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The pathology of heart and heart and lung
transplantation-an update

S Stewart, N Cary

Introduction
Orthotopic heart transplantation is an estab-
lished treatment for heart failure refractory
to medical treatment due to coronary artery
disease or dilated cardiomyopathy.' The
problems of rejection have, to some extent,
been overcome with the introduction of
cyclosporin A and right ventricular biopsy to
monitor immunosuppression. Nevertheless,
rejection and infection, both manifestations of
failure to control and monitor adequately
immune function, remain the commonest
causes of death in the first year after heart
transplantation. Long term survival is prin-
cipally limited by the development of coron-
ary occlusive disease.2
Combined heart and lung transplantation

for end stage pulmonary vascular disease and
chronic lung disease effectively started in the
1980s, with the introduction of cyclosporin A,
an immunosuppressive agent without adverse
effects on anastomotic healing. Previous at-
tempts, including some single lung transplan-
tations, produced poor results. Heart and lung
transplantation is performed for both primary
and secondary pulmonary hypertension3 and
end stage parenchymal lung disease.4 Some
centres offer double lung transplantation for
the latter, with the benefit of the patients being
able to retain their own heart. Single lung
transplantation is suitable for fibrotic lung
disease and emphysema, where there is no risk
of infection from the remaining contralateral
lung.5 As with other solid allografts, the main
complications in heart and lung transplant
recipients are rejection and infection. In com-

bined grafts the lungs reject earlier and more
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vigorously than the heart,6 and improvement
in survival has been achieved by monitoring
rejection episodes with the aid of transbron-
chial lung biopsy.7 8 The lungs are very prone
to infections with common and opportunistic
pathogens and have a much higher infection
rate than other allografts, adding to problems
of diagnosis and management.9 Obliterative
bronchiolitis is the main limiting factor for
long term survival.'0 Most of the pathology of
heart and lung transplantation is dealt with in
the recognised United Kingdom transplant-
ation centres, but with the increasing pool of
transplant recipients, some of the biopsy and
necropsy pathology may be seen elsewhere.

Rejection in the heart
Billingham devised a simple grading system
for rejection in the heart" in heart transplan-
tation. The interpretation and relevance of the
various morphological changes seen had been
previously validated in dogs. Other systems
introduced subsequently are considerably
more complicated, and while they may have
provided useful additional histological infor-
mation in their original institutions, there was
a need for a single updated and simplified
classification of rejection. This arose partly
from the need to carry out trials of new
immunosuppressants and partly from the
need to pool data from several institutions.
Therefore, the International Society of Heart
Transplantation sponsored a meeting at
Stanford University in July 1990 to propose a
new grading system for cardiac allograft
biopsy specimens.'2 The essential features are

Table 1 Workingformulationfor classification andgrading of cardiac rejection (heart rejection study group)12

Grade New nomenclature Old nomenclature

0 No rejection No rejection
A = Focal (perivascular or interstitial infiltrate) Mild rejection
B = Diffuse but sparse infiltrate

II One focus only with aggressive infiltration or focal myocyte damage "Focal" moderate rejection
III A = Multifocal aggressive infiltrates and/or myocyte damage "Low" moderate rejection

B = Diffuse inflammatory process
IV Diffuse aggressive polymorphous "Severe acute" rejection

+ oedema + haemorrhage + vasculitis
Denoted by a lesser grade "Resolving" rejection
Denoted by grade 0 "Resolved" rejection

Additional information required
* Biopsy less than four pieces
* Humoral rejection (positve immunofluorescence, vasculitis, or severe oedema in absence cellular infiltrate)
* Endocardial lymphoid infiltrate (Quilty effect)

A = No myocyte encroachment
B = With myocyte encroachment

* Ischaemia A = Up to three weeks after transplant
B = Late ischaemia

* Infection present-biopsy specimen therefore uninterpretable
* Lymphoproliferative disorder
* Other
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Figures 1-S Grades of cardiac rejection (haematoxylin and eosin).
Figure 1 Grade IAA:focal lymphoid infiltrate, in this case perivascular.
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Figur 2.Grd. Bil..ue nesiia ypodnitae

