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Summary

The main objective of this report is to compare and con
trast the type and frequency of neuropathological find
ings following liver, heart, lung, heart-lung, kidney and
bone marrow transplantation and to provide an
overview of the major systemic complications in pa
tients that received allografts.

This is a retrospective analysis of the complete
autopsy records and clinical histories of 500 adults who
underwent organ transplantation at the University of
Pittsburgh Medical Center during the interval of March,
1981 through July, 1997.

This study is based on the neuropathological and sys
temic findings among 225 liver, 101 heart, 40 lung, 28
heart-lung, 74 kidney and 32 bone marrow transplants.
Clinico-pathological correlations were made. All pa
tients received base-line immunosuppressive therapy
with one or more of the following drugs: cyclosporine,
corticosteroids and azathioprine. Since August, 1989,
the primary immunosuppressive agent is FK-506
(Tacrolimus). Some patients received antilymphocyte
globulin (OKT3), when acute rejection was imminent.
Light microscopic examination of tissue sections,
stained with hematoxylin and eosin and in some cases
with special stains were made. Ultrastructural evalua
tion were also performed in selected cases.

All of the studies were carried out at the University
of Pittsburgh Medical Center, Department of Pathology,
Neuropathology Division.

Cerebrovascular complications were the most fre
quent and were seen in 51 % of the liver, 59% of the
heart, 58% of the lung, 50% of the heart-lung, 49% of
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the kidney and 44% of the bone marrow allografts. As
pergillus sp. infection was the most common of all CNS
infections followed by viral, bacterial and protozoal.
Primary Central Nervous System Lymphoma (PCNSL)
was seen in 2% of the liver, and 2% of the heart recipi
ents. Post transplant lymphoproliferative disorder
(PTLD) involving the brain was seen in 2% of the liver
allografts, 3% of the heart, and 7% of the heart-lung re
cipients. PTLD systemically was seen in 6% of the
liver, 7% of the heart, 5% of the lung, 11 % of the heart
lung and 4% of the kidney allografts. Graft-versus-host
disease was seen only in 41 % of the bone marrow recip
ients. There was no statistically significant difference
between the incidence of the total CNS complications
among the different organ transplant groups (p value>
0.10), but there was a statistically significant difference
in the systemic complications among the organ trans
plant groups (p value < 0.001).

In conclusion that immunocompromised patients
with impaired cellular and humoral immunity are at risk
for the development of opportunistic infections and
hematologic abnormalities. PTLD appears to be differ
ent in its pathogenesis from that of PCNSL which oc
curs anew in the brain of these patients. The neurologi
cal complications may be reduced by earlier recognition
and better understanding of their etiopathogenesis.
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Introduction

Organ transplantation has become an accepted
modality for patients suffering from advanced liver,
lung, heart, kidney and hematologic diseases mainly
due to remarkable advances in surgical techniques,
anesthesia, immunosuppressive medication, use of pro
phylactic antimicrobial medication, better donor/recipi
ent selection, and specialized clinical postoperative
management.

Even though the clinical and therapeutic manage
ment and the surgical techniques continue to evolve,
there are still post-operative complications that impair
the success of the procedure. The present report will try
to clarify the natural history and complications of organ
transplants.

It is important to emphasize that the result of the
post-mortem examination plays a critical role in under
standing the natural history of the transplant and pro
vides the most reliable method of obtaining accurate in
formation on the major and contributing causes of death
in these patients.

The main goal of this report is to compare and con
trast the type and frequency of neuropathological find
ings following liver, heart, lung, heart-lung, kidney and
bone marrow transplants and to provide an overview of
the major systemic complications in patients that re
ceived the allografts.

In addition, these findings would serve as a prognos
tic indicator, supply important information for reducing
morbidity and mortality and, lastly, they may provide
ideas for cost containment in organ transplantation.

Material and Methods

The clinical data and the complete autopsy protocol includ
ing brain and spinal cord of 500 consecutive autopsies of adult
patients were retrospectively reviewed. These patients under-

Table I. Sex and distribution in 500 allograft patients.

went organ transplantation at the University of Pittsburgh
Medical Center (upMC) over a 16 year period (March, 1981
through July, 1997). Sex and race distribution is shown in
Table l.

The liver allografts consisted of 225 adult patients: 94
women and 131 men. They covered a time period from March
I, 1981 to July 15, 1997. There were 217 Caucasians (127
men and 90 women), 6 African-American (3 men and 3
women) and 2 Asians (1 man and I woman). During the peri
od, 2620 adult liver allografts were made in patients 17 years
of age and older. At this time, 1901 were still living and 984
were deceased.

The series of heart transplants consisted of 101 adult pa
tients (97 Caucasian: 23 women and 74 men; 4 African-Amer
ican: 3 men and 1 woman), and covered a time period from
Oct. 1, 1981 to July 15, 1997. During this period, 712 adult
heart transplants were done.

The series of 40 adult patients with lung allografts consist
ed of 22 women and 18 men; they were all Caucasian. They
covered a time period from July 11, 1988 to May 16, 1997.
During this period 313 lung allografts were performed.

The series of 28 adult patients with heartJIung transplants
were composed of 14 women and 14 men, all Caucasian.
They covered a time period from January 2, 1983 to Decem
ber 30, 1996. During this period, 94 heartJIung transplants
were done.

The series of 74 adult patients with kidney transplants
were composed of 44 women (59%) and 30 men (41 %), and
covered a time period from February 16, 1980 to July 1,
1997. There were 67 Caucasians (25 men and 42 women), 6
African-American (5 men and 1 woman) and 1 Arabic
woman. During this period 1575 kidney transplants were
performed at the UPMC in patients 17 years of age and
older. At this time, there were 1186 patients still living and
353 deceased. Complete autopsies were performed in 74 pa
tients.

