry and pressure 
half time, respectively, and a mean gradient of 
8 mmHg. There were no vegetations. Blood cul-
tures during a febrile episode grew Pseudomonas 
aeruginosa sensitive to piperacillin-tazobactam 
and amikacin. The fever responded to weight-
adjusted doses of the above antibiotics, only to 
recur 3  weeks later. This was accompanied by 
acute monoparesis of the right upper extremity. A 
CT scan revealed a fresh nonhemorrhagic infarct 
in the left middle cerebral arterial territory. At this 

stage, 6 weeks post- BMV, the patient was trans-
ferred to our institute for further management.

On examination, the patient was looked sickly 
and poorly nourished with mild pallor and grade 
1 clubbing. She had sinus tachycardia, blood 
pressure of 104/70 mmHg, and a normal jugular 
venous pressure. On auscultation, there was a 
short middiastolic murmur at the apex; the chest 
was clear. There was no hepatosplenomegaly. 
Her investigations on admission were as follows: 
hemoglobin 8.1  g/dL, TLC 18,000/cmm (86% 
neutrophils), platelet count of 3.2  lakhs/cmm, 
erythrocyte sedimentation rate 60 mm after 1 h, 
random blood glucose 115 mg/dL, serum creati-
nine 0.7  mg/dL, AST 16  U/L, and ALT 
7  U/L.  The HIV-ELISA was nonreactive; the 
C-reactive protein was elevated (180 U/mL, nor-
mal <5  U/mL). The ECG did not show atrial 
fibrillation. Transthoracic echocardiography 
revealed a successful valvotomy procedure, but 
there was a mass (1.5 × 1.0 cm) attached to the 
anterior mitral leaflet (AML, Fig.  16.1a). The 
diagnosis of the vegetation was confirmed on 
transesophageal echocardiography. The patient 
was empirically started on intravenous merope-
nem and amikacin. However, there was no 
improvement in the constitutional symptoms. 
Blood cultures again grew P. aeruginosa, which 
was now sensitive only to colistin, amikacin, 
netilmicin, and polymyxin B.  A regimen of 
intravenous colistin with amikacin was initiated. 
However, she had a progressively downhill 
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Fig. 16.1 (a) Vegetation attached to the anterior mitral 
leaflet; (b) Moderate enlargement of the right ventricle 
RV. The rounded apex is formed by both ventricles; (c) 
Mitral valve with characteristic features of rheumatic ste-
nosis. A probe has been passed through the septostomy. 
BMV has produced a spilt of the anterolateral commissure 

ALC. The posteromedial commissure PMC and adjoining 
leaflets (arrow) are covered by flattened, firm and friable, 
pale brown vegetations (AA ascending aorta, AML ante-
rior mitral leaflet, LA left atrium, LAA left atrial append-
age, LV left ventricle, PML posterior mitral leaflet, PT 
pulmonary trunk, RAA right atrial appendage)
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course, her leukocyte counts continued to rise 
(mean 24,300/cmm), and she succumbed 3 days 
later (8  days post-admission) to overwhelming 
sepsis.

16.2  Autopsy Findings

A restricted autopsy (partial chest and abdomen) 
was performed. The heart (300  g) was mildly 
enlarged in size with moderate enlargement of 
the right ventricle (Fig.  16.1b) and atria. The 
interatrial septum on the right atrial aspect 
showed a defect (0.8 × 0.5 cm) at the posterior 
aspect of the fossa ovalis (septostomy of BMV) 
with thickened irregular rim; on the left side, it 
appeared probe-patent (Fig.  16.1c). The mitral 
valve appeared stenosed (orifice measuring 1.4 × 
0.8 cm) with a split at the anterolateral commis-
sure. The posteromedial commissure continued 
to be fused and showed nodular calcification. 
Both the valve leaflets were markedly thickened 

with focal calcification. The medial aspect of the 
AML and the posterior leaflet were congested, 
rough, and irregular with red-brown granular 
thrombotic material over the flow surfaces 
(Fig.  16.1c). Basophilic bacterial colonies in a 
background of fibrin and neutrophils were pres-
ent over healed mitral valvulitis (Fig. 16.2). There 
was mild subclinical involvement of the aortic 
valve (mild commissural fusion with slight pro-
lapse of the noncoronary and right coronary 
cusps). No vegetations were seen. The left ante-
rior descending artery showed 75% stenosis by a 
fibro-fatty atheroma. Focal micro-abscesses were 
seen in the myocardium. Other findings included 
bronchopneumonia with diffuse alveolar damage 
(Fig.  16.3a), and mild changes of pulmonary 
venous hypertension, neutrophils, and their pre-
cursors within dilated sinusoids of liver 
(Fig. 16.3b) and spleen, chronic tubule- interstitial 
nephritis, and splenic infarction (Fig. 16.3b).

Cause of Death: Septicemia due to Infective 
Endocarditis (IE).

a b

Fig. 16.2 (a) Mitral valve with fibrosis, vascularization, and focal inflammation; (b) Vegetation composed largely of 
fibrin with clusters of basophilic bacterial colonies (H&E × 200)
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Fig. 16.3 (a) Pulmonary edema with hyaline membrane formations (H& × 200); (b) Dilated hepatic sinusoids contain-
ing neutrophils and their late precursors (H&E × 400); (c) Splenic infarction (H&E × 200)

16.3  Discussion

IE, a condition described 350 years ago, contin-
ues to instill a high degree of trepidation among 
the clinicians as it is still associated with debili-
tating morbidity and high mortality (25–30%); 
this is despite significant advances in the modes 
of diagnosis and therapy. It is an inflammation of 
the valvular or mural endocardium of the heart 
and endothelium of the large blood vessels 
induced by microorganisms, and this definition 
has been expanded to incorporate infections 
affecting prosthetic valves and other prosthetic 
devices/materials. Masses of septic thrombi or 
vegetations are finally formed at the site of infec-
tion. IE is an uncommon disease with an annual 
incidence of 3–10/100,000 of the population, 
particularly more frequent in males.

Formation of infective vegetation is a multi-
step process. It commences with endocardial or 
endothelial injury developing secondary to 
hemodynamic stress in a setting of acquired/con-
genital cardiac lesions or by mechanical trauma. 
The now abraded surface exposes the underlying 
extracellular matrix with ensuing deposition of 
fibrin and platelets and the formation of sterile 
thrombus. Under appropriate circumstances, a 
transient banal bacteremia allows initial adhesion 
and final colonization and proliferation of the 

microorganisms at the sites of injury. Involvement 
of the immune and hemostatic mechanisms 
allows deposition of larger amounts of fibrin. 
This ‘immunothrombosis’ forms a thick scaffold 
above the organisms, protecting them from 
phagocytosis and action of antibiotics. The 
underlying cardiovascular condition, the local-
izations of the vegetations, the overall status of 
the patient, the type and portal of entry of the 
offenders, and the temporal profile of onset lead 
to different categories of IE.

In the illustrated case, the patient developed 
acute left-sided IE over a mitral valve, which 
was deformed due to chronic rheumatic heart 
disease (RHD). In general, IE has a propensity 
to involve the left- sided valves and was often 
seen as untoward complication in acquired or 
congenital structural heart disease. In this con-
text, chronic RHD was considered as the major 
risk factor, which unfortunately remains the 
most common predisposing factor in the devel-
oping world even today. The organisms impli-
cated were the viridans group streptococci, 
released into the circulation during subtle cuta-
neous and oral, gastrointestinal or urogenital 
mucosal injury. In this case, the causative organ-
ism was P. aeruginosa and the IE was an exam-
ple of health-care associated infection, which 
developed within a week of within a week of 
BMV (See Chap. 6).
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BMV is now the procedure of choice in 
patients with severe rheumatic MS with a pliable 
mitral valve, despite the accompanying risk of 
minimal postprocedural regurgitation and left-to- 
right atrial shunting. In comparison to the more 
common serious complication of development of 
acute severe MR (incidence 3–8%), IE is a very 
rare event. Bacteremia occurs very infrequently 
during cardiac catheterization. The possible 
potentiating factors include prolonged procedure 
times, multiple catheter exchanges, and a possi-
ble reuse of single use disposable hardware. 
Apart from the existing deformity, the site of 
commissural fracture by balloon inflation could 
serve as a potential nidus for bacterial implanta-
tion, and the bacteria would have been directly 
transported to the left side via the septostomy 
opening. An aggressive pathogen, P. aeruginosa, 
was isolated, which is an organism causing right- 
sided endocarditis in intravenous drug abusers. In 
a review of P. aeruginosa IE without drug abuse, 
only 27 patients were reported in a span of 
21  years, which was related to health-care in 
majority of the patients (74%) associated with 
relapse (explained on the basis of quick adaptive 
resistance to antipseudomonal agents), aggres-
sive course, and high mortality (40%). As far as 
therapy is concerned, valve replacement remains 
the cornerstone of management of patients with 
fulminant sepsis not responding to antimicrobial 
treatment. Unfortunately, this was not possible in 
our patient due to rapid deterioration.
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17Infective Endocarditis of Normal 
Native Mitral Valve

Heena Desai and Pradeep Vaideeswar

17.1  Clinical History

A 22-year-old male was involved in a road traffic 
accident with trivial head injury. He was observed 
in a private hospital and discharged after 2 days; 
there was no fracture at any site. Five days later, 
he was readmitted in another hospital for 
moderate- grade fever with chills, headache, and 
right hemiparesis, where a diagnosis of pyogenic 
meningitis was made. Despite antibiotic therapy 
(details not available), he developed increasing 
respiratory distress and was transferred to our 
center for further management. He was admitted 
in an unconscious state with a pulse rate of 74 per 
minute and blood pressure of 90/60 mmHg. He 
was not responding to oral commands. The power 
and tendon reflexes were normal; plantars were 
down-going. The investigations have been com-
piled in Table 17.1. Intracranial tension-lowering 
agents and broad-spectrum antibiotics were 
administered, but he expired after 5 days.

17.2  Autopsy Findings

The heart was normal in size (230  g). There 
was a large (2.8 × 3.6  cm), friable, reddish 
brown vegetation at the posteromedial com-
missure, with extension into the adjoining 
leaflets and chordate tendineae; a small vege-
tation was also present over the posterior leaf-
let (Fig.  17.1a). Focal granularity was also 
present over the endocardium of the left atrial 
posterior wall (Fig.  17.1a). The vegetations 
(Fig.  17.2a) were composed of fresh throm-
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Table 17.1 Investigations

Hematological aHemoglobin 6.8 g/dL
aTotal leukocyte count 18,050/cmm
Differential count—Neutrophil 
predominant
aPlatelet count 1.64 lakhs/cmm

Biochemical—
Routine

aSerum creatinine 1.45 mg/dL
aBlood urea nitrogen 28 mg/dL
aSGOT 72 U/L
aSGPT 43.5 U/L
aSodium 149.3 mEq/L
aPotassium 3.9 mEq/L
aChloride 132 mEq/L

Radiological Ultrasonography: Mild right pleural 
effusion; splenic hypoechoic lesion
Magnetic Resonance Imaging—
Brain: Acute nonhemorrhagic 
infarct in left middle cerebral 
arterial territory and right thalamus

Others Urine examination: Normal 
cerebrospinal fluid examination: 
Normal blood culture: Negative

aMean values
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a b

Fig. 17.1 (a) Large vegetation over the postero-medial 
commissure. Note smaller vegetation (white arrow) over 
the posterior leaflet and endocardial granularity (black 
arrow) of the left atrium LA (AML anterior mitral leaflet, 
LV left ventricle, PML posterior mitral leaflet, PPM poste-

rior papillary muscle); (b) Scan of the section taken from 
the left ventricular LV inflow tract showing complete 
destruction of the valvular tissue by the large vegetation V 
(CS coronary sinus, LA left atrium)

a c

b

Fig. 17.2 (a) Basophilic granular bacterial colonies seen amidst fibrin and platelets (H&E × 100); (b) Gram-positive 
cocci (Modified Gram’s stain × 400); (c) A layer of fibrin (arrow) lines the left atrial endocardium (H&E × 200)
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bus, in which were embedded basophilic 
coarse Gram-positive bacterial colonies 
(Fig. 17.2b); the left atrial endocardial granu-
larity was mainly composed by fresh fibrin 
with few inflammatory cells (Fig.  17.2c). 
There was no myocarditis or abscesses. The 
other autopsy findings were: left cerebral, 
splenic and bilateral renal infarctions with 
bilateral confluent bronchopneumonia, 
abscesses, and diffuse alveolar damage.

Cause of Death: Multiorgan failure due to 
Infective Endocarditis (IE).

17.3  Discussion

In this modern era, improvised diagnostic and 
therapeutic measures have failed to diminish the 
importance of IE (See Chap. 16) as a life- 
threatening condition, which reiterates the obser-
vation of Sir William Osler in 1885 (“Few 
diseases present greater difficulties in the way of 
diagnosis than malignant endocarditis, difficul-
ties which in many cases are practically insur-
mountable”) even today. Fortunately, it has an 
infrequent occurrence with a tendency to involve 
the left-sided valves (mitral valve, followed by 
aortic valve and followed by multivalvular dis-
ease). The infective friable vegetation is created 
by a series of complex interactions between the 
injured endocardial surface and the offending 
pathogen through local hemodynamics, micro-
bial virulence, and host immune and hemostatic 
mechanisms. In most cases, the targets have been 
injured valvular or mural endocardia in rheu-
matic or nonrheumatic valvular heart diseases 
(depending on the geographic locations) and con-
genital cardiac anomalies. However, now there is 
an increasing trend of involvement of normal 
native valves, to the extent of 30% of the cases, as 
community acquired or health-care-associated IE 
(HCAIE), seen particularly in the developed 
countries but also poised to make an appearance 
in the low—and middle-income countries as 
well. HCAIE, often seen as a fallout of extensive 
diagnostic and/or therapeutic strategies, develops 
during the hospital stay (nosocomial) or is 
acquired from out-of-hospital health-care contact 

(non-nosocomial). This has introduced a distinct 
shift in the predisposing factors, patient demo-
graphics, and microbial spectrum of IE.

The young man in this case, with a history of 
hospitalization for head injury, developed IE of 
the normal mitral valve and mural left atrial 
endocardium and the histology revealed large 
numbers of Gram-positive cocci on special stain. 
The prevailing circumstances suggest the possi-
bility of a non-nosocomial HCAIE. The common 
Gram-positive cocci producing left-sided IE are 
Staphylococcus aureus (S. aureus) viridians 
group streptococci, coagulase-negative 
Staphylococcus species, Enterococcus species, 
and other streptococcal species. Many among 
them are capable of infecting morphologically 
normal appearing valves or possess an inherent 
capacity of adherence to the endocardium or even 
platelets via certain specific cell wall proteins. 
The symptoms and signs of the patient in IE arise 
due to effects related to valvular and/or para- 
valvular destruction or local/systemic manifesta-
tions of vascular septic embolization, metastatic 
infection, and immunological phenomenon. The 
brief hospital stint, mitral valvular involvement, 
and extensive systemic embolization would prob-
ably suggest S. aureus as the etiologic agent. The 
blood culture was negative in the present case, a 
finding in 10–20% of the patients, and is 
explained by previous antibiotic therapy. Embolic 
phenomena are identified in almost half the 
patients with IE and a significant proportion 
among them (20–30%) develop neurological def-
icits, as was present in our case. They are related 
to large, globular, mobile vegetations, particu-
larly located over the anterior mitral leaflet often 
caused by S. aureus in younger patients. 
Moreover, cerebrovascular embolic complica-
tions can also be seen on imaging even in those 
patients who do not have central nervous system 
symptoms. The embolic events may also involve 
other organs (kidneys and spleen in this case), but 
these are said to play a little role in the final out-
come of the IE.

IE results in a heterogeneity of clinical presen-
tations that range from nonspecific or constitu-
tional symptoms (e.g. fever, malaise, dyspnea, 
arthralgia, or weight loss) in a relatively stable 
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patient to a more serious presentation of multior-
gan failure or sepsis. Several ‘text-book’ features 
of IE may not always be seen and this could lead 
to delayed diagnosis and administration of appro-
priate therapy. Besides, the classic features of 
fever and cardiac murmur are present in 90% and 
75% of patients, respectively. The diagnosis 
depends not only on detailed clinical assessment, 
but also leans heavily on microbiological investi-
gations and imaging studies, which forms the basis 
of the modified Duke’s criteria for definitive or 
possible diagnosis of IE. Thus, a multidisciplinary 
approach (IE heart team) involving the cardiolo-
gist, neurologist, microbiologist, infectious dis-
ease specialist, cardiovascular surgeon, and 
pathologist would be ideal for dealing with this 
ominous malady. IE was unfortunately not diag-
nosed in the case presented and hence a clinical 
suspicion and judgment would definitively prevail 
over the application of the Duke’s criteria.
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18Primary Botryomycotic Left-Sided 
Infective Endocarditis

Pradeep Vaideeswar and Sakshi Jain

18.1  Clinical History

A 65-year-old male, a known hypertensive and 
diabetic, presented with class II dyspnea with 
orthopnea and paroxysmal nocturnal dyspnea for 
the past 1  week. There had been no history of 
accompanying fever, cough, or pedal edema. On 
general examination, his pulse was 108 per min-
ute and blood pressure was 150/90 mmHg. The 
heart sounds were well-heard. There were bilat-
eral coarse crepitations. The clinical impression 
was heart failure and it was decided to treat him 
accordingly. But he sustained a sudden cardiac 
arrest and expired within 24  min of admission. 
No investigations had been performed.

18.2  Autopsy Findings

The heart was markedly enlarged in size (470 g) 
with moderate enlargement of all the chambers. 
There was mild increase in the epicardial fat with 
milk patches over the posterior surface of the 
right ventricle. The arch and the entire thoracoab-

dominal portion of the aorta showed multiple cal-
cified and focally ulcerated atherosclerotic 
plaques; there were no thrombi. The right domi-
nant coronary artery and all the other epicardial 
arteries were only mildly atherosclerotic with 
mild focal calcification. On opening the heart, the 
aortic annulus was dilated. The noncoronary and 
the left coronary (LCC) cusps were covered by 
friable, red brown vegetations, 1.0 × 0.8 × 0.8 cm 
and 1.5 × 1.5 × 1.0 cm, respectively (Fig. 18.1a). 
The LCC vegetation was associated with a small 
aneurismal outpouching at the intervalvular 
fibrosa as well as a little larger outpouching over 
the basal aspect of the anterior mitral leaflet 
(AML, Fig.  18.1a). The right coronary cusp 
showed rolling of its free margin (Fig.  18.1a) 
with fine granular fibrinous deposits. The aneu-
rysm over the AML measured 2 cm across and on 
the flow surface was also covered by granular 
brown vegetations (Fig. 18.1b). The vegetations 
on histology (Fig. 18.2) showed large colonies of 
Gram-positive bacterial colonies surrounded by 
acellular thick bands of eosinophilic fibrinous 
material, which were in turn surrounded by neu-
trophils and other inflammatory cells. There was 
no myocarditis or abscess formation. The lungs 
revealed diffuse alveolar damage and edema. 
Other organs were normal; there were no changes 
of diabetic nephropathy.

Cause of Death: Left-sided infective endo-
carditis (IE) and congestive cardiac failure.
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a b

Fig. 18.1 (a) The left LCC and non-NCC coronary cusps 
are covered by firm and friable brown vegetations. Note 
openings of the aneurysm of the mitral-aortic intervalvu-
lar fibrosa (white arrow) and anterior mitral leaflet AML 
(black arrow). The free margin of the right coronary cusp 

RCC shows rolling indicating valvular incompetence; (b) 
Smaller vegetations (arrows) are also seen over the AML 
aneurysm (AA ascending aorta, APM anterior papillary 
muscle, LA left atrium, LV left ventricle, PML posterior 
mitral leaflet, PPM posterior papillary muscle)

a

b d

c

Fig. 18.2 Basophilic clumps of bacteria surrounded by a 
thick dark pink acellular material, the Splendore-Hoeppli 
phenomenon (a) H&E × 100 and (b) H&E × 200. The 

effect is like a bunch of grapes (botryos); (c) The bacteria 
are separated by bands of eosinophilic material (H&E × 
400); (d) Gram-positive cocci (Modified Gram stain × 400)
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18.3  Discussion

An elderly gentleman in his sixth decade with 
comorbid conditions, who presented with conges-
tive cardiac failure to the emergency services 
department, was found to have IE of a normal aor-
tic valve at autopsy. IE is notorious for its dreaded 
clinical course, which entails prolonged hospital-
ization and/or surgical intervention, and may also 
affect the quality of life at a later stage. Despite 
modern innovations in diagnostic methods and 
therapeutic measures, the incidence of IE refuses 
to abate. Modern medicine has, unfortunately, 
paved way for new avenues for disease occur-
rence, changing the risks factors, type of organ-
isms involved, and hence the epidemiology. 
Currently, IE can no longer be viewed as an infec-
tion of the young or middle-aged afflicted by 
rheumatic or congenital heart diseases and caused 
by the host commensals. Furthermore, it cannot 
always be classified into the traditional acute or 
sub-acute forms. Instead, it is seen to increasingly 
affect older individuals with age- related valvular 
changes or life-style-related diseases. Advancing 
age is often associated with poor dentition, diabe-
tes mellitus, renal dysfunction, blunted immunity, 
and cancer that require prolonged medications or 
hospitalizations. The organisms too are more vir-
ulent with increased antibiotic resistance. The 
classification systems are thus now directed to dif-
ferentiate between native/prosthetic material IE 
and community- acquired/health-care-associated 
IE. Our patient was a chronic diabetic on irregular 
therapy; there was no history of any health-care 
contact in the near past. The oral cavity was not 
examined at autopsy.

The IE was left-sided but predominantly 
affected the aortic valve, which is the commonest 
normal native valve to be affected in IE and often 
associated with ‘kiss’ or satellite lesions over the 
mitral valve. This manifested in our patient as 
synchronous aneurysms of the mitral-aortic inter-
valvular fibrosa (an avascular fibrous curtain con-
necting the anterior mitral leaflet to the left half 
of the noncoronary cusp and adjacent one third of 
the left coronary cusp) and anterior mitral leaflet. 
The organisms isolated in the elderly IE patients 
are usually coagulase-negative staphylococci, 

enterococci, and Streptococcus bovis. Apart from 
blood cultures, the pathogens can also be identi-
fied by immunohistochemical staining and poly-
merase chain reactions in tissues. We could only 
identify the microbes within the vegetations as 
Gram-positive cocci. Very interestingly, the 
arrangement of the bacteria had a classic mor-
phology of botryomycotic granules.

Botryomycosis is an example of a chronic 
pyogranulomatous inflammation caused by sev-
eral bacterial genera, where the causative organ-
isms form grape-like (botryos) aggregates and 
are in turn surrounded by a thick cuff of eosino-
philic material, which simulates the grains 
formed in fungal mycetomas (mycosis). The 
material, Splendore-Hoeppli phenomenon, is 
composed of fibrin admixed with antigen- 
antibody complexes and tissue debris and effec-
tively wards off further phagocytosis and 
destruction of the microbes. One also wonders if 
it can result in culture-negative IE. Among the 2 
types, cutaneous botryomycosis (about 75% of 
the cases) is more common than the visceral type. 
The common organs affected in visceral botryo-
mycosis are lungs, liver, and kidneys; other 
organs like the heart are more rarely affected. The 
involvement may be primary or secondary, when 
there is spread from an initial skin involvement. 
IE and myocardial abscesses are the cardiac man-
ifestations; our case showed only IE (primary 
visceral disease) and hence possibly caused by 
endogenous bacteria. The causative organisms 
may be Gram-positive cocci such as S. aureus, 
coagulase-negative staphylococci, and 
Streptococcus species or Gram-negative bacilli 
like Pseudomonas aeruginosa, Escherichia coli, 
and Proteus species. The pathogenesis is still not 
clear, but immunological abnormalities related to 
low T-cell population and impaired neutrophil/
macrophage function (as seen in diabetes melli-
tus) are implicated.

By and large, the clinical attributes of IE 
include an acute febrile illness with changing 
cardiac murmurs and features of systemic embo-
lization, and hence the clinical diagnosis is based 
on the summation of multiple findings. It also has 
nonspecific, atypical, and variable presentations 
that could lead to delays or errors in diagnosis, 
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particularly in emergency situations and in the 
elderly population. The older patients tend to 
have nonspecific symptoms such as fatigue, mal-
aise, anorexia, weight loss, and even confusion. 
Fever is usually absent. Development of heart 
failure, an important manifestation in them, is a 
consequence of valvular dysfunction that is more 
commonly associated with the more invasive aor-
tic valvular IE, as compared to mitral valvular IE, 
which is more prone to embolic episodes. Though 
destruction of the aortic valve was not seen in the 
present case, the heart failure (seen in 70% of the 
cases with IE) can be explained on the basis of 
valvular incompetence leading to left ventricular 
decompensation. Nevertheless, even after diag-
nosis of IE, medical and surgical options may be 
limited due to attendant comorbidities.
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19Fungal Endocarditis of Normal 
Native Mitral Valve in a Renal 
Transplant Recipient

Gwendolyn Fernandes and Pradeep Vaideeswar

19.1  Clinical History

A 48-year-old renal transplant recipient pre-
sented in the 8th month after transplantation 
with: high-grade fever for 2  weeks, dry cough 
with breathlessness for 10 days, and slurring of 
speech and swaying while walking for the last 
3 days. He was a known diabetic and hyperten-
sive, which had led to chronic kidney disease. He 
was on maintenance hemodialysis for 6  years, 
before receiving a cadaveric donor transplant 
1  year ago. Posttransplantation, the immediate 
graft function was good (baseline creatinine 1.6–
1.7 mg/dL) and he was started on triple immuno-
suppression, comprising tacrolimus, 
mycophenolate mofetil, and prednisolone.

On examination, he was hemodynamically 
stable. There was pallor, slurred speech, and 

ataxic gait. The laboratory investigations 
revealed: Hb 8.7  g/dL, total leukocyte count 
4320/cmm, absolute neutrophil count 1680/
cmm, creatinine 1.75  mg/dL, and C-reactive 
protein level of 234.5 mg/L. Chest radiography 
showed midzonal haziness in the left lung. 
High- resolution computed tomography of the 
chest showed ill-defined, ground-glass, centri-
lobular, and nodular opacities, which was sus-
picious of fungal infection (Fig.  19.1a). 
Magnetic resonance imaging of the brain 
showed multiple peripheral ring-enhancing 
lesions in both cerebral hemispheres suggestive 
of invasive fungal infection (Fig.  19.1b). 
Bronchoalveolar lavage did not show any Gram 
stained organisms or acid-fast bacilli, but the 
galactomannan level was elevated (optical den-
sity index of more than 1.0), which suggested 

G. Fernandes 
Department of Pathology, Seth Gordhandas 
Sunderdas Medical College and King Edward 
Memorial Hospital, Mumbai, India 

P. Vaideeswar (*) 
Department of Pathology (Cardiovascular and 
Thoracic Division), Seth Gordhandas Sunderdas 
Medical College and King Edward Memorial 
Hospital, Mumbai, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
P. Vaideeswar (ed.), Tropical Cardiovascular Pathology, 
https://doi.org/10.1007/978-981-19-3720-0_19

https://doi.org/10.1007/978-981-19-3720-0_19


108

a b

dc

Fig. 19.1 (a) Arrow points to the ill-defined nodular 
opacities in the chest tomograms; (b) Magnetic resonance 
imaging, brain showing peripheral ring-enhancing lesions 

(arrow); histology of the embolectomy showing hyphal 
forms suggestive of Aspergillus species (c) H&E × 200 
and (d) Gomori methenamine silver × 200
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invasive pulmonary aspergillosis. Gene-Xpert 
molecular test for tuberculosis and cytomegalo-
virus load test were negative. The immunosup-
pression was reduced and the patient was 
started on antifungal drugs (voriconazole and 
itraconazole).

In the posttransplantation nineth month, the 
patient developed cough with expectoration and 
1–2 cm sized nodules on his right eyebrow and 
left lateral malleolus. Microbiological analysis 
was suggestive of Nocardia species. The patient 
was treated with cotrimoxazole, which was later 
stopped in view of the leukopenia and minocy-
cline was used. Three more nodules developed 
on his scalp and shin in spite of 3 weeks of treat-
ment. The culture of one of the nodules revealed 
Aspergillus nidulans. The patient was then given 
liposomal amphotericin B and intravenous 
immunoglobulin. Then the patient developed 
swelling of the right elbow joint followed by the 
left knee joint. An ultrasonography of the joints 
showed localized fluid collections, which were 
conservatively managed. Repeat blood cultures 
were negative. The patient was treated with 
piperacillin-tazobactam, cotrimoxazole, and 
amphotericin B.  In the 10th month posttrans-
plantation, the patient developed  vitreitis/endo-
phthalmitis and intravitreal injections of 
voriconazole were given. Following this, there 
was no fever, breathlessness, or development of 
new skin nodules. The patient requested for a 
discharge. He discharged after a ward stay of 
two and half months on voriconazole and 
minocycline.

Three days later, the patient was readmitted 
with a 2-day history of anuria and pain in the 
right lower limb. The laboratory investigations 
showed hemoglobin 6.9  g/dL, total leukocyte 
count 17,120/cmm, platelets 90,000/cmm, cre-
atinine 4  mg/dL, and prothrombin time 74.6  s 
(control 13.4  s). Doppler ultrasound examina-
tion showed complete thrombosis of the com-

mon iliac artery with no flow in the transplanted 
kidney (the renal artery of the transplanted kid-
ney had been anastomosed to the right external 
iliac artery); there was no evidence of renal vein 
thrombosis. Right femoral artery embolectomy 
was done and was received as grey-brown tissue 
bits (2  ×  0.5  cm and 1.6  ×  1  cm) and showed 
fresh thrombi with septate fungal hyphae, sug-
gestive of Aspergillus species (Fig.  19.1c, d); 
culture grew Aspergillus fumigatus. However, 
the patient continued to remain anuric with poor 
arterial flow in the transplanted kidney and 
hemodialysis was started; treatment with anti-
fungals continued. A fortnight later, the patient 
developed thrombosis of the left radial artery 
along its entire course and had a rapid downhill 
course.

19.2  Autopsy Findings

The external examination showed a poorly 
nourished male with edema and dusky discolor-
ation of the left upper limb. Few ulcers and 
papulo- nodular lesions (0.2–1.5 cm) were seen 
on the face (Fig.  19.2a) and neck. The heart 
(320 g) was mildly enlarged in size with moder-
ate enlargement of the left ventricle. Transverse 
section through the midportion of the ventricu-
lar myocardium revealed mild concentric left 
ventricular (LV) hypertrophy with multiple 
small foci of congestion and a prominent hem-
orrhagic focus in the posterior papillary muscle 
(PPM). The right coronary artery had a domi-
nant distribution; all the arteries were mildly 
atherosclerotic with no significant narrowing. 
Few ulcerated atherosclerotic plaques were seen 
in the arch and descending thoracic aorta. 
Examination of the right side of the heart 
showed a patent foramen ovale. Remarkable 
findings were seen on the left side. The left atrial 
(LA) endocardium at and above the posterior 
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Fig. 19.2 (a) Small ulcers and papulo-nodular lesions on 
the forehead; (b) Left atrial LA endocardial granular pap-
ular lesions (arrows), situated above the mitral annulus; 
the valve itself is normal; (c) Large vegetation completely 
covering the left coronary cusp and producing a root 

abscess (white arrow). Flattened vegetation (black arrow) 
over the right coronary cusps RCC (AA ascending aorta, 
AML anterior mitral leaflet, LV left ventricle, PML poste-
rior mitral leaflet)
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Fig. 19.3 (a) Left atrial mural endocarditis with large 
numbers of neutrophils (H&E × 200); (b) The Gomori 
methenamine silver GMS stain highlights the large num-

ber of fungal elements (× 200); The superficial aspect of 
the aortic valvular vegetation showed only a mass of 
hyphal forms (c) H&E × 400 and (d) GMS × 400

mitral annulus showed a cluster of soft papular 
lesions (Fig.  19.2b). The mitral valve leaflets 
were myxomatous, but did not show any vegeta-
tion. The left coronary cusp of the aortic valve 
(AV, Fig.  19.2c) was completely destroyed by 
large friable red-brown vegetation filling its 
sinus and eroding through the annulus into the 
subjacent myocardium to produce an annular 
abscess. Smaller plaque-like vegetation was 
present over the right coronary cusp. On histol-
ogy, the papular lesions over the LA represented 
mural endocarditis with large colonies of sep-
tate slender fungal hyphae with fibrin and few 
neutrophils (Fig.  19.3a, b). The superficial 
aspect of the AV vegetation was entirely com-
posed of hyphal tangles (Fig.  19.3c, d). There 

were fungal abscesses distributed all over the 
myocardium, including the PPM (Fig. 19.4) in 
the areas which had been macroscopically iden-
tified as congested foci. The ulceration of some 
of the atherosclerotic plaques had been pro-
duced by fungal panaortitis.

Multifocal fibro-caseous lesions were seen in 
the lungs; no infective pathology or diffuse alve-
olar damage was present. There was fungal men-
ingitis with septic infarcts in the brain (Fig. 19.5a, 
b) and spleen, and fungal abscesses in the pros-
tate. The native kidneys showed end-stage 
changes, while the transplanted kidney showed 
extensive cortical necroses (Fig. 19.5c) with few 
micro-abscesses.

Cause of Death: Fungal septicaemia.
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Fig. 19.4 Papillary muscle (a) Endocarditis (H&E × 
200) and (b) Destruction with necrotic cardiomyocytes 
and abundant neutrophils (H&E × 400); Left ventricular 

myocardial abscess (c) H&E × 200, with (d) Swollen 
(arrow) septate hyphal forms (H&E × 400)

a c

b

Fig. 19.5 (a) Coronal slice of the cerebral hemisphere with a focus of necrosis (arrow); (b) Focus of necrosis which is 
infiltrated by fungal hyphae (H&E × 200); (c) Bisected donor kidney revealing extensive cortical necroses
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19.3  Discussion

Eight months posttransplant, this 45-year-old 
male patient developed multiorgan infection by 
both bacteria and fungi that progressively wors-
ened despite appropriate therapeutic measures to 
culminate as a fatal disseminated fungal infec-
tion. The cause for the rapid dissemination was 
fungal infective endocarditis (FIE) and the organ-
ism was A. fumigatus. A severe opportunistic 
infection, FIE, constitutes about 1–10% of all 
cases of IE. It affects the native valvular or mural 
endocardium, vascular endothelium, prosthetic 
valves, and intracardiac or intravascular devices, 
producing bulky vegetations and invasive dis-
ease. It is a bane to the treating clinician due to 
difficulties in establishing the diagnosis and 
selecting appropriate treatment modalities, with 
resultant high mortality rate; many of the cases 
are diagnosed at autopsy, as seen in this case. The 
commonly identified fungal elements belong to 
the Candida (usually common in pediatric popu-
lation) or Aspergillus (usually common in adults) 
species. FIE of native tissues is frequently seen in 
intravenous drug abusers, patients with prolonged 
hospital stay (where prolonged often broad- 
spectrum antibiotic therapy, central venous cath-
eterization, and parenteral nutrition are 
necessary), extensive surgery, and immunocom-
promised/immunosuppressed states.

Solid-organ transplantation (SOT) is a well 
established option in patients suffering from end- 
organ damage and is frequently carried out in 
chronic kidney, hepatic, cardiac, and pulmonary 
diseases. Immunosuppressive therapy and fre-
quent interventions render these patients suscep-
tible to infections in general. Fungal infections 
account for 5% of all infections in renal trans-
plant recipients, majority occurring within 
180  days after transplantation. The agents may 
differ in different geographic locations. In North 
America, invasive candidiasis (little over 50%) 
was the most frequent, followed by invasive 

aspergillosis (about 20%), while in an Indian 
study, it was zygomycosis (about 30%) and 
aspergillosis (about 25%). The clinical course in 
this kidney transplant recipient showed a gamut 
of infections ranging from Nocardia, Aspergillus 
nidulans, and terminal Aspergillus fumigatus. At 
autopsy, no nocardiosis was identified in the 
lungs.

Among infections in SOT patients, IE consti-
tutes 1–2% and most episodes are caused by 
bacteria (S. aureus in 60% of the cases). As 
compared to IE in the general population, in 
SOT patients there is a lower male predomi-
nance, involvement of younger patients, absence 
of any structural cardiac defects, and isolation 
of a wide range of organisms. The common sites 
for the vegetations are the mitral valve, mural 
endocardium, and aortic valve. Importantly, FIE 
is invariably caused by the Aspergillus species. 
Aspergillus is a ubiquitous, saprophytic fungus 
and an opportunistic pathogen in immunosup-
pressed individuals. Many of these patients 
develop invasive pulmonary aspergillosis. Major 
species of Aspergillus are A. fumigatus, A. fla-
vus, A. niger, A. terrus, and A. nidulans; 2 
among them were cultured in our case. 
Aspergillus has special affinity for blood ves-
sels, and angioinvasion is an important charac-
teristic of invasive aspergillosis, leading to 
ischemia, infarcts, and necrosis. Literature 
reveals that Aspergillus accounts for 24–28% of 
FIE, and 0.25–2.5% of all IE cases. Herein, the 
aortic valve was affected with an annular abscess 
and mural left atrial endocarditis, along with 
local (fungal abscesses in the myocardium) and 
systemic embolic dissemination. Surprisingly, 
the lungs were spared.

The clinical presentation of FIE is no different 
from bacterial IE, but aspergillus IE is frequently 
associated with absence of fever, hemorrhagic 
black cutaneous lesions, endophthalmitis, acute 
limb ischemia, and aortic root abscess or even 
aortic pseudoaneurysm, all of which were present 
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in the case presented. A high index of suspicion is 
the key for early diagnosis, which may be facili-
tated by utilization of nonculture based diagnostic 
tests such as detection of fungal antigens in body 
fluids, polymerase chain reactions, and next-gen-
eration sequencing. In general, FIE is a disease of 
high mortality (close to 50%); yet, timely admin-
istration of a combination of antifungal therapy 
and surgical intervention may salvage the patient.
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20Right-Sided Infective Endocarditis 
in a Child

Pragati Sathe and Pradeep Vaideeswar

20.1  Clinical History

A one and half year-old male child was admitted 
with rash and fever of 2 days duration. The child 
had a significant past history. He was diagnosed 
as a case of ‘familial’ Hirschsprung’s disease at 
the age of 8 months. The infant had undergone of 
series of abdominal surgeries (laparoscopy- 
assisted transanal endo-rectal pull, gastrojejunos-
tomy, and jejunal resection with end to side 
jejuno-jejunal anastomosis) in a span of 6 months 
with multiple blood transfusions, administration 
of broad spectrum antibiotics, and total paren-
teral nutrition.

During the current admission, the child was 
febrile and irritable, but in a fair general condi-
tion. The pulse rate was 110 beats per minute and 
respiratory rate was 28 per minute. On local 

examination, there was a generalized erythema-
tous rash. There was associated peeling of the 
skin of fingers, perioral skin, and nape of the 
neck. The dermatology opinion was a viral exan-
thema or a drug-induced rash. Investigations 
revealed Hb 12.2  g/dL, total leukocyte count 
15,200/cmm with neutrophilic predominance, 
and platelet count 85,000/cmm; biochemical esti-
mations were within normal limits. The patient 
was treated with antipyretics, antihistaminics, 
and liquid paraffin for local application. Two 
days later, the chest roentgenogram showed bilat-
eral pulmonary infiltrates and the platelet count 
dropped to 20,000/cmm. The child received anti-
biotics, nebulisation, mucolytics, and intravenous 
fluids. The condition worsened and he had to be 
intubated. He expired on the fourth day after 
admission.
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20.2  Autopsy Findings

The heart was normal sized with a weight of 
40  g. No exudates were seen on the epicardial 
surface. Firm yellowish green button-like vege-
tation 1 × 1 × 0.5 cm was present over the region 
of the anteroseptal commissure of the tricuspid 
valve (Fig. 20.1a, b), extending on to the adja-
cent leaflets and attached tendinous cords. No 

vegetations or mural thrombi were seen on the 
other valves or chambers, respectively. The veg-
etation was composed of fibrin, neutrophils, and 
large numbers of basophilic granular clumps, 
representing coccoid bacterial colonies 
(Fig.  20.1b); these were Gram-positive. There 
was associated destruction of the leaflet 
(Fig.  20.2a) with endocarditis (Fig.  20.2b) and 
microabscesses (Fig.  20.2c) in the subjacent 

a b

c

Fig. 20.1 (a) Extremely firm dark brown vegetation 
(arrow) stuck on the anteroseptal commissure; (b) 
Scanned slide (H&E) of the right-sided inflow tract show-
ing destruction of the tricuspid valvular leaflet by vegeta-

tion (RA right atrium, RV right ventricle, TV tricuspid 
valve); (c) Basophilic blush produced by the bacterial 
colonies (H&E × 400)
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b
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Fig. 20.2 (a) Flow F and non-flow NF surfaces of the 
septal tricuspid leaflet covered with fibrin. Bacterial colo-
nies are seen on the flow surface (H&E × 200); (b) Mural 

endocarditis of the subjacent right ventricle (H&E × 200); 
(c) Micro-abscesses with bacterial colonies in the right 
ventricular myocardium (H&E × 400)

right ventricular myocardium. The inflamma-
tion, in all probability, had also extended into the 
AV node region. The septic emboli had produced 
focal necrotizing arteritis with formation of mul-

tiple abscesses in the lungs (Fig.  20.3). There 
was accompanying diffuse alveolar damage, 
focal hemorrhages, and suppurative pleuritis. 
Other organs were normal.
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Fig. 20.3 (a) Cut surfaces of the both lungs showing 
intense congestion with multiple abscesses; (b) Lung 
abscess with neutrophils and bacterial colonies (H&E × 

200); (c) An artery with septic thromboembolus. There is 
destruction of the arterial wall with focal hemorrhage. 
There is a cuff of bacteria around the artery (H&E × 200)
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20.3  Discussion

This case presents 2 additional facets of infective 
endocarditis (IE)—involvement of the right side of 
the heart and its occurrence in a child. Right- sided 
IE (RSIE) forms a small fraction (5–10%) of all 
cases of IE, explained on the basis of lower hemo-
dynamic stress on the right side, low oxygen satu-
ration, and a lower prevalence of acquired valvular 
deformities. Moreover, RSIE has different risk 
factors, pathogens, clinical presentations, and 
management strategies. It can occur in isolation or 
in combination (approximately 13%) with left-
sided IE (LSIE). Intravenous drug abusers, patients 
with implanted cardioverter defibrillators, and 
patients with congenital malformations (especially 
after corrective surgery) are more prone to the 
development of RSIE. But now a rising of RSIE is 
also seen with increasing use of intravascular cath-
eters. Hence, apart from valvular involvement (tri-
cuspid, pulmonary, or Eustachian valves), infective 
vegetations can also form over the mural endocar-
dium over the right atrium and ventricle and the 
interventricular septum. Sepsis, alcoholism, 
immunodeficiency, and body piercing are the other 
predisposing factors. The commonest organisms 
are S. aureus, followed by coagulase-negative 
staphylococci and Streptococcus species.

Prolonged hospitalization, multiple gastroin-
testinal surgeries, and chronic parental nutrition 
predisposed our pediatric patient to RSIE, with 
vegetations localized to the tricuspid valve—the 
commonest site of involvement. The estimated 
annual incidence of pediatric IE (PIE) ranges from 
3.3 per 100,000 per year among infants <1 year 
old to 0.3 to 0.8 per 100,000 per year in older chil-
dren and adolescents. The trend of the risk factors 
is comparable to the adult population, except for a 
high proportion of congenital heart disease. 
Candida species should also be kept in mind as a 
possible causative organism particularly in neo-
nates and infants. The organisms seen in our case 
were Gram-positive on histology; in view of the 
size of the vegetation, extensive pulmonary pathol-
ogy and cutaneous manifestations would probably 
have been a virulent organism like S. aureus.

Diagnosis of RSIE is not easy as several fea-
tures often associated with LSIE are not seen. 

The problems are accentuated in the absence of 
a preexisting cardiac condition. Dispersal of 
fragments of the infective vegetation from the 
right side of the heart into the pulmonary artery 
leads to septic pulmonary thromboembolism 
with subsequent lung consolidation and abscess 
formation. This occurs in almost 75% of the 
individuals. A combination of persistent fever 
and respiratory system involvement is a pointer 
to the likely presence of RSIE that should alert 
clinicians particularly when associated with risk 
factors for this lesion. Sometimes, there is 
accompanying microscopic hematuria, leading 
to the triad of a “tricuspid syndrome”. 
Intracardiac invasive disease is seldom seen. 
Diagnosis of PIE faces similar hurdles as for 
adult IE (See Chaps. 17 and 18). Most of the 
cases of RSIE respond to appropriate antibiotic 
therapy, though surgical intervention may be 
required with larger vegetations, fungal etiol-
ogy, or severe tricuspid regurgitation.

This was a rare case of isolated tricuspid valve 
IE without an underlying cardiac abnormality, 
complicated by multiple embolic pulmonary 
abscesses with myocardial micro-abscesses in 
the adjacent region. Diffuse alveolar damage and 
sepsis were the terminal events, though extension 
of the septic focus to the atrioventricular nodal 
region may have led to arrhythmias.

Further Reading

1. Chahoud J, Yakan AS, Saad H, Kanj SS. Right-sided 
infective endocarditis and pulmonary infiltrates. An 
update. Cardiol Rev. 2016;24:230–7.

2. Cox DA, Tani LY.  Pediatric infective endocar-
ditis: a clinical update. Pediatr Clin North Am. 
2020;67:875–88.

3. Eleyan L, Khan AA, Musollari G, Chandiramani AS, 
Shaikh S, Salha A, et al. Infective endocarditis in pae-
diatric population. Eur J Pediatr. 2021;180(10):3089–
100. https://doi.org/10.1007/s00431- 021- 04062- 7.

4. Shmueli H, Thomas F, Flint N, Setia G, Janjic A, 
Siegel RJ.  Right-sided infective endocarditis 2020: 
challenges and updates in diagnosis and treatment. J 
Am Heart Assoc. 2020;9:e017293.

5. Yakut K, Ecevit Z, Tokel NK, Varan B, Ozkan 
M.  Infective endocarditis in childhood: a 
single- center experience of 18  years. Braz J 
Cardiovasc Surg. 2020;36(2):172–82. https://doi.
org/10.21470/1678- 9741- 2020- 0035.

20 Right-Sided Infective Endocarditis in a Child

https://doi.org/10.1007/s00431-021-04062-7
https://doi.org/10.21470/1678-9741-2020-0035
https://doi.org/10.21470/1678-9741-2020-0035


121

21Isolated Pulmonary Valvular 
Infective Endocarditis 
in a Univentricular Heart

Heena Desai and Pradeep Vaideeswar

21.1  Clinical History

A 16-year-old adolescent was admitted with a 
history of low-grade fever on and off for the past 
8 days and a symptomatic treatment was given. 
He was transferred to our institute with the devel-
opment of altered sensorium. On examination, 
the general condition was poor with a pulse rate 
of 120 per minute and blood pressure of 
100/70 mmHg. The patient was unconscious and 
was decerebrating. Examination of the chest 
revealed a pansystolic murmur and bilateral 
coarse crepitations. The clinical impression was 
of septic shock in a case of possibly a valvular 
heart disease. Investigations were as follows: Hb 
15  g/dL, leukocytosis (total count of 19,200/
cmm, predominant neutrophils with band forms), 
thrombocytopenia (count of 60,000/cmm), absent 
malarial parasites, random blood glucose 72 mg/
dL, blood urea nitrogen 26.3 mg/dL, and creati-
nine 1.4 mg/dL. The ECG showed supraventricu-
lar tachycardia, right axis deviation, left 

ventricular hypertrophy, and inverted Q wave. He 
expired within 6 h of admission.

21.2  Autopsy Findings

In situ examination revealed abdominal situs 
inversus and broncho-atrial situs was solitus. In 
addition, there were 5 splenunculi. The heart was 
moderately enlarged in size (380 g) and the left- 
sided rounded apex was formed by a single ven-
tricular chamber (Fig. 21.1). This impression was 
made since the interventricular septum was not 
delineated by the left anterior descending artery. 
The atria were present in their respective posi-
tions and had a normal external morphology. 
There was malposition of the great arteries—the 
larger ascending aorta was present anteriorly, 
while the smaller main pulmonary artery was 
seen as posterior trunk (Fig. 21.1). Below the aor-
tic origin, there was a mound-like projection 
delineated on either side by coronary vessels 
(Fig.  21.1). The venous connections were 
normal.

The right and left atria had a normal internal 
morphology with the presence of patent foramen 
ovale. Both the atria lead to a common ventricular 
chamber through 2 separate atrioventricular valves 
(double inlet, Fig. 21.2a, b). Both these valves had 
morphology of the mitral valve, with 2 well-
formed groups of papillary muscles, while the 
single ventricle had the morphology of the left 
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ventricle (thick compact portion and fine trabecu-
lae carneae, Fig. 21.2). It was moderately enlarged 
with diffuse endocardial thickening and mild myo-
cardial hypertrophy. The single ventricle appeared 
to lead directly to the pulmonary artery, below 
which was marked circumferential pearly white 
endocardial thickening— sub- pulmonic stenosis.
(Fig. 21.3) The pulmonary annulus was normal in 
size with 3 cusps (2 anterior and 1 posterior). The 
free margin of the posterior cusp was covered by 
large friable red-brown vegetation. The vegetation 
showed presence of Gram-positive bacterial colo-
nies on histology. The ascending aorta was con-
nected via a small heavily trabeculated outlet 
chamber (resembling the right ventricular outflow 
tract) to the left ventricle through a ventricular sep-
tal defect (VSD). The valve was 3-cuspid with 1 
anterior and 2 posterior cusps. Other autopsy find-
ings included septic pulmonary thromboembolism 
with arteritis and embolic abscesses, broncho-
pneumonia, centrilobular hemorrhagic hepatocytic 
necroses, and renal/cerebral micro-abscesses.

Fig. 21.1 Moderate cardiomegaly. The apex is formed by 
a single ventricular chamber V. The ascending aorta AA 
appeared to arise from a mound (arrows) and was anterior 
and to the left in comparison to the pulmonary trunk PT 
(LAA left atrial appendage, RAA right atrial appendage)

a b

Fig. 21.2 (a) Right-sided inflow tract and (b) Left-sided 
inflow tract open into the single ventricle with left ven-
tricular morphology S-LV.  Note that both right R-AVV 

and left L-AVV atrio-ventricular valves resemble the 
mitral valve (LA left atrium, RA right atrium)
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a b

Fig. 21.3 (a) The specimen shows the outflow portion of 
the single ventricle S-LV. The outflow into the aorta is via 
a ventricular septal defect *. The pulmonary trunk arises 
directly from the S-LV. Corrugated endocardial thicken-
ing below the pulmonary valve PV produces sub- pulmonic 

stenosis (L-AVV left atrio-ventricular valve, R-AVV right 
atrio-ventricular valve); (b) Large reddish-brown vegeta-
tion (arrow) over the pulmonary valve (PT pulmonary 
trunk)

21.3  Discussion

In comparison to a ‘high’ frequency of left-sided 
infective endocarditis (IE, See Chaps. 16–19), IE 
of the right-sided heart valves (See Chap. 20) is 
rare with isolated involvement of the tricuspid 
valve with or without concomitant affection of 
the pulmonary valve (PV). Isolated PVIE, as seen 
in this report, is extremely uncommon and is 
observed in less than 2% of the patients with IE; 
a higher incidence may be seen at autopsy. The 
risk factors for PVIE are similar to those outlined 
for right-sided IE and include intravenous drug 
use, prolonged hospitalization, conditions associ-
ated with bacteremia, malnutrition, and immuno-
deficiency. An important cause in the pediatric 
population and young adults is congenital heart 
disease, with the proportion of infection increas-
ing with repair of such defects. Hence, the IE can 
occur over native (normal or malformed) or pros-
thetic pulmonary valves. It is to be noted that 
almost 28% of cases of PVIE have no underlying 
predisposing factors. We have for the first time 
documented a case of IE affecting the PV in a 
case of double-inlet left ventricle. The single ven-

tricle was seen as part of the heterotaxy syndrome 
with abnormal lateralization of the abdominal 
viscera. There was an incomplete right ventricle 
perched on the basal aspect of the dominant ven-
tricle with ventriculo-arterial discordance. 
Though the PV in this case was morphologically 
normal, there was associated sub-pulmonic 
stenosis.

The vegetations can be small or bulky and fri-
able and are typically found on the ventricular 
surface of the PV.  Sometimes, extension of the 
vegetations onto the pulmonary trunk can occur. 
Varied organisms have been implicated as the eti-
ological agents of PV endocarditis with the com-
monest ones being S. aureus, coagulase- negative 
staphylococci, and group B-streptococci. Blood 
culture was not performed in this patient; Gram-
positive cocci were demonstrated on histology. 
Sterile blood cultures are frequently obtained and 
in such cases, transthoracic echocardiography or 
more sophisticated imaging techniques would 
play an important role. However, given the low 
incidence of PVIE and its presentation with fever 
and respiratory symptoms and signs, the diagno-
sis is a challenge for the physicians. Very often, 
the murmur of PV regurgitation is a late feature. 
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In this case, the sub-pulmonic stenosis with 
reduced flow across the PV would have reduced 
the magnitude of the regurgitant flow. The pansys-
tolic murmur heard was due to the VSD.  Apart 
from significant lung involvement due to septic 
pulmonary thromboembolism, the patient also 
had cerebral and renal micro-abscesses. PVIE 
usually follows a benign course and broad-spec-
trum antibiotics with  supportive care have been 
successfully used. However, with antibiotic resis-
tance, uncontrollable heart failure, obstruction of 
the infundibular chamber, and surgical interven-
tion (pulmonary valvectomy or homograft use) 
become mandatory.
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22Nonbacterial Thrombotic 
Endocarditis and Occult Lung 
Adenocarcinoma

Pradeep Vaideeswar

22.1  Clinical History

A middle-aged lady woman was admitted with 
complaints of fever associated with chills and 
slurring of speech followed by altered sensorium 
since 2–3  days. The patient was apparently 
asymptomatic 2  months back when her com-
plaints started in the form of acute chest pain 
associated with excessive perspiration. She had 
been admitted in a private hospital, where throm-
bolytic therapy was instituted for an inferior wall 
myocardial infarction. Later after her discharge, 
she developed gradual swelling of her right lower 
limb with severe calf pain, blackish discoloration 
of digits of both upper and lower limbs, and dry 
cough with exertional dyspnea. She underwent 
pericardial tapping in private nursing home, 
where a diagnosis of tuberculosis was made and 
antituberculous treatment was started. She also 
complained of sudden onset dimness of vision 
15 days back for which no treatment was sought.

On examination, the patient was febrile 
(39° C) with pulse rate of 110/min (right radial 
artery—regular and of good volume) and blood 
pressure of 150/90 mmHg. Detailed examination 
revealed cold extremities, digital gangrene, pit-
ting edema and weak peripheral pulses in both 

lower limbs, reduced air entry in both basal 
zones, and left hemiplegia with facial palsy. 
Routine hematological investigations showed 
moderate anemia (Hb 8.6  g%), neutrophilia 
(25,900/cmm), thrombocytopenia (40,000/cmm) 
and <1% index of P. vivax. Arterial and venous 
Doppler revealed thrombosis of most veins in the 
lower limbs and right distal anterior tibial artery, 
while recent nonhemorrhagic infarct right pari-
etal lobe with hemorrhagic transformation of 
bilateral parietooccipital lobe infarcts and sub-
arachnoid hemorrhage along right parietal con-
vexity were seen on CT scan.

The patient was started on injectable artesu-
nate and doxycycline, and in view of altered sen-
sorium and neck stiffness, was also given 
injection ceftriaxone. She was also started on 
cerebral decongestants, injectable heparin and a 
pulse therapy of injectable methylprednisolone. 
The patient could not be shifted to intensive care 
unit due to shortage of beds. Her condition dete-
riorated; her sensorium dropped from 10/15–7/15 
over next 24 h so she was intubated to protect her 
airways. In the next 24 h, she further deteriorated, 
sensorium dropped to 3/15, with features of 
severe raised intracranial tension and coning. 
Within next 24 h, her pulses were not palpable 
and she succumbed on the third day of her 
admission.P. Vaideeswar (*) 
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22.2  Autopsy Findings

The heart was mildly enlarged in size (300  g). 
There was mild to moderate thickening of both 
layers of the pericardium with dense adhesions 
(Fig. 22.1a) and focal gray-white nodularity. There 
was also a loculated effusion around the region of 
the right atrial appendage with inspissated hemor-
rhagic material. There was mild dilatation of both 
the ventricular chambers and the presence of yel-
lowish-white mottling in the left ventricular myo-
cardium on the transverse slices. In addition, both 
the left-sided valves (Fig.  22.1b, c) showed the 
presence of multiple firm friable large pale brown 
vegetations (less than 0.5 cm) that were located at 
the lines of closure. The gross and the histological 
features (Fig. 22.2a, b) were characteristic of the 
bland nonbacterial thrombotic endocarditis 
(NBTE). These friable vegetations had embolized 
through the coronary arteries to produce multifo-
cal healing and healed infarcts in both ventricles 
(Fig. 22.2c, d). There was systemic embolization 

in the form of multifocal hemorrhagic fresh and 
organizing infarcts in cerebral hemispheres with 
few fibrin thrombi in leptomeningeal arteries and 
small infarcts in the kidneys and spleen.

Sections of the right atrium and its appendage 
showed fresh and organizing fibrinous exudates, 
in which were present clusters of pleomorphic 
malignant epithelial cells (Fig. 22.3). The source 
of the pericardial metastases was a peripheral 
adenocarcinoma in the right lower lobe. It was 
seen as an area of pleural puckering in the apical 
segment of the right lower lobe, below which 
there was an ill-defined gray-white firm paren-
chyma (Fig. 22.4a). Though a focal lepidic pat-
tern was present, much of the tumor showed 
clusters of cells within the alveolar spaces with 
cellular pleomorphism and abundant necroses 
(Fig. 22.4b, c). The lungs also showed pulmonary 
arterial thrombosis with fresh hemorrhagic infarc-
tion (Fig. 22.5a, b), and focal lymphatic permeation 
(Fig.  22.5c, d). Metastases were also seen in the 
hilar and para-aortic lymph nodes and the liver.

a b

Fig. 22.1 (a) Dense adhesions between the parietal and 
visceral layers of the pericardium; Multiple warty friable 
light brown vegetations over (b) the lines of closure of the 
mitral valvular leaflets and (c) central nodules of the aortic 
valvular cusps (AA ascending aorta, AML anterior mitral 

leaflet, IAS interatrial septum, LA left atrium, LCC left 
coronary cusp, LV left ventricle, MV mitral valve, NCC 
noncoronary cusp, PML posterior mitral leaflet, PT pul-
monary trunk, RA right atrium, RCC right coronary cusp, 
RV right ventricle)
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a c

db

Fig. 22.2 Chunky bland deposits of fibrin and platelets 
over the flow surfaces of the (a) mitral leaflet and (b) aor-
tic cusp; Healing foci of myocardial infarctions in the (c) 

right and (d) left ventricles, composed of vascularized 
fibrous tissue (H&E × 200)

c

Fig 22.1 (continued)
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a b

Fig. 22.3 (a) Fresh and organizing fibrinous exudate 
over the right atrial appendage showing spindle-shaped 
pleomorphic cells (arrows) amidst inflammatory cells 

(H&E × 100); (b) Singly dispersed uninucleate and binu-
cleate cancer cells seen in the exudates at the right atrio-
ventricular junction (H&E × 200)

a

b c

Fig. 22.4 (a) Subpleural gray-white consolidation (delin-
eated by arrows) in the apical segment of the right lower 
lobe; (b) The pleura shows fibrotic thickening, inflamma-
tion, and vascularization. All the alveoli are filled with 

tumor cells with focal necrosis (H&E × 200); (c) Clusters 
of pleomorphic cells were present in the alveolar spaces 
(H&E × 400). Inset shows immunohistochemical nuclear 
positivity for thyroid transcription factor 1 (× 400)
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a b

dc

Fig. 22.5 (a) Subpleural wedge-shaped hemorrhagic 
infarcts (arrows) produced by (b) thrombotic narrowing of 
the muscular pulmonary arteries (H&E × 400); (c) Undue 

gray-white prominence of the lobular septa and broncho-
vascular connective tissue produced by (d) lymphatic 
embolization—lymphangitis carcinomatosis (H&E × 400)
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22.3  Discussion

Hypercoagulability was seen as a paraneoplastic 
phenomenon, induced by an occult adenocarci-
noma of the lung. This 45-year-old woman pre-
sented not only with arteriovenous thrombosis, 
but also with multiple mulberry-like light-brown 
friable deposits of sterile fibrin and platelet 
clumps at the coaptation edges of her normal left- 
sided valves. This pathology had been variously 
designated in the past as thromboendocarditis 
and terminal, cachctic, or marantic endocarditis 
before the term NBTE was coined by Gross and 
Friedberg in 1936. Like infective endocarditis, 
NBTE too has a predilection for the left side of 
the heart and affects normal or damaged valvular 
or mural endocardium, including the chordae ten-
dineae. In more than half the patients, the vegeta-
tions are multiple and <0.3  cm in size with 
involvement of a single valve (mitral valve being 
the commonest site). Later, there may be fibrosis 
and valvular dysfunction.

NBTE affects patients from the fourth to eighth 
decades of life with an equal sex distribution. It is 
often an autopsy diagnosis with an approximate 
incidence of 1.2% (range of 0.3–9.3%). However, 
this may not represent the true incidence as the 
vegetations, though small, have a remarkable ten-
dency to embolize and the remnants (if any) will 
not be grossly visible. Besides, there is also inad-
equate histological evaluation of the valves at 
autopsy, particularly if they are normal. The 
pathogenetic mechanism operating in NBTE is 
damage (often subtle) to the valvular endocar-
dium with prevailing hypercoagulability. The val-
vular injury can occur due to inherent natural 
hemodynamic stress, circulating inflammatory 
cytokines or immune complexes and iatrogenic 
trauma. Such vegetations are well-documented in 
several autoimmune  disorders (e.g., primary 
antiphospholipid antibody syndrome and sys-
temic lupus erythematosus—See Chap. 23), 
acquired and inherited coagulation defects (e.g., 
disseminated intravascular coagulation and pro-
tein C and S deficiencies), and inflammatory 
states (e.g., tuberculosis and sepsis). An important 
cause is covert or overt underlying cancer.

After antiphospholipid antibody syndrome 
(primary or secondary), cancer-related hyperco-
agulability is the next common etiology for cases 
of acquired thrombophilia. The pathophysiology 
is complex and multifactorial, depending on the 
type of malignancy; most often, the tumors are 
mucin-secreting adenocarcinomas, which may be 
pancreatico-biliary, gastrointestinal, or pulmo-
nary in origin. The basic mechanism is an imbal-
ance between the coagulation and fibrinolytic 
system produced by molecules released by the 
cancer cells themselves or through their interac-
tion with the endothelial cells, leukocytes, and 
platelets. This may manifest merely as abnormal-
ities in the coagulation profile or more ominously 
as thrombotic episodes, which can also precede 
the diagnosis of malignancy. They include venous 
thrombosis (most common), disseminated 
 intravascular coagulation, thrombotic microangi-
opathy, arterial thrombosis, and NBTE, which 
were indeed the manifestations in this patient.

