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Pathology of cardiac transplantation-The initial experience

r. CHOPRA, A. JOSHI, K. K. TALWAR, B. AIRAN, S. SRIVASTAVA, P. VENUGOPAL

ABSTRACT
Background. Cardiac transplantation has recently been

started in India at the All India Institute of Medical Sciences,
New Delhi. All transplants are monitored by right ventricular
endomyocardial biopsies. This study describes our initial
experience with the histopathological assessment of post-
transplant endomyocardial biopsies.

Methods. Fifty-four endomyocardial biopsies from 8 trans-
planted hearts were reviewed. At least 3 haematoxyli~osin
and Masson trichrome stained sections were available on
each biopsy. Special stains and immunohistochemistry were
done as required. Biopsies were graded for rejection using the
grading system ofthe Intemational Society for Heart and Lung
Transplantation. Infection, 'Quilty' effect, biopsy site, ischaemia
and reperfusion injury were also assessed.

Results. There was no evidence of rejection in 34 biopsies.
Eleven biopsies showed mild rejection. Only 9/54 biopsies
from 4 of the transplant recipients had clinically significant
grades of rejection. Biopsy sites were present in 13/54 biop-
sies. Ischaemia was present in the first biopsy after transplan-
tation in 4 recipients. There was no evidence of viral or parasitic
infection. 'Quilty' lesions were seen in 14/54 biopsies from 5
transplant recipients. Four of these 5 recipients had 'Quilty'
lesions on more than 1 biopsy.

Conclusions. The low rejection rate at our centre is consist-
ent with reports from around the world. Endomyocardial biopsy
has been a safe, convenient and useful method for diagnosing
rejection and monitoring the postoperative course of cardiac
transplants at our centre.
Natl Med J India 1997;10:264-9

INTRODUCTION
Cardiac transplantation is today an accepted therapeutic modality
for refractory cardiac failure with around 35 ()()()heart transplants
having been performed worldwide between 1967 and 1996. I

However, a 15% l-year post-transplant survival worldwide in the
initial years precluded its widespread acceptance. A significant
contribution to improved patient survival was made by (i) the
introduction of endomyocardial biopsy for diagnosing allograft
rejection, and (ii) the availability of cyclosporine as an immuno-
suppressive agent. At present, the l-year survival rate is about

All India Institute of Medical Sciences. New Delhi 110029, India
P. CHOPRA, A. JOSHI Department of Pathology
K. K. T ALW AR Department of Cardiology
B. AIRAN, S. SRIVASTAVA. P. VENUGOPAL

Department of Cardiothoracic Surgery

Correspondence to P. CHOPRA

@ The National Medical Journal of India /997

85%, with a 5-year survival rate of 65%-70%. Cardiac allograft
recipients now return to a normal lifestyle with the longest
survival being over 20 years.'

In India, interest in cardiac transplantation was generated in
the late 1980s. The 'Transplantation of Human Organs Bill'3.~
received the Presidential assent in July 1994 and India's first heart
transplant was done at the Cardiothoracic Centre of the All India
Institute of Medical Sciences on 3 August 1994.

This transplant and the 7 transplants done since have been
closely monitored to detect and treat allograft rejection. Acute
cardiac rejection may not manifest clinically until quite severe;
thus, it is important to obtain sequential endomyocardial biopsies
after transplantation to monitor allograft rejection morphologi-
cally.' Based on the histological grade ofrejection and the clinical
assessment, the transplant recipient's immunosuppressive proto-
col is modified to contain rejection.

We present here our initial experience with the histopathological
assessment of post-transplant endomyocardial biopsies and the
problems faced during interpretation.

MATERIALS AND METHODS
Between August 1994 and November 1996, 8 cardiac transplants
were performed. Sequential endomyocardial biopsies were
obtained after transplantation in all of them.'

The endomyocardial biopsy was performed using a size 7F
bioptome, Cordis or Mansfield type. Under fluoroscopic guid-
ance, the bioptome was introduced into the right ventricle through
the internal jugular vein and a biopsy taken, usually from the
septal surface of the right ventricle. Multiple pieces of tissue
could be obtained in this manner. 6

The fragments of tissue so obtained were handled carefully to
minimize artefacts.v' They were gently extracted from the bioptome
jaws using a filter paper or a needle and immediately placed in
10% neutral buffered formalin at room temperature. After con-
ventional histological processing, 4-5 micron thick sections were
obtained from the paraffin-embedded tissues. To assess deep-
seated lesions, the block was serially step-sectioned for at least
3-4 levels, each level having 4-5 sections.

