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artefacts. However, such samples are suitable for immuno-
fluorescence, culture, polymerase chain reaction or reverse
transcriptase PCR polymerase chain reaction based investiga-
tions—for example, as a means of identifying virus to support
a diagnosis of viral myocarditis.”

The usefulness of immunohistochemistry is dependent on
the information sought. Amyloid may be immunopheno-
typed, providing important prognostic information, and the
results may suggest that additional investigations should
be performed to evaluate plasma cell dyscrasia.*
Immunophenotyping of lymphocytes in acute cellular
allograft rejection, myocarditis, or lymphoma can be diag-
nostically useful.”” ** Immunohistochemistry and immuno-
fluorescence are also used to assess acute vascular rejection
or biopsy negative cardiac transplant rejection.”” ** Immune
related cardiomyopathy may also be considered with use of
appropriate immunostains.

Clinically relevant complications from EMB sampling are
rare, and are estimated at 1-2%, with death an exceptionally
rare event at less than 0.2% (table 4).” *>' The most important
potential “complication” of EMB is sampling error—missing
pathology that is focal in nature or potentially limited to the
left ventricle. Cardiologists attempt to compensate for this
possibility by obtaining multiple tissue fragments; however,
great importance must be given to the clinico—pathological
interpretation of the disease entity at hand to arrive at the
final diagnosis.

"“Clinically relevant complications from endomyocardial
biopsy sampling are rare, and are estimated at 1-2%,
with death an exceptionally rare event at less than 0.2%"

Although not always a practical consideration, the value of
consultation with a dedicated cardiovascular pathologist
cannot be overstated. Surgical pathologists within an
academic health centre may routinely see a sufficient number
of allograft biopsies to be comfortable with their diagnostic
challenges. However, biopsies to assess other conditions such

Table 3  Adjunctive studies available for
endomyocardial biopsy material

Adjunctive studies

(1) Polymerase chain reaction (viral genomes—myocarditis)

(2) Transmission electron microscopy (myocarditis/cardiomyopathy/
amyloidosis)

(3) Immunohistochemistry (acute allograft rejection/amyloidosis/
neoplasm/cardiomyopathy)

(4) Histochemical stains (storage disease/metabolic disease)

(5) Immunofluorescence (rejection/cardiomyopathy)
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Figure 4 (A) Biopsy from a 61 year
old man showing grade 1A rejection
with foci of |ympﬁ10cytic infiltrates and
no evidence of myocyte damage
(haematoxylin and eosin staining;
original magnification, x5.0). (B)
Grade 3A rejection showing significant
lymphoid inFi|trc1tion and myocyte
necrosis. This figure as shown would
represent grade 3A graft rejection;
however, this biopsy sample consisted
of diffuse lymphocytic infiﬁrafes and
myocyte necrosis in all of the biopsy
pieces and the sections examinecf and
was diagnosed as grade 3B rejection
(haematoxylin and eosin staining;
original magnification, x20).

as drug toxicity, infiltrative disorders, myocarditis, and
specimens supporting the diagnosis of DCM are uncommon
and should ultimately be evaluated at a centralised facility
that serves a large referral base. Dedicated cardiovascular
pathologists are familiar with primary and secondary
myocardial disease and the common artefacts associated
with sampling itself, in addition to the histomorphological
changes associated with prosthetic device implantation
(pacemaker leads/ventricular assist devices) that may be
present in the failing heart.

FINDINGS AND IMPORTANCE

The approach to an endomyocardial biopsy specimen involves
the examination of multiple serial sections to assess
histomorphology and to “reconstruct’” identified pathologies
within the sample. Similar to other medical tissue biopsy
specimens, careful evaluation of each component of the
biopsy specimen including endocardium, myocardium, inter-
stitium, and vasculature is crucial to avoid missing diagnostic
entities (table 5). The final report should include the biopsy
site, type of biopsy, and clinically relevant information
including diagnosis, grading scheme, and a detailed micro-
scopic description that may not be useful to the clinician, but
may facilitate future research endeavours. Finally, the
interpretation of cardiac biopsies should never be performed
in the absence of appropriate and adequate clinical informa-
tion that may help to rationalise non-specific findings, direct
further investigations, and allow definitive diagnoses (or