The malignancy in this case was pulmonary 
adenocarcinoma. The malignant epithelial cells 
formed clusters within the alveolar spaces, the so-
called intra-alveolar variant with abundant necro-
ses. In addition, features of pulmonary tumor 
thrombotic microangiopathy and lymphangitis 
carcinomatosis were also present. Also by the time 
NBTE is discovered, the patients tend to have dis-
seminated cancers; our patient showed metastases 
in the pericardium, liver, and mediastinal, hilar, 
and para-aortic lymph nodes. A clinical clue to the 
presence of NBTE is not valvular dysfunction, but 
the occurrence of systemic embolization. This 
complication is seen in over 50% of patients and is 
unrelated to the size of the vegetations. Central 
nervous system is very commonly involved as 
seen in the case presented, though the initial clini-
cal presentation began with coronary embolism. 
The digital gangrene can be explained by embo-
lism, but arterial thrombosis, which was demon-
strated, may also be the cause. Predictably, infarcts 
were also seen in the kidneys and spleen. The 
effects of NBTE can be, therefore, extremely det-
rimental and it can quickly worsen. It mandates 
adequate anticoagulant therapy and appropriate 
cancer therapy to improve possible survival.

P. Vaideeswar



131

Further Reading

Adams HP Jr. Cancer and cerebrovascular disease. Curr 
Neurol Neurosci Rep. 2019;19:73.

Cheung B, Shivkumar A, Ahmed AS.  Embolic show-
ering from non-bacterial thrombotic endocardi-
tis and adenocarcinoma of the lung. Eur J Case 
Rep Intern Med. 2020;7(10):001798. https://doi.
org/10.12890/2020_001798.

Hirsch E, Jagirdar J, Nazarullah A. Pulmonary adenocar-
cinoma, intra-alveolar variant: a rare entity mimicking 
desquamative interstitial pneumonia. Int J Surg Pathol. 
2018;26:185–9.

Hurrell H, Roberts-Thomson R, Prendergast BD.  Non- 
infective endocarditis. Heart. 2020;106:1023–9.

Liu J, Frishman WH. Nonbacterial thrombotic endocardi-
tis: pathogenesis, diagnosis, and management. Cardiol 
Rev. 2016;24:244–7.

Patel MJ, Elzweig J. Non-bacterial thrombotic endocardi-
tis: a rare presentation and literature review. BMJ Case 
Rep. 2020;13:e238585.

Sheth RA, Niekamp A, Quencer KB, Shamoun F, 
Knuttinen MG, Naidu S, et  al. Thrombosis in can-
cer patients: etiology, incidence, and management. 
Cardiovasc Diagn Ther. 2017;7(Suppl 3):S178–85.

22 Nonbacterial Thrombotic Endocarditis and Occult Lung Adenocarcinoma

https://doi.org/10.12890/2020_001798
https://doi.org/10.12890/2020_001798


133

23Libman-Sacks Endocarditis

Smita Divate and Pradeep Vaideeswar

23.1  Clinical History

A 35 years old woman presented with high grade 
fever and atypical chest pain. She had been diag-
nosed as a case of systemic lupus erythematosus 
(SLE) a year ago when she had complained of 
facial puffiness, joint swellings, oral ulcers, rash 
over chest and limbs, and alopecia. Her investiga-
tions in that period had revealed positivity for 
antinuclear antibodies and anti-double-stranded 
DNA antibodies, low C3 and C4 complement lev-
els, and features of Type II b lupus nephritis on 
kidney biopsy. The anticardiolipin antibodies 
were within normal limits. She had been started 
on hydroxychloroquine, prednisolone, and lasix.

Her current investigations revealed hemoglo-
bin ranging from 7.4 g/dL to 11.0 g/dL, total leu-
kocyte count from 9000 to 11,300/cmm, 
differential leucocyte count of 78–80% neutro-
phils and 18–20% lymphocytes and adequate 
platelets, blood urea nitrogen 33 mg/dL, Serum 
creatinine 1.6  mg/dL, low C3/C4 levels, and 
hypoxia in arterial blood gases. Streptococcus 
viridans had been detected in a blood culture 

sample. Chest plain radiograph revealed bilateral 
pleural effusions with right basal consolidation. 
Along with the drugs for SLE, she was also 
started on multiple broad spectrum antibiotics 
and digoxin. However, her fever and chest pain 
persisted with development of tachypnea and 
edema feet. Also noted were increasing crepita-
tions in the lung bases and a low ejection frac-
tion. She continued to deteriorate and despite all 
measures died after 8 days of admission.

23.2  Autopsy Findings

There was moderate cardiomegaly (350 g) with 
moderate enlargement of the ventricles and mild 
enlargement of the atria. The remarkable feature 
was the presence of endocarditis of both 
Libman-sacks (LSE) and nonbacterial throm-
botic (NBTE) types on the atrioventricular 
valves. Small nodular vegetations were on the 
under surfaces of the tricuspid valve leaflets at 
their annular attachments (Fig.  23.1a). The 
mitral valve (MV) leaflets also showed a chain 
of nodular vegetations close to their edges, 
along with the characteristic ‘pocket lesions’ on 
their non-flow surfaces (Fig.  23.1b). The 
‘pocket-lesions’ or LSE (Fig. 23.1c, d) and the 
NBTE of MV revealed masses of hazy blue 
finely granular hematoxyphil body-like areas, 
which closely mimicked bacterial colonies 
within a background of fibrin and platelets. 

S. Divate 
Department of Pathology, Seth Gordhandas 
Sunderdas Medical College and King Edward 
Memorial Hospital, Mumbai, India 

P. Vaideeswar (*) 
Department of Pathology (Cardiovascular and 
Thoracic Division), Seth Gordhandas Sunderdas 
Medical College and King Edward Memorial 
Hospital, Mumbai, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
P. Vaideeswar (ed.), Tropical Cardiovascular Pathology, 
https://doi.org/10.1007/978-981-19-3720-0_23

https://doi.org/10.1007/978-981-19-3720-0_23


134

a

c d

b

Fig. 23.1 (a) Thrombotic masses (arrows) between the 
non-flow surfaces of tricuspid valve leaflets and right ven-
tricular RV endocardium—pocket lesions; (b) 
Nonbacterial thrombotic vegetations (black arrows) over 
the flow surfaces of the anterior mitral leaflet AML. Also 
note mural thrombi (white arrows) over papillary muscle 

and left ventricle LV (ATL anterior tricuspid leaflet, LA 
left atrium, PTL posterior tricuspid leaflet, RA right atrium 
STL septal tricuspid leaflet); Fibrin with patchy basophilic 
haze seen in the pocket lesions of (c) Tricuspid and (d) 
Mitral valves (H&E × 200)

Special stains for the microorganisms (modified 
Gram’s and Gomori methenamine silver stains 
negative) were, however, negative.

The most prominent lesion was seen in the left 
ventricular chamber, which showed a large 
plaque-like mural thrombus that covered almost 
the entire endocardial surface of the posterior 
wall with extensions on to the septal (Fig. 23.2a) 
and anterior endocardial surfaces. Small thrombi 
were noted over the posterior papillary muscle, 
intertrabecular spaces of the right ventricle with a 
thrombotic plaque over the endocardium of the 
right atrium. The left ventricular mural throm-

botic mass (Fig.  23.2b) as well as the other 
smaller mural thrombi appeared to have com-
menced in the subendocardial connective tissue 
and contained aggregates of cells undergoing 
karyolysis (Fig.  23.2c), forming characteristic 
hematoxyphil bodies that then merged into an 
eosinophilic fibrinous background. The left ven-
tricular myocardium showed foci of fibrinoid 
necrosis of perivascular collagen that took on a 
lattice-like pattern and a focal perivascular prolif-
eration of large mononuclear cells resembling 
Anitschkow cells. The intramural coronary arter-
ies showed thrombotic occlusion associated with 
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a b

c

Fig. 23.2 (a) Band of thrombus over the posteroseptal 
wall of the left ventricle LV (AML anterior mitral leaflet, 
AV aortic valve); (b) The thrombus is predominantly com-
posed of fibrin with strewn hematoxyphilic bodies (H&E 

× 200); (c) Tight mononuclear cell clusters in the sub- 
endocardial region of the left ventricle with overlying 
thrombus (H&E × 400)

myocytolysis and healing microinfarctions in the 
adjacent myocardium (Fig. 23.3a). The MV also 
showed active valvulitis with a prominent mono-
nuclear cell infiltration (Fig.  23.3b). The aortic 
valve, coronary ostia, and all coronary arteries 
were normal.

Both lungs showed patchy congestion and 
focal bronchopneumonia. The kidneys were 
mildly swollen and revealed class IV lupus 
nephritis; glomerular thrombi and hematoxyphil 
bodies were seen in the background of mesangial 
proliferation. The liver, spleen, brain, and other 
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Fig. 23.3 (a) Intramural coronary artery occluded by fresh fibrin thrombus (thin arrow) with small focus of healing 
microinfarct (thick arrow, H&E × 200); (b) Acute mitral valvulitis with mixed inflammatory cell infiltrate (H&E × 200)

organs were unremarkable. No infarcts or 
abscesses were found in any of the organs.

Cause of Death: Libman-Sacks endocarditis 
with coronary thromboembolism and multifocal 
myocardial infarctions.

23.3  Discussion

Cardiac involvement is common in SLE with val-
vular involvement detected in over 50% cases on 
echocardiography. LSE is observed in 11–30% of 
patients with SLE.  Clinically unrecognized 
lesions may be brought to light only at autopsy. 
LSE lesions were first described in 1924 as 
“atypical verrucous endocarditis” with valvular 
and mural components. While more commonly 
seen on either side of the valve leaflets, LSE may 
extend to the mural surfaces of the heart endocar-
dium. Valvular lesions may form typical variable- 
sized thrombotic masses called “pocket lesions”, 
on undersurfaces of leaflets necessitating lifting 
up of the valve to search for them. Such verrucae 

may extend along the chordae tendineae of the 
subvalvular apparatus and even within pockets 
between insertions of the chordae. Lesions of 
LSE are best distinguished from NBTE by virtue 
of smudgy blue necrobiotic mononuclear cells 
forming structures akin to hematoxyphil bodies 
that are characteristic of SLE. This feature was 
prominently noted in the present case. Verrucae 
of LSE have been described to have three zones: 
outer exudative, middle organizing, and inner 
neovascularization. However, extensive mural 
involvement as seen in the present case is 
extremely rare.

Pathogenesis of LSE appears to be primarily 
twofold: immunological and hypercoagulability- 
related. Immune complexes deposits detected in 
walls of small blood vessels are believed to play 
an important role in the pathogenesis of these 
lesions. Vegetations composed of platelet-fibrin 
thrombi and immune deposits as a consequence 
of autoimmunity-derived endothelial damage 
eventually lead to valvular fibrosis and thicken-
ing, deformity, and dysfunction. LSE in associa-
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tion with the antiphospholipid antibody syndrome 
(APS) has been reported among the various 
causes of hypercoagulability in patients with 
SLE. Subsequently, other studies highlighted this 
association and gathered evidence for the patho-
genetic role of antiphospholipid antibodies in 
LSE. It has also been reported that SLE patients 
with APS tend to have more severe LSE. In the 
present case, tests had been performed only for 
anticardiolipin antibodies. While these were neg-
ative, in view of lack of testing for other antiphos-
pholipid antibodies, APS cannot be excluded 
with certainty. It is pertinent to state that glomer-
ular thrombi noted in the index case add to the 
possibility of a hypercoagulable state.

While LSE may have limited clinical signifi-
cance in many, yet it has been associated with 
thromboembolic phenomenon in 10–20% of 
cases, which could have explained the presence 
of intramural coronary arterial thrombi and mul-
tiple healing micro-infarctions. Echocardiography, 
both transthoracic and transesophageal, help in 

diagnosis of LSE. Aggressive lupus therapy and 
long-term anticoagulation is used in the manage-
ment of this disorder.
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24Acute Myocardial Infarction 
in the Young

Shashank Tyagi, Pradeep Vaideeswar, 
and Girish Tasgaonkar

24.1  Clinical History

A 27-year-old man was admitted in the 
Emergency Services Department for a period of 
3  h. He had intermittent retrosternal chest pain 
and developed cardiac arrest on arrival. After 
appropriate resuscitative measures, the patient 
was reverted back to sinus rhythm. The patient 
was a chronic smoker and alcoholic; a family his-
tory of ischemic heart disease (an elder brother 
alive and on treatment) was present. Lipid profile 
performed in the recent past was within normal 
limits. His routine hematological and biochemi-
cal parameters during the current admission had 
been normal; troponin T was elevated (19 ng/L; 
reference value 10–15 ng/L). The ECG revealed 
elevated ST segment in leads V2 to V5 (Fig. 24.1). 
Subsequently, he developed ventricular tachycar-
dia and cardiac arrest, and he could not be 
revived.

24.2  Autopsy Findings

The heart (230  g) was mildly enlarged in size 
with mild left ventricular enlargement 
(Fig.  24.2a). The right coronary artery had a 
dominant distribution. The left anterior descend-
ing (LAD) artery right from its origin for a length 
of 1.2 cm was critically narrowed by an eccentric 
pale yellow plaque; the lumen was occluded by 
granular pale brown thrombus (Fig. 24.2b). On 
histology, the plaque was fibro-fatty (equal pro-
portions of fibrous and lipid material, Fig. 24.2c). 
The fibrous cap was cellular with a slight depres-
sion, over which was adherent fresh fibrin throm-
bus (Figs.  24.2c and 24.3a). The lipid content 
was in the form of foamy macrophages with 
admixed inflammatory cells (Fig. 24.3b, c) and 
cholesterol clefts; the latter had incited focal 
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Fig. 24.1 The ECG tracing showing elevated ST 
segment
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a b c

Fig. 24.2 (a) Mild cardiomegaly (AA ascending aorta, 
LAA left atrial appendage, LV left ventricle, PT pulmonary 
trunk, RAA right atrial appendage, RV right ventricle); (b) 
Serial cross-sections of the proximal left anterior descend-

ing artery (LAD) showing critical stenosis by a fibro-fatty 
plaque with luminal occlusion by brown thrombus; (c) 
Scanned H&E section of the LAD showing fibro-fatty 
plaque with adherent thrombus (arrows)

a b c

Fig. 24.3 (a) Adherence of fresh thrombus in an indentation in the fibrous cap (H&E × 400); Clusters of foam cells 
along with lymphocytes and histiocytes (b) H&E × 250 and (c) H&E × 400

granulomatous reaction. There was multifocal 
disruption of the internal elastic lamina, medial 
thinning, and adventitial fibrosis with mononu-
clear cell aggregates. The other arteries had 
hardly any changes.

The thrombotic occlusion had led to a fresh 
transmural infarction involving the anterior and 
septal walls, extending from the base to the apical 
regions (Fig. 24.4). Adherent fresh thrombi were 

also present over the endocardium of the anterior 
free wall. In addition, the smaller epicardial arter-
ies were also occluded by organized and recana-
lized thrombi. Subendocardial foci of healed 
infarction were also present in the LAD territory, 
including the right ventricle. The lungs were 
edematous; other organs were normal. There was 
no hepatic steatosis.

Cause of Death: Acute myocardial infarction.

S. Tyagi et al.
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Fig. 24.4 (a) Transverse slices through the ventricles 
showing pallor, pale yellowish discoloration, and conges-
tion in the anterior wall A of left ventricle LV and inter-
ventricular septum IVS (L lateral wall, P posterior wall); 

(b) Coagulative necroses of myofibers (H&E × 400); (c) 
Necrotic cardiomyocytes separated by edematous intersti-
tium infiltrated by neutrophils (H&E × 400)

24.3  Discussion

The case illustrated draws attention to the occur-
rence of acute myocardial infarction (AMI) in a 
young male smoker with critical and complicated 
coronary atherosclerosis. Overall globally, there 
has been an increasing prevalence of cardiovas-
cular disease, but the highest burden is seen in 
most of the South-East Asian countries, particu-
larly India. The major contributor to the morbid-
ity and mortality is coronary artery disease 
(CAD), with a prevalence ranging from 1.4 to 
12.6% in India. It not only affects the elderly 
population, but is increasingly seen to occur in 

young individuals, with an incidence of symp-
tomatic CAD (including myocardial infarction) 
in 3% of the young population. However, the 
prevalence (5–10%) may not be accurate as many 
such persons may remain asymptomatic and 
there is also a variability of the age cutoffs. While 
some studies have used a cutoff of 55 years, most 
of the studies consider patients below the age of 
45 years as young. Our patient was only 29 years 
old.

AMI is a life-threatening condition that occurs 
following the ischemia-induced myocardial 
necrosis. The incidence of AMI has seen a declin-
ing trend over years due to advancements in the 

24 Acute Myocardial Infarction in the Young



144

healthcare facilities that enable early diagnosis 
and spontaneous treatment. However, developing 
countries have persistently higher AMI hospital-
izations as compared to the developed ones. It is 
classified into 5 types depending on the patho-
physiology and clinical settings into those result-
ing from (1) Atherosclerotic CAD (Type 1), (2) 
Supply–demand mismatch, not related to athero-
sclerotic complications (Type 2), (3) Sudden 
unexpected death with features of myocardial 
ischemia (Type 3), (4) Coronary arterial interven-
tions (Type 4), or (5) Coronary arterial surgery 
(Type 5). Our case falls in the first category.

Generally, the conventional risk factors out-
lined for atherosclerosis in the older populations 
are smoking, hypertension, diabetes mellitus, 
obesity, and hyperlipidemia. These are typically 
seen even in the younger population as well and 
majority of them have at least 1 traditional risk 
factor, of which the commonest is history of 
smoking. Polymorphisms of genes coding for 
molecules involved in the lipid metabolism [most 
importantly lipoprotein (a)] leading to dyslipid-
emia, altered dietary habits, acute phase reactants, 
platelet aggregability, microorganisms, endocri-
nal disorders, collagen vascular disorders, and 
chronic alcoholic consumption are examples of 
nontraditional factors. Acute coronary incidents 
can be triggered by circadian variations in sympa-
thetic responses, vascular reactivity, physical 
inactivity, sleep deprivation, air pollution as well 
as physical and emotional stress. A combination 
of these factors can lead to ‘malignant’ CAD. Our 
patient was a smoker and chronic alcoholic and 
also had a strong family history, which is a very 
important risk factor for young CAD and a strong 
predictor for future coronary events. Surprisingly, 
his lipid profile had been normal.

Atherosclerosis has been identified since the 
beginning of time, and it has progressed from a 
degenerative and proliferative intimal disease to a 
chronic inflammatory reaction to multifactorial 
endothelial injury. It leads primarily to formation 
of intimal plaques, which in the epicardial coronary 
arterial tree can be simply classified as fibrous, 
fibro-fatty, or fatty plaques and they can cause 

varying degrees of luminal stenosis. Fibrous 
plaques, as the name suggests, are mainly com-
posed of fibro-cellular tissue in a background of 
collagen and proteoglycans. A core of lipid may be 
seen towards the basal aspect of the plaque. A large 
core of lipid that occupies most of the plaque is the 
characteristic of a fatty plaque. A thin fibrous cap 
separates it from the lumen (hence the term ‘thin-
cap atheroma’). Equal proportion of fibro-cellular 
and lipid is present in a fibro-fatty plaque. All the 3 
may show calcification and varying degrees of 
inflammatory cell infiltrate. Thrombotic occlusion 
is the most common complication of coronary ath-
erosclerosis, resulting in acute coronary syn-
dromes. Inflammation-driven reduced synthesis or 
augmented degradation leads to fracture or rupture 
of the fibrous cap in a fatty plaque. On the other 
hand, in fibrous and/or fibro-fatty plaques, the 
thrombus develops over denuded endothelium 
induced by inflammatory cytokines, a process 
referred to as plaque erosion. In this case, a criti-
cally stenosed (>75% narrowing) LAD artery 
showed erosion of fibro-fatty plaque and formation 
of an occlusive thrombus. Other major epicardial 
arteries were hardly atherosclerotic. This is the 
usual finding in young patients who tend to develop 
single vessel disease that in majority of the cases 
affects the LAD artery. The ultimate result was 
acute myocardial infarction. It has also been 
observed that such ‘premature’ atheromas, despite 
their stenotic severity, seldom lead to clinical fea-
tures; the first clinical manifestation is often sudden 
cardiac death. We also noted that smaller epicardial 
branches also showed organized and recanalized 
thrombi indicating that this patient may have had 
symptoms, which were unfortunately ignored.
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25Acute Mitral Regurgitation 
in Acute Myocardial Infarction

Pradeep Vaideeswar

25.1  Clinical History

A 62-year-old male, a fisherman by occupation, 
chronic tobacco chewer, non-diabetic, and non- 
hypertensive, was admitted to a private health- 
care facility for 15-day complaints of chest pain 
and dyspnea on exertion. An ECG was suggestive 
of inferior wall acute myocardial infarction 
(AMI), while an echocardiography performed 
revealed an impaired left ventricular dysfunction 
(ejection fraction of 30%), severe hypokinesia to 
akinesia of basal and middle portions of inferior, 
and lateral and septal walls of left ventricle (LV). 
There was Grade 3 mitral regurgitation (MR) and 
mild to moderate pulmonary hypertension. The 
patient was given warfarin for 5 days, and since 
there was no significant improvement, he was 
referred to our tertiary care center.

On examination, he was conscious with a 
pulse rate of 80 per minute, respiratory rate of 28 
per minute, and blood pressure of 100/70 mmHg. 
There was pedal edema and bilateral crepitations. 
The heart sounds were normal. Apart from ane-
mia (hemoglobin of 11.7  g/dL), the routine 
hematological and biochemical (including blood 
glucose and lipid profile) investigations were 

normal. A repeat EKG revealed sinus rhythm, 
prolonged QT interval, and an inferior wall 
infarct. A Color Doppler showed ischemic heart 
disease (IHD) with severe MR. On the third day 
of admission, the blood urea nitrogen was 28 mg/
dL (reference value 7–20 mg/dL) and serum cre-
atinine was 1.9  mg/dL (reference value 0.5–
1.1 mg/dL). On the seventh day of the ward stay, 
a stent was deployed in the right coronary artery. 
However, his condition continued to remain poor 
with worsening of his azotemia, development of 
ventilator-associated pneumonia, and hyperna-
tremia (158  mEq/L, reference value 135–
145  mEq/L). He expired after 11  days of ward 
stay.

25.2  Autopsy Findings

The heart was moderately enlarged in size and 
weighed 330  g. There was moderate enlarge-
ment of the LV.  The epicardial adipose tissue 
was mildly increased with milk patches over the 
anterior and posterior surfaces of the right ven-
tricle. A dusky discoloration was observed in 
the entire posterior wall of the LV which was 
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Fig. 25.1 (a) Dilated left atrium LA and ventricle 
LV. There is thinning and yellowish discoloration of the 
myocardium involving the entire length of the LV 
(arrows); (b) Serial transverse slices show pale yellow 
areas in the myocardium rimmed by zones of congestion. 
The posterior group of papillary muscles (PPM, arrows) 
shows similar changes (A anterior wall, AML anterior 
mitral leaflet, APM anterior papillary muscle, IVS inter- 

ventricular septum, LAA left atrial appendage, L lateral 
wall, P posterior wall, PML posterior mitral leaflet); (c) 
Scanned H&E stained slide showing thinning of the pos-
terior wall with extreme attenuation of the posterior papil-
lary muscle bellies; (d) Histology showing (1) Coagulative 
necroses, (2) Granulation tissue, (3) Myocytolyses of the 
subendocardial cardiomyocytes, below which lies a thick-
ened endocardium (H&E × 400)

produced by a transmural fresh infarction that 
extended from the base to the apex (Fig. 25.1a). 
The myocardium was thinned out particularly in 
the middle- third with a deep yellow color and 
broad zones of hyperemia (Fig.  25.1b). The 
infarction also involved the posterior group of 
papillary muscles, which were flattened and 
pale yellow (Fig. 25.1b, c). Small subendocar-
dial foci of grey-white scarring were also pres-
ent in the same region. The sections on 
microscopy showed features of both fresh and 
healing infarction (Fig. 25.1d). Such foci were 
also present in the subendocardial aspect of the 
interventricular septum. Fresh and healing 
microinfarcts were also present in the posterior 
wall of right ventricle.

The right coronary artery was dominant. The 
proximal part of the artery could be transversely 

cut with difficulty due to the luminal stent 
(Fig.  25.2a). However, beyond the stent, the 
artery continued to show critical atheromatous 
stenosis with fresh occlusive thrombus 
(Fig. 25.2b). On histology, the plaque was eccen-
tric and fibrous with a small core of cholesterol 
clefts and collections of foamy macrophages. 
The thrombus was fresh with organization/recan-
alization (Fig. 25.3) at its site of attachment with 
the fibro-hyalinized cap. The other epicardial 
arteries showed only mild atherosclerosis. Other 
autopsy findings included extensive pulmonary 
edema, acute passive venous congestion of the 
liver with focal hepatocytic necrosis, and diffuse 
renal tubular damage.

Cause of Death: Acute myocardial infarction 
with acute ischemic mitral regurgitation and car-
diac failure.
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Fig. 25.2 (a) Stent deployed in the right coronary artery; (b) Distal portion of the same artery with eccentric atheroma 
and luminal occlusive thrombus

a c

db

Fig. 25.3 Panels (a), (b), (c), and (d) show different histological profiles of the thrombus in the distal right coronary 
artery, fresh to organizing/recanalizing (H&E × 200)

25 Acute Mitral Regurgitation in Acute Myocardial Infarction
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25.3  Discussion

In the reported case, a substantial left ventricular 
myocardial loss had led to acute MR (AMR), 
which had progressed from a moderate degree to 
a severe degree in a fortnight. Depending on the 
mitral valvular pathology, AMR can be catego-
rized as primary or secondary. Acute primary MR 
results from a structural inflammatory or nonin-
flammatory destructive lesions affecting the 
mitral valve and/or its subvalvular apparatus, 
while in secondary (also referred to as functional) 
MR, the valve structure is preserved and the 
incompetence is a consequence of left ventricular 
dysfunction. Basically, the regurgitation develops 
from an imbalance between the closing and teth-
ering forces on the mitral valve.

In the context of AMI, the AMR occurs with 
2–7 days (median duration of hours). Torrential 
MR results from ruptured papillary muscles 
(often the posterior group) that are seen in <5% 
of patients. In about half of the patients (predom-
inantly males) with AMI, AMR develops due to 
left ventricular myocardial damage (the second-
ary or functional component) and/or papillary 
muscle injury (the primary or structural compo-
nent). This MR is of mild to moderate degree, 
transient, asymptomatic, and hence well- 
tolerated. Extensive damage particularly of the 
posteroinferior walls causes pronounced reduc-
tion in the LV contractility with reduction in the 
closing forces, while displacement of the papil-
lary muscles produced by the ensuing LV dilata-
tion leads to increased tethering forces. Such a 
pathology leads to severe AMR, which is a medi-
cal emergency as patients often present with 
decompensated cardiac failure (as evidenced by 
the clinical history in our patient). The effect of 
these forces is more pronounced on the posterior 
mitral leaflet, leading to an asymmetric type of 
tethering, incomplete coaptation, and hence an 

eccentric regurgitant jet. The imbalance is further 
accentuated with ischemic damage to the poste-
rior papillary muscle (PPM) group. This group is 
more vulnerable to ischemia as they are usually 
supplied only by the posterior descending artery. 
In this patient, the acute infarction involved a 
large portion of the LV with involvement of all 
the bellies of the PPM. The increase in the dimen-
sions of the leaflets and the chordae tendineae is 
achieved by ‘uncrimping’ of the collagen bun-
dles. The process is self-perpetuating as the MR 
leads to further ventricular enlargement, annular 
dilatation, and increased interpapillary muscle 
distance; the final outcome is chronic MR with 
activation of biohumoral mechanisms mediated 
predominantly through tumor growth factor-β. 
Prognosis for ischemic AMR remains poor, with 
a mortality rate of 75% at 24  h and 95% at 
2  weeks if left untreated. Such patients would 
benefit from revascularization procedure that is 
coupled with MV repair or replacement.
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26Acute Myocardial Infarction 
with Left Ventricular Free Wall 
Rupture

Ayushi Gupta, Girish Tasgaonkar, 
and Pradeep Vaideeswar

26.1  Clinical History

A 70-year-old non-hypertensive and non-diabetic 
woman presented with breathlessness and chest 
pain along with pain and swelling over the left 
shoulder for the past 2 days. There was a past his-
tory of cerebrovascular accident. She was admit-
ted in a private nursing home with a clinical 
diagnosis of acute exacerbation of asthma and 
was transferred to our center for ventilator sup-
port. On examination, her general condition was 
poor with tachycardia and hypotension. There 
was a fracture of the proximal humerus with dis-
location. The ECG was suggestive of inferior 
wall myocardial infarction with atrioventricular 
dissociation. She was treated with temporary 
pacing, antiplatelet agents, heparin, and dopa-
mine and was mechanically ventilated. She had a 
sudden deterioration and expired with 19  h of 
admission.

26.2  Autopsy Findings

A restricted autopsy (partial chest) was done. 
In-situ examination of the thoracic viscera 
revealed distension of the pericardial sac. It con-
tained about 100  mL of hemorrhagic fluid with 
blood clots that weighed 600 g (Fig. 26.1a). The 
heart was normal in size (290 g). The right coro-
nary artery had a dominant distribution and 
showed 0.2 cm segment of critical stenosis before 
its descent as the posterior descending artery. This 
had resulted in a transmural infarction over the 
posterior wall seen as faintly yellowish discolor-
ation with congestion as seen from the epicardial 
surface. Over the discolored area was present an 
irregular vertically oriented tear (1.5  ×  0.5  cm, 
Fig. 26.1b) at the midportion of the posterior wall 
of the left ventricle, which was responsible for the 
hemopericardium, cardiac tamponade, and sud-
den deterioration. Serial transverse sections 
showed thinning and pale yellow coloration of the 
basal region of the posterior wall with a regular, 
straight tract at the junction of the infarct with the 
viable myocardium (Figs. 26.1c, 26.2 and 26.3). 
There was also involvement of the adjoining pos-
terior one third of the interventricular septum. 
These regions showed coagulative necroses of the 
myofibers with prominent interstitial edema and 
patchy intense neutrophilic infiltration. The 
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Fig. 26.1 (a) Large blood clot which was seen to cover 
the posterior aspect of the heart; (b) Ragged tear (arrow) 
over the midportion of the posterior wall of the left ven-
tricle LV, surrounded by epicardial congestion; (c) Straight 

tract present at the junction of the fresh infarct in the pos-
terior P wall with normal appearing interventricular sep-
tum IVS (A anterior wall, L lateral wall, LA left atrium, RA 
right atrium, RV right ventricle)

 posterior papillary muscle also showed foci of 
necrotic  fibers. The right coronary artery which 
was responsible for this catastrophe showed a 
thin-cap atheroma (fatty atheroma, See Chap. 24) 
with overlying occlusive fresh  thrombus. Other 
organ findings included pulmonary edema, centri-

lobular emphysema, hepatic centrivenular hemor-
rhagic necroses, and patchy acute renal tubular 
necrosis.

Cause of Death: Left-ventricular free wall 
rupture (LVFWR), hemopericardium, and car-
diac tamponade.
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26.3  Discussion

Apart from ischemic mitral regurgitation, another 
important and lethal mechanical complication of 
acute myocardial infarction (AMI) is myocardial 
rupture, with an overall incidence of 2.3%. The 
ruptures may occur in the left ventricular free 
wall, papillary muscles and/or interventricular 
septum; increased application of prompt percuta-
neous interventions and thrombolytic therapy 
would decrease or have decreased this incidence 
to about 1.7%. The major risk factors for the rup-
ture can be broadly attributed either to the patient 
or the infarct characteristics. The patient-related 
factors are an older age (typically >70  years), 
female gender, smoking or tobacco use, hyper-
tension, obesity (with increased epicardial adi-
pose tissue), sedentary lifestyle, and delayed 
admission after onset of symptoms of AMI. There 

a

b

Fig. 26.2 Regular tract within the posterior wall P seen 
as (a) Close-up (white arrow) on gross inspection (L lat-
eral wall, LV left ventricle, IVS interventricular septum, 
RV right ventricle) and on (b) Scanned H&E section 
(black arrow)

a b c

Fig. 26.3 (a) Tear (arrow) on the endocardial surface 
(LVC left ventricular cavity), partially sealed by fibrin; (b) 
Tract T in the midmyocardial region; (c) Tract T opening 

on to the epicardial Ep surface. Note that the tract is 
flanked on either side by coagulative necrotic myofibers 
with neutrophils (H&E × 200)
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is often a lower frequency of diabetes mellitus in 
these patients. The acute infarction is generally 
smaller (as compared with those that cause car-
diogenic shock) and transmural and is usually 
seen as the first manifestation of ischemic heart 
disease (IHD); the latter feature suggests that 
these patients have not yet developed a good col-
lateral supply. Our patient was 70  years of age 
and did not have hypertension or diabetes. She 
also did not have regional fibrosis of the left ven-
tricle, indicating that this had been the first epi-
sode of infarction. But she did have a past history 
of cerebrovascular accident and almost synchro-
nous left-sided chest pain and shoulder pain due 
to humeral fracture. Osteoporosis is common 
among the elderly and postmenopausal women 
and it can lead to fractures from trivial trauma. 
Indeed, few studies have shown a link osteoporo-
sis and IHD with raised C-reactive protein and 
inflammatory cytokines.

Basically, LVFWR (as do the other ruptures) 
commences with an endocardial tear. Very often, 
the tears are vertically oriented as they result 
from stretching of the damaged myocardium. 
They are situated at the midventricular level or at 
the junction of the interventricular septum to the 
free walls and are seen over the anterior or lateral 
walls, explained by the increased frequency of 
involvement of left coronary arterial system in 
IHD. Moreover, they may be present in the mid-
portion of the AMI or at the junction of the viable 
and nonviable myocardium. The infarct in this 
case was almost 4 days old and revealed coagula-
tive necrosis and fairly intense neutrophilic infil-
trate, which would have rendered softening of the 
myocardium. This is the timing of most cases of 
ruptures and is termed as “late”, as opposed to 
“early” ruptures that present within 24 h conse-
quent to interstitial edema. In this setting, reper-
fusion injury may also be a contributing factor. 
The tear leads to formation of an intramyocardial 
tract, which can take the straight path of least 
resistance (simple tract) or may adopt a meander-

ing course within the myocardium (complex 
tract). The endocardial tear was present at the 
posterior wall AMI/interventricular septal inter-
face, and the tract was simple in the heart that 
was examined. Unfortunately, the lady presented 
finally with complete, acute LWFWR, or a blow- 
out lesion causing a rapid chain of events of 
hemopericardium, cardiac tamponade, and death. 
In a minority of the cases, the through-and- 
through rupture is limited by pericardial adhe-
sions or diaphragmatic support for posteroinferior 
wall infarcts, leading to LV pseudoaneurysms. 
This may also be a feature of narrow tracts. In 
few others, the rupture is incomplete leading to 
intramyocardial dissecting hematomas. 
Myocardial rupture still remains a major and cat-
astrophic event (5–24% postinfarction deaths) 
and early diagnosis and treatment with prior edu-
cation regarding proactive, healthy, and preven-
tive measures in high-risk groups may confer a 
high survival rate.
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27Acute Hemorrhagic Myocardial 
Infarction

Swati Kolhe, Pranita Zare, 
and Pradeep Vaideeswar

27.1  Clinical History

A 63-year-old woman, chronic tobacco chewer 
and hypertensive (since 8  years and on regular 
therapy), was admitted in the Emergency Services 
Department at 0825 h with severe chest pain that 
had been present since 0500 h. On general exami-
nation, the general condition was fair with pulse 
rate of 80 per minute, blood pressure 
110/70  mmHg, and respiratory rate of 22 per 
minute. Both heart sounds were heard; there was 
no murmur. Investigations revealed hemoglobin 
9.1  g/dL, creatinine 1.9  mg/dL, cholesterol 
248  mg/dL, and low-density lipoprotein 
203.4 mg/dL; other hematological, hepatic, renal, 
and other lipid parameters were normal. An ECG 
revealed acute myocardial infarction (AMI) of 
the anterior wall and she was immediately throm-
bolyzed with streptokinase (2 h and 15 min after 
chest pain), which was followed by antiplatelet 
drugs, heparin, and statins. Following thromboly-
sis, the chest pain was relieved, but the patient 
complained of mild back pain. Transthoracic 

echocardiography performed on the following 
day revealed ejection fraction of 35% and throm-
bus at the left ventricular apex. On the second day 
of admission, the prothrombin time was 18.1  s 
(international normalized ratio of i.51) and the 
creatinine level rose to 2.4  mg/dL.  There were 
15–20 pus cells and 4–5 RBCs in the urine and an 
ultrasound showed 4  mm calculus at the lower 
pole of the left kidney. A clinical diagnosis of uri-
nary tract infection with acute kidney injury was 
made. A week later she developed multiple 
ecchymotic patches and a large hematoma 
(8  ×  5  ×  4  cm) over dorsum of right hand; no 
intervention was performed and heparin/anti-
platelet drugs were continued. During this period, 
there was decline of her hemoglobin value to 
7.7 g/dL, while the creatinine value continued to 
remain high. On the 10th day of admission, the 
patient complained of abdominal pain and a com-
puted tomographic scan revealed 
18.3  ×  10  ×  8.6  cm left-sided retroperitoneal 
hematoma, anterior to the psoas muscle. In view 
of this development, the anticoagulation was 
stopped; however, there was rapid deterioration 
and the patient succumbed.

27.2  Autopsy Findings

A complete autopsy was performed. There was 
pallor and ecchymotic patches over the anterior 
chest wall and right forearm with a hematoma 
over the dorsum of the right hand (Fig.  27.1a). 
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Fig. 27.1 (a) Ecchymosis over the anterior chest wall 
and right forearm with hematoma over the dorsum of the 
right hand; (b) Large blood clot retrieved from the retro-
peritoneal region; (c) Bread-loafed myocardium showing 
the presence of a transmural hemorrhagic infarction over 
the anterior wall A and anterior two-thirds of the interven-

tricular septum IVS (L lateral wall, LV left ventricle, P 
posterior wall, RV right ventricle); (d) Scanned section of 
the interventricular septum showing the focus of hemor-
rhage (arrow); (e) Necrotic cardiomyocytes widely sepa-
rated by interstitial edema and large numbers of red blood 
cells. Note paucity of neutrophils (H & E × 200)

In-situ examinations of the thoracic and abdomi-
nal cavities were normal. A very large retroperi-
toneal hematoma (RPH) was noted on the left 
paravertebral gutter. The heart was mildly 
enlarged (300  g) with mild enlargement of left 
ventricle (LV). Transverse section through both 
the ventricles displayed thinning and transmural 
hemorrhagic discoloration of the anterior wall 
and anterior two thirds of interventricular septum 
extending from the base to apex (Fig.  27.1b). 
Towards the apical region, the infarct was almost 
circumferential; there was no apical thrombus. 
The zone of the hemorrhagic infarct was wider in 
the septal wall (Fig. 27.1c). In the center of the 
affected myocardium, there were necrotic fibers, 
which were widely separated by extensive hem-
orrhage (Fig. 27.1d) and interstitial edema devoid 
of neutrophils. These areas were surrounded by 

exuberant granulation tissue extending towards 
the subepicardial and subendocardial regions. 
Remnants of thrombi were also not seen despite 
adequate sampling, even at the apex. The right 
ventricular wall also showed small areas of heal-
ing infarction (Fig. 27.2a).

The right coronary artery was dominant. The 
left anterior descending artery from its origin for 
a length of 0.4 cm showed 50% luminal narrow-
ing by an eccentric atheroma; thrombotic occlu-
sion was not present. However, on histology, a 
recanalized thrombus superimposed on eccentric 
fibro-fatty atheroma was noted. There were 2 
lumens. The smaller channel still contained 
adherent fibrinous material (Fig. 27.2b), and both 
lumens were bordered by foamy and hemosiderin- 
laden macrophages (Fig. 27.2c); Focal calcifica-
tion and basal collections of cholesterol clefts 
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Fig. 27.2 (a) The subendocardial region of the right ven-
tricle showing myocardial replacement by granulation tis-
sue (H&E × 400); (b) The stenosed left anterior 

descending artery showing 2 lumens, the smaller of which 
still had adherent fibrin thrombus (H&E × 100); (c) 
Collections of hemosiderophages (H&E × 400)

and inflammation were also present. The lungs 
were edematous with a focus of fresh hemor-
rhage in the medial segment of the right upper 
lobe. The kidneys showed nephrosclerotic fea-
tures with nephrolithiasis.

Cause of Death: Retroperitoneal hematoma 
and hypovolemic shock.

27.3  Discussion

This case illustrates the development of unfortu-
nate events following reperfusion procedure for 
AMI in a woman in her sixth decade of life. AMI 
(See Chaps. 24–26) remains an important cause 
of morbidity and mortality worldwide. To 
improve survival and future quality of life, reper-
fusion techniques have been devised to decrease 
the size of ischemic myocardial injury and 
reverse morphological changes that develop in 
the ischemic cardiomyocytes. Reperfusion, 
through thrombolysis (e.g., streptokinase therapy 
used in the current case) and/or percutaneous 
coronary interventions, restores the blood flow 
beyond the coronary occlusion, but has to be 
achieved within 20  min (“time is muscle”) for 
complete regional myocardial salvage. This has 
the most favorable outcome. If the procedure is 
performed in about 4 h of the infarction (critical 

period), there is recovery of some part of the 
myocardium. Beyond the critical period, the 
reperfusion results in unfavorable outcomes due 
to development of reperfusion injury in the form 
of microvascular obstruction or the no-flow 
phenomenon.

Ischemia alters the endothelial integrity, lead-
ing to increased microvasculature permeability. 
Due to proximal coronary occlusion and absent 
blood flow, no hemorrhage occurs in the edema-
tous interstitium in the region of the 
AMI. Following delayed reperfusion, the no-flow 
occurs due to endothelial swelling, intraluminal 
protrusions and cytoplasmic blebs, distal emboli-
zation of the thrombotic material or atheroma-
tous debris, extrinsic compression of the 
microvasculature by swelling of the cardiomyo-
cytes and interstitial edema, neutrophil-platelet 
aggregates, and preexisting microvascular dys-
function (for example in diabetes mellitus). The 
reperfusion leads to generation of oxidative 
stress, inflammatory cytokines, and other cell- 
damaging molecules leading to reperfusion 
arrhythmias and myocardial stunning. Besides, it 
can also lead to exuberant extravasation of the 
red cells from the leaky capillaries with the for-
mation of a hemorrhagic infarction. The intra-
myocardial hemorrhage occurs in almost 60% of 
the patients and has been earlier described in 
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many autopsy studies. It is now well- characterized 
on cardiac magnetic resonance imaging, which 
also brings out the characteristic zonation as seen 
on histopathology. The hemorrhage enhances the 
size of the infarction and can lead to additional 
complications such as acute myocardial ruptures 
(See Chap. 26). Though hemorrhagic infarction 
was seen in our case, the cause of death was 
related to the anticoagulant therapy.

Our patient developed 2 episodes of pain. The 
first episode was a backache that was present dur-
ing the streptokinase infusion, which is an infre-
quent phenomenon with a still elusive 
etiopathogenesis. This usually ceases on comple-
tion or in some cases suspension of the thrombo-
lytic therapy. The abdominal pain, which 
developed subsequently after 10 days of throm-
bolysis, occurred because of a large RPH with 
associated decrease in the hemoglobin and was 
preceded by cutaneous ecchymosis and hema-
toma. In retrospect, it is possible that the back-
ache could have been an early sign of the RPH 
that caused abdominal pain when it reached a 
larger size. The bleeding in the soft tissues was 
the major complication of anticoagulant therapy; 
heparin was used in this case. The RPH (inci-
dence of about 0.1%) most often caused blunt 
abdominal trauma or medical interventions. 
Therapeutic anticoagulation results in spontane-
ous RPH, seen in about 0.6–6.6% of such patients, 
who are often elderly women. Heparin is excreted 
by the kidneys and hence, compromised renal 
function is an additional risk factor for heparin- 
induced bleeding. Our patient had a high creati-

nine value throughout her ward stay related to her 
hypertensive nephropathy. The case reiterates 
that timely restoration of myocardial reperfusion 
is needed to reestablish the balance between 
myocardial oxygen demand and supply. 
Furthermore, recognition of RPH, which usually 
requires conservative management, is also imper-
ative to avoid a devastating consequence.
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28Healed Myocardial Infarction 
with Left Ventricular Mural 
Thrombus

Pradeep Vaideeswar

28.1  Clinical History

A 32-year-old male (ex-smoker and ex-alcoholic) 
was transferred from a private nursing home (on 
request from the relatives) to our center with 
complaints of severe abdominal pain and associ-
ated nausea since the last 8 days. He was on insu-
lin therapy for his diabetes mellitus and had 
sustained a myocardial infarction 4 years ago. A 
CT angiography performed had revealed a large 
thrombus in the left ventricle, occlusion of the 
distal superior mesenteric artery, and bilateral 
renal infarcts. On examination, he was in poor 
general condition with a pulse rate of 135/min 
and blood pressure of 140/80 mmHg. There was 
generalized abdominal tenderness with guarding. 
With a clinical diagnosis of small bowel gan-
grene, an emergency exploratory laparotomy was 
carried out. There was extensive gangrenous 
change of the small intestine, beginning 32  cm 
distal to the duodenojejunal junction to 40  cm 
proximal to the ileocecal junction. About 42 cm 
of the midportion of the jejunoileal loops were 
viable. A resection and anastomosis was carried 

out. Unfortunately, reexploration was attempted 
twice for anastomotic leaks. His condition con-
tinued to deteriorate and the patient expired after 
10  days of admission. The investigations have 
been tabulated (Table 28.1).
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Table 28.1 Investigations

Hematological aHemoglobin 9.1 g/dL
aTotal leukocyte count 12,200/
cmm
aDifferential count—Neutrophil 
predominant
aPlatelet count 1.70 lakhs/cmm

Biochemical—
Routine

aBlood glucose 216 mg/dL
aSerum creatinine 3.1 mg/dL
aBlood urea nitrogen 32 mg/dL
aSGOT 30 U/L
aSGPT 14 U/L
aTotal proteins 6.1 g/dL
aAlbumin 2.3 g/dL
aGlobulin 3.8 g/dL
aTotal bilirubin 3.7 mg/dL
aDirect bilirubin 2.7 mg/dL
aSodium 135 mEq/L
aPotassium 3.8 mEq/L
aChloride 113 mEq/L

aMean values
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28.2  Autopsy Findings

The heart was mildly enlarged (230  g) with 
moderate enlargement of the left ventricle 
(Fig.  28.1a). There was mild patchy opacifi-
cation of the epicardium with an oval milk 
patch over the anterior aspect of the apex 
(Fig.  28.1a). The descending aorta showed 
only mild atherosclerosis, devoid of compli-
cations (Fig. 28.1b). The dominant right coro-
nary artery and the left main/circumflex 
arteries were devoid of significant atheroscle-
rosis. However, the left anterior descending 
artery right from its origin for a length of 
2  cm showed luminal occlusion by recana-
lized/organized pale brown gelatinous throm-
bus (Fig.  28.2). A large healed transmural 
infarct occurring as a consequence was noted 

in the anterior wall and anterior two-thirds of 
the interventricular septum from the mid-third 
to the apex. The endocardium overlying the 
healed infarct was exceedingly thickened and 
pearly-white with a large organizing throm-
bus occupying most of the ventricle topped by 
fresh thrombus towards the basal aspect 
(Fig.  28.3). Transmural scarring was also 
present in the posterolateral region. The 
thrombosis had resulted in infarcts in the kid-
neys and spleen and had been responsible for 
extensive small intestinal gangrene. 
Thromboemboli were also seen in the arterial 
radicles in the gastric wall and mesentery. 
There was also early acute pancreatitis.

Cause of Death: Multiorgan failure in a case 
of mural left ventricular thrombus with 
thromboembolism.

a b
Fig. 28.1 (a) Moderate 
cardiomegaly with 
enlarged left ventricle 
LV. Milk patch (arrow) 
is present over the apex 
(AA ascending aorta, 
LAA left atrial 
appendage, PT 
pulmonary trunk, RAA 
right atrial appendage, 
RV right ventricle); (b) 
Opened out descending 
aorta mainly showing 
fatty streaks and plaques
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a b

Fig. 28.2 (a) Serial cross-sections of the left anterior descending artery showing multiple sieve-like openings produced 
by (b) Recanalizing thrombus (Elastic van Gieson × 100)

28 Healed Myocardial Infarction with Left Ventricular Mural Thrombus
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Fig. 28.3 (a) The entire left ventricular cavity is filled 
with a pale yellow thrombus topped by friable red-brown 
material; (b) Mid-portion shows the presence of transmu-
ral scarring in the anterior interventricular septum IVS 
with focal scarring in the posterior P and lateral L walls. 
Smaller scars are seen in the anterior A wall (LV left ven-

tricle, RV right ventricle); (c) Towards the apical aspect, 
the thrombus T is red brown and adherent to an exceed-
ingly thick endocardium; (d) Thrombus T over a markedly 
thick and fibrotic endocardium E (M myocardium, H&E × 
200); (e) Replacement fibrosis in the myocardium (H&E 
× 200)

28.3  Discussion

A young man, smoker and diabetic (traditional 
risk factors of atherosclerosis, See Chap. 24), had 
developed myocardial infarction at the age of 
28 years. After 4 years, he presented with mani-
festations of acute mesenteric ischemia that 
necessitated extensive small intestinal surgical 
resection, and renal/splenic infarctions were 
identified at autopsy. The etiological basis for 
this multiorgan involvement was embolism from 
a large left ventricular protruding thrombus, 
which is an example of a life-threatening mechan-
ical complication of myocardial infarction (See 
Chaps. 25 and 26). The incidence of left ventricu-
lar thrombi (LVT), which can complicate both 
acute and healed infarcts, has been drastically 
reduced by timely use of reperfusion techniques 
and appropriate antithrombotic agents. But, it 
still stands at a wide range of 2–15%, explainable 
on the time lag after myocardial infarction of and 
the modalities used for, the detection of LVT.

The Virchow’s triad comprising endothelial 
injury, blood stasis, and hypercoagulability con-
tinues to be used to explain the pathogenetic 
mechanisms for arteriovenous thrombosis. These 
factors also contribute to the development of 
LVT.  For healed myocardial infarction (as 
observed in the present case) with an element of 
heart failure and/or postinfarct left ventricular 
aneurysms, blood stasis plays the most important 
role and results from myocardial motion abnor-
malities and reduced ejection fraction. This 
results in ‘late’ thrombus formation. The same 
substrate would also be present with acute infarc-
tions, but in addition the major roles are played 
by endocardial injury particularly with  transmural 
infarction and ensuing protracted pro- 
inflammatory and pro-thrombotic milieu. Such 
‘early’ thrombi may develop as early as in 24 h, 
but in most cases are seen within 2 weeks of the 
acute episode.

The abnormal flow kinetics in the region of 
myocardial dysfunction causes chiefly apical sta-
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sis, irrespective of the site of infarction; the apex 
remains the most common site of thrombus. The 
thrombi can be flat and plastered to the endocar-
dium—mural type or can grow to protrude into 
the ventricular chamber—protruding type. 
Recognizing these mass lesions through appro-
priate imaging techniques is very important 
because of the worrisome complication of sys-
temic thromboembolism. Cardiac magnetic reso-
nance imaging is considered as the gold standard, 
but from the practical point of view, a well per-
formed transthoracic echocardiography would 
suffice. The embolic phenomenon usually occurs 
after 3–4 months and invariably affects the cen-
tral nervous system; the thrombi are of the pro-
truding type. The thrombi of smaller sizes 
undergo fibrinolyses. It has also been observed 
that patients with persistent thrombi for a pro-
longed duration do not show embolic episodes 
since they can organize and sometimes form cal-
cific masses. Therapy with anticoagulants and 
thrombolytic drugs with periodic imaging are the 
usual modalities of therapy. In some cases, surgi-
cal thrombectomy may also be performed. In the 
present case, a very large thrombotic mass was 
noted after 4 years of the myocardial infarction, 

and it was partially organized with superficial 
deposits of fresh thrombi. Moreover, it was clini-
cally diagnosed after the patient had developed 
mesenteric ischemia, which is most often caused 
by occlusion of the superior mesenteric artery by 
thromboembolus of cardiac origin. This was the 
clinical scenario in the index case and it entailed 
extensive small bowel resection. He also had 
infarcts of the kidneys and spleen, and in such 
cases, the outcome tends to be poor.

Further Reading

Barbieri A, Mantovani F, Bursi F, Faggiano A, Boriani G, 
Faggiano P. Optimal use of echocardiography in man-
agement of thrombosis after acute anterior myocardial 
infarction. Echocardiography. 2020;37:1287–95.

Cruz Rodriguez JB, Okajima K, Greenberg 
BH. Management of left ventricular thrombus: a nar-
rative review. Ann Transl Med. 2021;9:520.

Gnanapandithan K, Feuerstadt P.  Mesenteric ischemia. 
Curr Gastroenterol Rep. 2020;22:17.

Habash F, Vallurupalli S.  Challenges in management of 
left ventricular thrombus. Ther Adv Cardiovasc Dis. 
2017;11:203–13.

Massussi M, Scotti A, Lip GYH, Proietti R. Left ventricu-
lar thrombosis: new perspectives on an old problem. 
Eur Heart J Cardiovasc Pharmacother. 2021;7:158–67.

28 Healed Myocardial Infarction with Left Ventricular Mural Thrombus



165

29Coronary Stent Infection

Saranya Singaravel and Pradeep Vaideeswar

29.1  Clinical History

A 72-year-old non-diabetic, non-hypertensive 
male presented with angina, dyspnea, and dia-
phoresis. He was diagnosed with acute coronary 
syndrome due to critical stenosis of the right cor-
onary artery (RCA). He underwent percutaneous 
transluminal right coronary angioplasty with bal-
loon dilatation and stenting using a sirolimus- 
eluting cobalt-chromium stent (Vactaflex). 
Postprocedure, the patient continued to remain 
symptomatic; a transfemoral thrombus aspiration 
was performed on postprocedure days 6 and 8. 
As there was no improvement, the patient was 
transferred to our institute in poor general condi-
tion with the femoral sheath in situ. A diagnosis 
of restenosis of the stent was rendered and the 
patient was managed conservatively. The patient 
expired 12 h after admission.

29.2  Autopsy Findings

At autopsy, the heart was normal in size (260 g). 
Transverse cuts through both ventricles 
(Fig. 29.1) showed grey-white areas of fibrosis 
with superadded areas of congestion in the pos-
terior one-third of the interventricular septum, 
and the posterior walls of the right and left ven-
tricles (Fig. 29.2a, b). Microscopically, sections 
from the posterior one-third of the interventricu-
lar septum, and the posterior wall of the right 
and left ventricles showed hypereosinophilia of 
the cardiomyocytes, with loss of nuclei and stri-
ations, edema, hemorrhage, and neutrophilic 
infiltration of the interstitium (Fig. 29.2c). This 
placed the time of myocardial infarction to 
1–3 days after occurrence of obstruction of the 
coronary artery, indicating that the infarction 
occurred after the angioplasty. The stent from 
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a

Fig. 29.1 (a) and (b) show serial cross sections of the ventricles from the base to the apex (A anterior wall, IVS inter-
ventricular septum, L lateral wall, LV left ventricle, P posterior wall, RV right ventricle)

the RCA was gently eased out and it showed 
adherent red-brown thrombotic material and 
blood clots (Fig. 29.3a). Serial sections through 
the RCA showed luminal brownish, friable, 
thrombotic material, and ectasia of the vessel 
with perivascular congestion (Fig.  29.3a). 
Section from the artery (Fig. 29.3b) showed the 
imprint of the stent (Fig. 29.3c–f), endoluminal 
thrombus formation, suppurative transmural 
arteritis, periarteritis (Fig.  29.4), and vascular 

wall ectasia. Sections from the distal radicles of 
the right coronary artery showed similar arte-
ritic features (Fig.  29.5). The other coronary 
arteries were unremarkable. Special stains for 
organisms (per-iodic acid Schiff, Gomori 
methenamine silver, and modified Gram stains) 
were noncontributory.

Cause of Death: Coronary stent infection 
with suppurative arteritis and acute myocardial 
infarction.
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Fig. 29.2 (a) and (b) show transmural yellowish foci sur-
rounded by hyperemic zones in the basal aspects of the 
posterior walls of right (RV) and left LV ventricles and 
posterior one third of the interventricular septum IVS (A 

anterior wall, L lateral wall, P posterior wall); (c) Wall of 
the right ventricle showing interstitial edema, coagulative 
necroses, and patchy neutrophilic infiltration (H&E × 
400)
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Fig. 29.3 (a) Stent covered with thrombi and blood clots. 
The right coronary artery (RCA) has been serially cross- 
sectioned; (b) Gross and scanned slide of the RCA (H&E); 

(c), (d), (e) and (f) All show imprints of the deployed stent 
(arrows) and necroses of the wall (H&E × 250)

a b c

Fig. 29.4 (a) Lumen L is filled with thrombi admixed with 
blood clots. There is an intimal I fibrous plaque. The adven-
titial A and peri-adventitial tissue has neutrophils (H&E × 
250); (b) The superficial aspect of the intima I is infiltrated 

by many neutrophils with overlying fresh thrombus T 
(H&E × 400); (c) The intimal plaque is inflamed. The inter-
nal elastic lamina (arrows) is intact. The media M also 
shows neutrophils towards the luminal aspect (H&E × 400)
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Fig. 29.5 Epicardial coronary arterial radical stained by 
(a) H&E (×100) and (b) elastic van Gieson stain (×100); 
Necrotizing arteritis with (c) involvement of the intima I, 

media M and adventitia A (elastic van Gieson × 400) and 
(d) spillover of neutrophils in the peri-adventitial region 
(elastic van Gieson × 400)

29.3  Discussion

Percutaneous coronary intervention (PCI), first 
introduced by the German radiologist Andreas 
Roland Grüntzig in 1977, has revolutionized the 
care of patients with atherosclerotic coronary 
artery disease. Balloon angioplasty is the most 
commonly performed intervention, in which a 
long, thin catheter with a small balloon on its tip 
is inserted to the site of blockage. The balloon is 
inflated, flattening or compressing the atheroscle-
rotic plaque against the arterial wall. The proce-
dure is followed by the insertion of a stent, a 
tubular endoluminal prosthetic device, which 
acts as a scaffold to stabilize the intimal flaps and 
restores the blood flow. Stents made entirely of 
metal and devoid of coatings are referred to as 
bare metal stents. Acute complications include 
postimplantation stent migration, traumatic dis-
ruption of the vascular walls, and thrombotic 
occlusion of the main artery and its branch arter-
ies. Importantly, these stents have been impli-
cated in the induction of neointimal hyperplasia, 
neoatherosclerosis, and restenosis that are seen as 

late complications. To counter this problem, 
stents are impregnated with a polymer matrix and 
drugs such as paclitaxel or sirolimus (drug- 
eluting stents or DES). Polymer embolization 
followed by a granulomatous or hypersensitivity 
response is known to occur with DES; however, 
newer biodegradable and reabsorbable stents are 
designed to overcome many of these problems.

The pathologist may encounter stents 
explanted due to a complication or in situ in an 
explanted heart or at autopsy. A detailed clinical 
history can offer insights into the number and 
location of the stents present. In the case of 
excessively calcified arteries, palpation may not 
be sufficient to localize the stents. In such cases, 
the heart should be X-rayed to determine the 
exact location of the stent. Rupture of the vessel 
wall should be ruled out on external examination. 
Longitudinal and transverse sections are both 
needed in order to study both the vascular lumen 
and the interface of the stent with the native ves-
sel wall. The vessel with the stent in situ can be 
opened longitudinally with scissors; however, 
this can produce severe artifacts. Where facilities 
for elastic embedding and sectioning or electro-
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chemical dissolution of the stent exist, these 
methods are preferred and allow study of the 
entire vascular segment.

Stent-related infection and thrombosis are 
exceedingly rare complications, with alarmingly 
high complications; such infections can occur as 
early or late complication. The proposed patho-
physiology for stent-related infection following a 
percutaneous procedure is poor preparation of 
the puncture site with the stent itself acting as a 
vector and a nidus for bacterial adherence and 
colonization. The most commonly implicated 
microorganism is Staphylococcus aureus, a skin 
commensal. Inflammation of the vascular wall 
may be followed by complications such as 
 pseudoaneurysm formation as seen in the present 
case, necrosis, or rupture of the vessel. Conflicting 
views exist about drug-eluting stents which are 
designed to prevent neointimal growth and reste-
nosis. Some authors argue that the suppression of 
tissue response to injury may predispose to infec-
tion while others highlight the antimicrobial 
properties of these stents. The risk factors for 
infection may also be patient-related (age, immu-
nosuppression, bacteremia, or other comorbidi-
ties), stent-related (local immunosuppression), 
procedure-related (lack of aseptic precautions 
and antibiotic prophylaxis), or postprocedural 
factors (coincident infections and repeat punc-
tures). It has been proposed that the possibility of 
stent-related infection should be entertained in 
cases where a stent has been placed in the preced-
ing 4 weeks, a history of multiple repeat proce-
dures through the same arterial sheath, 
bacteremia, unexplained pyrexia, leukocytosis, 

acute coronary syndrome, or cardiac imaging 
suggestive of persistent inflammation. Stent- 
related infections due to rapidly growing 
Mycobacteria are being increasingly reported in 
the developing world. Inadequate infection con-
trol measures and reuse of single use devices 
including angioplasty balloon catheters due to 
financial constraints have been implicated. 
Concerns have also been voiced regarding the 
decreased antibiotic susceptibility of these iso-
lates and the possible lack of therapeutic options 
for such cases in the future.
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30Intramural Coronary Arterial 
Thrombosis and Myocardial 
Ischemia

Pradeep Vaideeswar, Jayashri Chaudhari, 
and Smita Divate

30.1  Clinical History

A 15-year-old healthy adolescent presented to the 
Emergency Services department with altered 
sensorium. On examination, her general condi-
tion was poor with heart rate of 108 per minute 
and blood pressure of 80/60 mmHg. Her investi-
gations were as follows: hemoglobin 11.5 g/dL, 
total leukocyte count 6600/cmm with 66% neu-
trophils, platelet count 2.4 lakhs/cmm, total bili-
rubin of 1.6 mg/dL (direct of 0.3 mg/dL), SGOT 
94  U/L, SGPT 16  U/L, total proteins 6.7  g/dL 

(albumin 3.4  g/dL). She expired within 6  h of 
admission.

30.2  Autopsy Findings

The heart (190 g) was mildly enlarged with mild 
biventricular dilatation. A transverse section 
revealed pale myocardium with multiple foci of 
congestion, which were more prominent over the 
left ventricle (Fig.  30.1). On histopathology, 
these foci revealed occlusive thrombi in many of 
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Fig. 30.1 Serial 
transverse slices of the 
myocardium reveal 
pallor and presence of 
small foci of congestion

a c e

db

Fig. 30.2 Occlusive fresh thrombi in the intramural coro-
nary arterioles, seen amidst longitudinally (a) H&E × 250, 
(b) H&E × 400 and transversely (c) H&E × 250, (d) H&E 

× 400 sectioned myofibers; (e) Small areas of necrosis, 
myofiber fragmentation, and cytoplasmic vacuolation 
(H&E × 250)

the intramural coronary arteries (Fig.  30.2a–d) 
that had led to multiple fresh and healing micro-
infarcts (Fig. 30.2e). In addition, there was wide-
spread thrombotic microangiopathy that involved 

most of the other organs (Fig.  30.3); there was 
renal cortical necrosis as well.