The series of bone marrow allografts consisted of 32 pa
tients (19 men and 13 women). They were 31 Caucasian (18
men and 13 women) and one African-American man that re
ceived bone marrow transplant (BMT). They covered a time
period from May 1, 1992 to December 31, 1996. Between
1990 and 1997,489 bone marrow transplants were performed
at the UPMC; 253 are living and 236 deceased. The 8 patients

Organ Liver Heart Lung HeartJIung Kidney Bone-marrow Total
Transplanted

Race/sex M F M F M F M F M F M F
Caucasian 127 90 74 23 18 22 14 14 25 42 18 13 480
Black 3 3 3 1 5 1 1 17
Oriental 1 1 2
Arabic 1 1
Sub Total 131 94 77 24 18 22 14 14 30 44 19 13 500
---------------------------------------------------------------------------------------------------
Total 225 101 40 28 74 32 500

Key: M =Male, F =Female; M =290 (58%), F =210 (42%)



that received autologous bone-marrow allograft are not in
cluded in the statistical analysis, regarding Graft versus Host
Disease (GVHD).

The medical records with the clinical findings and labora
tory values were reviewed in all patients. The neuroimaging
features were also reviewed when indicated. The neurological
signs and symptoms and additional clinical information were
recorded for evidence of systemic and neurological involve
ment. The complete autopsy included the examination of tho
racic and abdominal organs, brain, spinal cord, pituitary
gland, and in selected cases, the skeletal muscles and periph
eral nerves. Systematic light microscopic histological analysis
of tissue sections, stained with hematoxylin and eosin (H&E)
and with special stains, were performed in all cases to deter
mine the direct and contributory cause of death. Immunohis
tochemical stains were performed in selected cases to classify
lymphoproliferative disorders or viral infections. Ultrastruc
tural studies were made in selected cases.

Statistical Analysis

The chi-square test was carried out to compare the
relative incidence of complications between the sys
temic and the CNS among the organ transplant groups.

Results

The most frequent neurological complications in all
patients were cerebrovascular (cerebral hemorrhages,
infarcts, and ischemic-anoxic changes) and were seen
in 51 % of the liver, 59% of the heart, 58% of the lung,
50% of the heart/lung, 49% of the kidney, and 44% of
the bone marrow recipients. The second most impor
tant neurologic complications were infections and
were present in 15% of the liver, 13% of the heart,
10% of the lung, 14% of the heart-lung, 16% of the
kidney and 16% of the bone marrow recipients. As
pergillus sp. infection was the most common of all
CNS infections followed by viral, bacterial and proto
zoal (Table 2).

Post Transplant Lymphoproliferative Disease (PTLD)
involving the CNS was present in 2% of the liver, 3% of
the heart, 7% of the heart-lung and 1% of the kidney re
cipients. Lymphoid neoplasms such as primary central
nervous system lymphoma (PCNSL) were seen in 2%
of the liver and 2% of the heart recipients, and were B
cell type, using immunoperoxidase antibody tech
niques. Graft versus host disease (GVHD) was seen in
41 % of the bone marrow recipients (24 patients re
ceived allogenic BM transplants).

Systemic infections were the most frequent immedi
ate cause of death in 290 patients (58%). The ratio of in
fectious to non-infectious causes of death did not
change significantly over the 16 year study period.
Overall, the systemic infections were bacterial in 138
patients (28%), fungal in 122 patients (24%) and viral
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in 85 patients (17%). The relative percentages of bacte
rial, fungal and viral organisms showed no significant
variation on a year-to-year basis during the study peri
od. Two-thirds of all infections occurred in the first 100
days post-transplant. A precipitous drop in the number
of systemic infections (and the number of deaths) oc
curred by day 90. Later infections were mostly "oppor
tunistic." Other major causes of death include: liver
failure in 43 patients out of 500 (9%), pulmonary failure
in 69 patients (14%), renal failure in 82 patients (16%),
multiple organ failure in 50 patients (10%), and cardio
vascular failure in 52 patients (10%). Rejection of the
allograft was the cause of death in 143 cases (29%).

Unremarkable CNS was seen in 47% of the liver,
40% of the heart, 53% of the lung, 43% of the heart
lung, 43% of the kidney and 44% of the bone marrow
transplants.

The chi-square analysis indicated a statistically sig
nificant difference (p < 0.001) in systemic infection,
hematologic/vascular complications and lymphoprolif
erative/lymphomas in all six types of organs transplant
ed (Table 3).

The CNS complications were not statistically signifi
cant in any of the allograft groups (p > 0.10).

Systemic Complication After Specific
Organ Transplantation (Table 2)

Liver

Systemic infections were the most frequent cause of
death in 160 patients (71 %), in this series of 225 liver
transplants during the first 90 days after the allograft.
Bacterial infections were present in 75 patients (33%).
Opportunistic fungal infections were seen in 65 patients
(29%).

Viral infections were seen in 47 patients (21 %). Pro
tozoal infections, toxoplasmosis and Pneumocystis
carinii were seen in 4 patients (2%). During the first 3
months of the transplant, the great majority of infec
tions were bacterial. Other major causes of death in
cluded hematologic disturbances, such as coagulopathy,
thrombocytopenia and hemorrhages in 39 patients
(17%). Disseminated Intravascular Coagulation (DIe)
was present in 9 patients (4%). Thrombosis of portal
vein was seen in one patient, hepatic artery thrombosis
in 2 and superior mesenteric artery thrombosis was pre
sent in another patient. Liver failure associated with hy
peracute and chronic rejection was seen in 36 patients
(16%). PTLD was seen in 13 patients (6%).

