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Morphological evaluation of endomyocardial biopsy

P. CHOPRA, K. K. TALWAR

ABSTRACT
Endomyocardial biopsy (EMB) has evolved as a simple and
safe procedure with minimal morbidity and mortality. It is
performed via the transvascular approach and can be done
either as an individual procedure or, more commonly, at the
time of routine cardiac catheterization. Sequential biopsies
can be performed without ill-effects. Conventionally, the right
ventricle is biopsied through the transvenous approach. It has
been shown that biopsies from the right side are adequately
representative if the disease is biventricular. The left ventricle
can be biopsied in disease states affecting that chamber, viz.
left ventricular tumour or predominant involvement of the left
ventricle in endomyocardial fibrosis.

For proper evaluation, biopsy pieces need to be handled
and processed carefully. A large amount of valuable informa-
tion can be retrieved from routinely processed tissue-a
process which can be done in all laboratories. Important indica-
tions for EMB include diagnosis and monitoring of cardiac
allograft rejection, adriamycin toxicity and diagnosis and follow
up of myocarditis. Pathologists need to be aware of inherent
artefacts of the biopsy procedure and should interpret these
with caution. Thus, EMB provides useful information for diag-
nosis, follow up, monitoring of therapy and studying the
evolution of several cardiac disorders.
Natl Med J India 1996;9:279-84

INTRODUCTION
Biopsy of the heart, unlike thatofthe liver and kidney, had lagged
behind but has now evolved as a safe procedure with minimal
morbidity and mortality. A biopsy from the heart was initially
attempted at the time of thoracotomy. I Following this, direct
percutaneous needle biopsy of the heart was attempted using the
Vim Silverman and various other needles.' The EMB procedure
was completely revolutionized by Sakakibara and Konno in
19623 when they introduced the use of the Cordis bioptome by a
transvascular approach (Fig. 1).This innovation was an important
milestone in the study of heart diseases in the living patient.
Though the basic concept of the transvascular approach (arterial
and venous) remains, minor modifications and alterations in the
design of the bioptome have enabled the technique to become
safe. Due to the large size and lack of flexibility of the original
Konno bioptome, a number of bioptomes were designed and
developed including the King' S4 and the Caves-Schulz (Stanford)
bioptome.' The latter was designed for obtaining multiple serial
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FIG 1. Diagram of the heart to illustrate routes employed for

endomyocardial biopsy from the right (RV) and left ventricle
(LV) 1 antecubital vein, internal jugular vein
2 brachial artery 3 femoral artery 4 femoral vein

EMBs for diagnosing rejection in cases of cardiac allograft
recipients. The Cordis Corporation has manufactured a dispos-
able bioptome which is amodified version ofthe King's bioptome.
The Stanford bioptome is easier to operate and manipulate. It
allows obtaining larger pieces of myocardial tissue (2 to 3 mm) as
compared to the Cordis bioptome (1 to 2 mm). At our centre, EMB
is performed either with the Cordis or the Mansfield bioptome.
The biopsy is performed using a long sheath to introduce the
catheter forceps." The sheath is 7-8 F in size and provides an
angulation of 140" enabling the introduction 'of the forceps to
either ventricle.

INDICATIONS
Table I lists the cardiac disorders for which an EMB is desirable.
However, its most important use is in the diagnosis and monitor-
ing of cardiac allograft rejection where it still remains the gold
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TABLEI. Indications of endomyocardial biopsy

Cardiac allograft rejection
Anthracycline cardiotoxicity
Myocarditis (viral, giant cell, rheumatic and drug-induced)
Primary cardiomyopathies (dilated and hypertrophic cardiomyopathy,

endomyocardial fibrosis)
Restrictive and constrictive heart disease
Specific heart muscle diseases such as amyloidosis, metabolic disorders

(glycogen storage disease, Fabry's disease)
Idiopathic chest pain and arrhythmias
Intracavitary masses
Infections such as cytomegalovirus, toxoplasmosis, Chagas' disease and

fungi

standard. It is therefore mandatory for a cardiac transplantation
programme. Other important indications are monitoring
anthracycline cardiotoxicity, and the diagnosis and evolution of
myocarditis. It may be useful in differentiating between constric-
tive pericarditis and restrictive heart disease which resemble each
other but have different therapeutic approaches and prognoses.
Infiltrative disorders such as amyloidosis, haernochromafosis,
glycogen storage disorders, lipid storage disorders, endomyo-
cardial fibrosis and sarcoidosis are some of the other conditions
in which EMB may be of diagnostic value (Figs. 2 to 15).

