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Summary. Neuropathologic findings are described in 37 
patients autopsied after one or more orthotopic liver 
transplants. Gross or microscopic lesions were observed 
in almost all patients, including anoxic-ischemic change, 
hemorrhages and/or infarcts, and opportunistic infec
tions by fungi (most commonly Aspergillus) and rarely 
viruses (cytomegalovirus). Centra] pontine and extra- 
pontine myelinolysis was commonly observed, and 
appeared to result from severe multifactorial metabolic 
abnormalities in the perioperative period. Low-grade 
(microglial nodule) encephalitis without an obvious 
pathogen was often encountered. Common clinical 
neurologic abnormalities included encephalopathy, sei
zures (myoclonic, focal or generalized), obtundation 
and coma. These were found more commonly than focal 
findings, but clinical features in a given patient were not 
uniformly predictive of underlying neuropathologic 
change.
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Orthotopic liver transplantation (OLT), performed 
increasingly over the past 20 years, is a therapeutic 
option for patients with end-stage liver disease or acute 
hepatic failure in whom conventional medical therapy 
has proven ineffective. Since initiation of OLT in the 
1960’s, several hundred such procedures have been 
performed in Europe and North America, often with 
excellent clinical results and long survival [17,18, 34,56, 
81]. By the mid-1980’s, the estimated 1-year survival 
rate following the procedure was close to 70% [17]. 
Commonly encountered post-operative complications 
include ischemic graft injury, rejection reactions, techni
cal difficulties with vascular and biliary anastomoses,
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recurrent hepatitis B and other viral infections [65], 
Later, serious complications of iatrogenic immunosup
pression including sepsis from one or more fungal, viral 
and bacterial pathogens may ensue [17]. Liver speci
mens from OLT patients may show pathologic changes 
ranging from biliary obstruction or cholangitis to vascu
lar injury and infection by herpes virus and cytomega
lovirus (CMV) [31]. Extrahepatic complications of OLT 
including infections and multiorgan failure are, unfortu
nately, fairly common [25, 110].

Despite the observation that clinically significant 
neurologic complications may occur in as many as 
33-90% of patients after this surgical procedure [1, 33, 
67, 103], the morphologic substrate of such complica
tions has been documented in only a small number of 
studies [33, 66, 67, 79]. We have, therefore, undertaken 
an in-depth analysis of the neuropathologic complica
tions of liver transplantation, based on an experience of 
almost 40 patients necropsied with this diagnosis. The 
purposes of this report are to review the relevant 
neuropathologic findings, to correlate them with clinical 
syndromes where possible, and to compare the findings 
in our series with those in other large reviews of 
necropsies of OLT patients. Comparison is also made 
between neuropathologic findings in OLT patients and 
those seen in patients immunosuppressed for other 
reasons, e.g. as a result of retroviral infection or 
following other types of transplant (of bone marrow, 
heart, etc.). Portions of the work have been published in 
abstract form [83].

Materials and methods

Between June 1984 and April 1990, 37 patients who had received 
an OLT or multiple transplants at the UCLA Medical Center had a 
complete postmortem examination, including gross and micro
scopic review of the central nervous system (CNS). The demo
graphics of the patient population studied are presented inTable 1. 
Twenty-four patients were Caucasian, eight Hispanic, three Asian 
and two Black. Indications for OLT in all patients are summarized 
inTable 2. Post-OLTsurvival intervals (from initial transplant and
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Table 1. Patient demographics
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-  37 Patients with postmortem examinations were included 
(1984-1990)

-  Age range: 8 months to 70 years (mean 37 years)
-  8 pediatric patients (less than 15 years)
-  21 females; 16 males
-  Significant neuropathologic Endings in 35/37 = 95%
-  Post-transplant survival range: 0 days to 16 months
-  Number of transplants/patient: 

one 26
two 8 
three 3

the most recent transplant, when more than one was performed) 
are illustrated graphically in Fig. 1. Almost one-third of all patients 
had two or more OLT procedures. In general at UCLA Medical 
Center, the most common indications for adult OLT are viral- 
induced cirrhosis, primary biliary cirrhosis, and sclerosing cholan
gitis (in that order), whereas pediatric OLT is most commonly 
carried out to treat biliary atresia, metabolic disorders, or cirrhosis. 
We reviewed the available medical history, laboratory results, and 
systemic pathologic findings, as documented in standard necropsy 
protocols, for all patients. For purposes of data analysis, we have 
not separated our study population into adult and pediatric age 
groups.