Cause of Death: Multiorgan failure due to 
disseminated microvascular thrombosis.
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a c e

db

Fig. 30.3 Occlusive thrombus in the glomerular arteriole (a) H&E × 400 and (b) Putt’s fibrin × 400; Arterial and arte-
riolar thrombi in the (c) Cerebral cortex (H&E × 400), (d) Pancreas (H&E × 400) and (e) Lungs (H&E × 250)

30.3  Discussion

Sudden, unexpected death occurred in this young 
patient, in whom widespread microvascular 
fibrin thrombi were identified at autopsy, partic-
ularly affecting the heart, lungs, kidneys, and 
brain. Traditionally, such small-vessel thrombi 
are described in 2 important conditions—dis-
seminated intravascular coagulation (DIC) and 
thrombotic microangiopathy (TMA). In the pre-
sented clinical scenario, there were no predis-
posing factors for the development of 
DIC.  Furthermore, there was absence of con-
comitant bleeding tendency. Hence, the likely 
diagnosis would be TMA, which encompasses a 
triad of microangiopathic hemolytic anemia, 
thrombocytopenia, and microvascular thrombi 
leading to organ ischemia. Evidence of hemo-
lytic anemia is indicated by the presence of 
schistocytes (fragmented RBCs) in the periph-
eral smear, reticulocytosis, indirect hyperbiliru-
binemia, elevated levels of lactate dehydrogenase, 
and reduced levels of haptoglobin. Our patient 
had mild anemia and elevated indirect bilirubin 
of 1.3 mg/dL. However, neither schistocytes nor 
polychromatic cells had been observed in the 

peripheral smear and the platelet count 
(2.4 lakhs/cmm) was in the normal range (1.5–
4.5 lakhs/cmm) in this patient. A possible expla-
nation for the latter feature may be that her 
normal count before the illness could have been 
on the higher side of the normal range. A 25% 
decrease of the platelet count is also sufficient to 
indicate increased platelet consumption. The 
microvascular thrombi were seen only at autopsy.

The common clinicopathological features of 
TMA are shared by diverse group of conditions, 
which have different pathophysiological mecha-
nisms and specific therapy (the common therapy 
being initial plasma exchange). There is often 
interplay of the coagulation factors, complement 
proteins, and platelets. The common and most 
important cause for TMA in the pediatric popula-
tion is the typical or classic hemolytic uremic 
syndrome (HUS) caused by shiga toxin produc-
ing Escherichia coli, which damages the endo-
thelium and has a propensity to involve the 
kidneys. Though the condition is largely self- 
limited, some patients (about 15–18%) can 
develop chronic kidney disease; cardiac and neu-
rological involvement is seen in the more severe 
cases. Another TMA, which rarely occurs in this 
group, is thrombotic thrombocytopenic purpura, 
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where there is inherited or acquired and immune- 
mediated reduction in the levels (<10 IU/dL) of a 
metalloproteinase ADAMTS13 and frequent 
neurological symptoms and/or deficits. The 
reduced activity results in formation and accu-
mulation of ultra-large von Willebrand factor 
multimers and disseminated microvascular 
platelet- rich thrombi. Hence, stool examination 
for detection of the shiga toxin and ADAMST13 
assay are the specific preliminary laboratory 
investigations, which are to be performed when-
ever there is a clinical suspicion and investiga-
tional clues pointing to a diagnosis of 
TMA. Classic HUS was easily ruled out in the 
present case, as the patient did not have diarrhea 
or any other gastrointestinal symptoms in the 
recent past. Also, there was no other focus of 
infection in the patient, such as pneumonia which 
could lead to other infection-induced HUS. Some 
patients manifest with atypical HUS or second-
ary HUS.  Atypical HUS is characterized by 
inherited or acquired (autoantibody-mediated) 
defects in the complement system or in the pro-
teins that regulate complement deposition/activa-
tion on cell surfaces, particularly endothelium. 
On other hand, secondary HUS occurs with 
diverse disorders with varied mechanisms and 
includes pregnancy, autoimmune disorders, 
underlying cancers, infections, drugs, etc.

Another strong possibility that can be consid-
ered in this case is antiphospholipid antibody 
syndrome (APLS), which is an autoimmune 
thromboinflammatory disorder. It is recognized 
by presence of at least one clinical and laboratory 
criteria (Sapporo criteria). The clinical criteria 
include pregnancy morbidity (“obstetric” APLS, 
not applicable in our case) or clinical evidence of 
arteriovenous thrombosis (“thrombotic” APLS), 
while the laboratory criteria include presence of 
antiphospholipid antibody (lupus anticoagulant, 
anticardiolipin antibodies, or anti-β2-glycoprotein 
I antibodies) that are detected on 2 occasions 
12 weeks apart. When such features occur in iso-
lation, it is referred to as primary APLS. Secondary 
APLS, which is more common, is seen in asso-
ciation with other autoimmune disorders, espe-
cially systemic lupus erythematosus. A more 

alarming presentation with a high fatality rate, 
designated as catastrophic APLS (CAPS), is 
characterized by abrupt and brisk microvascular 
thrombosis (minimum of 3 organ systems) within 
a short period of time (usually < than week) and 
has a prevalence of <1% of all APLS cases. It is 
important to note that APLS in the pediatric 
patient (our patient was 15  years old) is rare, 
occurring in about 3% of patients before the age 
of 15 years and is often underdiagnosed. Clinical 
characteristics of CAPS appeared to have been 
fulfilled in our patient and there were multiorgan 
thrombi (a criterion for CAPS), but antibody esti-
mations were not available. CAPS is often the 
first manifestation of APLS, as noted in close to 
90% of the affected children. Infection has been 
identified as a major trigger for CAPS. Though 
our patient had multisystem thrombosis, there 
was no preceding history of infection, and no 
infection was noted even at autopsy. Interestingly, 
schistocytes have been observed to be fewer in 
the peripheral smear in CAPS and have been 
reported in only 14%–16% of patients with 
CAPS. Schistocytes were not seen in the present 
case. Severe thrombocytopenia is also not com-
mon in CAPS.

In general, both adult and pediatric patients 
with TMA present with renal dysfunction. But 
some have more prominent extrarenal manifesta-
tions affecting the cardiovascular and central ner-
vous systems and lungs. In the index case, 
microthrombi were seen in many organs and 
apart from thrombi, the kidneys did not show fea-
tures of lupus. In the early phase, symptoms are 
produced due to myocardial ischemia or infarc-
tion largely related to intramural coronary arte-
rial involvement, as identified in this case. This 
case emphasizes the importance of TMA as diag-
nosis in a child with abrupt onset of multiorgan 
dysfunction in a setting of infection. This would 
entail a detailed clinical examination and relevant 
investigations to assess clinical or subclinical 
multiorgan dysfunction and performance of labo-
ratory tests to identify the cause of TMA. Early 
diagnosis and appropriate management are cru-
cial for patient survival and prevent chronic organ 
dysfunction.
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31Anomalous Coronary Artery Origin 
and Sudden Cardiac Death

Swati Kolhe, Pranita Zare, 
and Pradeep Vaideeswar

31.1  Clinical History

A 36-year-old male complained of sudden chok-
ing and breathlessness during his mid-morning 
break while having snacks. He was a wire line 
operator by profession working at an offshore oil 
rig. He was resuscitated and air-lifted to a nearby 
hospital, but declared dead on arrival.

31.2  Autopsy Findings

A medicolegal autopsy had been performed else-
where and slices of organs were referred to our 
institute for histopathology. Only the basal part 
of the heart was received. There was mild dilata-
tion of the ventricular chambers with a normal 
brown discoloration of the myocardium. The aor-
tic annulus was mildly dilated; the semilunar 
cusps were normal. Few fatty streaks were noted 
in the ascending aorta. The remarkable finding 
was the origin of both the coronary ostia from the 

left anterior sinus-of-Valsalva (SOV). The left 
coronary arterial ostium was present within the 
mid-portion of the sinus below the sinutubular 
junction, while the right coronary arterial open-
ing was present in the same sinus, but close to the 
commissure between the two anterior cusps 
(Fig.  31.1a). The right coronary artery, which 
was dominant, coursed between the ascending 
aorta and the pulmonary trunk (Fig.  31.1b). 
Distally, it had a normal course in the right atrio-
ventricular groove. On histology, the coronary 
artery was partly incorporated in the outer wall of 
the ascending aorta with smooth muscle continu-
ity (Figs. 31.1c, d and 31.2a). In addition, there 
was significant fibrosis of the arterial media 
(Fig.  31.2b) with presence of elastic fibers 
(Fig. 31.2c). The intima was normal. There was 
no evidence of myocardial ischemia or infarc-
tion. There was extensive pulmonary edema and 
mild hepatic steatosis. Other organs were 
normal.
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Fig. 31.1 (a) 
Diagrammatic 
representation of the 
right coronary arterial 
RCA ostium arising 
close to the commissure 
between the right RCC 
and left LCC coronary 
cusps; (b) Diagrammatic 
representation of the 
right coronary artery 
RCA between the 
ascending aorta and 
pulmonary trunk PT (AC 
anterior cusp, AV aortic 
valve, LADA left anterior 
descending artery, LCA 
left circumflex artery, 
LMCA left main 
coronary artery, LPC left 
posterior cusp, NCC 
noncoronary cusp, PV 
pulmonary valve, RPC 
right posterior cusp); 
Scanned images of the 
right coronary artery 
partly incorporated 
within the aortic wall (c) 
H&E and (d) Masson 
trichrome
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a c
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Fig. 31.2 (a) Merging of the media of the right coronary 
artery RCA and the ascending aorta (H&E × 200); (b) 
Prominent collagenization of the RCA (Masson’s tri-

chrome × 200); (c) Black elastic fibers are seen in the right 
coronary artery (Elastic van Gieson × 400)

31.3  Discussion

This case represents one of the several congenital 
anomalies of the coronary arteries, where there is 
an anomalous origin and/or courses of the epicar-
dial coronary arteries. Though such lesions are 
uncommon, they are capable of producing sud-
den cardiac death (second most common cause), 
particularly in the young sportspersons and indi-
viduals with regular exercise routines. The anom-
alies can be classified into hemodynamically 
significant and insignificant lesions. 
Hemodynamically significant anomalies are usu-
ally always characterized by decreased myocar-
dial perfusion, while the insignificant anomalies 
are not associated with major clinical events. 
However, there is a group of congenital anoma-
lies where individuals are capable of leading a 
normal life, but can manifest with sudden-onset 
critical ischemic events. This occurs in an exam-
ple of anomalous aortic origin of the coronary 
arteries (AAOCA).

Normally the right and left coronary ostia are 
placed in center of the anterior right and left SOV 
below the sinutubular ridge (See Chap. 1). The 

anomalous origin pertains to the number, loca-
tion, and size of the coronary ostia and subsequent 
course of the coronary arteries. Of particular 
importance is the origin of the artery from the 
opposite or contralateral SOV, which has a preva-
lence of 0.26% in the general population; right 
coronary artery (RCA) is more affected (0.23%) 
as compared to the left main coronary artery 
(0.03%). Furthermore, after this origin, the artery 
can adopt different pathways to terminate into its 
normal course. The artery may be prepulmonic, 
interarterial, retro-aortic, transseptal, or retro-car-
diac. In this case, we have described an anoma-
lous origin of the RCA from the left SOV, close to 
the commissure between the two anterior cusps 
and coursed between the 2 great arteries. The 
interarterial course is considered as the malignant 
variant due to increased risk of sudden death. The 
pathogenetic mechanism can be explained on a 
‘two-tier’ concept, which includes the fixed and 
dynamic components of obstruction of the ostium 
and/or the artery. The fixed component includes 
the presence of a slit-like ostium and proximal 
arterial narrowing; the former was present in the 
index case. The dynamic component is contrib-
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uted by an acute take-off angle or compression of 
the coronary artery between the dilated ascending 
aorta and pulmonary trunk especially during vig-
orous exertion. The lumen would be further com-
promised when the interarterial course is also 
associated with mural incorporation of the RCA 
(intramural course) within the outer thirds of the 
aortic media, as was depicted in this case.

The clinical spectrum commonly seen is either 
sudden death (very often the first manifestation) 
or features related to myocardial ischemia such 
as chest discomfort or pain, syncope, and arrhyth-
mias. Though they are often exertion-related, the 
trigger for sudden death is not always clear as 
some patients have died in their sleep or at rest, 
which was the clinical scenario in our case where 
the patient experienced chest discomfort while 
having snacks. In addition, some patients can 
remain asymptomatic. Nevertheless, a better 
understanding of the mechanisms of ischemia, 
early diagnosis with imaging, and preventive 
measures can help to identify and reduce the risk 
of fatal arrhythmias to avoid sudden death. The 
diagnosis is based on assessment of the coronary 
arteries by various imaging modalities like trans-
thoracic echocardiography, multislice computed 
tomography (CT) scan, and coronary angiogra-
phy (CT or magnetic resonance). It would also be 

important to identify presence of myocardial 
scarring due to past episodes of ischemia as these 
scars are also arrhythmogenic. Surgical correc-
tion is needed in all symptomatic patients and 
those carrying risks for sudden death especially 
in the malignant variants. An unroofing proce-
dure, direct reimplantation of the anomalous 
RCA, or coronary bypass are the preferred surgi-
cal methods.
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32Extensive Myocardial Scarring 
in a Neonate

Pragati Sathe and Pradeep Vaideeswar

32.1  Clinical History

A male child had a near-term normal vaginal 
delivery (birth weight 2264 g) in a private health- 
care facility. He was admitted to the neonatal 
intensive care unit at our institute for respiratory 
distress. An antenatal fetal echocardiography had 
revealed a possibility of mitral atresia with dilated 
right ventricle, a small ventricular septal defect, 
and mild pericardial effusion. On examination, 
the general condition was poor with heart and 
respiratory rates of 150 and 60 per minute, 
respectively. There was generalized anasarca 
with tense ascites, scrotal, and penile edema. The 
neonate died within 1 h of admission.

32.2  Autopsy Findings

A complete autopsy was performed. The heart 
when observed in-situ had an almost horizontal 
orientation in the chest; this was also seen when 
the heart and lungs were kept in normal anatomi-
cal position (Fig. 32.1a). There was diffuse epi-

cardial fibrosis. The right ventricle (RV) had a 
peculiar configuration. It appeared dumb-bell- 
shaped with a small right and large left ‘out-
pouchings’, between which arose the pulmonary 
trunk (Fig. 32.1a). The right-sided chamber com-
municated with the pulmonary artery, while the 
chamber towards the left was a muscle bound 
accessory chamber (Fig. 32.1a). Obvious whitish 
discoloration was seen in the RV myocardium 
and the interventricular septum (IVS, Fig. 32.1b). 
The IVS was intact; there was no mitral atresia. 
The left ventricular chamber was dilated with 
pale, focally thinned out myocardium. The endo-
cardia of both ventricles were pearly white with 
obliteration of the trabeculae. The venous con-
nections, coronary arterial origins, and distribu-
tions were normal. On histology, the myocardium 
showed transmural and circumferential replace-
ment by vascularized fibrosis with multiple foci 
of calcifications (Fig. 32.1c–e) in the areas sup-
plied by the left coronary arterial system. There 
was also varying degrees of epicardial fibrosis 
and calcification. Apart from vascular conges-
tion, other organs did not show any significant 
pathology. The umbilical cord was also normal.

Cause of Death: Extensive myocardial scar-
ring and cardiac failure.
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a b
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Fig. 32.1 (a) Horizontal placement of the heart with 
enlarged right ventricle RV.  The pulmonary trunk PT 
arises between the 2 RV ‘outpouchings’; (b) The trans-
verse section shows division of the RV chamber by an 
anomalous muscle band. The RV, left ventricle LV, and 
interventricular septum IVS show pale white myocar-

dium; Transmural fibrosis of the left ventricle (c) H&E × 
100 and (d) Elastic van Gieson × 100. The granular dark 
deposits (arrow) represent dystrophic calcification; (e) 
Fibrosis in the right ventricle. The epicardial coronary 
artery is normal (Elastic van Gieson × 100)

32.3  Discussion

Extensive transmural fibrosis with calcification 
predominantly seen in the left ventricle of a 2-day 
male child had resulted in a nonimmune hydrops 
fetalis, arising due to left ventricular failure. The 
pattern of involvement suggested that this injury 
had an ischemic basis and occurred in intrauter-
ine life. Myocardial infarction (MI, healed or oth-
erwise) is an extremely uncommon condition to 
be diagnosed in the pediatric population in gen-
eral and neonatal period in particular, where it 
forms a differential diagnosis for cardiac 
 dysfunction due to neonatal myocardial disor-

ders. Owing to its rarity and diagnostic chal-
lenges, the true prevalence and incidence is not 
exactly known; there is often a female 
predominance.

Most often, the MI is seen in association with 
congenital and structural heart diseases, which 
most often involve anomalies of the coronary 
arteries and include abnormalities in the origin, 
course, or structure of the epicardial coronary 
arteries. There have been also instances where 
coronary thromboembolism had occurred due to 
thrombosis of the umbilical vein or ductus veno-
sus. In this case, such thrombi or emboli were not 
documented. Apart from these causes, the throm-
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bogenicity and chances of coronary in-situ 
thrombosis are increased with prematurity, poly-
cythemia (heightened by placental insufficiency, 
maternal hypertension, twin-to-twin, or mater-
nal-fetal transfusion), and rare inherited throm-
bophilic disorders. Inflammatory and 
noninflammatory myocardial disorders can also 
predispose the neonates to MI. In another group 
of patients, the MI develops after cardiac surgery. 
It can also be unrelated to any cardiovascular 
pathology and is seen with perinatal asphyxia, 
congenital diaphragmatic hernia, intrauterine 
infection, neonatal sepsis, pregnancy-related 
 disorders, or certain drugs. In few others, it may 
truly remain idiopathic. In this case, the mother 
had an uneventful pregnancy. No thrombi or 
emboli were documented on histopathology. It 
may be possible that the abnormal outpouching 
of the accessory chamber of the right ventricle 
could have led to compression of the left coro-
nary artery.

In contrast to adults, adolescents, and older 
children, the presentation of MI in neonates, 
infants, and young children will not be clear and 
is often subtle and vague. Crying, pallor, cyano-
sis, respiratory distress, vomiting, feeding diffi-
culties, hypotension, arrhythmias, or frank 
cardiac failure may be present, depending on the 
degree of myocardial injury. But the diagnosis 
can also be missed when it is superimposed on 
the more common neonatal problems like sepsis 
or respiratory distress syndrome. The clinical 
suspicion (if any) is usually confirmed on the 
basis of ECG changes, elevated biomarkers of 

cardiac injury, and abnormalities on cardiac 
imaging. It is to be noted that the biomarkers can 
be elevated in neonates (particularly preterm) and 
also in myocarditis, which can then lead to MI by 
virtue of coronary thrombosis or vasospasm and 
intramural coronary arteritis. In the index case, 
the child was admitted for only a few hours and 
the diagnosis of MI was made only at autopsy. 
The mainstay of the treatment of neonatal MI 
rests mainly on cardiovascular and respiratory 
support with thrombolysis or coronary artery 
intervention if required. In some cases, the myo-
cardial function reverts to near normal, indicating 
the regenerative ability of the neonatal 
myocardium.
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33Acute Lymphocytic Myocarditis 
and Sudden Cardiac Death

Ketan Ingle, Girish Tasgaonkar, 
and Pradeep Vaideeswar

33.1  Clinical History

An adolescent male, aged 15 years, had episodes 
of low-grade fever for the past few weeks. He 
was diagnosed as ‘jaundice’ and administered 
traditional medicines. During his sleep, he sud-
denly became restless with shaking of his arms 
and legs. He was rushed to our tertiary-care cen-
ter, but declared dead on arrival.

33.2  Autopsy Findings

The heart (170  g) appeared normal on gross 
examination (hence no gross photographs were 
taken). The myocardium was extensively sam-
pled and many of the sections revealed a normal 
histology (Fig.  33.1). However, two sections 
taken from the ventricular myocardium revealed 
features of acute lymphocytic myocarditis 

affecting the subepicardial regions of the left 
ventricular myocardium. The involvement was 
patchy and was composed of cardiomyocyte 
destruction and accompanying varying degrees 
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Fig. 33.1 Normal myocardial histology seen in the many 
sections taken (H&E × 200)
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of lympho- histiocytic infiltration (Fig. 33.2). No 
inflammation was seen in the interventricular 
septum. Sprinkling of inflammatory cells was 
seen in the right ventricle. Fine foci of scarring 
were also present. Surprisingly, an extraordi-
nary degree of inflammation and destruction 
was present around the region of the atrioven-
tricular (AV) node (Fig. 33.3a, b). The inflam-

matory cells were represented mainly by 
macrophages (Fig.  33.3c) and T-lymphocytes 
(Fig.  33.3d); B-lymphocytes were not present 
(Fig. 33.3e). Other findings included pulmonary 
edema and mild sinusoidal congestion in the 
liver.

Cause of Death: Sudden cardiac death due to 
acute lymphocytic myocarditis.

a

b d

c

Fig. 33.2 (a) Myocardium showing a small focus (arrow) 
of mononuclear cell infiltration (H&E × 200); (b) Easily 
identifiable multifocal collections of inflammatory cells 
(H&E × 200); (c) Cellular aggregates (arrow) and infil-

trates (H&E × 200); (d) The aggregate shows collections 
of macrophages and lymphocytes with destruction of the 
adjacent cardiomyocytes (H&E × 400)
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a c

d

e

b

Fig. 33.3 Sea of inflammatory cells seen around the 
region of the atrioventricular node. The myocytes are 
hardly visible—(a) H&E × 200 and (b) H&E × 400; (c) 
Macrophages with positive CD 68 immunostaining (× 

400); (d) T lymphocytes with positive CD 3 immunostain-
ing (× 400); (e) CD 23 was negative, indicating absence of 
B lymphocytes (× 400)

33.3  Discussion

The heart in this adolescent showed patchy but 
dense lympho-histiocytic infiltration and associ-
ated cardiomyocytic destruction in the absence of 
ischemia, which are the defining features of myo-
carditis. The ‘prescribed’ number of inflamma-
tory cells is at least 14 infiltrating leukocytes/

mm2 with up to 4 monocytes/mm2 and at least 7 
CD3+ T lymphocytes/mm2. The condition, some-
times referred to as inflammatory cardiomyopa-
thy, has an estimated incidence of 10–22 per 
100,000 persons per year, though the true inci-
dence of myocarditis is difficult to measure. 
Majority of the cases occur in the pediatric popu-
lation, but it is identified as the third leading 
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cause of cardiovascular deaths, after coronary 
artery disease (See Chaps. 24 and 28) and hyper-
trophic cardiomyopathy (See Chap. 43) in young 
adult males (median age of presentation being 
42  years). The myocarditis, occurring through 
infective and noninfective causes (such as auto-
immune processes or toxic agents), can elicit 
varying types and degrees of leukocytic responses 
ranging from neutrophils to granulomatous or 
giant cell responses. Among the etiologic agents, 
viruses represent the most common cause 
(approximately 90% of inflammation caused by 
infective agents) and produce the characteristic 
lymphocytic myocarditis, as seen in this case.

A large number of viruses have been impli-
cated in the causation of lymphocytic myocardi-
tis, and in such cases, the condition is diagnosed 
not only on routine histopathological examination 
but also with immunological and immunohisto-
chemical criteria. Furthermore, due to different 
mechanisms of cardiac injury, it may be possible 
to distinguish between virus-induced cytopathic 
effects and virus-associated  inflammatory 
responses. Cardiotropic viruses such as enterovi-
rus (Coxsackie A and B, and echovirus) or adeno-
virus have been shown to infect the cardiomyocytes 
through specific transmembrane coxsackievirus 
and adenovirus receptor to produce direct cyto-
pathic effects. Elaboration of pro-inflammatory 
cytokines with myocardial damage is produced 
by endothelial injury that occurs on the entry of 
vasculotropic viruses such as parvovirus B19. 
However, the mechanisms of lymphotropic 
viruses (human herpesvirus 6, Epstein–Barr virus, 
and cytomegalovirus) and certain other viruses 
(human immunodeficiency virus, hepatitis C 
virus, influenza A/B viruses, and viruses from the 
Coronaviridae family) are not yet clearly defined 
and have been postulated to be the result of auto-
immune phenomenon. Direct or indirect viral 
injury initiates the first phase (1–7 days), which is 
characterized by innate immune responses. This 
is followed by the second phase that can last from 
1 to 4 weeks, where there is activation of the adap-
tive  immunity, targeting the viruses or their prod-
ucts. There is also an element of autoimmunity 

due to release of intracellular or surface antigens 
of the injured cardiomyocytes with generation of 
autoreactive T cells and autoantibodies. Finally, in 
the third phase, there is clearing of the virus, a 
process that can last for months or years. In some 
individuals, there is ineffective or delayed clear-
ing where persistent inflammation provokes fibro-
sis and remodeling leading to dilated 
cardiomyopathy (See Chap. 41).

Depending on the type of virus and the 
degree of inflammation elicited, viral myocardi-
tis can result in protean manifestations, ranging 
from an asymptomatic presentation to rapidly 
progressive syndromes. Often there are prodro-
mal manifestations in the form of fever, malaise, 
fatigability, and gastrointestinal symptoms 
(abdominal pain, nausea, vomiting, loss of 
appetite, or diarrhea  - simulating the anicteric 
phase of acute hepatitis). Patients with clinically 
stable acute myocarditis usually present with 
chest pain, dyspnea, palpitation, syncope, and 
have mild to moderate left ventricular dysfunc-
tion. In pediatric patients with palpitation, syn-
cope and arrhythmias do not necessarily have a 
depressed systolic function. Apart from the rou-
tine ECG and echocardiography, such cases are 
diagnosed on the basis of sophisticated imaging 
techniques (such as cardiac magnetic resonance 
imaging) and elevated cardiac biomarkers that 
are useful for prompt institution of appropriate 
supportive therapy. Endomyocardial biopsy 
may prove useful in identifying the viral genome 
and guiding a tailored therapy. However, immu-
nohistochemical stains or facilities for detection 
of the specific viruses are not available in most 
of our institutions. A subset of patients has clini-
cally unstable disease (fulminant myocarditis), 
presenting as cardiogenic shock due to global 
ventricular dysfunction that often requires 
mechanical circulatory support. The clinical 
presentation may also be reflected in the gross 
appearance of the heart at autopsy. In many of 
the cases, as seen in this patient too, the hearts 
appear normal. In few others, there may be 
biventricular dilatation with myocardial pallor, 
flabbiness, and/or congested mottling.

K. Ingle et al.
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Our patient had low-grade fever, which was 
diagnosed as jaundice, but there was no icterus at 
autopsy and features of hepatitis were not seen on 
histopathology. There were apparently no cardiac 
symptoms and unfortunately he had sudden car-
diac death (SCD), which can be the first clinical 
manifestation of acute myocarditis. Around 12% 
cases of SCD are caused by acute myocarditis in 
patients younger than 40 years of age. The inflam-
mation renders the myocardium arrhythmogenic 
due to ion-channel dysfunction and alteration of 
intracellular signaling, leading to ventricular 
tachyarrhythmias in the form of ventricular tachy-
cardia and fibrillation. In our opinion, in the pres-
ent case, if the AV node had not been involved, the 
myocardial inflammation in the rest of the myo-
cardium would possibly have resulted in a clini-
cally stable disease. In all probability, the SCD in 
this case was due to atrioventricular block conse-
quent to very extensive inflammation and destruc-
tion at the region of the AV node.
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34Acute Leptospiral Myocarditis

Rachana Binayke, Heena Desai, 
Pradeep Vaideeswar, and Smita Divate

34.1  Clinical History

High-grade fever with chills, increasing short-
ness of breath, and myalgia for the past 4 days 
were the presenting symptoms in a 20-year-old 
male, admitted for duration of 4 h in early mon-
soon. The general condition was poor with tachy-
cardia (heart rate 118 per minute) and hypotension 
(blood pressure 70/50  mmHg) and bilateral 
coarse crepitations. There was no jaundice or oli-
guria. The clinical diagnosis was acute febrile ill-
ness with acute respiratory distress syndrome. 
Investigations revealed pancytopenia (hemoglo-
bin 10.6  g/dL, total leukocyte count of 2600/
cmm, platelet count of 20,000/cmm) and normal 
biochemical profile. Serological tests for malaria, 

dengue, and leptospirosis had been negative. He 
was put on inotropic support.

34.2  Autopsy Findings

The heart was mildly enlarged in size (240 g). 
Multiple petechial hemorrhages were present 
over the epicardial surface. The cross-sections 
showed biventricular dilatation with small foci 
of congestion/petechiae from the basal region to 
the apex (Fig. 34.1). Petechiae were also noted 
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Fig. 34.1 The transverse slices of the myocardium reveal 
foci of congestion and petechial hemorrhages (LV left 
ventricle, RV right ventricle)
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over the endocardium. Microscopy revealed 
extensive interstitial edema, patchy but promi-
nent foci of myocarditis (Fig.  34.2a, b), and 
focal hemorrhages (Fig. 34.2c). There was focal 
endocarditis (Fig.  34.2d) with fresh adherent 
thrombi. The cardiomyocyte destruction was 
accompanied by lymphocytes, histiocytes, and 
few plasma cells. Some perivascular aggregates 

bore a striking resemblance to Aschoff bodies of 
acute rheumatic fever (Fig. 34.3a, b). The coro-
nary arteries revealed intimitis (Fig.  34.3c). 
Other findings included extensive intrapulmo-
nary hemorrhage and acute tubulointerstitial 
nephritis.

Cause of Death: Massive intrapulmonary 
hemorrhage.

a c

db

Fig. 34.2 Interstitial myocarditis present in the (a) Right and (b) Left ventricles; (c) Presence of petechial hemor-
rhages; (d) Inflammatory cells are also present in the thickened endocardium (H&E × 200)
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Fig. 34.3 Predominant histiocytic aggregates in the 
interstitium resembling Aschoff bodies are seen in (a) and 
(b) (H&E × 400). (c) There is expansion of the intima of 

the left anterior descending artery due to loose collections 
of inflammatory cells (H&E × 200)

34.3  Discussion

Acute undifferentiated febrile illness (AUFI) is 
defined as acute onset of fever (fever more than 
38  °C lasting for less than 2 weeks), devoid of 
evidence of organ or system specific etiology. In 
the developing world and particularly in the trop-
ical countries, many conditions with significant 
morbidity and mortality are included in the dif-
ferential diagnoses of AUFI.  Limited resources 
and the great diversity of the etiologies of AUFI 
are stumbling blocks to early diagnosis and 
 treatment and therefore, clinical decision-making 
plays a major role in resource-poor settings. 
Development of high-grade fever with thrombo-
cytopenia and the autopsy triad of severe intra-
pulmonary hemorrhage, acute tubulointerstitial 
nephritis, and interstitial myocarditis were highly 

suggestive of leptospirosis. A zoonotic disease 
caused by Leptospira interrogans that belongs to 
the family of Leptospiraceae, leptospirosis has 
an incidence of 10–100/100,000 persons in the 
tropical and subtropical countries. Transmission 
to humans occurs through water contaminated by 
urine of carrier animals (especially rodents) and 
the organisms enter through abraded skin or 
mucous membranes. The environment becomes 
conducive for disease transmission when there is 
monsoon-related flooding, which explains the 
occurrence of outbreaks not only in the rural 
regions, but also in flood-prone urban settings 
and constitutes a major public health problem.

After an incubation period of 7–14 days, the 
infection runs a biphasic course characterized by 
an initial acute septicemic phase lasting about a 
week and followed by an immune phase. Majority 
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of the infected individuals, to the extent of almost 
90%, are either asymptomatic or develop 
 self- limited febrile illness with associated head-
ache and myalgia (the anicteric phase). 
Unfortunately, 5–10% of patients manifest with 
multisystemic damage such as the Weil’s syn-
drome that is characterized by jaundice (icteric 
phase), splenomegaly, and renal manifestations. 
Our patient had acute tubuleinterstitial nephritis, 
but did not have jaundice or any other liver dys-
function, and developed bilateral diffuse pulmo-
nary hemorrhage, which is increasingly seen in 
our country. This too is an example of a severe 
but atypical presentation of leptospirosis. The 
ensuing respiratory distress masked the cardio-
vascular manifestations.

Endothelial damage in all probability explains 
the development of the cardiac manifestations 
that are mediated by leptospiral cellular toxins, 
immune complex deposition, and antiphospho-
lipid antibodies. There may also be direct injury 
to the cardiomyocytes. Autopsy studies have 
demonstrated a number of alterations such as 
interstitial edema, moderate to severe predomi-
nantly interstitial lympho-histiocytic myocarditis 
along with peri-vascular histiocytic clusters 
mimicking Aschoff bodies. These can be accom-
panied by pericarditis, mural or valvular endocar-
ditis, intimitis of the coronary arteries, and/or the 
thoracic segments of the aorta and petechial hem-
orrhages (related to thrombocytopenia). The 
severity of myocardial inflammation is much 
more in the right ventricle. Most of these features 
were seen in the case presented. The outcome is 
myocardial systolic dysfunction, reminiscent of a 
similar manifestation in sepsis syndrome, and is 
often accompanied by myocardial infarction-like 
ECG changes and rise in the cardiac injury mark-
ers. Some patients also develop cardiogenic 
shock. Furthermore, involvement of the conduc-
tion system can also be present leading to arrhyth-
mias. Such an involvement can be identified 
clinically in a variable proportion of patients, 
usually seen after a week’s illness; in some cases, 
they can also occur early.

Early diagnosis of leptospirosis and its car-
diac complication is not easy. Majority of the 

patients present with nondescript symptoms 
such as low- grade or high-grade fever, general 
malaise, headache, and myalgia, which may be 
seen in other monsoon-related illnesses such as 
malaria and dengue. These infections are also 
known to coexist. An epidemiology-based 
approach used by the clinician is likely to result 
in inappropriate antibiotic use at very early 
stages of infection, which tend to interfere with 
evolution of the illness process, mask symptom-
atology, and to some extent, even alter confirma-
tory diagnostics. Most of the rapid diagnostic 
tests for leptospirosis are usually based on serol-
ogy, which may depend on background serop-
revalence, time of appearance of antibodies, 
occurrence of cross-reacting antibodies, and 
antibiotic-therapy-related dampening of anti-
body responses. Besides, the positivity occurs in 
the latter part of the illness and definitive diagno-
sis requires demonstration of a fourfold rise in 
antibody titers. Although antigen-based or poly-
merase chain reaction-based diagnostics have 
been introduced to overcome these problems, 
their availability and affordability is limited. 
Imaging studies for the diagnosis of myocarditis 
is difficult as many patients require ventilator 
support. Levels of cardiac biomarkers are useful 
clues for cardiac involvement, but do not predict 
the degree of myocardial damage. More impor-
tantly, there is multiorgan involvement, which 
further hinders the diagnosis. Nevertheless, rapid 
and accurate identification would facilitate the 
use of inotropic support and fluids so as to reduce 
the morbidity and mortality. Long-term follow-
 up studies to determine the susceptibility of 
patients to eventual development of left ventric-
ular dysfunction and cardiomyopathy are also 
warranted.

Further Reading

Chakurkar G, Vaideeswar P, Pandit SP, Divate 
SA. Cardiovascular lesions in leptospirosis: an autopsy 
study. J Infect. 2008;56:197–203.

Iglezias SD, Abreu PAE, Kanamura C, Magaldi AJ, 
Seguro AC, De Brito T. Immunohistochemical detec-
tion of Lp25 and LipL32 proteins in skeletal and car-

R. Binayke et al.



197

diac muscles of fatal human leptospirosis. Rev Inst 
Med Trop Sao Paulo. 2020;62:e85.

Jayathilaka PGNS, Mendis ASV, Perera MHMTS, Damsiri 
HMT, Gunaratne AVC, Agampodi SB. An outbreak of 
leptospirosis with predominant cardiac involvement: a 
case series. BMC Infect Dis. 2019;19:265.

Mathew A, Shanks M, Punnoose E, Fischer L, Koshy G, 
Potluri R, et  al. Cardiac involvement in critically ill 
patients with leptospirosis: a prospective study using 

myocardial deformation imaging. Eur Heart J Acute 
Cardiovasc Care. 2020;9:975–83.

Salkade HP, Divate SA, Deshpande JR, Kawishwar V, 
Chaturvedi R, Kandalkar BM, et al. A study of autopsy 
findings in 62 cases of leptospirosis in a metropolitan 
city in India. J Postgrad Med. 2005;51:169–73.

Shah K, Amonkar GP, Kamat RN, Deshpande 
JR.  Cardiac findings in leptospirosis. J Clin Pathol. 
2010;63:119–23.

34 Acute Leptospiral Myocarditis



199

35Cardiac Toxoplasmosis

Heena Desai and Pradeep Vaideeswar

35.1  Clinical History

A 55-year unemployed male presented with 
altered sensorium. There had been a history of 
acute onset of giddiness 3 days prior, which was 
followed by moderate grade fever, 5–6 episodes 
of vomiting, and 2–3 episodes of loose motions 
for 2 days. On examination, he was afebrile with 
pulse and respiratory rates of 84 and 22 per min-
ute, respectively. The blood pressure was 
120/84 mmHg. He was comatose with Glasgow 
coma scale of 9 (e2m5v2, 9/15) and features of 
raised intracranial pressure. The patient was 
moving all the limbs. A fundus examination was 
reported as grade 1 hypertensive retinopathy. 
Routine hematological and biochemical investi-
gations were normal; the human immune defi-
ciency status was negative. With a provisional 
diagnosis of meningitis, he underwent a cerebro-
spinal fluid (CSF) analysis and computed tomo-
graphic (CT) scan. The CSF was clear and 
colorless with proteins of 50  mg/dL, sugar of 
29 mg/dL, and 2 neutrophils and 14 lymphocytes/

cmm. India ink preparation did not reveal crypto-
cocci. No organisms were seen on either Gram’s 
or Ziehl-Neelsen staining. The CT scan revealed 
only few lacunar infarcts in the right lentiform 
nucleus and internal capsule.

The patient was administered mannitol and 
injection ceftriaxone; injection acyclovir was 
added after the CSF report for a possible viral 
meningitis or meningoencephalitis. But his neu-
rological status gradually deteriorated and this 
was associated with spikes of moderate fever. On 
the third day of admission, he developed bleeding 
per rectum, a surgical evaluation of which 
revealed prolapsed thrombosed piles. The next 
day, the patient developed sudden respiratory dis-
tress, was intubated and ventilated. On the fifth 
day, he had a cardiorespiratory arrest and expired.

35.2  Autopsy Findings

A complete autopsy was performed. The lepto-
meninges appeared a little hazy over both tempo-
roparietal regions. Coronal slices of the brain 
were normal. The heart weighed 270 g and was 
of normal size. All chambers and valves were 
normal, but transverse sections through both ven-
tricles showed few congested areas. The coronary 
arteries were patent; the coronary circulation was 
right dominant. The thoracoabdominal aorta 
showed a fusiform atherosclerotic aneurysm for a 
length of 6 cm, extending up to the level of the 
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renal ostia. The lungs were edematous with ooz-
ing of frothy hemorrhagic fluid. The right lobe of 
the liver had two (0.5 × 0.3 cam and 0.3 × 0.2 cm) 
well-circumscribed, firm yellowish nodules on 
the anterior surface, 1.5 cm from the lateral bor-
der and 4 cm from the inferior border. Apart from 
these findings, other organs appeared normal.

On histology, the seemingly normal appearing 
cerebral slices revealed small multifocal necroses 
of the superficial cortical parenchyma with mod-
erate mononuclear cell infiltrate and prominent 
peri-vasculitis. There was also spill-over of the 
inflammation into the subarachnoid space. These 
changes were accompanied by small, rounded, 
fuzzy amphophilic structures with basophilic 
dots within them. They represented the tissue 
cysts of the parasite Toxoplasma gondii (T. gon-

dii) with the dots representing the bradyzoites. 
Similar but smaller areas were seen in the mid- 
brain. Surprisingly, the congested areas in the 
myocardium revealed large multifocal destruc-
tion of the myofibers with extremely heavy 
lympho- histiocytic infiltration (Fig. 35.1a, b) and 
few neutrophils. Some of the cardiomyocytes 
were expanded to accommodate the toxoplasmal 
cysts (Fig.  35.1a, c). In some foci, the pseudo- 
cysts had ruptured eliciting heavy inflammatory 
response (Fig. 35.1a, d). There would have been 
significant left ventricular dysfunction that led to 
prominent pulmonary edema noted at autopsy 
and sudden-onset respiratory distress that proved 
fatal. Sections of the liver revealed conglomer-
ates of necroses walled off by thick fibrous tissue, 
surrounded by aggregates of mononuclear cells. 

a b

dc

Fig. 35.1 (a) Acute myocarditis with destruction of the 
cardiomyocytes. Bluish structures (black and white 
arrows) are seen in some of them (H&E × 200); (b) The 
destruction is accompanied by extensive lympho- 
histiocytic infiltrate in the interstitium (H&E × 400); (c) A 

cardiomyocyte with an intracytoplasmic cyst (black 
arrows in a), which contains a number of bluish bradyzo-
ites (H&E × 400); (d) Ruptured cyst (white arrow in a) 
with release of the bradyzoites into the interstitium (H&E 
× 400)

H. Desai and P. Vaideeswar



201

Rest of the parenchyma showed focal sinusoidal 
dilatation with small foci of necroses. No organ-
isms were identified in the liver and other organs.

35.3  Discussion

Meningoencephalitis and lymphocytic myocardi-
tis were the manifestations produced by the obli-
gate intracellular protozoal parasite, T. gondii. 
This organism infects nearly half the world 
 population, particularly in the tropical and sub-
tropical developing nations with hot humid cli-
mates. The parasite exists in 3 forms: oocysts, 
tachyzoites, and bradyzoites. Most of the adult 
toxoplasmal infection occurs due to ingestion of 
water or food, contaminated by the oocysts, 
which are excreted in the feces of the definitive 
hosts belonging to the family Felidae. The most 
common member of this family is the domestic 
cat that explains the extensive prevalence of toxo-
plasmosis. Tachyzoites represent the intracellular 
proliferative forms that develop in the intestines 
of the intermediate hosts following the ingestion 
of the oocysts with subsequent lymphatic disper-
sal and frequent localization to muscle and neural 
tissues (acute phase of infection). This form 
explains the occurrence of congenital toxoplas-
mosis, where there is direct transplacental pas-
sage of the parasite from the mother to the 
developing fetus and also rare examples of 
transfusion- related infections. The host mounts 
cell-mediated and antibody-mediated immune 
responses, which convert the tachyzoites into 
bradyzoites; the latter reside in tissue cysts, most 
often involving the muscle. Hence, consumption 
of uncooked or undercooked meat (very fre-
quent), and in some cases, organ transplantation 
serves as additional modes of transmission. It is 
to be noted that T. gondii remains viable in the 
tissue cysts with slow replication, which consti-
tutes the chronic phase of infection. However, 
continued activation of T-lymphocytes and mac-
rophages with elaboration of cytokines leads to 
dormancy and prevents reactivation and 
reinfection.

The clinical manifestation depends on the 
immune status of the host. In the majority of 

immunocompetent hosts, the infection is entirely 
asymptomatic, while around 10% of the individ-
uals develop self-limited disease, manifesting 
with fever, headache, and/or lymphadenopathy 
and mimicking infectious mononucleosis. But in 
immunocompromised or immunosuppressed 
patients such as those with acquired immune 
deficiency syndrome or transplant recipients, 
decreased immune responses lead to rupture of 
the tissue cysts and transformation of bradyzoites 
to tachyzoites. This leads to widespread infection 
and multiorgan involvement, particularly menin-
goencephalitis and lymphocytic myocarditis. Our 
patient had both these features, but was immuno-
competent, which is indeed unusual.

Lymphocytic myocarditis is the chief feature 
of cardiac toxoplasmosis; pericarditis, pericar-
dial effusions, and constrictive pericarditis are 
distinctly uncommon. Apart from the constitu-
tional features and symptoms related to central 
nervous system (CNS) involvement, myocardial 
inflammation can remain asymptomatic or sub-
clinical. Symptoms such as chest pain, dyspnea, 
or palpitation may be attributed to concomitant 
pulmonary involvement or can be masked by the 
more prominent CNS symptoms, which hap-
pened in this case. The more severe cases can 
present with progressive left ventricular dys-
function, congestive heart failure or cardiogenic 
shock, arrhythmias, and atrioventricular or bun-
dle branch blocks. In some cases, there is abrupt 
deterioration leading to sudden cardiac death, as 
can be seen with more common viral myocardi-
tis (See Chap. 33). In general, myocarditis has 
always remained a diagnostic challenge because 
of the diversity in the presentation and varying 
etiology. Apart from use of ECG, imaging tech-
niques, or biomarkers to diagnose the myocardi-
tis, serological testing is usually employed for 
detecting active toxoplasmosis. This requires 
demonstration of rising antibody titers. 
Confirmation is achieved by endomyocardial 
biopsy. This may not be performed if the myo-
carditis is subclinical. Besides, the tissue cysts 
are most frequently localized in the left ventri-
cle, which is not easily sampled. Hence, most 
often toxoplasmal myocarditis remains a post-
mortem diagnosis.
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36Aspergillous Myocardial Absceses

Pradeep Vaideeswar

36.1  Clinical History

A 38-year-old male, nondiabetic and non- 
hypertensive, had been admitted in 3 private 
health-care facilities in the past 9 days for a left 
gluteal abscess. It had developed within a day of 
an intramuscular injection for an unspecified 
febrile illness. On the first day of the third admis-
sion (that lasted for 7 days), he had gone debride-
ment of a large wound, which had now formed in 
the gluteal region. He developed acute renal fail-
ure and was put on hemodialysis. He was then 
shifted to our tertiary-care center due to financial 
constraints.

On examination, he was afebrile, conscious, 
and well-oriented with reference to time and 
place. The pulse was 110 per minute and blood 
pressure was 106/90  mmHg. At this point of 
time, there was no fever. There was a large wound 
20 × 15 cm over the left gluteal region; the wound 
floor showed muscle, which was partly obscured 
by purulent exudates. There was an extension 
15 × 5 cm over the lower back, which was also 
covered with purulent material. The investiga-
tions have been tabulated (Table  36.1). On the 
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Table 36.1 Investigations

Hematological aHemoglobin 6.8 g/dL
aTotal leukocyte count 17,550/cmm
Differential count—Neutrophil 
predominant, with band forms, 
metamyelocytes and 
metamyelocytes and cytoplasmic 
toxic granules
aPlatelet count 3.15 lakhs/cmm

Biochemical—
Routine

aRandom blood glucose 90 mg/dL
aSerum creatinine 4.1 mg/dL
aBlood urea nitrogen 57.9 mg/dL
aSGOT 201.1 U/L
aSGPT 80 U/L
aTotal bilirubin 0.7 mg/dL
aSodium 134 mEq/L
aPotassium 4.1 mEq/L
aChloride 116 mEq/L

Radiological Chest computed tomography—
Bilateral pleural effusions with 
basal consolidations

Others Urine examination: Proteinuria 1+, 
pus cells 50–60 per high power 
field
Wound culture: Acinetobacter 
species
Blood culture: Negative

aMean values
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Fig. 36.1 (a) Scanned section of the left ventricular free 
wall showing a central area of breakdown; (b) Intramural 
coronary arteritis flanked on either side by abscesses 
(H&E × 100); (c) The lumens are occluded by fresh fibrin 
thrombi with associated necroses of their walls (H&E × 

250); (d) Necrotic wall infiltrated by septate, slender, 
basophilic hyphal forms (H&E × 400); (e) A fairly cir-
cumscribed area of myocardial abscess formation (H&E × 
250); (f) Fungal elements admixed with neutrophils (H&E 
× 400)

second day of admission, another extensive 
debridement was performed under general anes-
thesia. He was administered intravenous broad- 
spectrum antibiotics and was on hemodialysis. 
But the patient did not improve and developed 
altered sensorium and anuria. There was gradual 
deterioration and he expired 9  days after the 
operation.

36.2  Autopsy Findings

A complete autopsy was performed on a thin 
built male. The debrided wound was still covered 
with dirty slough and suppurative exudates. The 
heart was of normal size and weighed 240 g. All 
the chambers, valves, and coronary arteries were 
normal. Transverse slices of the ventricles, how-
ever, revealed multiple foci of congestion with 
breakdown of tissue in the left ventricular wall 

(Fig.  36.1a). On histology, these areas showed 
intramural coronary arterial radicles containing 
fresh fibrin thrombi with destruction of their 
walls and the presence of radiating lightly baso-
philic slender septate hyphal forms (Fig. 36.1b–
d) resembling those of Aspergillus species (See 
Chap. 19). Surrounding such foci of necrotizing 
arteritis were many myocardial abscesses with 
hyphal filaments (Fig.  36.1e, f). Similar fungal 
micro-abscesses were also present in the brain 
(Fig.  36.2a–c). Surprisingly, the consolidated 
lung did not show any fungal elements even on 
the Gomori methenamine silver stain. Other find-
ings were acute tubular necroses and pigment 
cast nephropathy (Fig. 36.2d) with focal micro- 
abscesses (no fungi seen) in the kidneys. 
Neutrophils were seen in the sinusoids of the 
liver and spleen.

Cause of Death: Septicemia with fungal 
myocardial and cerebral abscesses.
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Fig. 36.2 Micro-abscesses seen in the cerebrum (a) 
H&E × 200 and (b) H&E × 400; (c) Scattered fungal 
hyphae (arrow) were present (Gomori methenamine silver 

× 400); (d) Presence of reddish-orange pigment cases in 
the collecting tubules (H&E × 250)

36.3  Discussion

A young immunocompetent man developed car-
diac and cerebral necrotizing suppurative lesions 
following a large nonhealing wound over his left 
lower extremity. Such infective cardiac lesions 
form a diverse group of disorders, caused by a 
variety of microorganisms with involvement of 
one or more layers of the heart. Myocardial 
abscesses are found in about 0.18–1.52% of 
autopsies performed in adults and are very often 
caused by Gram-positive cocci especially S. 
aureus. In most instances, they are seen in 
patients with valvular or mural infective endocar-
ditis (See Part V) either as a direct extension of 
the infection or through septic coronary arterial 
embolization. Very rarely, the softened and 
necrotic myocardium following an acute infarc-
tion and coronary arterial interventions (See 
Chap. 29) are contributing factors for abscess for-
mation. Myocardial abscesses can also develop 
through dissemination from a distant septic focus 
or as a manifestation of sepsis, which was the 
mechanism in the case presented. The organism 
identified within the abscesses was a fungus, 

which had morphology of the Aspergillus 
species.

In general, unlike bacteria and viruses, fungi 
seldom produce infections in the immunocompe-
tent hosts, except for superficial mycoses. Most 
of the invasive fungal diseases occur as opportu-
nistic infections in individuals, whenever there is 
disruption of the immunological responses. The 
circumstances that permit penetration of immune 
barriers are immuno-deficient states, organ trans-
plantation, hematological/non-hematological 
malignancies, administration of corticosteroids/
antineoplastic drugs/prolonged broad-spectrum 
antibiotics, malnutrition, extensive surgery, criti-
cally ill immunocompetent patients, and contam-
inated devices. In such patients, diagnosis of 
fungal disease is not easy and requires a battery 
of tests, which include microbiological isolation, 
histopathological demonstration of tissue inva-
sion, detection of fungal antigens, and even 
molecular analysis. Very often, the diagnosis is 
made or confirmed after postmortem examina-
tion. After Candida species, the organisms 
included in the genus Aspergillus are the next 
common fungi that are capable for producing dis-
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seminated disease. The most common cardiovas-
cular manifestation is infective endocarditis (See 
Chap. 19) and even with dissemination, the inci-
dence of myocardial involvement is low, to the 
extent of 12%. These filamentous fungi are capa-
ble of producing saprophytic colonization, aller-
gic reactions, and invasive disease depending on 
the host immunity. Since the spores of Aspergillus 
are ubiquitous and air-borne, pulmonary involve-
ment is most frequent. In this case, however, the 
areas of bronchopneumonic consolidations failed 
to reveal the organisms even with special staining 
techniques, and very surprisingly, there were 
only myocardial and cerebral abscesses. This 
indicates that there would have been a hematog-
enous dissemination through the nonhealing 
wound. Even in and around the regions of the 
abscesses, the fungus showed the characteristic 
feature of angio-invasion with thrombotic occlu-
sion of the intramural coronary arteries.

In most of the patients, the abscesses are 
scattered within the myocardium and clinical 
presentation would depend on the sizes and 
locations of the lesions. Few of these patients 
can remain asymptomatic, which is often the 
case with fungal dissemination. In some, the 
symptoms can be variable and vague, while oth-
ers can present with conduction abnormalities, 
arrhythmias, valvular insufficiency (especially 
if the abscess is peri- valvular), congestive heart 
failure, myocardial rupture, or even sudden 

death. Clinical suspicion of fungal infection 
particularly in patients without obvious predis-
posing factors for such extensive, nonhealing 
wounds and the use of tissue biopsy and/or 
microbiological studies for fungi would have 
facilitated administration of appropriate anti-
fungal therapy rather than broad- spectrum anti-
biotics. Unfortunately, material from the 
nonhealing wound was not sent for fungal cul-
tures. Also, cardiac imaging would be useful for 
the detection of the life-threatening complica-
tion of fungal myocardial abscesses.
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37Dual Mycosis of the Heart

Jayashri Chaudhari, Pradeep Vaideeswar, 
Shruti Mondkar, and Milind Tullu

37.1  Clinical History

A 1-year-old female child, residing in a slum, had 
been admitted in a small private healthcare facil-
ity with history of high grade, intermittent fever 
without chills or rash for 3  weeks, episodes of 
generalized tonic-clonic convulsions with 
increased respiratory activity for 12  days, fol-
lowed by jaundice, melena, and swelling of the 
entire body for 7 days. Routine laboratory inves-
tigations revealed hemoglobin of 9.1 g/dL, total 
leukocyte count of 76,000/cmm (predominantly 
neutrophilic), elevated transaminases (plasma 
asparate aminotransferase, PAST/plasma alanine 
aminotransferase, PALT 112/118  U/L), and 
hyperbilirubinemia (total of 4.9 mg/dL and direct 
of 1.6 mg/dL). A computed tomographic scan of 
the brain had shown left middle cerebral artery 
territory infarct; cerebrospinal fluid examination 

had been normal. She had been given packed red 
cells, antimicrobials (piperacillin-tazobactum, 
vancomycin, and azithromycin), frusemide, phe-
nobarbitone, and phenytoin.

Subsequently, she was referred to our tertiary- 
care center, where she was admitted for 9  days 
(last 7 days in the intensive care unit). On general 
examination, the patient was hemodynamically 
stable. The child was 8 kg and malnourished. The 
heart rate was 118 per minute and respiratory rate, 
38 per minute. There was irritability, mild pallor, 
icterus, anasarca, a Foley’s catheter in situ, and an 
erythematous ecchymotic patch on the right flank. 
On systemic examination, there were bilateral 
coarse crepitations and severe hepatosplenomeg-
aly (liver 10 cm and spleen 7.5 cm). The hemato-
logical investigations revealed hemoglobin of 
11  g/dL, mild neutrophilic leukocytosis (total 
count of 19,000/cmm), and adequate platelets 
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(count of 5.6  lakhs/cmm). The peripheral smear 
showed large numbers of schistocytes and 8% 
nucleated RBCs; the reticulocyte count was 5.6%. 
These features were suggestive of a hemolytic 
anemia; sickling test was negative. Biochemical 
investigations showed increased levels of serum 
transaminases (PAST 146, PALT 120 U/L), serum 
lactate dehydrogenase (3463  IU/L), and serum 
creatinine (2.4  mL/dL). The coagulation profile 
was deranged—prothrombin time of 19 s (INR of 
1.22) and activated partial thromboplastin time of 
48  s. HIV status was negative. Routine urine 
examination showed many budding yeasts, but no 
pus cells. Sample collected for blood culture sub-
sequently showed no growth. An ultrasonography 
confirmed the hepatosplenomegaly, while a com-
puted tomographic scan of brain revealed left 
temporoparietal infarct with possible meningitis 
and vasculitis. The clinical impression was septi-
cemia due to complicated pyogenic meningitis (as 
confirmed on cerebrospinal fluid examination) 

with disseminated intravascular coagulation and 
microangiopathic hemolytic anemia. In due 
course of time, the hemoglobin decreased from 
11 g/dL to 5.4 g/dL and platelets from 5.6 lakhs to 
40,000/cmm. She was treated with antibiotics 
(azithromycin, metronidazole, meropenem, and 
vancomycin), packed red cells, fresh frozen 
plasma, platelet concentrates, and mannitol. The 
patient’s condition continued to worsen with 
development of hypotension, hypokalemia, and 
metabolic acidosis and she succumbed.

37.2  Autopsy Findings

A complete autopsy was performed. During 
the autopsy, a history of an initial consultation 
with a general practitioner with injection on 
the gluteal region was gathered from the rela-
tives. Apart from the ecchymotic patch on the 
right flank (Fig.  37.1a), the skin on the but-

a c
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Fig. 37.1 (a) Ecchymotic patch on the right flank; (b) Greyish-white furry appearance on both the gluteal regions; (c) 
Cluster of pustules with reddish encrustations
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Fig. 37.2 (a) Opened out right ventricular RV outflow 
tract. Mural vegetation (black arrows) at the site of merg-
ing of the crista supraventracularis with the interventricu-
lar septum. The white arrow denotes the cut end of the 
anterior papillary muscle APM (Ao Ascending aorta, LPA 

left pulmonary artery, LV left ventricle, PT pulmonary 
trunk, PV pulmonary valve, RA right atrium); (b) Yeast 
and pseudohyphal forms suggestive of Candida species 
(Gomori methenamine silver × 400)

tocks also showed furry to granular white 
lesions (Fig. 37.1b) with multiple tiny pustules 
on the upper lateral aspect of the thigh, some of 
which were ulcerated (Fig.  37.1c). The heart 
was moderately enlarged in size (40  g) with 
moderate biventricular enlargement. The 
enlarged right ventricular cavity revealed 
plaque-like mural vegetation (Fig. 37.2a) over 
the crista supraventricularis, which on histol-
ogy showed presence of yeasts and pseudo- 
hyphae that was suggestive of Candida species 
(Fig. 37.2b). There was a dusky discoloration 
of the endocardium over the dilated left ven-
tricle. Transverse sections showed foci of pale 
red to yellowish foci with a flaky granularity in 
the intertrabecular spaces of both ventricles. 

These on histology corresponded to septic 
mural vegetations infiltrated by lightly baso-
philic slender septate hyphae, the morphology 
of which suggested Aspergillus hyphae 
(Fig. 37.3a–c). There was necrotizing arteritis 
of the intramural coronary arteries (Fig. 37.3d) 
and fungal myocarditis (Fig.  37.3e). Fungal 
elements were also noted in the suppurative 
inflammation over the visceral pericardium. 
Additional findings at autopsy included asper-
gillous meningoencephalitis with hemorrhagic 
infarcts (Fig.  37.4a, b), angioinvasive pulmo-
nary aspergillosis, and aspergillous gastritis 
(Fig.  37.4c, d), along with candidial acute 
pyelonephritis and cystitis.

Cause of Death: Disseminated fungemia.
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Fig. 37.3 (a) Scanner view of section of the interven-
tricular septum IVS and adjoining ventricular free walls 
(LAD left anterior descending artery, LV left ventricle, 
PDA posterior descending artery, RV right ventricle). The 
circled areas on the right and left side of the IVS show 
mural fungal endocarditis in the intertrabecular spaces of 

the (b) right ventricle (H&E × 100) and (c) left ventricle 
(H&E × 100); (d) Fungal hyphae within the lumen of an 
intramural coronary artery (H&E × 400) (e) Fungal myo-
carditis showing necroses of the myofibers and interstitial 
neutrophilic infiltrate with abundant nuclear debris over-
run by fungal hyphae (H&E × 400)

J. Chaudhari et al.



211

a b

dc

Fig. 37.4 (a) Coronal slice showing hemorrhagic 
infarcts; (b) Hyphal elements infiltrating the cerebral 
parenchyma (H&E × 400); (c) Opened out stomach with 

presence of ulcers with hemorrhagic rims; (d) Septate 
hyphae present in the mucosa with epithelial ulceration 
(H&E × 400)
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37.3  Discussion

This is a report in a child of a rare occurrence of 
double (dual or mixed) mycotic infection, which 
was not suspected clinically but detected at 
autopsy. In the past few decades, the incidence of 
invasive opportunistic fungal infections is rising, 
not only among the adults, but also in the pediat-
ric population. Candida and Aspergillus species 
are the most common causes of invasive fungal 
disease in neonates, infants, children, and adoles-
cents. The risk factors are usually related to 
immunosuppressed states such as those with can-
cer, solid organ, or hematopoietic stem cell trans-
plantations with their associated 
immunomodulatory therapy and immunocom-
promised conditions like primary or acquired 
immunodeficiencies. In these groups, invasive 
mycosis has an incidence between 5 and 25%. 
Another important group of patients are those 
who are admitted in the intensive care units. They 
are critically ill with prolonged hospital admis-
sions and often receive ventilator support, pro-
longed broad-spectrum antibiotics, and invasive 
interventions. The fungal infection results due to 
disruption of the anatomical or physiological bar-
riers, which can also be seen in patients with trau-
matic injuries, burns, or major surgeries. These 
circumstances would allow colonization of the 
endogenous commensals like the Candida spe-
cies or entry of the exogenous filamentous fungi 
like the Aspergillus species in the form of spores. 
The usual portals of entry are the upper aerodi-
gestive tract, the gastrointestinal tract, and skin 
and the organisms are disseminated by the hema-
togenous route to the tissues of one or more 
organs. In this patient, there were multiple pus-
tules in the region of the gluteal injection, which 
may have been the possible site of entry. Also, 
there was a furry white rash on bilateral gluteal 
regions, predominantly around the clefts indicat-
ing diaper rash, which in 15–20% of the cases is 
caused by Candida species.

The Candida species continue to remain the 
leading cause of invasive disease in the pediatric 
population and are caused by both the albicans 
and non-albicans groups often depending on 

certain predisposing factors. Invasive candidia-
sis manifests as candidemia, disseminated can-
didiasis, or single organ infection; the most 
frequently affected organs are lungs, liver, kid-
ney, and brain. When heart is involved, there is 
usually infective endocarditis. The mortality 
ranges from 20 to 30%. The next common fun-
gus is Aspergillus, which is the leading cause 
for invasive mold infection. The main sites of 
infection are the lungs and the central nervous 
system, where lesions develop secondary to the 
angioinvasive properties of the hyphal forms. 
Involvement of the skin, gastrointestinal tract, 
and the heart is said to be uncommon, though 
cutaneous lesions are presumed to be more com-
mon in children. The mortality ranges from 10 
to 20%. However, when one considers the con-
cept of polymicrobial infection, the mixing can 
occur between kingdoms, genera, species, 
strains, and even substrains. Though this may be 
true for bacteremia and bacterial infections, fun-
gal infections are usually considered monomi-
crobial disease. In this case, there was a double 
mycotic infection. Invasive candidiasis mani-
fested as right-sided endocarditis and acute 
pyelonephritis/cystitis, while Aspergillus pro-
duced pancarditis, angioinvasive lung lesions, 
meningoencephalitis, and acute gastritis. 
Another interesting feature in this case was 
microangiopathic hemolytic anemia. The mech-
anism is similar to that seen with disseminated 
intravascular coagulation; the RBCs rupture due 
to extensive angioinvasion.

