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CNS aspergillosis in organ transplantation:
a clinicopathological study

Julian Torre-Cisneros, Oscar L Lopez, Shimon Kusne, A Julio Martinez,
Thomas E Starzl, Richard L Simmons, Maureen Martin

Abstract
The clinical characteristics and neuropa-
thological findings of 22 organ transplant
recipients with CNS aspergillosis were
reviewed. Thirteen patients had liver, six
kidney, two heart and one had cluster
transplants. The most frequent neuro-
logical symptoms were alteration of men-
tal status (86%), seizures (41%) and focal
neurological deficits (32%). Meningeal
signs were less common (19%). Aspergil-
lus spp invasion of the blood vessels with
subsequent ischaemic or haemorrhagic
infarcts, and solitary or multiple abs-
cesses were the predominant neuropatho-
logical findings. The lungs were the
probable portal ofentry; however, isolated
CNS aspergillosis was seen in two
patients. Antemortem diagnosis of the
infection was made in half of the patients.
Concomitant diabetes mellitus was noted
in 590/o of the patients and bacterial or
other severe infections in 86%. No specific
clinical or pathological pattern could be
identified among patients with different
types of organ transplants. In addition
CNS aspergillosis was preceded by organ
rejection and the need for intense immu-
nosuppression and retransplantation in
the majority of the patients.

(i Neurol Neurosurg Psychiatry 1993;56:188-193)
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Infection with Aspergillus spp remains an

important cause of morbidity and mortality in
immunosuppressed organ transplant recipi-
ents. 1 This opportunistic fungal infection com-
monly involves the CNS and produces
devastating neurological sequelae.26 Its asso-

ciation with other severe infections in trans-
plant patients makes precise antemortem
diagnosis difficult, and often results in delayed
therapy.2-6 Although successful treatment of
CNS aspergillosis7 8 has been reported,
response to antifungal therapy is generally poor
in organ transplant patients.9 1o This study
reviews the clinical and neuropathological
findings of 22 organ transplant recipients with
CNS aspergillosis. Recognition of these fea-
tures may encourage clinicians to pursue

empiric therapy based on clinical suspicion
alone.

Material and methods
SUBJECTS
The medical records and necropsy reports of

22 adult subjects with CNS aspergillosis (20
diagnosed by necropsy and two by brain
biopsy) who had undergone solid organ trans-
plantation at the University of Pittsburgh
Medical Center (UPMC) from January 1981
to December 1990 were reviewed. The subjects
were eight men and 14 women ranging in age
from 18 to 58 years, [mean (SD) 38-1 (14-3)
years]. Those diagnosed by necropsy included:
12 patients who had an orthotopic liver trans-
plantation, five patients with kidney trans-
plantations, two with heart transplantations,
and one patient with an abdominal cluster
transplantation, which involved en-block
replacement with liver, pancreas and small
bowel. The two diagnosed by biopsy included:
one patient with a liver transplantation and
another with kidney transplantation. Although
both patients died subsequently, necropsy was
not performed.
Our patients were selected from among the

218 transplant patients who had complete
necropsy carried out at the UPMC from
January 1981 to December 1990; this included
112 liver, 19 kidney, 84 heart and 3 cluster
transplant patients. Of 4448 patients who had
organ transplantation at the UPMC during
that time, 2180 had liver, 1714 kidney, 538
heart and 16 had cluster transplants.

Methods
The clinical records were reviewed by an
internist (JTC) and a neurologist (OL) in each
case to identify and characterise the neuro-
logical events. Clinical parameters recorded
included any alteration of the mental status,
seizures, focal neurological symptoms and
meningism. Mental status alteration was con-
sidered to be rapidly progressive when it
evolved within 24 hours and progressive when
it evolved over 24 hours. CT scans of the head,
EEGs, laboratory and other specific neuro-
radiological reports were reviewed when per-
tinent.

Standard immunosuppressive protocols
consisting of Cyclosporin A (CyA) and pred-
nisone have been published previously. 1-14

Serum levels of CyA were determined rou-
tinely, with therapeutic level ranging from 600
to 1000 ng/ml. Azathioprine was frequently
used in combination with CyA and pred-
nisone. Rejection episodes were managed with
methylprednisolone as 1 gram intravenous
bolus or 1 gram daily for 5 days. A monoclonal
anti-lymphocyte globulin (OKT3) was occa-
sionally used to treat steroid resistant rejection
episodes. Rabbit antithymocyte globulin
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(RATG) was administered to one heart trans-
plant patient.
The underlying diagnoses of liver transplant

recipients were: a) fulminant hepatitis (three
cases); b) Hepatitis B Virus cirrhosis (two
cases); c) autoimmune cirrhosis (two cases); d)
cirrhosis ofunknown aetiology (three cases); e)
primary biliary cirrhosis (two cases) and f)
Budd-Chiari syndrome (one case). In kidney
transplant patients the diagnoses were: a)
hypertensive nephropathy (three cases); b)
polycystic kidney disease (one case); c) sys-
temic lupus erythematosus nephropathy (one
case) and d) chronic renal failure of unknown
aetiology (one case). In heart transplant
patients the diagnoses were: a) atherosclerotic
heart disease (one case) and b) dilated cardio-
myopathy (one case).