The brains and spinal cords were examined and cut after routine 
fixation for 10-20 days in 10% neutral buffered formalin. Special 
stains performed on routine paraffin sections included stains for 
optimal demonstration of myelin and neuronal cell bodies (Kliiver-

Table 2. Indications for orthotopic liver transplantation (OLT)

Disease No. patients

Hepatitis Viral 9
Primary biliary cirrhosis 6
Hepatic neoplasm 5
Cryptogenic cirrhosis 3
Alpha-1 antitrypsin deficiency 2
Extrahepatic biliary atresia 3
Other 9

-  Budd-chiari syndrome
-  Sclerosing cholangitis
-  Secondary biliary cirrhosis
-  hepatic necrosis secondary to acetaminophen overdose
-  idiopathic hemochromatosis
-  hepatic infarct due to therapeutic misadventure
-  Banti's syndrome
-  alcoholic cirrhosis

0-5 6-10 11-30 31-60 61 +

Survival (days)

Fig. 1. Graphic representation of patient survival after liver 
transplant (n — 37). ■  Time after most recent Tx, □  Time after 
initial Tx (when 1+ performed)

Barrera) or axons (Bielschowsky). Stains for microorganisms were 
carried out as required in a given case. To obtain a semi-quantitative 
estimate of astrocytic gliosis in a given tissue section, paraffin 
sections were stained with an immunocytochemical (immunoper- 
oxidase) technique using primary (commercially available) anti
body to glial fibrillary acidic protein (GFAP) [35]. Because of the 
retrospective nature of the study, electron microscopic examination 
of tissues was not possible. However, our results suggest that 
prospective sampling of selected regions of neuraxis (e .g ., pontine 
white matter tracts, internal capsule) for subsequent electron 
microscopic examination may yield interesting and informative 
results.

Results

Gross and/or microscopic neuropathologic abnormali
ties were found in 35 of 37 patients (95%). The findings 
will be presented in the broad categories into which they 
fall, with the understanding that any given brain often 
showed lesions from several of the subcategories pre
sented below.

Anoxic-ischemic encephalopathy

Histopathologic evidence of previous anoxia was pres
ent to varying degrees in 16 patients (43%), the 
hippocampus being especially likely to show this abnor
mality. Five patients (14%) included in the group of 16 
had evidence of widespread neocortical laminar necro
sis. The vast majority of patients with anoxic-ischemic 
lesions had no record of clinical episodes of cardiorespi
ratory arrest, but most had experienced varying degrees 
of hypotension, especially in the peri- or post-operative 
period.

Hemorrhages and/or infarcts

Seventeen patients (46%) showed intracranial hemor
rhages and/or intraparenchymal infarcts of varying types 
and sizes. Hemorrhages included four large cerebral and 
cerebellar hematomas, three subdural hematomas, and 
two subarachnoid hemorrhages (all recent). In two 
patients, there were multiple infarcts and hemorrhages 
of the neocortex without an apparent etiology. Two 
patients had multiple watershed infarcts. In one individ
ual who died following OLT for Banti’s syndrome, the 
watershed infarcts showed extensive peripheral calcifi
cation within both the cerebral cortex and white matter 
(the serum calcium had been repeatedly normal), and in 
cerebellar infarcts (Fig. 2). Although the patient had no 
source of emboli, multiple occluded and recanalized 
vessels were noted overlying the infarcts (Fig. 2B)

Infections

Five patients (14%) showed evidence of Aspergillus 
infection of the brain.This always manifested as multiple 
intensely hemorrhagic and necrotic lesions scattered 
throughout all regions of the brain. Microscopically,
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Fig. 2 A, B. Cerebral cortex and leptomeninges from a 48-year-old 
man with Banti’s syndrome who underwent two orthotopic liver 
transplants (OLTs), 40 and 54 days prior to death. General autopsy 
findings included pancreatitis and rupture of the hepatic artery. 
Watershed infarcts were noted in the cerebral hemispheres and in 
the cerebellum. A demonstrates prominently calcified edge of the 
infarct, which also shows neovascularization. Center of the infarct

is at lower right, whereas reactive astrogliosis is noted in surround
ing brain (upper left). Calcium deposits are present in a linear 
arrangement, suggesting encrustation of neuronal cell processes. B 
shows thrombosed and recanalized leptomeningeal vessels (ar
rows) overlying the region of the infarct. A, B Hematoxylin and 
eosin; A x 205, B x 55

widespread invasion of blood vessel walls was frequently 
observed, with resultant microaneurysm formation in 
one patient. All individuals with CNS Aspergillus infec
tion also showed evidence of disseminated aspergillosis. 
Two patients had Candida abscesses in the brain in a 
setting of disseminated candidiasis. In one individual, 
appearances at the time of brain cutting were those of a 
large intraparenchymal hemorrhage, but microscopic 
examination showed a clear association between abun
dant Candida microabscesses and adjacent confluent 
recent hemorrhage. In another patient, a single well -  
demarcated abscess at the cortex-white matter junction 
showed a necrotic center and a densely fibrotic capsule. 
A definite causal organism could not be identified 
despite the gross and microscopic appearances of an old 
abscess and some features consistent with toxoplasmo

sis. One patient showed a moderately severe multifocal 
meningitis due to Cryptococcus neoformans (Fig. 3), 
while one patient had a moderately severe meningoen
cephalitis due to Coccidioides immitis in the setting of 
widely disseminated and severe coccidioidomycosis 
(Fig. 4).

