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Principal neuropathological and general necropsy

findings in 24 renal transplant patients
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SUMMARY The principal neuropathological and general pathological findings in a group of 24
patients with renal transplants who died in a nine-year period at the Western Infirmary, Glasgow,
are described. Opportunistic infections-bacterial, protozoal, and fungal-were the commonest
causes of death. Other causes included cardiac and vascular lesions, upper gastrointestinal bleeding
and neoplasia.

Immunosuppressive treatment in transplant patients
is largely responsible for their susceptibility to a
variety of opportunistic infections of viral, bacterial,
fungal and protozoal origin.1-3
Over the past decade considerable attention has

been given to the development of neoplasia after
renal and cardiac transplantation, both epithelial
and lymphoid tumour having been recorded.4 5 It is
therefore of interest to review the principal neuro-
pathological and pathological findings at necropsy
in 24 renal transplant patients.

Patients and methods

During the nine years from May 1969 to May 1978,
179 renal transplants were carried out in 160 patients.
In 12 cases the donors were sibs or parents and in
the remainder, transplants were from cadaver
donors. There were 101 males and 59 females with
an age range of 11 to 53 yr and mean age of 31 yr.
Immunosuppression consisted of oral azathioprine
and prednisolone, the former in a daily dose of
50-200 mg. The prednisolone dose began at 150-200
mg/day and was reduced steadily to reach 20 mg at
two months and 15 mg at three months. In addition,
Ig prednisolone was given intravenously at operation
and thereafter up to three or four times for each
acute rejection episode. Thus the number of 1 g
doses given in the first three months could vary from
I to 10-15.
During this nine-year period 30 of the 160 patients

died. Necropsy permission was refused in three cases.
In a further three the necropsy was performed under
warrant for the Procurator Fiscal because death
Accepted for publication 3 June 1981.

occurred within 24 hours of transplantation (two
patients) or was ascribed to suicide (one patient).
The remaining 24 patients (13 male and 11 female
with a survival after transplantation ranging from
one day to seven years) had necropsies performed
in the Western Infirmary and are the subject of this
report. In 12 of these 24 patients the pretransplant
renal failure was due to chronic glomerulonephritis,
in six chronic pyelonephritis, in three polycystic
disease, in one medullary cystic disease and in the
remaining two the aetiology was not known. There
were no diabetic patients in this series.
The post-mortem examination reports and avail-

able paraffin-embedded material were reviewed
(RM) and, where necessary, further sections were
stained by haemalum and eosin, Masson's trichrome,
periodic acid-Schiff (PAS), methenamine silver (for
fungi) and Gram (for organisms).
A comprehensive neuropathological examination

was undertaken in 17 cases (DIG). The brains were
suspended in 10% formol saline for at least three
weeks before dissection. Large bilateral blocks were
taken from the cerebral and cerebellar hemispheres
and from the brain stem in the majority of cases.
They were embedded in celloidin and sections cut
at 30 Hm were stained by the method of Nissl using
cresyl violet and Woelke's modification of Heiden-
hain's method for myelin. Additional blocks of
brain were also embedded in paraffin wax and
stained with haemalum and eosin and by a variety of
techniques for fungi and organisms.

Results

A summary of the principal findings at necropsy
31

 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.35.1.31 on 1 January 1982. D
ow

nloaded from
 

http://jcp.bmj.com/


Morton, Graham, Biggs, Hamiltoni

Table 1 Necropsy findings in 24 renal tratsplant patients

Patient Sex Age at Survival Neuropathological findings (,enr'r(al patlological findinigs
transplant time
(yr)

SMcG F 46 3A months multiple abscesses-Candida

AP M 30

I yr
5 months
I month

multiple microglial nodules

multiple microabscesses? Candidi(a

4 sr diffuse microgliomatosis

10 months normal

month normal

2 yr normal
4A months recent large middle cerebral arters

territory infarct: small old cerebral
infarcts: thrombosis of left internal
carotid artery