shown in table 1 and examples are illustrated
in figs 1-7. It is based on haematoxylin and
eosin stained sections of formalin fixed, paraf-
fin wax processed material, with a minimum
requirement of four biopsy fragments, at least
50% of each fragment being free of fibrosis or
biopsy site change. At least three levels are
examined with an additional connective tissue
stain-for example, Masson's trichrome-on
one of these. The difficulty of identifying
definite myocyte necrosis as a criterion for a
"moderate" grade of rejection has been
replaced by the aggressiveness of the infiltrate.
This is based on a combination of the inten-
sity and immaturity of the lymphoid infiltrate
and the tendency to encroach on and replace
myocytes. This latter feature represents cir-
cumstantial evidence of myocyte damage
without the need to identify clearly fragment-~** ing and irreversibly damaged myocytes. The
grades shown represent histological entities; it
is not known whether rejection progresses
through the various grades or whether focal
and diffuse rejection are different processes.
Worldwide, treatment thresholds vary. Most
centres would treat grade 3 rejection, but it is
not clear whether cases showing grade 2 rejec-

Jr
j tion need enhanced immunosuppression. It

,4 t may be that this grade is more important in
the months immediately following transplan-
tation. In the early months grade 2 rejection
may represent a developing and potentially
clinically important rejection episode; in the

z # later months it may be a manifestation of
stable and clinically unimportant rejection.
Apart from grading rejection, several other

S!4 self-explanatory features are recorded. The
noting of endocardial infiltrates which

.. encroach underlying myocardium (fig 7) may
-* x provide useful information in future about the

clinical importance of this lesion. It is not
necessarily associated with underlying cellular

*~. rejection in the deep myocardium and its
association with coronary occlusive disease
needs to be elucidated fully as the endocar-

.! dium could reflect changes in the epicardial
coronary arteries.

-At-
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Figure 3 Grade 2: focus of aggressive lymphoid infi,
infiltrate is encroaching on, and by inference damagin

AO..

iltrate. Compared withfig 1 the
Pig, afew myocytes.

Rejection in the lung
It was initially thought that in combined heart
and lung transplantation lung rejection could
be monitored by endomyocardial biopsy. The
lungs and heart reject asynchronously,
however,'3 and lung tissue, most easily
obtained by transbronchial biopsy, is required
for accurate histological diagnosis.78 Symp-
toms, signs, pulmonary function and radio-
graphy"4 lack specificity fordifferentiatingrejec-
tion from other causes of graft dysfunction.
The histopathological features of acute pul-
monary rejection have been described in dogs,'5
and rats,'6 and human tissue obtained at open
or transbronchial lung biopsy shows similar
features.'7 Rejection is characterised by
perivascular and peribronchiolar mononuclear
cell infiltrates which extent to interstitium and
ultimately alveolar spaces. With increasing
grades of rejection, the infiltrate comprises
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Pathology of heart and heart and lung transplantation

Figure 4 Grade 3A: multiplefoci of aggressive lymphoid infiltrate.

Figure 5 Grade 3B: diffuse aggressive lymphoid infiltrate. The diffuse nature of the
process distinguishes thisfrom grade 3A and in a singlefield the process may seem similar.

At'~~~'

Figure 6 Endocardial Iymphoid infiltrate, no encroachment (haematoxylin and eosin).
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more activated large lymphoid cells with more
conspicuous eosinophils andpolymorphs. Infil-
tration of vessel walls with endothelialitis and
of the airway epithelium occurs frequently.
The Lung Rejection Study Group spon-

sored by the International Society for Heart
Transplantation has recently proposed a
grading system to incorporate existing classi-
fications and to allow for exchange of data
among centres.'8 Grading focuses on histo-
logical findings rather than clinical information
and excludes biopsy specimens in which there
is evidence of infection either in the biopsy
specimen itself or in other samples submitted
for microbiological examination. Acute rejec-
tion is graded 1-4 depending on the frequency,
nature, and extent of infiltration by inflam-
matory cells. Within each grade suffixes (a-d)
denote any associated inflammation in airways
if these are included in the biopsy fragments.
For those biopsy specimens showing lympho-
cytic bronchitis or bronchiolitis in the absence
ofperivascular infiltrates, a separate category B
is given, to assess the relation of these changes
with obliterative bronchiolitis.'9 Chronic air-
way rejection is manifest by obliterative bron-
chiolitis which may be total or subtotal and
show evidence of active inflammation. This
category (C) is distinguished from B by the
presence of fibrous scarring. Chronic vascular
rejection (D) is associated with fibro-intimal
thickening of arteries and veins. Vasculitis that
is disproportionate to rejection infiltrates and
occasionally seen on open lung biopsy material
is designated E. Table 2 summarises this clas-
sification and examples are shown in figs 8-17.
For example, moderate rejection with bron-
chiolar injury would be classified A3a, and mild
acute rejection superimposed on subtotal small
airway scarring without inflammation would be
classified as A2a with Clb. At least five paren-
chymal biopsy specimens from the transplan-
ted lungs should be examined at a minimum of
three levels with haematoxylin and eosin, con-
nective tissue stains, and silver stains for fungi
and pneumocystis.