BIOPSY SITE
Endomyocardial biopsy is generally done at the time of cardiac
catheterization or angiography but may also be done as a separate
procedure. Although both ventricles can be biopsied safely, a
right ventricular biopsy is performed commonly as it is easier,
safer and has fewer complications. Also, a right ventricular biopsy
is fairly representative if the disease is biventricular.? A left
ventricular biopsy is indicated when the disease process predomi-
nantly or exclusively affects the left heart."

The catheter is introduced into the right ventricle under fluo-
roscopic guidance via the femoral vein through a long sheath. The
bioptome is opened as soon as it projects outside the sheath and
then advanced to lie against the septum. The jaws are then closed
to obtain the biopsy specimen following which it is withdrawn.
The procedure is repeated to get 3-5 pieces of the myocardium.
The right ventricle may also be approached through the internal
jugular vein; this route is preferred in cardiac transplant patients.
Left ventricular biopsy is carried out by introducing the bioptome
percutaneously into the femoral artery.

The contraindications ofEMB include bleeding disorders and
intraventricular thrombosis.

COMPLICATIONS AND LIMITATIONS
Endomyocardial biopsy is a safe procedure and is considered to
be safer than biopsies of the liver and kidney." In experienced
hands the morbidity is low and the mortality is almost negligible.
Complications following EMB do occur in some cases but most
of them can be managed conservatively (Table IT). Soft tissue
trauma and haematoma at the site ofbioptome insertion have also
been documented. Out of 10 000 procedures performed at Stanford
University, the morbidity reported was minimal and there was no
mortality.'? Richardson, in an analysis of 2337 patients who
underwent EMB, reported a morbidity rate of 1.7%.11At our
centre, 700 patients have undergone the procedure with no mor-
tality. Cardiac tamponade and ventricular fibrillation occurred in
one patient each. Six patients with underlying left bundle branch
block (LBBB) had transient atrioventricular block; therefore, we
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TABLEII. Complications of endomyocardial biopsy

Haemopericardium
Cardiac tamponade
Pneumothorax
Air embolism
Mediastinitis
Perforation of right ventricular wall
Damage to tricuspid valve and/or chordae tendineae
Premature ventricular contractions
Transient chest pain
Nerve palsies
Haematoma neck

routinely introduce a temporary pacing wire prior to taking the
biopsy in all patients with an LBBB.

However, EMB does have certain limitations. Firstly, it is an
invasive procedure and, secondly, a sampling error is possible
when the inflammation is focal thus resulting in a false-negative
result. Also, in patients undergoing cardiac transplantation it
needs to be done repeatedly. To overcome these limitations,
several non-invasive techniques have been used, especially for
the diagnosis of rejection after cardiac transplantation. 12 Cardiac
echography, intramyocardial electrocardiogram recordings,
immunological methods such as cytoimmunological monitoring,
transferrin and interleukin-2 receptors, biochemical markers,
radioisotopic techniques and magnetic resonance imaging are
some of these modalities. However, most of these techniques are
still in the process of evaluation, and EMB remains the gold
standard for the diagnosis of allograft rejection, myocarditis and
other cardiac disorders.