Systemic B cell lymphoma was found in 2 patients
(1%), one of them with Hodgkin's disease. Renal fail
ure with acute tubular necrosis was present in 49 pa
tients (22%). Acute and chronic pancreatitis was seen in
21 patients (9%).
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Table 3. Comparison of the relative incidence of total CNS
and Systemic complications among different organ transplant
groups.

Organ CNS Complications Systemic Complications
Transplanted Inf; HematoV Inf; Hematol/vasc;

vasc; LymphlL LymphlL

n (%) n (%)

Liver 156 (69) 234 (1)
n=225

Heart 77 (77) 55 (55)
n = 101

Lung 28 (7) 29 (73)
n=40

HeartlLung 20 (27) 22 (79)
n=28

Kidney 49 (66) 60 (81)
n=74

Bone marrow 19 (59) 40 (1)
n=32

Chi-square >0.10 <0.001
p value

Key: n = Number found; Inf = Infection; HematoVvasc =
Hematologic/vascular; LymphlL = Lymphoproliferative/lym-
phoma

Gastrointestinal hemorrhages, mainly due to bleed
ing esophageal varices or gastric ulcers were seen in 24
patients (11 %). Hemoperitoneum was present in 11 pa
tients (5%). Hepatic artery thrombosis was found in 5
patients, portal vein thrombosis in 3, superior mesenter
ic artery thrombosis in 1 and simultaneous hepatic
artery and vein thrombosis in 1. Respiratory failure, as
sociated with or due to adult respiratory distress syn
drome, pulmonary edema, pleural effusion, atelectasis,
pulmonary fibrosis, pneumonitis or bronchopneumonia
and diffuse alveolar damage were present in 79 patients
(35%). Peritonitis was found in 10 patients (4%). Multi
organ failure was the main cause of death in 33 patients
(15%). Rejection of the liver allograft was seen in 36
patients (16%). One patient died with Alzheimer's dis
ease three years after the liver allograft.

Heart

Systemic infections were the cause of death in 35 pa
tients (35%). Bacterial infections were present in 20 pa
tients (20%) and they consisted mainly in Gram/nega
tive microorganisms (E. coli, Enterobacter cloacae,
Pseudomona aeruginosa and Listeria monocytogenes).
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Fungal infections were detected in 10 patients (10%)
and was represented by Aspergillus sp., Candida sp.
and Cryptococcus sp. Viral infections were seen in 7 pa
tients (7%). CMV, Herpes simplex and zoster, EBV and
Adenovirus were the viruses frequently found. Proto
zoal infections were represented by Pneumocystis
carinii and Toxoplasma gondii and were found in one
patient. Rejection was the cause of death in 43 patients
(43%). Hematologic disturbances such as coagulopathy
was found in 6 patients (6%). Renal tubular necrosis
(RTN) leading to renal failure were seen in 19 patients
(19%). Pneumonia and adult respiratory distress syn
drome (ARDS) were the cause of death of 14 adult pa
tients (14%). Heart failure lead to death in 11 patients
(11 %) and multi-organ failure killed 7 patients (7%).
Systemic PTLD, probably induced by EBV virus was
seen in 7 patients (7%). Systemic B cell lymphoma was
present in 2 patients (2%). One patient died with
Alzheimer's disease shortly after the heart allograft.

Lung

Systemic infections, due to opportunistic fungi, bac
teria and virus were the cause of death in 20 patients
(50%). The opportunistic fungi were mainly Aspergillus
fumigatus and niger and Candida tropicalis and were
present in 20 patients (50%). Bacterial and viral infec
tions were less frequent and were found in 10 patients
(25%). Phialophora repens was seen in one patient.
Systemic CMV infection was present in 7 patients, Her
pes simplex in 2 and adenovirus in 1. Gram positive
sepsis was seen in 4 patients and Gram negative mi
croorganisms were present in 8 patients.

Coagulopathy and thrombocytopenia were seen in 6
patients (15%). Respiratory failure was the cause of
death in 4 patients (10%). Rejection of the allograft
lung was the cause of death in 14 patients (36%). Multi
organ failure produced death in 6 patients (15%); renal
failure killed 2 patients (5%). Heart failure was the
cause of death in 7 patients (18%), while systemic
PTLD was seen in 2 patients (5%). Dehiscence of the
bronchial sutures was found in one patient (2.5%), and
pulmonary hemorrhage was present in 3 patients (8%).

Heart/Lung

Systemic opportunistic infections were the cause of
death in 14 patients (50%), and included fungi in 6 pa
tients (21 %), viruses in 4 (14%) and bacteria in 2 (7%).
Protozoal infections represented by T. gondii was seen
in 2 patients (7%).

Hematologic disturbances, such as coagulopathy,
bleeding diathesis and disseminated intravascular coag
ulation (DIC) were the cause or contributory to the
cause of death in 5 patients (18%). Systemic PTLD was
present in 3 patients (11 %). Bronchopneumonia lead to
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death in 9 patients (32%), and respiratory failure due to
other causes was seen in 4 patients (14%). Rejection
was the cause of death in 9 patients (32%) and dehis
cence of the anastomosis was found in 2 patients (7%).
Lung failure induced by adult respiratory distress syn
drome was the cause of death in 4 patients (14%).

Kidney

Systemic infections following renal transplantation
continue to be the main cause of death in kidney allo
graft patients, occurring in 42 patients (57%). In this se
ries there were only 3 patients that received a simulta
neous pancreas-kidney transplant.