In addition to the haernatoxylin-eosin stain, a Masson trichrome
stain was routinely performed in order to distinguish fibrosis,
previous biopsy sites and ischaemic myocytes.

Grading of acute rejection
A universal grading system for cardiac allograft biopsy interpret-
ation was proposed in 1990 by the International Society for Heart
and Lung Transplantation (ISHLT)I to enable greater uniformity
in biopsy grading, thus allowing for more accurate comparison of
results between different centres. The different grades of rejection
laid down by the ISHLT are shown in Table I. If acute rejection
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TABLEI. Standardized cardiac biopsy grading

Grade 'New' nomenclature 'Old' nomenclature

o
I

No rejection
A: Focal (perivascular or interstitial)
infiltrate without necrosis
B: Diffuse but sparse infiltrate without
necrosis
One focus only with aggressive
infiltration and/or focal myocyte
damage
A: MultifocaI aggressive infiltrates
and/or myocyte damage
B: Diffuse inflammatory process with
necrosis
Diffuse aggressive polymorphous+
infiltrate + oedema. + haemorrhage,
+ vasculitis, with necrosis

No rejection
Mild rejection

II 'Focal' moderate
rejection

III 'Low' moderate
rejection
'Borderline!
severe'
'Severe acute'
rejection

IV

'Resolving' rejection denoted by a lesser grade 'Resolved' rejection denoted by
gradeO.

was present on a biopsy, the patient usually uriderwent a follow up
biopsy after one week. If the rejection grade on the follow up
biopsy was the same as or greater than that in the previous biopsy
it was termed 'ongoing rejection', while if it was lower than the
previous grade it was termed 'resolving rejection' . If the rejection
had completely cleared up (i.e. ISm..T Grade 0), it was termed
'resolved rejection'. The standardized grading system also re-
quires that some additional information (such as presence of
ischaemia and 'Quilty' lesions) be mentioned in the biopsy report
(Table II).

RESULTS
All 8 heart transplant recipients were adult males, whose age
ranged from 19 to 51 years (Table Ill). End-stage idiopathic
dilated cardiomyopathy and ischaemic heart disease were the
reasons for transplantation in 5 and 3 cases, respectively.

A total of 54 post-transplantation endomyocardial biopsies
were obtained from these patients at the time of this study, with the
maximum number (15) in the longest surviving recipient.

As shown in Table IV, 34/54 biopsies showed no evidence of
acute rejection (ISHLT Grade 0; Fig. 1). Mild acute rejection or
ISHLT Grade I (Figs. 2 and 3) was observed in 11154 of the
biopsies, of which the majority were focal (ISHL T Grade I A; Fig.
2). Only one episode of focal moderate rejection or ISm.. T Grade
II was seen (Fig. 4). Features of multifocal moderate acute rejec-
tion, i.e. ISHL T Grade ill A (Fig. 5) were seen in 5/54 biopsies,
while 3/54 biopsies showed borderline severe acute rejection or
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TABLEII. Standardized cardiac biopsy grading-Additional
required information

• Biopsy less than 4 pieces
• Humoral rejection (positive immunofluorescence), vasculitis, or

severe oedema in the absence of cellular infiltrate
• 'Quilty' effect

A: No myocyte encroachment
B: With myocyte encroachment

• Ischaemia
A: Up to 3 weeks post-transplant
B: Late ischaemia

• Infection present-biopsy therefore uninterpretable
• Lymphoproliferative disorder
• Other (specify)

ISHL T Grade ill B (Fig. 6). None of the biopsies showed severe
rejection (ISm..T Grade IV).