Follow up biopsy specimens of treated rejec-
tion episodes generally show smaller infiltrates
of lymphocytes and haemosiderin-laden
macrophages without eosinophils. The dif-
ferential diagnosis of pulmonary rejection is

Table 2 Workingformulation for classification and
grading ofpulmonary rejection (lung rejection study
group) 18

Grade A: Acute rejection
(1) Minimal acute rejection
(2) Mild acute rejection
(3) Moderate acute rejection
(4) Severe acute rejection

(a) With evidence of bronchiolar inflammation
(b) Without evidence of bronchiolar inflammation
(c) With large airway inflammation
(d) No bronchioles are present

Grade B: Active airway damage without scarring
(1) Lymphocytic bronchitis
(2) Lymphocytic bronchiolitis
Grade C: Chronic airway rejection
(1) Bronchiolitis obliterans-subtotal
(2) Bronchiolitis obliterans-total

(a) Active
(b) Inactive

Grade D: Chronic vascular rejection
Grade E: Vasculitis
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Figure 7 Endocardial lymphoid infiltrate with encroachment on underlying
mvocardium (haematoxvlin and eosin).

.*t

a

A4t . I

.......

? ,- t't0 tt $Nat,tbs"!# t'W w
%tk *&9 4af.h *

Figures 8-11 Grades ofpulmonary rejection (haematoxylin and eosin).
Figure 8 Grade Al: scattered smallfoci ofperivascular lymphoid infiltration. I
lymphoid infiltration of bronchioles included in these specimens, the complete grac
therefore AIb.
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Figure 9 Grade A2: morefrequent larger foci ofperivascular lymphoid infiltra
than grade Al. Brochioles included in these specimens showed lymphoid infiltrati
complete grade is therefore A2a.

broad.'8 The perivascular, peribronchiolar,
and interstitial mononuclear infiltrates are not
specific for rejection. Differential diagnoses
include cytomegalovirus (CMV) pneumonitis,
pneumocystis, Epstein-Barr virus associated
lymphoproliferations, normal bronchial
associated lymphoid tissue, previous biopsy
sites, recurrent primary disease and ischaemia.
The submucosal scarring in airways may also
be related to infection, aspiration, or ischaemia.
Organising pneumonia can be differentiated
from the chronic bronchiolar injury ofrejection
by the presence of granulation tissue in distal
alveolar ducts or air spaces. The biopsy assess-
ment of lung rejection is complicated when
there is concomitant infection. It may only be
possible to favour one diagnosis over another
and suggest follow up repeat biopsies.

Problems of infection
Heart and lung transplantations have a higher
rate of opportunistic infections than heart
transplantations.20 Reasons for this include
decreased mucociliary clearance, absent cough
reflex, and more frequent rejection episodes
that require additional immunosuppression.
The bronchus-associated lymphoid tissue has

r been shown to be depleted in heart and lung
transplant recipients, further lowering
defences.2"

V.
* MYCOBACTERIAL DISEASE

Both typical and atypical mycobacterial infec-
tions occur in heart and lung transplant
recipients22 and can be diagnosed by trans-
bronchial biopsy and lavage with culture.
Patients with obliterative bronchiolitis are
most at risk.

CYTOMEGALOVIRUS
X CMV infection is a major clinical problem in

both types of transplant recipient,23 causing
both morbidity and mortality and probably

No modulating rejection.
Me is

Primary (donor transmitted)
ow Among Papworth transplant recipients this is

V mainly confined to those with heart transplant-
ation as those with heart and lung transplant-
ations are screened and donor matched for
CMV antibody response as in most other
centres. Nevertheless, mismatches can happen
and seronegative recipients may also acquire
primary CMV from sources other than the
donor organ-for example, a blood trans-
fusion. Primary CMV infection may cause a
fatal pneumonitis with evidence of a general-

s ised systemic disease and accompanying
splenomegaly. The gastrointestinal tract may

j be affected,24 as may the heart, and the resultant
myocarditis may be difficult to distinguish from
rejection in the absence of classic CMV
inclusions.