2 yr normal

7 wk normal
9 months mtiltiple microglial nodules

2i months multiple microglial nodules

2 yr multiple microglial nodules
month diffuse hypoxic brain damage

4 yr
10 months
2 months

multiple staphylococcal microabscesses

multiple microglial nodules: boundary
zone infarction

44 months diffuse hypoxic brain damage

4 months no neuropathology available

month no neuropathology available

yr
8 months

no neuropathology available

I months no neuropathology available

I1 months no neuropathology available

7 months no neuropathology available
7 yr no neuropathology available

c indidal bronchopneLumonia and
ths roiditis

piulmonars eniholi msocarditis, viral'?

ischaernic heizrt disease.
bronchopneLlmonia

disseminatedi lvmphoma:
bronchopnelumonia

pericarditis wsith massive baemnorrhagic
efl'tusion

ocsophageal zind gastric lesions wvith
bleeding. bronchopneUmoni.

miliary tuLbercLulosis
bronchopneumonia

pulmionary PnuinoiYstios arin'.
infectioll

bronchopneumonia
orbital lNmphoma suib-phrenic

zbscess
pulmonary aispergillosis: also

pUlmonars siral inclisions, CMV
pneumonitis''

pulmonary congestion, cardiac failure
intrapulmonary haemorrhage:

ischaemic hepatic necrosis
muiltiple staphylococcal microabscesses

pulmonary aspergiilosis: also
pulmonary viral inclusions, CMV
pneumonitis''

bronchopneumonia: chronic dUodenal
Lllcer: hepatic centrilobuilar
cholestasis

letft ventricuIlar hypertrophy, cardiac
dilatation, pUilmonarv congestion

bleeding chronic gastric ulcer,
bilateral carcinoma in host kidness

multiple pulmonary emboli:
haemorrhagic gastritis and
duodenitis: acute pancreatitis

left ventriciular hypertrophy, cardiac
dilatation, pulmonary congestion

left sided Klebsiella empyema:
sub-diaphragmatic hieamatoma

antiteroseptal nyocardlial infarct
bronchopneumonia

together with the patients' age at transplant and
survival times are given in Table 1.

Table 2 Principal neuropathological findings in 17
transplant patients

Group Nature of lesion No o1
patients

*Inflammatory Microabscesses-candida 2
-pyogenic

Multiple microglial nodules
(relation to cytomegalovirus
infection ?) 5

*Vascular Cerebral infarction 2
Diffuse hypoxic brain damage 2

Neoplastic Diffuse microgliomatosis 1
Normal 5

*In one patient there were both vascular and inflammatory lesions.

NEUROPATHOLOGICAL FINDINCS

The brain was examined in 17 of the 24 patients.
The principal findings are given in Table 2. Ab-
normalities which could be grouped into inflam-
matory, vascular and neoplastic were found in 12
cases: in five cases the brains were normal.

Inflammatory lesions
Evidence of viral infection was seen in five patients
in whom there were multiple microscopic microglial
nodules scattered at random throughout the cerebral
and cerebellar hemispheres (Fig. 1). There was cen-

tral necrosis of many of the nodules and around
some there was the occasional lymphocyte and
plasma cell. Special staining techniques failed to
demonstrate causative organisms and inclusion
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Principal neuropathological and general necrospy findings in 24 renal transplant patients

I Fig. 1 Microglial nodule in
I cortex ofpatient 1G.

** i Haemalum and eosin x 620.

Fig. 2 Microabscess (staphylococcal) in cortex
ofpatient AS. Haemalum and eosin x 390.

bodies were not seen. These nodules were not
associated with a meningoencephalitis. In one case
there were multiple pyogenic microabscesses in the
brain in which it was possible to identify Gram-
positivc cocci (Fig. 2). In the remaining two patients
there were cerebral abscesses due to Candida
(Figs. 3 and 4): whereas the lesion was extensive in
one, it consisted of a solitary small abscess in the
other.