An example of viral infection of the nervous system 
was noted in a patient who showed cytomegalic cells 
characteristic of CMV infection restricted to parenchy
mal cells of the anterior pituitary gland (Fig. 5). A noth
er individual showed inclusions suggestive of CMV 
infection in the cerebellum. In neither patient was there 
a significant inflammatory reaction associated with the 
presence of inclusions. In one patient unusual inclusion- 
bearing cells were seen scattered throughout the brain 
(especially within the brain stem), but in situ hybridiza



tion studies (including some carried out with probes for 
CMV and herpes simplex) failed to provide definitive 
evidence of a viral infection.
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Lesions o f  white matter

Five patients showed demyelination of the basis pontis 
in a pattern characteristic of central pontine myelinolysis 
(CPM) (Fig. 6). In three of these patients, there were 
also foci of extrapontine myelinolysis, usually in the 
white matter of the cerebellar folia (Fig. 7). In one 
patient, prominent neuroaxonal spheroids were seen in 
the internal capsules in the absence of significant 
demyelination. Two patients showed prominent lesions 
of focal pontine leukoencephalopathy (FPL) [6,63,101]

Fig. 3. Cryptococcal meningitis. Micrograph illustrates section of 
meninges from a 60-year-old male who survived 7 months after 
OLT for chronic active hepatitis. Bronchopneumonia was found at 
autopsy. Rare microglical nodules are seen in the brain stem. 
Multiple intracellular cryptococcal organisms (with histiocytes) are 
seen in the subarachnoid space, Periodic acid-Schiff, x 530

within the basis pontis. Demyelinating lesions of the 
pons, especially CPM, are often associated with meta
bolic abnormalities, especially overly rapid correction of 
profound hyponatremia [59]. Because of this, a detailed 
analysis was undertaken of serum sodium and plasma 
glucose levels between the time of surgery and death in 
patients who showed CPM. Figure 8 illustrates the 
results of this analysis (together with data on cyclo- 
sporine levels) in two selected patients with severe CPM, 
as well as two others who had severe electrolyte 
abnormalities but no evidence of CPM. The lesions 
illustrated in Fig. 6 and 7 are from patient 12140. Note 
that fluctuations of serum sodium of up to 20-25 mmol/1 
occurred in the perioperative period, with alterations as 
great as 18 mmol/1 in a single day, although profound 
hyponatremia was not observed in any patient. Promi-

Fig. 4. Coccidioidomycosis involving the brain in a 50-year-old 
man who survived 69 days after OLT for cirrhosis. Disseminated 
coccidioidomycosis was seen, and the patient was in status 
epilepticus. Characteristic cerebral foci of fungal infection were 
relatively few, as illustrated in this micrograph. Note multiple 
fungal organisms in the cytoplasm of a multinucleated giant cell 
(arrow). Hematoxylin and eosin, x  210



Fig. 5. Cytomegalovirus (CMV) involving the anterior pituitary 
gland in a 15-year-old female who survived 44 days after transplant 
for complications of alpha-1 antitrypsin deficiency. The patient had 
disseminated CMV, pancreatitis, diffuse alveolar damage and 
Candida septicemia. Microglial nodule encephalitis was present. 
Note characteristic intranuclear inclusion (arrow) in the anterior 
pituitary. Hematoxylin and eosin, x  560

Kig. 6A, B. Central pontine myelinolysis (CPM). A, B are from 
two levels of pons of a 62-year-old man who died 40 days following 
OLT for cryptogenic cirrhosis. A t general autopsy, thrombosis of 
the inferior vena cava and pulmonary edema were seen. In addition 
to the CPM lesions illustrated, there is widespread gliosis of the 
oculomotor and lateral geniculate nuclei and the subcortical gray

nent fluctuations in plasma glucose were also observed. 
However, it should be emphasized that comparable 
variability of the selected metabolic parameters was seen 
in other patients who did not show lesions of CPM.

Low-grade encephalitis

Cellular aggregates composed of microglial nodules 
(MGN) (Fig. 9), usually without apparent associated 
viral inclusions, were present to a variable extent in eight 
patients (22%). They were distributed throughout the 
brain stem and cortex. These were similar in morphology 
to the MGN’s commonly seen in the brains of patients 
with acquired immune deficiency syndrome (AIDS); in 
the latter context, they are usually associated with 
human immunodeficiency virus (HIV) or CMV infec
tion of neural parenchyma [4, 100, 102]. In the OLT 
brain tissues studied, a systematic search for a possible 
viral cause of the leasions using immunocytochemistry, 
in situ hybridization or polymerase chain reaction has 
not yet been undertaken.