Bacterial infections during the early post-transplant
period (about 6 weeks) were most common and usually
arised in the urinary tract or the surgical wound. They
were the cause of death in 22 patients (30%). During the
6 to 12 months period, fungal and viral opportunistic
microorganisms predominate. These include Pneumo
cystic carinii, Nocardia asteroides, Listeria monocyto
genes and Aspergillus sp. and were the cause of death in
16 patients (22%). The most common viral pathogen
was Cytomegalovirus (CMV) followed by Epstein-Barr
virus (EBV), Hepatitis B virus and Herpes virus. These
were found in 11 patients (15%). Reactivation of quies
cent Mycobacterium tuberculosis was not found in any
of these patients.

Coagu1opathy, thrombocytopenia and DIC were pre
sent in 15 patients (20%). Renal failure was the cause of
death in 3 patients (4%). Cardio-respiratory failure was
the main cause of death in 25 patients (34%), and sys
temic PTLD was noted in 3 patients (4%), one of them
with brain involvement.

Respiratory failure induced by ARDS, pulmonary fi
brosis, hemorrhage pneumonitis or emphysema was the
cause of death in 16 patients (22%). Renal tubular
necrosis was present in 3 patients (4%), heart failure
produced the death in 9 patients (12%), multi-organ
failure was the cause of death in two patients (3%), and
rejection of the allograft lead to death in 28 patients
(38%). Dehiscence of the anastomosis was seen in 2 pa
tients (7%), and acute pancreatitis was present in 2 pa
tients (3%). One patient died with Alzheimer's disease
4 years after the kidney allograft.

Bone Marrow

Systemic infections were the most frequent cause of
death in this series of 32 bone marrow transplants
(BMT), and was present in 19 patients (59%). Viral in
fections were the cause of death in 6 patients. One pa
tient died with Herpes zoster, two with CMV and 3 with
systemic Herpes simplex. Gram negative and positive
bacteria were the cause of death in 9 patients (28%). Op
portunistic systemic fungal infections produced death in

5 patients (16%). Systemic candidiasis was seen in one
patient and aspergillosis in 4. Protozoal infection due to
Toxoplasma gondii was seen in one patient (3%). Hema
tologic disorder represented by coagulopathy and
thrombocytopenia were present in 21 patients (66%).

Respiratory complications, such as pneumonia and
ARDS produced death or were directly contributory to
death in 11 patients (34%). Heart failure lead to death in
1 patient (3%), renal failure in 2 (6%) and liver failure
in 1. GVHD was the main cause of death in 13 patients
(41 %). A combine failure of both lung and heart result
ed in the death of 8 patients (25%).

Neuropathological Findings after Specific
Organ Transplantation (Table 2)

Liver

Cerebrovascular lesions in different combinations
occurred in 48% of the patients in this series. Global
brain ischemia with multifocal or diffuse neuronal
necrosis was seen in 41 patients (18%). Old and recent
cerebral infarcts were seen in 36 patients (16%), often
in association with disseminated intravascular coagula
tion or with septic emboli. Intra cranial hemorrhages in
different locations and amounts occurred in 32 patients
(14%). Infections of the CNS was the second most im
portant neuropathological finding and caused death in
33 patients (15%). The etiologic microorganisms were
generally opportunistic. Aspergillus sp. was responsible
for the death of 18 patients (8%). All patients with CNS
Aspergillosis had systemic involvement by the fungus.

A 39 year old man died 30 days after the second liver
allograft with systemic and CNS Pseudallescheria boy
dii. The fungus was disseminated into the lungs, pleura,
heart, thyroid and retroperitoneum. One patient devel
oped CNS candidiasis, and four patients (2%) died with
CNS cryptococcosis.

Bacterial CNS infections were seen in 3% of the pa
tients. Systemic infections with Gram negative bacteria,
particularly in the immediate post-operative period
were seen in 75 patients (33%). Pyogenic (bacterial)
leptomeningitis was found in 6 patients (3%), caused by
Listeria monocytogenes in 3 patients, and Nocardia as
teroides in the remaining 3.

Phagocytic or microglial nodules, probably indica
tive of active or impending viral CNS infection were
found in 18 patients (8%). Progressive Multifocal
Leukoencephalopathy (PML) was found in a 23 year
old white man that died 204 days after the second liver
allograft. Intracranial involvement of PTLD was seen in
4 patients (2%), probably induced by the EBY.

Pneumocystis carinii (PC) and toxoplasmosis in
volving the CNS were conspicuously absent in this se
ries, even though 4 patients died with PC pneumonitis.



Alzheimer's type II astrocytosis was found in 145 pa
tients (65%). Central Pontine and Extrapontine Myeli
nolysis (CPEM) was seen in 13 patients (6%). Axonal
spheroids in the cuneatus and gracilis were seen in 87
patients (39%). Normal brains were found in 105 pa
tients (47%).

Heart

In this series of 101 heart transplants, cerebrovascu
lar lesions in different combinations were found in 59
patients (59%). Global brain ischemic-anoxic changes
were seen in 16 patients (16%). Old and recent brain in
farcts were presented in 27 patients (27%). Intracranial
hemorrhages in different locations and intensities were
found in 16 patients (16%).

CNS opportunistic infections were the cause of death
in 13 patients (13%), and usually they occurred in the
later post-transplant period. Cerebral aspergillosis was
the cause of death in 5 patients, Candida sp. in 2 and
Cryptococcus neoformans in 1 patient. Viral encephali
tis was seen in 3 patients and Listeria monocytogenes
encephalitis was seen in 1 patient. Progressive Multifo
cal Leukoencephalopathy (PML) was found in one pa
tient. Post transplant lymphoproliferative disorder
(PTLD) involving the CNS was seen in 3 patients and
primary CNS lymphoma in another 2. Normal brains
were found in 40 patients (40%).