Vascular lesions
In two patients there was diffuse neuronal necrosis
which was greater within sulci than at the crests of

gyri and was maximal in the third, fifth and sixth
layers of the parietal and occipital lobes. There was

also damage in the Ammon's horns and to a variable
extent in the basal ganglia including the thalami. In
the cerebellum there was diffuse necrosis of Purkinje
cells: the brain stem was normal. The microscopic
appearances were those of ischaemic nerve cell
change with and without encrustations and were
characteristic of the early stages of neuronal necrosis
seen after hypoxia/ischaemia.6 7

In one patient there was ischaemic damage
accentuated in the parieto-occipital sulci-that is, in
the boundary zones of the cerebral hemispheres

I

I
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'''g

Fig. 3 Coronal section of brain ofpatient SMcG. There are multiple necrotic lesions in both hemispheres.

V..

..Xi

Fig. 4 Section of brain abscess: same

case as Fig. 3. Hyphae ramify throughout
the necrotic brain tissue. Methenamine
silver x 390.
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Principal neuropathological and general necropsy findings in 24 renal transplant patients

between the distributions of the anterior and middle
cerebral arteries. In another patient there was
extensive infarction of the left cerebral hemisphere
in the distribution of the middle cerebral artery
after thrombotic occlusion of the atheromatous,
ipsilateral internal cartoid artery.

Neoplastic lesions
In the only patient in this category there was a
perivascular infiltrate of atypical mononuclear cells
throughout the cerebral hemispheres (Fig. 5). This
was associated with concentric layers of reticulin,
the overall appearances being those of diffuse
microgliomatosis.8

In two patients (one with a large middle cerebral
artery infarct and the other with multiple cerebral
abscesses due to Candida) there was evidence of
raised intracranial pressure.9

GENERAL PATHOLOGICAL FINDINGS
These are given in Table 3. As with the neuro-
pathological results, the general pathological lesions
encountered were mainly inflammatory, vascular or
neoplastic in nature.

Inflammatory lesions
The lungs were the commonest site of infection,
usually opportunistic in type. Aspergilli were
responsible in two cases and Candida and Pneumo-
cystis carinii in one each. There were two cases of
bacterial pneumonia. The two patients with asper-
gillosis also had intranuclear viral inclusions in their
lungs and multiple microglial nodules in their brains

Table 3 Principal general pathological findings in 19
transplant patients*

Pulmonary infections
Fungal
Candida
Aspergillus

Protozoal
Pr.eumocystis carinii

Bacterial
Bronchopneumonia

Other infections
Miliarv tuberculosis
Empyema
Multiple staphylococcal abscesses

Cardiac and vascular lesions
Pulmonary emboli
Cardiac failure
Myocardial infarct
Haemorrhagic pericarditis
Carotid artery thrombosis

Neoplasms
Disseminated lymphoma
Orbital lymphoma
Renal carcinoma

2t

2

2
2l

*1n remaining five patients the proximate cause of death clinically was
not mirrored by the findings at necropsy.
tIn both of these patients there was also pulmonary cytomegalovirus
infection.

consistent with cytomegalovirus infection (Fig. 6).
In three other patients the principal findings were
miliary tuberculosis, a Klebsiella empyema and
multiple staphylococcal abscesses.

Cardiac and vascular lesions
In seven patients there was major pathology of the
heart or large vessels. In two patients there were
multiple pulmonary emboli and two had evidence of
heart failure. There was one case of myocardial

Fig. 5 Perivascular cuffing
by atypical monocytes (diffuse
microgliomatosis) in white matter
ofpatient CMcN. 30 jAm thick
celloidin section: cresyl
violet x 390

*.0 _0_ _0

4tEI '?i_0';s
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Fig. 6 Viral inclusion body (possibly cytomegalovirus)
in alveolar cell of lung ofpatient H W. Haemalum and
eosin x 1800.

infarction, one of massive haemopericardium
associated with pericarditis and one of carotid
artery thrombosis with cerebral infarction.