Diagnosis of fungal infection in children is 
very difficult as the clinical manifestations would 
vary depending on the overall immune status. 
Besides, the symptoms and signs may be nonspe-
cific, develop during disease progression, and 
may be even minimal despite dissemination. 
Hence, a presumptive diagnosis should be made 
on the basis of the settings, which are congenial 
for the development of invasive fungal disease. A 
confirmation can be made with sophisticated 
imaging, fungal biomarkers, and molecular 
detection tests. Despite early detection, therapy is 
also challenging attributed to varying pharmaco-
kinetics of the antifungal drugs in children.
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38Tuberculous Myocarditis

Gayathri Amonkar and Pradeep Vaideeswar

38.1  Clinical History

Hypertension was detected in a young woman 
when she developed a cerebrovascular accident 
at the age of 38 years. She recovered and was on 
antihypertensives. Two years later, she devel-
oped sudden-onset headache followed by altered 
sensorium and was admitted in our emergency 
services department. The general condition was 
poor, the pulse rate was 76 per minute, and 
blood pressure was 170/100  mmHg. She was 
unconscious with nonreacting pupils and down-

going plantar reflexes. Rest of the systemic 
examination had been normal. Her routine 
hematological and biochemical investigations 
had been normal. The ECG (Fig. 38.1) showed 
abnormal inferior Q waves, borderline T wave 
abnormality, borderline prolonged QT interval, 
and baseline wander in leads V1, V3 and V4, 
while intraventricular hemorrhage was seen on 
computed tomographic scan. She was given 
antihypertensives, anticonvulsants, and intracra-
nial tension lowering agents and antibiotics, but 
expired after 12 h.
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Fig. 38.1 Abnormal ECG tracing

38.2  Autopsy Findings

The heart (290 g) was moderately enlarged and 
globular due to biventricular enlargement. The 
heart also felt a little flabby and transverse sec-
tions revealed biventricular dilatation with myo-
cardial thinning and few pale yellowish white 
areas in the subepicardial region (Fig. 38.2a). On 
histology, most of the sections of the right and left 
ventricular myocardial revealed caseating epithe-
lioid granulomas in the interstitium (Fig.  38.2b, 
c); confluence of granulomas had produced the 

opalescent subepicardial foci (Fig.  38.2d, e). 
Lymphocytic myocarditis-like areas (Fig. 38.3a) 
were seen in the other parts of the myocardium 
with associated endocardial inflammation and 
fibrosis (Fig. 38.3a, b). All coronary arteries were 
patent. Rest of the chambers and valves were nor-
mal. Other findings were hypertensive intraven-
tricular hemorrhage, Hashimoto’s thyroiditis, 
mediastinal tuberculous lymphadenitis, pulmo-
nary edema with bronchopneumonia, hepatic ste-
atosis, and acute renal tubular necroses.

Cause of Death: Raised intracranial pressure 
due to intraventricular hemorrhage.

G. Amonkar and P. Vaideeswar
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a b d

ec

Fig. 38.2 (a) The transverse section forming the mid- 
portion of the ventricles shows a subepicardial irregular 
pale grey appearance of the myocardium. The interstitium 
shows a large caseating granuloma amidst the myofiber 

groups (b) H&E × 200 and (c) H&E × 400; The subepi-
cardial focus was composed of confluent granulomas (d) 
H&E × 200 and (e) H&E × 400

a b

Fig. 38.3 (a) Dense lymphocytic clusters were seen in the interstitium (H&E × 400); (b) The endocardium over the 
trabecula was thickened with focal lymphocytic infiltration (H&E × 200)

38 Tuberculous Myocarditis
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38.3  Discussion

The ECG abnormalities recorded in this young 
woman were produced by tuberculous myocardi-
tis, which is an uncommon manifestation of car-
diovascular tuberculosis. Tuberculosis, which is 
still a major health problem in several countries, 
is generally said to spare the thyroid, heart, pan-
creas, and skeletal muscle. However, the heart is 
involved in around 1–2% of patients with 
 tuberculosis and is primarily a disease of the peri-
cardium (See Chap. 2). Affliction of the other 
layers of the heart (myocardium and endocar-
dium), coronary arteries (See Chap. 66), or aorta 
(See Chap. 65) is exceedingly rare. The reported 
prevalence of tuberculous myocarditis ranges 
from 0.14 to 2% and affects the young population 
(<45  years of age), especially men. Many such 
patients have weak immune status produced by 
diseases, age, and even prevailing poor socioeco-
nomic conditions. Active myocardial contraction 
and generation of lactic acid are said to be the 
factors for relative sparing of the myocardium. 
The inflammation generally occurs in conjunc-
tion with pericardial disease or may be associated 
with pulmonary or extrapulmonary tuberculous 
foci through retrograde lymphatic spread, hema-
togenous dissemination, or direct extension. 
Isolated myocardial disease is distinctly unusual. 
Though the right-sided chambers are collectively 
said to be the most vulnerable due to their prox-
imity to the right-sided mediastinal lymph nodes 
(most frequently involved by tuberculosis), the 
left ventricle is commonly affected. Involvement 
of the mediastinal lymph nodes was present in 
the case presented; there was no active inflamma-
tion in any other organ at autopsy. Much of the 
granulomatous inflammation was present in the 
left ventricular myocardium.

Morphologically, the myocardial lesions may 
be nodular, miliary, or of the diffuse infiltrative 
type. The nodular pattern is the most common 
form, where the myocardium shows small or 
large (‘pea to egg’ sized) granulomatous reac-
tion with caseation necrosis; the largest nodules 
(tuberculoma) are described in the right atrium. 

This is followed by the miliary lesions that usu-
ally develop in the context of miliary tuberculo-
sis. The rarest is the diffuse pattern that is 
characterized by interstitial infiltration of lym-
phocytes and giant cells. Certain stringent crite-
ria had been introduced for the diagnosis of 
tuberculous myocarditis, which included major 
[positive polymerase chain reaction (PCR), pos-
itive  myocardial culture, or demonstration of 
acid-fast bacilli in the myocardial tissues] and 
minor [myocardial granulomas, myocardial 
imaging abnormalities, and involvement of 
extracardiac tissues] criteria. Diagnosis of myo-
cardial tuberculosis is justified if there is pres-
ence of 2 or more major criteria or a major and 
2 or more minor criteria. It should be noted that 
confirmatory tests, including the PCR, can often 
be inconclusive or may also not be available at 
all centers due to technical restraints and finan-
cial constraints. Hence, presence of the charac-
teristic caseating granulomas in the myocardium 
should be considered as a major criterion. The 
acid-fast staining did not demonstrate mycobac-
teria in the myocardium, but was seen in the 
tuberculous lymphadenitis. Many patients, 
despite extensive involvement, can remain 
asymptomatic and the disease is diagnosed at 
autopsy, particularly with sudden death. Others 
present with arrhythmias (atrial fibrillation, par-
oxysmal ventricular tachycardia or long QT 
syndrome), atrioventricular block, valvular dys-
function, right-sided inflow or outflow tract 
obstructions, and congestive cardiac failure; the 
latter is seen with diffuse involvement and has 
decreased left ventricular ejection fraction. 
Magnetic resonance imaging is useful to recog-
nize these lesions and should be coupled with 
other investigative procedures for confirmation 
of tuberculosis. Antituberculous, antiarrhyth-
mic, and antifailure drugs result in significant 
amelioration. Though rare, one must be aware 
of this unusual presentation of tuberculosis, par-
ticularly in young patients with unexplained 
ECG abnormalities or cardiac failure, and mak-
ing an early diagnosis will improve the progno-
sis and reduce mortality.

G. Amonkar and P. Vaideeswar
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39Isolated Cardiac Sarcoidosis

Manoj Parchake, Shashank Tyagi, 
and Pradeep Vaideeswar

39.1  Clinical Presentation

A body of a 38-year-old male was brought to our 
tertiary-care center for a medicolegal autopsy. He 
was found unconscious at a railway station.

39.2  Autopsy Findings

At autopsy, there was marked cardiomegaly (heart 
weight of 380 g) with extreme left and moderate 
right ventricular enlargements. All epicardial cor-
onary arteries were patent. Bread- loafing of the 
ventricles showed an extraordinary degree of 
endocardial thickening towards the basal aspect 
with flattening and complete fibrosis of the tra-
beculae carneae, prominently affecting those of 
the right ventricle (Fig. 39.1a, b). The basal inter-

ventricular septum for a length of 2.5 cm in the 
posterior aspect had a width of 0.6  cm with a 
transmural, translucent fibrous replacement 
(Fig.  39.1a, b). The anterolateral free wall also 
showed thinning with similar grey- white tissue 
involving the subepicardial region. Focal epicar-
dial and endocardial granularity were also noted. 
The histology from the affected portions showed 
classic features of sarcoidosis. There was exten-
sive fibrosis and hyalinosis with multiple nonca-
seating granulomas (Figs. 39.2 and 39.3). Many 
of the giant cells showed asteroid bodies 
(Fig. 39.2a and b) in their cytoplasm. Surprisingly, 
the lungs, mediastinal lymph nodes, liver, kid-
neys, and spleen failed to show such granuloma-
tous inflammation.

Cause of Death: Isolated cardiac sarcoidosis 
and sudden cardiac death (SCD).
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a

b

c

d

Fig. 39.1 (a) Serial transverse sections showing promi-
nent involvement of the basal portions of the interventric-
ular septum, part of the posterior wall, and anterior aspect 
of the right ventricle RV, as compared to the apical third. 
There is associated dilatation of the ventricular chambers; 
(b) Close-up of one of the basal slices with transmural 

fibrosis of the septum IVS, part of the posterior wall P and 
anterior wall of RV (A anterior wall, L lateral wall, LV left 
ventricle); Scanned slide of section of the circled area in 
image B as stained by (c) H&E and (d) Masson’s tri-
chrome, which reveals extensive fibrosis

a c

db

Fig. 39.2 (a) Noncaseating granulomatous inflammation 
in the right ventricle along with extensive interstitial fibro-
sis (H&E × 200); (b) Giant cells with cytoplasmic aster-

oid bodies (H&E × 400); Similar granulomas seen (c) 
over the epicardial and (d) endocardial aspects of the heart 
(H&E × 200)

M. Parchake et al.
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a b

Fig. 39.3 (a) Granulomas in the left ventricle (H&E × 200); (b) The giant cells and other histiocytes show strong 
immune-histochemical cytoplasmic positivity for CD 68 (×200)

39.3  Discussion

A diagnosis of cardiac sarcoidosis (CS) was 
made in this case based on the documentation of 
characteristic non-necrotizing granulomatous 
inflammation with associated extensive myocar-
dial scarring. This involvement is an example of 
the so-called infiltrative (or deposition) cardio-
myopathy, where there is progressive myocardial 
stiffening with relaxation abnormalities and con-
tractile dysfunction due to interstitial or intracel-
lular accumulation of substances or cells (Also 
see Chaps. 48–51). As yet the trigger/s for sar-
coidosis still remains elusive, but the antigen 
results in a systemic granulomatous response in 
genetically predisposed individuals affecting all 
ages and ethnic backgrounds. The global preva-
lence ranges from 4.7 to 64 in 100,000 with pre-
dominance in women. The mean age of 

presentation is 48 years, while a second peak of 
onset is seen especially in women over 50 years 
of age. The males who are affected are younger 
than their female counterparts. Although the dis-
ease may affect any organ, the lungs and 
 mediastinal lymph nodes are most commonly 
affected. CS is said to occur more commonly in 
males and the current incidence (5–27%) is likely 
to increase as a result of better awareness and 
innovative imaging techniques. The regular use 
of these sophisticated sensitive imaging would 
also mean that there would be a decrease in iso-
lated subtype of CS (cardiac involvement without 
pulmonary or extrapulmonary manifestations) as 
subtle, subclinical involvement of the noncardiac 
tissues would be picked up. In the index case, the 
heart was the sole organ to be affected as all other 
organs such as the lungs, liver, spleen, and lymph 
nodes failed to reveal granulomas despite exten-

39 Isolated Cardiac Sarcoidosis
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sive sampling. Some studies have highlighted 
that patients, who had isolated CS to begin with, 
develop systemic disease on follow-up.

The inflammation in CS is patchy and occurs 
through successive stages of edema, granuloma-
tous response, and finally post-inflammatory 
scarring. Though all the 3 layers of the heart are 
involved, the ventricular myocardium is the most 
favored site and is responsible for most of the 
clinical manifestations, which also depends on 
the extent of the lesions. It usually affects the 
basal portions of the heart and the order of fre-
quency is the left ventricular free wall, interven-
tricular septum, and right ventricle. In the very 
early phase of the disease, the granulomas are 
seen in the summit of the interventricular septum 
and may be composed merely of loose clusters of 
macrophages and lymphocytes. With progres-
sion, well-formed ‘tight’ granulomas are present 
with epithelioid and giant cells; in few areas only 
clusters of giant cells may be identified. Such 
granulomas in due course of time coalesce to 
form grey-white to tan-yellow lesions often 
located in the subepicardial or mid-myocardial 
regions. Some granulomas may show central 
fibrinoid necrosis, and here, it is important to rule 
out infective causes (mycobacterial or fungal) 
through special stains. Further advancement of 
the inflammatory process leads to a fibrous 
encasement of the granulomas with eventual pre-
dominant regional fibrosis (appearing as 
 grey- white opaque to translucent areas) with or 
without lymphocytic aggregates.

The clinical presentation of CS would depend 
on 3 factors—the degree of inflammatory activ-
ity, the extent of ventricular scarring, and the 
location of fibro-inflammatory process. The car-
dinal manifestations of CS are conduction abnor-
malities and arrhythmias. It appears to a disease 
of the electrical conduction system of the heart 
and is part of the ocular-cardiac-cutaneous- cen-
tral nervous system phenotype of sarcoidosis. 
Common are atrioventricular and sometimes 
bundle branch blocks, which should raise a suspi-
cion of CS particularly when it develops in young 
patients. Scarring is the usual substrate for the 
development of tachyarrhythmias, which take the 

form of premature ventricular contractions, ven-
tricular tachycardia, or ventricular fibrillation. 
These are responsible for the occurrence of SCD, 
which was seen in this case related to extensive 
post-inflammatory fibrosis. SCD can be the ini-
tial and only presentation in 40% of patients with 
CS. Sudden deaths can also be produced by atrial 
dysrhythmias and arrhythmias, resulting from a 
dominant right ventricular involvement that sim-
ulates arrhythmogenic cardiomyopathy (See 
Chap. 44). In about 20% of patients, the inflam-
mation and ensuing fibrosis lead to congestive 
heart failure, mimicking dilated cardiomyopathy 
(See Chap. 41). Other infrequent presentations 
include formation of ventricular aneurysm, intra-
cardiac mass lesions, valvular dysfunction due to 
papillary muscle involvement or primary valvu-
lar infiltration, acute coronary syndrome due to 
coronary vasculitis, and pericardial effusions or 
constrictive pericarditis. The diagnosis of CS not 
only rests on advanced imaging, but also on rou-
tine investigations like ECG, echocardiography, 
and estimations of biomarkers. Depending on the 
extent of disease, the treatment options include 
immunosuppressive, antiarrhythmic and heart 
failure medications, radio-frequency ablation, 
implantation of devices, and finally cardiac 
transplantation.
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40Giant Cell Myocarditis

Pradeep Vaideeswar and Ketan Ingle

40.1  Clinical History

A 48-year-male fell from the stairs after an epi-
sode of dizziness and was declared dead before 
admission. The deceased had been a diabetic for 
6 years with associated ischemic heart disease for 
3 years. He had undergone angioplasty 3 months 
ago, details of which had not been made 
available.

40.2  Autopsy Findings

The heart (460  g) was markedly enlarged with 
marked biventricular enlargement. A patchily 
opacified epicardial surface revealed multiple 
largely sessile polypoidal soft yellowish to pale 
brown projections all over (Fig. 40.1a, b); some 
had a short stalk. Serial cross-sections of the ven-
tricles revealed multifocal thinning, scarring, and 
congestion in both ventricles (Fig. 40.1c). Similar 

areas were noted even in the territories not sup-
plied by the stented left anterior descending 
artery. The epicardial plaques were found in rela-
tion to subepicardial foci of congestion or scar-
ring. On histological examination, the ventricular 
myocardium showed classic features of giant-cell 
myocarditis (GCM, Fig. 40.2a–c), where foci of 
coagulative necroses bordered by giant cells, 
macrophages, lymphoplasmacytes, and eosino-
phils (acute phase) were present along with foci 
of granulation tissue (healing phase) and fibrosis 
(healed phase). The surprising finding was sig-
nificant involvement of the epicardium, where 
mononuclear inflammation (devoid of giant cells 
or granulation tissue) formed projections capped 
by fibrinous exudates (Fig. 40.3a–c). There was 
mild coronary atherosclerosis, even in the stented 
segment; critical stenosis was not present. There 
was pulmonary edema; other organs were 
normal.

Cause of Death: Giant cell myocarditis.
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a b

c

Fig. 40.1 Multiple soft sessile polypoidal “appendices 
epiploicae-like” projections seen on the (a) anterior and 
(b) posterior surfaces of an enlarged heart; (c) Serial 

cross-sections through the ventricles showing thinning of 
the walls with almost circumferential congestion and scar-
ring (LV left ventricle, RV right ventricle)

P. Vaideeswar and K. Ingle
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a b c

Fig. 40.2 Scans of the slides of the right ventricle and 
interventricular septum stained with (a) H&E and (b) 
elastic van Gieson, which highlights the degree of fibro-

sis; (c) Inflammatory reaction with prominent giant cells. 
Note absence of granulomas

a c

b

Fig. 40.3 Scans of the slides stained by H&E of (a) Right and (b) Left ventricle showing polypoidal projections 
(arrows); (c) The projections are entirely composed of coagulated fibrin with inflammatory cells

40 Giant Cell Myocarditis
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40.3  Discussion

The fulminant myocardial inflammatory process 
in this case is represented by a rare, potentially 
fatal nonischemic disorder designated as idio-
pathic GCM or simply labeled as GCM. The true 
incidence of this condition is unknown and also 
underestimated due to frequent rapid fatal out-
come and lack of detailed cardiac evaluation at 
autopsy. Studies indicate an incidence ranging 
from 0.007 to 0.051% of the population. It usu-
ally affects the young to middle-aged population 
with no sex predilection and a median age of 
42 years. The etiological basis continues to be an 
enigma, but its association with other immuno-
logical disorders (inflammatory bowel disease, 
Hashimoto’s thyroiditis, pernicious anemia, and 
connective tissue disorders) or tumors (thymoma 
or lymphoma) seen in one-third of the patients 
with GCM suggests an autoimmune basis related 
to T-cell dysfunction.

The histopathological hallmark of GCM is the 
presence of multinucleated giant cells and aggre-
gates of lymphocytes that form a cuff around 
small or large areas of coagulative necroses. The 
giant cells often have a similar contour of the sur-
rounding cardiomyocytes and are also accompa-
nied by abundant mixed inflammatory cells, 
particularly eosinophils. All these features char-
acterize the acute phase of the inflammation, 
which can be identified on gross examination as 
diffuse or multifocal serpiginous or geographic 
foci of congestion. Immunohistochemistry for 
CD68 highlights the macrophages and giant 
cells, whereas CD3 can be used to denote 
T-lymphocyte infiltration. No well-defined gran-
ulomas are seen, which helps to distinguish GCM 
from tuberculous myocarditis (See Chap. 38) or 
sarcoidosis (See Chap. 39). Sometimes there may 
be large areas that might be indistinguishable 
from lymphocytic myocarditis, which can also 
have fulminant presentation. Depending on the 
degree of involvement, the heart can be enlarged 
with a flabby myocardial consistency. Granulation 

tissue and fibrosis represent the healing and 
healed phases, respectively. The present case also 
had novel finding of organized epicardial exu-
dates, which simulated the appearance of appen-
dices epiploicae of the colon. Such a finding has 
not been reported before.

Very often, GCM presents with rapidly pro-
gressive left heart failure and cardiogenic shock. 
Some patients may also have atrioventricular 
conduction abnormalities or ventricular arrhyth-
mias. An acute coronary syndrome-like presen-
tation has also been noted in a few cases and we 
wonder if our patient also had symptoms of 
acute myocardial infarction for which coronary 
stenting had been performed. Indolent manifes-
tations akin to dilated cardiomyopathy or sud-
den death can also be present. Early diagnosis 
and differentiation from other forms of myocar-
ditis is the key to the initiation of immunosup-
pressive therapy, which is known to improve the 
outcome along with mechanical circulatory sup-
port and management of heart failure and/or 
arrhythmias. But even with prompt therapy, 
some patients would require a cardiac transplan-
tation. However, disease recurrence has been 
observed even in the transplanted hearts in 
20–25% cases. By and large, the survival out-
comes remain poor.
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41Dilated Cardiomyopathy

Pradeep Vaideeswar

41.1  Clinical History

A 67-year-old male patient was referred by a pri-
vate health-care facility, where he had been 
admitted with a diagnosis of ischemic bowel dis-
ease. The investigations performed in that hospi-
tal have been tabulated (Table 41.1). He was in 
very poor general condition with feeble pulsa-
tions and non-recordable blood pressure. He 
expired within 2 h.

P. Vaideeswar (*) 
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Medical College and King Edward Memorial 
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Table 41.1 Investigations (Private health-care facility)

Hematological Hemoglobin 15.1 g/dL
Total leukocyte count 16,030/cmm
Differential count—Neutrophil 
predominant
Platelet count 2.2 lakhs/cmm

Coagulation 
profile

Prothrombin time 11.2 (Control 
11.9, INR 0.98)
D-Dimer 3642.9 (normal <500)

Biochemical—
Routine

Random blood glucose 226 mg/dL
Blood urea 38.52
Serum creatinine 2 mg/dL
Total bilirubin 1.2 mg/dL
SGOT/SGPT 145 / 45 U/L
Total protein 6.1 g/dL
Albumin 3.2 g/dL
Serum cholesterol 165 mg/dL
Sodium 129 mEq/L
Potassium 5.12 mEq/L
Chloride 92 mEq/L pH 7.3, pCO2 
32.6, pO2 76 HbA1C 5.3
Creatine phosphokinase-MB 
isoform 13.72 (normal 0.5–1 ng/
mL)
Troponin I 541.8
Procalcitonin 23.17

Serological HBsAg negative
HIV negative
Anti-HCV negative

ECG T-wave inversion in anterior leads; 
right bundle branch block

Imaging Echocardiography: Left ventricular 
ejection fraction of 35% with 
global hypokinesia
Ultrasonography: Enteritis and 
Prostatomegaly

Others Urine examination: 20–25 pus 
cells, 280–300 RBCs
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41.2  Autopsy Findings

The heart (400 g) was moderately enlarged and 
globular in shape (Fig. 41.1) with the apex formed 
by both ventricles. There was marked enlarge-
ment of the left ventricle, while other chambers 
were moderately dilated. All coronary arteries 
were patent with minimal atherosclerosis. The 
left ventricular myocardium was thinned out and 
pale (Fig. 41.2a) with focal congestion. On his-
tology, the left ventricular myocardium showed 
patchy but prominent interstitial and interfiber 
fibrosis with hypertrophy as well as attenuation 
of many groups of cardiomyocytes (Fig. 41.2b–d). 
Some of the intertrabecular spaces showed small 
deposits of thrombi. The intramural coronary 
arteries were normal. These features were highly 
suggestive of dilated cardiomyopathy (DCM). 
Other findings included centrilobular emphy-

Fig. 41.1 Moderately enlarged heart with a globular 
shape

b

d

ca

Fig. 41.2 (a) Transverse section through the ventricles 
shows dilated left ventricular LV cavity with pale appear-
ing myocardium (A anterior wall, IVS interventricular sep-
tum, L lateral wall, P posterior wall, RV right ventricle); 

(b) The myocardium reveals prominent interfiber fibrosis 
(H&E × 200); (c) Mild and (d) Moderate degree of fibro-
sis, accompanied by hypertrophy of the cardiomyocytes. 
Note large hyperchromatic nuclei (H&E × 400)
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a

b

d

c

Fig. 41.3 (a) Both lobes of the thyroid were enlarged and 
showed pale, lobulated cut surface; (b) Lymphocytic infil-
trate with formation of lymphoid follicles; (c) Formation 

of germinal centers (H&E × 400); (d) Focal prominent 
Hurthle cell or oncocytic metaplasia

sema and extensive small intestinal gangrene. 
There were no aortoarterial thrombi, but small-
sized arteries with thrombotic occlusion were 
found in the mesentery. The thyroid gland was 
uniformly enlarged in size with a firm consis-
tency and pale grey-white lobulated cut surface. 
These gross changes were produced by florid 
Hashimoto’s thyroiditis that was noted on micros-
copy (Fig. 41.3).

Cause of Death: Extensive intestinal 
gangrene.

41.3  Discussion

Gross and histomorphological features of DCM 
were observed in the autopsy performed in an 
elderly male patient, who despite of his age had 
only minimal coronary atherosclerosis. DCM is 
one of the examples of cardiomyopathies, which 
are heterogeneous group of myocardial disorders 
associated with mechanical and/or electrical dys-
function which usually (but not invariably) exhibit 
inappropriate ventricular hypertrophy or dilata-

tion. In most instances, there is overt or covert 
myocardial remodelling that occurs in the absence 
of ischemic, hypertensive, valvular, or congenital 
heart diseases and leads to development of heart 
failure or even sudden cardiac death. DCM 
encompasses a large complex group of nonisch-
emic myocardial diseases, characterized by left 
ventricular or biventricular dilatation and reduced 
systolic ejection fraction of <45% in the absence 
of pressure or volume overload. A subset of 
patients may have contractile dysfunction without 
ventricular dilatation, which is designated as 
hypokinetic nondilated cardiomyopathy.

DCM is one of the commonest causes of heart 
failure with a prevalence varying from 1 in 20 to 
1 in 2500 in the general population. This may not 
represent the true figure as some of the cases may 
be undiagnosed or underreported. DCM is com-
monly seen in males (male to female ratio of 3:1), 
occurring in the third to fourth decades of life. It 
is initiated by a variety of causes, which may be 
genetic or nongenetic. In about half the cases, the 
cause is not identified—idiopathic DCM and 
35–50% of such patients are found to harbor 
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mutations in the sarcomeric and/or nonsarco-
meric proteins, indicating a polygenetic basis. 
Other important conditions leading to DCM 
include infections (especially viral myocarditis, 
see Chap. 33), autoimmune disorders, metabolic 
diseases, and exposure to drugs or toxins. It is 
important to note that when more than 1 etiologi-
cal factor is present simultaneously, it may poten-
tiate the effects. Our patient had autoimmune 
thyroiditis that was not diagnosed. The autoim-
mune thyroiditis would have given rise to hypo-
thyroidism, in which there is a decrease in the 
levels of the thyroid hormones and a consequent 
increase in the concentration of thyroid stimulat-
ing hormone. The prevalence of hypothyroidism 
in the developed world ranges from 2 to 6%, but 
in countries like India, the prevalence is around 
11%. Though the effects of hypothyroidism are 
commonly seen in the form of atherosclerotic 
coronary artery disease (especially through dys-
lipidemia), the low levels of the thyroid hormones 
can also affect the myocardial contractility, even-
tually leading to the DCM phenotype.

Irrespective of the causes, DCM usually shows 
a globular configuration of the heart due to vary-
ing degrees of dilatation, prominently involving 
the left ventricle. There is associated myocardial 
thinning and pallor, and on histology, there is 
both hypertrophy and attenuation of the cardio-
myocytes often with a moth-eaten appearance. 
An important feature is the presence of fibrosis, 
which is a characteristic of many myocardial dis-
orders. The fibrosis can be replacement (as seen 
in healed myocardial infarction, see Chap. 28), 
reactive interstitial, or perivascular fibrosis (as 
seen in the healing of acute rheumatic fever, see 
Chap. 4). Interstitial fibrosis usually occurs with-
out loss of the cardiomyocytes. In DCM, the 
stimulus for this type of remodelling is stretch of 
the ventricular chambers and often the fibrosis is 
observed in the mid-wall. The fibrosis results in 
separation of groups of myofibers and also sepa-
ration of the individual cells from each other. All 
these features were seen in this case.

Most of the patients of DCM present with fea-
tures of heart failure due to severe contractile 
dysfunction, indicating that there would have 
been a lengthy asymptomatic phase. Few others 
may present with arrhythmias (arrhythmogenic 
DCM), conduction blocks, sudden cardiac death, 
and thromboembolism; the last of these was the 
presentation in our case. The systolic dysfunction 
with dilatation is the most important pathoge-
netic mechanism for the development of mural 
thrombi in 1 or more chambers; the most frequent 
location is the left ventricle. There can also be a 
systemic hypercoagulable state, with increased 
circulating fibrinogen, d-dimer levels, increased 
systemic von Willebrand factor expression, and 
elevated concentrations of fibrinopeptide A and 
thrombin–antithrombin complexes. The thrombi 
predispose patients with DCM to systemic and/or 
pulmonary thromboembolism. Our patient had 
extensive intestinal gangrene, which was respon-
sible for his death.
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42Pheochromocytoma-Induced 
Cardiomyopathy

Pradeep Vaideeswar, Mrinal Sarwate, 
and Smita Divate

42.1  Clinical History

A 27-year-old woman underwent an emergency 
lower-segment Cesarean section for her third 
pregnancy at a private nursing home in view of 
pregnancy-induced hypertension with abruptio 
placentae. She had been on anti-hypertensives 
(Depin 10 mg, thrice a day) and her blood pres-
sure recorded ranged from 130/80 to 
90/60 mmHg. She was referred to the Emergency 
Services Department of our tertiary-care center 
on the 2nd day of the postpartum period with 
sudden onset of acute and progressive shortness 
of breath with palpitation. On examination, the 
general condition was fair with a pulse rate of 
104 per minute and blood pressure of 
90/60 mmHg. There was tachypnea with a respi-
ratory rate of 36 per minute. The heart sounds 
were normal. There were bilateral crepitations, 
but no murmurs. The abdomen was soft and the 
uterus was well-contracted. Blood investigations 

revealed mild anemia with hemoglobin of 10.9 % 
and neutrophilic leucocytosis (total WBC count 
of 27,800/cu mm). Routine biochemical investi-
gations and coagulation profile were within nor-
mal limits. The ECG revealed tall T waves, 
absence of P waves, and ventricular rate of 120 
per minute, suggesting possibility of atrioven-
tricular node reentry tachycardia. A 2- dimensional 
echocardiography showed ejection fraction of 
20% with left ventricular global hypokinesia sug-
gestive of severe systolic dysfunction. The 
patient’s condition deteriorated subsequently and 
she expired after 20 h of ward stay.

42.2  Autopsy Findings

A complete postmortem examination was per-
formed. The heart weighed 270  g and was 
mildly enlarged with mild enlargement and 
hypertrophy of left ventricle. Transverse sec-
tions through the ventricles showed the usual 
brown color of the myocardium. The histology 
revealed patchy interstitial edema, focal cyto-
plasmic vacuolization, mild patchy interstitial 
lymphocytic infiltrate (Fig. 42.1a, b), increase in 
interstitial connective tissue and fine foci of 
scarring (Fig.  42.1c, d), and hypertrophy of 
fibers (Fig. 42.1b, d). These changes were more 
prominent in the left ventricle (Fig.  42.2a–d) 
with prominent peri-nuclear lipofuscin pigment 
deposition. All the changes appeared secondary 
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a c

db

Fig. 42.1 (a) Patchy interstitial edema (H&E × 200); (b) Focal cytoplasmic vacuolization with features of hypertrophy 
(H&E × 400); (c) and (d) showing increased interstitial connective tissue (H&E × 200)

a

b d

c

Fig. 42.2 (a) and (b) showing interstitial scarring with 
few lymphocytic infiltrates (H&E × 400); (c) Peri-nuclear 
lipofuscin deposition (arrows, H&E × 400); (d) 

Lipofuchsin (arrow) deposited in the interstitium, indicat-
ing cardiomyocyte loss (H&E × 400)

to a large 7  cm capsulated dark brown to tan-
colored right adrenal pheochromocytoma 
(Fig. 42.3a, b), which showed the characteristic 

histomorphologic features of large polygonal 
cells set in a “zell-ballen” pattern (Fig.  42.4a, 
b). There was pulmonary edema and hepatic 
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a b

Fig. 42.3 Large right adrenal pheochromocytoma seen as (a) a dark encapsulated mass with (b) dark brownish-red cut 
surface

a

b

Fig. 42.4 Large polygonal cells with abundant granular 
eosinophilic cytoplasm arranged in the “zell-ballen” pat-
tern (a) H&E × 200 and (b) H&E × 400

chronic passive venous congestion. All other 
organs were  normal; uterine involutional 
changes were appropriate.

Cause of Death: Pheochromocytoma-induced 
Cardiomyopathy.

42.3  Discussion

Pregnancy is a physiological process associated 
with several reversible changes in the vital sys-
tems of the body in order to accommodate the 
fetus. Important alterations occur in the cardio-
vascular system, which include programmed dil-
atation and hypertrophy of the heart (particularly 
the left ventricle), increased stroke volume and 
cardiac output, fall in the peripheral vascular 
resistance and the arterial blood pressure, and 
expansion of plasma volume. It is easy to under-
stand how these adaptations can prove deleteri-
ous in women with preexisting cardiovascular 
diseases. The physiological changes also entail 
health risks, when some women develop diseases 
unique to pregnancy in the form of hypertensive 
disorders and peripartum cardiomyopathy 
(PPCM). Elevation of blood pressure is seen in 
gestational hypertension and toxemias of preg-
nancy (preeclampsia and eclampsia), which are 
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differentiated on the basis of presence or absence 
of accompanying proteinuria and central nervous 
system manifestations. These features differenti-
ate them from true chronic hypertension where 
an elevated blood pressure is present before the 
20th week of pregnancy. PPCM is defined as an 
“idiopathic cardiomyopathy presenting with 
heart failure secondary to left ventricular systolic 
dysfunction (ejection fraction is nearly always 
reduced below 45%) towards the end of preg-
nancy or in the months following delivery, where 
no other cause of heart failure is found”; hyper-
tensive disorders pose a risk for its development. 
We have reported death of a 27-year-old pregnant 
lady with pregnancy-induced hypertension and 
postpartum clinical features of PPCM, caused by 
an adrenal pheochromocytoma discovered at 
autopsy.

Pheochromocytoma is a neuroendocrine 
tumor of adrenal medulla, which secretes pre-
dominantly epinephrine and norepinephrine, 
along with small amounts of dopamine. Such 
tumors in pregnancy are extremely rare, with an 
estimated incidence of approximately 0.007%. 
The diagnosis is particularly important because 
undiagnosed and/or untreated pheochromocy-
toma has high maternal and fetal mortality, rang-
ing from 15 to 50%. At the same time, it is to be 
noted that diagnosis is difficult as presenting 
symptoms of a pheochromocytoma can overlap 
with symptoms of hypertensive disorders of 
pregnancy. The diagnostic modalities of ultraso-
nography and radioisotope scanning used for 
diagnosis of pheochromocytoma are less helpful 
in pregnancy. There are some important, often 
subtle differences in the manifestation of hyper-
tension. It may be either sustained or paroxysmal 
and there is paradoxical supine elevation of the 
pressure, despite a normal pressure measurement 
in the sitting or erect position. Associated fea-
tures include nonresponsiveness to the usual anti- 
hypertensives, heat intolerance, palpitations, 
dyspnea, chest pain, and impaired glucose toler-
ance. The tumor can manifest at any time during 
pregnancy; the factors responsible are increased 
intraabdominal pressure, fetal movements, uter-
ine contractions, process of delivery, an abdomi-
nal surgical intervention, and even general 

anesthesia. In addition, it can lead to uteroplacen-
tal insufficiency, abruptio placentae (as in this 
case) and intrauterine growth restriction, and 
postpartum pulmonary edema.

Pheochromocytoma has deleterious effects on 
the cardiovascular system during pregnancy, seen 
in the form of cardiogenic shock, angina pectoris, 
myocardial infarction, arrhythmias, and even 
CMP.  Pheochromocytoma-induced CMP is 
related to direct toxic effect from norepinephrine 
and other oxidized products with consequent 
downregulation of beta receptors with reduction 
in myofibrils alfa-1—adrenergic receptor stimu-
lation and increased inotropy, chronotropy, and 
afterload. Excess levels of catecholamines lead to 
coronary vasospasm, resulting in less blood flow 
to myocardium. They also increase the permea-
bility of sarcoplasmic membrane to calcium ions 
leading to myocyte necrosis. Cardiomyopathy 
secondary to pheochromocytoma can be dilated 
(seen in this case), hypertrophic, or “inverted” 
Takotsubo-like. The clinical features of 
pheochromocytoma- induced CMP are similar to 
those of PPCM.  The common symptoms 
described in literature include shortness of breath, 
chest pain, palpitations, along with signs of car-
diac failure, ECG changes, and reduced ejection 
fraction on echocardiography. It is important to 
differentiate between them since the manage-
ment differs. PPCM is treated with vasodilators, 
beta blockers, and diuretics, while 
pheochromocytoma- induced CMP requires both 
alfa- and beta-blockers and surgical removal of 
the tumor. A high index of clinical suspicion for 
this condition and early recognition of symp-
toms, prompt diagnosis, and treatment will help 
reduce the maternal and fetal morbidity and mor-
tality associated with it.
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43Hypertrophic Cardiomyopathy

Pradeep Vaideeswar and Shashank Tyagi

43.1  Clinical History

An 18-year-old, without features of ill-health, 
suddenly developed dizziness followed by uncon-
sciousness during a parade at 0530  h. She was 
declared dead on arrival. On enquiry, it was learnt 
that her father had also died suddenly at the age 
of 34 years.

43.2  Autopsy Findings

There was mild cardiomegaly (weight 240  g) 
with mild and moderate enlargement of both ven-
tricular chambers (Fig. 43.1). All coronary arter-
ies were patent with normal origins and courses. 
The transverse section revealed mild left ventric-
ular hypertrophy with asymmetry involving the 
interventricular septum (1.8 cm) in the mid- and 
apical portions (Fig.  43.2a). On histology, the 
hypertrophy was accompanied by multifocal dis-

array of the myocytes with focal interstitial fibro-
sis (Fig.  43.2b, c). The intramural coronary 
arteries were normal. Larger areas of replace-
ment fibrosis were not seen. The lungs and other 
organs were normal.

Cause of Death: Hypertrophic cardiomyopathy.
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a

b c

Fig. 43.2 (a) Asymmetric hypertrophy involving the 
interventricular septum IVS, well seen in the middle and 
apical sections (A anterior wall, L lateral wall, LV left ven-

tricle, P posterior wall, RV right ventricle); (b) Multifocal 
disarray (H&E × 200); (c) Disarray accompanied by myo-
cyte hypertrophy and interstitial fibrosis (H&E × 400)

43.3  Discussion

Left ventricular hypertrophy (LVH) and cardio-
myocyte disarray were the main features seen in 
this young woman with sudden cardiac death 
(SCD) that occurred during mild exercise. LVH 
is often a common finding at autopsy in deaths 
related to cardiovascular diseases and is diag-
nosed when the thickness of the interventricular 
septum and the free wall are more than 1.5 cm 
and 1.4 cm, respectively. The hypertrophy may 
be concentric (increased myocardial thickness 
without cavity dilatation) or eccentric (cavity 
dilatation with decreased, normal, or increased 
myocardial thickness). In both types, the heart 
weights are increased beyond the prescribed 

normal for the local population, which ranges 
from 180 to 300 g in our autopsy (unpublished) 
data. The myocardium may exhibit the same 
degree of thickness in the free wall and the 
interventricular septum (symmetric hypertro-
phy) or the thickness may be variable (asym-
metric hypertrophy). The hypertrophy is also 
reflected on histological analysis, wherein the 
cardiomyocytes are large in size (diameter of 
more than 15 μm) with large, hyperchromatic, 
and irregular nuclei. This is  particularly useful 
when there is dilatation of the left ventricular 
cavity and consequent thinning of the myocar-
dium. In this case, there was concentric and 
asymmetric hypertrophy, though the heart 
weight remained in the normal range.
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From the point of view of the etiology, LVH is 
either physiological or pathological. Apart from 
pregnancy (See Chap. 42), physiological LVH 
also occurs in individuals when there is frequent 
strenuous exercise related to their fitness routine 
or participation in dynamic or endurance sport 
activities and these changes may be present to a 
lesser or greater extent even in adolescents. In 
majority of these individuals, the left ventricular 
remodeling (“athlete’s” heart) leads to eccentric 
LVH, where the myocardial thickness seldom 
reaches a value above 1.5 cm. These changes may 
mimic the effects produced by other more serious 
cardiovascular disorders (pathological LVH), 
very often related pressure and/or volume over-
load, which were absent in this case. This young 
lady was part of an organization that imparts basic 
military training. But besides hypertrophy, the 
histology showed an additional important and 
prominent feature of myocardial disarray.

Myocardial disarray may be defined as “disor-
ganized cardiomyocyte spatial distribution with 
loss of physiological fiber alignment and orienta-
tion”, which may take up different patterns. The 
most easily identifiable pattern is arrangement of 
hypertrophied cells in the form of whirls, twirls, 
or tangles in a pin-wheel configuration with a 
central focus of connective tissue. When bundles 
of myofibers are arranged perpendicularly or 
obliquely to each other, it is referred to as the 
herring-bone pattern. This, when accompanied 
by collagenic fibrosis, can be recognized on 
gross appearance as it shows a whorled or fas-
ciculated pattern reminiscent of uterine leiomy-
oma. Myofibrillar disorganization can also be 
recognized on ultrastructural examination. 
Myocardial disarray is considered as a pathogno-
monic feature of hypertrophic cardiomyopathy 
(HCM), but is also seen in primary restrictive 
cardiomyopathy and around areas of scarring; it 
even normally occurs around coronary vascula-
ture, at junctions between the ventricles and 
within the trabeculae. Hence, the pathologist 
must be vigilant in diagnosing myocyte disarray 
until it is noticeable in areas away from these 
zones. Though the distribution of disarray is 
patchy, the interventricular septum is a favored 
site. The disarray may not be linked to the degree 
of hypertrophy degree. In view of LVH (thick-

ness of >1.5 cm) disproportionate to the loading 
conditions and the amount of myocardial disar-
ray (which can range from 5 to 20% of the myo-
cardial samples) and the circumstances of death, 
a diagnosis of HCM was rendered in this patient. 
It must be borne in mind that some cases of HCM 
may have normal heart weights and ventricular 
wall thickness, but it may have significant micro-
scopic myocyte disarray.

HCM is the most common heritable heart dis-
ease with a general population prevalence of about 
1 in 500. The disorder is said to be devoid of gen-
der, race, or geographic predilection and majority 
of the patients exhibit an autosomal dominant 
inheritance pattern. The LVH (with heart weights 
that may be 100–200% of normal) is caused 
mostly by mutations of the sarcomeric proteins. 
The protein products of such mutations result in an 
impairment of the calcium homeostasis and energy 
handling mechanisms which result in morphologi-
cal features of hypertrophy, disarray, and fibrosis 
along with functional alterations in the form of 
diastolic impairment. In most of the patients, the 
hypertrophy is asymmetric and tends to affect the 
basal interventricular septum (ratio of the thick-
ness of the septum to the free wall is ≥1.3/1.0), 
which explains the subaortic obstruction. Along 
with the ventricular remodeling, there is also 
genetically driven structural and functional abnor-
malities of the intramural coronary arteries that 
lead to myocardial ischemia and subsequent myo-
cardial scarring. The  morphological abnormalities 
include intimal hyperplasia, medial hypertrophy, 
and peri- vascular fibrosis. The coronary abnormal-
ities and scarring were not identified in this case. 
Despite all these alterations, the clinical presenta-
tions of HCM are heterogeneous and depend on 
the type of mutation and the expressivity, genetic 
modifiers, and environmental factors. Hence, the 
disease can be diagnosed at all ages and at differ-
ent stages (nonhypertrophic, classic phenotype, 
adverse remodeling, and finally an overt systolic 
dysfunction). Some patients have a stable disease 
with a normal life span, while others present with 
features of outflow obstruction, myocardial isch-
emia, heart failure, arrhythmias, mitral valvular 
regurgitation, thromboembolism, and apical aneu-
rysms with an annual morality rate of about 1%. 
The most dramatic event is SCD.
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The risk of SCD in patients with HCM is 
heightened in the presence of previous aborted 
cardiac death, development of ventricular tachy-
cardia, family history of SCD, young age, past 
history of syncope, severe LVH > 30 mm, hypo-
tensive response after exercise, outflow tract 
obstruction, systolic dysfunction, and presence of 
apical aneurysms of any size. The annual rate of 
SCD in these patients is about 2% and it increases 
to almost 6% in young athletes. In persons with 
cardiovascular disease, exercise is often a risk 
factor for SCD, especially young athletes who 
have a 2.5 times greater chance of sudden death 
than nonathletes. More than 90% of SCD occur 
at or shortly after an exercise session or competi-
tion, as exercise is believed to trigger ventricular 
tachyarrhythmia. Our patient had been participat-
ing in parade and had mild asymmetric LVH, 
mild interstitial scarring, and normal intramural 
coronary arteries. It is possible that extensive dis-
array, which may have been related to high-risk 
genotype, was responsible for SCD.
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44Arrhythmogenic Cardiomyopathy

Pradeep Vaideeswar

44.1  Clinical History

A 42-year-old male was referred to our center for 
persistent hypotension from a far-off rural private 
hospital. He had previously developed an acute 
febrile illness with vomiting and jaundice for 
15 days and then had been admitted due to devel-
opment of altered sensorium. He recovered with 
treatment (no details available) except for the 
hypotension. On examination, the patient was 
conscious and alert. The pulse was 80 per minute 
and the blood pressure was 70  mmHg systolic. 
There was mild icterus. Crepitations were heard 
on chest auscultation. The investigations were as 
follows: Hb 8.1  g/dL, total leukocyte count 
25,500/cmm (81% neutrophils), platelet count 
2  lakhs/cmm, random blood glucose 92 mg/dL, 
serum creatinine 1.8  mg/dL, total bilirubin 
1.8 mg/dL, Na+ 145 mEq/L, K+ 3.2 mEq/L, and 
Ca2+ 10.1 mg/dL. The patient had a sudden car-
diovascular collapse and expired within 2  h of 
admission.

44.2  Autopsy Findings

The heart was moderately enlarged in size (340 g) 
with moderate enlargement of the right atrium 
and marked enlargement of the right ventricle. 
The apex was pointing to the left and formed by 
both ventricles. There was a large amount of adi-
pose tissue over both the anterior and posterior 
walls of the right ventricle (RV) with patchy epi-
cardial thickening (Fig.  44.1). On opening, the 
right-sided tracts, the trabeculae of the RV 
(Fig.  44.2a), and the wall of the outflow tract 
were seen to be infiltrated by fat (Fig.  44.2b). 
This was very well seen on transverse slices, 
where the adipose tissue was also seen to infil-
trate the anterior and posterior aspects of the 
interventricular septum and the anterior wall of 
the left ventricle (LV) also (Fig.  44.2c, d). The 
fat, on histology, was associated by multifocal 
areas of interstitial fibrosis (Fig. 44.3a–d).

Cause of Death: Arrhythmogenic cardiomy-
opathy (ACM) and sudden cardiac death.
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a b

Fig. 44.1 Moderate cardiomegaly with marked right 
ventricular RV enlargement—(a) Anterior surface show-
ing increased adipose tissue; (b) Adipose tissue and epi-
cardial thickening over the entire posterior surface of RV 

(AA ascending aorta, IVC inferior vena cava, LA left 
atrium, LAA left atrial appendage, LV left ventricle, PT 
pulmonary trunk, RA right atrium, RAA right atrial 
appendage, SVC vena cava)

a b

dc

Fig. 44.2 (a) The free wall of the right ventricle RV is 
replaced completely by fat. The overlying epicardium is 
thickened and pale yellow in color (arrows); (b) Similarly 
in the outflow tract too, the myocardium is replaced by fat; 
(c) Transverse section through mid-portion of the ventri-
cles also shows infiltration of the anterior wall A of the left 

ventricle LV and interventricular septum IVS (L lateral 
wall, LVC left ventricular cavity, P posterior wall, PT pul-
monary trunk, PV pulmonary valve, RA right atrium, TV 
tricuspid valve); (d) Similar features seen in the scanned 
slide stained by H&E

P. Vaideeswar



245

a c

db

Fig. 44.3 Fibro-fatty replacement seen in the right ventricle (a) and (b) and left ventricle (c) and (d) (H&E × 200)

44.3  Discussion

The fibro-fatty infiltration of the RV and to some 
extent of the LV as well, in all probability, trig-
gered a sudden arrhythmic death in this young 
patient. These clinicopathological features sug-
gested the diagnosis of an ACM, which has been 
known by several synonyms in the past such as 
right ventricular dysplasia, right ventricular car-
diomyopathy, or arrhythmogenic right ventricu-
lar dysplasia. The current term ACM was adopted 
for this genetically inherited nonischemic disor-
der since the myocardial fibrous or fibro-fatty 
replacement can affect not only the RV or both 
ventricles, but can also involve the LV exclu-
sively. Though many cardiac disorders can lead 
to an arrhythmic death, the descriptive term 
‘arrhythmogenic’ indicates the inherent capabil-
ity of this disorder to induce ventricular arrhyth-
mias even before the development of the 
morphological changes. The clinical manifesta-
tion begins usually between the second and 
fourth decades of life (with a male predominance, 
male to female ratio of 3:1) and is seldom seen 
before and beyond the age of 12 and 60  years, 
respectively. The estimated prevalence of ACM is 

from 1  in 2000 to 1  in 5000 with geographic 
variations.

Barring the autosomal recessive cardiocutane-
ous syndromes, majority of the cases of ACM are 
inherited as autosomal dominant disease with one 
or more pathogenic mutations in the genes coding 
for several desmosomal proteins. These finally 
lead to alterations in the intercalated disc protein 
complex, and hence, ACM is also referred to as 
intercalated disc or cell-junction disease. 
Currently, causal mutations in the non- 
desmosomal genes have also been implicated in 
some of the cases. About 40% of patients are still 
genetically undefined, and there is also incom-
plete penetrance and variable expressivity modi-
fied by environmental factors including exercise. 
The final outcome is a loss of cell adhesiveness 
leading to an electrical instability and mechanical 
damage to the cardiomyocytes with apoptosis. 
Alterations in cellular signaling lead to increased 
expression of the fibrogenic and adipogenic 
genes, with subsequent fibro-fatty myocardial 
remodeling; the latter begins in the subepicardial 
region with a variable extension towards the sub-
endocardial region and transmural thinning. 
Depending on the type of mutation and the con-

44 Arrhythmogenic Cardiomyopathy



246

comitant modifying factors, and the distribution 
of the fibro-fatty tissue, ACM can be classified 
into 3 types—isolated RV type (the classic type), 
isolated LV dominant, or biventricular disease 
(balanced, dominant-right, or dominant-left), 
which with reference to the Padua criteria (major 
and minor) have differences in the functional/
structural assessment, tissue characterization, 
repolarization/depolarization abnormalities, 
arrhythmias, and family history. The RV involve-
ment characteristically begins in the basal and 
inferior regions and later involves the free wall 
with extreme parchment-like thinning of the wall 
and formation of aneurysms; the apex is affected 
in only the late stages of the disease. In the LV, the 
fibro-fatty tissue is seen initially in the posterolat-
eral region and then extends into the subepicardial 
and mid-myocardial regions of the free wall, but 
this is not associated with wall thinning or aneu-
rismal outpouchings. When the interventricular 
septum is affected, the fibro-fatty tissue is distrib-
uted towards the RV aspect, as was seen in  this 
case. The cardiomyocytes may also be hypertro-
phied with cytoplasmic vacuolation and dysmor-
phic nuclei. In addition, in many cases there is 
infiltration of T-lymphocytes, which may also 
play a role in the pathogenesis of the disease.

ACM progresses through 4 phases. In the pre-
clinical or concealed phase, the heart does not show 
any identifiable structural abnormalities and the 
patients may remain asymptomatic or may show 
subtle ECG abnormalities. However, in these indi-
viduals, SCD remains an important manifestation, 
triggered by strenuous exercise (especially those 
engaged in athletic activities) and even day to-day 
stressful conditions. Such cases can be identified 
only on the basis of mutational analysis. Symptoms 
related to arrhythmias, particularly ventricular 
tachyarrhythmias, develop in the overt or symp-

tomatic phase, which are associated with identifi-
able pathological features. In the subsequent phases 
with more pronounced involvement, the clinical 
presentation is related to RV or biventricular dys-
function. In these scenarios, SCD is prevented by 
implantation of intracardiac defibrillators and 
appropriate life style changes. The patient in this 
report would have been in the symptomatic phase 
with development of SCD, which was the first and 
only mode of presentation. The hypotension may 
be explained on the basis of RV systolic dysfunc-
tion leading to inadequate LV preload.
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45Restrictive Cardiomyopathy: 
Loeffler’s Endo-Myocarditis

Pradeep Vaideeswar and Tejaswini Waghmare

45.1  Clinical History

The patient was a 19-year-old male student, who 
presented initially with a low-grade fever without 
any localizing symptoms for the past 10–12 days. 
This was followed by headache, weakness of 
both lower limbs (left > right) with urinary incon-
tinence since 3 days, and weakness of both upper 
limbs a day later. He had no sensory complaints. 
There was no previous history of significant ill-
ness. Having maintained sensorium for the previ-
ous 10 days, he began to become progressively 
disoriented since a day. On admission to the hos-
pital, the patient was afebrile, normotensive with 
mild pallor. He was drowsy, responding to oral 
commands. The pupils were reacting and bilater-
ally equal; the fundus was normal. His gag 
reflexes and extraocular movements were 
impaired. There were no signs of meningeal irri-
tation. He was hypertonic, the power in right 
upper limb was 4/5, left upper was 3/5, right 
lower limb was 2/5, and left lower limb was 1/5. 
The reflexes in upper limbs were 3+ and lower 

limbs, 4+. Both plantars were extensors. Systemic 
examination revealed only mild tender 
splenomegaly.

Investigations revealed Hb 8.9 g/dL, total leu-
kocyte count of 67,000 cells/cmm with 81% 
eosinophils (absolute count of 54,513 cells/
cmm), platelet count 2.4 lakhs/cmm, creatinine 
1.5 mg/dL, blood urea nitrogen 32 mg/dL, plasma 
aspartate aminotransferase 32 U/dL, plasma ala-
nine aminotransferase 35  U/dL, alkaline phos-
phatase 44 U/dL, sodium 133 mEq/dL, potassium 
4.3  mEq/dL, and chloride 128  mEq/dL.  Urine 
analysis was within normal limits. The chest 
X-ray was normal; ECG showed ST depression 
and T wave inversion in leads V2–V6. The plain 
and contrast-enhanced magnetic resonance imag-
ing (MRI) examination of the brain revealed 
abnormal signal intensity lesions in both cerebral 
hemispheres, suggesting infarcts (Fig. 45.1).

The patient was put on high dose steroids 
(methylprednisolone 1  g/day) for his weakness, 
but the general condition of the patient worsened 
over the next 12 h. He became extremely dyspneic 
(respiratory rate 44/min) and hypotensive (blood 
pressure 100/50 mmHg) with onset of high grade 
fever. He had developed bilateral coarse crepita-
tions. His power had reduced and was 0/5 in all 4 
limbs. In view of the respiratory distress, the 
patient was shifted to medical intensive care unit, 
intubated immediately, and put on ventilator. 
Injectable antibiotics (piperacillin and tazobac-
tum) along with acyclovir and artesunate were 
administered. A repeat chest X-Ray revealed infil-
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Fig. 45.1 MRI showing abnormal signal intensity lesions 
in both cerebral hemispheres

trates in right lower and middle lobes. A complete 
hemogram of patient was done on the third day, 
which revealed a total leukocyte count of 45,200/
cmm with 70% eosinophils and an absolute count 
of 31,640/cmm. In view of the altered sensorium, 
the cerebrospinal fluid was examined; it was nor-
mal. Blood culture did not grow any organism. In 
spite of high dose steroids, the patient’s weakness 
did not improve and he continued to remain 
febrile. The antibiotics were stepped up; merope-
nem and teicoplanin were started. A hematology 
reference was taken and BCR/ABL test from 
peripheral blood was advised. However, due to 
financial condition of the family, test was deferred. 
The patient was started on imatinib. By the 5th 
day, the patient deteriorated. He had become 
hypotensive and his urinary output had dropped. 
The patient required high dose noradrenaline. He 
went into acute respiratory distress syndrome and 
expired on the 8th day of admission.

45.2  Autopsy Findings

The heart was markedly enlarged in size (350 g) 
with marked biventricular enlargement. There 
was diffuse opacification of the visceral layer of 
the pericardium, but pericardial effusion was not 
present. Both the ventricular chambers were 
moderately enlarged with mild to moderate dif-
fuse endocardial thickening. Major part of the 

ventricular cavities was occupied by extremely 
firm pale red brown to yellow ‘fleshy’ thrombus 
(Fig. 45.2a–d). In the right ventricle, it had pro-
duced obliteration of the apex with entrapment 
of the papillary muscles of the tricuspid valve. 
The thrombus extended on the anterior and pos-
terior free walls, reaching up to the tricuspid 
annulus. It had also extended on to the right ven-
tricular outflow tract and was around 2.5  cm 
away from the pulmonary valvular annulus. In 
the left ventricle, the thrombus had ‘engulfed’ 
the papillary muscles and plastered down the 
posterior mitral leaflet, extending right up to the 
mitral annulus (Fig. 45.3a). On the outflow tract, 
it extended in part to the mid-portion of the left 
coronary cusp of the aortic valve (Fig. 45.3b, d). 
The arterial annuli were dilated and the cusps 
were normal. The right atrium also showed a 
thrombus over the anterior rim of the fossa ovalis 
(probably related to the intravenous catheter).

On histopathology, the ventricles showed sim-
ilar features. The thick layer of fresh thrombus 
(rich in eosinophils along with other leukocytes) 
was attached to the endocardium, which showed 
mild to moderate loose fibrocellular edematous 
thickening and dense infiltration by large num-
bers of eosinophils and histocytes (Fig.  45.4). 
The subendocardial tissue was also edematous 
and inflamed, sending in edematous fibrous ten-
tacles (rich in eosinophils) into the underlying 
myocardium. The subendocardial and mid- 
myocardial regions also showed eosinophilic 
myocarditis (Fig. 45.5a) and intramural coronary 
thromboembolism (Fig.  45.5b) with multifocal 
fresh infarction (Fig. 45.5c). These thrombi had 
also produced pulmonary and systemic thrombo-
embolism (brain and spleen, Fig.  45.6a). There 
was eosinophilic pneumonia (Fig.  45.6b) with 
diffuse alveolar damage. The vasculature in many 
organs showed eosinophils (Fig.  45.6c), while 
the bone marrow was also rich in eosinophils and 
its precursors. Acute tubular necroses and occa-
sional thromboemboli (Fig. 45.6d) were present 
in the kidneys.

Cause of Death: Loeffler’s endo-myocarditis 
with systemic thromboembolism and eosino-
philic pneumonia.
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a

c b d

Fig. 45.2 (a) Serial transverse slices of the ventricular 
myocardium and (b) transverse slice from the mid-portion 
shows the presence of large mural thrombi that have oblit-
erated the intertrabecular spaces; Scanned slides stained 

by H&E and elastic van Gieson of the (c) Right ventricle 
RV and (d) Left ventricle LV showing features similar to 
the gross findings
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Fig. 45.3 (a) Scanned slides stained by H&E and elastic 
van Gieson through left ventricular inflow tract showing 
thrombus (arrow) reaching up to the mitral annulus; (b) 
Thrombus (arrows) in the left ventricular outflow tract 
extending up to the attachment of the left coronary cusp 
LCC; (c) Scanned slides stained by H&E and elastic van 

Gieson through left ventricular outflow tract showing 
thrombus (arrow) reaching up to the aortic annulus (LA 
left atrium, LCA left circumflex artery, LMC left main 
coronary artery, LV left ventricle, RCA right coronary 
artery, RCC right coronary artery cusp)
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Fig. 45.4 Right ventricle (a) stained by H&E (× 200), 
(b) elastic van Gieson (× 200) and Left ventricle (c) 
stained by H&E (× 200), (d) elastic van Gieson (× 200) 

showing thrombus T adherent to the inflamed and edema-
tous endocardium E (M myocardium)
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Fig. 45.5 (a) Eosinophilic myocarditis (H&E × 400); (b) 
Intramural coronary artery occluded by fresh thromboem-
bolus (H&E × 400); (c) Coagulative necroses of cardio-

myocytes with extensive myocytolyses in the 
sub-endocardial region (H&E × 200)
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Fig. 45.6 (a) Splenic infarct; (b) The alveoli in the lungs 
were filled with large number of macrophages and eosino-
phils (H&E × 400); (c) Hepatic sinusoids with few eosino-

phils; (d) Renal tubular damage with thromboembolus in 
an artery (H&E × 200)

45.3  Discussion

The heart in this young adult male was character-
ized by an extraordinary degree of biventricular 
fibrosis of the endocardium and myocardium in a 
background of peripheral blood and tissue eosin-
ophilia. Blood hyper-eosinophilia refers to docu-
mented eosinophil counts of more than 1500 per 
mL on at least 2 separate occasions with a 

 minimum time interval of 4 weeks, while tissue 
eosinophilia includes a count of more than 20% 
in the bone marrow, histological confirmation of 
eosinophils in the tissues, or immunohistochemi-
cal demonstration of eosinophil products in the 
tissues examined. In the tissues, the eosinophils 
are known to release a repertoire of pro- 
inflammatory and prothrombotic mediators and 
cytokines that are capable of altering the local 
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milieu through angiogenesis and fibrosis. Besides 
the tissue remodeling, some of the eosinophil 
products such as eosinophil cationic protein, 
eosinophil major basic proteins, eosinophil per-
oxidase, and eosinophil-derived neurotoxin 
exhibit cytotoxic effects and lead to organ dam-
age. This evolves into the hyper-eosinophilic 
syndrome (HES), as seen in this case.

HES is an uncommon entity with an age- 
adjusted incidence rate of 0.036 cases per 100,000 
person years, more often affecting the males 
(male to female ratio of 9:1) between 20 and 
50  years of age. Both hyper-eosinophilia and 
HES can be categorized into 3 types—Primary: 
related to myeloproliferative disorders or prolif-
eration of aberrant T-cells, Secondary: that devel-
ops as a paraneoplastic syndrome or as a reaction 
to allergic/infective conditions, and Idiopathic: 
where a cause is not found despite detailed inves-
tigations. Our patient was not thoroughly investi-
gated due to financial constraints, but a secondary 
cause could be ruled out on the basis of the his-
tory and the autopsy findings. The effects of 
organ damage are commonly encountered in the 
skin, heart, lungs, gastrointestinal tract, and ner-
vous system. The heart is affected in 35–50% of 
patients with HES, where it assumes a life- 
threatening manifestation (aptly represented by 
the current case) conventionally referred to as 
Loeffler’s endo-myocarditis (LEM).