Table 4 Complications of endomyocardial biopsies

Complications

Major complications
Haemopericardium
Tamponade
Mediastinitis
Pneumothorax
Air embolism
Pneumopericardium
Thromboembolism
Myocardial infarction
Transmission of infectious organism (such as hepatitis B/C)
Tricuspid or mitral valve damage with possible severe regurgitation
Pericardial fibrosis/thickening
Minor complications
Chest pain (transient)
ECG abnormailities (transient)
Nerve palsy
Rupture of chordae tendinece
Tricuspid valve damage with regurgitation
Haematoma
Hypotension
Deep vein thrombosis
Vascular fistulae

ECG, electrocardiogram.
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Table 5 Histomorphological diagnostic features to
consider

Tissue/Hist p ] gy (Qevorcfor Ay P

Endocardium
Fibrosis Organised thrombus

Healed biopsy site

Myocardial infarct

Healed acute rejection site

Graft procurement injury

Adjacent prosthetic device

Abnormal blood flow haemodynamics

Hypereosinophilic syndrome

Mastocytosis

Endocardial fibroelastosis

Healed myocarditis

Cardiomyopathy

Drug foxicity

Adjacent prosthetic device

Healing biopsy site

Hypereosinophilic syndrome

Ulceration/necrosis

Myocardium
Hypertrophy Hypertrophic/dilated cardiomyopathy

Pressure/volume overloaded ventricle

Storage disorders

Primary myopathies (Duchenne’s/Becker’s)

Muscular dystrophies (myotonic)

Hypertrophic cardiomyopathy

Healed biopsy site

Ventricular apex

Junction of free wall and interventricular

septum

Fibre disarray

Interstitium
Fibrosis Healed biopsy site
Myocardial infarct
Healed acute rejection site
Adjacent prosthetic device
Hypereosinophilic syndrome
Mastocytosis
Healed myocarditis
Cardiomyopathy
Drug toxicity
Allograft rejection (focal or diffuse)
Quilty lesion (A or B)
Normal allograft (sparse and diffuse)
Myocarditis/dilated cardiomyopathy
Post transplant lymphoproliferative disease
Lymphoma
Leukaemia
Bacterial /fungal endocarditis (+ necrosis)
Fulminant acute allograft rejection
Fulminant myocarditis
Hypereosinophilic syndrome (+eosinophils)
Sepsis
Hypereosinophilic syndrome (Loeffler’s)
Hypersensitivity (for example, drug)
Fulminant allograft rejection
Parasitic infection (Chagas)
Sarcoidosis
Amyloidosis
Aschoff nodules
Foreign body reaction
Giant cell myocarditis
Intramural vessel changes Allograft vasculopathy
Hypertrophic cardiomyopathy
Systemic arterial hypertension
Amyloidosis
Collagen vascular disorders
Mitral valve prolapse

Lymphocytes

Neutrophils

Eosinophils

Granulomas

exclusion of diagnoses).

An overview of some of the major histopathological
findings in each myocardial biopsy component and their
significance is presented below.

Endocardium

The normal endocardium is composed of an endothelial cell
layer, a subendothelial layer of loose collagen and fibroblasts,
and an elastic layer, often associated with collagen and
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smooth muscle cells. These endocardial layers appear at
times to be ill defined and can have a variable thickness
depending on location. For instance, the right ventricular
outflow tract has a thicker endocardial layer than the inflow
surface. A separate subendocardial layer between the
endocardium and myocardium is composed of thick collagen,
elastin, fibroblasts, and smooth muscle cells and may
have associated blood wvessels, Purkinje fibres, and
adipocytes, particularly in the right ventricle. This layer is
continuous with the extracellular interstitium surrounding
cardiomyocytes.*

The most important pathological alteration of the endo-
cardium is thickening, in general as a result of a combination
of fibrosis and elastosis. It is possible that this change can be
overdiagnosed if the biopsy specimens are tangentially
embedded. Serial sections solve this interpretative error.
Endocardial fibrosis may be a non-specific finding or
representative of the specific pathology occurring. It may be
the result of altered blood flow haemodynamics or may be a
secondary effect of repeated EMB sampling or catheterisation
related endomyocardial injury (healing trauma) (fig 5). The
differentiation between these causes requires a careful
account of clinical information. For example, in the allograft
heart repeated biopsies of the right ventricular septum result
in endocardial fibrosis at healed biopsy sites. These may
appear in different stages of repair and are often found with
myocyte disarray and/or adipocytes (fig 6).' Thrombus can
also be seen as a result of a previous biopsy or a primary
pathological process, such as Loeffler’s endomyocarditis, that
has secondarily organised.” Organised mural thrombi may
also be found in association with cardiomyopathies, intra-
cardiac masses, or a prosthetic device. Fresh fibrin platelet
thrombus may form at the site of the biopsy itself or on the
catheter sheath, and should not be over interpreted as an
important finding. Subendocardial fibrosis may be the result
of a healed myocardial infarct. Other rare entities such as
primary endocardial fibroelastosis are known, so that clinical
correlation is imperative.*