Reactivation
CMV reactivation is a common and indolent
problem in both sets of patients.2' These

ion, the patients often shed CMV in a variety of body
fluids including saliva and urine and may show
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Pathology of heart and heart and lung transplantation

Figure 10 Grade A3: changes ofA2 with extension into surrounding interstitium.
Bronchioles included in these specimens showed lymphoid infiltration, the complete
grade is therefore A3a.

Figure I1 Grade A4: extensive perivascular, interstitial, and intra-alveolar
lymphoid infiltrates with intra-alveolarfibrin. Bronchial and bronchiolar lymphoid
infiltration was also present, the complete grade is therefore A4a,c.
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Figure 12 Grade A2a rejection with conspicuous endothelialitis (haematoxylin an

eosin).

changing antibody titres. These events may
' occur in the absence of clinically important

diseases and the essential feature for diagnosis
of disease as opposed to infection is organ
damage and associated inflammation.25 Diag-
nosis of CMV disease in the lung requires the
demonstration of histological pneumonitis in
association with CMV inclusions (fig 18).'" The
presence of inclusions alone may simply
represent infection and be clinically unimpor-
tant, rendering redundant special techniques

bt- that increase sensitivity of detection.26 CMV
£t pneumonitis can be distinguished from rejec-

tion by diffuse alveolitis, perivascular oedema,
Fp and neutrophilic microabscesses, even when

inclusions are not conspicuous.'7 Difficulties
may be experienced when both conditions
coexist. In patients already being given ganci-
clovir viral inclusions may consist of globules

* of degenerate eosinophilic material without the
formation of typical "owls' eyes". The lung
remains the principal centre of disease in CMV
reactivation, and this raises important
immunological questions about antigen
presentation and cell killing in donor organs,
given that these are not usually HLA matched
to the recipient. Other organs may also be
affected.

HERPES SIMPLEX VIRUS (HSV)
Herpes simplex virus occurs principally in
those seropositive before transplantation and

i may be avoided by prophylactic acyclovir given
during increased immunosuppression.27
Tracheobronchitis, pneumonia, and general-
ised dissemination from mucocutaneous
lesions may be seen. The presence of necrosis,

I often centred on bronchioles, and the lack of
cytomegaly distinguishes herpes simplex virus
from CMV pneumonia. The viral inclusions
are distinctive but previous treatment or
prophylaxis with acyclovir or ganciclovir may
change their morphology. Immunohisto-
chemical methods and nucleic acid probes are
sometimes helpful in further differentiation,
but herpes simplex virus and CMV can occur
concomitantly.2628

ASPERGILLUS
There is a much higher incidence of Asper-
gillus infection in heart and lung transplant
recipients than in heart transplant recipients,
and this ranges from colonisation of bronchiec-
tatic airways and bronchocentric gran-
ulomatous mycosis" to cavitating pneumonia
and disseminated invasive disease (fig 19). It is
common in chronic lung rejection. Paired sam-
ples of transbronchial biopsy and lavage
specimens are useful in determining the clinical
importance and extent of infecton.30 Prompt
diagnosis can result in eradication using
antifungal treatment.

PNEUMOCYSTIS
This is a sizeable problem in both types of
transplant recipient,3' though in heart and lung
transplant recipients usually only if standard
prophylaxis with co-trimoxazole has not been

id taken. In specimens from heart transplant
recipients intra-alveolar foam is usually
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Figure 13 Lymphocytic bronchiolitis in this case in the absence ofperivascular
infiltrates, the grade is therefore B) (haematoxylin and eosin).
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Figure 14 Severe lymphocytic bronchiolitis as part ofA4a,c rejection (same case as
figure 11l (haematoxylin and eosin).
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Figure 15 Subtotal active obliterative bronchiolitis, grade Cla.1
A2a rejection (elastic van Gieson).

obvious in haematoxylin and eosin stained
sections of transbronchial biopsy specimens,
with numerous organisms in a Grocott meth-
enamine silver stain. The associated inflamma-
tion may be non-specific or granulomatous.'2 In
heart and lung transplantation foam may be less
obvious, making a carefully screened Grocott
methenamine silver stained section mandatory.
A granulomatous reaction is common, a feature
less often seen in other immunosuppressed
groups, and organisms are scanty."3
Pneumocysts have not been seen in any
extrapulmonary organs.