Recipients with ISm.. T Grades 0, I A, or I B rejection on biopsy
usually did not receive any additional immunosuppression. In
patients with moderate or severe rejection (ISHL T Grades II, ill
A and ill B), the biopsy findings were correlated clinically and the
treatment altered accordingly. Thus, only 9/54 biopsies (from 4 of
the 8 transplant recipients; Table IV) showed histological grades
of acute rejection that required augmentation of immunosuppres-
sion after clinical correlation. Only 2 of the 8 biopsies done in the
first week post-transplant had evidence of allograft rejection.
Only 1ofthese was of a clinically significant grade (ISm.. T Grade
ill A), requiring adjustment of immunosuppression.

The other associated findings seen on these endomyocardial
biopsies are also shown in Table IV. In transplant patients from
whom multiple biopsies were taken, a varying number of biopsy
sites were identified (Figs. 7 and 8). Small foci of ischaemia were
noted in the first post-transplant biopsy from 4/8 recipients,
consistent with post-transplant reperfusion injury/transient

TABLEIII. Age and pre-transplant diagnosis of recipients

Age Pre-transplant diagnosis

42 Idiopathic dilated cardiomyopathy
46 Ischaemic heart disease
22 Idiopathic dilated cardiomyopathy
51 Idiopathic dilated cardiomyopathy
35 Ischaemic heart disease
25 Idiopathic dilated cardiomyopathy
37 Ischaemic heart disease
19 Idiopathic dilated cardiomyopathy

TABLEIV. Rejection grades and associated findings in endomyocardiai biopsies of transplant recipients

Recipient no. Grade of rejection Biopsies First 'Quilty' Biopsies Biopsies Total
0 II III with 'Quilty' lesion with biopsy with number of

IA IB iliA IIIB lesions (weeks) sites ischaemia biopsies

I 9 4 5 27 3 0 15
2 8 I 2 12.5 4 0 9
3 6 3 2 10 2 0 10
4 I 0 0 I 1
5 4 1 30 3 0 6
6 4 3 2 4 8 1 I 10
7 I 0 0 1 1
8 I 1 0 0 2 2

34 9 2 5 3 54
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FIG I. Endomyocardial biopsy from a heart transplant recipient
I week post-transplant. The endocardium, myocardium and
interstitium .are normal (ISHL T Grade 0). (H&E, x50)

FIG 3. Endomyocardial biopsy from a heart transplant recipient
showing ISHL T Grade I B rejection, with a small focus of
Iymphomononuclear cells spreading between the myocytes. No
myocyte damage is seen. (H&E, x50)

FIG 5. Endomyocardial biopsy from a heart transplant recipient
showing ISHL T Grade III A rejection, evident as multi focal
infiltrates associated with myocyte necrosis. (H&E, x25)
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FIG 2. Endomyocardial biopsy from a heart transplant recipient
with ISHL T Grade I A rejection. A collection of Iymphomono-
nuclear cells are seen around a small blood vessel. without any
associated myocyte damage. (H&E, x50)

FIG 4. Endomyocardial biopsy (seventh) from a heart transplant
recipient showing changes of ISHL T Grade II rejection. A
single large focus of Iymphomononuclear cells is seen. Some
myocytes show necrosis. (Masson trichrome stain, x25)

FIG 6. Endomyocardial biopsy from a transplant recipient with
ISHLT Grade III B rejection. There is extensive, diffuse Iympho-
mononuclear infiltration with myocyte necrosis. (H&E. x25)
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FIG 7. Endomyocardial biopsy (fourth biopsy post-transplant)
demonstrating a previous biopsy site. The endocardium (arrow)
is thickened by numerous myofibroblasts and collagen.
(Masson trichrome stain, x50)

FIG 9. Endomyocardial biopsy showing focus of ischaemic fibres
which stain greyish blue in contrast with the red stain of viable
myocytes. Contraction band necrosis, also seen in myocytes, is
evidence of reperfusion injury. (Masson trichrome stain, xlOO)

FIG II. Endomyocardial biopsy with Iymphomononuclear
infiltration in the endocardium ('Quilty' A). The thin-walled
blood vessels within the infiltrate. (H&E, x50)
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FIG 8. Endomyocardial biopsy from another case shows granula-
tion tissue at a previous biopsy site. There is disarray of
myofibres. (H&E, x25)

FIG 10. Endomyocardial biopsy (tenth biopsy post-transplant) to
show infiltrates in the epicardial fat. (H&E, x25)

FIG 12. Endomyocardial biopsy with Iymphomononuclear
endocardial infiltrate, extending into the myocardium
('Quilty' B). (H&E, x50)
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ischaemia (Fig. 9). 'Quilty' lesions (Figs. 10-12), as defined by
the ISHLT,1 (Table IT)were observed in multiple biopsies from
5/8 transplants, both 'Quilty' A (Fig. II) and 'Quilty' B (Fig. 12)
being identified. The earliest 'Quilty' lesion was seen at 8 weeks
post-transplant.