Miscellaneous findings

Purkinje cell loss with associated astrocytic gliosis was 
noted in the cerebella of four patients. White matter 
vacuolization suggestive of cerebral edema was present 
in six individuals, though only a single patient showed 
evidence of clearcut cerebral edema at the time of 
necropsy and brain cutting. Alzheimer type II astroglio- 
sis, indicative of hepatic encephalopathy [99], was noted 
in most patients. One individual showed multiple metas
tatic tumor emboli within the lumina of cerebral micro- 
vessels, the primary neoplasm being most likely a 
hepatocellular carcinoma or cholangiocarcinoma. Solid 
parenchymal tumor deposits were not seen either grossly 
or microscopically in this case. One patient showed CNS

matter. Note a cruciate area of demyelination with relative sparing 
of the corticospinal tracts. Demyelination appears to  extend into 
the pontine tegmentum (arrow in both panels). Metabolic para
meters from this patient (among others) are illustrated graphically 
in Fig. 8 (case 12140). A, B Kliiver-Barrera, X  3
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extension of a widely disseminated large cell immuno- 
blastic lymphoma. Primary CNS lymphoma was not 
encountered, though primary brain lymphoma and 
post-transplant lymphoproliferative disorder involving 
the CNS have been described with a low frequency (4%) 
in other series [66].

In two patients, anterior horn cells of the spinal cord 
showed cytoplasmic vacuolization (Fig. 10), suggesting 
intracellular neuronal fluid accumulations or acute 
axonal reaction. Interestingly, both patients had acute 
pancreatitis, though they had received OLTs for differ
ent reasons. One patient survived a single OLT by 24 
days, the other had to transplants 40 und 54 days prior to 
death.

The main neuropathologic findings are summarized 
in Table 3.

Discussion

The results of this survey suggest that structural abnor
malities of the nervous system are extremely common 
after OLT, and are seen much more frequently than

clinical signs and symptoms of overt neurologic dysfunc
tion would predict. Obviously, the study material con
stitutes a highly selected group of patients. As of late 
1989, over 500 OLT procedures had been carried out at 
the UCLA Medical Center. The population we have 
examined constitutes less than 10% of transplanted 
patients and has flaws and biases inherent in any 
autopsy-based review. Nevertheless, important trends 
and findings emerge from the data.

In terms of the frequency of different lesions, the 
percentages in our series are similar, though not identi
cal, to  those reported by Martinez et al. [66, 67] (see 
Table 3). In particular, patterns of ischemic, infarctive 
and hemorrhagic lesions are similar between the two 
centers. Similar opportunistic fungal pathogens were 
observed, though the Pittsburgh group has not reported 
the presence of coccidioidomycosis in OLT patients. Our 
observation of this entity may simply reflect the higher 
prevalence of the organism in Southern California. The 
frequency of “viral infection” differs, depending on 
whether the presence of low-grade (MGN) encephalitis 
is sufficient to allow for this diagnosis, even when a 
specific viral pathogen is not demonstrated by ultra-

Fig. 7 A, B. Cerebellar CPM (same patient as illustrated in Fig. 6). 
Section of a cerebellar folium shows poorly demarcated areas of 
demyelination and vacuolization of the central white matter 
(arrows, A). Note preservation of the granule cell and Purkinje cell

layers. B shows magnified view of the area of injury, illustrating loss 
of myelin but relative preservation of axon cylinders, and prolifer
ation of histiocytes and astrocytes within the white matter. A , B 
Hematoxylin and eosin, A x 80, B x 205



structural, immunocytochemical, or in situ hybridiza
tion studies. Subtypes of pathologic change are 
described and discussed below.

Anoxic-ischemic, infarctive and hemorrhagic lesions

Evidence of anoxic-ischemic encephalopathy or enceph- 
alomalacia was present in over half of our patients. The

anoxic damage ranged from mild injury in a few 
susceptible foci to widespread and severe change with 
evidence of cortical laminar necrosis in five patients. 
This observed frequency of anoxic-ischemic change is 
slightly higher than the 31% incidence reported by the 
Pittsburgh group [67]. Different morphologic patterns of 
anoxic-ischemic encephalopathy have been described 
but all appear to be caused by either precipitous or 
prolonged episodes of hypotension, or both [2, 15].
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Fig. 8. Graphic presentation of selected metabolic parameters 
and cyclosporine levels in two patients who had CPM (12140, 
12152) and two who had no evidence of CPM (11013,11896). Note 
that rapid fluctuations in serum sodium, plasma glucose and

cyclosporine levels occurred in all four individuals. Patients 12140 
und 12152 had extensive extrapontine myelinolysis involving 
cerebellar white matter
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Fig. 9. Microglial nodule encephalitis. Micrograph is from a 
15-year-old female who survived 44 days after OLT. Widespread 
anoxic-ischemic encephalopathy is seen. Note rather diffuse 
microglial nodule {arrow). Hematoxylin and eosin, X  205

Table 3. Neuropathologic findings post-OLT: a comparison of 
data from UCLA and University of Pittsburgh

Lesions % Children2 % Adults3 % UCLA

Vascular
anoxic-ischemic 40 (48) 25 (15) 43*>
change
infarcts 23 (43) 13 (18) 16
hemorrhages 20 (53) 11 (20) 30