TOXOPLASMOSIS
There is a high risk of serious or fatal primary
toxoplasmosis if seronegative patients receiv-
ing grafts from seropositive donors are not
given adequate prophylaxis with pyrimetha-
mine."4 Features include necrotising ence-
phalitis, pneumonitis, and myocarditis, and the
latter may be difficult to distinguish from
cellular rejection, particularly as the
intramyocyte toxoplasma cysts tend to be seen
away from the areas of inflammation (fig 20).
Recrudescence may occur in those who have
recovered from a primary graft acquired infec-
tion a few years earlier.

Broncho-alveolar lavage (BAL)
This is useful for the diagnosis of infections in
immunosuppressed hosts,35 particularly when
paired with transbronchial biopsy. In a study of
522 paired samples of heart and lung trans-
plantations from Papworth30 viral and
pneumocystis infections were more frequently
identified in transbronchial biopsy specimens
and fungal infection in the BAL. Both samples
were complementary in the diagnosis of oppor-
tunistic infection. In heart and lung transplan-
tation transbronchial lung biopsy is necessary
for the accurate diagnosis and grading of rejec-
tion. Lavage cytology has been used to inves-
tigate rejection, but the changes in cell num-
bers and profiles have been disappointingly
non-specific and do not correlate with biopsy
specimen grade.'6 CD8 positive T cells increase
during rejection episodes'7 but these are the
commonest intraepithelial lymphocytes in the
lung38 and the increase is again not specific. In
other centres cytolytic activity of lavage fluid
against donor spleen cells and spontaneous
proliferation have been used to monitor rejec-
tion but without a biopsy gold standard.'9

Graft versus host disease (GvHD)s---~~~~~%.A "A 46 v %. ASJ-2 --J AA%v--J

Transplanted lung includes a considerable
proportion of lymphoid tissue which can cause
GvHD in the early postoperative months when

-Jr peripheral blood and BAL lymphocyte
chimaerism is demonstrable (Wood H, Higen-

U bottam TW, Joysey V, Wallwork J, personal
communication). In Papworth patients skin
rashes, diarrhoea, bone marrow failure and
increased susceptibility to infection have been
seen, the former with consistent histology.

-iX-ii Colonic perforation in two patients may have

Elsewhere there was been related to GvHD but lack of specific
histological findings for this condition and

808

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.44.10.803 on 1 O
ctober 1991. D

ow
nloaded from

 

http://jcp.bmj.com/


Pathology of heart and heart and lung transplantation

't t~~~~~~~~vy
fS.X.~~~~~~~~~~~~~~~~~~~-.,,

AW

P.

Figure 16 Total inactive obliterative bronchiolitis, grade C2b. No acu
changes present (elastic van Gieson).-

Figure 17 Small pulmonary artery intimal proliferation as a manifest
chronic pulmonary vascular rejection, grade D. Elsewhere there was evi
and C2b (elastic van Gieson).
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Figure 18 CMV pneumonitis with numerous large cells showing both
cytoplasmic inclusions (haematoxylin and eosin).

concomitant CMV infection render precise
diagnosis difficult.

'uk~ Long term complications
CORONARY OCCLUSIVE DISEASE
This is the main cause of death after the first
year following cardiac allograft transplanta-
tion.2 The aetiology is controversial with
repeated episodes of rejection, allograft injury
due to suboptimal preservation, and viral infec-
tions being possible factors.'4 Proximal dis-
ease in major epicardial coronary arteries is
indistinguishable from conventional athero-
sclerosis. The concentric obliteration of
smaller epidcardial (fig 21) and intramyocardial
arteries, however, is a form of coronary vas-
cular disease that is restricted to cardiac
allografts, with failure of collaterals to develop
an important predisposing factor for ischaemia.
Long term survival after heart and lung

ite rejection transplantation is at present mainly limited by
obliterative bronchiolitis'0 which develops

s Jr earlier than clinically important coronary
occlusive disease. Two Papworth patients with
end stage obliterative bronchiolitis have died
of myocardial infarction due to coronary
occlusive disease. As strategies are developed

Xo to limit obliterative bronchiolitis, coronary
occlusive disease may become more important.
There are no data available on the relative
prevalence of coronary occlusive disease in
heart and lung transplantation compared with

I;r heart transplantation but comparison ofpoten-
tial factors in its development, such as graft

<J7 preservation, level ofimmunosuppression, and
*Ftw° frequency of rejection and viral infection may

provide useful information about pathogenesis.