Neuropathological methods used in trans-
plant recipients and brain biopsy procedures
have been described in detail previ-
USly.2 3 15-17

Results
NEUROPATHOLOGY

Table 1 summarises the neuropathological
findings in each organ recipient. Macroscopic
examination of the CNS showed gross abnor-
malities in all but one patient (95%). The most
frequent pattern observed was solitary or

multiple areas of haemorrhagic or ischaemic
encephalomalacia (figure A). One case of
haemorrhagic softening had obvious cavita-
tion. In other cases the macroscopic lesions

were single or multiple abscesses. Both p,at-
terns were found most frequently in the cere-
brum without preference for areas supplied by
the anterior or posterior circulation. Cere-
bellum and brainstem were affected with less
frequency, but when it occurred the pre-
dominant pattern was a haemorrhagic infarct.
Two patients (10%) had cerebellar abscesses.
Two subjects had subarachnoid haemorrhages,
and two others had subdural haematomas. In
one patient subarachnoid haemorrhage was
associated with a ruptured mycotic aneurysm
of the left middle cerebral artery. Uncal hernia-
tion from a large cerebral haematoma was
noted in one patient. The sole patient without
an apparent macroscopic lesion showed multi-
ple microabscesses.

Microscopically, the most frequent findings
were ischaemic and haemorrhagic infarcts,
probably due to arteritis and arteriolitis with
fungal thrombosis and obliteration of the vessel
lumen (figure B), in 15 patients (75%). In
some areas the thrombosed hyphae penetrated
the blood vessel walls into the adjacent oede-
matous cerebral parenchyma, producing a
diffuse pattern of multifocal haemorrhagic
infarcts. Aspergillus invasion of the wall of
large blood vessels causing a mycotic aneurysm
was observed in one patient.

Cerebral and cerebellar abscesses composed
of necrotic CNS parenchyma with minimal
acute and chronic inflammatory reaction and
the presence of hyphae were observed in three
patients (15%) at necropsy (figure C), and in

Table Clinicopathological correlations with 22 cases ofCNS Aspergillosis after organ transplantation

Case AgelSex Focal deficits Seizures Alteration of Mental Status Neuropathological Findings

I Liver Transplant
1 39/F - Grand mal Progressive Abscesses; R and L Frontal and R parietal
2 37/M - - Progressive L Occipital abscess (biopsy)
3 40/M - Myoclonus Rapidly Progressive R Frontal and parietal IPH; L Parietal and

occipital SAH
4 18/M R hemiparesis - Rapidly Progressive Abscesses; cerebral and midbrain
5 31/F - Grand mal Rapidly Progressive Ischaemic infarcts; Leptomeningeal aspergillosis
6 58/F R hemiparesis - Rapidly Progressive Microabcesses; cerebral; cerebellar and

midbrain
7 18/F - - Rapidly Progressive R occipital, haemorrhagic infarct
8 21/F - - - L Frontal ischaemic infarct: Leptomeningeal

aspergillosis
9 36/F - - Rapidly Progressive Haemorrhagic and ischaemic infarcts; cerebral,

cerebellar and brainstem
10 48/F R Hemiparesis Grand mal Progressive Ischaemic infarcts; L Frontal and Parietal;

(status) Abscesses; L Frontal and Occipital, and R
Frontal and cerebellar

11 24/F - Grand mal Progressive Haemorrhagic and ischaemic infarcts; cerebral,
cerebellar and brainstem; CPM; acute
leptomeningitis

12 20/M - - Rapidly Progressive Haemorrhagic infarcts; cerebral and cerebellar;
CPM

13 51/F - Grand mal Progressive Haemorrhagic and ischaemic infarcts; cerebral
and cerebellar