Lung

Opportunistic fungal infections due to Aspergillus sp.
were observed in 2 patients (5%) at a later post opera
tive period. One patient, a 45 year old white woman,
died due to rhinocerebral infection with Absidia sp.
(mucormycosis), (Phialophora repens) 917 days post
lung allograft. In addition, she had systemic CMV and
Pseudomona sp. infection. No protozoal or viral in
volvement of the CNS was seen in this group.

Cerebrovascular lesions were seen in 24 patients
(60%). These consisted of intracerebral hemorrhages,
subdural and subarachnoid hematomas in 8 patients
(20%), old and recent cerebral infarcts in 6 patients
(15%) and global brain ischemia in 10 patients (25%).
Central pontine myelinolysis was present in one patient
who received liver and lung allografts. Normal brains
were found in 21 patients (53%).

Heart/Lung

Neuropathologically, intracranial hemorrhages were
observed in 3 patients (11 %), consisting of subarach
noid, intracerebral and subdural hematomas in 3.5%
each. Old and recent cerebral infarcts were seen in 4 pa
tients (14%), while anoxic ischemic changes and global
brain ischemia were seen in 7 patients (25%).
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Encephalitis due to Aspergillus sp. was present in
2 patients (7%). Candida sp. meningoencephalitis was
seen in 1 patient (3.5%). Toxoplasmic encephalitis was
seen in one patient. No bacterial or viral encephalitis
was noted in this series. One patient died with
CPM, and PTLD involving the brain was seen in 2 pa
tients (7%). Normal brains were found in 12 patients
(43%).

Kidney

Opportunistic infections appeared to predominate in
this series of 74 patients, and included cerebral as
pergillosis found in 5 patients (7%) and Cryptococcus
sp. meningoencephalitis found in 1 patient (1.5%).
Free-living amebic encephalitis due to Acanthamoeba
castellanii was the cause of death in one patient (1.5%).
Four patients (5%) disclosed a "subsiding leptomenin
gitis" probably representing an incipient or "healing"
viral or fungal infection.

Cerebrovascular lesions consisting of different types
of hemorrhages were found in 10 patients (14%). One
patient died due to intracerebral hematoma. Subdural
hematomas were seen in 6 patients (8%), and subarach
noid hematomas were seen in 3 (4%). These were inci
dental findings at autopsy. There were 17 patients
(23%) with old and recent infarcts and 9 patient (12%)
disclosing anoxic ischemic changes of neurons and
global brain ischemia of different intensities.

PTLD involving the brain was noted in 1 patient.
Normal brains were found in 32 patients (43%).

Bone Marrow

The spectrum of neuropathological findings after
BMT are remarkable for a lack of direct involvement of
the brain by acute graft-versus-host disease.

The following CNS complications have been ob
served in this series:

Cerebrovascular lesions were found in 14 patients
(44%). Hemorrhages were seen in 6 patients (19%), and
there were 3 intracerebral hematomas (9%), 2 subdural
hematomas (6%) and one patient (3%) with subarach
noid hemorrhage.

Old and recent infarcts were found in 2 patients
(6%). Ischemic-anoxic neuronal changes and global
brain ischemia were seen in 6 patients (19%). Mi
croglial proliferation and hyperplasia and phagocytic
nodules were seen in 3 patients (9%).

CNS infections were present in 5 patients (16%), 3
patients dying due to cerebral aspergillosis (9%). One
revealed cerebral toxoplasmosis and another Herpes
zoster involving the left trigeminal nerve. No bacterial
infections were noted within the CNS. The brain was
unremarkable in 14 patients (44%).
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Discussion

The results of this study suggest that structural alter
ations within the central nervous system (CNS) are
quite common after organ transplantation and provide a
basis to define the most important neuropathological
findings in patients that received allografts of the liver,
lung, heart, heart-lung, kidney and bone marrow. In
spite of the limitations inherent to any retrospective au
topsy series, with complex clinical histories, multiple
laboratory examinations and numerous postoperative
complications, interesting and important trends and
findings emerge from the data and an attempt to clinico
pathologic correlation is possible.

The frequency and real incidence of these lesions
should be considered an approximation and their num
bers are probably underrepresented. The main reasons
are, that the autopsy rate is not 100%. Also, a follow-up
for every patient that received an allograft is not avail
able because some have died in another cities (state or
country), or the family or next of kin refused an autop
sy.

The present data confirm that hematologic-vascular
complications are the most frequent neurological com
plications in patients after they received the allograft [1,
8,28,47-50,67,68, 79J. Infectious complications are
the second most frequent neuropathological complica
tion and these are mainly produced by microorganisms
of low pathogenicity. Only one patient died due to
Acanthamoeba castellanii encephalitis after renal allo
graft [46]. Immunosuppressive therapy enables these
organisms to behave as "opportunistic microorgan
isms." These patients are at risk for the development of
infections, including opportunistic fungal, protozoal
and viral. The longer the post-transplant survival period
the more likely fungal and viral infectious complica
tions will develop. The signs and symptoms of neuro
logical complication are not specific. Electrolyte imbal
ance may contribute to neurological impairment. Simi
lar findings have been reported by numerous authors [5,
11, 15,24,36,45,60].

There was no significant difference between the inci
dence of total CNS complications among the different
organ transplant groups (p value> 0.10), but there was a
significant difference in the incidence of total systemic
complications among the different organ allograft
groups (p value < 0.00l) (Table 2).

The use of cyclosporine was introduced in 1981 and
FK-506 in 1989. These immunosuppressive agents rep
resent a major breakthrough and explain the successes
of this type of surgery by reduction in rejection and a
diminution in infectious complications [3, 19, 39, 73,
75]. Seizures and white matter changes may be linked
to the cyclosporine or to the FK-506 therapy [72].