-:/>:: CARDIOMEGALY
j. p- This is a conspicuous feature of long term

cardiac allograft recipients and is a potential
contributory factor in sudden death, par-
ticularly in association with coronary occlusive
disease. Cardiac muscle hypertrophy seems to

ation of develop before clinically important coronary
cdence of AIb occlusive disease, suggesting a true myopathic

ww iprocess rather than a hypertrophic response to
ischaemia.42

;*.# s OBLITERATIVE BRONCHIOLITIS
Chronic pulmonary rejection is manifest
mainly by obliterative bronchiolitis (figs 15 and
16) which causes progressive loss ofpulmonary

2 * s# function.43 Obliterative bronchiolitis is not
4 v specific to pulmonary grafts and has many other
AtN causes" but there is evidence to link it with

i^> severe and frequent episodes of acute rejec-
tion.'° It is associated with proximal airway

'i; damage with bronchiectasis, ulceration, and
; 4isquamous metaplasia.45 There may also be

evidence of obstructive pneumonitis in trans-
t % a ~bronchial lung biopsy specimens. Obliterative

bronchiolitis is occasionally seen in active
CMV pneumonitis,"6 a risk factor in its
development.'0 Heart and lung transplantationeIWrecipients often have active panbronchiolitis in

* their biopsy specimens that is not associated
with perivascular infiltrates of rejection; these

zuclear and may be of infective aetiology.47 Recurrent
episodes ofbronchiolitis ofwhatever cause may

809

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.44.10.803 on 1 O
ctober 1991. D

ow
nloaded from

 

http://jcp.bmj.com/


Stewart, Cary

,~~~~- .t,I,

lay *! A1.., =^^. *

F̂;'qi > s i \~('--

_A.,

Is

'V

al f

v I

a.** r

#

..

4k. ,
1..I i,4.'N*s :

*K

Figure 19 Invasive aspergillosis in the lung characterised by foci of necrosis in whichhyphalfragments are identifiable (haematoxylin and eosin with Grocott methenamine
silver, inset).
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associated with necessary immunosuppressive
treatment.49 Squamous cell carcinomas and
non-Hodgkin's lymphomas are the most
frequent malignancies seen in heart transplan-
tation.50 Heart and lung transplantation
recipients seem to be particularly prone to
lymphoproliferative disorders,5' mainly of B
cell type and thought to be related to Epstein-Barr virus, which probably reflects the
relatively high level of immunosuppression
compared with other organ grafts. There have
been five cases of lymphoproliferative disorder
in 94 heart and lung and single lung transplant
recipients at Papworth. These were diagnosed
by a combination ofnodular infiltrates on chest
x ray picture, computed tomogram, and a
sheet-like lymphoid infiltrate in transbronchial
lung biopsy specimens (fig 22), features reflect-
ing the tendency of this disease to affect the
grafted organ. In four cases the condition
resolved clinically and radiologically after a
reduction in immunosuppression and ganci-clovir treatment and in a further case the
process was progressive and caused death.

RECURRENT DISEASE
The possibility of the primary disease recur-
ring in the graft should be considered, the most
frequent example of this in Papworth patients
being the recurrence of sarcoidosis in the lungsof three heart and lung transplantion
recipients.

We thank Chris Burton for photographic assistance and Mrs RTurner and Mrs T Smith for secretarial help.
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Figure 20 Toxoplasma cyst in routine follow up endomyocardial biopsy specimen
at seven years. In other areas there were changes indistinguishablefrom grade 3Arejection, unlikely this long after transplant. This man had developed and recovered
from primary toxoplasmosis soon after transplantation as a result of mismatching
(haematoxylin and eosin).

result in scarring and obliteration. Other
potential causes include bronchial arterial and
lymphatic interruption, denervation, and
aspiration.