DISCUSSION
Cardiac transplantation is a well-established procedure which
provides a new lease of life to patients with end-stage 'refractory'
cardiac diseases. While all the transplants done at our centre were
for idiopathic dilated cardiomyopathy and ischaemic heart dis-
ease, the spectrum of diseases for which cardiac transplantation
has been attempted worldwide has ranged from sarcoidosis to
cardiac tumours.' With the increasing number of centres perform-
ing paediatric heart transplants, congenital heart disease has
overtaken dilated cardiomyopathy as the most common cause for
transplantation in children. I,M.~ The age of our patients ranged from
19 to 51 years. With increasing experience, newer immunosup-
pressive agents and better post-transplant monitoring, larger
centres have reported heart transplantation in patients over the age
of 60 years. III

The assessment of cardiac allograft rejection in transplant
recipients has been attempted by a variety of methods II including
intravascular ultrasound and transoesophageal echocardiography.
However, endomyocardial biopsy" remains the gold standard for
the assessment of cardiac allograft rejection, as it provides a safe
and efficient method of obtaining histological confirmation of the
presence or absence of rejection. For accurate assessment of
allograft rejection, at least 4 evaluable pieces of endomyocardial
tissue are required. A study by Spiegelhalter and Stovin'! has
shown that with 4 pieces of tissue, using the large 9F size
bioptorne, there is a 2% false-negative result which goes up to 5%
when only 3 pieces are available. We obtained 3-4 pieces of
cardiac tissue for histopathology.

An adequate endomyocardial biopsy provides invaluable
information about the state of allograft rejection. Immuno-
suppression regimens have been modified repeatedly since the
inception of cardiac transplantation and rejection rates have
varied accordingly. With the introduction of cyclosporine as an
immunosuppressive agent in cardiac transplantation, the rates
of rejection and drug toxicity have fallen. Today, careful post-
transplant monitoring combined with the use of triple therapy
(azathioprine, cyclosporine and corticosteroids) has led to a
significant decrease in cardiac allograft rejection rates around the
world. 14

The incidence of acute rejection in our post-transplant biopsies
compared well with the experience at other centres, as the major-
ity (34/54) showed no evidence of acute rejection (ISHLT Grade
0). Mild rejection, not requiring augmentation of immunosup-
pression, was seen in 11/54 biopsies. Only 9/54 biopsies had
evidence of moderate acute rejection. This could be controlled by
increasing immunosuppression with subsequent biopsies being
categorized as ISHL T Grade O. Interestingly, in 6 out of 8 patients,
the first post-transplant biopsy showed no evidence of acute
rejection. In only one patient, the first biopsy showed Grade 1lI A
rejection which resolved on the subsequent biopsy after increas-
ing immunosuppression.

Irrespective of the grade of allograft rejection, all post-trans-
plant biopsies are characterized by myocyte hypertrophy and
interstitial fibrosis. Myocytes appear uniformly hypertrophied I'
within a few days after transplantation. In areas close to a biopsy
site there may be marked compensatory hypertrophy with bizarre
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nuclei. This hypertrophy is not 'pathological'. Interstitial fibrosis
is another ubiquitous feature of post-transplant biopsies and has
been attributed to the use of cyclosporine. It is usually present as
a fine, perimyocytic fibrosis around individual myocytes. Some
workers feel that reperfusion injury? may also contribute to the
development of fibrosis in the transplanted heart. As expected,
myocyte hypertrophy and fine, perimyocytic fibrosis as described
above were seen in the biopsies of all our patients.