In patients immunocompromised by anti-rejection
medications, there is significant pancytopenia (neu-

tropenia) and defect on neutrophil function and cell-me
diated immunity. These patients are at risk and more
susceptible for developing opportunistic fungal, viral
and protozoa infections and post-transplant lymphopro
liferative disease and lymphomas induced by Epstein
Barr virus (EBV) [53, 62-64, 73]. Previous reports
have shown that fungal infections usually developed
after prolonged immunosuppressive therapy [15]. The
same is true in viral [19, 56, 62, 69J and protozoal in
fections [35, 41, 46]. Bacterial infections on the other
hand, usually appear shortly after the allograft and are
mainly nosocomial pathogens [68, 79]. Later in the
post-grafting period, viral infections appear to influence
the overall clinical outcome [41].

The risk of developing opportunistic infections and
chronic renal failure increased significantly with pro
longed use of immunosuppressive therapy [47-51, 56].
Long-term immunosuppression carries the risks ofEBV
related PTLD and lymphomas [14, 18,52-53,62-64].
Coagulopathy and thrombocytopenia and bleeding dis
orders are usually due to liver failure and impair the
production of coagulation factors.

Liver, heart, lung, heart-lung and kidney allograft re
cipients developed vascular complications (intracere
bral, subdural and subarachnoid haemorrhages and
cerebral infarcts) more often than patients with bone
marrow transplants. Fungal infections within the CNS
due to Aspergillus sp. was the most common in all
transplanted patients. There is evidence that some
species of Aspergillus (A. fumigatus) inhibit phagocyto
sis. In addition, there is inadequate inflammatory and
immune reaction in post-transplant patients who are at
greater risk to develop disseminated aspergillosis. Neu
tropenia is the major and most important risk factor for
aspergillosis [31, 41, 61]. The steroids as antirejection
therapy have a profound effect on neutrophil-leukocyte
function. Cytomegalovirus infection depressed both
cell mediated and humoral immune response and en
hances the susceptibility to fungal and bacterial infec
tion. When infection develops, there is usually multi
plicity of infective microorganisms.

Cyclosporine and tacrolimus (FK-506) inhibit lym
phocyte activation and the expression of interieukin-2.
FK-506 accomplishes an equal immunosuppression to
cyclosporine, at one-hundredth the level of cy
closporine. Both drugs are nephrotoxic, but FK-506
may produce nephrotoxicity earlier than cyclosporine
[58,71,82,88,91]. FK-506 is also neurotoxic. The side
effects of FK-506 are hyperglycemia, hyperkaliemia,
encephalopathy, seizures, akinetic mutism, cortical
blindness and gastrointestinal upset [57, 66, 71]. Cy
closporine may produce hirsutism, gingival hyperpla
sia, mutism, hypertension, myopathy and neuropathy
[6,7, 13,42,43,59,76, 81,83, 87, 89, 95, 96J.

Simultaneous kidney-pancreas transplant as an indi
cation for renal failure due to diabetes mellitus has been



increased during the last four years [32J. The frequency
of glomerulonephritis is decreasing, while diabetes as
an indication for transplant, is increasing. Polycystic
kidney disease also appears to be on the rise. It is of in
terest that African-Americans who receive kidney trans
plants have a greater probability of success if the allo
graft comes from another African-American. The same
is true in bone marrow transplants.

Over time there has been a progressive lengthening
of the survival of patients with liver allografts. The 1 yr.
survival rate in 1988 was 77%, while in 1994, the rate
had risen to 84%. The five year survival rate in 1997 is
now greater than 75%.

Clinically important neurological complications have
been reported in up to 90% of patients after liver trans
plantation [1, 2, 8, 10-12, 15, 19,21-24,41,45,47-49,
65, 76, 77,81-83,87-89]. The neuropathological find
ings in neurological complications have been adequately
described in several series [8,10,47,48,55].

In the liver allograft patients, Alzheimer's Type II as
trocytosis was found in 145 patients (65%) with hepatic
encephalopathy [47, 48]. There is a direct relationship
between hepatic encephalopathy and the intensity of
Alzheimer's type II astrocytosis. PML due to a papova
virus have been reported in one liver and one heart allo
graft patient [30]. Central pontine and extrapontine
myelinolysis (CPM) have' been associated with rapid
correction of hyponatremia [70, 84, 90]. Axonal
spheroids in the cuneatus and gracilis have been report
ed in mucoviscidosis, vitamin E deficiency and neuro
axonal dystrophy [47].

The one-year survival rate for heart transplant pa
tients in 1988 was 81 %; in 1994 the survival was 84%,
and in 1997 it averaged 85%. World wide 3 year sur
vival rate among those patients now averages about
80%.

The majority of the deaths among heart transplant re
cipients occur during the first 3 months following the
procedure, and are mainly due to vascular complica
tions, operative exsanguination, infection and rejection.
A common cause of death in this series was rejection
(43%), with chronic rejection occurring more frequent
ly than acute rejection. Infection was the second most
common cause of death in this group of patients (35%).

The underlying disease for which heart transplants
are indicated are mainly atherosclerotic disease and car
diomyopathies. These conditions predispose the patient
to cerebrovascular complications. Stroke is the most
important complication in heart and heart-lung trans
plants.

The one year survival rate for patients receiving sin
gle or double lung transplant in 1988 was 43% while in
1995 it was 75%, and in 1997, about 80%. The primary
diagnosis for lung transplant are emphysema, COPD,
cystic fibrosis, alpha-I-antitrypsin deficiency and idio
pathic pulmonary fibrosis. Lung transplantation is an
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accepted treatment for end stage lung disease. Infec
tions continue to be the most frequent cause of death in
these patients. Opportunistic fungal and viral microor
ganisms and bacteria are the etiologic agents. Rejection
of the allograft is the second most frequent cause of
death [36].