TISSUE COLLECTION AND PROCESSING
Accurate and meaningful interpretation ofEMBs is a challenge to
the pathologist. This is dependent on several factors which
include the number of biopsy pieces available, removal and
collection of the specimen from the bioptome, fixation, cutting of
the block, use of special stains and recognition of artefacts
inherent to the procedure. For a proper evaluation, the EMB tissue
must be adequate. It is now believed that at least 3-5 pieces must
be available for reasonable interpretation." At the time of biopsy,
care must be taken to see that the tissue is transferred immediately
and gently into the fixative and not held by the forceps. The latter
results in squeeze or crush artefacts. For routine light microscopy,
the biopsy pieces are collected in 10% neutral buffered formalin.
If electron microscopy is indicated, a biopsy piece is collected in
2.5% glutaraldehyde and processed. This is particularly relevant
in anthracycline cardiotoxicity where the extent and severity of
cardiac damage is assessed almost exclusively by ultrastructural
alterations. 14If immunofluorescence and immunohistochemistry
have to be performed a piece ofthe tissue is snap-frozen in a liquid
nitrogen isopentane bath and stored at -80 "C. In case of sus-
pected acute viral myocarditis the tissue is immersed in a tissue
culture medium instantly. Thus, depending upon the indication of
EMB, prior planning is required for the type of studies to be
undertaken. Since 3-5 pieces are necessary for routine light
microscopic examination, more pieces need to be collected for
special studies.

Special techniques
Electron microscopy, immunohistochemistry, in situ hybridiza-
tion, flourescence and polymerase chain reaction can also be
applied to the EMB tissue. Immunofluoresence can be of great
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value in cardiac allograft rejection, particularly in assessing
humoral-mediated injury in acute rejection." These techniques
are neither time- nor cost-effective and cannot be done routinely.
Electron microscopy may be of value in various storage disorders,
anthracycline cardiotoxicity, amyloidosis and to ascertain the
precise nature of inflammatory cells. Immunohistochemistry is of
benefit particularly in cases of myocarditis and cardiac allograft
rejection. A judicious choice of antisera, particularly those that
can be applied to formalin-fixed paraffin-embedded tissue, enhan-
ces the diagnostic ability.

The tissue can be subjected to several specialized studies
which generate information on the subcellular constituents and
pathogenesis of various cardiac diseases." Lymphocytes from
patients with myocarditis and after cardiac transplantation can be
isolated from the biopsy and subjected to functional and pheno-
typic characterization. The effect of Iymphokines on target cells
in culture can also be studied. Quantitation of beta-receptors in
EMB material by radioligand binding can also be done. The
characterization of a patient's myocardial receptor status provides
therapeutic information. Biochemical determination of adenine
nucleotides and their catabolites, adenyl cyclase activity, cat-
echolamines, metabolic pathway intermediates and several
polypeptides may also be carried out. The tissue can also be used
to detect viral genomes by molecular techniques. 11

INTERPRETATION AND EVALUATION
Most of the information can be obtained from paraffin-embedded
tissue that has been stained with haematoxylin and eosin. It is
advisable to obtain 6-8 paraffin sections at the time of first
cutting. Some simple procedures that aid in the interpretation of
histological alterations should be performed. These are:

1. The paraffin block should be cut at a minimum of three to four
levels, each having four to five sections. This helps in picking
up deeper lesions.

2. The section thickness should be maintained at 4-5 J.l.
3. A haematoxylinleosin and Masson trichrome stain must be

done. The latter stain provides information on the pattern,
extent and severity of fibrosis and also highlights foci of
myonecrosis. Demonstration of myonecrosis is of significance
in cases of myocarditis and cardiac transplant rejection.

Other sections are retained to perform special stains if required
as in amyloidosis, haemochromatosis and storage disorders.

Despite the fact that the EMB tissue is limited in size, detailed
observations made systematically may reveal valuable diagnostic
information. It is recommended that alterations in all layers
(endocardium, myocardium and epicardium) and in the interstitium
of the myocardium be recorded. The features to be noted in the
endocardium are the extent and type of thickening-focal or
diffuse, fibrous or fibroelastic-and its severity. In routine biop-
sies qualitative evaluation is done and the terms mild, moderate
and severe thickening of the endocardium are frequently used.
The presence of smooth muscle in the endocardium is a good
morphological indicator of a stretched/dilated ventricle. A fresh
or organized thrombus may be seen on the endocardial surface
(Figs. 9 and 15). Fibrin deposition at the biopsy site is not
infrequent and is of no significance. Often prominent subendo-
cardial deposits of amyloid have been seen in cases of cardiac
amyloidosis (Figs. 5 and 6). Inflammation may be seen in the
endocardium, and its type and severity must be noted. Granulo-
mas of the foreign body type (due to talc introduced during the
EMB procedure) or representing granulomatous lesions such as
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sarcoidosis, tuberculosis or giant cell myocarditis may be seen
(Figs. 13 and 14).