"“The most important pathological alteration of the
endocardium is thickening, in general as a result of a
combination of fibrosis and elastosis”

Various cellular infiltrates can be seen in the endocardium.
In addition to the fibroblastic/smooth muscle cell prolifera-
tions associated with organisation and fibrosis, the most
common focal endocardial cellular infiltrate seen at endo-
myocardial biopsy is secondary to the “Quilty” effect.”” Quilty
lesions are endocardial inflammatory infiltrates associated
with allograft heart transplantation coupled with cyclospor-
ine A immunomodulation. Interestingly, Quilty lesions are
not seen in native endocardium in patients undergoing
similar treatment to prevent graft rejection of other organs.*
Quilty A lesions are confined to the endocardium and are
composed primarily of small lymphocytes, with occasional
small capillaries, macrophages, and plasma cells. Quilty B
lesions are similar, but they extend into the underlying
subendocardium and myocardial interstitium, surrounding
cardiomyocytes that may or may not show focal myocyte
necrosis. Quilty lesions (A or B) do not appear to be clinically
relevant.

When assessing focal myocardial inflammatory cell infil-
trates near but apparently not involving the endocardial
surface, it is important to evaluate deeper sections within the
tissue block to determine whether the lesion becomes
continuous with the overlying endocardium, and is in fact a
Quilty lesion. Endocardial infiltration by neoplastic cells from
a metastatic process is possible but uncommon.
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Myocardium

Normal myocardium is made up of approximately one third
cardiomyocytes, with the remainder being interstitial cells and
vascular endothelium. The myocardium is composed of
cardiomyocytes joined at intercalated disks. There is a centrally
placed nucleus (or occasionally two nuclei), often with
perinuclear lipofuscin. Muscle fibres may run in different
directions; however, frank myofibre disarray per se is not
common in the normal heart, except at the ventricular apex
and junction between the free wall and septum.*

Myocyte hypertrophy is generally a consequence of a
volume or pressure overloaded ventricle, or a manifestation
of a primary cardiomyopathy. Cellular hypertrophy can be the
consequence of increased myofibril production or the
presence of intracytoplasmic accumulations as a result of
metabolic storage disorders, such as Fabry’s disease.””
Hypertrophy may be physiological or pathological and is a
non-specific finding, requiring concomitant clinico-patholo-
gical findings for relevance. Myocyte hypertrophy may be
evaluated more accurately from nuclear changes as opposed
to myocyte dimensions, which may be affected by ventricular
dilation and remodelling. Nuclear polyploidy is often seen in
hypertrophied cardiomyocytes.

Myocardial disease may also arise from myofibril loss
causing atrophy or increased vacuolisation of myocytes, a
condition termed myocytolysis. Myofibre loss can also be
seen in conjunction with replacement fibrosis, as a conse-
quence of excess physiological stress, ischaemia, or a direct
toxic insult. Both myocytolysis and myocyte hypertrophy are
very common in areas adjacent to fibrosis. It is possible to
confuse normal Purkinje cells with pathological myocytolysis.
This pitfall is especially important in left ventricular biopsies.
Vacuolisation of the myocytes as a result of contraction band
artefact is another common confusing change.

Myofibre disarray often reflects primary myocardial
disease and is classically associated with hypertrophic

www.iclinpath.com
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" Figure 5 (A) Biopsy artefact showing
pinching of the sample at the time of
procurement (arrows). Also note the
region of fibrosis, which probably
represents the site of an earlier biopsy
(er;sﬁc trichrome stain; original
magnification, x2.5). (B) Tissue
fragment from a very recent transplant
showing endocardidl fibrosis, proEa
secondary to a healed biopsy site (rhici
arrow). Also note the region of
interstitial fibrosis and mixed
inflammatory infiltrate consistent with a
“vasopressor effect”” and probably not
the site of a healed episoJ; of rejection
(elastic trichrome stain; original
magnification, x1.6).

cardiomyopathy. Myofibre disarray may be characterised
histologically as cardiomyocytes joining in a disordered
fashion, often end to side or myofibres resembling a “basket
weave” pattern with overlying fibres, in association with
considerable interstitial fibrosis. Myocytes may intersect at
various angles, giving the tissue a whorled appearance.
Myofibrils may even be seen within the myocyte, running in
different directions.” Myofibre disarray is common in healed
biopsy sites, such as those in the transplanted heart.