The one year survival rate for patients receiving a
heart-lung transplant in 1988 was 52%, while in 1994,
survival was 74%, and in 1996, the five year survival
rate was 82%. For patients receiving a heart/lung trans
plant, the one year survival rate is now about 75%. Bac
terial pathogens are actually the most common causes
of systemic infections in this population. Pulmonary in
fections are more frequent in heart-lung and lung trans
plant recipients than in heart transplants, but the clinical
course and management of infections and neurological
and neuropathological findings are basically similar [5,
28, 30, 49, 50, 55, 60, 68, 79]. Systemic infections and
hemorrhages are the major causes of early graft loss.
The major causes of late death are still systemic infec
tions, obliterative bronchiolitis and graft arteriosclero
sis [92].

The five year patient survival rate for patients receiv
ing kidney transplants in 1996 was 87%. The one year
survival rate for cadaveric donors in 1988 was 76%,
while in 1995, it was 87%. The living donor survival
was 89% in 1988, and 93% in 1995. Renal transplant
patients received conventional azathioprine and steroid
therapy until 1980. Antithymocyte globulin was given
in cases of steroid-resistance. During the 1980's, cy
closporine was the antirejection drug therapy of choice,
while in 1990 it was the FK-506 or tacrolimus.

The time of the acute rejection episode following a
renal transplant is related to the survival of the allograft
[33,37].

The relation between excess immunosuppression and
death from systemic infections was frequent in the early
days of renal transplantation, but today much improve
ment in the immunosuppressive therapy with cy
closporine and FK-506, and better operative techniques
have lead to a significant decline in overall mortality
[39]. Despite this improvement, most series continue to
report systemic infections as the major cause of death.
Today renal and pancreatic transplantation is well ac
cepted as the preferred method of therapy for end-stage
renal disease with diabetes mellitus.

Overall, survival rates for all bone marrow trans
plants (BMT) among adults are generally between
40-60%, for a disease that would be fatal without a
transplant. Also, it is well known that bone marrow
from unrelated donors (allogenic graft) causes more
GVHD and lower probability of disease-free survival
than bone marrow transplants from AHLA-identical
siblings (syngenic grafts) [54]. The relapse rate is lower
after autologous BMT than after allogenic BMT due to
the absence ofthe GVHD.



482 . A. J. Martinez

Respiratory failure and pulmonary complications
after BMT account for considerable morbidity and mor
tality. Interstitial pneumonia induced by CMV and ade
novirus have been reported as the main cause of death
in patients that are recipients of bone marrow trans
plants [65]. Bacterial and fungal infections are the
major complications following bone marrow transplan
tation.

Pulmonary complications after BMT have been re
ported between 40-60% of the patients [65, 68J. In
spite of considerable progress in bone marrow trans
plantation, bacterial and fungal infections continue to
be the major complications to BMT patients. It has been
reported that graft-versus-host disease (GVHD) devel
ops in about 50-70% of the patients undergoing allo
genic bone marrow transplantation, and is the main
cause of morbidity and mortality in these patients [4,
27, 35, 54, 65, 85, 86]. GVHD, in essence, is a patho
logical condition and represents the counterpart to re
jection. The success rates of BMT depend on several
factors, including the type of primary disease, the stage
of the disease, the age of the patient, and the level of
match between the patient and the donor.

Several years have elapsed since the development of
the concept of post-transplant lymphoproliferative dis
ease (PTLD) [40, 73, 87, 93]. Today, it is generally
agreed that this disorder is probably induced by EBV
[16-18,40,51-56, 67, 93J - EBV induced B lympho
cytic proliferation leading to B cell lymphomas. It is
well known that patients under immunosuppressive
medication for a prolonged period of time are at high
risk for the development of PTLD [87, 93].

EBV is a ubiquitous virus that belongs to the herpes
group virus with an enveloped nucleocapsid, that usual
ly does not produce harmful effects in the immunocom
petent infected individuals [63, 64, 78J. Infectious
mononucleosis may be seen in some [40]. There is a
spectrum of lymphoproliferative disorder in various
types of immune deficiency, from reactive, lymphocytic
proliferation to "full blown" lymphoma. The lym
phomas associated with the EBV consist of high-grade
B cell tumors, with a tendency for extranodal involve
ment and short survival. Among the solid organ trans
plant recipients, the highest incidence of PTLD (more
than 10%) has been reported in heart, in combined
heartllung and kidney recipients [28, 36]. In allogenic
bone marrow transplant recipients the overall incidence
is between 0.6% to 7.4%. In patients that received T
cell-depleted bone marrow from unrelated or mis
matched donors, the incidence is about 16% to 24%
[16J.

Fifty percent of the patients that receive renal trans
plants carry viable EBV in the oropharynx and posterior
nasopharynx and are at risk for the PTLD [14, 35J
which develops in about 5% of recipients of bone mar
row, kidney or liver transplants. Heart and heart-lung

allografts, particularly those treated with anti thymo
cyte globulin, are at an even higher risk [5, 25J. Be
cause many lymphoproliferative lesions and smooth
muscle tumors and carcinomas that appear after organ
transplantation are clonal, they can be classified as neo
plasms rather than infections, even though EBV has
been found in some of them and strongly suggest the
possibility of a primary role of EBV as oncogenic [9,
44,80].

Malignant lymphomas are the most common neo
plasm in patients with either congenital, acquired or ia
trogenic due to immunosuppressive therapy particularly
in recipients of allografts [17, 18, 51, 67]. These lym
phomas may extend in extra nodal sites, mainly the
brain [63J. They can be reversed following diminution
or complete withdrawal of cyclosporine and steroids
[73].