Infections
fungal:

Aspergillus 10 11 14
Candida 7 2 5
Cryptococcus 0 2 3
Coccidioides 0 0 3

bacterial 7 2 0
viral 27 9 22c

Alzheimer II 73 73 65
astrocytosis

CpM/FPL 7 14 19

1 Modified from A. J. Martinez et al. [67], Figures in parentheses 
refer to updated percentages that have been published in abstract 
form only (see [66])
b Includes five patients with cortical laminar necrosis 
0 Includes cases with microglial nodule encephalitis as the only 
marker of probable viral infection, see text

Many patients with neuropathologic sequelae of anoxic- 
ischemic encephalopathy do not have a clinical history of 
episodic or sustained circulatory' arrest [2]. All of our 
patients in this group had experienced varying degrees 
of systemic hypotension but few had documented 
episodes of cardiorespiratory arrest.

Intracranial hemorrhages and/or well-defined infarcts 
were present in 17 of 37 patients. This does not include 
cases in which significant hemorrhagic necrosis was 
associated with fungal (usually Aspergillus) infection, 
the latter being common due to the “angiotropic” nature 
of this fungus. Four parenchymal hemorrhages were of a 
sufficiently large size to represent a major factor contrib
uting to the patient’s death. The incidence of these

Fig. 10. Cytoplasmic vacuolization of spinal cord anterior horn 
cells. Micrograph is from a 63-year-old female who survived 24 
days after OLT for hepatocellular carcinoma and had cerebral 
aspergillosis. Note that most anterior horn cells appear normal, 
whereas a single cell shows prominent multiple cytoplasmic 
vacuoles {arrow). Hematoxylin and eosin, X 235

lesions in this study is comparable to the frequency 
reported in other large series [66,67]. All patients in our 
series had experienced varying degrees of coagulopathy 
which doubtless predisposed them to intracranial 
hemorrhage. An etiology for the infarcts is less appar
ent; neither the heart nor great vessels showed signifi
cant abnormalities in these patients, despite the finding 
in one patient of organizing thrombo-emboli in lepto- 
meningeal vessels overlying a watershed infarct (Fig. 2). 
Such emboli are often recognized in leptomeningeal 
blood vessels overlying watershed infarcts, and may 
represent causal or secondary phenomena in such loci 
[96, 97]. Of interest was the observation that two 
patients with non-bacterial thrombotic endocarditis 
(NBTE) showed no definite evidence of CNS infarcts; 
one of these patients showed Aspergillus meningoence
phalitis, while a second had a small intraparenchymal 
hematoma, which may have originated as an infarct. 
Hemorrhagic CNS complications are commonly encoun
tered in pediatric OLT patients [46, 66, 68].

Detailed analysis of cerebrovascular lesions in adult 
and pediatric OLT patients shows that the lesions may be 
extremely variable [39, 46], representing the known 
spectrum of size and severity of ischemic and hemor
rhagic abnormalities. Hematomas, for instance, may 
extend from the brain parenchyma into the subarach
noid and even subdural space. Co-existent CNS infec
tions and coagulopathy predispose to brain hemorrhage 
[39]. Cerebral embolism leading to infarction may ensue 
from bacterial endocarditis. Intraoperative air embolus 
(resulting in part from the frequent passage of air into 
the systemic circulation because of right-to-left venous- 
arterial shunts commonly observed in patients with 
chronic liver disease) has also been proposed as a causc 
of infarctive or ischemic lesions in OLT patients [92],



Infections

Systemic infections are a common and serious compli
cation of organ and bone marrow transplantation in 
general, accounting for a post-transplant mortality rate 
of up to 80% [11,20,22,23,32,40,42-44,49,50,64,85, 
90, 108, 111]. Several reports on OLT patients have 
documented that CMV is the single most common 
pathogen isolated from tissue, followed in frequency by 
various bacteria, fungi and protozoa [58, 77]. Bacterial 
infections, though a major cause of clinical complica
tions that are detected overall more frequently than 
viruses, fungi and protozoa, tend to spare the CNS [25, 
77]. DNA hybridization methods have, until recently, 
failed to demonstrate CMV or herpes simplex viral 
genome in the CNS. However, a recent investigation [79] 
has clearly demonstrated, using in situ hybridization, a 
significantly higher frequency of CMV genomic material 
in brain tissue from OLT patients than in aged-matched 
immunocompetent controls (89% vs. 23%). Encephalo- 
pathic OLT patients showed unusually prominent 
degrees of CMV hybridization.