Interstitium
The interstitium is composed of both structural and adhesive
proteins and proteoglycans. The cellular constituents include
fibroblasts, histiocytes, smooth muscle cells, myofibroblasts,
mast cells, adipocytes (more in the right ventricle), and
leucocytes, in addition to a dense capillary network of
endothelial cells. It is important to note that the composition
of the interstitium changes slightly with more adipocytes and
fibrosis (fig 7).>> Age related deposition of amyloid is
common.*®

Examination of the interstitium provides information
about cellular infiltrates (generally immune/inflammatory)
and the consequences of their activity. Lymphocytes may be
associated with direct myocyte toxicity, as in acute transplant
rejection or myocarditis, or their presence may be entirely
benign, as with Quilty lesions. The nature of the inflamma-
tory infiltrate is important to consider—for example, if it
includes neutrophils or histiocytes it may be indicative of a
more acute or granulomatous process. The inflammatory cell
composition may reflect specific conditions and should be
correlated with the available clinical history. Interstitial
oedema, as demonstrated by a widened interstitium with
possibly a subtle pink fibrinous exudate, may suggest an
ongoing inflammatory process. Caution should be exercised
in identifying interstitial oedema because traction artefact
from biopsy procurement can simulate oedema.

Figure 6 (A) Section showing the
typical pattern of myofibre disarray that
can be seen at previous biopsy sites
(haematoxylin and eosin staining;
original magnification, x20). (B) Biopsy
. artefact showing intussusception of an
+ intramural vessel, not evidence of
occlusion/vasculitis (arrow) (elastic
trichrome stain; original magpnification,

x10).
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Immunophenotyping is available to characterise lympho-
cytic infiltrates if necessary.””*' The presence of lymphocytic
atypia should raise the differential diagnosis of lymphoma or
post transplant lymphoproliferative disorder in the setting of
an allograft heart.”” The presence of mast cells or eosinophils
should prompt an evaluation for parasitic infection, hyper-
sensitivity reactions (especially drugs), and mastocytosis or
hypereosinophilic  syndrome—Loeffler's endomyocarditis.
The cardiac pathologist should not only facilitate the
diagnosis of the heart disease in question, but should also
raise the possibility of systemic processes and suggest further
investigations that may be warranted.

“Lymphocytes may be associated with direct myocyte
toxicity, as in acute transplant rejection or myocarditis, or
their presence may be entirely benign, as with Quilty
lesions”

Many of the same actiologies already mentioned that
predispose to endocardial fibrosis also hold true for interstitial
fibrosis; however, myocardial changes—such as evidence of
coronary artery disease, identification of microinfarcts, micro-
vascular changes, and the presence of cellular infiltrates—are
more likely to be present in interstitial fibrosis. In the allograft

Take home messages

o Although non-invasive imaging techniques have been
investigated for the diagnosis of many primary and
seconiary cardiac conditions, there are still consider-
able limitations fo these techniques, and the endomyo-
cardial biopsy (EMB) remains the gold standard mode
of investigation

o The EMB is used widely as a means to follow allograft
rejection affer heart transplantation, and is also used to
diagnose conditions ogl:)ecting the heart including
cardiomyopathies, myocarditis, infiltrative lesions,
arrhythmias, and drug toxicities

® EMB is also used as a research tool to investigate the
natural history of disease and the cardiotoxicity of new
medications

o The EMB procedure is a safe, simple, and effective
interventional procedure with a very low rate of
morbidity and mortality

o The interpretation of EMB specimens requires knowledge
of the patient's clinical history and an appropriate
understanding of cardiovascular pathophysiology
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Figure 7 (A) Elastic trichrome stained

section showing considerable fat

Y infiltration into the myocardium, near

the ventricular apex (original

3 magnification, x2.5). (B) Section

¢ showing what appears to be epicardial
fat and haemorrhage, suggestive of

| ventricular perforation. The definitive

identification of ventricular perforation

would require the evaluation of more

sections and the detection of epicardial

mesothelium. Prompt notification of

such findings should be made to the

interventional cardiologist who

performed the biopsy (elastic trichrome

stain; original magnificaﬁon, x5).