LEM progresses in 3 stages, which may not 
always be sequential and can be overlapping. 
Biventricular involvement is seen in 50% of the 
cases, while isolated left ventricular and right 
ventricular affection occur in 40% and 10% of 
the cases, respectively. In the necrotic stage, the 
eosinophils infiltrate the endocardium and the 
variable thickness of the subendocardial myo-
cardium and the patients are generally asymp-
tomatic. In rare instances, there is diffuse 
infiltration—acute eosinophilic myocarditis that 
results in an enlarged, heavy, and flabby heart. 
Myocyte necroses, coronary arteritis, and peri-
cardial involvement may be accompanying fea-
tures and these individuals present with cardiac 
failure or even tamponade. Mural thrombi 
develop initially in the ventricular apices in the 

thrombotic stage. Later, there may be extension 
to the basal portions of the inflow tracts, often 
entrapping the papillary muscles, chordae ten-
dineae, and leaflets of the atrioventricular 
valves. Such patients are at a risk for emboliza-
tion and development of secondary valvular 
regurgitation. Thick white plaque-like endocar-
dial thickening with distinct borders and rolled 
edges are seen in the inflow tracts in the fibrotic 
stage. This then leads to an uncommon cardio-
myopathy (CMP)—restrictive CMP (RCM) that 
shows increased ventricular stiffness, impaired 
diastolic filling, and normal systolic function, 
leading often to right heart failure. Sudden death 
can also occur in some cases. In this patient, 
there was telescoping of the thrombotic and 
fibrotic stages and clinical manifestations devel-
oped mainly as result of systemic thromboem-
bolism. A further contributor to the morbidity 
was eosinophilic pneumonia with diffuse alveo-
lar damage.

Cardiac involvement in hyper-eosinophilia, 
as depicted, carries a poor prognosis and signifi-
cant mortality. It requires prompt diagnosis and 
treatment, depending on the stage of the disease. 
Multimodality imaging is extremely useful and 
may at times be combined with an 
 endo- myocardial biopsy. If diagnosed early, 
immunosuppressive therapy to decrease the 
eosinophil count (corticosteroids, tyrosine 
kinase inhibitors, and other cytotoxic medica-
tions) can be beneficial. Presence of mural 
thrombi, as seen in this patient, would also entail 
anticoagulation.
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46Endomyocardial Fibrosis 
as an Incidental Autopsy Finding

Pradeep Vaideeswar and Pranita Zare

46.1  Clinical History

A 58-year-old postmenopausal lady had been on 
regular medications for atrial fibrillation for the 
past 5 years. She was admitted to a private nurs-
ing home with 3-day complaints of pain in the 
abdomen with loose motions. The abdominal 
pain was continuous, moderate grade, nonradiat-
ing, not relieved by any medication, and was 
located in the epigastric and umbilical regions. A 
computed tomography performed revealed sub-
acute small intestinal obstruction with minimal 
bilateral pleural effusions. She was transferred to 
our tertiary center on inotropic support for persis-
tent hypotension. On examination, the general 
condition was poor with a pulse rate of 130 per 
minute and blood pressure of 70/40 mmHg. The 
abdomen was distended and tender. Her routine 
hematological and biochemical investigations 
had been normal. The inotropic drugs were con-
tinued but there was no significant response and 
she succumbed 7 h after admission.

46.2  Autopsy Findings

The heart was moderately enlarged in size and 
weighed 390 g. The inferior border was entirely 
flattened (Fig. 46.1a) with a left-sided protuber-
ance formed by the left ventricular apex, lead-
ing to a ‘boot’ shaped appearance. Both atria 
were moderately enlarged in size with a distinct 
puckering of the right ventricular apex 
(Fig.  46.1a, b). There was marked grey-white 
endocardial thickening over the anterior and 
posterior free walls (Fig.  46.1b) that had pro-
duced flattening of the trabeculae carneae with 
attenuation and plastering of the posterior pap-
illary muscles. The endocardial thickening 
stopped abruptly 2.4 cm below the pulmonary 
valve and had produced obliteration of the api-
cal portion of the right ventricular cavity 
(Fig. 46.1b). On histopathology, there was hya-
linized collagenic thickening of the endocar-
dium (Fig.  46.1c, d). At the endo-myocardial 
interface, there were foci of vascularization and 
delicate fibrous tentacles were also seen to infil-
trate the underlying muscle (Fig.  46.1e). The 
left ventricular apex was rendered shallow by 
the thickened endocardium, which also 
extended to involve the mid-portions of the 
ventricle as well (Fig. 46.2a). Similar changes 
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Fig. 46.1 (a) Flattened inferior border of the heart. Note 
moderate enlargement of the right atrium. The arrow 
points to the puckered right ventricular RV apex; (b) 
Leathery grey-white thickening of the endocardium with 
retraction (arrow) of the RV apex (AA ascending aorta, LV 
left ventricle, PT pulmonary trunk, RA right atrium, RAA 

right atrial appendage, TV tricuspid valve, SVC superior 
vena cava); Marked endocardial thickening that is stained 
(c) pale pink (H&E × 250) and (d) green (Masson’s tri-
chrome stain × 250); (e) Fibroblastic proliferation insinu-
ates between groups of cardiomyocytes in the 
subendocardial region (H&E × 250)

were noted on the histology (Fig.  46.2b). In 
addition, focal surface thrombi were noted at 
places. Furthermore, chunks of fibrin sur-
rounded by hyalinized collagen were also pres-
ent (Fig. 46.2c). There was biatrial hypertrophy 

with extensive interstitial fibrosis and vacuola-
tion of the myocytes (Fig.  46.3a). There were 
no eosinophils. Other findings at autopsy 
included small intestinal gangrene (Fig. 46.3b) 
and bilateral small renal infarcts.

P. Vaideeswar and P. Zare



259

a b c

Fig. 46.2 (a) Opened out left ventricular LV inflow tract 
showing thickened endocardium which has obliterated the 
apex with fibrosis extension into the subendocardium 
(arrows). The bellies of the posterior papillary muscle 
PPM are also not seen distinctly (APM anterior papillary 

muscle, LA left atrium); (b) Fibrovascular tentacles inter-
sect the bundles of cardiomyocytes (H&E × 250); (c) 
Chunks of fibrin (arrow) are incorporated within the endo-
cardial fibrosis (H&E × 250)

a b

Fig. 46.3 (a) Left atrium with hypertrophy and prominent interstitial fibrosis (H&E × 250); (b) Focal dusky discolor-
ation of the serosa of the ileum
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46.3  Discussion

Marked endocardial fibrotic thickening affecting 
the apices and the inflow tracts with apical oblit-
eration of both ventricles was seen as an inciden-
tal finding in this patient and would have 
produced stiffening of the chambers with restric-
tion of diastolic filling. These functional fea-
tures, not documented in life, are the hall marks 
of the uncommon restrictive cardiomyopathy 
(RCM), which forms 2–5% of the nonischemic 
myocardial disorders. Though some of the cases 
of RCM may be idiopathic (often with a genetic 
basis related to mutations affecting sarcomeric 
or nonsarcomeric proteins), most of the cases of 
RCM develop due to other diverse genetic and 
nongenetic causes (See Chaps. 47–50). Extensive 
endocardial pathology with concomitant involve-
ment of the subjacent myocardium noted in this 
patient is the trait of endo-myocardial fibrosis 
(EMF), which is produced by 2 distinct clinico-
pathologic entities, Loeffler’s endocarditis (See 
Chap. 45) and tropical EMF (T-EMF). Despite 
the similarities of pathologic findings in end-
stage disease, these two entities differ in geo-
graphic, age, gender distribution, clinical 
presentation, and evolution.

T-EMF, also called as Davies disease, was 
endemic in equatorial Africa, South America, 
India, and other countries located near the equa-
tor (hence ‘tropical’), where it was a relatively 
frequent cause of congestive heart failure. Now 
the incidence of this disease has reduced consid-
erably due to improved socioeconomic condi-
tions; the true prevalence is not known. In 
comparison to Loeffler’s endo-myocarditis, the 
disease affects both men and women equally and 
is more common in children and young adults. 
Although individuals of any age can be affected, 
there is a bimodal distribution with peaks at 10 
and 30 years. The focal or diffuse fibrosis tends 
to involve both the ventricles in 50% of the cases 
(as seen in this patient), while isolated left and 
right ventricular fibrosis is seen in about 40% 
and 10% of the patients, respectively. The early 
lesion appears to begin at the ventricular apex 
and appears gelatinous. In well established dis-
ease, the lesion resembles tenacious thick white 

paint, extending towards the atrioventricular 
valve with subsequent entrapment of the papil-
lary muscles and the tendinous cords, and even 
plastering of the leaflets. Finally, the endocar-
dium resembles a porcelain saucer and is sharply 
demarcated from the normal endocardium. There 
are 3 zones which can be identified on histology: 
an innermost layer of dense and loose collagen, 
then a layer of granulation tissue with mixed 
inflammatory infiltrate and proliferating vascu-
lar channels, which finally rests on groups of 
often vacuolated cardiomyocytes with enlarged 
atypical nuclei and focal interstitial scarring. 
Thrombi in different stages of organization may 
be also seen. Collagenous septa extend into the 
myocardium.

There are several hypotheses regarding the 
pathogenesis of T-EMF. Eosinophil participation 
in some cases is undeniable and such eosinophil- 
dependent disease is frequently encountered in 
parasitic infestations, particularly in the tropics. 
The eosinophil-independent causes include mal-
nutrition, diets rich in some types of tubers, mag-
nesium/vitamin D deficiency, increased levels of 
cerium, toxic agents, and autoimmune mecha-
nisms with an element of genetic predisposition. 
The disease has an insidious onset, but a relentless 
course. Hence, in the beginning majority of the 
patients remain asymptomatic for prolonged peri-
ods of time. The clinical manifestations depend 
on which ventricle is affected: left-sided involve-
ment is associated with pulmonary congestion, 
whereas predominantly right-sided disease may 
result in clinical symptoms suggestive of a con-
strictive pericarditis. Biventricular involvement, 
which is the most frequent, shows an additional 
finding of low cardiac output. This involvement 
may finally culminate in complications such as 
atrial arrhythmias, thromboembolism, and/or pro-
gressive atrioventricular regurgitation, leading to 
mortality. Our patient had atrial fibrillation (AF) 
and developed embolic intestinal gangrene. 
Patients with AF have the worst prognosis. There 
is no specific therapy available for T-EMF. Medical 
management with surgical intervention if required 
may lead to substantial symptomatic improve-
ment, especially in patients with predominant left 
ventricular involvement.
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47Cardiac Amyloidosis 
in an Octagenarian

Pradeep Vaideeswar, Girish Sabnis, 
and Dhiraj Kumar

47.1  Clinical History

An 80-year-old woman, suffering from hyper-
tension (regular treatment with tablet 
Cilnidipine 10 mg daily for 2 years), presented 
to Emergency Room with complaints of recent 
onset worsening of long-standing dyspnea for 
5 days prior to presentation. She was also suf-
fering from diarrhea since past 2  days with 
edema feet and distension of abdomen. On 
examination, there was pallor and an irregular 
pulse, normal blood pressure, distended jugu-
lar veins, bilateral fine crepitations, and absent 
breath sounds in basal areas. Laboratory inves-
tigations showed mild anemia (hemoglobin 
7.8  g/dL) and elevated serum creatinine of 
3.2 mg/dL; other investigations had been nor-
mal. On ECG, the patient was found to have 
atrial fibrillation with low voltage complexes. 
The chest X-ray showed bilateral pleural effu-
sions with a normal sized heart. Abdominal 
ultrasonography revealed mild ascites. On 

blood gas analysis, there was mixed respira-
tory and metabolic acidosis. The patient 
underwent decongestion using diuretics. 
However, on the second day of her admission, 
she had sudden cardiac arrest and could not be 
revived despite prolonged cardiopulmonary 
resuscitation.

47.2  Autopsy Findings

The heart was of normal size (weight 290 g). All 
chambers were of normal sizes. There were no 
mural thrombi or left ventricular hypertrophy. 
The myocardium appeared pale brown 
(Fig. 47.1a) with faintly discernible slightly glis-
tening grey-white streaks, prominently seen in 
the subepicardial half. There was a focal fine 
endocardial granularity of the left atrium and 
thickening, nodularity, and pale yellow appear-
ance of the free margin of the anterior mitral leaf-
let (Fig.  47.1b). The central nodules of all the 
cusps of the aortic valve also appeared promi-
nent. The coronary circulation was right domi-
nant. All coronaries showed focal calcific 
atherosclerosis.

On histology, the walls of the epicardial coro-
nary arterial radicles (Fig. 47.1c) and the inter-
stitium of the epicardial adipose tissue 
(Fig.  47.1d) showed the presence of irregular, 

P. Vaideeswar (*) 
Department of Pathology (Cardiovascular and 
Thoracic Division), Seth Gordhandas Sunderdas 
Medical College and King Edward Memorial 
Hospital, Mumbai, India 

G. Sabnis · D. Kumar 
Dr KK Datey Department of Cardiology, Seth 
Gordhandas Sunderdas Medical College and King 
Edward Memorial Hospital, Mumbai, India

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
P. Vaideeswar (ed.), Tropical Cardiovascular Pathology, 
https://doi.org/10.1007/978-981-19-3720-0_47

https://doi.org/10.1007/978-981-19-3720-0_47


264

a c

db

Fig. 47.1 (a) Transverse slice shows pale myocardium. 
There is an increase in the epicardial adipose tissue; (b) 
Granular texture of the left atrial LA endocardium. Note 
thickening and pale yellow color (arrow) of the free mar-

gin of the anterior mitral leaflet AML (LV left ventricle, 
RV right ventricle); (c) The wall of the epicardial coronary 
artery and (d) interstitium of the adipose tissue show 
deposition of acellular pink material (H&E × 400)

acellular, hyaline deposits. In the myocardium, 
the groups of cardiomyocytes were variably sep-
arated by similar irregular hyaline deposits with 
increased interstitial connective tissue 
(Fig.  47.2a, b), presence of healing and healed 
microinfarcts, and prominent myocytolysis in 
the subendocardial regions (Fig.  47.2c). Such 
deposits were also seen in the endocardium 
(Fig.  47.2d) and intramural coronary vessels 
(Fig.  47.3a). These accumulations were 

Congophilic and showed the characteristic 
apple-green birefringence (Fig.  47.3a, b). The 
mitral leaflets and aortic cusps also had similar 
amyloid deposits (Fig.  47.3c, d). There was 
widespread amyloid vasculopathy affecting all 
organs except the brain with prominent involve-
ment of the kidneys and spleen (Figs.  47.4a–d 
and 47.5a, c). The bone marrow was normal.

Cause of Death: Cardiac amyloidosis.
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Fig. 47.2 Groups of cardiomyocytes separated by loose 
interstitial connective tissue that contains eosinophilic 
acellular material (a) H&E × 200 and (b) H&E × 400; (c) 

Pink thick shells surrounding the myocytolytic foci (H&E 
400); (d) Irregular deposits in the thickened endocardium 
(H&E × 400)

a c

db

Fig. 47.3 (a) Deposits of acellular material in the intra- 
mural coronary vessels (H&E × 200), which were (b) 
strongly Congophilic (× 200). Inset reveals the apple 

green birefringence under polarized light; Similar depos-
its seen in the (c) mitral valve leaflet (H&E × 200) and (d) 
aortic valve cusps (H&E × 200)
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Fig. 47.4 (a) Gastric hemorrhages; (b) Vessel in the 
appendicular wall showing amyloid deposits; (c) The kid-
neys were small in size with a granular white appearance 

with congestion and retention cysts; (d) Extensive nodular 
deposits in the glomeruli (H&E × 200)

a b

c

Fig. 47.5 (a) Cut surface of a normal sized spleen 
showed a typical waxy appearance—lardaceous spleen; 
(b) The red and white pulps of the spleen are completely 

replaced by amyloid (H&E × 200); (c) Amyloid deposits 
also seen in the thyroid (H&E × 400)
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47.3  Discussion

As human lifespan increases, a significant pro-
portion of people will reach their sixth, seventh, 
or even eighth decade of life. However, the geri-
atric population has multiple age-related comor-
bidities. Apart from coronary artery disease, they 
may also suffer from degenerative valvular dis-
eases like calcific aortic stenosis (See Chap. 12) 
or regurgitation due to mitral annular calcifica-
tion. In addition, there are other uncommon dis-
eases such as systemic amyloidosis, which was 
detected at autopsy in this octogenarian; she pre-
sented with clinical features of biventricular fail-
ure due to extensive amyloid deposition in the 
heart. Amyloidosis is an example of a “confor-
mational” disease, characterized by conversion 
of normal or mutant proteins into misfolded, 
fibrillar aggregates with deposition in the extra-
cellular matrix of different tissues. Though more 
than 30 different precursor proteins are “amy-
loidogenic”, the proteins (regardless of their 
chemical composition and function), when 
deposited as amyloid fibrils, have similar ultra-
structural characteristics (nonbranching β-pleated 
structure), which also confer their avid binding to 
Congo red with apple-green birefringence on 
cross-polarized light, a histological hallmark. 
Though the deposition can occur in any tissue, 
some organs are preferentially affected, depend-
ing on the type of amyloid fibril and their 
 interaction with other components of the extra-
cellular matrix and the surrounding external 
milieu.

The epidemiologic data regarding the occur-
rence of amyloidosis are scarce owing to the 
large number of undiagnosed cases. It has an 
equal sex distribution and predominantly affects 
adults. In the majority of the cases, systemic dis-
ease results from misfolding of the immunoglob-
ulin light chains (AL amyloidosis) related to 
abnormal proliferation of plasmacyte clone, 
transthyretin (ATTR amyloidosis), and amyloid 
associated protein (AA amyloidosis) related to 
chronic inflammatory states. In ATTR amyloido-
sis, the transthyretin is deposited as the wild-type 
(ATTRwt) or the mutated/variant (ATTRv) 

forms. The acquired forms are more frequent as 
compared to those which are inherited.

The overall estimated prevalence of cardiac 
amyloidosis is 6–10 per million populations with 
predominance of middle-aged or elderly individu-
als; much of the morbidity and mortality results 
from restrictive cardiomyopathy (See Chaps. 45 
and 46) and heart failure with preserved ejection 
fraction. The heart is mainly affected by AL and 
ATTR amyloidoses; only minority of the patients 
have cardiac involvement in AA amyloidosis. In 
current scenario, the bone marrow was normal, 
which ruled out AL amyloidosis. On account of 
the age of the patient and the pattern of distribu-
tion, the most likely diagnosis is ATTRwt amyloi-
dosis. It is produced by an intrinsic propensity of 
normal transthyretin (wild type) to misfold during 
senescence through unknown mechanisms, in all 
probability related to posttranslational protein 
modifications and inadequate clearance. This was 
formerly known as senile systemic amyloidosis 
and is identified at autopsy in around 25% of 
patients who are above the age of 80 years, espe-
cially males and often in association with calcific 
aortic stenosis (See Chap. 12). However, with a 
significant improvement in the imaging modali-
ties, it is likely that the diagnosis of ATTRwt 
would increase, and in near future, it would be the 
most common type of cardiac amyloidosis.

An apparently disconnected array of clinical 
findings leads to description of cardiac amyloido-
sis as a ‘great pretender’ or ‘hiding in plain sight’. 
The amyloid fibrils can get deposited in all layers 
of the heart, epicardial and/or intramural coro-
nary arteries, and also the conduction system. 
The peri-cellular and/or nodular deposition of the 
amyloid in the myocardium causes increased 
thickness (“hypertrophy”) and imparts a waxy or 
lardaceous appearance. These gross features 
were not very evident in the present case, though 
the myocardium did appear paler than usual. The 
amyloid fibrils lead to cellular damage through 
several cytotoxic pathways, leading to alterations 
in the cellular activities, subsequent myocardial 
remodeling, and interstitial fibrosis. This usually 
manifests in majority of the cases as restrictive 
cardiomyopathy with predominant signs of right 
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ventricular failure and presence of low-voltage 
ECG, as was seen in the present case. However, 
involvement of the kidneys, which was noted in 
this case, produces nephrotic syndrome and con-
sequent proteinuria that also manifests with pedal 
edema and effusions. Though a normal blood 
pressure had been recorded in this hypertensive 
patient, hypotension develops due to low cardiac 
output and peripheral vasomotor dysfunction, 
which is related to amyloid vasculopathy. The 
vasculopathy can also lead to a clinical presenta-
tion of ischemic heart disease and to malabsorp-
tion and diarrhea, which was one of the presenting 
symptoms. Deposition of amyloid in the atria 
leads to myopathy and predisposes to mural 
thrombosis and atrial fibrillation. The patients 
can also develop various types of tachy- or brady- 
arrhythmias as a result of deposition in the con-
duction tissues. Though valves can also be 
involved, they seldom produce severe valvular 
dysfunction.

Diagnosis of cardiac amyloidosis requires a 
high index of suspicion and the presence of vari-
ous cardiac and noncardiac symptomatic features 
often requires a multidisciplinary team. But it is 
now being increasingly recognized through 
newer developments in imaging techniques, par-
ticularly in early stages of the disease. 
Furthermore, correctly identifying the amyloid 
type is vital, as it has a major impact on prognosis 

and completely dictates different therapeutic 
options. Patients with ATTRwt amyloidosis are 
said to have a better prognosis as compared to 
those with light chain amyloid disease.
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48Isolated Fabry Cardiomyopathy

Pradeep Vaideeswar and Shobhana P. Pandit

48.1  Clinical History

A 27-year-old male suddenly collapsed while on 
a visit to see a hospitalized ailing relative. He was 
apparently healthy with no medical complaints.

48.2  Autopsy Findings

A medicolegal autopsy was performed. The heart 
was moderately enlarged in size (weight 415 g), 
slippery, and glistening with a distinct and uni-
form pale yellow discoloration (Fig. 48.1). There 
was moderate biventricular hypertrophy (right 
ventricle 0.8 cm and left ventricle 1.9 cm in all 
walls). The myocardium had a uniform pale yel-
low appearance. The cardiomyocytes were 
enlarged with abundant vacuolated cytoplasm 

and large hyperchromatic and even bizarre nuclei 
(Fig. 48.2a, b). The intervening connective tissue 
appeared almost scant in many areas. When the 
myocardial tissue was subjected to electron 
microscopy, the cytoplasm revealed classic 
‘zebra bodies” (Fig. 48.2c). All other organs were 
completely normal.

Cause of Death: Isolated Fabry 
Cardiomyo pathy.
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Fig. 48.1 Moderate cardiomegaly with a distinct yellow 
discoloration (AA ascending aorta, LV left ventricle, PT 
pulmonary trunk, RV right ventricle)

© The Author(s), under exclusive license to Springer Nature Singapore Pte Ltd. 2022 
P. Vaideeswar (ed.), Tropical Cardiovascular Pathology, 
https://doi.org/10.1007/978-981-19-3720-0_48

https://doi.org/10.1007/978-981-19-3720-0_48


270

a

b

c

Fig. 48.2 (a) H&E × 200 and (b) H&E × 400 show hypertrophied cardiomyocytes with abundant vacuolated cyto-
plasm that imparts a lacework like pattern; (c) Electro-micrograph showing largely concentric lamellae (× 10,000)

48.3  Discussion

Biventricular hypertrophy with a yellowish dis-
coloration of the myocardium and vacuolated 
cytoplasm of enlarged cardiomyocytes suggested 
a diagnosis of infiltrative cardiomyopathy (CMP). 
The presence of parallel lamellar “zebra” bodies 
on electron microscopy clinched the diagnosis of 
Fabry’s disease (FD), which is now considered as 
the commonest example of lysosomal storage 
 disease. The metabolic disorder, also known as 
Anderson-Fabry disease, results from mutations 
in the α-galactosidase A gene and is inherited as 
X-linked autosomal recessive condition. 
Consequently, there is absence or reduction of 
the activity of the enzyme α-galactosidase A, 
leading to accumulations of glyco-lipids (espe-
cially globotriaosylceramide and its deacylated 
form, globotriaosylsphingosine) in several 
tissues.

The commonly quoted incidence of FD in the 
range of 1  in 40,000 to 1  in 117,000 generally 
refers to the classic form, which is a multisystem 
disorder in which a variety of symptoms occur 
from childhood. This manifestation is severe in 
homozygous males with <1% enzyme activity, 
developing with nonsense/missense variants or 
premature stop codons. On the other hand, cer-
tain missense variants permit some degree of 
activity of α-galactosidase A, giving rise to the 
nonclassic form of the disease affecting males in 
the their fourth to sixth decades of life (late-onset 
phenotype). Both categories of patients sooner or 
later develop features of neurological, renal, and/
or cardiac dysfunction. FD also occurs in hetero-
zygous women who develop mild to severe dis-
ease, depending on the degree of inactivation of 
the X-chromosome. Interestingly, our patient had 
isolated involvement of the heart and such ‘car-
diac’ variants are being increasingly recognized, 
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constituting 1% of the patients diagnosed with 
hypertrophic CMP (HCM) or unexplained left 
ventricular hypertrophy (LVH). Hence, there is 
likelihood of an underestimation of the incidence 
of FD.  Ideally, all clinically diagnosed cases of 
FD should be subjected to enzymatic or genetic 
confirmation; this could not be done in this medi-
colegal autopsy where it was a surprise autopsy 
finding.

The accumulation of glyco-lipids in virtually 
all types of cells in the heart leads to progressive 
cardiac dysfunction, which has been termed as 
Fabry cardiomyopathy. The deposition not only 
produces alteration of cellular structure, but also 
results in functional impairment through distur-
bances in the energy generation, ion channel 
expressions, and endothelial function along with 
increased proapoptotic and pro-inflammatory 
signals. The outcome is compensatory hypertro-
phy, ischemia, and fibrosis. The LVH is usually 
concentric and depends on the degree of involve-
ment of the cardiomyocytes. Sometimes, the 
hypertrophy can also be asymmetric along with 
disarray mimicking HCM.  In the present case, 
the deposition was mainly present in the perinu-
clear without involvement of interstitium and 
intramural coronary vessels, indicating a recent 
onset of the disease. The deposits in the tissues 
are demonstrated by frozen sections, where they 
appear Sudanophilic, periodic acid-Schiff posi-
tive, and are strongly birefringent. The fibrosis is 
most commonly seen in the basal posterolateral 
region, affecting the mid-myocardial portion and 
may be rarely associated with aneurismal dilata-
tions. The hypertrophy and fibrosis lead most 

commonly to manifestations of heart failure, 
while some patients develop arrhythmias or con-
duction defects, including sudden death, an 
unfortunate incident noted in our case. However, 
advanced imaging modalities and effective thera-
peutic options (enzyme-replacement treatment in 
particular) have played an important role in the 
diagnosis and prognosis of patients with 
FD. Therefore, young patients with unexplained 
LVH should be screened for FD to prevent disas-
trous consequences.
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49Acute Myocardial Calcification: 
Sepsis-Related?

Pradeep Vaideeswar

49.1  Clinical History

A 66-year-old male, with a history of diabetes 
mellitus for ‘many’ years (on irregular therapy), 
was admitted for left lower limb cellulitis. The 
investigations have been tabulated (Table 49.1). 

An initial debridement of the wound was fol-
lowed by a left below-knee amputation after 
24 days, under the cover of insulin infusion and 
antibiotics. A day after operation, he developed 
sudden onset of severe shortness of breath and 
expired.
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Department of Pathology (Cardiovascular and 
Thoracic Division), Seth Gordhandas Sunderdas 
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Table 49.1 Investigations

Investigations
Hematological Hemoglobin: 7.4 g/dLa

Total WBC count: 29,550/cmma (neutrophil predominant 
differential count)
Platelet count: 1.6 lakhs/cmma

Normal coagulation profile
Biochemical Plasma glucose: Mean 78.2 mg/dLa

Blood urea nitrogen: 28.2 mg/dLa

Creatinine: 2.75 mg/dLa

Others HIV/HBsAg: Negative
Pus swab cultures: Pseudomonas and Klebsiella species

aMean values
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49.2  Autopsy Findings

The heart, at autopsy, showed very remarkable 
features. It was mildly enlarged in size and 
weighed 340 g. There was a distinct pale-yellow 
discoloration of the superficial myocardium 
affecting the middle and apical portions of the 
posterior wall of the left ventricle (Fig.  49.1a). 
Serial transverse sections of the ventricles 
revealed nontransmural, subepicardial, and mid- 
myocardial slightly glistening (almost wet paint- 
like in the fresh state), pale yellow firm areas 
(Fig. 49.1b). The yellow areas were easy to cut 
and present almost diffusely in the posterior, lat-
eral, and septal walls (from the base to the apex) 
and focally in the mid-portion of the anterior 
wall. The apical third of the left ventricular cavity 

was obliterated by a shaggy reddish-brown 
thrombus (Fig. 49.1b). The right coronary artery 
had a dominant distribution; the arteries were 
patent with no significant atherosclerosis. To our 
surprise, the yellowish foci were seen to be com-
posed of large groups of calcified, viable myofi-
bers (Fig. 49.2a–c). Foci of coagulative necroses 
of the cardiomyocytes or foci of healed infarction 
were not present. No calcification was seen in the 
right ventricle. There was mural infective endo-
carditis (Fig.  49.2c). Other autopsy findings 
included pulmonary thromboembolism, diffuse 
alveolar damage, bronchopneumonia, mixed dust 
pneumoconiosis with centrilobular emphysema, 
and diabetic nephropathy. The parathyroids were 
normal.

Cause of Death: Pulmonary thromboembolism.

a b

Fig. 49.1 (a) Posterior aspect of the heart showing a yel-
lowish discoloration (arrows) in the mid- and apical por-
tions; (b) The transverse slices showed the presence of 
yellowish discoloration in all the walls, prominently in the 
subepicardial regions. Mural to occlusive thrombus 

(arrows) were present in the apical one-third of the left 
ventricular LV cavity. Note that the calcification in the 
interventricular septum IVS is towards the LV aspect (A 
anterior wall, L lateral wall, LA left atrium, P posterior 
wall, RA right atrium, RV right ventricle)

P. Vaideeswar



275

a c

d
b

Fig. 49.2 (a) Scan of the section taken towards the apical 
one-third showing epicardial basophilic appearance and 
mural thrombus (H&E); (b) The entire section showed 
presence of calcification seen as granular basophilic mate-

rial (H&E × 200); (c) Cytoplasmic calcific deposits. Note 
retention of the nuclei (arrow) in some of the cardiomyo-
cytes (H&E × 400); (d) Mural endocarditis (H&E × 100)

49.3  Discussion

Calcification of viable cardiomyocytes affecting 
a wide area of the left ventricular myocardium, 
unrelated to coronary arterial distribution, was 
found in a setting of sepsis; there was no associ-
ated calcification of the pericardium or endocar-
dium. The pathology in this case appeared to be 
of uncertain significance since echocardiography 
or other cardiac imaging modalities and estima-
tions of cardiac biomarkers had not been per-
formed. Pathological calcification is the abnormal 
deposition of insoluble calcium salts in tissues. 
The 2 forms of pathologic calcification are dys-
trophic, when calcium deposition occurs locally 
in the dying or dead tissues with normal serum 
levels of calcium, and metastatic calcification, 
which occurs in otherwise normal tissues, 
 secondary to disturbances in calcium metabolism 
with ensuing hypercalcemia. Clinicians and 

pathologists also often encounter calcification in 
the cardiovascular system, occurring through 
similar mechanisms. As in other organs, in the 
heart too dystrophic calcification is more com-
mon than metastatic. This may affect one or more 
layers of the heart and assumes different mor-
phologies and is known to occur rapidly from 
days to months after the insult. At a later stage, 
the differentiation between dystrophic and meta-
static calcifications becomes blurred. When pres-
ent, the calcific deposits may cause or accelerate 
cardiac dysfunction; hence, identification of 
these during life influences therapeutic options.

In the older age groups, the calcification is 
usually seen with healing of transmural myocar-
dial infarcts, where the calcific deposits are dis-
tributed in a curvilinear fashion at the periphery 
of the infarcted zone. In present case, there was 
no previous history of ischemic heart disease. 
The autopsy too did not reveal regional scarring 
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and the epicardial coronary arteries were patent, 
devoid of significant atherosclerosis. In addition, 
in older patients there can be extension of calcifi-
cation into the myocardium for varying degrees 
in patients with calcific aortic stenosis (where the 
calcification is of the metaplastic type, See Chap. 
12) and mitral annular calcification. Such valvu-
lar involvement was not seen in this heart. Large 
calcific nodules with cardiac distortion through 
unexplained mechanisms have also been reported. 
In all such cases, the calcification with or without 
osseous metaplasia is predominantly identified in 
the myocardial interstitium. In the case presented, 
the calcium appeared to have been deposited in a 
short duration within the cytoplasm of many car-
diomyocyte groups; there was preservation of 
their nuclei despite extensive cytoplasmic cal-
cium. Furthermore, it occurred in a setting of sep-
sis, but devoid of myocarditis or micro-abscesses 
(See Chap. 36), though the heart showed mural 
infective endocarditis.

Sepsis is now defined as life-threatening organ 
dysfunction triggered by dysregulation of the 
host response to infection (particularly Gram- 
negative bacteria) and the lungs are the favored 
targets, manifesting as diffuse alveolar damage, 
as noted in this patient at autopsy. However, the 
circulating inflammatory cytokines can also 
induce transient cardiac dysfunction seen as left, 
right, or global systolic or diastolic dysfunctions, 
which has been referred to as septic cardiomy-
opathy (CMP) or sepsis-induced CMP.  Current 
interest is focused on mitochondrial dysfunction 
caused by oxidative stress with resultant cardiac 
energy failure. But, there are other equally com-
pelling mechanisms put forth to explain the 
sepsis- related myocardial calcification such as 
microvasculature derangement, circulating myo-
cardial depressants and myofibrillar hypocon-
tractility, apoptosis and autophagy, autonomic 
nervous system dysfunction, and importantly 
abnormal intracellular calcium homeostasis. 
Increased membrane permeability and endoplas-
mic reticulum stress during sepsis leads to exces-
sive cytoplasmic accumulation of the calcium 
ions leading to this phenomenon; the cardiomyo-

cytes show varying degrees of myocytolyses fol-
lowed by necroses. In most cases, the calcification 
is exclusively left ventricular. In this case, apart 
from Gram-negative septicemia, an element of 
renal dysfunction due to diabetic nephropathy 
was present with a possibility of disturbance of 
calcium homeostasis and metastatic calcification, 
which have been a common scenario in the cases 
that have been previously reported. The mean 
duration of development of the calcification was 
27  days. Though the condition appears uncom-
mon, it is likely that it is underrecognized and 
there are increased chances of diagnosis of such a 
condition with sophisticated imaging modalities. 
Since there is often multiorgan failure in sepsis, 
its contribution to mortality is still unclear. In the 
present case, the cause of death was related to 
pulmonary thromboembolism and the patient did 
not apparently have symptoms and signs related 
to the calcification. Nevertheless, follow-up of 
sepsis survivor patients diagnosed with diffuse 
myocardial calcification would be important as 
some may develop restrictive cardiomyopathy or 
arrhythmias.
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50Cardiac Involvement in Primary 
Hyper-Oxaluria

Pradeep Vaideeswar and Gwendolyn Fernandes

50.1  Clinical History

A 25-year-old male was diagnosed as chronic kid-
ney end-stage disease consequent to bilateral neph-
rolithiasis. He was on bi-weekly maintenance 
hemodialysis, and later, bilateral nephrectomies 
were performed to avoid infection of a future graft. 
After 10  months, he received a live- related renal 
transplant and was given triple immunosuppression 
of tacrolimus, mycophenolate mofetil, and prednis-
olone. The immediate posttransplant graft function 
was good, but his serum creatinine levels rose from 
1.1 mg/dL on the 5th posttransplant day to 2.6 mg/
dL by the 4th posttransplant week. A biopsy of the 
transplant kidney was reported as acute rejection 
with crystals filling all tubular lumina. The graft 
rejection was treated with pulse methyl predniso-
lone and the tacrolimus dose was also stepped up. 
He was transferred to our institute on the 8th post-
transplant week as there was no improvement in 
graft function (serum creatinine of 3.6 mg/dL). A 
review of the histopathology slides of the previous 
nephrectomies and graft biopsy showed extensive 
deposition of calcium oxalate crystals in the tubules, 

interstitium, blood vessels, and sclerosed glomeruli; 
there were no features of rejection. On further 
investigations, his urinary oxalate levels were found 
to be 124  mg/day (normal urine oxalate levels 
<45  mg/day) and a skin biopsy revealed oxalate 
crystals in dermal blood vessels. A retrospective 
diagnosis of primary hyper-oxaluria with recur-
rence in the renal allograft was made and the patient 
was treated with pyridoxine.

In the 9th posttransplant week, the patient 
developed fever, breathlessness, abdominal pain, 
tenderness over the site of the transplanted kidney, 
and necrotizing skin lesions of the lower limb. 
This was followed by an episode of generalized 
tonic-clonic seizure and left hemiplegia. Serum 
creatinine levels rose to 6.8 mg/dL. A chest radio-
graph was normal. Blood and urine cultures were 
negative. Computed tomography scans of the brain 
showed an infarct in the frontal lobe of the brain 
and an ultrasonography of the abdomen showed 
infarcts of the kidney. His condition kept worsen-
ing with the development of altered sensorium, 
metabolic acidosis, hypotension, and shock. He 
died 10 weeks after the renal transplantation.

50.2  Autopsy Findings

A complete autopsy was performed. The heart 
was mildly enlarged in size (weight 350 g) with 
mild concentric left ventricular hypertrophy 
and streaky fibrosis. All other chambers and 
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Fig. 50.1 Glassy, irregular, lightly basophilic calcium oxalate crystals are deposited in the myocardium with varying 
degrees of interstitial fibrosis—(a), (b) H&E × 200 and (c), (d) H&E × 400

valves were normal. The right coronary artery 
had a dominant distribution; there was hardly 
any atherosclerosis. But on histology, there was 
wide separation of the hypertrophied cardio-
myocytes by very prominent interstitial and 
interfiber connective tissue with deposits of cal-
cium oxalate crystals (Fig. 50.1a–d). The media 
of all the epicardial coronary arteries were dis-
torted and even expanded by similar crystals 
(Fig.  50.2a, b). Similar crystals affected the 
vessels in most of the organs studied and were 
also found in the renal tubules (Fig. 50.2c, d). 
Additionally, there was disseminated zygomy-
cosis producing acute infarcts in the brain, 
liver, spleen, transplanted kidney with invasive 
pulmonary mycosis, and small intestinal 
gangrene.

Cause of Death: Disseminated zygomycosis.

50.3  Discussion

Widespread tissue deposition of calcium oxa-
late crystals was a prominent feature in this 
autopsy, which indicated the presence of disor-
dered oxalate metabolism. Such patients have 
hyper- oxaluria, where urinary excretion of oxa-

late exceeds 40–45 mg in 24 h, as compared to 
the normal range of 10–40 mg. The cause for 
the increased excretion may be primary or sec-
ondary. Primary hyper-oxalurias (PH) are a 
group of autosomal recessive disorders caused 
by deficiency of 3 hepatic oxalic acid metabolic 
enzymes, which are alanine-glyoxylate amino-
transferase, glyoxylate reductase/hydroxypyru-
vate reductase, and 4-hydroxy-2-oxoglutarate; 
they result in types I, II, and III PHs, respec-
tively. On the other hand, secondary hyper-
oxaluria results from increased intestinal 
absorption, excessive dietary intake of rich oxa-
late precursors (food or supplements), altera-
tions in certain microbial intestinal flora and 
chronic renal dysfunction (unrelated to oxalate 
metabolism).

In view of the young age of the patient, the 
presence of bilateral nephrolithiasis, and end- 
stage renal disease, the likely diagnosis in this 
case is PH. This was a retrospective diagnosis 
in our case and hence enzyme levels were not 
done. Lack of specific enzymes results in accu-
mulation of glyoxylate and overproduction of 
oxalate, which outstrips the renal capacity. 
There is then urolithiasis, renal damage, further 
reduction in oxalate, hyper-oxalemia (exceed-
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Fig. 50.2 Calcium oxalate crystals were seen in (a) epi-
cardial and (b) intramural coronary arteries (H&E × 200); 
(c) Crystals occluding the tubular lumina of the donor kid-

ney (H&E × 400); (d) Colorful appearance on polarizing 
microscopy (× 400)

ing the normal values of 30–45 μmol/L), and 
subsequent calcium oxalate deposition in vari-
ous tissues. Majority of the patients have Type I 
PH (nearly 80%) with a prevalence of 1–3 per 
100,000 live births. Since the primary mode of 
excretion of oxalate is through glomerular fil-
tration, renal dysfunction is the common and 
the first manifestation of PH. With progressive 
decline in the renal function, nephrocalcinosis 
caused by calcium oxalate deposits in the kid-
neys is accompanied by similar deposits in var-
ious organs, particularly the musculoskeletal, 
cardiovascular, and peripheral nervous systems, 
including the retina and skin. The symptoms 
arising from extrarenal tissue depositions vary 
from patient to patient and this tissue accumu-
lation may decrease the levels of plasma 
oxalate.

Though the exact incidence is not known, car-
diac involvement may be seen in almost 70% of 
patients with PH.  The crystals are deposited in 
the conduction tissue, coronary vessels, and 
myocardium, where they often elicit inflamma-
tory and fibrogenic responses and produce 
increased wall thickness with effects similar to 
cardiac amyloidosis (See Chap. 47). The patients 

can manifest features related to restrictive cardio-
myopathy, heart failure, conduction system 
blocks, tachy—or brady-arrhythmias, and rarely 
atrioventricular valvular regurgitations and even 
pulmonary hypertension. Hence, such an involve-
ment is the major cause for mortality in these 
patients and calls for appropriate imaging modal-
ities such as cardiac computed tomography or 
magnetic resonance imaging; these obviate the 
need of the invasive, but gold standard procedure 
of endo-myocardial biopsy. It is to be noted that 
coexisting hypertension can also produce cardiac 
abnormalities, especially left ventricular hyper-
trophy. Interstitial and interfibrillar fibrosis was 
seen prominently in our case. However, no car-
diological investigations had been performed due 
to absence or masking of the cardiac symptoms 
by an overwhelming fungal infection that is fre-
quently seen with kidney transplantation (See 
Chap. 19). Ideally, a liver or a combined liver/
kidney transplant would have been the definitive 
therapy. The diagnosis of PH was unfortunately 
not made in the pretransplant workup, where the 
patient had received mainly renal replacement 
therapy with pyridoxine during the current 
admission.
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51Endocardial Fibroelastosis

Pragati Sathe and Pradeep Vaideeswar

51.1  Clinical History

A 3-day-old male child, admitted in respiratory dis-
tress, could not be salvaged. A lower segment 
Cesarean section had been performed in view of 
meconium aspiration. The birth weight was 2360 g. 
An antenatal ultrasonography had revealed the pos-
sibility of hypoplastic left heart syndrome (HLHS). 
On examination, the general condition was very 
poor with a heart rate of 148 per minute and respira-
tory rate of 88 per minute. The chest X-ray had 
shown bilateral opacities in the lower zones.

51.2  Autopsy Findings

The heart was mildly enlarged in size (weight 
25 g). There was marked enlargement of the right 
atrium and ventricle; the apex was formed by the 
right ventricle (Fig. 51.1). The left ventricle (LV) 
was small in size and was bound by tortuous coro-
nary arteries (Fig. 51.1). The great arteries had a 
normal relationship. The pulmonary trunk was 

larger than the aorta and a patent ductus arteriosus 
(0.8 cm in length), as large as the ascending aorta, 
was present at its usual site (Fig. 51.1). On open-
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Fig. 51.1 Anterior surface showing an enlarged right 
ventricle RV forming the apex. Only a small part of the 
left ventricle LV is seen. Patent ductus PDA is present (AA 
ascending aorta, DTA descending thoracic aorta, LAA left 
atrial appendage, PT pulmonary trunk, RAA right atrial 
appendage)
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a b

Fig. 51.2 Left ventricular LV (a) Inflow and (b) Outflow 
tracts showing small-sized cavity which is lined by very 
thick pearly white endocardium. The arrow points to the 
patent foramen ovale. Note attenuation and plastering of 

the posterior papillary muscle PPM and smoothening of 
the trabeculae (APM anterior papillary muscle, AV aortic 
valve, LA left atrium, MV mitral valve)

ing, the right-sided chambers were dilated and 
lined by normal endocardium. The fossa ovalis 
showed a patent foramen ovale (Fig. 51.2a). The 
LV cavity was small in size with marked pearly 
white thickening of the endocardium (Fig. 51.2a, 
b). It had produced smoothening of the trabeculae 
carneae and even plastering of the posterior papil-
lary muscle of the mitral valve (Fig. 51.2a) with 
extension onto the outflow tract (Fig. 51.2b). The 
mitral annulus was dilated with mild dysplasia of 

its leaflets; there was a bicuspid aortic valve (ante-
rior-posterior type, See Chap. 13). The coronary 
ostia arose from the larger anterior sinus on either 
side of the low-set raphe. Microscopically, the 
endocardium was composed of fibroelastotic tis-
sue (Fig. 51.3a–c). The lungs showed focal meco-
nium aspiration (Fig. 51.3d). Other organs were 
normal and devoid of any congenital anomaly.

Cause of Death: Endocardial fibroelastosis 
(EFE).
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Fig. 51.3 (a) Left ventricle lined by very thick endocar-
dium (H&E × 100); (b) Endocardium stained black and 
red (elastic van Gieson × 100); (c) Thick elastic fibers of 

varying lengths (elastic van Gieson × 400); (d) Meconium 
aspiration seen as faintly yellowish deposits in the lung 
parenchyma

51.3  Discussion

A prenatal diagnosis of HLHS was made in this 
3-day-old neonate. However, at autopsy, there 
was no mitral atresia or congenital mitral steno-
sis, and the aortic valve was bicuspid. A remark-
able finding was small sized, muscle bound left 
ventricle (LV), lined by exceedingly thick fibro-
elastotic endocardium. This pearly-white sugar 
icing-, porcelain- or cartilage-like endocardial 
thickening characterizes EFE, which is an 
uncommon disease of obscure etiology with an 
incidence at birth estimated at 1 in 5000. It occurs 
predominantly in children, often diagnosed 

between 3–6  months of age. It forms the com-
monest cause for restrictive cardiomyopathy 
(CMP) with a clinical presentation of unex-
plained heart failure or unexpected death. It can 
be diagnosed antenatally, and the earliest detec-
tion has been reported at 14 weeks of gestation. 
In a review of pediatric heart transplantations, 
evidence of EFE was found in one-fourth of the 
patients, suggesting that this condition may not 
be as uncommon as previously thought.

The categorization of EFE into primary and 
secondary subtypes depends on the presence or 
absence of associated congenital cardiac malfor-
mations. The associated structural heart diseases 
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include HLHS, congenital aortic stenosis, patent 
ductus arteriosus, coarctation of aorta, and anom-
alous origin of the left coronary artery from pul-
monary artery. In those patients devoid of cardiac 
anomalies, genetic predispositions (mostly auto-
somal recessive), infections, nutritional deficien-
cies, transplacental passage of maternal 
antibodies, and hypoxia during cardiac develop-
ment are suggested as the possible causes. 
However, few authors believe that all cases of 
EFE are secondary. The endocardial thickening is 
triggered by myocardial stress through aberrant 
endothelial to mesenchymal transition in the 
endocardium. Although the endocardium is 
thickened, the ventricular myocardium thickness 
is within the reference range and largely devoid 
of fibrosis. These features differentiate EFE from 
another form of restrictive CMP, i.e., endomyo-
cardial fibrosis (See Chap. 46). Among the two 
pathological types of primary EFE, the dilated 
form is more common and can mimic the idio-
pathic dilated CMP. Dilated EFE is characterized 
by a markedly enlarged globular heart, mainly 
involving the LV and left atrium. There is diffuse 
endocardial thickening of the LV, which is most 
marked in the outflow tract. The less common 
contracted type of EFE is associated with a hypo-
plastic (as seen in the current case) or normal LV 
size. The right-sided chambers and left atrium, 
apart from enlargement or hypertrophy, hardly 
showed any endocardial sclerosis. The associated 
ASD could have contributed to the right-sided 
enlargement. Half the cases of EFE have a biven-
tricular involvement; isolated LV or right ven-
tricular thickening is seen in 40% and 10% cases, 
respectively. Papillary muscles and trabeculae 
carneae are flattened and partially incorporated in 
the fibrotic process, giving a smooth appearance 
to the cavity. They also exert traction on the chor-
dae tendineae and valvular leaflets or cusps, lead-
ing to faulty leaflet apposition resulting in 

valvular mitral incompetence. Since it is a pro-
gressive lesion, there is a spectrum of endocardial 
changes ranging from microscopic thickening to 
gross changes. The endocardial fibrosis acts as a 
substrate for mural thrombosis, predisposing to 
systemic emboli.

The common presentation in infants and 
young children is with congestive heart failure as 
seen in the present case as well. Few reports also 
mention about the occurrence of conduction dis-
turbances and arrhythmias such as first-degree 
heart block, atrial fibrillation, or tachycardia. In 
general, EFE and in particular the contracted 
form have a grave prognosis and the treatment is 
cardiac transplantation. If the condition is diag-
nosed before the need for cardiac transplantation, 
endocardial stripping is another method of treat-
ment in these patients. When diagnosed antena-
tally, it is advisable to terminate the affected 
pregnancy.
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52Neonatal Multifocal 
Rhabdomyomas

Tejaswini Waghmare and Pradeep Vaideeswar

52.1  Clinical History

A 2-day-old male child was delivered by an 
emergent lower-segment Cesarean section in a 
30-year-old woman with an antenatal diagnosis 
of oligohydramnios. The birth weight was 
1.086 kg with the Apgar score of 6/10 at 1 min 
and 8/10 at 5 min. The baby was transferred to 
neonatal intensive care unit in view of very low 
birth weight. On examination, the vital parame-
ters were stable. However, the baby had not 
passed urine for more than 24 h despite adminis-
tration of lasix bolus. The hematological, bio-
chemical, and radiographic investigations were 
normal. The neonate was found unresponsive on 
the 2nd day.

52.2  Autopsy Findings

A complete postmortem examination revealed 
remarkable findings in the heart; other organs 
were normal. The heart weighed 26 g and showed 

epicardial opacification with faint focal undula-
tions on the surfaces of both ventricles. On open-
ing the heart, there were multiple soft to firm, 
biventricular endocardial polypoidal projections 
(Fig.  52.1a). A cross section of the ventricles 
revealed glistening, pale-yellow nodules of vary-
ing sizes (Fig. 52.1b, c) with obliteration of the 
apices. All the nodules were composed of large 
distended cardiomyocytes with cytoplasmic vac-
uolations (Fig. 52.2a). Eosinophilic cytoplasmic 
strands radiated from the nucleus towards the 
periphery, giving rise to the characteristic “spi-
der cell” (Fig.  52.2b). Some clusters were 
entirely microscopic while many of them also 
showed small foci of dystrophic calcification 
(Fig. 52.2b, c). Microscopic tumors, comprising 
small groups of large vacuolated cells, were also 
present. The brain and other organs were 
normal.

Cause of Death: Multifocal cardiac 
rhabdomyomas.
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Fig. 52.1 (a) Left ventricular LV inflow and outflow 
tracts showing the presence of endocardial nodules that 
fill the middle and apical thirds of the ventricle; (b) 
Transverse section showing obliteration of the right ven-

tricular RV apex with mural/endocardial nodules in the 
entire LV; (c) Scanned slide of the ventricles stained by 
H&E showing a similar appearance (AA ascending aorta, 
AV aortic valve, LA left atrium, MV mitral valve)

a c

db

Fig. 52.2 (a) Vacuolated cardiomyocytes (H&E × 200); (b) Pathognomonic spider cell (H&E × 400); (c) and (d) show-
ing peripheral and central areas of calcifications in small and large nodules (H&E × 200)
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52.3  Discussion

Multifocal cardiac rhabdomyomas (CRMs) with 
partial obliteration of the ventricular cavities 
were presumably the cause for neonatal anuria 
(defined as failure to pass urine for 24 h) and sud-
den death. Such primary cardiac tumors are 
uncommon at all ages, and in the pediatric popu-
lation (particularly neonates and infants), the 
estimated incidence is around 0.25%. With wide-
spread use of echocardiography, cardiac tumors 
are being increasingly diagnosed not only post-
natally, but also in fetal life during antenatal 
screening. Fortunately, most of them are benign, 
and rhabdomyomas are the most common histo-
logical subtype in fetal and neonatal age groups 
(with an incidence of almost 60%), followed by 
fibromas, teratomas, and myxomas.

CRMs are said to be the commonest (80–90%) 
and the initial manifestation of tuberous sclerosis 
complex (TSC), an autosomal dominant disorder, 
characterized by development of hamartomas/
tumors in multiple organs (brain, retina, heart, 
and kidneys) and other associated nontumorous 
lesions. It is caused by mutations in 2 tumor 
 suppressor genes, hamartin (TSC 1) and tuberin 
(TSC 2) that work in unison to inhibit cell prolif-
eration. Over 50% of TSC patients develop 
CRMs. However, in this case, general examina-
tion at autopsy did not reveal any skin lesions and 
systemic examination showed absence of lesions 
in the brain, kidneys, and other organs. Analysis 
for TSC could not be performed due to financial 
constraints. It is possible that features of TSC 
would have appeared at a later stage had the neo-
nate had survived.

In almost 90% of the patients, the CRMs are 
multiple, occurring in the ventricles and interven-
tricular septum. Some can be isolated and occur 
at other sites including the atria and the even sub-
epicardial regions forming exophytic masses. 

Tissue diagnosis is not necessary as the tumors 
are well-characterized by imaging techniques. 
An important feature of CRMs is their tendency 
for spontaneous regression, either partially or 
completely (therefore not requiring any treat-
ment). In some cases, they remain asymptomatic 
and patients with TSC present due to central ner-
vous system lesions. Manifestations related to 
CRMs would depend on the number, sizes, and 
locations of these tumors and can result in non-
specific heart murmurs on auscultation or serious 
complications like outflow tract obstructions, 
myocardial dysfunction with heart failure, and 
life-threatening arrhythmias with sudden death. 
It is to be noted that the tumors can act as acces-
sory pathways in the generation of arrhythmias. 
Though the smaller tumors in our patient did 
show regression with calcification, the larger 
masses produced intracavitatory protrusions with 
obstructions to the blood flow. Surgery is recom-
mended in cases where there are significant or 
intractable cardiac complications and in other 
cases medical management through rapamycin 
inhibitors (sirolimus or everolimus) is being 
advocated.
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53Undifferentiated Pleomorphic 
Sarcoma Mimicking Left Atrial 
Myxoma

Pradeep Vaideeswar and Amey Rojekar

53.1  Clinical History

A 37-year-old male patient had been operated in 
a private health-care facility for a left atrial mass 
after 4  months history of progressive dyspnea, 
paroxysmal nocturnal dyspnea, and dry cough. 
The mass had occupied the entire left atrial cavity 
and was attached to the left atrial-left superior 
pulmonary vein junction. It measured 10 × 8 cm 
and was firm, lobulated, homogeneous gray- 
white (Fig.  53.1a–c), and was confined well 
within the limits of the heart. The CT scan had 
also revealed bilateral mild to moderate pleural 
effusions. The surgery was uneventful and a his-
topathology report of “consistent with clinical 
diagnosis of cardiac myxoma” was given.

Three months after the initial surgery, he 
had recurrence of the dyspnea with right hypo-
chondriac pain and bilateral pedal edema, epi-
sodes of hemoptysis and syncope, and was 
referred to our tertiary-care center. The patient 
was conscious and well oriented in time. The 
pulse rate was 93 per minute and blood pres-
sure was 86/58 mmHg. The external and sys-
temic examinations suggested left ventricular 
inflow tract obstruction with congestive heart 
failure. He was posted for excision of recurrent 
left atrial myxoma and was treated with diuret-
ics, antifailure drugs, and heparin. The investi-
gations have been tabulated (Table  53.1). He 
had sudden cardiac arrest on the 6th day of 
admission.
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a b c

Fig. 53.1 Large, firm left atrial tumor—(a) External surface on the site of attachment and (b) on the luminal aspect. 
Note bulbous, papillary, finger-like projections (arrow); (c) Faintly lobulated glistening to opaque white cut surface

Table 53.1 Investigations

Hematological aHemoglobin 9.7 g/dL
aTotal leukocyte count 15,900/cmm
Differential count—Neutrophil 
predominant
aPlatelet count 60,000/cmm

Biochemical—
Routine

aBlood glucose 98 mg/dL
aSerum creatinine 1.4 mg/dL
aBlood urea nitrogen 57.4 mg/dL
aTotal bilirubin 2.18 mg/dL
aDirect bilirubin 1.12 mg/dL
aSGOT 2422.4 U/L
aSGPT 1747.6 U/L
aTotal proteins 6.2 g/dL
aAlbumin 3.7 g/dL
aSodium 124.3 mEq/L
aPotassium 4 mEq/L
aChloride 88.5 mEq/L

Imaging Echocardiography: Recurrent left 
atrial myxoma with grade 1 mitral 
regurgitation, severe pulmonary 
hypertension, left ventricular grade 
1 diastolic dysfunction

Others ECG: Right bundle branch block
Urine examination: Normal
Pleural fluid: Transudate
HIV: Negative

aMean values

53.2  Autopsy Findings

The heart was markedly enlarged in size (550 g) 
with a dull epicardial surface. The apex was 
pointing to the left and formed by both ventri-
cles. The left atrial appendage was not clearly 

delineated and was replaced by a firm, solid 
gray- white tumor (Fig.  53.2a). A large tumor 
mass (3 × 3 × 2.5  cm) protruded through the 
inferior vena caval opening (Fig.  53.2b), while 
both the left pulmonary venous lumens were 
obliterated by tumor. The heart was bisected lon-
gitudinally into 4 slices. They revealed: (1) 
Tumorous obliteration of the left atrial append-
age (Fig. 53.2c); (2) A nodular mass 2.5 × 1.5 × 
1.5 cm over the interventricular septum, 2.2 cm 
below the aortic valve (Fig.  53.2c); (3) Large 
firm yellowish white, glistening left atrial mass 
(8.5 × 3.5 × 3 cm, Fig. 53.2d), originating from 
the left pulmonary veins, which prolapsed 
through the mitral orifice into the left ventricular 
cavity; (4) A 0.8 cm tumor nodule over the pos-
terior wall of the right atrium, and (5) Small 
tumor nodules within the superior vena cava. All 
these tumorous lesions showed short intersecting 
fascicles of short spindle- shaped cells in a col-
lagenic (Fig. 53.3a–d) to focally myxoid back-
ground with pleomorphic nuclei and brisk 
mitoses (Fig. 53.4). The tumor cells were vimen-
tin-positive (Fig. 53.4b inset) and were negative 
for smooth muscle actin, desmin, CD34, CD99, 
and S-100. The original histopathology slides, 
which were retrieved and reviewed, also showed 
a similar morphology. Other findings included 
brown induration of the lungs with a chronic 
abscess cavity in the postero-basal segment of 
the right lower lobe.

Cause of Death: Left atrial undifferentiated 
pleomorphic sarcoma.
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Fig. 53.2 (a) Anterior surface showing visceral pericar-
dial thickening. A grey-white tumor replaces the crenel-
lated left atrial appendage (arrow); (b) Protrusion of a 
large nodular tumor (arrow) through an enlarged opening 
of the inferior vena cava; (c) Obliteration of the left atrial 
appendageal lumen by tumor (white arrow). Sessile pol-

ypoidal lesion over the interventricular septum IVS (black 
arrow); (d) Tumor occupying the entire left atrial cavity 
(AA ascending aorta, AV aortic valve, RA right atrium, 
RPA right pulmonary artery, RV right ventricle, LPA left 
pulmonary artery, LV left ventricle)

53 Undifferentiated Pleomorphic Sarcoma Mimicking Left Atrial Myxoma
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Fig. 53.3 (a)–(c): Pleomorphic spindle-shaped tumor cells in short fascicular and swirling patterns; (d) Presence of 
peri-vascular arrangement (H&E × 200)

a b

Fig. 53.4 (a) and (b) showing plump spindle-shaped to ovoid pleomorphic cells (H&E × 400). Inset shows immune- 
histochemical positivity for vimentin (× 400)
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53.3  Discussion

A large, recurrent polypoidal, malignant mass 
lesion within the left atrial cavity in a young male 
was diagnosed as a primary cardiac sarcoma. 
About 25% of primary cardiac tumors are malig-
nant, and sarcomas constitute the most common 
subtype, accounting for nearly 95% of primary 
heart cancers; remaining 5% are lymphomas and 
mesotheliomas. Cardiac sarcomas have an 
autopsy prevalence of 0.001%–0.03% and form 
1% of all sarcomas. They usually occur in the 
third and fourth decades of life, especially in 
males and can be located in any part of the heart, 
but many occur in the right-sided structures. The 
full histomorphological spectrum of soft tissue 
sarcomas can occur in the heart, but the frequently 
encountered subtypes are angiosarcoma and 
undifferentiated pleomorphic sarcoma (UPS). 
The morphology in the present case—spindle-
shaped pleomorphic tumor cells arranged in a pre-
dominant fascicular pattern, was reminiscent of 
intimal sarcoma. These mesenchymal tumors are 
most often diagnosed in the great arteries, where 
they are said to arise from the subendothelial cells 
of the arterial intima. When tumors in the heart 
show a similar morphology, the term UPS is pre-
ferred; only few cases are reported.

UPSs are often located in the left atrium and 
hence confused with cardiac myxomas, which are 
the commonest tumors in the left atrium. In con-
trast to the usual interatrial septal attachment of 
the myxomas, UPSs present as sessile or pedun-
culated polypoidal masses arising from wall of 
the atria or at the orifices of the pulmonary veins. 
The tumor in the present case was attached to the 
roof of the left atrium. The cut surface is uniform 
white to tan with a variegated appearance due to 
foci of hemorrhage or necrosis; gelatinous appear-
ance (ascribed to myxomas) may be seen focally. 
Microscopically, UPS shows pleomorphic spindle 
cells arranged in variable patterns with focal myx-
oid stroma; mitotic activity is generally brisk. On 
immunohistochemistry, there is usually a lack of 
specific lineage with only vimentin positivity, as 
seen in our case. Besides a shared morphology 
with the intimal sarcomas, UPSs also exhibit a 

high prevalence of murine double minute 2 ampli-
fications; this could not be performed in our case 
due to financial constraints.