Gastrointestinal lesions
Two patients had massive upper gastrointestinal
bleeding, one from gastric erosions and the other
from a chronic gastric ulcer.

Neoplastic lesions
Of interest was the identification of tumours which
developed in three patients after transplantation. In
one patient who died four years after transplantation

there was a diffuse lymphoblastic lymphoma
(intermediate differentiation) with involvement of
the mouth, nasopharynx, stomach, liver, spleen and
kidneys: the brain revealed diffuse microglioma-
tosis.10 11 The second patient who died nine months
after transplantation had a malignant lymphoma
(lymphocytic intermediate differentiation)1' of the
orbit (Fig. 7) and she also had microglial nodules
in the brain. In the third patient who died one month
after transplantation there were bilateral renal
carcinomas (without metastases): these were
thought to have antedated the transplant.
There were five patients in whom the proximate

cause of death clinically was not mirrored by the
findings at necropsy. Three of these patients (JL,
BF and SK) died of uncontrolled septicaemia, one
following surgery of empyema of gall bladder, one
from a shunt site infection and one from infection
of the transplant wound. One patient (JM) died of
uraemia due to chronic rejection while an adequate
cause of death in the fifth patient (AP) was not
established.

Table 4 shows the pathological findings in the
transplanted kidney. In eight there were changes of
severe rejection, either acute in three or chronic in
five, and in addition three kidneys had been re-
moved before death for irreversible acute rejection.
In one kidney there was papillary necrosis and one
monilial abscesses. Of the other 11 the appearances
were normal in five or showed mild rejection in six.
Even though aseptic necrosis of bone was not

looked for in every patient, there were at least three
such cases in this series. In two patients there was
necrosis of the femoral head and in one patient who

44

K

- R.°^*h Fig. 7 Malignant
lymphoma (lymphocytic

I >; intermediate differentiation)
of orbit ofpatient IG.
Haemalum and
eosin x 390.
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Principal neuropathological and general necropsy findings in 24 renal transplant patients

Table 4 Pathology of transplanted kidney

No ofpatients

Normal 5
Acute rejection

minimal/mild 4
severe 3

Chronic rejection
mild 2
advanced 5

Miscellaneous
papillary necrosisa
monilial abscesses I

Total 21*

*Transplant nephrectomy carried out for irreversible acute rejection
in three patients before death.

lived for seven years after transplantation there were
extensive changes in the shoulders, elbows, knees
and upper and lower end of the tibial shaft.'2

Discussion

As in other series,' 2 infection was the commonest
finding. Of the infections which constituted the
principal necropsy findings, three were bacterial,
three fungal, two aspergillosis and one monilial
and one each of Pneumocystis carinii and miliary
tuberculosis. Thus five of eight infections were of the
so-called opportunistic type which occur in the
individual with an impaired immune response. The
high incidence of infection during the early period of
high dose steroid treatment is also borne out by this
study. Candidiasis and aspergillosis account for the
majority of fungal infections.'-3 13 Of the three fatal
fungal infections in this series two patients had
pulmonary aspergillosis and one had multiple
candidal abscesses. One further patient who died of
bacteraemia had a single candidal microabscess in
the brain. The fact that there was only a single fatal
case of tuberculosis, which has in the past been a
common infection in the compromised host,
probably reflects more effective treatment, a falling
incidence in the general population and routine
prophylaxis.