Occlusive pulmonary vascular disease (fig 17)
analogous to coronary occlusive disease is com-
monly seen in allografts with obliterative bron-
chiolitis but is not always present. A similar
discordance exists between pulmonary and
coronary artery occlusive disease in patients
with combined grafts despite the significant
incidence of acute cardiac rejection.48

MALIGNANCY
There is an increased incidence of malignancy
in recipients of solid organ transplant that is

1 Schofield PM. Indications for cardiac transplantation. Br
Heart J 1991;65:55-6.2 Fragomeni LS, Kaye MP. The registry ofThe International
Society for Heart Transplantation: fifth official report-1988. J Heart Transplant 1988;7:249-53.3 Reitz BA, Wallwork J, Hunt SA, et al. Heart-lung transplan-tation? Successful therapy for patients with pulmonaryvascular disease. N Engl J Med 1982;306:557-64.4 Penketh ARL, Higenbottam TW, Hakim M, Wallwork J.Heart and lung transplantation in patients with end-stagelung disease. Br Med J 1987;295:311-4.

5 Theodore J, Lewiston N. Lung transplantation comes of
age. N EnglJMed 1990;332:772-4.

6 Kuijpers K, Petersen AH, Bartels HL, Nieuwenhuis P,Wildevuur CRH. Why are lung allografts more vigorouslyrejected than hearts? J Heart Transplant 1985;4:433-6.7 Higenbottam TW, Stewart S, Penketh AR, Wallwork J.Transbronchial lung biopsy for the diagnosis of rejectionin heart-lung transplant patients. Transplantation 1988;46:532-9.
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transbronchial lung biopsy. Sheet-like infiltrate of mixed lymphoid population
(haematoxylin and eosin).

17 Stewart S, Higenbottam TW, Hutter JA, Pen
Zebro TJ, Wallwork J. Histopathology of tra
biopsies in heart-lung transplantation. Tran
1988;XX(suppl):764-6.

18 Yousem SA, Berry GJ, Brunt EM, et al.
formulation for the standardisation ofnomencl
diagnosis of the heart and lung rejection: lur
study group. JHeart Transplant 1990;9:5934

19 Hruban RH, Hutchins GM. The pathology of
plantation. In: Baumgartner WA, Achuff SC
eds. Heart-lung transplantation. Philadelphia:
ders, 1990:372-89.

20 Dummer SJ, Montero CG, Griffith BP, Hai
Paradis IL, Ho M. Infections in heart-lung
recipients. Transplantation 1986;41:725-9.

21 Hruban RH, Beschorner WE, Baumgartner '
Depletion of bronchus-associated lymphoid
lung allograft rejection. Am JPathol 1988;132

22 Trulock EP, Bolman RM, Genton R. Pulmon
caused by Mycobaterium chelonae in a heart-

plant recipient with obliterative bronchiolitis. Am Rev
Respir Dis 1989;140:802-5.

23 Hutter JA, Scott JP, Wreghitt T, Stewart S, Higenbottam
* T, Wallwork J. The importance of cytomegalovirus in

heart-lung transplant recipients. Chest 1989;95:627-31.
24 Kaplan CS, Petersen EA, Icenogle TB, et al. Gastrointes-

tinal Cytomegalovirus infection in heart and heart-lung
transplant recipients. Arch Intern Med 1989;149:
2095-100.

25 Sissons JGP, Borysiewicz LK. Human cytomegalovirus
infection. Thorax 1989;44:241-6.

26 Weiss LM, Movahed LA, Berry GJ, Billingham ME. In situ
Xi§;;* hybridization studies for viral nucleic acids in heart and

lung allograft biopsies. Am J Clin Pathol 1990;93:675-9.
27 Smyth RL, Higenbottam TW, Scott JP, et al. Herpes

simplex virus infection in heart-lung transplant recipients.So. - - ^+,Transplantation 1990;49:735-9.
28 Niedobitek G, Finn T, Herbst H, et al. Detection of

,S .1cytomegalovirus by in-situ hybridisation and histo-
chemistry using a monoclonal antibody CCH2: a compar-
ison of methods. J Clin Pathol 1988;41:1005-9.

29 Tazelaar HD, Baird AM, Mill M, Grimes MM, Schulman
LC, Smith CR. Bronchocentric mycosis occurring in
transplant recipients. Chest 1989;96:92-5.

30 Patterson A, Stewart S, Cary N. Bronchoalveolar lavage and
transbronchial biopsies are complementary in the assess-
ment of opportunistic infections in heart-lung transplant
recipients. JPathol 1991;163:164A.

31 Gryzan S, Paradis IL, Zeevi A, et al. Unexpectedly high
incidence of Pneumocystis carinii infection after heart-
lung transplantation: implications for lung defence and
allograft survival. Am Rev Respir Dis 1988;137:1268-74.