In our series, 4 of 37 patients had disseminated CMV 
and two showed widespread herpes simplex virus (HSV) 
infection. CMV was found in the pituitary gland of one 
patient. In two other individuals with disseminated HSV 
or CMV, suspicious nuclear and cytoplasmic inclusions 
were noted within brain parenchyma in association with 
MGNs. However, in situ hybridization for CMV and 
HSV in both cases has been negative. This relative 
absence of documented CMV encephalitis, despite 
evidence of systemic infection (in OLT patients) is 
similar to the findings in patients who have received 
bone marrow transplants, in whom CMV pneumonitis is 
commonly observed (up to 50% of patients) but in 
whom CMV encephalitis occurs only rarely [24, 71, 85], 
CMV encephalitis has been observed in renal transplant 
patients [87]. Children who undergo OLT experience 
reactivated CMV infection with an incidence compara
ble to that in adults [14], though the CNS is not 
necessarily involved. Infection with Epstein-Barr virus 
(EBV), another common occurrence in children after 
OLT [14], has been associated with a lymphoprolifera- 
tive syndrome that may involve the brain (see below).

Adenovirus (ADV) encephalitis has rarely been 
documented in immunosuppressed children after bone 
marrow transplant [26] or in the course of AIDS [7], but 
was not found in any patient in our series. ADV hepatitis 
has been described in children after OLT [98]. Progres
sive multifocal leukoencephalopathy (PML), a common 
complication resulting from papovavirus infection in 
AIDS patients and other immunosuppressed individuals 
[100] has been reported in a single adult OLT patient 
[66]. The low-grade (MGN) encephalitis seen in several 
of the patients in this series and noted frequently 
in brains from patients with AIDS [100, 102] may (in 
OLT patients) represent a nonspecific finding or one 
related to an as yet unrecognized opportunistic viral 
pathogen.

Disseminated fungal infections or abscesses due to 
Aspergillus, Candida and Cryptococcus are frequently

seen in OLT patients, especially in the 1st month after 
treatment [104], with a reported incidence varying from 
4% to over 40% [22,58, 77, 104]. These organisms 
usually cause disseminated systemic infection and are 
frequently fatal. Thus, the CNS is one of several sites in 
the body usually affected. In the UCLA series, 5 of 37 
patients had disseminated aspergillosis with multiple 
brain abscesses. In 3 of the 5 patients, the organism was 
not detected clinically prior to death despite multiple 
cultures. Candida was noted in the brains of 2 patients, 1 
of whom was colonized systemically by a candidal 
species. In the latter case, microorganisms in the brain 
were not associated with inflammation or significant 
tissue destruction, and may represent (at least in part) 
postmortem colonization. In the second patient, how
ever, pronounced inflammation with widespread paren
chymal hemorrhage extending to the subarachnoid 
compartment was seen in association with fungal organ
isms.

O ther fungal lesions included one case of mild to 
moderate cryptococcal meningitis, and one case of 
disseminated coccidioidomycosis with encephalitis and 
localized meningitis. In a single patient, an old necrotic 
abscess with a thick fibrotic wall, suspicious for old 
toxoplasmosis, was identified in the brain of a patient 
who had no systemic disease. Though this lesion was an 
incidental finding at necropsy, toxoplasmosis meningitis 
with parasitemia has been observed in an OLT patient 
[58].

Lesions o f white matter; metabolic and therapeutic 
factors

The high frequency of pontine lesions, especially CPM 
[3, 41, 69, 80, 93], in patients after OLT has been 
observed by others [1, 33, 36, 37, 46, 66, 67, 92]. The 
usual hypothesized clinical substrate of CPM (i.e ., rapid 
correction of profound hyponatremia [16,19, 52-54,59, 
70,74]) was not observed in patients from our series who 
developed CPM, though wide (sometimes daily) swings 
in serum sodium levels of up to 20-25 mmol/1 were 
commonly noted in these patients (Fig. 8). In addition, 
many patients experienced broad fluctuations in plasma 
glucose levels (Fig. 8). The precise etiologic mecha
nism ^) operant in the pathogenesis of this pontine 
lesion are, thus, somewhat unclear, or at least obscured 
by the widespread clinical or metabolic derangements 
that occur in individuals with OLT in the perioperative 
period. Some CPM lesions, for instance, may ensue 
from therapies used to treat postoperative complications 
of OLT [60]. The authors of other large clinicopathologic 
series have concluded that factors other than rapid 
correction of hyponatremia are significant in the etiolo
gy of many cases of CPM [91]. The precise cellular and 
molecular mechanisms important in its causation remain 
to be elucidated. Recent reports describe leukoencepha
lopathy (including CPM-like abnormalities) and wide
spread brain injury, especially affecting myelinated 
tracts, in patients with severe disturbances of electro
lytes and osmolality [9, 82, 94],
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Extrapontine myelinolysis was also a common find
ing, usually affecting cerebellar white matter tracts. 
Extrapontine myelinolysis has been noted in non-OLT 
patients [75,112] as well as after OLT. In the latter group 
of individuals, the extrapontine lesions were usually 
noted to be in the lateral geniculate nucleus [36], which 
was gliotic in one of our patients with CPM.