The xenotransplants could provide clues to the role
of immunosuppression in the development of the PTLD
and the concept of allograft rejection and chimerism
[74, 85J. Lymphoid neoplasm in experimental xeno
transplanted animals share several common morpho
logic and functional features with CNS lymphomas and
PTLP in humans, including the potential regression
after diminution or stopping the immunosuppressive
therapy [14,53,62,63]. .

It is well known that people receiving immunosup
pressive therapy to prevent organ transplant rejection or
individuals suffering from AIDS are at increased risk
for developing Kaposi's sarcoma (KS) and other de
novo neoplasms. By far, the most common type of ma
lignancy is the PTLD, followed by carcinoma of the
skin, lips and Kaposi's sarcoma. In the present group of
patients, KS was detected in a 54 year old man that re
ceived a liver allograft 6 months before dying of dis
seminated Aspergillus fumigatus sepsis. KS was found
involving the pancreas, lymph nodes and the connective
tissue around the hepatic artery. Complete remission of
KS has been reported in some patients after reduction or
discontinuation of the immunosuppressive therapy.
Also, people with the classical KS are at risk for a sec
ondary malignancy, especially lymphomas [94J. KS has
been reported to appear in about 2-3% of solid organ
transplant recipients treated with cyclosporine and aza
thioprine [94]. KS has also been reported in some
patients of bone marrow allograft recipients [34J. EBV
associated leiomyosarcomas has been found in liver
transplant recipients [44, 80].

Systemic post-transplant lymphoproliferative disor
der was found in 6% of the liver, 7%, heart, 5%, lung,
11 %, heart-lung, and 4% of the kidney transplants par
alleling the identification of EBV and appears to be dif
ferent in its pathogenesis from that of PCNSL which oc
curs de novo in the brain of immunocompromised pa
tients [49J. In the 225 liver allografts th~re was only
one patient with CNS lymphoma and 2 with simultane-



ous CNS and systemic involvement with PTLD. On the
heart allograft group there were three lymphomas in
volving the brain and in the heart-lung transplant there
was only one with simultaneous CNS and systemic in
volvement with PTLD.

Non-melanoma skin neoplasm, most commonly
squamous cell carcinomas and non-Hodgkin's lym
phoma, occurs more frequently in renal allograft pa
tients when compared with the general population [26,
29J. The role of the type of immunosuppressive treat
ment is not conclusively clear, but it is known that high
sun exposure, fair complexion and older age are also
probable risk factors. It has also been suggested that the
required immunosuppressive therapy may decrease in
the hosts ability to destroy neoplastic cells [56].
Severely depressed immunity may impair the body's
ability to destroy neoplastic cells, inducing the produc
tion of de novo malignancy [56].

The development of de novo neoplastic lesions after
organ transplantation using cyclosporine or tacrolimus
has been reported [38J. Other recipients of solid organs
transplants (particularly kidneys) are at risk for tumor
development. Systemic lymphomas and PTLD are oc
casionally seen after heart and heartllung transplants
[56]. These neoplasm are represented by lymphomas,
skin malignancies (Kaposi's sarcoma), intraepithelial
cervical neoplasms, breast, lung, gastric, testicular and
thyroid tumors [34,38].

The Cincinnati Transplant Tumor Registry (CTTR)
has collected data worldwide on the development of
cancer in 7316 patients who have received transplants.
The incidence of cancer in these patients averaged 6%.
There were 6251 allograft kidne'y transplants, 598 heart,
269 liver, 22 heart-lung recipients, 122 bone marrow,
and 14 lungs, 36 pancreas and 4 that received "cluster
abdominal grafts." Thirty-seven percent of the tumors
that developed were of the skin and lips, with a signifi
cant increase in squamous cell carcinoma over that of
the general population. The next most frequent tumor
was lymphoma, making 16% of the total. Carcinomas
of the lung, breast, prostate, colon and uterus showed no
increase or decrease in incidence compared to the gen
eral population [56]. In the present series of 500 pa
tients there were 2 patients that died of recurrent hepa
to-cellular carcinoma, one with a fibrolamellar carcino
ma and another with a recurrent angiosarcoma of the
liver. One patient died after recurrent adenocarcinoma
of the lung, after a lung allograft, and one patient devel
oped a squamous cell carcinoma 9 years after a kidney
allograft. It has been reported that skin cancers are the
most common type of neoplasms present after liver
transplantation. A higher incidence of tumors has been
found after kidney transplantation [25, 26J.

Cerebrovascular lesions are the most frequent com
plications after organ transplantation (hemorrhages, in
farcts and ischemic-anoxic neuronal changes). They
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were related to bleeding diathesis and circulatory col
lapse in all groups which probably occurred during the
peri-operative period. Clotting abnormalities are fre
quently present in liver disease and associated with
hemorrhage. The maintenance of proper 'cerebral perfu
sion would help to decrease these complications.

Systemic infection was the most frequent cause of
death in this study population, two thirds of which oc
curred during the first three months after the allograft.
This suggests that improvement in the prevention and
treatment of infection may be an important way to im
prove the survival of organ transplant patients. During
this period the majority of infections were nosocomial
bacterial, followed by fungal and viral.

Neurological complications remain important factors
in morbidity and mortality in these patients, indicating
the use of empiric anti-fungal, anti-bacterial, antiproto
lOal and antiviral therapy based on clinical suspicion
alone when there is the minimal feature of a septic pic
ture. Lumbar puncture for CSF cytological examination
is indicated when unexplained headache and fever ap
pear. In addition, the CT scan and the MRI of the head
are sensitive indicators of CNS structural lesions. The
neurological complications may be reduced by earlier
recognition and better understanding of their etio
pathogenesis [20-23J.

This study may provide information that may be use
ful for cost containment and contribute to lower health
care costs. Prophylactic measures and preemptive ther
apy can be used to avoid infections and avert coagula
tion disorders.
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