The myofibres are assessed for their size, cytoplasmic and
nuclear changes. The general alignment of the myocardial cells
must be observed. When present, the extent, severity and location
of myofibre disarray should be noted. Assessment of the nuclear
size and shape gives a fair idea of the severity of hypertrophy
(Fig. 2). Myocardial cells could be normal, thinned/attenuated or
increased in size. Enlarged cells along with nuclear variation
gives a reasonably good assessment of hypertrophy which is
designated as mild, moderate or severe. Pigment in the myocar-
dial cell may be either Iipofuschin which is light brown in colour
and perinuclear in location or iron which is coarse brown. Special
stains for iron should be performed if there is a suspicion.
Degenerative changes such as vacuolization, and basophilic and
ischaemic changes must be noted.

The myocardial interstitium has a rich microvasculature, mes-
enchymal cells such as endothelial cells, fibroblasts, pericytes and
Iymphomononuclear cells. In evaluating a biopsy, the presence,
extent and severity or absence of fibrosis is noted. An important
aspect is to recognize the inflammatory cells in the interstitium. It
is important to characterize the cells as lymphocytes or histiocytes
which closely simulate other mesenchymal cells namely endothe-
lial cells, pericytes and fibroblasts. 18-20 Deposits of amyloid may
also be looked for in the interstitium.

Morphometric evaluation both at the light and electron micros-
copy levels may provide precise morphological data regarding the
myocardial fibres, endocardium and the interstitium. This proce-
dure is time-consuming but is of value in determining the cause of
hypertrophy.

Pitfalls
For an accurate assessment of the biopsy, the pathologist needs to
be familiar with various artefacts and non-specific findings that
are often encountered. ~Withexperience and awareness of these
artefacts, over-diagnosis can be avoided (Table III). Mild endo-
cardial fibrosis, interstitial fibrosis, focal mild atrophy or myocar-
dial hypertrophy may be non-specific changes and need to be
interpreted with caution. Attenuated and thin fibres admixed with
hypertrophic ones is acommon finding in dilated cardiomyopathy.
Hypertrophy of myofibres is better assessed by studying the
nuclei which show variation in shape and size. It is not infrequent
to find contraction bands in EMB fragments. These are not
necessarily due to ischaemia and are often the result of mechanical
trauma to the biopsy. Other conditions which cause contraction

TABLE III. Problems during interpretation

Sampling error-biopsy may yield negative results due to focal nature of
disease (e.g. myocarditis)

Crush artefacts (mechanical trauma)
Contraction bands (mechanical trauma, acute myocardial ischaemia.

catecholamine-induced injury)
Repeated sampling of same site in sequential biopsies
Myofibre disarray (seen in hypertrophic cardiomyopathy. normally

present in right ventricular trabecular carnae and previous biopsy site).
Focal interstitial fibrosis (non-specific finding; does not imply healed

ischaemia or myocarditis)
Interstitial mesenchymal cells closely simulate lymphocytes
Fresh thrombus (generally related to biopsy procedure)
Endocardial thickening (may be non-specific; oblique sectioning)
Adipose tissue (normal in right ventricular biopsy)
Mesothelial cells indicate perforation
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FIG 2. Photomicrograph from a case of dilated cardiomyopathy
showing myocardial hypertrophy evidenced by large nuclei.
Attenuated myofibres are also present (centre). H&E; x300

FIG 3. Photomicrograph from a case of dilated cardiomyopathy
showing myofibre loss (myocytolysis). H&E; x300

FIG 4. Endomyocardial biopsy from a case of dilated cardiomyo-
pathy showing endocardial thickening (E). H&E; xl50
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FIG 5. Photomicrograph from a case of cardiac amyloidosis. The
amyloid has replaced much of the myocardium (M). Nodular
subendocardial deposits are also seen (arrow). H&E; x300