Focal pontine leukoencephalopathy (FPL) describes 
multiple microscopic foci of vacuolization, necrosis, 
calcification and axonal injury in the pontocerebellar 
fibers or (less commonly) corticospinal tracts of the basis 
pontis [6, 63, 101]. Although patients with various 
underlying disorders may develop this lesion, for which a 
clinical correlate is not known, the most common 
underlying abnormality appears to be immunosuppres
sion. Thus, it is not surprising that FPL has been seen in 
patients after OLT in our series. FPL appears to be 
distinct from CPM. However, it is of interest that 
significant numbers of OLT patients apparently develop 
increased numbers of axonal spheroids, sometimes 
associated with spongiosis, in white matter tracts of the 
spinal cord and medulla [66]. Such microscopic changes 
(axonal spheroids, vacuolization) are a component of 
FPL. We have also observed neuroaxonal spheroids in 
the internal capsule without associated demyelination in 
a rare patient. Perhaps the metabolic derangements 
associated with OLT predispose to a more generalized 
axonopathy. In addition, hepatic failure in itself (even 
without OLT) predisposes to structural lesions of the 
CNS that may affect white matter as well as gray matter 
in the brain stem and elsewhere and results in astroglio- 
sis (Alzheimer type II astrocytosis), especially of the 
cortex and deep gray structures [95, 99], The role of 
hyperammonemia in causing some of these abnormali
ties and clinically apparent hepatic encephalopathy has 
been reviewed elsewhere [21, 62, 67, 73, 86].

Cyclosporine, a drug frequently administered to OLT 
patients to minimize chances of graft rejection [29], also 
has significant neurotoxicity that may contribute to 
lesions of the white m atter or cortex. Its specific 
neurotoxicity is more clearly appreciated in clinical 
rather than neuropathologic investigations. Cyclospo
rine is especially neurotoxic in patients with hematologic 
malignancies, including those who undergo bone mar
row transplantation (BMT) [12,13, 84,105]. Neurotox
icity in OLT patients is manifested as coma, seizures, 
cortical blindness, and white matter alterations that can 
be detected by computerized tomographic (CT) and 
magnetic resonance image (MRI) scanning [30, 45, 78, 
107]. Many of the clinical abnormalities are reversible 
following cessation of drug administration. Although 
cyclosporine neurotoxicity is probably multifactorial 
[57], recent evidence suggests an inverse relationship 
between its CNS side effects and serum cholesterol levels 
post-OLT [30], possibly resulting from the fact that 
low-density lipoprotein (LDL) functions as a cyclospo
rine carrier in plasma and facilitates its transmembrane 
transport [28]. Blood-brain barrier (BBB) dysfunction 
may also contribute to the severe cyclosporine neuro
toxicity observed in OLT patients [28]. Review of the 
cyclosporine levels in several of our patients (Fig. 8)

revealed that levels significantly above the therapeutic 
range (usually accepted as 50-400 ng/ml [29]) were 
frequently encountered, though the exact role of such 
levels in the genesis of specific white matter abnormal
ities (e.g., CPM) remains to be determined. For 
instance, high cyclosporine levels were encountered in 
two patients with CPM and two without this lesion 
(Fig. 8). The neurotoxicity of immunosuppressive drugs 
other than cyclosporine has been discussed elsewhere 
[105] and is beyond the scope of this review.

Neuropathologic changes in OLT compared to other 
forms o f immunosuppression

All transplant recipients (including patients who receive 
kidney, liver, heart or heart-lung and bone marrow 
grafts) are at high risk for infections that frequently 
involve the CNS [23]. Patterns of opportunistic infection 
vary among the different transplant groups. Experience 
with opportunistic infections in these different patient 
populations is widely variable, probably because the 
various transplant procedures have been developed over 
different time courses, are at varying stages of refine
ment, and are associated with variable lengths of 
survival. Moreover, patients are given different treat
ments to optimize engraftment and minimize chances of 
rejection.The largest experience numerically is probably 
with patients who have received renal, bone marrow and 
liver transplants. Patients in all groups, however, are 
prone to develop fungal infections that include aspergil
losis, nocardiasis, and candidiasis [8, 22, 23, 47, 51, 71, 
76, 89, 108, 109]. Cryptococcosis appears to be a less 
common complication of iatrogenic immunosuppres
sion, though it is the commonest opportunistic fungal 
pathogen seen in the brains of patients with AIDS [4, 
100], Toxoplasma gondii is the most important parasite 
to produce meningoencephalitis in immunosuppressed 
hosts, whether the immunosuppression is iatrogenic or 
results from retroviral infection. In general, though, 
toxoplasmosis does not appear to be as great a problem 
in patients with iatrogenic immunosuppression as it is in 
those with AIDS [4, 100],