The clinical presentation of cardiac sarcomas, 
in general, depends on the site, size, the rate of 
growth, and extent of invasion and not particu-
larly on the histological features. Often, the 
patients remain asymptomatic for a prolonged 
duration of time before presenting with cardiac 
symptoms related to mechanical obstruction (as 
seen in our case) or conduction abnormalities. 
These may be accompanied by constitutional 
symptoms and even features due to distant metas-
tases. Though the tumor recurred within months, 
it remained confined within the heart. 
Echocardiography is the initial and commonly 
used modality for the diagnosis; however, cardiac 
computed tomography and/or magnetic reso-
nance imaging are essential preoperative investi-
gations for the tumor size, location, and extent of 
invasion into surrounding normal tissue. Owing 
to the rarity of cardiac sarcomas, the mode of 
treatment is not standardized. Surgical resection 
is the main available option with adjuvant chemo- 
radio- therapy. There is also some role of cardiac 
autotransplantation and conventional cardiac 
transplantation in some cases. Nevertheless, the 
overall prognosis of UPS is very poor and median 
survival is less than 1 year due to highly invasive 
nature, high recurrence rate, and difficulty in 
obtaining clear surgical margin.
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54Intracardiac Metastases 
of Squamous Cell Carcinoma

Pradeep Vaideeswar, Anuja Kekatpure, 
Subhash Yadav, and Neha Lanke

54.1  Clinical History

The body of a 32-year-old man was referred to 
our institute for a medicolegal autopsy after he 
suddenly collapsed at the outpatient department 
of a tertiary cancer center, 3 days after his dis-
charge from a year’s admission in the same hos-
pital. There was a short preceding history of 
vomiting and breathing difficulty. The patient, a 
chronic tobacco chewer, had been diagnosed with 
moderately differentiated squamous cell carci-
noma of left buccal mucosa and upper gingivo-
buccal sulcus with extensive surgery and 
chemoradiation. Chest radiography, performed 
during the 9th month of admission, was normal.

54.2  Autopsy Findings

A complete autopsy was performed. The external 
examination showed extreme cachexia with a fistu-
lous opening over the left zygoma. The heart (200 g) 
was normal in size. A bulge 3 × 2.5 cm was present 
over the anterior wall of the right ventricle, a little 
above the apex (Fig. 54.1a). The heart was cut as per 
the flow of blood and then longitudinally sliced. 
The apical portion of the right ventricle was obliter-
ated by a smooth- surfaced 3 × 3 × 1.5  cm mass 
(Fig. 54.1b), attached to the anterior aspect of the 
interventricular septum. It was focally covered by 
fresh thrombi and had a homogeneous, pearly white 
cut surface. Similar metastatic nodules were seen in 
the lateral wall (Fig.  54.1b) and left ventricular 
apex, almost completely replacing the posterior 
papillary muscle (Fig.  54.1c). Sections from the 
tumor revealed a moderately differentiated squa-
mous cell carcinoma. In addition, nodules were 
found all over the chest wall, diaphragm, pleurae, 
lungs, thyroid, adrenals, and omentum; many para-
tracheal and hilar lymph nodes were also replaced 
by tumor (Figs. 54.2 and 54.3).

Cause of Death: Intracardiac metastases of 
squamous cell carcinoma and sudden death.
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Fig. 54.1 (a) A bulge (arrow) is seen on the anterior 
aspect of the right ventricle RV; (b) The bisected heart on 
the anterior aspect shows tumor in the apical portion of 
RV and lateral wall of the left ventricle LV; (c) The poste-
rior aspect of the longitudinal slice showing metastatic 
nodule (arrow), which has replaced the posterior papillary 

muscle (AO aorta, IVS interventricular septum, LA left 
atrium, LAA left atrial appendage, PT pulmonary trunk, 
RA right atrium, RAA right atrial appendage, SVC superior 
vena cava); (d) and (e): Myocardium infiltrated by meta-
static squamous cell carcinoma (H&E × 400)
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Fig. 54.2 Visceral pleural surfaces of the (a) left and (b) 
right lungs. The right lung is small in size with pleural 
thickening and opacification due to pleural effusion; Cut 

surfaces of the (c) left and (d) right lungs, showing paren-
chymal cavitatory and pleural metastases (arrows); (e) 
Nodules of varying sizes in the diaphragm
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Fig. 54.3 Metastatic nodules over the (a) inner aspect of the sternum and (b) and (c) Inner aspects of the thoracic cavi-
ties over the parietal pleura; (d) Metastases in the paratracheal lymph nodes LN, thyroid T and adrenal glands Ad

54.3  Discussion

This young patient, despite extensive treatment, 
was found to have extensive dissemination of 
oral cancer (affecting the left gingivo-buccal 
mucosa), which remained clinically undiag-
nosed. The gingivo-buccal region is part of the 
oral cavity, which extends from the skin- 
vermilion junction of the lips to the junction of 
the hard and soft palate above, and to the cir-

cumvallate papillae below. Oral cancer is one of 
the most common forms of cancer in the Indian 
 subcontinent and is very strongly related to 
smokeless tobacco. In most parts of India, it is a 
common practice among all classes of society to 
chew tobacco, often mixed with areca nut and 
other ingredients; this practice begins at an early 
age. Our young patient was chronic tobacco 
chewer, who developed moderately differenti-
ated squamous cell carcinoma of the buccal 
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mucosa, and this is the commonest type of 
degree of differentiation and site, respectively. 
In general, the prevalence of distant metastases 
in head and neck cancers ranges from 0.9% to 
even more than 50%, which is paradoxically 
related to better locoregional control, as was 
seen in our case. Along with other organs, the 
metastasis was found in the ventricular 
myocardium.

Although secondary tumors involving the 
heart and pericardium are reported to be 20–30 
times more frequent than primary neoplasms, 
they nevertheless are rare occurrences due to con-
tinuous strong myocardial contractions and high 
speed of blood within the heart. Most often, they 
occur in a setting of disseminated cancer, which 
can camouflage the cardiac involvement. Hence 
the incidence, ranging from 1.5 to 25%, is largely 
based on postmortem examinations. The cancer 
cells reach the heart through hematogenous 
(especially transvenous) or retrograde lymphatic 
spread, or even by direct extension. In about 75% 
of patients, the sources of metastases are carcino-
mas, followed by hematological malignancies, 
melanomas, malignant germ cell tumors, and 
 sarcomas; these chiefly affect the pericardium, 
myocardium, and rarely the endocardium. The 
three most common carcinomas that invade the 
heart arise from the lung, breast, and esophagus 
due to their prevalence and/or their close proxim-
ity to the mediastinal structures. In general, car-
diac involvement in cancers of the upper 
aerodigestive tract is distinctly unusual. They 
manifest as myocardial nodules with or without 
intracavitary projections.

Majority of the patients with cardiac metasta-
ses are asymptomatic, though at times the symp-
toms are overlooked or misinterpreted due to 
cancer recurrence or dissemination. Irrespective 
of the route employed, the pericardium is said to 
be the commonest site for tumor deposition. The 

effusion that ensues is slow-filling and loculated, 
delaying the diagnosis. On the other hand, myo-
cardial or intracavitary metastases, if strategi-
cally located or of large size, can result in 
conduction disturbances, valvular stenosis, 
obstruction to coronary arterial flow, tumor/
thromboembolism, or cardiac failure. The myo-
cardial involvement is explained on the basis of 
retrograde lymphatic spread and is seen in the 
right and left ventricles in about 60% and 40%, 
respectively. Our patient had masses in both ven-
tricles with almost complete replacement of the 
posterior papillary muscle. Sudden cardiac death 
was the sole and fatal clinical manifestation and 
the report highlights that there is always a possi-
bility of cardiac metastases, even though a patient 
has no symptoms and culminates with disastrous 
complications at times. Despite availability of 
diagnostics investigative modalities such as 
transesophageal echocardiography or computed 
tomography, the prognosis in such cases is gener-
ally poor.
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55Cardiac Posttransplant 
Lymphoproliferative Disorder

Pradeep Vaideeswar, Gwendolyn Fernandes, 
and Pritam Khairkar

55.1  Clinical History

We describe a case of a 30-year-old male who 
had undergone a live-related renal transplantation 
procedure (father was the donor) 7 years ago for 
end-stage renal disease (exact etiology was not 
known). He was human immunodeficiency virus 
and hepatitis B surface antigen-negative. He had 
stable graft function and was on triple immuno-
suppression, comprising tacrolimus, mycopheno-
late mofetil, and prednisolone. After an uneventful 
7  years posttransplant period, the patient was 
admitted in a private health-care facility with a 
15-day history of grade 2 dyspnea on exertion 
and palpitation. Laboratory investigations were 
as follows: hemoglobin 12 g/dL, total leukocyte 
count 14.63 × 109/L (neutrophils 83%, lympho-
cytes 15%, eosinophils 2%), platelet count 278 × 
109/L, serum creatinine 2.8 mg/dL, serum biliru-
bin 0.46 mg/dL, SGOT 234 U/L, SGPT 121 U/L, 
and serum LDH 4482  IU/L.  He was evaluated 

and found to have moderate pericardial effusion, 
atrioventricular dissociation, and hyperkalemia. 
He underwent a permanent pacemaker implanta-
tion. The immunosuppressives were continued.

A fortnight after the pacemaker implantation, 
the patient rapidly developed left eye proptosis, 
cervical lymphadenopathy, nodule over the right 
forearm, penile swelling, and pain and lump in 
the abdomen. The patient was then admitted at 
our institute after nearly 2 months after his initial 
presentation for further management. His pulse 
was 98  beats/min and blood pressure was 
150/80  mmHg. The laboratory investigations 
revealed Hb 12  g/dL, mild neutrophilia (total 
count of 14.63 × 109/L), normal platelet count, 
blood urea nitrogen 88.2 mmol/L, serum creati-
nine 2.8  mg/dL, serum bilirubin 0.46  mg/dL, 
plasma aspartate aminotransferase 121  U/L, 
plasma alanine aminotransferase 234  U/L, and 
serum lactate dehydrogenase 4482 IU/L. A whole 
body computed tomographic scan revealed bony 
erosions of left supraorbital ridge/left orbital roof 
and left temporoparietal bones, moderate pericar-
dial effusion, 15 × 10 × 8.5 cm, ill-defined, inva-
sive, hypodense mass in II, III, IV hepatic 
segments, nodular thickening of the greater 
omentum, and thickening of the penile shaft. The 
PET scan showed metabolically active disease 
involving the liver, multiple bones, subcutaneous 
tissues, and muscles. Sheets of dissociated atypi-
cal lymphoid cells were seen in biopsies of cervi-
cal lymph node and liver mass. A diagnosis of 
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high-grade non-Hodgkin’s lymphoma, B-cell 
type (CD 20 positive) was made; CD3 and 
Epstein-Barr virus (EBV) latent membrane pro-
tein−1 were negative. No such atypical lymphoid 
cells were seen in the cytological preparations of 
the aspirated serosanguineous pericardial fluid. A 
bone marrow aspiration and biopsy revealed nor-
mocellular marrow with trilineage  hematopoiesis. 
The patient received injection hydrocortisone 
and lasix along with ceftriaxone, tacrolimus, aza-
thioprine, cilnidipine, telmisartan, tramadol, 
febuxostat, and atorvastatin. During the course of 
treatment, he had repeated episodes of rapidly 
filling pericardial effusion, and he succumbed to 
the illness.

55.2  Autopsy Findings

A complete autopsy was performed. On general 
examination, right cervical region 8 × 2 cm mass, 
right forearm 2 × 2  cm mass, and prominent 

swelling of the penile shaft were noted. In-situ 
examination showed the presence of massive 
hemorrhagic pericardial effusion; no free fluid 
was seen in the pleural and peritoneal cavity. The 
connective tissue of the mediastinum appeared 
infiltrated by whitish tissue with adherence 
between the vascular structures, the tracheabron-
chial tree, and esophagus.

The heart was markedly enlarged in size and 
weighed 560 g. There was mild increase in the 
epicardial adipose tissue with patchy opacifica-
tion and fibrinous exudate. Noticeable features 
were firm nodularity of the superior cavoatrial 
junction, nodular protrusions in the entire left 
atrioventricular groove and firm greyish white 
plaques over the posterior right atrioventricular 
groove (Fig.  55.1a, b), left atrium, pulmonary 
veins, left lateral border, and basal portion of the 
posterior left ventricular wall. The inner aspect 
of the parietal pericardium also showed few nod-
ules. The heart was longitudinally bisected. 
There was extreme infiltration of the interatrial 

a c

b

Fig. 55.1 Moderate cardiomegaly. (a) Anterior and (b) 
Posterior surfaces showing epicardial opacification and 
the presence of grey-white nodularity, prominently seen at 
the atrioventricular grooves; (c) Four-chamber view 
showing expansion of the interatrial septum IAS with 
fresh thrombus (arrow on left side), extension over the 

basal aspects of the tricuspid valve leaflets (arrow on right 
side), and replacement of the myocardium (AA ascending 
aorta, IVC inferior vena cava, IVS interventricular septum, 
LA left atrium, LAA left atrial appendage, LV left ventri-
cle, PT pulmonary trunk, RA right atrium, RAA right atrial 
appendage, RV right ventricle, SVC superior vena cava)
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septum (maximum thickness of 2 cm) with bulge 
and fresh thrombus over the left atrial aspect 
(Fig. 55.1c). The tumor appeared pale yellow to 
white and had also infiltrated the summit of the 
interventricular septum. There was also involve-
ment of the right atrial free wall, the cavoatrial 
junctions, basal aspects of the leaflets of the 
atrioventricular valves, lateral basal aspect of 
right ventricle, lateral wall of the left ventricle, 
and adjoining papillary muscles (Fig.  55.1c). 
There was obliteration of the openings of the 
coronary sinus and left atrial appendage. The 
ascending aorta showed intimal thickening and 
wrinkling with adherent flattened fresh friable 
thrombi. Few atherosclerotic plaques were also 
seen in the arch and descending segments. The 
liver weighed 1.5 kg and showed a large, firm, 
grey-white mass of 10 × 6 cm (Fig. 55.2a) and 
fatty change in the surrounding liver. Both the 
native kidneys showed a grey-white fleshy tumor 
measuring 2 × 2  cm in their lower poles 
(Fig.  55.2b). The small and large intestines 
showed multiple grey-white fleshy, serosal nod-
ules measuring 0.5–2 cm along the entire length. 
The transplanted kidney, brain, lung, thyroid, 
adrenals, and spleen were uninvolved. 
Histopathological examination of all tumor 
masses showed histomorphological features of a 
high grade non-Hodgkin’s lymphoma, B cell 
type (Figs.  55.3, 55.4a, b and 55.5a) with a 
strong immunohistochemical positivity for leu-
kocyte common antigen, and CD20; CD3, CD5, 
CD30, high-molecular weight cyto-keratin, and 
synaptophysin were negative. Such cells had 
infiltrated the pancreas, skeletal muscle, and ret-

roperitoneal fat (Fig.  55.5b–d). A diagnosis of 
posttransplant diffuse large B-cell non-Hodg-
kin’s lymphoma (DLBCL) was made. The lungs 
also showed diffuse alveolar damage and arterial 
thromboemboli.

Cause of Death: Cardiac tamponade due to 
massive hemorrhagic pericardial effusion in a 
case of disseminated postrenal transplant 
DLBCL.

a

b

Fig. 55.2 (a) Liver showing a large, firm, greyish-white 
mass; (b) A 2 × 2  cm, firm greyish-white mass in the 
lower pole of one of the native kidneys
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a b c

d

Fig. 55.4 Atypical large, pleomorphic lymphoid cells infiltrating the myocardium as (a) small clusters and (b) in sheets 
(H&E × 400); Positive immunohistochemistry for (c) Leukocyte common antigen and (d) CD 20 (× 400)

a b c

Fig. 55.3 Atypical lymphoid cells with (a) myocyte necroses and (b) tumor necrosis; (c) Mass of lymphoid cells 
insinuating into the intertrabecular space (H&E × 100)
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a c

db

Fig. 55.5 The lymphoma cells in the (a) native kidney (H&E × 400), (b) pancreas (H&E × 200); (c) Skeletal muscle 
(H&E × 400) and (d) Retroperitoneal fat (H&E × 100)

55.3  Discussion

Synchronous to metachronous multiorgan lym-
phomatous proliferations were seen in a young 
renal transplant recipient in whom the procedure 
had been performed 7 years ago. Kidney trans-
plantation is now a well-established procedure in 
patients with end-stage renal disease, and with 
judicious employment of appropriate immuno-
suppressives, there is a drastic improvement in 
the quality of life and long-term survival of the 
recipients. Unfortunately, apart from episodes of 
rejection, complications related to cardiovascular 
diseases and infections (See Chap. 19) also 
develop, leading to significant morbidity and 
mortality. Adding to the woes, the renal trans-
plant recipients have a two to fourfold higher risk 

(as compared to the general population) of devel-
oping a posttransplant malignancy, which forms 
the third leading cause of death in these patients 
with an incidence of 2–31%. The etiopathogene-
sis is related not only to the traditional risk fac-
tors of malignant neoplasia, but is majorly due to 
an interplay between 4 important factors of 
chronic immunological stimulation, cancer- 
provoking antirejection drugs, oncogenic viruses, 
and donor-derived immune cell interactions. The 
multiorgan lymphoma, which occurred in our 
patient, is one of the components of a heteroge-
neous group of lymphoplasmacytic disorders 
ranging from indolent polyclonal reactive prolif-
erations to aggressive monoclonal disease, desig-
nated as posttransplant lymphoproliferative 
disorder (PTLD).
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PTLD occurs after both solid organ and hema-
topoietic stem cell transplantations with a life-
long incidence ranging from 2 to 20%. It is the 
most common disorder after skin cancer in adults 
with solid organ transplants. The key factors that 
determine the incidence and features of PTLD 
depend on the type of organ transplanted and the 
type of immunosuppressive therapy; particularly 
important is the triple drug immunosuppression 
that was administered in our patient. Kidney 
transplant recipients have the lowest risk of 
occurrence of 1–1.5%, as compared to other solid 
organ or stem transplantations. In most instances, 
the altered immunological milieu leads to uncon-
trolled B-cell proliferations, which have been 
categorized by the World Health Organization 
into 4 main groups—the nondestructive and 
polymorphic types both of which are basically 
polyclonal proliferations of different morpholo-
gies, and the monomorphic and Hodgkin-type of 
PTLDs that are essentially malignant. Our case 
had multifocal monomorphic PTLD, which rep-
resent the posttransplant counterparts of non- 
Hodgkin lymphomas (NHL) seen in 
immunocompetent patients. DLBCL is the most 
common type of NHL seen in these patients, 
accounting for almost 90% of the cases, though 
certain other types have also been described. 
Though PTLD can develop at any time after the 
transplant, they are identified within the first year 
in 60 to 80% of the recipients. Such early-onset 
PTLDs are usually donor derived, frequently 
EBV positive, and generally affect the graft with 
minimal extranodal involvement. Significant 
extranodal and EBV-negative host-derived 
PTLDs are seen as late-onset or very late-onset 
disease, after 2–10 and after more than 10 years, 
respectively. Some can also show the T-cell ori-
gin. Ours was an example of late-onset mono-
morphic PTLD, which was also EBV-negative 
and devoid of involvement of the transplanted 
kidney. Apart from multivisceral involvement, 
the interesting feature was involvement of the 
subcutaneous tissues and muscles and a large 
tumor burden in the heart.

Involvement of the heart is seen in 9–30% of 
the patients due to dissemination from nodal or 
extranodal lymphomas elsewhere in the body. 

Such secondary cardiac lymphomas develop as a 
result of direct invasion from mediastinal masses 
or through hematogenous/lymphatic dissemina-
tion. On the other hand, primary cardiac lym-
phomas (PCL) are extremely uncommon, 
forming 1.3–2% of all primary cardiac tumors 
and 0.5% of extranodal lymphomas. Though 
these tumors are diagnosed when there is sole 
involvement of the heart or pericardium, a diag-
nosis of PCL is permitted if the patient presents 
with dominant cardiac symptoms with bulk of 
the tumor in the heart, as was seen in this case. 
Nevertheless, they represent less than 5% of all 
lymphomas arising in immunosuppressed or 
immunocompromised patients. There are no sig-
nificant differences in the gross features, imag-
ing, and clinical presentation in primary and 
secondary lymphomas of the heart. Cardiac 
involvement by lymphoma is generally seen as 
firm, ill-defined, and infiltrative nodules in the 
cardiac chambers and/or the pericardium. There 
is predominant affection of the right-sided cham-
bers, especially the right atrium and the epicar-
dial surface that is associated with encasement 
of the basal structures and the right atrioventric-
ular groove. The most common histological type 
is DLBCL, as also seen in the case presented. 
There was nodular as well as diffuse lymphoma-
tous involvement of the pericardium, interatrial 
septum, summit of interventricular septum, basal 
aspects of atrioventricular valves and basal ven-
tricular myocardium by the process. Such exten-
sive cardiac infiltration has been seldom reported. 
Although routine transthoracic or transesopha-
geal echocardiography can be used for initial 
identification, use of other imaging modalities 
(computed tomography or magnetic resonance 
imaging) allows enhanced evaluation.

This extensive involvement of the heart with 
infiltration of the atrioventricular conducting sys-
tem led to atrioventricular dissociation, for which 
pacemaker implantation was performed in the ini-
tial stage of the lymphoma. Later, much of the 
morbidity and the unfortunate demise were due to 
repeated pericardial effusion and cardiac tampon-
ade. Arrhythmias, conduction disturbances, and 
pericardial effusions are the common modes of 
presentation of cardiac lymphomas. They can also 
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present with features of obstruction and myocar-
dial dysfunction, while some may have constitu-
tional symptoms or can be even asymptomatic. 
But it is to be noted that transplant recipients with 
cardiac PTLD are more likely to have multivis-
ceral involvement and dissemination and hence 
multiorgan dysfunction. Though our patient had 
initially presented with cardiac involvement, the 
clinical assessment and autopsy revealed dissemi-
nation to multiple sites. The donor kidney, lungs, 
thyroid, brain, adrenals, and spleen were unin-
volved. The prognosis for patients with primary 
or secondary cardiac lymphomas is generally 
poor. It is often considered as a oncologic emer-
gency and the therapy includes chemotherapy, 
which may be combined with radiation. In the set-
ting of PTLD, reduction of immunosuppression 
may produce a dramatic reduction in the tumor 
burden or even complete remission in some cases.
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56Leiomyosarcoma of the Inferior 
Vena Cava

Pradeep Vaideeswar

56.1  Clinical History

A 38-year-old woman presented with a three- 
week history of abdominal pain and low-grade 
fever with loss of weight and appetite. Physical 
examination and laboratory findings were within 
normal limits. She had no history of abdominal 
or pelvic surgery. An initial diagnosis of abdomi-
nal tuberculosis was made and antituberculous 
therapy was started in a private hospital. Eight 
days after the discharge, the patient was readmit-
ted with breathlessness, abdominal distension, 
anasarca, and jaundice. She was referred to our 
hospital in view of possibly antituberculous 
therapy- induced hepatitis, accompanied by 
altered sensorium. On examination, the general 
condition was average with pulse rate of 96 per 
minute and blood pressure of 110/70 mmHg. She 
was responding poorly to oral commands. There 
was icterus, bilateral pedal edema, abdominal 
distension, and basal crepitations. Her investiga-
tions revealed Hb 12.5  g/dL, total leukocyte 
count 8450/cmm (84% neutrophils), platelet 
count 80,000/cmm, blood urea nitrogen 55 mg/
dL, creatinine 1.2  mg/dL, SGOT/SGPT 

431/288  U/dL, and alkaline phosphatase 94  U/
dL. A color Doppler and computed tomographic 
(CT) scan of the abdomen (Fig. 56.1a, b ) revealed 
dilatation and occlusion of the inferior vena cava 
(IVC) by possibly a thrombus, extending from 
proximal common iliac vein up to right atrium 
along with extension into right renal vein and 
right hepatic vein. Based on this report, a diagno-
sis of Budd-Chiari syndrome was entertained and 
the patient underwent thrombolytic therapy with 
streptokinase and maintained on warfarin. 
However, her dyspnea continued to progress and 
she died after 12 days of admission.

56.2  Autopsy Findings

A complete autopsy was performed. There was 
massive ascites (approximately 2  L of opales-
cent, amber-colored fluid). The IVC, from 2 cm 
below the openings of the renal veins and till its 
entry into the right atrium, was markedly dilated 
with a diameter of 3.1 cm, and in the region of the 
renal veins, it was covered by an irregular, firm, 
6.1 × 3.5 × 2.8 cm mass (Fig. 56.1c). The dilata-
tion was due to the presence of firm, grayish 
brown, slightly gelatinous tumor that had pro-
duced luminal obliteration; the cut surface was 
grey-white with focal hemorrhages (Fig. 56.2a). 
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b

a c

Fig. 56.1 CT scan of the abdomen showing mass lesion 
in the dilated inferior vena cava IVC—(a) Lesion at the 
region of the renal veins. Note extension (arrow) into the 
right renal vein; (b) Lesion in the hepatic portion of the 

vein; (c) Specimen in the fresh state showing a para-caval 
mass below the liver and extension of the IVC luminal 
lesion as a right atrial RA polypoidal mass (RV right 
ventricle)

At the infrarenal portion, the tumor had projected 
into the lumen as three to four blunt polypoidal 
projections. The tumor had extended into both 
renal veins, right more than the left as well as the 
right hepatic vein. Within the right atrium, the 
tumor had formed a large smooth-surfaced pol-
ypoidal lesion, which rested on the posterior tri-
cuspid leaflet (Fig.  56.2a). No tumor was 
identified in other organs, especially in the geni-
tal tract. Microscopy revealed a pleomorphic 
tumor arising from the venous wall, composed of 
irregular fascicles of plump spindle-shaped 

(Fig.  56.2b) and multinucleate bizarre cells 
(Fig.  56.2c) embedded in loose fibromyxoid 
background. There were large areas of 
 hemorrhage and necrosis, brisk mitoses, and a 
rich lymphoplasmacytic infiltrates and aggre-
gates. The immunohistochemical profile 
(Fig. 56.2d) confirmed the diagnosis of leiomyo-
sarcoma. The heart was normal and weighed 
220 g. Other organs were normal; there were no 
pulmonary metastases.

Cause of Death: Congestive cardiac failure 
due to IVC leiomyosarcoma.
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a b

c

d

Fig. 56.2 (a) After formalin fixation, the tumor was lon-
gitudinally bisected to show luminal obliteration of the 
dilated inferior vena cava IVC lumen by a grey-white to 
pale yellow tumor, extension into the right hepatic vein 
(arrow) and right atrium RA (RV right ventricle). Foci of 
hemorrhage and necrosis are present; (b) and (c) The 

tumor is composed of pleomorphic spindle-shaped cells 
with bizarre multinucleated giant cells and sprinkling of 
lymphocytes in the background (H&E × 400); (d) On 
immunohistochemistry, the cells were positive for smooth 
muscle actin (× 400)

56.3  Discussion

Leiomyosarcoma (LMS), a malignant tumor that 
usually occurs in the soft tissues and certain vis-
cera, was found to arise in the IVC with forma-

tion of both luminal and para-caval mass lesions. 
Only 2% of LMS have a vascular origin and 
venous origin is 5 times more common than arte-
rial. Over 50% of these tumors affect the IVC, 
where they form 5–15% of primary retroperito-
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neal sarcomas. A worldwide report of around 600 
cases (mainly as case reports and isolated case 
studies) indicates the rarity of these lesions. 
Women in their sixth decades of life (median age 
of 54 years) are most commonly affected (male 
to female ratio of 1:4). The IVC LMS, which 
arises from the tunica media, can have an intra- 
luminal (5%) growth or extra-luminal (62%) 
extension, and sometimes a combination of both 
growth patterns (33%). A combination was seen 
in our case, but the tumor was predominantly 
intra-luminal producing distension of the inferior 
caval vein. When the para-caval mass is of a siz-
able proportion, it would form a differential diag-
nosis for similar tumors which arise in the 
retroperitoneal soft tissues or from the kidney 
(the renal vein, capsule, or pelvis).

Despite the sarcomatous nature, the tumors 
are often slowly growing (allowing development 
of collateral venous drainage) with an insidious 
presentation and hence diagnosis is made at 
advanced stages of the malignancy. The clinical 
presentation depends on the location of the 
tumor and the classification is based on the rela-
tion with the renal and hepatic veins. Zone or 
segment I represents the growth of the tumor 
below the renal veins, i.e., infrarenal region, and 
these patients develop varying degrees of pedal 
edema and right lower abdominal, back, or flank 
pain. Tumors located between the renal and 
hepatic veins represent zone or segment II 
lesions (most frequent site of occurrence) and 
the patients present with upper quadrant abdomi-
nal pain, nephrotic syndrome, and sometimes 
even renovascular hypertension. Symptoms 
related to Budd-Chiari syndrome such as hepato-
megaly, ascites, abdominal pain, and jaundice 
are seen in patients with suprahepatic location 
and variable right atrial extension, which is zone 
or segment III.  The patient in this case had 
involvement of all 3 segments with a sizable 
extra-luminal growth and hence presented with 
multitude of symptoms. The intraatrial extension 
would have also induced right heart failure and 

exacerbated the features related to Budd-Chiari 
syndrome.

Imaging in the form of computed tomography 
and magnetic resonance imaging (MRI) is 
extremely useful in the diagnosis of IVC LMS, 
but biopsy may be necessary for a definitive diag-
nosis. A thrombus of the IVC is an important dif-
ferential diagnosis. An important clue would have 
been lack of significant response to anticoagulant 
therapy (as seen in this case), and in these situa-
tions, gadolinium-enhanced MRI helps to distin-
guish between thrombus and tumor. Surgical 
resection is the mainstay of treatment with vari-
able contribution with chemoradiotherapy. The 
prognosis depends on the location of the tumor, 
the pattern of growth, and differentiation. 
Involvement of the upper segment with right atrial 
extension, predominant intra-luminal growth, cel-
lular pleomorphism, and severe hepatic dysfunc-
tion, many of which were seen in our patient, are 
associated with poor prognosis. It has also been 
shown recently that high expression of cytoplas-
mic β-catenin, insulin growth factor—1R, and 
Pten gene mutations is also associated with higher 
chances of metastases and recurrences.
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57Supra-Cardiac Aortic 
Atherosclerosis

Swati Kolhe and Pradeep Vaideeswar

57.1  Clinical History

A 62-year-old chronic smoker and diabetic was 
admitted with complaints of sudden onset severe 
back pain and weakness of both lower limbs 
since morning. There was no history of fever, 
headache, convulsions, or trauma. On examina-
tion, his pulse rate was 88 beats per minute and 
blood pressure was 140/90  mmHg. The sensa-
tions, power, and reflexes were lost over both 
lower limbs. The clinical diagnosis was acute 
bilateral symmetrical flaccid paraparesis of lower 
limbs. The investigations have been tabulated 
(Table 57.1). He was treated with anticoagulants, 
steroids, and antiviral drugs, but he developed 
sudden-onset breathlessness and succumbed 
after 2 days of admission.
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Table 57.1 Investigations

Hematological Hemoglobin 15.4 g/dL
Total leukocyte count 18,200/cmm
Differential count—Neutrophil 
predominant platelet count 
2.4 lakhs/cmm

Biochemical—
Routine

Blood glucose 262 mg/dL
Serum creatinine 1.4 mg/dL
Blood urea nitrogen 70 mg/dL
PAST 479 U/L
PALT 376 U/L
Sodium 124 mEq/L
Potassium 3.0 mEq/L
Chloride 90 mEq/L
Cholesterol 318 mg/dL
Triglycerides 382 mg/dL
High-density lipoproteins 44 mg/
dL
Very low-density lipoproteins 
76.4 mg/dL
Low-density lipoproteins 
204.7 mg/dL
Cholesterol/high-density 
lipoprotein 7.23

Radiological Computed tomography, brain: Mild 
generalized cerebral atrophy
Magnetic resonance imaging, 
spine: Degenerative changes at 
L4—L5 and L5—S1 levels; posterior 
disc bulge at L5—S1

Others ECG: Sinus tachycardia
Cerebrospinal fluid examination: 
Normal
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57.2  Autopsy Findings

A restricted autopsy (partial chest) had been per-
formed. The heart was moderately enlarged and 
weighed 380 g. There was moderate left ventricu-
lar hypertrophy and diffuse calcific coronary ath-
erosclerosis exhibiting multifocal 50% luminal 
narrowing. The available aorta showed multiple 
atherosclerotic plaques, some of which were cal-
cified. The arch below the origin of left subclavian 

artery (LSA) and the adjoining proximal descend-
ing thoracic aorta showed a distinct bulge for a 
length of 4 cm (Fig. 57.1a). This mildly aneuris-
mal atherosclerotic segment was covered with 
mural thrombus (Figs.  57.1b and 57.2a). There 
was propagation of the thrombus into the athero-
sclerotic LSA (Fig. 57.2b, c). The lung histology 
revealed occlusive arterial thromboemboli.

Cause of Death: Pulmonary thromboembo-
lism (PTE).

a b c d

Fig. 57.2 (a) Section of the arch showing thrombus over 
the atherosclerotic plaque. Thrombus is also present in the 
lumen of the left subclavian artery LSA; (b) Scanned 
image stained by H&E of complicated plaque in the arch. 
The irregular surface is produced due to superimposed 

thrombus (H&E); (c) Scanned image stained by H&E. The 
proximal P-LSA is partly obstructed by atheroma and 
thrombus, while the distal D-LSA appears normal (H&E); 
(d) Fresh fibrin thrombus in the lumen of the LSA (H&E 
× 250)

a b

Fig. 57.1 (a) An aneurismal bulge (arrows) is present in 
the distal arch and proximal descending thoracic aorta 
DTA; (b) Opened out aorta showing an ulcerated ather-
oma covered with fresh thrombus (arrow) in the region of 

the aneurismal bulge obliterating the orifice of the left 
subclavian artery LSA (AA ascending aorta, DTA descend-
ing thoracic aorta, LCCA left common carotid artery, 
RBCA right brachiocephalic artery)
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57.3  Discussion

The presentation of acute flaccid paralysis of 
bilateral lower limbs with severe back pain, 
which appeared in all probability unrelated to the 
lumbosacral pathology, suggested ischemia of 
the spinal cord. In comparison to the brain, spinal 
cord ischemia is distinctly uncommon and the 
exact prevalence is still unknown. In adults, ath-
erosclerosis is the main etiological factor; other 
important causes include aortic aneurismal dis-
ease and/or surgery, aortic dissections, and hyper-
coagulable states. The clinical manifestations 
would depend on the location and degree of 
obstruction of the supplying arterial system, and 
the ischemia is often invariably accompanied by 
back pain, present in over 70% of the cases. The 
clinical presentation in our case also suggested 
anterior spinal artery syndrome. Unfortunately, 
due to restricted autopsy, the thoracic part of the 
spinal cord could not be examined. The arterial 
system is supplied by the LSA, which at autopsy 
revealed atherothrombotic complication. This 
location is included under a unifying category 
referred to as supra-cardiac atherosclerosis 
(SCA).

SCA is a new term coined to include compli-
cated atherosclerotic disease at the level of the 
aortic arch or in the carotid, vertebrobasilar, and 
intracranial arterial systems. It has been recently 
proposed to be an important cause of “embolic 
stroke of undetermined source”; traditionally 
these strokes were ascribed mainly to atrial fibril-
lation, atrial cardiomyopathy, valvular heart dis-
ease, or patent foramen ovale. In cases of SCA, 
the arterial lumen is reduced to less than 50% of 
its normal caliber due to atherosclerosis or its 
complications, especially intra-plaque hemor-
rhage or ulceration with overlying thrombosis. In 

our case, the lumen of the atherosclerotic LSA 
was further stenosed by extension of thrombus 
localized to the arch of aorta. Such an involve-
ment is 4 times more common than right subcla-
vian artery. Furthermore, these atherosclerotic 
plaques are usually associated with bland white 
thrombi, composed of fibrin and platelets, which 
have a high tendency to embolization but also 
have a better response to antiplatelet agents. 
Vulnerable plaques with high embolic risk can be 
readily identified by advanced and sophisticated 
imaging techniques to ensure prompt diagnosis 
and offer a guide to selection of optimal medical 
therapy. The present case highlights the impor-
tance of a high index of suspicion of an ischemic 
cause for acute flaccid paralysis and the need to 
rule out SCA as the etiological factor. The mor-
tality was unrelated to SCA and was due to PTE, 
which is the third most common cause of death 
among cardiovascular diseases (See Chap. 68).
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58Shaggy Aortic Syndrome, 
Penetrating Atherosclerotic Ulcer, 
and Rupture

Pradeep Vaideeswar and Pranita Zare

58.1  Clinical History

A 60-year-old male, admitted in a poor general 
condition, expired with 2 h of admission. He was 
hypotensive (blood pressure of 100/60  mmHg) 
with cold clammy skin and poorly felt peripheral 
pulses. He had been a hypertensive (blood pres-
sure of 200/120 mmHg) on irregular therapy.

58.2  Autopsy Findings

The heart was mildly enlarged in size (340 g) 
with mild concentric left ventricular hypertro-
phy and mild diffuse atherosclerosis of all 3 
epicardial coronary arteries. The entire aorta 
was aneurysmally dilated (circumferences 
ranging from 7.2 to 10.8 cm) and had a classic 

appearance of ‘shaggy aorta’. The intima had 
multiple ulcerated atheromas of varying sizes; 
calcification was predominantly present in the 
infrarenal portion of the abdominal aorta. There 
was thickening of the wall with dense adher-
ence of the thoracic descending segment to the 
left lung. In addition, the mid-portion of this 
segment showed a depression (Fig.  58.1a), 
which on cut section was seen to burrow 
through the aortic wall (Fig.  58.1b)—
‘penetrating atherosclerotic ulcer’ (PAU) to 
rupture into the left lower lobe (Fig. 58.1c). The 
lobe was expanded with shiny, stretched pleura, 
very firm, and completely hemorrhagic. Other 
findings were centri-acinar emphysema and 
chronic pyelonephritis.

Cause of Death: Hypovolemic shock follow-
ing rupture of PAU into left lung.
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a b

c

Fig. 58.1 (a) Dilated descending thoracic aortic segment 
with extensive complicated atherosclerosis—‘shaggy 
aorta’. Note a depressed area (arrow) surrounded by 
thrombi and blood clots; (b) Serial slices showing dense 
adherence of the aorta to hemorrhagic lung parenchyma; 

(c) There is ulceration of the atheromatous plaque that has 
produced a transmural breach in the wall and formation of 
hemorrhagic tract (arrow) extending into the lung 
parenchyma

P. Vaideeswar and P. Zare
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58.3  Discussion

The case draws attention to 3 interesting phe-
nomena, namely ‘shaggy aorta’, PAU, and its 
rupture into the lung that were seen in an elderly 
patient with uncontrolled hypertension. Shaggy 
aorta is a descriptive term that has been used for 
atherosclerotic aortic segments, which show 
localized or diffuse irregularity and spiculations 
as visualized on computed tomographic (CT) 
angiogram. The shagginess is imparted by com-
plications in the form of multifocal ulcerations, 
calcification, and/or overlying thrombi. Shaggy 
aorta is currently defined as “diffuse, irregularly 
shaped atherosclerotic change involving more 
than 75 % of the length of the aorta from the arch 
to the visceral segment with atheromatous plaque 
thickness of greater than 4 mm, as confirmed by 
contrast enhanced CT”. Most of these patients 
are elderly, predominantly males with comorbid 
conditions like hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, coronary 
artery disease, peripheral vascular disease, and 
stroke. The extensive atheromatous degeneration 
is very often associated with cholesterol emboli 
or thromboemboli leading to ‘shaggy aortic syn-
drome’, a condition characterized by peripheral 
and visceral ischemia (not present in the current 
case). The mortality in this patient was due to 
PAU with extensive intrapulmonary hemorrhage, 
seen in the background of shaggy aorta.

PAU is one of the 3 common entities that are 
included under the term “acute aortic syndrome”, 
which refers to a constellation of life-threatening 
aortic pathologies (especially involving thoracic 
aorta) mediated by alterations and subsequent dis-
ruption of the aortic wall layers; others include 
acute aortic dissection (See Chap. 61) and intra-
mural hematoma. PAUs, as the name suggests, are 
caused by ulceration of the atherosclerotic plaque 
with extension and encroachment of the media 
that produces a mushroom-like silhouette on com-

puted tomographic angiogram, which is the most 
common modality used for the diagnosis of this 
condition. They are typically seen in elderly indi-
viduals with uncontrolled hypertension and occur 
as unifocal or multifocal lesions in diffusely ath-
erosclerotic and often aneurismal aortas, particu-
larly in the mid-portion or distal third of the 
descending thoracic aorta, as seen in the present 
case. They are frequently asymptomatic and sel-
dom manifest with luminal compromise and isch-
emic manifestations. However, large PAUs 
(diameter of 20  mm) with a depth greater than 
10 mm are responsible for 2–7% of cases of AASs. 
Further extension towards the aortic adventitia 
leads to hematoma and pseudoaneurysm forma-
tion or even a devastating event of transmural aor-
tic rupture, well-illustrated in this case; the rupture 
was into the left lung with extensive intrapulmo-
nary hemorrhage. When symptomatic, PAUs 
demand either open or endovascular repair.
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59Atherosclerosis and Neutrophils

Pradeep Vaideeswar

59.1  Clinical History

A 65-year-old lady with a past history of diabetes 
mellitus on irregular therapy presented with left 
lower limb cellulitis. There had been a blackish 
discoloration with peeling of the skin and focal 
suppuration for a week. On examination, her vital 
parameters were within normal range, except for 
mild tachycardia (pulse rate of 95 per minute). 
Systemic examination also had been normal. The 
significant findings of investigations showed ane-
mia (Hb 8.4 g/dL), leukocytosis (total leukocyte 
count of 27,400/cmm, 89% neutrophils), hyper-
glycemia (random blood sugar of 442  mg/dL) 
and azotemia (blood urea nitrogen of 55.5  mg/
dL, serum creatinine of 3.2  mg/dL). She was 
treated with antibiotics and hypoglycemics and a 
below knee amputation was performed on the 
2nd day of her admission. She had a cardiac 
arrest, 7 h after the operation and expired.

59.2  Autopsy Findings

The heart was mildly enlarged in size (260  g) 
with mild biventricular enlargement. On serial 
cross sections through the mid-portion of the 

heart, there were pale yellow, fresh mural thrombi 
that were restricted to the intertrabecular spaces 
of both the ventricles (Fig.  59.1a). In addition, 
there were 2 capsule-shaped fresh ‘free-floating’ 
thrombi in the right ventricular cavity (Fig. 59.1b). 
Apart from dilatation of the cavities and thinning 
of the walls, the myocardium did not show con-
gestion or any other discoloration. On histology, 
the thrombi appeared bland (Fig. 59.1c) and were 
not associated with underlying septic myocardi-
tis. There were mild myxomatous changes in the 
atrioventricular valves.

The left anterior descending artery showed dif-
fuse calcific atherosclerosis, and 2.2  cm from its 
origin, it showed critical stenosis by an eccentric 
fatty atheroma for a length of 0.7 cm. Beyond this 
segment, the artery along with the dominant right 
coronary and left circumflex arteries showed only 
mild calcific atherosclerosis with no significant 
narrowing. The entire aorta showed scattered 
focally calcified atheromatous plaques. The eccen-
tric plaque in the left anterior descending artery 
was composed of large numbers of foamy macro-
phages with basal collections of cholesterol clefts. 
In addition, there was diffuse and intense infiltra-
tion of neutrophils in the entire plaque (Figs. 59.1d 
and 59.2) with plenty of foamy macrophages 
(Fig.  59.2b). The internal elastic lamina was not 
seen at the site of plaque with thinning of the under-
lying media, which also showed destruction by 
neutrophils (Fig. 59.2c). There was mild adventitial 
fibrosis with mixed inflammatory cell infiltrate. In 
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b

a c d

Fig. 59.1 (a) Transverse slices of the ventricles showing 
opaque white thrombi in the intertrabecular spaces of the 
right RV and left LV ventricles; some of them are shown 
with arrows; (b) Free-floating thrombi found in the right 
ventricle; (c) Bland thrombus (arrow) attached to the right 

ventricular endocardium (H&E × 250); (d) Scanned slide 
of the left anterior descending artery stained by H&E 
showing a distinct blue hue over the superficial aspect and 
core of an eccentric atheroma present in the intima 
I. There is 50% luminal narrowing (A adventitia, M media)

a

b d

c

Fig. 59.2 (a) Infiltration of the intimal plaque P, media 
M, and adventitia A by neutrophils (H&E × 200); (b) 
Neutrophils admixed with large numbers of macrophages 
(H&E × 400); (c) Destruction of the media by neutrophils 

(H&E × 400); (d) Foam cells (arrows) migrating from the 
intimal plaque P through the media M into the adventitia 
(H&E × 200)
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a c
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Fig. 59.3 Aortic media infiltrated by neutrophils—(a) 
H&E × 250) and (b) H&E × 400; (c) Superimposed 
thrombus T over an intimal plaque that is heavily infil-

trated by neutrophils (H&E × 250); (d) Thrombus over the 
plaque, which is rich in foam cells (H&E × 400)

some areas, there appeared to be an active migra-
tion of foam cells into the adventitia to form small 
clusters (Fig. 59.2d). Similar features were seen in 
the aortic atheromatous plaques (Fig. 59.3a, b) with 
a thin layer of superimposed thrombi seen focally 
(Fig. 59.3c, d). The non-atherosclerotic regions of 
the aorta did not show such features. Few thrombo-
emboli were seen in some of the intrapulmonary 
arteries; no bronchopneumonia, abscess, or hyaline 
membranes were identified. The kidneys revealed 
focal cortical necrosis with accompanying papil-
lary necrosis. The sinusoids of the liver and spleen 
were infiltrated by neutrophils.

Cause of Death: Septicemia and acute coro-
nary insufficiency.

59.3  Discussion

This case presentation highlights the exclusive 
accumulation of neutrophils within the coronary 
and aortic atherosclerotic plaques in a setting of 

septicemia. Atherosclerosis, primarily an intimal 
disease of the arteries of all sizes, is considered as 
a chronic inflammation that occurs in response to 
multifactorial endothelial injury. The process 
begins independent of race, gender, or environ-
mental factors due to physiological hemody-
namic stress, which explains its presence at 
certain anatomic sites such as the dependent por-
tions of the body and at sites of natural eddy cur-
rents or arterial tortuosity. However, the 
age-related progression of these preclinical 
lesions and/or formation of fresh lesions at other 
sites, with accumulation of intracellular/extracel-
lular lipid and collagenic/noncollagenic matrix, 
is related to the presence of risk factors.

The chief conductor of the atherosclerotic 
orchestra is undoubtedly the macrophage. 
Endothelial damage and dysfunction induced by 
shear forces, hyperlipidemia, pro-inflammatory 
cytokines, and even chronic stress facilitate the 
adhesion of circulating monocytes with subse-
quent transmigration and intimal accumulation as 
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foam cells. In the later stages, they contribute to 
the formation of the necrotic core, and through 
release of variety of molecules, lead to plaque 
destabilization. In the recent years, neutrophils—
the first line of defense in infections, have also 
been shown to play an unobtrusive role (owing to 
their short life span) in the initiation, build-up, 
and complications of the atherosclerotic plaque. 
In general, there is an increase in the neutrophil 
count in response to the metabolic alterations 
associated with atherosclerosis, particularly 
hyperglycemia and dyslipidemia. The endothe-
lial injury and activation of platelets recruit the 
neutrophils and potentiate the entry of the cells 
into the arterial wall with enhanced expression of 
the cytokines and adhesion molecules. During 
the phases of activation, transmigration, and tis-
sue infiltration, there is release of various pro-
teins and enzymes present within the azurophilic, 
specific, and tertiary granules, which play an 
important role in macrophage activation, plaque 
destabilization, and erosions of the fibrous caps. 
Another important mechanism that triggers the 
aforementioned phenomena is disintegration of 
the neutrophils and formation of neutrophil extra-
cellular traps, which are aggregated complexes of 
DNA, histones, and several components of the 
neutrophil granules. In this case, there was an 

extraordinary degree of neutrophils within the 
plaques with abundant nuclear debris. There also 
appeared to be a “second wave” of macrophage 
migration and accumulation, which was focally 
seen to breach the media and extend into the 
adventitia. We feel that these findings could be 
related to circulating microbial endotoxins, 
which are known to affect the plaque stability in 
experimental studies.
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60Acute Aortic Dissection

Pradeep Vaideeswar, Girish Sabnis, 
Charan Lanjewar, and Sarit Kundu

60.1  Clinical History

A 55-year-old male was brought to the casualty 
with acute retro-sternal excruciating chest pain 
(radiating to medial aspect of left arm and back) 
and acute shortness of breath since 1 h. He was a 
chronic smoker and alcoholic. There was no his-
tory of hypertension or diabetes mellitus. The 
patient was diaphoretic with a pulse rate of 110 
per minute, blood pressure of 108/90 mmHg, and 
respiratory rate of 24 per minute; he was hemo-
dynamically stable. Since the ECG was sugges-
tive of acute inferior wall myocardial infarction, 
it was decided to take up the patient for primary 
angioplasty. The baseline investigations were 
normal. He was given a loading dose of aspirin 
and clopidogrel and was shifted to the cardiac 

catheterization laboratory. About 20 min later, he 
developed excruciating pain in the right lower 
limb. Stenting of the left coronary was performed; 
however, his condition deteriorated and could be 
revived despite inotropic support.

60.2  Autopsy Findings

The moderately enlarged heart was kept with the 
entire aorta. The ascending aorta was larger than 
the pulmonary artery. Adventitial hemorrhage 
and a “crackling” consistency were present over 
the ascending aorta. The hemorrhage also 
extended into the adventitia of the pulmonary 
trunk and the anterior right and left atrio- 
ventricular grooves. These changes on the exter-
nal aspect were produced by an acute aortic 
dissection (AAD), involving the entire aorta 
(Stanford type I), affecting the greater curvature 
of the descending aorta. There was a transverse 
intimal tear (Fig.  60.1a), 4  cm in length in the 
ascending segment, 3.2 cm above the aortic annu-
lus. The aortic valve was devoid of any congeni-
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a b

Fig. 60.1 (a) A transverse tear (white arrow) is seen in 
the intima of the ascending aorta AA, well above the sinu-
tubular junction with presence of hemorrhage in the wall. 
* represents the ostium of the left main coronary artery 
LMCA, not visible in the image; (b) An additional cut 

reveals the presence of a stent (black arrow) in the false 
lumen of the dissected LMCA (AML anterior mitral leaf-
let, LCC left coronary cusp, LV left ventricle, RCA right 
coronary artery, RCC right coronary cusp, NCC coronary 
cusp)

tal anomalies. The ostium of the left coronary 
artery was narrowed and a stent was seen to be 
deployed into the false channel of the artery 
(Figs.  60.1b and 60.2a–c). The right coronary 
artery was surrounded by hemorrhagic epicardial 
fat (Fig.  60.1a); there was no dissection. There 
was extension of the dissection into the right bra-
chiocephalic artery (0.8 cm), left common carotid 

artery (1.6 cm, Fig. 60.1a), left subclavian artery 
(1 cm), and also into the common iliac arteries. 
Features of acute myocardial infarction and aor-
topathy were not seen. There were pulmonary 
edema and smoking-related respiratory 
bronchiolitis.

Cause of Death: Acute myocardial ischemia 
following AAD.
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Fig. 60.2 Dissection seen in (a) the cut surface of the left 
anterior descending artery; (b) scanned H&E stained sec-
tion, and (c) low power (H&E × 100) of the artery. Note 
eccentric non-critical plaque atheromatous plaque and 

slit-like true lumen; (d) the right coronary artery is sur-
rounded by hemorrhagic epicardial fat; dissection of the 
left common carotid artery as seen in (e) serial slices and 
(f) scanned H&E stained section. * is in the false channel

60.3  Discussion

The differential diagnoses of acute severe chest 
pain in adults must include acute aortic syndrome 
(AAS) in addition to the more common acute 
coronary syndromes (see Chaps. 24–27) and pul-
monary thrombo-embolism (see Chap. 68). AAS 
is a well-established term that includes 3 uncom-
mon (3.5–6.0 per 100,000 patients/year), but dev-
astating aortic disorders of acute aortic dissection 

(AAD), penetrating atherosclerotic ulcer (see 
Chap. 58), and intra-mural hematoma. The com-
mon binding factor for these lesions is the clini-
cal presentation of aortic pain (with or without 
radiation), pulse deficits, blood pressure varia-
tions, and/or end-organ ischemia; the pain is 
caused by disruption of the media that develops 
often due to long-standing alterations in the aor-
tic wall. In this instance, AAS was initiated by a 
transverse almost circumferential intimal tear in 
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the ascending aorta, which allowed the “high 
pressure” blood to enter and split the aortic media 
at the junction of its inner two-thirds and outer 
one-third. This is the defining feature of classic 
aortic dissection (AD) that is responsible for 
85–95% of cases of AASs. It results in the forma-
tion of double-barreled aorta with its true lumen 
and a false channel within the wall; the latter may 
propagate within the wall for a variable distance 
taking an anterograde (most commonly) or a ret-
rograde course. The propagation may re-enter the 
true lumen through another tear (intimal re-entry 
or exit tear) or may result in aortic rupture. With 
reference to the duration of symptoms, the ADs 
are hyper-acute (less than 24 h, as in the present 
case), acute (within 1  week), sub-acute 
(8–30 days), and chronic (for more than a month).

The estimated worldwide incidence of AAD is 
around 4.8 per 100,000 individuals per year, which 
may increase up to 30 in persons above the age of 
65  years. However, the true incidence remains 
unknown as some cases would have had sudden 
cardiac death and may not have been necessarily 
autopsied. It occurs more often in males and has a 
chrono-biologic rhythm pattern with its more fre-
quent occurrence during winter, in the early hours 
of the morning, and on Mondays! Conditions that 
increase the wall stress or induce abnormalities of 
the aortic media are the main causes of non-trau-
matic and non-iatrogenic AAD.  Hypertension 
(often poorly controlled) is the major risk factor, 
seen in almost two-thirds of the patients with 
AAD; other factors include syndromic/non-syn-
dromic genetic abnormalities, congenital aortic 
valvular abnormalities (see Chaps. 13 and 14), 
inflammatory diseases, smoking, and drugs like 
cocaine or amphetamines. In the non- inflammatory 
conditions, there are very often moderate to severe 
alterations in the aortic media (aortopathy, see 
Chap. 61) that permits the catastrophic disruption.

Aortic dissection is classified according to the 
extent of involvement. In the Stanford system, 
presence and absence of dissection of the ascend-
ing aorta constitute Type A and Type B  dissections, 
respectively. Type A AAD is more frequent (60–
70%, incidence rate of 1–3 per 100,000 individu-
als per year) and affects younger individuals, 
while Type B AAD has a rate of occurrence of 1.6 

per 100,000 individuals per year, affecting the 
elderly hypertensive patients. The other classifica-
tion was devised by DeBakey Type I where there 
is dissection of the ascending aorta with variable 
extension into the remaining segments; Type II 
with dissection limited to the ascending aorta; and 
Type III where there is involvement of the 
descending aorta distal to origin of the left subcla-
vian artery with dissection in the thoracic (Type 
IIIa) or thoraco-abdominal (Type IIIb) segments. 
In the case presented, there was dissection of the 
entire aorta (Stanford Type A or DeBakey Type I). 
Our patient did not have hypertension. The only 
risk factor was smoking, and despite such exten-
sive involvement, there were hardly any medial 
changes seen on histology. There was large inti-
mal tear in the ascending aorta, which is seen in 
65% cases of AAD. Such tears are located in the 
right lateral wall within 3 cm of the sinutubular 
junction. Tears in the descending aorta are present 
in close proximity to the ligamentum arteriosum 
(20% of the cases). Both areas are sites of greatest 
hydraulic stress. Arch (10%) and distal portions 
of the descending aorta (5%) are the less common 
sites for such tears.

Acute chest pain, which has been variously 
described as instantaneous, severe, sharp, stab-
bing, tearing, ripping, or lancinating (aortic pain) 
is the most common mode of presentation seen in 
almost 80–90% of the patients. Radiation of the 
pain to the neck indicates involvement of the 
ascending aorta, while radiation to the back or 
abdomen is suggestive of dissection in the 
descending aorta. But sometimes, the pain may be 
absent. Since the blood pressure in the false chan-
nel is high and constant, there is dynamic or static 
compression of the true lumen leading to malper-
fusion of the aortic branches, resulting in end-
organ ischemia or infarction. This results in a 
variety of non-cardiac symptoms and signs. The 
cardiac complications include aortic insufficiency, 
myocardial dysfunction, and hemopericardium 
due to rupture within the pericardial cavity. There 
can also be an extravasation of blood onto the pul-
monary arterial adventitia (pulmonary sheath 
hematoma) or within the wall (intra-mural hema-
toma) or even fistulous connections with features 
of right ventricular failure.
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Our patient was an elderly male smoker at 
risk for atherosclerosis and had presented with 
typical angina and normal blood pressure. ECG 
also showed features of inferior wall myocar-
dial infarction. The ischemic myocardial dys-
function is seen in 1–2% of patients with AAD 
and is caused by an extension of the dissection 
into the coronary artery or an ostial occlusion 
by the dissection flap, often affecting the right 
artery. Differentiating Stanford A AAD with 
coronary malperfusion from true ACS can be 
challenging and the misdiagnosis occurs to an 
extent of 40% in the emergency room. It is 
important to note that AAD is the most cata-
strophic event associated with a high early mor-
tality rate of 1–2% per hour within the first few 
hours. Besides, misdiagnosis may lead to inap-
propriate administration of anticoagulant/
thrombolytic therapy or even interventions, as 
seen in this patient. The only clue of AAD was 
the excruciating pain in the lower limb that 
manifested during per-cutaneous coronary 
intervention suggesting passage of catheter into 
the false lumen. This case demonstrates that 
AAD should always be considered as a differ-
ential diagnosis in patients presenting with 
acute chest pain. It is imperative to carefully 
evaluate clinical history (especially history of 
hypertension), chest pain characteristics, and 
risk factors in patients presenting with ST seg-
ment elevation. It must be a matter of habit to 
check the arterial pulses and blood pressure in 
all four limbs for possible difference. D-dimer 
level over 1600  ng/mL within the first 6  h of 
presentation favors aortic dissection and may 
be a useful tool in differentiating it from ACSs. 
Rapid identification and categorization of AAD 

are aided by imaging as the therapy and out-
come relies on multi- disciplinary approach for 
the use of medical therapy and surgical and/or 
endo-vascular interventions.

Further Reading

Bossone E, Eagle KA. Epidemiology and management of 
aortic disease: aortic aneurysms and acute aortic syn-
dromes. Nat Rev Cardiol. 2021;18:331–48.

Gouveia E, Melo R, Mourão M, Caldeira D, Alves M, 
Lopes A, Duarte A, et  al. A systematic review and 
meta-analysis of the Incidence of acute aortic dis-
sections in population-based studies. J Vasc Surg. 
2022;75(2):709–20.

Grewal N, Velders BJJ, Gittenberger-de Groot AC, 
Poelmann R, Klautz RJM, Van Brakel TJ, et al. A sys-
tematic histopathologic evaluation of Type-A aortic 
dissections implies a uniform multiple-hit causation. 
J Cardiovasc Dev Dis. 2021;8:12.

Joannaa G, Felix S, Arnold VE. Acute aortic dissection: 
pathogenesis, risk factors and diagnosis. Swiss Med 
Wkly. 2017;147:w14489.

Morello F, Santoro M, Fargion AT, Grifoni S, Nazerian 
P.  Diagnosis and management of acute aortic syn-
dromes in the emergency department. Intern Emerg 
Med. 2021;16:171–81.

Noda K, Inoue Y, Matsuo J, Yokawa K, Uehara K, 
Sasaki H, et  al. Type A aortic dissection with left 
coronary malperfusion. Gen Thorac Cardiovasc 
Surg. 2021;70(2):178–80. https://doi.org/10.1007/
s11748- 021- 01728- 9.

Rogers RK, Reece TB, Bonaca MP, Hess CN. Acute aor-
tic syndromes. Cardiol Clin. 2021;39:495–503.

Sayed A, Munir M, Bahbah EI. Aortic dissection: a review 
of the pathophysiology, management and prospective 
advances. Curr Cardiol Rev. 2021;17:e230421186875.

Sherk WM, Khaja MS, Williams DM. Anatomy, pathol-
ogy, and classification of aortic dissection. Tech Vasc 
Interv Radiol. 2021;24:100746.

Yadav R, Mughal H, Rimmer L, Bashir M. From ER to 
OR-Type A aortic dissection delay dilemma. J Card 
Surg. 2021;36:1056–61.

60 Acute Aortic Dissection

https://doi.org/10.1007/s11748-021-01728-9
https://doi.org/10.1007/s11748-021-01728-9


333

61Ascending Aortic Aneurysm

Pradeep Vaideeswar

61.1  Clinical History

A 27-year-old female was admitted in the 
Emergency Services Department in a gasping 
state, and despite resuscitative measures, she 
expired within 2 h. The pulse rate had been 96 per 
minute and the systolic blood pressure was 
90 mmHg. The clinical impression had been aor-
tic regurgitation (AR) as ejection systolic and 
diastolic murmurs had been heard. Progressive 
dyspnea, palpitation, and episodic left-sided 
chest pain had been present for the past 4 months.

61.2  Autopsy Findings

A complete autopsy was performed. The patient 
was averagely built. There was moderate enlarge-
ment of the heart (weight 570 g) with moderate 
enlargement of the ventricles and right atrium, 
and mild enlargement of the left atrium. Diffuse 
epicardial opacification was present. A remark-
able feature was the aneurismal dilatation (diam-
eter of 7.4 cm) restricted to the ascending aorta 
(AA). The arch and the descending aorta were of 
normal sizes. The opened out left ventricular out-

flow tract revealed mild dilatation of the aortic 
root with separation of the commissures. The aor-
tic valve had 3 semilunar cusps, which appeared 
slightly stretched and shortened accompanied by 
prominent central nodules and rolling of their free 
margins. This indicated the presence of chronic 
AR; the regurgitant jet had also produced a jet 
lesion in the subaortic region of the interventricu-
lar septum (Fig.  61.1). In sharp contrast to the 
mildly dilated aortic annulus, there was an aneu-
rismal dilatation of the AA that had a slippery 
consistency, rugose intimal thickening, and thick 
gelatinous wall. The aneurysm abruptly tapered 
towards the junction between AA and arch of 
aorta. Moderate dilatation of the left ventricular 
cavity with moderate hypertrophy and patent 
foramen ovale (PFO) were also present.

The histology of the AA showed severe 
changes of aortopathy (Fig. 61.2) in the form of 
extensive fragmentation and paucity of the elastic 
fibers, intralamellar/translamellar increase of 
basophilic ground substance, and focal loss as 
well as haphazard proliferation of smooth muscle 
cells. This was accompanied by diffuse moderate 
to marked fibrocellular intimal thickening. There 
was no dissection; rest of the aorta was normal. 
Similar changes were also present in the pulmo-
nary trunk. Apart from histomorphological fea-
tures of hypertrophy, the left ventricle also 
showed ischemia of the cardiomyocytes with 
focal increases in the interstitial connective tis-
sue. The other findings were chronic passive 
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venous congestion of the lungs/liver and conges-
tive splenomegaly.

Cause of Death: Severe aortopathy, AA aneu-
rysm, and AR.