32 Weber WR, Askin FB, Dehner LP. Lung biopsy in
Pronary Pneumocystis carinii pneumonia. A histopathological

study of typical and atypical features. Am J Clin Pathol
1977;67:11-19.

33 Stewart S, Cary N. Granulomatous pneumocystis
pneumonia in immunosuppressed patients. J Pathol

T. 1991;163:164A.
34 Wreghitt TG, Hakim M, Gray JJ, et al. Toxoplasmosis in

heart and lung transplant recipients. J Clin Pathol
'9,f 1989;42:194-9.1 35 Martin WF, Smith TF, Bruntinel WM, Cockerill FR,
#r 5Douglas WM. Role of bronchoalveolar lavage in the

assessment of opportunistic pulmonary infections: Utility
and complications. Mayo Clin Proc 1987;62:549-57.

36 Clelland CA, Higenbottam TW, Monk JA, Scott JP, Smyth
RL, Wallwork J. Bronchbalveolar lavage lymphocytes in
relation to transbronchial lung biopsy in heart-lung trans-
plants. Transplant Proc 1990;22:1479.

37 Clelland CA, Higenbottam TW, Monk JA, Scott JP,
Stewart S, Wallwork J. Lymphocyte phenotypes in bron-
choalveolar lavage from heart-lung transplant recipients.
Am Rev Respir Dis (in press).

38 Foumier M, Lebargy F, Ladurie FLR, Lenormand E,
Paiente R. Intraepithelial T-Lymphocyte subsets in the
airways of normal subjects and of patients with chronic
bronchitis. Am Rev Respir Dis 1989;140:737-42.'p 39 Zeevi A, Fung JJ, Paradis IL, et al. Lymphocytes of
bronchoalveolar lavages from heart-lung transplant
recipients. Heart Transplant 1985;4:417-21.

40 Gao S, Alderman EL, Schroeder JS, Silverman JF, Hunt
SA. Accelerated coronary vascular disease in the heart
transplant patient: coronary arteriographic findings. JAm
Coll Cardiol 1988;12:334-460

41 McDonald K, Rector TS, Braunlin EA, Kubo SH, Olivari
MT. Association of coronary artery disease in cardiac
transplant recipients with cytomegalovirus infection. Am
J Cardiol 1989;64:359-62.

42 Cary N, Stewart S. Cardiac hypertrophy in long-term
cardiac allograft recipients, a potential factor in sudden

gnosed by death? JPathol 1991;63:155A.
43 Burke CM, Theodore J, Dawkins KD, et al. Post-transplant

obliterative bronchiolitis and other late lung sequelae in
human heart-lung transplantation. Chest 1984;86:824-9.

44 Epler GR, Colby TV. The spectrum of bronchiolitis
obliterans. Chest 1983;83:161-2.

45 Tazelaar HD, Yousem SA. The pathology of combined
heart-lung transplantation. An autopsy study. Hum Pathol

iketh ARL, 1988;19:1403-16.
nsbronchial 46 Katzenstein AL, Askin FB. Surgical pathology of non-neo-
splant Proc plastic lung disease. Philadelphia: WB Saunders, 1982:326.

47 Randhawa P, Hoagland MH, Yousem SA. Diffuse panbron-
A working chiolitis in North America. Am J Surg Pathol 1991;15:
lature in the 43-7.
ng rejection 48 Starnes VA, Theodore J, Oyer PE, et al. Evaluation ofheart-
601. lung transplant recipients with prospective, serial trans-
lung trans- bronchial biopsies and pulmonary function studies. J
Reitz BA, Thorac Cardiovasc Surg 1989;98:683-90.
WB Saun- 49 Penn I. Cancers complicating organ transplantation.NEngl

JMed 1990;323:1767-8.
rdesty RL, 50 Couetil JP, McGoldrick JP, Wallwork J, English TAH.
ttransplant Malignant tumours after heart transplantation. JHeart

Transplant 1990;9:622-6.
WA, et al. 51 Randhawa PS, Yousem SA, Paradis IL, Dauber JA, Griffith
tissue with P, Locker J. The clinical spectrum, pathology and clonal
!:6-11. analysis of Epstein-Barr virus associated lympho-
ary disease proliferative disorders in hesrt-lung transplant recipients.
-lung trans- Am JClin Pathol 1989;92:177-85.

811

oe

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.44.10.803 on 1 O
ctober 1991. D

ow
nloaded from

 

http://jcp.bmj.com/