Microglial nodules were the most common
microscopic abnormality in the brains of the patients
in the present study. Similar lesions have been noted
previously.2 3l4 The aetiology of these nodules is
uncertain but they have been ascribed to infection
by either cytomegalovirus or herpes simplex virus.
That the former is implicated has been shown by the
finding of cytomegalovirus in the brains of one-third
of patients dying after transplantation.214 Schober
and Herman3 found microglial nodules in 10 of 31
patients dying after cardiac transplantation, in
seven of whom there was evidence of pulmonary
cytomegalovirus. In Dorfman's series of four cases

with disseminated glial nodule encephalitis,15 intra-
nuclear inclusions consistent with cytomegalovirus
were seen in two brains and the virus was isolated in
three. This was in accord with epidemiological
evidence that 70-90% of renal transplant patients
surviving more than two months may show viro-
logical and immunological evidence of infection
by cytomegalovirus. The lack of a florid inflam-
matory cell response to this infection is presumed to
be due to an impaired immune response. Microglial
nodules were seen in the brains of five of our cases,
two of whom had associated intranuclear inclusions
in the lungs. As in previous studies, these nodules
were seen most commonly in grey matter but,
unlike others,3 we have been unable to demonstrate
any inclusion bodies within the CNS. It has been
suggested, however, that the number of inclusion
bodies seen is proportional to the amount of brain
examined histologically.3 The relation between
microglial nodules and infection by cytomegalo-
virus remains controversial and the serology of the
cases in the present series does not allow adequate
separation between primary and reactivated in-
fection.

Neoplasia is another important complication of
transplantation.3-516-18 Three of our 24 patients
were found to have tumours at necropsy.
They consisted of a disseminated lymphoma with
CNS involvement by diffuse microgliomatosis, an
orbital lymphoma and a bilateral renal carcinoma
of the host kidneys. Each of these patients had re-
ceived their first transplant and had survived 4 yr,
nine months and one month after transplantation.

In a review of 438 renal transplant patients, Penn
found that de novo malignancies occurred approxi-
mately 100 times more frequently in these patients
than in individuals of the same age group in the
general population and that the risk of this com-
plication developing was about 6%.5 The com-
monest epithelial tumours were carcinoma of the
skin and lips (40%) and cervix (8%). Malignant
lymphoid neoplasms occurred in 103 patients (22 %).
Penn also noted that the mean interval between
transplantation and development of the neoplasm
was 34 months although the possibility that some of
the tumours were present at the time of transplan-
tation could not be completely ruled out.
Among 6297 patients reported to a kidney trans-

plant registry, the risk of developing lymphoma was
about 35 times higher than age and sex matched
controls and was due almost entirely to "reticulum
cell sarcoma" which was 350 times greater than
expected.17 The lymphomas in transplant patients
are unusual since there is a marked tendency (in
about 50% of cases) to involve the CNS.417 This
contrasts with the relative infrequency with which

37
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the CNS is involved in patients who have a malignant
lymphoma and who have not been transplanted.
The excess risk of developing a lymphoma appeared
within a year of transplantation and remained at the
same high level for the five or more years of follow-
up.17 Hoover and Fraumeni'7 found an apparent
relation between the development of a lymphoma
and the recipients' renal disease, attributed mainly
to an increased risk in the few patients with poly-
cystic kidneys though this association has not been
confirmed subsequently.518 None of the patients in
this series who were transplanted for polycystic
kidney disease developed a lymphoma.
Our patient with lymphoma confined to the orbit

is unusual, the association with renal transplantation
not having been reported previously. Histologically
proven "primary" intraocular lymphomas are
uncommon19 20 but have been described in ass"oci-
ation with "reticulum cell sarcoma" of the brain.20
A likely mechanism underlying the increased

incidence of malignant lymphoma following trans-
plantation is impairment of the immunological
surveillance system. This impairment has usually
been blamed mainly on the use of immunosuppres-
sive drugs although a recent collaborative study did
not provide clear evidence of an increased incidence
of cancer in patients treated with these drugs.'8
Uraemia itself depresses cell-mediated immunity2l
and the relevance of this to neoplasia is supported
by the finding of an increased incidence of neoplasia
in uraemic patients who have not received a renal
transplant.22
Other possible mechanisms in the development of

neoplasia include the effects of repeated antigenic
stimulation from the transplanted kidney and the
activation of an oncogenic virus.23 With regard to
the latter hypothesis, infection by viruses of the
herpes family are common in transplant recipients16
and two human strains belonging to this group,
Epstein-Barr and herpes hominis H viruses have been
found to be commonly associated with Burkitt's
lymphoma and carcinoma of the uterine cervix
respectively. That there may indeed be a link
between selective immunodeficiency to the Epstein-
Barr virus and the development of lymphoma
following clinical infectious mononucleosis has been
suggested recently.'0 24 25