Bacterial infections in transplant recipients include 
Listeria monocytogenes [23,76], whereas AIDS patients 
have frequent infections caused by atypical mycobacte
ria such as Mycobacterium avium-intracellulare and M. 
tuberculosis [10]. Aspergillus fumigatus and Candida 
albicans are the commonest fungal pathogens to pro
duce CNS morbidity and mortality in patients after BMT
[71]. Opportunistic viral pathogens commonly encoun
tered as a cause of neurologic morbidity in patients who 
undergo iatrogenic immunosuppression for transplant 
procedures include CMV and other herpes viruses as 
well as ADVs [8, 23, 89, 109]. However, the herpes 
viruses are not encountered as frequently as they are in 
the CNS of patients with AIDS, though a recent study 
using in situ hybridization suggests that CMV infection 
may be a more important cause of encephalopathy after 
OLT than has previously been appreciated [79]. Papov- 
avirus infection of the brain producing PML appears to



be much more common in HIV-infected patients than in 
those who undergo organ or bone marrow transplants, 
including OLT [100]. To date, there has been only one 
well-documented example of PML in an adult OLT 
patient [66]. Chronic encephalitides, often of unknown 
but probably viral cause, have been recognized in 
patients (especially children) who experience immuno
suppression as a component of a familial or idiopathic 
disorder [27, 48, 106].

Not surprisingly, vascular lesions are a major problem 
in all transplant populations. For example, hypoxic- 
ischemic and hemorrhagic lesions (probably related to 
hypotension and failure of cerebral autoregulation) are 
especially common in patients who undergo cardiac 
transplantation [8, 51, 72, 89]. As our data and that of 
others indicate, infarcts and hemorrhages (in various 
compartments) commonly occur in OLT patients [66, 
67], the latter most likely because of the profound 
degree of anti-coagulation that results from intrinsic 
liver dysfunction or iatrogenic anticoagulation following 
the surgical procedure.

Primary CNS lymphomas were among the first appre
ciated neurologic complications of long-term renal 
transplantation [88]. “Opportunistic” lymphomas and 
lymphoproliverative disorders that affect the CNS but 
are not clearly neoplastic are increasingly appreciated in 
OLT patients, though to date primary CNS lymphomas 
do not appear to be a major problem in such patients 
[66], Similarly, they have been encountered in patients 
who undergo heart or hcart-lung transplants [8, 89], 
being seen in as many as 10%-15% of autopsied patients 
who have previously undergone cardiac transplantation
[72], In the AIDS population, primary cerebral lympho
mas are a major cause of morbidity and mortality [4,5, 
100], EBV has been implicated as a cause of non
neoplastic (pre-neoplastic?) lymphoproliferative disor
ders that occur in immunosuppressed hosts including 
OLT patients [55, 61].

Clinicopathologic correlation

Clinicopathologic correlation is frequently difficult in 
OLT patients for the simple reason that they are often 
critically ill with a myriad of structural and metabolic 
lesions throughout their bodies, many of which impact 
on the CNS or peripheral nervous system. Thus, analysis 
of factors that may cause specific clinical syndromes is 
problematic. Among our patients, the most frequently 
described clinical abnormality was encephalopathy or 
obtundation. Morphologic correlates of this included 
the expected structural evidence of hepatic encephalo
pathy (Alzheimer type II astrocytosis), vacuolization of 
the white m atter indicative of cerebral edema, anoxic- 
ischemic encephalopathy of varying severity, laminar 
necrosis or cerebral infarcts and hemorrhages, or low- 
grade (MGN) encephalitis. One encephalopathic 
patient had lesions of CPM, while another showed 
hemorrhagic cerebral Aspergillus abscesses. Coma was 
noted in two individuals, one of whom displayed 
decorticate and decerebrate posturing secondary to

anoxic-ischemic encephalopathy, while the other also 
had tonic-clonic seizures and focal status epilepticus. 
Focal neurologic signs (e.g., hemiparesis) were promi
nent in only one individual as a result of lacunar infarcts 
that may have been unrelated to the OLT. The observed 
incidence of focal findings most likely represents an 
underestimate given that focal neurologic abnormalities 
may be significantly masked by severe metabolic de
rangement, coma and seizures.

Seizures, including myoclonic seizures, focal and 
status epilepsy, were noted in three patients. These may 
result from structural lesions, metabolic disorders (in
cluding anoxic-ischemic encephalopathy) or, as pre
viously described, cyclosporine toxicity. In a large series 
investigating seizures in OLT patients [38], they were 
reported in approximately 20% of patients (21 patients 
with seizures of 118 who had neuropathologic autop
sies). The reported incidence of seizures in OLT patients 
has ranged as high as 25%-42% in clinical series [1,103]. 
Among the patients in our series with significant 
generalized or focal seizure disorders, one showed only 
Alzheimer type II astrocytosis and vacuolization of the 
white matter, the second demonstrated an early infarct 
of the white matter, and a third patient (with status 
epilepsy) demonstrated widespread cortical astrogliosis, 
coccidioidomycosis, and extensive anoxic-ischemic 
lesions as well as a left parietal lobe infarct. Electroen- 
cephalographic abnormalities were frequently encoun
tered even when seizures were not seen, but the 
pathogenesis of these abnormalities remains to be 
determined by prospective studies.
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