FIG 6. Photomicrograph showing amyloid deposits in the sub-
endocardium (arrow) stained deep pink. (Crystal violet; x300)

FIG 7. Endomyocardial biopsy from a case of acute rheumatic
fever showing an Aschoff nodule (AN). H&E; x300
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FIG8. Photomicrograph from a case of endomyocardial fibrosis to
demonstrate endocardial fibrosis (E) extending into the
myocardium (M). Masson's trichrome; x300

FIG 9. Photomicrograph from a case of endomyocardial fibrosis
showing a thrombus. (H&E; x150)

FIG 10. Endomyocardial biopsy from a suspected case of dilated
cardiomyopathy. The biopsy showed ischaemic myocardium
(M) with clumped cytoplasm and loss of nuclei. (H&E; x150)

FIG II. Same case as Fig. 10 showing viable myofibres staining
dark brown with antimyosin antibody and the ischaemic
myofibres not staining. (Peroxidase anti peroxidase; xl 50)
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FIG 12. Photomicrograph from a case of aortoarteritis with
congestive heart failure. Biopsy reveals diffuse myocarditis
including myonecrosis (arrows). H&E; x300

FIG 13. Photomicrograph showing extensive myofibre destruction,
necrosis (arrow) and granulomatous inflammation suggestive of
tuberculosis. Only few viable myofibres (M) are present.

FIG 14.' Endomyocardial biopsy showing subendocardial granulo-
matous inflammation. Tuberculosis and sarcoidosis are the
differential diagnoses. (H&E; xl 50)

FIG 15. Endomyocardial biopsy taken from an intraventricular
mass revealed an organizing thrombus. A small part of the
myocardium (M) is seen. (H&E; x75)
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bands are reperfusion injury to the myocardium, catecholamine-
induced injury and defibrillation (shock). Another artefact which
results from mechanical trauma to the fibres during removal of the
biopsy from the bioptome and its subsequent handling is intersti-
tial oedema. The presence of adipose tissue in the biopsy can be
exciting for the uninitiated. Fat is normally encountered in the
right ventricle due to marked thinning of the wall in this region.
However, when adipose tissue is extensive with only occasional
myofibres then one must consider the possibility of a right
ventricular cardiomyopathy. 21 The presence of mesothelial cells
in the biopsy unequivocally indicates perforation. In cases under-
going repeated sequential biopsies (myocarditis and cardiac trans-
plantation) it is not uncommon to encounter fibrosis, organized
thrombi, few inflammatory cells and myofibre disarray. Due to
the anatomical configuration of the trabeculae camae in and
around the ventricular apex, the bioptome tends to slip to the same
site during repeat biopsies. The presence of myofibre disarray,
therefore, must not be interpreted as hypertrophic cardiomyopathy
as it may be encountered normally in the apex of the right
ventricle.

A detailed evaluation of the various components of the biopsy
including the associated findings as discussed above must be
concluded by a final diagnosis. While it is useful to document the
morphological changes in detail it is advisable to give a diagnostic
label. Absence of any significant alterations in the biopsy may
also be of great help to the clinician and must be stated clearly.

CONCLUSION
Endomyocardial biopsy is a reliable and safe procedure with
minimal side-effects. It is indicated in several cardiac diseases,
the most important being cardiac allograft rejection in which
sequential biopsies are performed for postoperative surveillance
which enables rational use of immunosuppressive therapy. The
tissue obtained can be subjected to various sophisticated analyti-:
cal methods primarily meant for research. However, with careful
handling of the tissue and a systematic evaluation using simple
conventional methods that can be carried out routinely in all
laboratories, valuable information for diagnosing several cardiac
diseases can be obtained.
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Announcement
The Association of Rural Surgeons of India (ARSI) is an association of surgeons practicing
general surgery, obstetrics and gynaecology, orthopaedics, urology and/or other branches of
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The ARSI aims to bring together and help such surgeons try to find solutions to the difficulties
they face in their working conditions and to improve the surgical care of rural India,
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