61.3  Discussion

A large aneurysm exclusively restricted to the 
AA, unrelated to atherosclerosis or inflammation, 
was found at autopsy in a young woman. The 
underlying cause was an extensive “degenera-
tion” of the aortic tunica media. Aneurysms, 
defined as localized arterial dilatation that 
exceeds 50% of the normal diameter at that site, 
can affect both the thoracic and abdominal seg-
ments of the aorta (usually diameter of more than 
3  cm). The thoracic portion includes the aortic 
root, and ascending, transverse, and descending 
thoracic components. Since these segments differ 
in their embryological developments (neural 
crest/second heart field derivation for the aortic 

Fig. 61.1 Opened left ventricular LV outflow tract with 
dilated aortic annulus and jet lesion of aortic regurgitation 
(arrow). The ascending aorta AA is aneurismal with thick 
gelatinous walls (AV aortic valve, MV mitral valve)

a c

db

Fig. 61.2 Features of aortopathy—(a) Thickening of the 
wall due to increased basophilic ground substance and 
collagenization (H&E × 200); (b) The basophilic ground 
substance separates the elastic fibers and smooth muscle 
cells (H&E × 400); (c) There is paucity of elastic fibers 

with short stumps and fragmentation. Note accompanying 
collagenization (Elastic van Gieson × 400); (d) Irregular, 
nodular proliferation of the smooth muscle fibers (H&E × 
400)
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root, ascending aorta and arch of aorta, para-axial 
mesoderm for the descending aorta), there are 
striking differences in the mechanisms of aneu-
rismal dilatations. The abdominal aortic aneu-
rysms are more frequent and develop mostly in 
elderly individuals with prevailing cardiovascu-
lar risk factors; they are commonly located in the 
infrarenal region. However, thoracic aortic aneu-
rysms (TAAs) are uncommon with an estimated 
incidence of 6–10 cases per 100,000 per year. 
The patients are younger and lack the traditional 
risk factors, and moreover, the pathogenesis is 
related usually to inherited alterations of the aor-
tic media.

In general, the aortic media is composed of 
circumferentially arranged fenestrated elastic 
laminae, which enclose similarly arranged vascu-
lar smooth muscle cells and these are organized 
within a complex of mucopolysaccharides and 
collagen. This arrangement constitutes the lamel-
lar unit (approximately 11 μm thick). Expectedly 
larger number of lamellar units and thicker media 
are seen in the thoracic aortic segments to with-
stand, accommodate, and transmit the pressure 
during left ventricular systole. The mechanical 
stimuli are transmitted from the endothelial cells 
to the smooth muscle cells by biochemical sig-
nals with subsequent cellular and noncellular 
modifications directed towards integrity and opti-
mal function of the media. The ordered structure 
and function is perturbed by a range of mutations 
in genes that encode the extracellular matrix 
components, contractile proteins of the smooth 
myocytes, and proteins in the signalling path-
ways. These disturbances trigger a transition of 
the vascular smooth muscle from a “contractile” 
phenotype to a “synthetic” cell along with an 
upregulation of the proteolytic enzymes and/or 
downregulation of their inhibitors. It results in a 
constellation of changes, designated as ‘aortopa-
thy’, which includes the eye-catching mucoid 
extracellular matrix accumulation (MEMA, pre-
viously called as cystic medionecrosis of 
Erdheim), elastic fiber fragmentation, loss, thin-
ning and/or disorganization, loss of smooth mus-
cle nuclei, smooth muscle disorganization, 
laminar collapse, and fibrosis. These features can 

be individually and subjectively graded with a 
final summation of the overall medial degenera-
tion as mild, moderate, or severe. The effect man-
ifests as aneurysms and/or aortic dissections (See 
Chap. 60)

Severe aortopathy (affecting more than 10 
lamellar units), particularly involving the AA, 
was seen in our patient. These medial changes in 
young patients result from heritable disorders 
that are classified as syndromic and non- 
syndromic, depending on the presence or absence 
of extracardiac organ involvement. The syn-
dromic variants include Turner’s syndrome and 
connective tissue disorders like Marfan, Loeys- 
Dietz, and vascular Ehlers-Danlos syndromes. 
The non-syndromic forms may be familial (auto-
somal dominant) or sporadic (including the 
bicuspid aortic valve, See Chap. 13). Up to 80% 
of the cases are sporadic in nature. In this case, 
features of Turner’s syndrome or other connec-
tive tissue disorders were not seen. The aortic 
valve had 3 cusps. Apart from the PFO, there 
were no other structural congenital anomalies. A 
family history could not be elicited. Genetic anal-
yses could not be also performed due to lack of 
facilities.

Majority of the TAAs occur in the aortic root 
or AA (60%), followed by the descending tho-
racic aorta (30%) and arch of aorta (10%); in 
some patients, more than one component may be 
affected. The cellular modulation and maladap-
tive remodelling of the matrix produce a pear- 
shaped or fusiform dilatation of the wall; 
saccular morphology is not the usual feature. 
Following dilatation, with reference to the 
Laplace’s law, there is increase in the wall stress, 
exacerbating the medial abnormalities and fur-
ther dilatation, setting up a vicious circle. 
Unfortunately, despite the aneurysm, 95% 
remain asymptomatic since the dilatation is 
slow-paced (about 0.1 cm per year). The remain-
ing patients develop symptoms related to AR or 
compression of the adjoining structures. Such 
symptomatic aneurysms should undergo evalua-
tion by imaging techniques for surgical repair to 
prevent the most ominous complications of rup-
ture, aortic dissection, or sudden death. The risk 
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of these complications is 6.5% and 14.1% for 
TAAs with diameters greater than 5.0  cm and 
6.0  cm, respectively. The aneurysm in this 
deceased was 7.4  cm and was associated with 
myocardial ischemia. A diameter of 5.5  cm or 
more entails a prophylactic surgical excision in 
asymptomatic individuals. Since ruptures or dis-
sections can occur with a lesser diameter, the 
aortic dimensions could be correlated with loca-
tion, etiology, other risk factors, and other per-
sonalized parameters like age, sex, height, body 
size, and lifestyle.
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62Long-Segment Aortic Thrombosis 
with Myoglobinuria and Acute 
Renal Failure

Pradeep Vaideeswar and Balaji Baste

62.1  Clinical History

A 42-year-old male was referred from a rural health 
center for complaints of backache, inability to 
stand, and incontinence of bowel and bladder for 
the past 2 days. There was no history of fever or 
trauma. On examination, the general condition was 
fair. The patient was conscious and well-oriented to 
time and space. The pulse rate was 90 per minute 
and the blood pressure was 148/80 mmHg. There 
was bilateral lower limb hypotonia with absent 
knee and ankle reflexes. The investigations were as 
follows: hemoglobin 15 g/dL, total leukocyte count 
30,800/cmm (Neutrophil predominant—86%), 
platelet count 2 lakhs/cmm, blood glucose 171 mg/
dL, blood urea nitrogen 51  mg/dL, creatinine 
4.3  mg/dL, serum aspartate aminotransferase 
585  U/L, serum alanine aminotransferase 
1945  U/L, alkaline phosphatase 236  U/L, serum 
electrolytes—sodium 135  mEq/L, potassium 
5  mEq/L, and chloride 96  mEq/L.  The clinical 
diagnosis was paraparesis and acute renal failure of 
uncertain etiology. The patient had a rapid deterio-
ration and expired within 45 min of his admission.

62.2  Autopsy Findings

The heart was mildly enlarged in size with a 
weight of 330 g. There was mild enlargement of 
both the ventricles. The transverse section 
through both ventricles showed the presence of 
mild concentric left ventricular hypertrophy 
along with yellowish-white to yellowish-brown 
mural thrombi in the ventricular cavities 
(Fig.  62.1a). The right coronary artery had a 
dominant distribution. The left anterior descend-
ing artery, right from its origin for a length of 
2  cm, showed critical stenosis by a fibro-fatty 
plaque (Fig. 62.1b).

The ascending, transverse, and proximal 14 cm 
of the descending thoracic aortic segments were 
normal. The remaining portion of the distal tho-
racic segment and the entire abdominal portion 
were occluded by a fresh thrombus (Fig. 62.2a). 
The thrombus extended into the bifurcation and 
both the common iliac arteries; the right branch 
was occluded in its entire length (Fig.  62.2b). 
Surprisingly, the underlying aorta/arteries revealed 
only uncomplicated atherosclerotic plaques 
(Fig. 62.2c). The acute renal failure was related to 
extensive myoglobinuria with formation of large 
numbers of myoglobin casts (Fig.  62.3), which 
would have been related to ischemic rhabdomyol-
ysis occurring in his lower limbs.

Cause of Death: Myoglobinuria and acute 
renal failure.
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a

b

Fig. 62.1 (a) Mural thrombi T seen in both ventricles. 
There is mild left ventricular LV hypertrophy (A anterior 
wall, IVS interventricular septum, L lateral wall, P poste-

rior wall, RV right ventricle); (b) Critical stenosis of the 
left anterior descending artery by fibro-fatty eccentric 
plaque
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a b c

Fig. 62.2 (a) Occlusive thrombus in the distal descend-
ing thoracic and entire abdominal aorta; (b) The thrombus 
extends up to the bifurcation and involves the right com-

mon iliac artery RCIA (LCIA left common iliac artery); 
(c) Fresh thrombus is adherent to a fibrous intimal I 
plaque. The media M is normal

a c

b

Fig. 62.3 Many of the tubules are filled with reddish brown material—myoglobin, (a) H&E × 200 and (b) H&E × 400. 
(c) The myoglobin casts appear bright red (Masson Trichrome × 200)
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62.3  Discussion

Thrombogenicity stems from one or more of the 
causal factors involved in the Virchow’s triad of 
endothelial injury, blood flow stasis, and hyper-
coagulability. The prevailing view is that venous 
and arterial thromboses are 2 distinct pathophysi-
ological entities. Venous thrombosis is more 
common and has been related more to an activa-
tion of the clotting system often in a setting of 
stasis. Arterial thrombosis, on the other hand, has 
been most often associated with platelet activa-
tion, inflammation, and lipid interplay. Hence, 
most arterial thrombi develop as a sequel to ero-
sion or rupture of an underlying atherosclerotic 
plaque. Besides, the arterial occlusion or obstruc-
tion can be a manifestation of embolization from 
intracardiac thrombi or thrombi from an athero-
sclerotic or aneurysmal aorta. Mural thrombi that 
form in the aorta in the absence of significant 
atherosclerosis or aneurysmal disease are uncom-
mon with an autopsy incidence of 0.45%. In the 
case depicted too, there was no aneurysm and the 
atherosclerosis was minimal. The thrombus in 
the left ventricle also did not appear to be a likely 
source such as of an extensive long-segment aor-
tic involvement and occlusion.

The non-atherosclerotic and non-aneurysmal 
aortic thrombosis in some instances are truly idio-
pathic or primary, but in other cases are associated 
with traditional risk factors (smoking, hyperten-
sion, diabetes mellitus, and dyslipidemia) and 
other infrequent hypercoagulable states such as 
thrombocytosis, polycythemia, collagen vascular 
disorders, antiphospholipid antibody syndrome, 
deficiencies of proteins C and S, cancers, use of 
oral contraceptives, steroid therapy, and drug 
abuse. Our patient also had biventricular mural 
thrombi, unassociated with ischemic or nonisch-
emic myocardial pathology. He also had promi-
nent coronary atherosclerosis, but unfortunately, 
the patient was not thoroughly investigated for 
traditional risk factors or other conditions that 
could have induced hypercoagulability. Besides, 
there were no signs of denudation of the athero-
sclerotic plaques, a phenomenon identified on his-
tology of the excised aortic segments and which 
cannot be observed on imaging studies.

The clinical presentation depends on the loca-
tion of the aortic thrombus and they are classified 
as Type I (ascending aorta and arch), Type II 
(descending aorta), Type III (suprarenal abdomi-
nal aorta), and Type IV (infrarenal abdominal 
aorta up to the bifurcation or beyond). The throm-
bus can be sessile or pedunculated and mural or 
occlusive. Most of the cases have involvement of 
the abdominal aorta and present with visceral or 
lower limb ischemia. Prompt recognition of these 
lesions by appropriate imaging techniques is 
important. Apart from anticoagulation, some 
patients would require endovascular intervention 
or even aortotomy and thrombectomy. Search for 
the underlying cause through laboratory studies 
is also important to prevent future catastrophe.

In the present case, there was involvement of 
the thoracoabdominal aorta with extension into 
the common iliac arteries (Leriche’s syndrome) 
with lower limb weakness, which was miscon-
strued as paraparesis. The cause of the weakness 
was related to ischemic injury of the muscles of 
the lower limbs resulting in rhabdomyolysis. The 
duration of ischemia determines the degree of 
muscle damage; necroses sets from 2 to 6 h. Loss 
of about 100 g of skeletal muscle is sufficient to 
produce a classic triad of symptoms (not seen in 
all patients) of myalgia, muscle weakness, and 
passage of cola-colored urine. Apart from various 
intracellular metabolites and proteins (especially 
creatine phosphokinase), an important compo-
nent that is released from injured muscle fibers is 
myoglobin, which is responsible for the discol-
ored urine. Release of excessive amounts of myo-
globin overwhelms the binding capacity of 
certain plasma proteins like haptoglobin and 
myoglobin is filtered through the glomeruli. 
However, myoglobin is toxic and leads to acute 
tubular damage with deposits of myoglobin casts 
(in combination with Tamm-Horsfall protein), as 
seen in this case. The cast formation is enhanced 
under an acidic environment. The tubular damage 
and obstructive casts with other factors such as 
arteriolar vasoconstriction and disseminated 
intravascular coagulation result in acute renal 
failure seen in 3–33% of the patients with rhab-
domyolysis (clinically severe). Histopathological 
features of cardiac, pulmonary, or hepatic 
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involvement were not present. This myorenal 
syndrome is life-threatening (cause of death in 
this case) and entails renal replacement therapy.
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63Childhood Takayasu’s Arteritis

Pradeep Vaideeswar

63.1  Clinical History

An 8-year-old male had several admissions to 
private hospitals from December onwards for 
high-grade fever associated with chills with a 
temporary response to symptomatic medication. 
He was admitted to our tertiary-care center with 
high-grade fever, neck rigidity, and mediastinal/
axillary lymphadenopathy (fine-needle aspira-
tion and biopsy reports of reactive lymphadeni-
tis) in the month of May in the following year. 
He was discharged on antibiotics after 26  days. 
After 41 days, he was again admitted to our cen-
ter in the month of July for recurrence of fever. 
Investigations during this admission revealed 
hypertension (blood pressure of 160/100 mmHg), 
mild global dyskinesia (ejection fraction of 50%), 
circumferential thickening of the arch of aorta 
and its major branches, and high grade left renal 
ostial stenosis. He was diagnosed with Takayasu’s 
arteritis (TA) disease and discharged after a 9-day 
ward stay on anti-hypertensives and steroids. 
Unfortunately, he was admitted again in our cen-
ter for the third time in the month of August (after 
32 days) for decreased appetite, backache, abdom-
inal pain, and vomiting. There were no visual or 
neurological complaints. On examination, he was 

conscious and afebrile with a heart rate of 102 
per minute, respiratory rate of 38/min, and blood 
pressure of 110/74 mmHg. There was severe pal-
lor and grade 2 clubbing; the left radial pulse was 
not palpable. Chest examination revealed a hyper-
dynamic apex and early systolic murmur. Other 
systemic examinations were normal. Apart from 
anemia (hemoglobin 6.8 g/dL), raised erythrocyte 
sedimentation rate (60 mm after 1 h), and elevated 
C-reactive protein (123  mg/L), rest of routine 
hematological/biochemical tests were normal. 
With the diagnosis of Takayasu disease, he was 
treated with antibiotics, anti-hypertensives, ste-
roids, antituberculous drugs, packed red cells, 
and intravenous fluids. On day 2 of admission, he 
expired following a sudden-onset chest pain with 
hemodynamic collapse.

63.2  Autopsy Findings

The heart was kept with the aorta (180 g). The 
heart (Fig. 63.1a) was markedly enlarged in size 
with diffuse moderate thickening of the visceral 
epicardium. The apex was pointing to the left, 
slightly rounded and formed by both ventricles. 
There was moderate enlargement of the left ven-
tricle and mild enlargement of the right ventricle. 
The great arteries had a normal relationship, but 
the aorta was almost twice the size of pulmonary 
trunk (Fig. 63.1a). The ascending, transverse, and 
the 9.0 cm of the descending portions of the aorta 
were dilated and slightly tortuous (Fig. 63.1a).
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a b

Fig. 63.1 (a) Moderate cardiomegaly with rounding of 
the apex and moderately enlarged left ventricle LV. Most 
of the thoracic portions of the aorta appear dilated, tortu-
ous, and rigid; (b) The intertrabecular spaces of the hyper-

trophied LV are filled with fresh, friable thrombi (arrow). 
The myocardium appeared pale brown (AA ascending 
aorta, DTA descending thoracic aorta, PT pulmonary 
trunk, RV right ventricle)

a b

Fig. 63.2 (a) and (b) show the bisected halves of the 
heart. There is extreme thickening of the walls of the 
entire aorta, except for the distal portion of the descending 
thoracic aorta DTA (white arrow). Glistening plaques 

(black arrows) are prominently seen at the sinutubular 
junction obscuring the coronary ostia (AA ascending 
aorta, LV left ventricle, RV right ventricle)

The heart was longitudinally bisected. The left 
ventricle was moderately dilated with a pale- 
yellowish discoloration of the myocardium and 
the presence of multiple friable pale brown mural 
thrombi seen in the anterolateral free walls in the 

intertrabecular spaces (Fig.  63.1b). Glistening 
gray-white plaques were present around both the 
coronary ostia (Fig. 63.2). Except for the distal 
1.5 cm of the descending thoracic aorta that was 
normal, the rest of the thoracic aortic segments 
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had an extremely firm consistency with marked 
pale yellow to grey-white thickening of their 
walls (Fig. 63.2). Similarly, the right brachioce-
phalic artery (1.0  cm), right common carotid 
artery (2.0 cm), right subclavian artery (1.0 cm), 
left common carotid artery (4.0 cm), and the left 
subclavian artery (1.0  cm) appeared enlarged, 
rigid with extreme grey-white thickening of their 
walls (Fig. 63.3a). The thickened descending tho-
racic aorta (Fig. 63.3b) had a short distal normal 
segment before its continuation of the abdominal 
aorta (Fig. 63.3c), which was thickened and nar-
rowed for a length of 4.5  cm. The thickening 
stopped abruptly at the origin of the inferior mes-
enteric artery. The intima showed glistening 

plaques as well as multiple granular pale yellow 
to red brown thrombi (Fig. 63.3c) that simulated 
granular bacterial colonies on agar plates. The 
celiac and renal arterial ostia were narrowed; 
thrombus occluded the ostium of the superior 
mesenteric artery (SMA, Fig. 63.3c).

The histology revealed active-on-chronic aor-
titis and arteritis (Fig. 63.4) of all the arch arter-
ies, right pulmonary artery, celiac, SMA, and 
bilateral renal arteries. Fresh thrombus over the 
intimal surface (Fig. 63.4a) and focal granuloma-
tous inflammation (Fig. 63.4b, c) were also pres-
ent. Ischemic changes in the myocardium in all 
the walls were seen (Fig.  63.5). Other organs 
were normal; there was no evidence of tuberculo-

a b c

Fig. 63.3 (a) Arch arteries and their branches showing 
varying degrees of wall thickening and luminal stenosis 
(LCCA left common carotid artery, LSA left subclavian 
artery, RBCA right brachiocephalic artery, RCCA right 
common carotid artery, RSA right subclavian artery); (b) 
Close-up of the descending thoracic aorta with wall thick-
ening and diffuse luminal narrowing; (c) Thickened wall 

of the abdominal aorta with narrowing of the visceral arte-
rial ostia. Thrombus also occludes the opening of the 
superior mesenteric artery (SMA). The aorta below the 
inferior mesenteric artery IMA abruptly transitions into 
normality. Mural thrombi are also present (CA celiac 
artery, LRA left renal artery, RRA right renal artery)
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a

b d

c e

Fig. 63.4 Pan-arteritis of Takayasu’s arteritis—(a) 
Intimal fibrocellular thickening and inflammation with 
overlying fresh fibrin thrombus (H&E × 250); (b) 
Destruction and inflammation of the media M. Note focal 
granulomatous inflammation (arrows) at the medioadven-
titial A junction (H&E × 250); (c) Clusters of giant cells 

and few lymphocytes splaying apart the smooth muscle 
and elastic fibers (H&E × 400); (d) Extensive adventitial 
fibrosis (H&E × 250); (e) Destruction of the elastic fibers 
and inflammation of the media M with adventitial A fibro-
sis (Elastic van Gieson × 250)

a b

Fig. 63.5 Myocardial ischemia indicated by the presence of contraction band necrosis—(a) H&E × 250 and (b) H&E 
× 400
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sis. Features of intestinal gangrene were also not 
present.

Cause of Death: Acute myocardial ischemia 
following coronary ostial stenosis in Takayasu 
arteritis (TA).

63.3  Discussion

Vasculitides represent a spectrum of diseases uni-
fied by the presence of inflammation and necro-
ses of one or more layers of the wall and exhibit 
diverse etiopathogenesis, organ involvement, and 
clinical presentation. The widely accepted clas-
sification of vasculitis utilizes the vascular size, 
categorizing them as large, medium, or small- 
sized vasculitis with an overlap of involvement 
seen in some cases. In the above case, there was 
involvement of most of the aortic segments with 
inflammation seen in all the layers along with 
variable inflammatory extension into many of its 
major branches; there were no identifiable micro-
organisms. This aortitis, therefore, serves as an 
example of noninfectious large-vessel vasculitis 
(LVV). The pattern of involvement and the 
accompanying inflammatory response was highly 
suggestive of TA, which largely occurs in woman 
in the reproductive age groups (male-to-female 
ratio of 1:8) with a prevalence of 1.2–2.6 per 
100,000 persons per year; it is more frequent in 
South-east Asian, and Indian subcontinents. 
About 30% of the cases occur in children (from 
infants to adolescents) where it forms the third 
common vasculitis (after Kawasaki disease and 
Henoch-Schonlein purpura) and the most com-
mon type of LVV.  The male-to-female ratio in 
childhood TA (c-TA) is 1:2.

The etiopathogenesis of TA has not been well- 
delineated. Cell-mediated and humoral immuno-
logical responses are triggered by unknown but 
possibly infectious antigen (particularly tubercu-
losis in this part of the world) in a background of 
genetic susceptibility. The latter involves the genes 
of the human leukocyte antigen-B loci and those 
that code certain inflammatory cytokines and/or 
their receptors/regulators. Though all the layers 
are affected in TA (pan-arteritis), the initial site of 

the autoimmune response is at the medioadventi-
tial junction, which then proceeds into 3 overlap-
ping stages. In the active stage, there is mononuclear 
infiltration composed of macrophages and 
T-lymphocytes with destruction at the outer-thirds 
of the media, often accompanied by a granuloma-
tous reaction, which was well seen in the current 
case. A characteristic finding is fragmentation of 
the elastic fibers and their phagocytosis (‘elasto-
phagia’). The chronic stage shows patchy inflam-
mation with medial fibrosis and vascularization 
with reactive intimal fibrocellular proliferation, 
accumulation of mucopolysaccharides, and super-
added mural thrombosis; there is frequently exu-
berant adventitial fibrosis with vasa vasora 
endarteritis. With healing, there is extensive fibro-
sis with or without calcification. Both active and 
chronic changes were observed in multiple aortic 
segments and their branches in this child.

The inflammatory aftermath manifests as 
luminal stenosis/occlusion and/or aneurysms. 
The site/s of involvement is utilized for the clas-
sification of TA—Type I (sole involvement of the 
aortic arch arteries), Type II (a: involvement of 
the ascending aorta, aortic arch, and its branches; 
b: involvement of the ascending aorta, aortic 
arch, and its branches, and descending thoracic 
aorta), Type III (involvement of the descending 
thoracic aorta, abdominal aorta, and/or renal 
arteries), type IV (involvement of the abdominal 
aorta and/or renal arteries), and type V (the com-
bined features of Types IIb and IV, which was 
present in our patient). There may be concomi-
tant affection of the coronary (denoted as C+) 
and/or pulmonary arteries (denoted as P+, See 
Chap. 73). Coronary osteitis was present; right 
pulmonary artery was affected.

The presentation in this pediatric patient high-
lights to a great extent the clinical manifestation 
(triphasic pattern) of TA.  The first phase is the 
systemic or nonvascular period where the patients 
chiefly develop constitutional symptoms and in 
children, they include headache, fever, shortness 
of breath, weight loss, vomiting, and musculo-
skeletal features. Herein, TA masqueraded as 
fever of unknown origin and these febrile epi-
sodes with accompanying lymphadenopathy had 
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resulted in frequent hospitalizations. In the vas-
culitic stage, the nonspecific symptoms are asso-
ciated with angiodynia or pain/tenderness over 
the vessels. It is known to be uncommon in c-TA 
and had not been noted in our case. But in a mat-
ter of few months, the disease had progressed to 
the late phase with ischemic organ dysfunction 
secondary to stenotic aortoarteriopathy and was 
also associated with constitutional symptoms. In 
many cases, however, diagnostic delay (4 times 
higher than adults with TA) can occur.

Organ-specific features are mainly related to 
the cardiovascular system, occurring in nearly 
85% of c-TA, followed by neurological (20%) 
and gastrointestinal (10%) features; visual distur-
bances and renal/pulmonary parenchymal fea-
tures are distinctly uncommon. Since there is a 
variation in the clinical expression of c-TA as 
compared to adults, the criteria for diagnosis 
adopted by the European League Against 
Rheumatism/Pediatric Rheumatology 
International Trials Organization/Pediatric 
Rheumatology European Society (EULAR/
PRINTO/PRES) include demonstrable angio-
graphic abnormalities with one of the 5 other fea-
tures, i.e., pulse deficit or claudication, blood 
pressure discrepancy in the 4 limbs, bruits over 
the major arteries, hypertension, and evidence of 
elevated acute phase reactants. Hypertension and 
absence of peripheral pulses are known to be 
common in c-TA.  Most of these features were 
evident in our case. Apart from features related to 
the cardiovascular symptoms, this child also had 
abdominal pain due to acute mesenteric isch-
emia. Though the SMA ostium was narrowed and 
there were mural thrombi in the abdominal aorta, 
small intestinal histopathology did not reveal 
ischemic changes. Most often, the mortality is 
related to cardiovascular complications in the 
form of myocarditis, myocardial ischemia or 
infarction, and aortic regurgitation, which can 
lead to heart failure. The cause of death in this 
case was myocardial ischemia related to coro-
nary ostial stenosis and this may have been 

responsible for left ventricular dysfunction and 
formation of thrombi. Apart from symptomatic 
therapy, the usual drug options include steroids 
or other immunosuppressants; other aggressive 
medical modalities include interleukin-6 or 
tumor necrosis factor inhibitors. Vascular steno-
sis or occlusions may also demand radiological 
or surgical interventions. It should be borne in 
mind that the disease in childhood is often pro-
gressive, despite therapy and/or may be refrac-
tory to therapy with repeated flares. In the 
scenario of the present case, we wonder if use of 
nonsteroidal immunosuppressives would have 
changed the outcome.
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64Takayasu’s Arteritis Manifesting 
as Intestinal Gangrene

Pradeep Vaideeswar

64.1  Clinical History

A 2-day history of severe colicky periumbilical 
non-radiating pain was the chief complaint in a 
23-year-old male and he was admitted in a nearby 
nursing home for the next 2  days. Within few 
hours of admission, he developed chest pain and 
increasing shortness of breath. Hypertension 
(210/110  mmHg) with atrial fibrillation was 
detected. The investigations that had been per-
formed in the nursing home are given in 
Table 64.1. He was given antiplatelet drugs, anti- 
hypertensives, and antiarrhythmic drugs and 
transferred to our tertiary care center. He was 
admitted in poor general condition. A high-risk 
consent for exploratory laparotomy was taken, 
but the patient could not be salvaged and expired 
within 10 h of admission.
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Table 64.1 Investigations

Hematological Hemoglobin 14.2 g/dL
Total leukocyte count 17,980/cmm
Platelet count 1.70 lakhs/cmm 
Differential count—Neutrophil 
predominant (77%)

Biochemical—
Routine

Serum creatinine 2.6 mg/dL
Blood urea nitrogen 37.2 mg/dL
Bilirubin 1.4 mg/dL (direct 0.5 mg/
dL)
Total protein 7.9 g/dL
Albumin 4.3 g/dL
Globulin 3.6 g/dL
Albumin/globulin ratio 1.2
SGOT 103 IU/L
SGPT 582.7 IU/L
Alkaline phosphatase 67.2 IU/L
Serum amylase 216 IU/L
Serum lipase 1092 IU/L
Sodium 135 mEq/L
Potassium 3.5 mEq/L
Chloride 97 mEq/L
CPK-MB 880 IU/L
Troponin (quantitative) >2000 ng/L

Radiological Ultrasonography: Bulky pancreas; 
absent flow in the superior 
mesenteric artery; fluid filled bowel 
loops with sluggish
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64.2  Autopsy Findings

The heart was moderately enlarged in size and 
weighed 340 g. There was moderate enlargement 
of the left ventricle (LV). The transverse sections 
through the ventricles revealed mild concentric 
hypertrophy with focal congestion in the anterior 
papillary muscles and in the basal posterior wall. 
A transmural pale area was seen in the apical 
one-third of the posterior wall (Fig.  64.1a). All 
the coronary arteries were narrowed due to con-
centric or eccentric grey-white to pale thickening 
of their walls (Fig. 64.1b–d); this had been pro-
duced mainly by intimal cellular proliferation. 
The media was normal. The posterior wall 
showed a fresh transmural infarction (Fig. 64.2).

The ascending aorta and the pulmonary 
trunk had a normal relationship with slight dila-

tation of the aorta. The right coronary ostium 
was surrounded by pinkish-grey to pale yellow 
intimal plaques. The arch of aorta was slightly 
rigid with calcified atherosclerotic plaques. All 
the proximal portions of the arch arteries were 
atherosclerotic with calcification and stenosis 
or thrombotic luminal occlusion (Fig.  64.3). 
The proximal descending thoracic aorta, 2 cm 
beyond the opening of the left subclavian artery 
(LSA), had 3 glistening intimal plaques, beyond 
which the segment appeared normal. There 
were 2 abrupt long- segment constrictions, 9 cm 
of the thoracoabdominal segment, and 7 cm of 
the infrarenal abdominal aorta. The wall was 
thickened and the lumen measured 0.9–1.2 cm. 
The affected segments were diffusely athero-
sclerotic with calcification (Fig.  64.4a). There 
was an aneurismal dilatation of the superior 

a

b c d

Fig. 64.1 (a) Transverse slices of the myocardium show-
ing congestion of the anterior papillary muscle (black 
arrow) and an area of transmural scarring (white arrow) of 
the posterior P wall (A anterior wall, IVS interventricular 

septum, L lateral wall, LV left ventricle, RV right ventri-
cle); Grey-white thickening of the walls with luminal nar-
rowing of (b) Right, (c) Left anterior descending, and (d) 
Left circumflex, arteries
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mesenteric artery for a length of 3  cm and a 
diameter of 0.9  cm with luminal thrombus 
(Fig. 64.4b). The left renal artery was narrowed 
due to concentric or eccentric grey-white to 
pale thickening of its walls with luminal throm-
bus; right renal artery was normal (Fig. 64.4b). 
All the affected segments revealed chronic or 
healed phases of Takayasu’s arteritis (TA, 
Fig. 64.5a, b). Most of the small intestine was 
gangrenous (Fig.  64.5c). There was also focal 
acute pancreatitis. The kidneys (left kidney 
65 g and right kidney 90 g) had superficial and 
deep scars, while the lungs showed extensive 
edema with multifocal hemorrhages.

Cause of Death: Acute myocardial infarction 
in a case of TA.

Fig. 64.2 An endocardium of normal thickness is seen 
with underlying band of myocytolyses with enlarged car-
diomyocytes and vacuolated cytoplasm. Below this is a 
large area of coagulative necrosis. There are hardly any 
neutrophils (H&E × 200)

Fig. 64.3 Varying 
degrees of involvement 
of the arch arteries and 
their branches. Severe 
changes were seen in the 
left common carotid 
artery (LCCA) with 
occlusive thrombus in 
the left external carotid 
artery (arrows). The 
right subclavian artery 
RSA was minimally 
affected (LSA left 
subclavian artery, RBCA 
right brachiocephalic 
artery, RCCA right 
common carotid artery)
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a b

Fig. 64.4 (a) Aortic wall showing plates of dystrophic 
calcification (H&E × 100); (b) The superior mesenteric 
artery SMA is aneurysmally dilated with thickened walls 

and luminal thrombus. Similar but less striking changes 
are seen in the non-dilated left renal artery LRA. The right 
renal artery RRA is normal

P. Vaideeswar



353

a b

c

Fig. 64.5 (a) Thrombus T is adherent to a markedly 
thickened intima I. There is medial M fibrosis with sepa-
ration of the smooth muscle bundles; (b) Adventitial A 

fibrosis with intense inflammatory cell infiltration; (c) 
Eviscerated viscera showing dusky appearance of the 
small intestinal loops (arrows)

64.3  Discussion

Multiorgan involvement (small intestinal gan-
grene, acute myocardial infarction, and acute 
pancreatitis) was noted clinically and at autopsy 

in this young male patient as manifestations of 
TA (See Chap. 63). It is the prototype of large-
vessel vasculitis, which tends to be more com-
mon in the Asian subcontinent and affects young 
women in the second and third decades of life. 
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The inflammation is immune-mediated resulting 
in a granulomatous response that sooner or later 
affects all the layers of the wall (panarteritis). 
The ongoing inflammation and its sequelae occur 
in a triphasic pattern (pre- pulseless, vasculitic, 
and chronic) with varied clinical presentations 
related to arterial stenosis, occlusion, or aneuris-
mal dilatation. In many patients, there is a diag-
nostic delay (median of almost 15 months) after 
the onset of symptoms, while some patients can 
remain asymptomatic.

TA has a predilection for the aorta and its 
major branches. The initial inflammatory nidus 
frequently occurs in the left subclavian artery, 
affecting the proximal or middle portions. In due 
course of time, different segments of the aorta 
are affected with or without associated pulmo-
nary or coronary arterial disease (the angio-
graphic classification, See Chap. 63) with 
variable geographic distribution. In the natural 
course of the disease, the constitutional and vas-
culitic symptoms are accompanied or replaced 
by vascular insufficiency due to insidiously 
developing stenotic/occlusive lesions (seen in 
over 90% of the individuals); aneurysms are 
seen in only 25% of the cases. The most com-
mon consequence is claudication of the limbs 
(not elicited in the history in this case) and reno-
vascular hypertension (noted in this patient). 
However, this patient presented with an uncom-
mon manifestation of mesenteric ischemia. 
Since inflammatory stenosis and in some cases 
even occlusion develops over time, a good col-
lateral circulation develops, which is particularly 
true for the mesenteric circulation. These patients 
present with nausea, vomiting, abdominal pain, 
or diarrhea that suggests chronic ischemia. Even 
more infrequent is the acute occlusion of one or 
more of the splanchnic arteries with gangrene of 
the intestines and a fulminant outcome. Chronic 

and/or healed arteritis with calcification and 
superadded atherosclerosis affecting the arch 
arteries (including the left subclavian artery), 
thoracoabdominal aorta, and the splanchnic 
arteries were observed at autopsy in this patient. 
In addition to the stenosing lesions seen in most 
areas, the SMA was aneurismally dilated with a 
thrombotic occlusion, which resulted in the isch-
emic catastrophe. Such an involvement would 
require resection of the affected loops of intes-
tine and revascularization of the aortoarterial 
segments, along with aggressive immunosup-
pressive therapy. Hence, acute abdominal pain in 
young patients needs a meticulous clinical evalu-
ation, particularly blood pressure in all 4 limbs 
and appropriate thoracoabdominal imaging stud-
ies. It also should be noted that on some occa-
sions, TA is also associated with inflammatory 
bowel syndromes. The vascular stenosis and 
ischemia also resulted in acute pancreatitis. The 
cause of death was, however, related to the car-
diovascular complication in the form of acute 
myocardial infarction.
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65Takayasu’s Arteritis Complicated 
by Chronic Aortic Dissection, False 
Channel Aneurysm, 
and Aorto- Esophageal Fistula

Pradeep Vaideeswar and Subhash Yadav

65.1  Clinical History

A 25-year-old male was admitted in the emer-
gency services department in a gasping state and 
expired within 2 h. He had about eight episodes 
of hematemesis for a day with a massive bout 
before admission. There had been a past history 
of chest pain off and on for 3 years, for which 
nonsteroidal anti-inflammatory drugs had been 
prescribed. No investigations had been per-
formed. A complete autopsy was performed.

65.2  Autopsy Findings

At autopsy, the heart was mildly enlarged in size 
(330 g) and showed mild concentric left ventricu-
lar hypertrophy. The right coronary artery had a 
dominant distribution; all epicardial coronary 
arteries showed mild glistening grey-white thick-
ening of their walls. The intima of the ascending 
aorta appeared a little rigid and thickened. The 

transverse aorta around the ostium of left subcla-
vian artery (LSA) showed intimal irregularity 
with radiating fissures. The entire right brachio-
cephalic artery, proximal 1.1 cm of right common 
carotid artery, proximal 0.8  cm of right subcla-
vian artery, and proximal 1.5 cm of LSA appeared 
markedly narrowed due to glistening translucent 
intimal fibrosis (Fig. 65.1), confirmed on micros-
copy; there was extensive medial destruction and 
very marked adventitial fibrosis.

The proximal dilated and scarred descend-
ing thoracic aorta (DTA), 3.8  cm beyond the 
origin of LSA, showed a Stanford type 2 (See 
Chap. 60) chronic dissection that continued till 
the bifurcation. The aorta was inadvertently 
opened through the false channel, which was 
aneurysmally dilated (8  cm in diameter, 
Fig.  65.2a, b). The inner layers of the false 
channel showed uniform milky white cobble-
stoning with few adherent fresh thrombi 
(Fig. 65.3a). On microscopy, the nondissected 
thoracic aorta showing the histomorphology of 
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aortitis—fibrocellular corrugated intimal 
thickening, medial destruction, and marked 
adventitial fibrosis, indicating healed phase of 
Takayasu’s arteritis (TA) and chronic dissec-
tion (Fig.  65.3b–e). The false channel, at the 
level of DTA, showed a large (9 × 5 × 5 cm) 
saccular outpouching (Fig.  65.2a) that was 
attached to, and projected into, the esophagus 
(Fig.  65.4a). This had resulted in an aorto- 
esophageal fistula (AEF). The opening in the 
esophagus was 4 × 2  cm and was covered by 
blood clots with ulcerations (Fig. 65.4b). The 
kidneys were asymmetrical (right larger than 
the left) with presence of superficial cortical 
scarring. Other organs were normal.

Cause of Death: Hypovolemic shock follow-
ing massive hematemesis due to AEF.Fig. 65.1 Involvement of the arch arteries by the fibroin-

flammatory process (LCCA left common carotid artery, 
LSA left subclavian artery, RBCA right brachiocephalic 
artery, RCCA right common carotid artery, RSA subcla-
vian artery)

a b

Fig. 65.2 Chronic Stanford type 2 aortic dissection. The 
vessel was opened through the false channel. A probe 
(arrow) has been inserted through the true lumen. (a) An 
aneurysm (An) is seen in the proximal part of the false 

channel. (b) Most of the visceral arteries had communi-
cation with the false channel. (AbA  abdominal aorta, DTA 
descending thoracic aorta, FC false channel)

P. Vaideeswar and S. Yadav



357

a b

c

d e

Fig. 65.3 (a) Cobble-stoned pseudointima of the false 
channel with adherent red thrombi; Scanned images of the 
transverse section of the abdominal aorta to show the true 
and false channels of the dissection—(b) H&E and (c) 
Elastic van Gieson; (d) Intimal I and adventitial A fibrosis 

with focal medial M destruction is present—features of 
healed aortitis (Elastic van Gieson × 200); (e) The media 
is split into its inner two-thirds and outer one-third. The 
false channel FL is lined on either side by loose fibrocel-
lular tissue (TL true lumen, Elastic van Gieson × 250)
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a b

Fig. 65.4 (a) The saccular aneurysm An from the false channel bulges into the esophagus E; (b) Hemorrhagic ulcer-
ations and blood clots (arrow) obscure the site of aorto-esophageal fistula

65.3  Discussion

The case demonstrates 3 unusual sequential com-
plications—chronic aortic dissection, aneurysm of 
the false channel, and AEF, of TA. It is an example 
of large-vessel vasculitides with a distinct propen-
sity of involving the aorta and its major branches. 
As compared to the western world, the panarteritic 
inflammation is frequently observed to afflict 
young Asian women. The pathogenesis of TA still 
remains uncertain and possibly occurs due to an 
autoimmune reaction in a background of genetic 
predisposition and infection. The disease manifes-
tations depend on the aortoarterial sites of involve-
ment and patterns of inflammatory response, 
which leads to the clinical phases designated as 
preocclusive, vasculitic, and occlusive. In the ini-
tial stages of the disease, mononuclear cells begin 
to accumulate at the medioadventitial junction and 
patients may present with constitutional symp-
toms. An increase in the number of cells with for-
mation of granulomas results in destruction of the 
media, which may lead to tenderness or pain over 

the palpable arteries (angiodynia in the vasculitic 
phase). Progressive medial fibrosis with decreas-
ing inflammation (chronic inflammatory stage) is 
associated with endarteritis obliterans, intense 
adventitial fibrosis, and intimal fibrocellular pro-
liferation (healing inflammation) and is character-
ized by stenosis or obliteration of the vascular 
lumens with consequent end-organ ischemia and 
organ-specific symptoms. Combinations of these 
manifestations aided by imaging features and lab-
oratory parameters have been adopted as diagnos-
tic criteria for TA.  Our patient had not been 
thoroughly investigated and a significant history of 
chest pain had been treated symptomatically. 
Presence of hypertension, the common finding in 
well-established TA, was not detected as the 
patient was admitted in shock.

Weakening and thinning of the wall due to 
inflammation and fibrosis can also lead to ectasia 
or frank aneurysm formation. Aortic dissection is 
an extremely rare complication with a rough esti-
mate of 0.87% of patients with TA.  Exuberant 
adventitial and intimal fibrotic thickening which 
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characterizes the healed phase produces a rigid 
aorta that is often resistant to the process of dis-
section. Hence, it is presumed that AD occurs at 
the peak of aortic inflammation; the reaction 
would also be intense. A similar scenario may 
have occurred in the index case and would have 
resulted in the chest pain. But, often the classic 
clinical features of AD may not be present. 
Majority of the dissections are Stanford type B 
and often chronic (See Chap. 60), as seen in this 
case. In general, it has been observed that about 
30% of patients with Type B ADs develop aneu-
rysms of the false channel in the thoracic or 
abdominal aortic segments within 5  years with 
fatal ruptures in 18% of the cases. Patients of TA 
with AD should be promptly diagnosed and 
treated ensuring adequate control of hypertension 
and ongoing inflammation of TA.  Conservative 
treatment is advocated when there is maintenance 
of hemodynamic stability despite dissection, 
while the more complicated cases require endo-

vascular stenting or surgical intervention. Fatal 
hematemesis due to AEF was noted in this unfor-
tunate case. Though AEF has been noted in very 
few cases of TA, fistula developing due to rupture 
of the aneurysm of the false lumen of the thoracic 
aorta has never been documented before.
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66Tuberculous Aortitis 
with Ruptured Pseudoaneurysm

Pradeep Vaideeswar and Gayathri Amonkar

66.1  Clinical History

A 65-year-old woman, with a total ward stay of 
3  days at our institute, had been referred for 
increasing shortness of breath. She initially had 
complaints of low-grade fever and loose motions 
for a month, followed by 4–5 episodes of 
hematemesis for the past 10  days with admis-
sions in 2 private nursing homes and another 
tertiary- care center. A chest computed tomo-
graphic scan performed in the latter center 
revealed wide-necked (1.3  cm) saccular aneu-
rysm (2.1 × 1.9  cm) arising from the posterior 
wall of the ascending aorta. Surrounding this 
aneurysm was a well-defined lobulated hypodense 
collection producing indentations into the supe-
rior vena cava, the pulmonary trunk, and the left 
atrium. This was interpreted as organized hema-
toma secondary to a sealed off rupture of the 
aneurysm. The lung parenchyma also showed 
bilateral patchy ground glass opacities with non- 
necrotic mediastinal lymphadenopathy. An 

endoscopy performed revealed Mallory-Weiss 
tears in the lower end of the esophagus.

On examination during the current admission, 
the patient was conscious and cooperative. The 
pulse rate was 96 per minute, respiratory rate 30 
per minute, and blood pressure of 30 per minute. 
There were bilateral coarse crepitations. The 
heart sounds were normal. The hemoglobin was 
9.8  g/dL; other laboratory investigations were 
normal. A two-dimensional echocardiography 
showed normal chambers and valves. The ejec-
tion fraction was 60%. Repeat endoscopy showed 
no abnormality in the esophagus. She was treated 
with antibiotics and antacids. Unfortunately, 
there was no improvement in her condition.

66.2  Autopsy Findings

The heart was kept with the aorta (400  g) and 
was moderately enlarged in size. There was 
dense adhesion between the parietal and visceral 
layers of the pericardium (Fig. 66.1a). In areas 
where the parietal layer was stripped off, the epi-
cardial surface showed flakes of fibrinous exu-
dates. There was a 6 × 4.5  cm bulge present 
above the right atrial appendage and below the 
origin of the right brachiocephalic artery 
(RBCA) in relation to the right lateral aspect of 
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a b

Fig. 66.1 (a) Anterior aspect of the heart showing dense 
adhesion between the layers of the pericardium. Note 
presence of a bulge (arrows) above the right atrial append-
age RAA and towards the origin of the right brachioce-

phalic artery RBCA; (b) Blood clots are seen on the 
posterior aspect over the aortic arch (DTA descending tho-
racic aorta, LCCA left common carotid artery, LV left ven-
tricle, LSA left subclavian artery, RV right ventricle)

the ascending aorta (Fig. 66.1a). On the poste-
rior aspect, this bulge was hemorrhagic and was 
present over the entire aortic arch (Fig.  66.1b) 
with dense adherence to the trachea and the main 
bronchi. The bulge basically represented a pseu-
doaneurysm produced by a rupture of non-aneu-
rysmal aorta with a localized hemo-mediastinum. 
The opening was present in the arch of aorta, 
1 cm below the ostium of the RBCA (Fig. 66.2a, 
b) and was the result of tuberculous aortitis. 
There was transmural destruction of the media 
with large amounts of caseation necroses and 

focal granulomatous inflammation (Figs.  66.3 
and 66.4). Adherent caseous para-aortic and 
paratracheal lymph nodes were present. There 
was no aorto- esophageal fistula. There was also 
tuberculous tracheitis with associated perfora-
tion and localized pneumomediastinum (as seen 
in the review of the CT scan). There was associ-
ated tuberculous pericarditis, pulmonary miliary 
tuberculosis with diffuse alveolar damage, and 
miliary granulomas in the liver, kidneys, spleen, 
and adrenals.

Cause of Death: Disseminated tuberculosis.
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a b

c d

Fig. 66.2 (a) The heart has been longitudinally cut. 
There is a hematoma around the arch (white arrows) and 
friable thrombus below the ostium of the right brachioce-
phalic artery (black arrow) RBCA; (b) Close-up showing 
a perforation covered by friable thrombus (white arrow). 
Collection of grey-white necrosis (black arrow) partly 
surrounds the right atrial appendage RAA (AA ascending 

aorta, AV aortic valve, DTA descending thoracic aorta, IVS 
interventricular septum, LCA left circumflex artery, LCCA 
left common carotid artery, LV left ventricle, LSA left sub-
clavian artery, PT pulmonary trunk, RCA right coronary 
artery, RV right ventricle); Scanned image of the section 
taken adjacent to the site of perforation—(c) H&E and (d) 
Elastic van Gieson

a c

db

Fig. 66.3 Fibrocellular proliferation of the intima I with 
overlying fresh thrombus T.  The underlying media M 
shows fibrosis and scattered inflammation with hardly any 
elastic fibers—(a) H&E × 250 and (b) Elastic van Gieson 

× 250; Destruction of the media M with subjacent case-
ation necrosis (arrow)—(c) H&E × 250 and (d) Elastic 
van Gieson × 250
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b

c

Fig. 66.4 (a) Transmural destruction of the media with 
focal granulomatous inflammation. Note a band of 
necrotic media (arrow, H&E × 250); (b) Collections of 

giant cells (H&E × 400); (c) Scattered elastic fibers within 
the zone of caseation necrosis (Elastic van Gieson × 250)

66.3  Discussion

Localized transmural tuberculous inflammation 
and destruction of the wall of the transverse aorta 
with formation of a pseudoaneurysm were seen 
as a manifestation of disseminated tuberculosis 
in an elderly immunocompetent woman. The 
involvement of the aorta with inflammation—
aortitis is a feature of large-vessel vasculitis and 
is associated with significant morbidity. A varied 
etiology of aortitis results in varying geographic 
distribution, ages of onset, aortic segmental loca-
tions, and systemic manifestations. The diagno-
sis, therefore, depends on a multidisciplinary 
approach encompassing clinical, radiological, 
and laboratory criteria for accurate diagnosis. 
Aortitis can be broadly classified into noninfec-
tious and infectious causes. In most instances, 
aortitis is noninfectious and most often repre-
sented by Takayasu’s arteritis (See Chaps. 63–65) 
and giant-cell arteritis, where the line of therapy 
is directed towards immunosuppression (particu-

larly use of steroids). In contrast to these disor-
ders, the uncommon infectious aortitis (often 
acute or subacute) is potentially life-threatening 
due to higher rates of rupture and has to be 
promptly diagnosed and treated with appropriate 
antimicrobial therapy. The aorta is generally con-
sidered to be resistant to infective invasion, but 
age—or disease-related changes and compro-
mised immunity are important predisposing fac-
tors. In general, the infection can occur as a result 
of hematogenous dissemination, septic emboliza-
tion of the vasa vasora, or contiguous spread 
from adjoining structures. Most common organ-
isms that are implicated include mainly gram- 
positive cocci (Staphylococcus and Streptococcus 
species) and gram-negative bacilli (Salmonella 
and Escherichia species). In the current case, the 
causative organism was Mycobacterium 
tuberculosis.

Tuberculosis of the cardiovascular system is 
the second most common manifestation of extra-
pulmonary disease and occurs in association with 
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pulmonary/pleural involvement and can rarely be 
seen independently. The 3 main patterns of tuber-
culous heart disease are pericarditis (See Chap. 
2), myocarditis (See Chap. 38), and aortitis; in 
this patient, the aortitis was accompanied by 
tuberculous pericarditis. Tuberculous aortitis is an 
uncommon entity with an approximate incidence 
of 0.004% and has been reported in 32–46% of 
patients with miliary dissemination, as also seen 
in the present case. The mycobacteria can gain 
access into the aortic wall through systemic seed-
ing via the vasa vasora, extension from adjacent 
tuberculous foci (in more than half the cases), and 
even direct implantation into atherosclerotic 
plaques. The most common pathogenetic mecha-
nism is spread from the para-aortic structures 
such as the affected lymph nodes, vertebral bod-
ies, pericardium, and also the lungs. Hence, pre-
dictably, the thoracic and abdominal segments are 
affected in nearly equal frequency, followed by 
the ascending aorta and the arch. Our patient had 
large caseous lymph nodes in the thorax with mil-
iary tuberculosis as well. Histologically, there was 
transmural focal extension of the tuberculous 
inflammation into the non-aneurysmal wall lead-
ing to perforation and formation of a peri-aortic 
hematoma; the communication with the lumen 
was retained and there was walling off of the 
hematoma. Such a pseudoaneurysm formation 
occurs in close to 90% of the cases of tuberculous 
aortitis. True (mycotic) aneurysms usually occur 
when there is tuberculous inflammation in a lon-
ger segment of the aorta with weakening and sub-
sequent dilatation.

The clinical manifestations of tuberculous 
aortitis can be nonspecific and constitutional as 

seen in patients with tuberculosis in general or 
specific related to the false or true aneurysms. 
These symptoms would be related to the location 
of the aneurismal disease and is due to mass 
effects or rupture into the surrounding space or 
into a viscus. It is imperative to have knowledge 
of this uncommon lesion that is highly fatal if it 
remains undiagnosed. Treatment includes both 
medical and surgical approaches and with this 
dual approach, the survival rate increases drasti-
cally up to 84–87%. In our case, the previous 
hematemesis was not related to an aorto- 
esophageal fistula, but to mucosal tears in the 
lower end of the esophagus. Exsanguination had 
also been prevented due to containment of the 
hematoma. Death was due to tuberculous 
dissemination.
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67Tuberculous Coronary Arteritis 
and Sudden Cardiac Death

Pradeep Vaideeswar and Gayathri Amonkar

67.1  Clinical History

A 24-year-old woman with episodic chest pain 
for the past 1 week, presented with acute respira-
tory distress. An ECG performed revealed ven-
tricular fibrillation. She was immediately 
intubated; hemorrhagic frothy fluid flowed out of 
the endotracheal tube. Three DC shocks were 
applied with administration of atropine and 
adrenaline, followed by xylocaine and dopamine. 
The heart rate remained at 130 per minute. The 
hemoglobin was 7.6 g/dL; other routine investi-
gations were normal. However, she had another 
cardiac arrest and expired after 6 h of admission.

67.2  Autopsy Findings

The heart was normal in size (230 g). There was 
patchy epicardial thickening with granular, yel-
lowish white exudates over the course of the 
left anterior descending artery (LAD). The left 

coronary ostium showed protruding granular 
material. The left main coronary artery was a 
little ectatic (Fig. 67.1a). The lumen measured 
1  cm across and was filled with friable dark-
brown nonocclusive fresh thrombus. The proxi-
mal LAD showed grey-white expansion of its 
wall (Fig.  67.1a) for a length of 1.7  cm with 
critical luminal stenosis. Rest of the artery 
showed mild thickening of the wall. On histol-
ogy, there was transmural destruction by granu-
lomatous inflammation with foci of granular 
eosinophilic caseous necrosis (Fig.  67.1b, c). 
There was medial fibrosis and intimal fibro-
cellular thickening (Fig.  67.2a–d). The lumen 
was occluded by fresh and organizing thrombi. 
The myocardium showed only ischemic 
changes with interstitial edema. Aorta and other 
branches were not affected by the vasculitic 
process. The lungs were severely edematous 
with focal hemorrhage. Surprisingly, only the 
kidneys had multiple miliary caseating granulo-
mas. Special stains for acid- fast bacilli were 
however negative.

Cause of Death: Tuberculous coronary artery 
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a b

c

Fig. 67.1 (a) Serial cross sections of the coronary artery. 
The left main coronary LMC artery shows luminal dilata-
tion with thrombotic occlusion. The proximal left anterior 
descending LAD artery has thick white walls; rest of the 

artery appeared almost normal; Wall of the artery showing 
band-like caseation necrosis with granulomatous reaction, 
(b) H&E × 250 and (c) H&E × 400

a c

db

Fig. 67.2 (a) and (b) Destruction of the coronary arterial wall by inflammation and fibrosis; (c) and (d) Granulomatous 
inflammation is present. Note disruption of the internal elastic lamina in all the sections (Elastic van Gieson × 400)
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67.3  Discussion

The young woman, who had presented with chest 
pain off and on in the preceding week, developed 
acute myocardial ischemia as a result of coronary 
artery vasculitis (CAV). Most of the cases of CAV 
occur in conjunction with systemic vasculitis, 
which are classified with reference to the type and 
the size of the vessels and also the type of inflam-
matory response. Even then, CAV is less common 
as compared to the other cardiac manifestations of 
systemic vasculitis such as pericarditis, myocardi-
tis/cardiomyopathy, and valvular heart disease. 
The incidence of CAV varies with respect to the 
type of vasculitis. The most common vasculitic 
syndromes associated with CAV are Takayasu’s 
arteritis (See Chaps. 63–65)/giant-cell arteritis 
(both large vessel vasculitis), and polyarteritis 
nodosa (See Chap. 74)/Kawasaki disease (both 
medium-sized vessel vasculitis). CAV results in 
spasms, stenosis, occlusion, aneurysms, rupture, 
or dissections of one or more of the coronary 
arteries. A diagnosis of CAV should be consid-
ered when young individuals present with sudden 
cardiac death, acute coronary syndromes, arrhyth-
mias or conduction disturbances, and unexplained 
heart failure particularly in a setting of primary or 
secondary vasculitides. When it occurs in young 
individuals with no prior cardiovascular disease, 
isolated CAV should be kept in mind as the inci-
dence of isolated disease is often underestimated. 
An infective etiology for the CAV should also be 
kept in mind, as was identified in this particular 
case caused by tuberculosis (TB).

The lungs are the most common organs 
affected by Mycobacterium tuberculosis; involve-
ment of other organs is termed as extrapulmonary 
TB. In this context, though India has one of the 
highest burdens of TB, cardiovascular disease is 

uncommon with an incidence of 0.14–2% of 
patients with TB.  It usually affects the pericar-
dium (See Chap. 2) and myocardium (See Chap. 
38) through lymphatic/hematogenous routes or 
spread from the adjacent tuberculous foci. 
Involvement of the coronary arteries by TB is 
vanishingly rare. Very few cases of tuberculous 
CAV have been documented in the literature and 
these had been associated with either pulmonary 
TB or mediastinal tuberculous lymphadenitis. 
However, in this young woman, there was no his-
tological evidence of lung or mediastinal lymph 
node TB, and caseating granulomas seen in the 
kidneys suggest a hematogenous seeding of the 
affected coronary artery. Fibrointimal prolifera-
tion with necrotizing granulomatous inflamma-
tion indicated an ongoing process, which 
culminated in thrombotic occlusion and sudden 
death. In general, since CAV often portends a 
bleak outcome, a clinical suspicion, prompt diag-
nosis with multimodality imaging tools, and 
early institution of appropriate therapy can 
improve the outcome.
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68Chronic Pulmonary 
Thromboembolism 
with Membranous Nephropathy

Pradeep Vaideeswar and Lovelesh Nigam

68.1  Clinical History

A 39-year-old male patient had a long protracted 
medical history spanning over 3 years. In the first 
year, a high-resolution computed tomography 
(CT) and CT pulmonary angiography (CTPA) 
performed for 20-day progressive dyspnea 
revealed filling defects in subsegmental branches 
of right and left lower lobar pulmonary arteries. 
Since this was suggestive of pulmonary thrombo-
embolism (PTE), he was started on anticoagulant 
therapy. In the second year and in the early part of 
the third year, a 2-dimensional transthoracic 
echocardiography revealed right atrial and ven-
tricular dilatation, severe tricuspid regurgitation, 
borderline right ventricular function, severe pul-
monary hypertension (126 mmHg), grade 1 left 
ventricular diastolic dysfunction, and paradoxi-
cal interventricular septal motion. In the latter 
part of the third year, he was admitted in our cen-
ter with complaints of persistent dyspnea with 
atypical chest pain and orthopnea. On examina-

tion, he was afebrile with a pulse rate of 90 per 
minute, blood pressure of 114/70  mmHg, and 
respiratory rate of 18 per minute. There was 
raised jugular venous pressure and a pansystolic 
murmur heard on auscultation. All the hemato-
logical and biochemical investigations were 
within normal limits, except for a serum albumin 
value of 2.8  g/dL.  A CTPA performed again 
showed dilated extrapulmonary arteries (pulmo-
nary trunk 29 mm, right pulmonary artery 20 mm, 
left pulmonary artery 19 mm) with near complete 
occlusive thrombus in bilateral lower lobe 
branches and partial blockage of lingular seg-
mental branches. He was treated with antifailure 
drugs, vasodilators, and anticoagulants. A pulmo-
nary thrombectomy (Fig. 68.1a) was performed 
on the 13th day of admission. He had a cardiac 
arrest on postoperative day 01.

68.2  Autopsy Findings

The heart was mildly enlarged (320) with mod-
erate enlargement and hypertrophy of the right- 
sided chambers. The tricuspid annulus was 
dilated with myxomatous changes in the leaflets. 
The pulmonary annulus was also dilated with 
prominent central nodules of the cusps. The pul-
monary trunk was dilated and larger than the 
aorta with intimal thickening and irregularity; 
few adherent thrombi were present. The coro-
nary arteries were normal. The intrapulmonary 
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Fig. 68.1 (a) Curvilinear to irregular masses of thrombi 
excised from the pulmonary trunk; (b) The parenchymal 
arteries showing multiple sieve-like openings, the ‘col-
lander’ lesions; (c) Organizing and recanalizing throm-

bus. Note presence of fresh fibrin clumps in the recanalized 
channels (black arrows) and within the organizing throm-
bus (white arrow, H&E × 250); (d) Part of the lumen tra-
versed by multiple vascular channels (H&E × 250)
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Fig. 68.2 (a) Pale appearing enlarged kidneys, right larger than the left; (b) The cut surfaces show widening and pale 
white appearance of the cortex; (c) All the glomeruli are enlarged (H&E × 250)

arteries showed gross (Fig.  68.1b) and micro-
scopic (Fig. 68.1c, d) features of organizing and 
recanalizing thrombi with the formation of the 
characteristic ‘collander lesions’. Some of the 
arteries including the recanalized channels also 
showed presence of fresh, nonocclusive, or 
occlusive thrombi (Fig.  68.1c). Many arterial 
media were of increased thickness—medial 
hypertrophy. These features were suggestive of 
chronic thromboembolic pulmonary hyperten-
sion (CTEPH). A surprising finding was bilateral 
enlargement of the kidneys (right kidney g and 
left kidney g) with a uniform pale white surface 
(Fig. 68.2a). On histology, there were classic 

features of membranous nephropathy (MN, 
Figs. 68.2c and 68.3a–d). Lymphocytic thyroid-
itis was also present (Fig. 68.3e).

Cause of Death: Right heart failure due to 
CTEPH.

68.3  Discussion

A young male had developed recurrent PTE, 
received prolonged anticoagulant therapy, and 
had undergone a surgical intervention before his 
unfortunate demise. PTE is one of the manifesta-
tions that is included under the term of ‘acute 
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Fig. 68.3 (a) The enlarged glomeruli show thickening of 
the capillary walls (H&E × 400), highlighted by (b) the 
Periodic Schiff stain (× 400); (c) Silver methenamine stain 
demonstrating the ‘spikes’ which reflect the extension of 
the basement membrane between the subepithelial depos-

its (× 400); (d) Immunohistochemical positivity of 
PLA2R in the glomerular basement membrane (× 400); 
(e) Thyroid showing lymphocytic aggregates with forma-
tion of pale staining germinal center (H&E × 250)

venous thromboembolism’, the second category 
being deep vein thrombosis (DVT). It is a life- 
threatening malady and is the third most com-
mon cause of death related to cardiovascular 
diseases, after acute coronary syndromes (See 
Chaps. 24–26) and cerebrovascular accidents. 
The estimated incidence is projected at 100–200 
cases per 100,000 persons with a slight male 
 predominance. In majority of the cases, the pul-
monary arterial tree is occluded by thrombotic 
fragments that break free from deep vein 
thrombi. However, in a significant number of 
patients, PTE is not always preceded by DVT 
and there would be role for in-situ thrombosis of 
the pulmonary arteries. In addition, intracardiac 
thrombi that can occur in the absence of DVT are 
other possible sources. There was no history of 
DVT in our patient. Thrombi, in general, form 
within the vasculature secondary to changes in 
the blood flow, endothelial injury, and blood 
hypercoagulability; these factors constitute the 

Virchow’s triad. The risk factors for this throm-
bogenicity may include genetic or acquired fac-
tors. The genetic causes include loss-of-function 
mutations in genes encoding anticoagulants such 
as protein C/protein S deficiency or gain-of-
function mutations in genes encoding procoagu-
lants, which involve factor V or prothrombin. 
Deficiencies of these factors may also occur sec-
ondary to the acquired causes of thrombophilia. 
In most cases, there are acquired or secondary 
risk factors that include prolonged immobiliza-
tion, postoperative states, pregnancy, use of oral 
contraceptives, cancer, antiphospholipid anti-
bodies (See Chap. 30), chronic cardiopulmonary 
disorders, advancing age, obesity, and a prior 
history of VTE. Thrombophilia in our case was 
in all probability produced by MN.