A feature which may be seen in endomyocardial biopsies
obtained in the first 3 weeks after transplantation is ischaemic
necrosis of myocytes. This is an area of myocardium, usually
focal and subendocardial, in which the myocytes appear hyper-
eosinophilic and granular on haematoxylin-eosin staining. The
area may be highlighted using a Masson trichrome stain (Fig. 9),
with which the injured myocytes stain greyish-blue. Evidence of
such ischaemic injury was seen in 5/8 transplanted hearts (Table
V), in 4 of which it was seen within the first week after transplan-
tation. The ischaemic damage may be due to rupture of small
capillaries following reperfusion of the heart after transplan-
ration," or due to prolonged ischaemia time prior to transplan-
tarion."

Allograft biopsies may also show numerous biopsy sites, 11due
to repeated biopsy of the right ventricle. Very often the bioptome
is guided back (perhaps by the chordae tendineae) to the site
of the previous biopsy. The biopsy site may be recent, showing
a crater-like defect in the endomyocardium filled with granulation
tissue. It may also be an old, healed biopsy site showing a crater-
like fibrous tissue scar covered by endocardium, with disarray
and compensatory hypertrophy of the underlying myocytes
(Figs. 7 and 8). Thirteen of the 54 biopsies showed evidence of
recent or healed biopsy sites with granulation tissue or fibrosis.
Some sites contained entrapped lymphoid cells. However, due
to the characteristic morphological appearance we did not face
any difficulty in distinguishing them from acute rejection.

The 'Quilty' effect? is a unifocal or multi focal aggregate of
mononuclear cells in the endocardium. These lesions contain
characteristic small vascular channels and are of 2 types: 'Quilty'
A (Fig. II) which is confined to the endocardium and 'Quilty' B
(Fig. 12) which extends into the myocardium. A recent study has
reported that a recipient may show 'Quilty' lesions on more than
one biopsy," with both A and B type of lesions occurring in the
same recipient. In our study, 'Quilty' lesions were seen in biopsies
of 5/8 transplanted patients and 4/5 'Quilty' positive recipients
had 'Quilty' lesions in more than one biopsy (Table IV). Both
'Quilty' A and B lesions have been observed in the same recipient.
'Quilty' lesions are a diagnostic pitfall and may be mistaken for
acute rejection. This is more likely to occur in 'Quilty' B lesions,
which spill over into the adjacent myocardium and are associated
with myocyte damage. Tangentially cut 'Quilty' lesions and
florid 'Quilty' B lesions can be distinguished from acute cellular
rejection by the following features: I~

I. Small vascular channels can be identified within the infiltrate,
2. Multiple step sections from the block show that the myocardial

infiltrate also extends into the endocardium, and
3. A Masson trichrome stain may prove helpful in delineating the

endocardium.

One of our patients had a series of 3 biopsies in which, due to
our inability to demonstrate endocardial involvement, we were
unable to conclusively identify the infiltrates as 'Quilty' lesions.
However, the presence of small vascular channels combined with
a lack of clinical evidence of rejection made us strongly suspect
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a 'Quilty' lesion. We, therefore, considered this to be a moderate
rejection with 'Quilty' lesions and maintained a close watch on
the clinical situation.

Illustrated in Fig. 10 is a lesion lying in the subepicardial fat,
composed of lymphomononuclear cells and containing small
vascular channels similar to 'Quilty' lesions. These epicardial
lesions are often seen in post-transplant biopsies. The exact
aetiology and significance of these epicardial lymphoid infiltrates
is unclear. However, because of their resemblance to 'Quilty'
lesions it has been hypothesized that these are also part of the
Immune response to transplantation similar to the endocardial
'Quilty' lesions.

We have not observed post-transplant lymphoproliferative
disorders, graft vascular disease or malignancies in our patients.
These are late complications of allograft transplantation, which
may emerge as the programme progresses.

Cardiac transplantation has proved to be a feasible procedure
in our country. The transplants can easily be monitored through
serial endomyocardial biopsies in addition to echocardiography.
An endomyocardial biopsy can be readily performed by an
experienced cardiologist and yields considerable material for
both diagnostic purposes and research. Newer techniques in
histopathology (immunohistochemistry and polymerase chain
reaction) can be applied to endomyocardial biopsies, improving
their utility as a tool for monitoring allograft rejection and thus
provide critical information in the management of patients under-
going cardiac transplantation.
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