It is of interest to note that the histological ap-
pearances of the CNS malignant lymphoma de-
scribed by Pattengale et a!25 in a case of selective
immunodeficiency to the Epstein-Barr virus is
similar to the microscopic description of micro-
gliomatosis.8 26 The possibility therefore exists that
at least some of the lymphomas in transplant
patients pass through a stage in which they are not
tumours at all but are an atypical inflammatory

Morton, Graham, Briggs, Hamilton

cell response-that is, polyclonal B cell activation
to a viral agent.27 In support of this is the demon-
stration by immunohistochemical methods that the
extracranial lymphoma in patient (CMcN) is
monoclonal for K light chains whilst the diffuse
microgliomatosis in her CNS is polyclonal. The
nervous system lesion in this patient is therefore not
neoplastic but inflammatory. It therefore seems
likely that other examples of diffuse microglio-
matosis, particularly in patients after transplan-
tation, represent an atypical inflammatory cell
response. If, however, the cellular infiltrate is in-
deed proved to be neoplastic in other cases, then
the possibility exists that the lesion might have been
induced by an oncogenic virus.
The occurrence of a clear cell carcinoma in the

host kidneys of one patient (EM) probably reflects
the increased incidence of tumours which has been
reported in kidneys which are contracted due to long
standing glomerulonephritis.28 29 Both cystic change
and carcinoma have been found in such kidneys
although the mechanism is still not understood.28 29
The mechanisms involved in these situations are
clearly different from those when tumour is acci-
dentally transplanted from donor to recipient.30 31
Our finding that cardiac and vascular lesions

come next to infection as a cause of death reflects
general experience. A number of predisposing
factors have either been identified or suggested. In
renal failure hypertension is common as is hyper-
lipidaemia. The predisposition to cardiac failure is
added to by the anaemia which is a constant feature
in renal failure. Following transplantation, poly-
cythaemia may occur with a predisposition to
thromboembolic disease. Finally, renal failure
predisposes to pericarditis and this was the likely
mechanism in the patient (IT) who had recently
returned to dialysis following transplant nephrec-
tomy.
The final two principal necropsy findings in our

study consisted of a chronic gastric ulcer and gastric
erosions, both of which had been associated with
massive bleeding. Renal failure patients have an
increased incidence of peptic ulcer to which a high
gastric acid secretion may contribute.32 The addition
of steroid treatment after transplantation inevitably
leads to a high mortality from the complications of
peptic ulcer.33 34

This study illustrates the fatal complications most
frequently encountered after renal transplantation.
There are encouraging signs that the most common,
namely infection, can be considerably diminished
by the use of a low dose steroid regimen (un-
published observations) which has already been
shown to be compatible with good graft survival.35
Also more effective antiviral and antifungal drugs
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Principal neuropathological and general necropsy findings in 24 renal transplant patients

are being introduced. The use of low dose steroids
should also diminish considerably the incidence of
peptic ulceration and its complications. The likeli-
hood of progress in the immediate future in lowering
the incidence of the vascular and neoplastic com-
plications of renal failure is much less.

We gratefully acknowledge helpful advice and com-
ments from Professor JH Adams, Professor WR Lee,
Dr FD Lee and Dr ME Catto. We are also grateful
to Dr I Brown for help with the immunohisto-
chemistry, to the Department of Medical Illustration,
Southern General Hospital for photographic assist-
ance and to Mrs K McCallum and Miss M
McGovern for secretarial assistance.
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