MN is the most common cause of nephrotic 
syndrome (NS, defined as proteinuria of 3.5 g/day 
and serum albumin <3.5 g/dL) in adults, account-
ing for nearly 20–40% of the cases. The mean age 
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of diagnosis is in the fifth decade of life, though it 
can be seen in all age groups. The glomerular dys-
function is attributed to deposition of immune 
complexes on the outer aspect of the basement 
membrane (subepithelial deposits). MN can either 
be primary (idiopathic) or secondary to drugs, 
malignancy, infections, systemic, or even nonrenal 
organ-specific autoimmune disorders. Many cases 
of primary MN are now seen to represent renal-
limited autoimmune disease with antibodies 
against M-type phospholipase A2 receptor 
(aPLA2Rab) that have been identified in 70–80% 
of patients of various ethnic groups. The presence 
of this type of autoimmunity has been demon-
strated by immunohistochemical positivity of 
PLA2R along the glomerular basement mem-
brane. This patient at autopsy also demonstrated 
the presence of lymphocytic thyroiditis, and 
around 10–30% of patients with thyroidal autoim-
mune disorders are known to have secondary 
MN.  Some patients with MN may have asymp-
tomatic proteinuria, while some may exhibit a 
waxing and waning of the disease process. 
Hypoalbuminemia was seen in this patient; how-
ever, routine urine examination reports were not 
available. This case highlights the importance of 
not overlooking results of basic routine investiga-
tions that in this case might have uncovered the 
existence of MN. Patients with NS and MN in par-
ticular also have an increased risk of VTE.  The 
pathogenesis is attributed to the hypercoagulable 
state in patients with NS, caused by increased fil-
tration of small proteins like antithrombin III, plas-
minogen, protein C, and protein S, further 
accentuated by loss of albumin and increased 
hepatic synthesis of fibrinogen. There is also con-
comitant increase in the levels of factor V, VII, and 
von Willebrand factor in these patients, which 
along with increased platelet activation, hyperfi-
brinogenemia, and inhibition of plasminogen acti-
vation complicate the process. The risk of 
thrombosis is also related to severity and duration 
of NS and is seen to be increased with serum albu-
min concentration of ≤2.0  g/dL.  Most common 
sites of thrombosis in NS include deep veins of 
lower limbs, inferior vena cava, renal veins, and 
pulmonary artery. Of all the causes of NS, patients 

with MN are noted to be at the highest risk for 
developing a thromboembolic phenomenon. 
Association of MN and renal vein thrombosis is 
more known than any other venous thrombosis. 
The incidence of PTE ranges from 3.3 to 11.9% in 
adults with NS, but its occurrence as the present-
ing manifestation of NS or in MN, as was seen in 
the index case, is unusual. Thromboembolic disor-
ders in NS are dangerous and can progress to mor-
tality if not medically controlled. In this patient, 
the subclinical MN led to recurrent pulmonary 
arterial thrombosis that lapsed into CTEPH.

CTEPH is one of the chief and serious mani-
festations of postpulmonary embolism syndrome, 
affecting 2–4% of patients with prior episodes 
of PTE.  It is classified in group 4 of pulmonary 
hypertension (PH, See Chap. 71) and is defined 
as “symptomatic PH (a mean pulmonary arterial 
pressure of ≥25 mmHg or mean pulmonary artery 
wedge pressure (PAWP) ≤  15  mmHg measured 
by right heart catheterization) in the presence of 
flow-limiting obstructive lesions within the pul-
monary arteries persisting, despite effective antico-
agulation therapy (as seen in the present case). It 
should be distinguished from another postembolic 
manifestation termed as chronic thromboembolic 
pulmonary vascular disease, where chronic vas-
cular occlusions are associated with (near) normal 
pulmonary hemodynamics at rest and (marked) 
exercise limitations. The failure of incomplete res-
olution of the thrombus is multifactorial, resulting 
from defects in fibrinolysis and neoangiogenesis, 
endothelial and platelet dysfunctions, and local 
release of inflammatory cytokines. Interestingly, 
hypothyroidism is a risk factor in the development 
of CTEPH.  Unfortunately, the thromboembolic 
phenomenon is also accompanied by microvas-
cular remodeling and the final result is increased 
pulmonary vascular resistance, PH, increased right 
ventricular preload, decreased right ventricular 
contractility, decreased left ventricular filling due 
to bulge of the interventricular septum to the left, 
and finally right heart failure, which was the cause 
of death in this young patient. Pharmacotherapy 
combined with pulmonary endarterectomy and 
balloon pulmonary angioplasty play important 
roles in the management of CTEPH.
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69Pulmonary Tumor Embolism 
in a Case of Hepatocellular 
Carcinoma

Pradeep Vaideeswar

69.1  Clinical History

A 65-year-old woman had been earlier diagnosed 
with liver cirrhosis (posthepatitis B) complicated 
by portal hypertension. Abdominal distension, 
decreased urinary output, and bilateral pedal 
edema, which had been present for ‘few’ days, 
were now associated with sudden onset of short-
ness of breath and retrosternal chest pain. She 
was transferred to our center in a poor general 
condition (pulse 110 per minute, blood pressure 
90 systolic) and expired within 20 min of admis-
sion. No investigations had been performed.

69.2  Autopsy Findings

The heart was mildly enlarged (290  g) with 
moderate dilatation of the right atrium and mild 
enlargement of the right ventricle. A large (8 × 
7 × 2.5 cm) broccoli-like mass was present in 
the entire suprahepatic portion of the inferior 
vena cava (IVC, Fig. 69.1a, b). The mass was 

soft, friable, yellowish green, and projected 
into the right atrium as multiple blunt finger-
like projections (Fig. 69.1a, b). The pulmonary 
trunk and its branches were dilated and con-
tained friable greenish-yellow irregular tissue 
bits loosely present in their lumens. Smaller 
particulate debris was also noted in the sinuses-
of-Valsalva of the pulmonary valve. This had 
resulted in extensive pulmonary pure tumor 
embolism, affecting the segmental and sub-seg-
mental branches (Fig.  69.1c, d). The hepatic 
and subhepatic IVC showed the presence of 
mural nonocclusive thrombi (Fig.  69.1a). The 
portal vein and its radicles had occlusive 
thrombi (Fig. 69.1a). The cavo-atrial mass had 
originated from a multifocal hepatocellular car-
cinoma (HCC) in a background of macronodu-
lar cirrhosis (Fig.  69.1a). The hepatic veins 
were dilated but devoid of thrombi or tumor. 
Other findings were cholelithiasis and fibro-
congestive splenomegaly.

Cause of Death: Pulmonary tumor embolism 
(PTuE) due to HCC.
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Fig. 69.1 (a) A large yellowish-green mass M was pres-
ent at the inferior vena caval IVC—right atrial RA junc-
tion with formation of friable finger-like projections 
within the atrial cavity. Note the presence of mural and 
occlusive thrombi in the remaining portion of IVC and 

portal vein, respectively. The liver is small in size with 
macronodular cirrhosis; (b) Close of the cavo-atrial mass. 
Note extremely friable surface. The pulmonary arteries 
are exclusively occluded by tumor emboli, (c) H&E × 200 
and (d) H&E × 400

69.3  Discussion

Mortality in this elderly woman was caused by 
intrapulmonary arterial obstruction produced by 
a shower of tumor fragments from a large cavo- 
atrial metastatic mass. She had a subclinical mul-
ticentric HCC, which is the commonest malignant 

tumor of the liver when metastatic lesions are 
excluded. When an acute hemodynamic compro-
mise occurs in a cancer patient, it is frequently 
attributed to an underlying venous thromboem-
bolism (VTE). This entity encompasses both 
deep vein thrombosis and the more ominous pul-
monary thromboembolism (PTE). The thrombo-
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genic potential in the cancer afflicted is also 
explained by the Virchow’s triad, which includes 
endothelial dysfunction, blood flow disturbances, 
and alterations of the constituents of blood. 
Important among them is cancer-related throm-
bophilia (sometimes designated as type I hyper-
coagulability) caused particularly by enhanced 
activity or release of several prothrombotic fac-
tors and inflammatory cytokines, overexpression 
of tissue factors, and even platelet activation. In 
these cases, the common sites of cancer are in the 
pancreas, gastrointestinal tract, and lung and his-
tologically are mainly adenocarcinomas. Other 
causes are treatment-related or patient-specific 
factors (the so-called type II hypercoagulability). 
WhiIe 90% of the cancer patients have throm-
botic occlusion, in this case the acute pulmonary 
embolism was non-thrombotic in nature and was 
produced by fragmentation of an intraatrial meta-
static tumor from the liver malignancy.

Presence of tumor cell clusters in the pulmo-
nary arterial tree, including the alveolar septal 
capillaries, away from metastatic nodules and 
devoid of thrombosis or fibro-cellular intimal 
thickening (See Chap. 70) characterizes 
PTuE. This is seldom an antemortem diagnosis as 
the symptomatology mimics the more common 
PTE such as dyspnea, chest pain, or cardiovascu-
lar collapse. Furthermore, the routine radiologi-
cal investigations used for the diagnosis of PTE 
cannot differentiate between thrombus and tumor 
within the pulmonary arteries. Hence, such a 
diagnosis is often rendered on postmortem exam-
ination. The incidence ranges from 3 to 26% and 
the wide disparity is explained on the degree of 

sampling of lung tissues at autopsy. But this may 
also not be a true incidence as all cancer deaths 
are not autopsied. Clinical manifestations are 
produced when tumor cells occlude 30% of the 
pulmonary arterial tree. The most common pri-
mary cancers with PTuE are breast (14.2%) and 
gastric cancers (13.3%), followed by HCC 
(12.5%). In nearly half of the cases, HCC pres-
ents as pulmonary embolism (thrombus and/or 
tumor). Additionally, presence of tumor throm-
bus in the IVC and right atrium is also infrequent 
(about 1.4–4.9% of patients with HCC) and this 
picture is usually associated with a dismal 
prognosis.

Further Reading

Deng D, Wu H, Wei H, Song Z, Yu Y, Zhang C, et  al. 
Syncope as the initial presentation of pulmonary 
embolism in two patients with hepatocellular car-
cinoma: two case reports and literature review. 
Medicine. 2021;100:38 (e27211).

Gimbel IA, Mulder FI, Bosch FTM, Freund JE, Guman 
N, van Es N, et al. Pulmonary embolism at autopsy in 
cancer patients. J Thromb Haemost. 2021;19:1228–35.

He X, Anthony DC, Catoni Z, Cao W. Pulmonary tumor 
embolism: a retrospective study over a 30-year period. 
PLoS One. 2021;16:e0255917.

Leiva O, Newcomb R, Connors JM, Al-Samkari H. Cancer 
and thrombosis: new insights to an old problem. J Med 
Vasc. 2020;45:6S8–6S16.

Liu J, Zhang RX, Dong B, Guo K, Gao ZM, Wang 
LM. Hepatocellular carcinoma with inferior vena cava 
and right atrium thrombus: a case report. World J Clin 
Cases. 2021;9(26):7893–900.

Ufuk F, Kaya F, Sagtas E, Kupeli A. Non-thrombotic pul-
monary embolism in emergency CT.  Emerg Radiol. 
2020;27:343–50.

69 Pulmonary Tumor Embolism in a Case of Hepatocellular Carcinoma



383

70Uterine Choriocarcinoma 
with Pulmonary Tumor Thrombotic 
Microangiopathy

Pradeep Vaideeswar and Mona Agnihotri

70.1  Clinical History

A 20-year-old unmarried female presented with 
the symptoms of progressive dyspnea (grade I to 
II), cough with mucoid expectoration, generalized 
body ache, joint pains, and weight loss of 5 kg in 
2 months. This was followed by intermittent mod-
erate grade fever with chills and vaginal bleeding 
for the past 15 days. There was no pedal edema, 
decreased urine output, loose motion, burning 
micturition, or facial puffiness. No history of 
tuberculosis or tuberculous contact was present.

On examination, the general condition was fair. 
The pulse rate was 150 per minute and blood pres-
sure was 114/70 mmHg. Bilateral crepitations were 
heard on auscultation; rest of the systemic examina-
tion had been normal. The clinical impression had 
been lower respiratory tract infection, possibly 
tuberculosis. The investigations have been tabulated 
(Table 70.1). The patient was treated with augmen-
tin, hydrocortisone, tamiflu, and emset. However, 
the respiratory distress worsened and she suc-
cumbed after 29 days of ward stay.
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Table 70.1 Investigations

Hematological aHemoglobin 7.5 g/dL
aTotal leukocyte count 12,300/cmm
Differential count: Neutrophil 
predominant
aPlatelet count 3 lakhs/cmm

Biochemical—
Routine

aSerum creatinine 0.825 mg/dL
aBlood urea nitrogen 12.25 mg/dL
aTotal proteins 6.9 g/dL
aTotal bilirubin 1.45 mg/dL
aDirect bilirubin 0.85 mg/dL
aSGOT 48.5 U/L
aSGPT 25.5 U/L
aSodium 136 mEq/L
aPotassium 3.65 mEq/L
aChloride 97.5 mEq/L
aAlkaline phosphatase 301 U/L

Biochemical—
Specialized

Creatine kinase: MB isoform 109 U/L
C-reactive protein 33.7 (normal 
<5.0 mg/L)
T3 348.65 mmol/L (normal 6–181)
T4 > 30 mmol/dL (normal 4.5–10.9)

Serological HIV negative
HBsAg negative
HCV negative
Leptospirosis negative
Dengue negative
Anti-nuclear antibody positive 1:1280
Anti-double stranded DNA negative
Cardiolipin IgG 11.01 (normal 
<12 GPL/mL) Cardiolipin IgM 
25.52 (normal <12 MPL/mL)

Radiological Computed tomography (CT) chest: 
Bilateral patchy consolidation in 
posterior segment of lower 
lobes—Infective etiology, most 
likely tuberculosis or vasculitis

Others Sputum culture: Negative for 
acid-fast bacilli

aMean values
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70.2  Autopsy Findings

The main pathology was found in the intra- 
pulmonary arteries and the female genital tract. 
There was extensive thrombotic occlusion of 
almost all the pulmonary arteries (Fig. 70.1a, b). 
The thrombi appeared reddish-brown and fria-
ble to pale yellow and fleshy. This had resulted 
in bilateral, multiple sub-pleural wedge-shaped 
fresh hemorrhagic infarction (Fig. 70.1a), with 
cavitations in some of them. This was confirmed 
on histo-pathological examination (Fig. 70.1c), 
where some of the infarcts also revealed periph-
eral organization, indicating healing of the 
necrotic zones. Apart from the fresh and recana-
lized/organized thrombi, many of the arteries 
revealed necrotic tumor tissue. The viable tumor 
at the periphery was characterized by an inti-
mate admixture of mononuclear and multi-
nucleated giant cells (Fig.  70.2a–c). The 
mononuclear cells were medium sized and 
polygonal with round, hyperchromatic nuclei 
and abundant granular to clear cytoplasm, which 
resembled cytotrophoblasts (Fig.  70.2d). The 
multi-nucleated cells had dense amphophilic 

cytoplasm and multiple hyperchromatic, 
smudged nuclei that indicated syncytiotropho-
blasts (Fig.  70.2d). The tumor was completely 
restricted to the arterial lumens and no nodules 
were found in the lung parenchyma.

The uterus (Fig.  70.3a) measured 
10  ×  7  ×  3  cm with endometrium thickness of 
0.5 cm. The ovaries were enlarged with multiple 
cortical cysts filled with yellowish clear fluid 
(luteinized follicular cysts, Fig.  70.3a, b). The 
myometrium on the left and posterior aspect of 
the fundus showed a yellowish granular raw area 
of perforation (Fig. 70.3c), which on cut surface 
was pale yellow with hemorrhagic borders. This 
revealed necroses, clusters of choriocarcinoma-
tous elements (Fig. 70.3d), sheets of foamy mac-
rophages (Fig. 70.3e), hemorrhage and vascular 
tumor embolization (Fig. 70.3f). There were no 
antecedent features of pregnancy. Other organs, 
including the heart (weight 230  g) were unre-
markable and were completely devoid of meta-
static deposits.

Cause of Death: Pulmonary tumor throm-
botic micro-angiopathy (PTTM) due to chorio-
carcinoma (CC).
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Fig. 70.1 The cut surfaces of (a) right and (b) left lungs 
show presence of arterial thrombotic occlusion, some of 
them appear pale yellow and fleshy. Note the presence of 

sub-pleural areas of infarctions (arrows); (c) hemorrhagic 
infarction (HE × 200)
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Fig. 70.2 Muscular pulmonary arteries seen in (a), (b), 
and (c) showing varying amounts of thrombotic material 
admixed with clusters of tumor cells (H&E × 250); (d) 
biphasic pattern—polygonal cells with hyperchromatic 
round nuclei and abundant granular to clear cytoplasm, 

the cytotrophoblasts and few large multi-nucleated cells 
with amphophilic cytoplasm, the syncytiotrophoblasts 
(H&E × 400); inset shows positive immunohistochemis-
try for β-HCG (× 400)

a b c

fed

Fig. 70.3 (a) Uterus and bilateral adnexa. There is no endo-
metrial hemorrhage. Both the ovaries are uniformly enlarged 
with multiple cysts, which on histology revealed (b) theca 
lutein cysts (Scanned slide, H&E); (c) the left aspect of the 
fundic portion of the posterior uterine wall revealed a yellow 

plaque with central area of rupture; multiple sections from 
that site revealed. (d) Choriocarcinomatous elements dis-
secting the smooth muscle bundles (H&E × 250) with (e) 
sheets of foamy macrophages (H&E × 250); (f) Note myo-
metrial vascular tumor emboli (H&E × 100)
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70.3  Discussion

Herein, another example of non-thrombotic pul-
monary embolism (see Chap. 69) is presented, 
where widespread intra-luminal necrotic tumor 
was associated with fresh fibrin deposition 
accompanied by fibro-cellular proliferation. 
These are the characteristic features of PTTM, 
which represents a step beyond pulmonary tumor 
embolism. The entrapped tumor cells lead to 
endothelial injury with consequent increased 
local pro-coagulant activation and secretion of 
growth factors as well as inflammatory cytokines. 
There is usually a reactive myo-fibroblastic pro-
liferation in the vascular intima. The ongoing 
sub-acute process leads to increased peripheral 
vascular resistance and pulmonary hypertension. 
Consequently patients present with progressive 
shortness of breath and cough. The clinical pre-
sentations are sub-acute respiratory failure, con-
gestive heart failure, or even sudden death and 
are seen mainly in patients with mammary, gas-
tric, or pulmonary cancers. Choriocarcinoma 
(CC) producing PTTM is unusual. Besides the 
arterial involvement, this patient had no other 
metastatic disease in the lungs or at other extra- 
pulmonary sites.

CC, a malignant trophoblastic tumor, may be 
gestational or non-gestational. Gestational 
tumors are usually seen in reproductive age group 
and arise from hydatidiform mole (either partial 
or complete) or following abortion, normal or 
ectopic pregnancies. Conversely, non-gestational 
CCs are predominantly seen as one of the compo-
nents of mixed germ cell tumors. Rarely they can 
occur without other germ cell elements and are 
termed as pure NGCC. They may have gonadal 
or extragonadal origins. In this case, CC was 
present in the uterus and had apparently produced 
a perforation of its left posterior wall. The patient 
also had a history of menorrhagia. But the  clinical 
information of previous abortion or pregnancy 
was not available and may have also been diffi-
cult to elicit since the patient was unmarried. 
Apart from abnormal uterine bleeding and metas-
tases, patients with CCs can also present as thy-

rotoxicosis due to thyrotropic activity of β-human 
chorionic gonadotropin (HCG) and benign ovar-
ian enlargements due to multiple luteinized fol-
licular cysts (hyperreactolutenalis), both of which 
were seen in this case. But there was no correla-
tion to presence of anti-nuclear antibodies. Since 
CCs respond exquisitely to chemotherapeutic 
agents, the treatment should be promptly initi-
ated and hence this type of malignancy should be 
suspected in women of the reproductive age 
group with severe respiratory insufficiency or 
cardiovascular decompensation.
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71Pulmonary Arterial Hypertension 
in an Infant

Pradeep Vaideeswar

71.1  Clinical History

A 2-month-old male child was brought with com-
plaints of increased respiratory activity since the 
past 3  h. There had been episodes of loose 
motions and forehead sweating while feeding in 
the last 3 days. The general condition was poor 
with a heart rate of 60 beats per minute. The 
peripheral pulses could not be felt. He was tachy-
pneic (respiratory rate of 68/min) and hypoxic 
(SpO2 of 47%). Intubation was performed in 
view of impending respiratory failure, but he did 
not respond to oxygen therapy and expired within 
3 h of admission.

71.2  Autopsy Findings

There was moderate cardiomegaly (78 g) due to 
marked right ventricular enlargement with apex 
formed by both ventricles (Fig. 71.1a). The great 
arteries had a normal relationship and the pulmo-
nary trunk was larger than the ascending aorta 
(Fig. 71.1a) with a slight bulbous appearance in 
its proximal portion. Patent ductus arteriosus or 
coarctation of the aorta was not present. 
Surprisingly, despite this external morphology, 

there was also no intracardiac left-to-right shunt 
except for a probe patent foramen ovale (PFO). 
All valves and the left-sided chambers were 
normal.

Remarkable features were present in the lungs. 
Both the lungs were of normal size and shape 
with patchy visceral pleural opacification. Patchy 
congestion was seen on the cut surfaces along 
with unusual prominence of the intrapulmonary 
branches (Fig.  71.1b). The histopathology 
revealed large numbers of plexiform lesions 
(Fig.  71.2a–e) with associated moderate to 
marked medial hypertrophy and luminal narrow-
ing due to concentric or eccentric fibromyxoid 
intimal thickening (Fig.  71.3). The veins and 
venules were normal. There was congestive hep-
atosplenomegaly; other organs were normal.

Cause of Death: Right heart failure due to 
severe pulmonary hypertension (PH).

71.3  Discussion

Severe PH was noted in this infant. Irrespective 
of the age, a mean pulmonary arterial pressure of 
greater than 25  mmHg (measured by cardiac 
catheterization at rest and at sea level) denotes 
PH and can present at any age from the pediatric 
age group to adults. The mean pressure in healthy 
individuals is usually 14 ± 3 mmHg, regardless 
of age, sex, and ethnicity. Since PH is an out-
come of diverse etiologies, it has been classified 
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a b

Fig. 71.1 (a) Moderate cardiac enlargement. There is 
marked enlargement of the right ventricle RV. Note that 
the apex is formed by both ventricles and the pulmonary 

trunk PT is twice the size of ascending aorta AA (LV); (b) 
Prominence of vasculature seen on the cut surface of the 
left lung

a c e

db

Fig. 71.2 Plexiform lesions showing a complex prolif-
eration of cells with slit-like vascular spaces (a) H&E × 
400 and (b) Elastic van Gieson × 400. There is prolifera-
tion of both smooth muscle (c) Smooth muscle actin 
(SMA immunohistochemistry × 400) and (d) endothelial 

cells (CD 31 immunohistochemistry × 400); (e) The cel-
lular proliferations are seen to sprout from a large muscu-
lar artery with a thick media (SMA immunohistochemistry 
× 100)

by the WHO on the basis of the pathogenetic 
mechanisms, hemodynamic findings, and thera-
peutic considerations into 5 important groups: 
Group 1—pulmonary arterial hypertension 
(PAH), Group 2—PH due to left heart disease, 
Group 3—PH due to lung diseases and/or 

hypoxia, Group 4—chronic thromboembolic PH 
(See Chapter), and Group 5—PH due to multi-
factorial causes. In this infant, the PH developed 
as a result of extensive remodeling of the intra-
pulmonary arterial tree and is, therefore, an 
example of PAH. Apart from mean arterial pres-
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Fig. 71.3 Moderate medial hypertrophy of the muscular arteries: (a) H&E × 100 and (b) SMA immunohistochemistry 
× 100; Small arterial occlusion by (c) cellular proliferation (H&E × 400) and (d) myxoid tissue (H&E × 400)

sure of greater than 25 mmHg, PAH is also char-
acterized by pulmonary artery wedge pressure of 
less than 15 mm Hg and indexed pulmonary vas-
cular resistance of more than 3 Wood units 
(WU).

In general, pediatric PH is more frequently 
observed in patients with congenital heart dis-
eases, inheritable conditions (both Group 1 
causes), and developmental or maladaptive 
 pulmonary disorders (Group 3 causes). The index 
case did not have any pulmonary parenchymal 
disease. In most children, the outcome is PAH 
and the overall incidence of this pediatric PAH 
ranges from 2 to 4 cases per million children per 
year. A female preponderance, that is seen in 
adults with PAH, is not a feature in the pediatric 
category. Majority of the cases of PAH in chil-
dren are represented by idiopathic or hereditary 
subtypes and a subset caused by congenital heart 
diseases (CHD). Hereditary PAH often develops 
due to mutations in the genes coding for bone 
morphogenetic protein receptor 2, T-box 
4- containing protein, and SRY-related HMG box 
transcription factor; other uncommon genetic 
mutations also exist. In the patients with idio-
pathic PAH, the genetic mutation remains to be 
detected. The incidence of these subsets varies 
from 0.47 to 1–2 cases per million children. On 

the other hand, PAH associated with CHD has an 
incidence of 2.2 cases per million children and 
mainly includes the unoperated and in some 
instances operated post-tricuspid left-to-right 
shunts. The PAH group also includes persistent 
PH of the newborn, pulmonary capillary heman-
giomatosis, and pulmonary venoocclusive 
disease.

In this infant, there was an absence of any 
major congenital or acquired heart diseases. 
The severity of PAH could not be explained on 
the mere presence of a PFO.  This association 
has been included as “those with PAH thought 
to be incidental to their CHD” and is indistin-
guishable from idiopathic/hereditary types. 
Since there had been no family history of PAH, 
appropriate material had not been kept during 
autopsy for identification of the casual genetic 
variant (See Chap. 1). Despite the varying 
underlying basis of PAH, the genetic, epigene-
tic, and environmental interactions culminate in 
dysregulated angiogenesis and unopposed 
growth of phenotypically altered, apoptosis-
resistant cells with characteristic obliterative 
histopathological features (well brought in the 
index case), particularly the plexiform lesions, 
suggesting a ‘quasi-malignancy’ concept. 
Though they are common in PAH, such lesions 
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can also be seen with advanced PH in other 
groups, albeit rarely.

The vascular remodeling leads to symptoms 
such as progressive dyspnea, exercise intoler-
ance, failure to thrive, and/or syncopal events. 
The diagnosis is often made when the shortness 
of breath is complicated by right-heart failure, 
clinical deterioration, and cardiac arrest. Detailed 
investigations like cardiac catheterization (the 
gold standard) could not be performed in our case 
and the diagnosis of severe PH was made at 
autopsy. The child succumbed in spite of the 
PFO, which would have actually been helpful in 
reducing the suprasystemic pulmonary arterial 
pressure. In untreated patients, especially in the 
idiopathic subset, the median survival after diag-
nosis is 10 months and despite the availability of 
new therapeutic agents and targeted drugs, the 
prognosis of such idiopathic and heritable PAH 
remains grave.
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72Porto-Pulmonary Hypertension 
in Extrahepatic Portal Vein 
Obstruction

Pradeep Vaideeswar, Swati Kolhe, 
and Manjusha Karegar

72.1  Clinical History

This male child was hospitalized at the age of 
9  years for complaints of hematemesis and 
melena. The ultrasonography revealed massive 
splenomegaly, while an upper gastrointestinal 
endoscopy showed esophageal varices for which 
band ligation was performed. After few months, 
the patient was referred to our tertiary-care center 
for similar complaints. A hepatoportal Doppler 
study suggested portal vein thrombosis and sple-
nomegaly with multiple collaterals. A computed 
tomography of the abdomen and pelvis revealed 
portal cavernoma and esophageal and fundic var-
ices with moderate splenomegaly. A clinical 
diagnosis of extrahepatic portal vein obstruction 
(EHPVO) was made. When the patient was 
11  years old, he was admitted for low-grade 
intermittent fever and cough with minimal expec-
toration. Sputum stained for acid-fast bacilli was 
negative. Symptomatic treatment was given, and 
the boy was discharged. There was another epi-
sode of hematemesis at the age of 12 years, for 

which endoscopic variceal band ligation was 
performed.

The current admission at the age of 14 years 
was for generalized weakness, yellowish discol-
oration of sclera and urine, disturbance of sleep, 
and shortness of breath for the past 15 days. His 
mother also complained of distractions/poor per-
formance in studies, slow speech, and stubborn/
aggressive behavior. Clinical examination 
revealed icterus, pallor, and splenomegaly. The 
hemogram revealed pancytopenia with hemoglo-
bin of 7.5  g/dL, total leukocyte count of 4000/
cmm, and platelet count of 20,000/cmm. Apart 
from elevated bilirubin (total 2.8  mg/dL, direct 
2  mg/dL), rest of the biochemical profile had 
been normal. Hepatitic viral markers were nega-
tive. Within 2 days of admission, the patient dete-
riorated suddenly and succumbed.

72.2  Autopsy Findings

A complete autopsy was performed. The heart 
was moderately enlarged (weight 255  g) with 
marked enlargement of the right atrium and ven-
tricle (Fig.  72.1a). The pulmonary artery was 
larger than the aorta (Fig. 72.1a). The pulmonary 
trunk and its branches were dilated with thicken-
ing of the intima. There was moderate to marked 
right ventricular hypertrophy (Fig.  72.1b). The 
cut surfaces of the lungs revealed mild promi-
nence of the vasculature (Fig. 72.2a). Very sur-
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a b

Fig. 72.1 (a) Moderate cardiomegaly with enlarged 
right-sided chambers. The apex is wholly formed by the 
right ventricle RV. The pulmonary trunk PT is larger than 
the ascending aorta AA; (b) Transverse slice shows mod-

erate to marked RV hypertrophy with unduly prominent 
trabeculae carnae (A anterior wall, IVS interventricular 
septum, L lateral wall, LV left ventricle, P posterior wall, 
RAA right atrial appendage)

a b c

d

Fig. 72.2 (A) The cut surface of the left lung showed 
mild prominence of the vasculature; (B) (a) Large muscu-
lar artery with increased basophilic ground substance 
splaying apart the smooth muscle fibers, (b) Small-sized 
muscular artery with mild medial hypertrophy, (c and d) 

are the plexiform lesions with a characteristic glomeruloid 
configuration (H&E × 100) and their higher powers are 
depicted in (C) and (D) H&E × 400. Note the presence of 
occlusive fresh fibrin thrombi (arrows) in some of the 
channels
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Fig. 72.3 (a) Hepatobiliary block showing normal-sized 
liver and very marked splenomegaly; (b) Multiple collat-
eral venous channels at the porta-hepatis (H&E × 100); (c) 

Eccentric (H&E × 100) and (d) Concentric (H&E × 200) 
intimal thickening of the portal vein

prisingly, the histology revealed very severe 
remodeling of the pulmonary arteries with pres-
ence of mild to moderate medial hypertrophy 
with focal increases in basophilic proteoglycans 
(Fig. 72.2b), eccentric to concentric intimal fibro-
cellular proliferation, and many plexiform lesions 
(Fig. 72.2b–d, See Chap. 71); the small lumina 
within these lesions were occluded by fresh fibrin 
thrombi.

The liver was normal in size and had a slight 
yellowish discoloration (Fig. 72.3a). Changes of 
chronic venous congestion were accompanied by 
phlebosclerosis of few portal venular radicles. A 
hepatobiliary dissection was done. There were 
multiple collateral channels at the porta hepatis 
(Fig.  72.3b); similar channels were also seen 
around the thickened and partially obliterated 
cord-like portal vein (Fig. 72.3c, d). No thrombi 
were seen. The spleen (970  g, Fig.  72.3a) was 
markedly enlarged and congested; fibroconges-
tive changes with extramedullary hematopoiesis 

were seen on histology. Few collapsed tortuous 
veins were seen in submucosa of esophagus, con-
sistent with varices. Congestive vasculopathy 
was present in the stomach and intestines. Other 
organs were unremarkable.

Cause of Death: Sudden death due to porto- 
pulmonary hypertension (PoPH).

72.3  Discussion

The lung histopathology in this adolescent male, 
a known case of EHPVO, had severe vascular 
changes replete with multiple plexiform lesions. 
This indicated the presence of PoPH, which had 
been missed on antemortem examination. PoPH 
is defined by the presence of pulmonary arterial 
hypertension (PAH—resting mean pulmonary 
artery pressure greater than 25  mmHg, raised 
pulmonary vascular resistance greater than 3 
Wood units, and pulmonary artery wedge pres-
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sure of less than 15 mmHg) associated with por-
tal hypertension, either in the presence or 
absence of liver disease. It is categorized under 
subset of the WHO Group 1 pulmonary hyper-
tension, within which it affects 6–18% of patients 
with PAH. Around 2–10% of patients with portal 
hypertension develop this grave complication; 
this incidence may be underestimated as the dis-
ease may not be clinically recognized. Vast 
majority of these patients have liver cirrhosis; 
however, there appears to be no link between the 
presence and severity of PoPh with the magni-
tude of liver injury. Interestingly, noncirrhotic 
causes of portal hypertension, even devoid of 
liver dysfunction, can also be associated with 
PoPH and an example here is EHPVO, which is 
the commonest cause for portal hypertension in 
children. The etiology still remains uncertain 
and it is believed that a subtle injury to the portal 
vein in early infancy or childhood provokes 
thrombosis and the thrombotic organization is 
accompanied with formation of multiple collat-
eral channels. These are not sufficient to with-
stand the high flow volume of the splanchnic 
circulation leading to portal hypertension and 
porto- systemic anastomosis. In most of the 
patients (70%), there is sole involvement of the 
portal vein, while others show portal vein affec-
tion with the splenic and/or superior mesenteric 
veins. Most often, the children (most of them 
between 6 and 9  years of age) present with 
esophageal variceal bleeding, massive spleno-
megaly, and hypersplenism, which was present 
in this patient. There was no significant hepatic 
disease.

The exact pathogenesis of PoPH is not known, 
but it has been suggested that the porto-systemic 
shunts produce a dysregulation of vasoactive, 
proliferative, angiogenic, and pro-inflammatory 
substances that initially induces pulmonary arte-
rial vasoconstriction. There is then ensuing endo-
thelial and smooth muscle interactions. It 

manifests histologically as intimal proliferation, 
medial hypertrophy, muscularization of the arte-
rioles, and plexiform arteriopathy, which is indis-
tinguishable from changes produced by other 
causes of PAH.  Diagnosis of PoPH requires a 
high degree of clinical suspicion. The progress of 
vascular stenosis and/or occlusion is insidious 
and majority of the patients remain asymptom-
atic. The clinical manifestations are mainly 
related to portal hypertension and/or liver dis-
ease. The most common symptom of PoPH is 
dyspnea, which can also result from concomitant 
anemia and serous cavity effusions; other symp-
toms include syncope, chest pain, palpitation, or 
features related to congestive cardiac failure. 
Therapy directed to PAH should be initiated early 
since PoPH is associated with significant morbid-
ity and mortality. Those with liver disease may be 
benefited with transplantation. Our patient had 
manifestations related to portal hypertension for 
close to 5 years. Dyspnea was a recent accompa-
niment and he succumbed to sudden cardiac 
decompensation.
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73Takayasu’s Disease 
with Predominant Pulmonary 
Arterial Involvement

Pradeep Vaideeswar

73.1  Clinical History

A 20-year-old male had been symptomatic for 
the past 2  years with grade 1 dyspnea. He had 
been diagnosed as a case of rheumatic heart dis-
ease (RHD) and had had been on regular penicil-
lin prophylaxis. During the past 10  days, the 
dyspnea had progressed to grade 4 and was 
accompanied by right-sided chest pain, general-
ized anasarca, and ascites. On examination, the 
pulse rate was 96 per minute, irregular with 
raised jugular venous pressure. There was a dif-
fuse, hyperdynamic apical impulse with systolic/
diastolic thrill and pan-systolic/early diastolic 
murmur at pulmonary area. Right bundle branch 
block with right ventricular strain, and aneurys-
mal right atrium, right ventricular hypertrophy, 
severe tricuspid regurgitation with small left ven-
tricle were noted on ECG and echocardiography, 
respectively. Computed tomographic angiogra-
phy revealed thrombotic occlusion of distal right 
pulmonary artery. The patient was transferred to 
intensive care unit for continuous hemodynamic 
monitoring and was treated with inotropics, anti-
failure drugs, and anticoagulants. The patient’s 
relatives had refused consent for thrombolytic 
therapy. Due to unstable hemodynamics, surgical 

pulmonary thrombectomy could not be consid-
ered as a viable option. The condition did not 
improve and was complicated by development of 
basal consolidation with expiry on 5th day of 
admission.

73.2  Autopsy Findings

At autopsy, there was moderate cardiomegaly 
(weight 400  g) with ballooned right atrium and 
marked enlargement of right ventricle (Fig. 73.1a). 
Both chambers had marked pearly white endocar-
dial thickening (Fig. 73.1a) with moderate myo-
cardial hypertrophy. The pulmonary trunk 
(Fig.  73.1b) and its branches were markedly 
dilated with extremely thick, rugose, wrinkled, 
grey-white intima and thick, leathery walls. The 
extrapulmonary branches were devoid of thrombi, 
but right pulmonary artery and inferior division of 
left pulmonary artery at their respective hila were 
occluded by fresh and organizing thrombi. There 
were no features of chronic rheumatic heart dis-
ease. Fresh thrombi were also present within 
some intrapulmonary branches. Dilatation of the 
airways, firmness at the bronchovascular bundles, 
and bronchopneumonia were also noted.

The pulmonary trunk and both branches 
showed thickening of their walls due to moderate 
to marked fibro-cellular intimal thickening and 
adventitial fibrosis (Fig. 73.1c, d). The media was 
attenuated with paucity/fragmentation of elastic 
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a b e

Fig. 73.1 (a) Opened out right ventricular RV inflow 
tract in the fresh state showing marked dilatation of right 
atrium RA and RV with dilated tricuspid annulus. Note 
marked patchy endocardial thickening; (b) Thick, wrin-
kled whitish intima of the pulmonary trunk PT imparting 
a vague tree-bark appearance (PV pulmonary valve, TV 

valve); (c) and (d) The wall of the main pulmonary artery 
showed thickened intima I with adventitial A fibrosis. The 
media M also shows fibrosis with paucity of elastic fibers 
(Elastic van Gieson × 250); (e) Scarred media with foci of 
lymphocytes (Elastic van Gieson × 400)

a b

dc

Fig. 73.2 Scanned image of the inferior division of the 
left pulmonary artery showing luminal occlusion by fresh 
and organizing thrombus, (a) H&E and (b) Elastic van 
Gieson; The organization shows intense collagenization 

towards the luminal aspect, imparting a ‘vessel-in-vessel’ 
appearance, (c) H&E × 100 and (d) Elastic van Gieson × 
100
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Fig. 73.3 (a) and (b) Thickening of the walls of the small 
muscular arteries with extensive peri-arterial fibrosis with 
vascularization; (c) Small area over the greater curvature 
of the proximal thoracic aorta showing intimal plaque and 

rugosity (arrow); (d) Extensive scarring of the media M 
with intimal fibrosis was seen in the region of the aortic 
pathology (Elastic van Gieson × 100)

fibers and fairly extensive collagenization 
(Fig.  73.1c, d). Small clusters of lymphohistio-
cytes were also present (Fig. 73.1e). The branch 
lumina had occlusive fresh thrombi superimposed 
over organizing thrombus, giving it a  classic ‘ves-
sel-in-vessel’ pattern (Fig.  73.2a–d). Similar 
lesions were also present in the intrapulmonary 
branches. A striking feature was the presence of 
prominent peri-arterial fibrosis (Fig.  73.3a, b), 
leading to ectatic bronchi/bronchioles, acute 
inflammation, bronchopneumonia, and simple 
aspergilloma. Interestingly, a small segment of 
cobble-stoned intima with wall thickening was 
present in proximal thoracic aorta (Fig.  73.3c), 
revealing histology of a healed aortitis (Fig. 73.3d).

Cause of Death: Right heart failure due to 
predominant pulmonary arterial Takayasu’s arte-
ritis (TA) with chronic thrombosis.

73.3  Discussion

A vasculitic process involving the pulmonary 
trunk and its extra-and intrapulmonary branches 
had produced the clinical features of pulmonary 

thromboembolism (PTE) in a young adult male. 
The histopathology revealed destruction of the 
wall with fibrosis and minimal inflammation, 
which was suggestive of a healed phase of 
Takayasu arteritis (TA). TA (See Chaps. 63–65) 
is an example of a large-vessel vasculitis of an 
unknown etiology, which targets the aorta and 
its major branches (including the coronary 
arteries) and commonly occurs in young women 
of usually Asian descent. The various stages 
(viz. active, chronic, and healed) of granuloma-
tous or non-granulomatous pan-arteritis lead to 
triphasic clinical phases (i.e., pre-pulseless, 
vasculitic, and burnt-out). The ongoing and dis-
sipating inflammation produces arterial steno-
sis, occlusion, and/or aneurysms with end-organ 
ischemia. The clinical presentations depend on 
the location and extent of the stenotic aorto-
arteriopathy and hence the clinical criteria for 
diagnosis of TA and the angiographic classifi-
cation for distribution of lesions are based pri-
marily on the aorto-arterial disease. In this 
instance, the clinical scenario was entirely 
orchestrated by a dominant pulmonary arterial 
involvement.
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The pulmonary artery (PA) is the second large 
artery to be involved by TA and there is an 
extremely wide range of incidence (8–80%) 
depending on the ethnicity of the population stud-
ied and the diagnostic modalities. It must be real-
ized that PA involvement is often clinically 
overlooked since it is usually coexists with the 
more morbid aorto-arterial disease, particularly in 
Type II TA (ascending aorta, arch and its branches, 
and descending thoracic aorta, See Chap. 63), 
which warrants careful analysis of the pulmonary 
vasculature by noninvasive techniques like echo-
cardiography. However, exclusive or predominant 
PA inflammation (which is not classified as an 
independent type) is rarely reported and is said to 
affect about one-third of the patients with TA with 
increased frequency in males and without racial 
or geographic predilection. Again, the incidence 
may be an overestimate as many of these patients 
do not have adequate follow-up to document a 
possibly subsequent aortic involvement. In our 
case, the dominant pulmonary arterial disease 
showed only subtle aortic involvement, which 
may not have been picked up by the routinely 
used imaging techniques.

In the reported case, there was involvement of 
the PA, its left and right branches, and many of 
the intrapulmonary arteries in both the lungs. 
Literature reveals a varied distribution, most 
often affecting the right PA along with segmen-
tal and subsegmental branches of the upper 
lobes. In the present case, the trunk and the prox-
imal portions of the branches were dilated with 
intimal thickening and had features of healed 
arteritis. However, the distal portions and their 
intrapulmonary branches revealed stenotic and 
occlusive lesions with the characteristic vessel-
in-vessel appearance, which was well seen. 
Dilatations or plexiform lesions were not seen 
within the lungs. Patients with predominant pul-
monary vascular disease present a challenge to 
clinical diagnosis. Owing to the absence of the 
aortic disease, the insidious pulmonary arterial 
inflammation does not present any symptoms. 
The patients develop symptoms like progressive 
dyspnea, chest pain, or hemoptysis in the late 
stages of disease when there is stenosis or occlu-
sion, which are indistinguishable from chronic 
thromboembolic phenomenon (See Chap. 68) 

with pulmonary hypertension (PH). TA-related 
PH is included in the subset WHO Category 4. 
Our patient was symptomatic for the past 2 years, 
but had been misdiagnosed as a case of RHD 
(See Chap. 5) and had a diagnosis of thrombo-
embolism in the current admission. Some cases 
can also develop pulmonary infarctions or pul-
monary hemorrhage, which develops due to sys-
temic-pulmonary shunts. The shunts are better 
demonstrated by angiography and not well-
appreciated on gross or histopathological exami-
nation. Infarction or hemorrhage was not seen at 
autopsy. We also noted that the peri-arterial 
fibrosis had also lead to ectasia of the airways 
and there were foci of bronchopneumonia and 
even fungal colonization. These superadded 
infections (including tuberculosis) can occur in 
the patients with TA of PA and the diseased 
parenchyma may have to be resected in some 
cases. Steroids are the first line of therapy in all 
cases of TA, which was delayed in our case lead-
ing to severe dyspnea due to PH and right heart 
failure. The delay in diagnosis can range from 3 
to 72  months. The stenosing lesions may also 
require interventional or surgical pulmonary 
revascularization. In conclusion, pulmonary vas-
culitis should be borne in mind whenever young 
patients present with features suggestive of pul-
monary arterial thrombosis or PH.
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74Necrotizing Pulmonary Arteritis 
with Rheumatic Mitral Stenosis

Smita Divate and Pradeep Vaideeswar

74.1  Clinical History

A 26-year-old female developed intermittent 
high-grade fever with chills, cough with minimal 
mucoid expectoration, pain in and rash over, both 
lower limbs, and rapidly progressive dyspnea for 
the past 4 days. She was a known case of severe 
rheumatic mitral stenosis (MS, mitral valvular 
area of 0.9 cm2). She had refused to undergo bal-
loon valvotomy procedure and was not on any 
penidure prophylaxis. On examination, the gen-
eral condition was poor with a pulse rate of 130 
per minute and blood pressure of 100/60 mmHg. 
There was mild icterus. The lower limb lesions 
appeared like palpable petechiae/purpurae sug-
gesting a vasculitic process. Chest auscultation 
revealed bilateral crepitations, loud first heart 
sound, and mid-diastolic murmur. There was 
mild hepatosplenomegaly. Chest radiography 
showed multifocal opacities in both lung fields 
with minimal bilateral pleural effusions. The 
clinical impression was infective endocarditis 
with bilateral pneumonia. The investigations 

were as follows: Hemoglobin 10.2  g/dL, total 
leukocyte count 15,600/cmm (80% neutrophils), 
blood urea nitrogen 68 mg/dL, creatinine 2.0 mg/
dL, total bilirubin 4.4  mg/dL, direct bilirubin 
3 mg/dL, SGOT 715 U/L, SGPT 1410 U/L, alka-
line phosphatase 129 U/L, and C-reactive protein 
197 mg/L. She expired within 7 h of admission. 
The blood culture report received after she 
expired showed no growth of organisms.

74.2  Autopsy Findings

The heart was moderately enlarged in size (410 g) 
with mild enlargement of the right atrium, mod-
erate enlargement of the left atrium, and marked 
enlargement of the right ventricle. The pulmo-
nary artery was larger than the aorta with dilata-
tion of the artery and its branches, and associated 
intimal thickening. There was mild and moderate 
hypertrophy of the right atrium and ventricle, 
respectively. The tricuspid valve did not show 
any rheumatic involvement. The mitral orifice 
was markedly stenotic and measured 0.9  cm 
across. There was extreme fusion of both com-
missures with focal calcification. The valve leaf-
lets were mildly thickened. There was only mild 
subvalvular pathology. The left atrial myocar-
dium showed marked hypertrophy. The left ven-
tricle was mild enlarged with mild hypertrophy. 
Commissural fusion and cuspal thickening had 
produced mild aortic stenosis. The histology did 
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not reveal any myocarditis. There were no infec-
tive vegetations.

Remarkable findings were seen in the lungs. 
They showed multiple subpleural, wedge-shaped 
hemorrhagic infarcts (Fig. 74.1a, b) with associ-
ated fibrinous exudates. The intraparenchymal 
pulmonary arteries particularly towards the hilar 
aspects appeared prominent and some of them 
were occluded by fresh friable red-brown thrombi 
(Fig. 74.1c). These were as a result of necrotizing 
arteritis. There was segmental to circumferential 
fibrinoid necroses (Fig.  74.2a, b) of varying 
thickness of the wall with prominent neutrophilic 
infiltration (Fig.  74.2c, d). The inflammation 
appeared to extend into the surrounding paren-
chyma (Fig.  74.3a). However, the intervening 

parenchyma did not show a pneumonic consoli-
dation; neither were hyaline membranes or 
organisms seen. The muscular arteries also 
showed medial hypertrophy with eccentric to 
concentric intimal fibro-cellular thickening. 
Changes of venous hypertension and chronic 
passive venous congestion (CPVC) were present. 
Sample of skin revealed leukoclastic vasculitis 
(Fig. 74.3b). Similar vascular changes were not 
seen in the other organs including the kidneys. 
The liver showed only changes of CPVC with 
focal necrosis.

Cause of Death: Multiple pulmonary infarcts 
due to necrotizing pulmonary arteritis with 
thrombosis.
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c

Fig. 74.1 (a) External surface of the right lung showing 
a bulge with congested pleura in the upper and basal lower 
lobes; (b) The cut surface reveals small to large subpleural 

hemorrhagic parenchyma in all lobes; (c) Occlusive fresh 
thrombi are seen in the pulmonary arteries
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a b

Fig. 74.3 (a) Necrotizing arteritis with spill-over of neutrophils into the adjacent alveolar spaces (H&E × 400); (b) 
Small-vessel vasculitis in the subcutaneous fat (H&E × 400)

a c

b d

Fig. 74.2 Circumferential fibrinoid necrosis of a muscu-
lar pulmonary artery—(a) H&E × 250 and (b) Putt’s fibrin 
stain × 250; Prominent neutrophilic infiltration is present 

at the intimomedial junction with overlying fresh fibrin 
thrombus T—(c) H&E × 400 and (d) Elastic van Gieson × 
400
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74.3  Discussion

In the present case, an autopsy revealed the pres-
ence of necrotizing arteritis (NA) of the muscular 
pulmonary arteries in a patient with severe mitral 
stenosis. Necroses and inflammation of the vas-
cular walls are features that characterize a hetero-
geneous group of disorders collectively called 
vasculitides. They often manifest with multisys-
tem involvement with constitutional complaints 
and symptoms due to end-organ damage. These 
rare conditions may occur secondary to a variety 
of underlying conditions such as autoimmune 
diseases, infections, drugs, and malignancy or be 
primary vasculitides of unknown etiology. The 
2012 Revised International Chapel Hill 
Consensus Conference Nomenclature (CHCC) 
of Vasculitides, most commonly used to catego-
rize vasculitis, is primarily based on the size of 
blood vessel involved (large-vessel, medium- 
sized vessel, and small-vessel) and the underly-
ing etiology. Primary pulmonary vasculitis is 
uncommon with an incidence of 20–100 cases 
per million persons per year and involves the 
extrapulmonary and intrapulmonary arteries, the 
parenchymal small vessels (including the capil-
laries), and bronchial arteries. In the lungs, small- 
vessel vasculitides are more common. They are 
often associated with antineutrophil cytoplasmic 
antibody (ANCA) positivity, targeting the alveo-
lar septal capillaries. Involvement of the pulmo-
nary vasculature by large-vessel (See Chap. 73) 
and medium-sized vessel vasculitis (as seen in 
this case) is distinctly rare.

Necrotizing arterial lesions can also be seen in 
advanced pulmonary arterial (precapillary) 
hypertension. However, it is invariably associated 
with other features such as obliterative intimal 
fibrosis or plexiform lesions. This patient had 
MS, which usually shows the postcapillary type 
of changes involving the veins and venules, along 
with a milder degree of medial hypertrophy of 
the arteries in the later stages of the stenosis. 

Hence, MS is unlikely to be a cause for the 
NA. When present as a sole feature, NA of mus-
cular arteries is most characteristic of polyarteri-
tis nodosa (PAN), often associated with hepatitis 
B infection. The CHCC defines PAN as a necro-
tizing inflammation involving medium-sized or 
small arteries, and not associated with vasculitis 
in smaller vessels (arterioles, capillaries, or 
venules) or glomerulonephritis, clearly distin-
guishing it from microscopic polyangiitis (an 
ANCA positive vasculitis). Fibrinoid necrosis 
with a polymorphic inflammatory infiltrate is 
typically seen within walls of muscular arteries, 
often in a segmental fashion. Destruction of the 
elastic lamina due to the NA leads to microaneu-
rysms that form the hallmark lesions of PAN, 
identifiable by arteriography. PAN can involve 
single or multiple sites most commonly in the 
gastrointestinal system, skin, peripheral nerves, 
and kidneys. A leukocytoclastic vasculitis is seen 
in the superficial layers of the skin, while the 
deeper muscular arteries of the subcutaneous adi-
pose tissue show characteristic necrotizing arteri-
tis. Lung involvement has been reported to be 
rare, but tends to affect the bronchial arteries. 
Bronchiolitis obliterans, organizing pneumonia, 
and diffuse alveolar damage have also been 
reported in the lungs in patients with PAN. In the 
index case, renal and gastrointestinal involve-
ment was absent. Such PAN lesions were also not 
noted in other organs. However, the skin had 
shown the presence of leukocytoclastic vasculi-
tis, a feature that excludes the diagnosis of single 
organ pulmonary vasculitis in this case. 
Furthermore, an evidence of autoimmune disor-
ders, positive blood culture, angioinvasive fungi, 
usage of any drugs including penicillin, and 
malignancy was not present. Hence, the most 
probable cause of the pulmonary NA in this case 
appears to be PAN.  Underscoring the rarity of 
this association, the present case of PAN with 
severe MS has not been hitherto reported in lit-
erature to the best of our knowledge.
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75Pulmonary Arterial Hypertension 
and Connective Tissue Disorders

Pradeep Vaideeswar and Smita Divate

75.1  Clinical History

A 40-year-old female was brought to the emer-
gency services of our hospital with nonrecord-
able pulse and blood pressure, feeble heart 
sounds, and no response to deep pain. 
Accompanying relatives provided a history of 
rapidly progressive shortness of breath with chest 
pain on and off and multiple joint pains for the 
past 15 days. She had been diagnosed as a case of 
systemic lupus erythematosus (SLE) 3 years ago, 
but had not followed up in the last 2 years. She 
died within 2 h of admission.

The patient’s personal medical file contained 
some records of previous assessment and investi-
gations. A history of hair loss, photosensitivity, 
Raynaud’s phenomenon, and dysphagia had been 
recorded. It was also mentioned that the patient 
had no skin changes of SLE or scleroderma. The 
hematological and biochemical investigations 
were as follows: Hemoglobin 12.5 g/dL, total leu-
kocyte count 6000/cmm (differential count—neu-
trophils 68%, lymphocytes 30%, and eosinophils 

2%), platelet count 2  lakhs/cmm, serum choles-
terol 149  mg/dL, triglycerides 84  mg/dL, high 
density lipoproteins 24  mg/dL, and low density 
lipoproteins 103  mg/dL.  Serological parameters 
revealed positive antinuclear antibodies and anti-
double-stranded DNA antibodies at 1:160 and 
1:80 titers, respectively, with serum complement 
C3 129  mg/dL and C4 41  mg/dL.  An additional 
investigation retrieved was the ANA immunofluo-
rescence test that had been recorded as showing a 
centromeric pattern. ECG was normal, while a 
high-resolution computed tomography had shown 
cardiomegaly, severe pulmonary hypertension 
(pulmonary artery diameter of 30 mm), and stig-
mata of old tuberculosis (scarring of bilateral 
upper lobes and calcified hilar lymph nodes). At 
that time, her records showed that she had been 
advised digoxin, sildenafil, atorvastatin, fruselac, 
low-molecular weight heparin, and aspirin.

75.2  Autopsy Findings

At autopsy, remarkable features were seen in the 
lungs. Both the lungs were of normal size and 
shape with patchy visceral pleural thickening and 
opacification. The cut surfaces showed very 
marked prominence of the pulmonary arteries 
with extensive thickening of the walls and near 
total luminal obliteration (Fig. 75.1). Some of the 
plaques had a distinct pale-yellow color 
(Fig.  75.1b). On histology, there was extreme 
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c

Fig. 75.1 (a) The cut surface of the left lung and the close-up of (b) left upper and (c) lower lobes show extreme nar-
rowing of the pulmonary arteries of all sizes. The larger arteries show a pale hue
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Fig. 75.2 Elastic pulmonary artery ((a) H&E × 100, (b) 
Elastic van Gieson × 100) and muscular pulmonary (c) 
H&E × 100, (d) Elastic van Gieson × 100) showing 

remarkable narrowing of their lumina by eccentric intimal 
proliferation with foamy macrophages at the basal aspects. 
The internal elastic lamina is intact (I intima, M media)

narrowing of the elastic and muscular arteries 
(Fig.  75.2) by exuberant intimal proliferation. 
The internal elastic lamina was largely intact. 
The intimal thickening was largely fibro-myxoid 
(Fig. 75.3a) and towards the basal aspects, there 
were small to large collections of foamy macro-
phages (Fig. 75.3b). These changes were seen in 
the muscular arteries of all sizes, including the 
arterioles; some of the arteries also showed mild 
medial hypertrophy (Fig.  75.3c, d). Veins and 
venules were normal. There was acute bronchiol-
itis with neutrophilic infiltration; features of 

interstitial lung disease were not present. The 
heart (250 g) showed moderate right ventricular 
hypertrophy with a fresh thrombus in the right 
atrial appendage. The pulmonary trunk was as 
large as the ascending aorta with intimal thicken-
ing and few atherosclerotic plaques. Renal vascu-
lar changes (Fig. 75.4) appeared to be consistent 
with that seen in scleroderma. Chronic passive 
venous congestion was present in the liver with 
focal hemorrhagic necroses.

Cause of Death: Right heart failure due to 
pulmonary arterial hypertension (PAH).
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Fig. 75.3 (a) The intima I shows paucicellular fibro- 
myxoid proliferation (H&E × 400); (b) Collections of 
foamy macrophages (arrows) are seen at the interface 
between the thickened intima I and the media M. Increased 
ground substances are also seen to intersect the smooth 

muscle bundles of the media (H&E × 400); (c) and (d) 
Show muscular arteries with medial hypertrophy and 
fibro-intimal thickening with muscularization of the arte-
rioles (H&E × 400)

75.3  Discussion

Autopsy histopathological findings in the present 
case revealed features of well-established pulmo-
nary hypertension (PH) in a setting of an autoim-
mune connective tissue disorder (CTD). PH, 

defined as an increase in the resting mean pulmo-
nary arterial pressure of more than 25 mmHg, is 
classified on the basis of the hemodynamics and 
clinical settings. Utilizing additional parameters 
of pulmonary arterial wedge pressure and pulmo-
nary vascular resistance, the PH is divided into 3 
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Fig. 75.4 Renal parenchyma showing intimal proliferation of the renal arteries (a) H&E × 200 and (b) H&E × 400

groups—precapillary, isolated postcapillary, and 
combined pre−/postcapillary PH. Five categories 
of PH are based on the etiopathogenetic mecha-
nisms and therapeutic management, and they 
include Category 1—PAH, Category 2—PH 
associated with impaired left heart function, 
Category 3—PH secondary to underlying lung 
disease, Category 4—PH due to thromboembo-
lism, and Category 5—PH arising from multifac-
torial causes. Though all of these can occur to a 
lesser or greater extent, PAH remains the most 
common and dreaded complication in CTD 
patients with reported estimates ranging from 2.8 
to 32%. The proliferative remodeling of the small 
pulmonary arteries in PAH with CTDs is medi-
ated by endothelial dysfunction induced by dys-
regulation of endothelin I, nitric oxide, and 
prostacyclin and elevated pro-inflammatory cyto-
kines in a setting of autoantibodies and immune 
complexes. Among the CTDs, systemic sclerosis 
(SSc) accounts for up to 60–80% of PH, followed 
by mixed connective tissue disease and SLE; in 
other CTDs, it is estimated to be less than 1%.

SSc or scleroderma is an autoimmune disease 
that is characterized by a triad of small-vessel 
noninflammatory vasculopathy, excessive and 
progressive fibrosis, and a variable inflammatory 
infiltrate that can involve virtually any organ sys-
tem. It shows a female preponderance (male-to- 
female ratio of 1:4–1:14) and a mean age of 
presentation of 50 years. Apart from the presence 
of ANAs, SSc patients have a host of other anti-
bodies. Based on the degree of skin involvement, 
SSc is usually classified into limited (LcSSc) and 
diffuse (DcSSc) cutaneous forms. Earlier and fre-
quent multiorgan involvement is seen with the 
diffuse subtype. Furthermore, LcSSc has an ele-
vated titer of anticentromere antibodies, while 
DcSSc is associated with a predominance of anti-
topoisomerase 1 (Scl-70) and anti-RNA poly-
merase III, antibodies. Apart from skin, the organ 
systems which are affected are the lungs, heart, 
gastrointestinal tract, kidneys, and musculoskel-
etal system. There is also a rare subset, SSc-sine 
scleroderma, where visceral involvement occurs 
in the absence of typical skin changes of SSc. 
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Despite an earlier diagnosis of SLE in our patient, 
there had been subsequent documentation of 
Raynaud’s phenomenon and dysphagia and a 
centromeric ANA pattern had been noted; skin 
changes were absent. Furthermore, the available 
clinical information did not fulfil the classifica-
tion criteria for SLE. The examination of the gas-
trointestinal system (including the esophagus) at 
autopsy did not reveal any abnormality. But pri-
mary involvement of the lungs and kidneys in 
this case suggested the diagnosis of the rarer vari-
ant of SSc-sine scleroderma. Unfortunately, the 
patient did not have thorough examination, inves-
tigations, and follow-up.

Systemic manifestations of SSc are very often 
seen in the lungs, as compared to the other organs. 
They occur in the form of interstitial lung disease 
(seen in 25–50% of patients) and PH, often asso-
ciated with antitopoisomerase 1 antibody and 
anticentromere antibody positivity, respectively. 
Together, they are leading causes of morbidity 
and mortality in SSc patients. The cause of PH in 
these patients is extremely variable. About 
8–12% of the patients with SSc have PAH (group 
1), the most common pattern, seen in both sub-
sets of SSc and associated with late onset of the 
disease and postmenopausal status. The arteries 
show prominent intimal fibrosis and medial 
hypertrophy; plexiform lesions are infrequent. 
Some patients can also show pulmonary venooc-
clusive like changes. PH can also develop as a 
complication of ILD (Group 3 PH), or left ven-
tricular myocardial dysfunction (Group 2 PH) or 
as a consequence to antiphospholipid antibody 
(APLA)-related chronic thromboembolism 
(Group 4). Alarmingly, an overlap of different 
forms of PH can occur within the same patient. 
The present case revealed advanced PAH without 
significant interstitial lung involvement. Apart 
from right ventricular hypertrophy, there was no 
fibrosis in the left ventricular myocardium. The 
presence of an atrial appendage thrombus was 

noted in our index case. While the patient in the 
present case had been advised low-molecular 
weight heparin, there was no documentation of 
any test for APLA in the records retrieved. We 
presume that the thrombus could have been 
related to relative stasis in a dilated chamber in 
response to the severe PH. Hence, in this patient, 
PAH was the sole and extremely severe pulmo-
nary manifestation and affected arteries of all 
sizes. As with other causes of PAH (See Chaps. 
71 and 72), significant signs and symptoms occur 
late in the disease and hence it would be impera-
tive to have periodic screening of these patients 
so that appropriate therapy targeting the vasocon-
strictive/vasodilatatory mediators can be 
promptly instituted.
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