heart, focal interstitial fibrosis should also be considered in the
setting of healed foci of rejection and post transplant graft
procurement injury. Certainly, any cellular or interstitial
changes seen very shortly after transplantation should be
tempered with knowledge of the ischaemic time of the donor
heart, donor condition, and subsequent exposure to vasopres-
sors.”” The “catecholamine effect” caused by high concentra-
tions of vasopressors before transplantation is manifested as
small foci of myocyte damage surrounded by a mixed
inflammatory infiltrate that includes neutrophils (fig 5).”
These sites may be mistaken for early evidence of rejection
seen within the first few weeks after transplantation. Once
healed, they may resemble regions of healed rejection.

Intramural vessels
Intramural myocardial microvasculature is known to be
resistant to atherosclerosis. The most frequent change most
pathologists will see in an EMB specimen is allograft
vasculopathy (graft vascular disease), which affects epicar-
dial and intramural vessels in donor hearts. The aetiology of
this process is uncertain; however, it appears to be the result
of a combination of immunological factors and non-
immunological factors related to the transplanted heart/
recipient or may be a side effect of the immunosuppressive
drugs. Cardiac allograft vasculopathy appears to affect 30—
60% of individuals within five years of transplantation.”
Allograft vasculopathy differs from atherosclerosis in that it
is characterised by concentric rather than eccentric intimal
hyperplasia, and diffuse lesions affecting both proximal
arteries/arterioles with intact internal elastic membranes.
Hypertrophic cardiomyopathy may also have distinctive
small vessel changes. In addition to myocyte disarray, wall
thickening, and fibrosis, microvascular dysfunction is a
common feature of hypertrophic cardiomyopathy, and may
be morphologically characterised by reduced arteriolar
density and intimal and medial hyperplasia, with increased
collagenous and smooth muscle cell components.*
Interestingly, the intramural vessel changes seem to occur
more frequently in regions with more interstitial fibrosis.*
Small vessel thickening may also be seen in diabetes
mellitus, systemic arterial hypertension, and in numerous
collagen vascular disorders. Amyloidosis may also involve the
intramural vessels and cause ischaemia.* Angiography may
be normal in individuals with unexplained chest pain for
whom hypertrophic cardiomyopathy has not been clinically
diagnosed, and the EMB may provide a valuable explanation
for this clinical problem.”” Microvascular thickening has also
been reported in patients with mitral valve prolapse
syndrome and in those with atypical chest pain—syndrome
X.** The presence of pre-existing coronary artery disease in
the donor organ may even be associated with small vessel
changes downstream of stenotic epicardial vessels.”
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Adequate specimen

4 or more good pieces of endomyocardium

Assess all sections

(1) Endocardium

Normal
T Thickness
Subendocardial
Fat/fibrosis/inflammation

(2) Myocardium
Muscle fibre number
Size
Damage

(3) Interstitium

Normal
Fibrosis
Fat
Oedema
Inflammation

If so — type

(4) Intramural vessels

Increased
Inflammation
Damage
Luminal stenosis

(5) Also assess

Any epicardium
Mesothelial cells
Thrombus
Chordae tendineae

Inadequate specimen

Tissue is primarily:

Scar
Fat
Thrombus
2 or fewer pieces of endocardium

Borderline specimen

3 pieces of endomyocardium
Diagnosis is borderline adequate (see comment)

Comment: mention histological findings — if definite
diagnostic features seen then give diagnosis
(such as, myocarditis/amyloid)

Figure 8 The evaluation of an endomyocardial biopsy.

CONCLUSIONS

The EMB remains the gold standard to assess and diagnose
myocardial disease in the living patient (fig 8). Although
there have been numerous studies comparing non-invasive
imaging techniques to EMB for the diagnosis of graft
rejection, infiltrative disorders, and even intracardiac masses,
there are still considerable limitations to these techniques.>>*
The EMB procedure is a safe, simple, and effective interven-
tional procedure with a very low rate of morbidity and
mortality. The interpretation of EMB specimens requires
knowledge of the patient’s clinical history and an appropriate
understanding of cardiovascular pathophysiology.
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