II Kidney Transplant
14 55/F L third nerve - Progressive Ischaemic infarcts; cerebral, cerebellar and

palsy midbrain; L SDH
15 58/F - - Progressive Haemorrhagic infarcts; cerebral, cerebellar and

midbrain
16 56/F Hemianopia - - Ischaemic infarcts; cerebral and cerebellar; L

SDH
17 54/F R Hemiparesis - Rapidly Progressive Ischaemic infarcts; cerebral, cerebellar and

midbrain; ruptured mycotic aneurysm, LMCA
18 38/M - Grand mal Rapidly Progressive Haemorrhagic infarcts; cerebral, cerebellar and

midbrain; Acute leptomeningitis
19 38/M - _ Progressive Alteration L Temporal abscess, (Biopsy)
III Heart Transplant
20 51/M R Hemiparesis Grand mal Progressive Abscesses; L Frontal and Temporal
21 16/M - Grand mal Progressive Ischaemic and haemorrhagic infarcts; L

occipital and parietal
IV Cluster Transplant
22 32/F - - - Haemorrhagic and ischaemic infarcts; cerebral,

cerebellar and midbrain; bilateral; SAH

R: right; L: Left; IPH: Intraparenchymatous haemorrhage; CPM: Central pontine myelinolysis; SDH: Subdural haematoma; SAH:
Subarachnoid haematoma; LMCA: Left middle cerebral artery.
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Figure A) Coronal
section of the cerebral
hemispheres at the level of
the frontal lobes, showing
two large areas of
haemorrhagic
encephalomalacia on the
right side and two small
foci on each cingulate
gyrus; B) Thrombosed
middle-sized blood-vessel
showing branched hyphae
within the thrombus,
penetrating the arterial
wall (Grocott's
Methenamine-Silver,
250 x ); C) Abundant
purulent exudate
containing clusters of
branched septated hyphae
(Haematoxilin & Eosin,
250 x); D) Patient 2 in
table 1; axial CT-scan with
contrast shows a solitary
brain abscess in the left
occipital lobe.
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two patients with solitary abscesses diagnosed
antemortem by brain biopsy (figure D). Asper-
gillus infection of the leptomeninges, accom-

panied by subacute and chronic inflammation
was noted in two patients (10%). Both cases

were associated with necrotising lesions in the
cerebral cortex involving both grey and white
matter.

In 18 of 20 patients at necropsy, the most
common portal of entry was the lung. One
patient had concomitant aspergillus infection
of both lungs and middle ear. Aspergillus spp
pneumonia was characterised by hyphal infil-
tration, angioinvasion and necrotising poly-
morphonuclear infiltrates. The portal of entry
in one liver transplant patient and one cluster
transplant patient was not identified.

Disseminated aspergillosis involving the
CNS, lungs and at least one other organ was
observed in 11 patients (55%). Infection
restricted to CNS and lungs developed in
seven patients (35%) and isolated CNS asper-
gillosis was present in two patients (10%). The
histological pattern of inflammation was sim-
ilar in all organs examined. The cause of death
in the 20 necropsy cases was multi-organ
failure secondary to sepsis.
Of 17 patients (77%) with positive cultures,

Aspergillus fumigatus was noted in 13 (76%)
and Aspergillus flavus in four (24%).

Clinical neurological features
The table summarises the clinical profile of
each patient and correlates them with the
neuropathological findings. Neurological com-

plications were observed in 21 patients (95%).
The most common clinical finding was altera-
tion of mental status in 19 patients (82%),
which was rapidly progressive in nine patients
(41%) and progressive in nine (41%).

Focal neurological symptoms were noted in
seven patients (32%). Hemiparesis was seen in
five patients, and was invariably caused by
CNS structural lesions manifested by abs-
cesses or haemorrhagic or ischaemic infarcts in
the contralateral neocortex and subcortical
white matter. One patient with small left
parietal and occipital infarcts had hemianopia.
Ipsilateral left third cranial nerve palsy, prob-
ably due to increased intracranial pressure with
nerve compression, was observed in a patient
with a left lateral frontal subarachnoid haemor-
rhage. No lesion was found in third nerve or

Edinger-Westphal nuclei. Seizures were

observed in nine patients (41 %); eight patients
had grand mal, one myoclonus and one patient
with grand mal was in status epilepticus.
Meningism was noted in four patients

(18%). It was related to aspergillus leptome-
ningitis in one case and to subarachnoid
haemorrhage secondary to the rupture of a
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mycotic aneurysm in another case. The
remaining two subjects with meningism had
acute purulent leptomeningitis due to Pseudo-
mona aeruginosa. The infections were concomi-
tant with CNS aspergillosis.
Headaches were observed in six patients

(27%), four with meningism as described
above and the other two with cerebral infarcts,
one ofwhom developed subarachnoid haemor-
rhage. The only patient without clinical symp-
toms had a focal aspergillosis of
adenohypophysis, bilateral subarachnoid
haemorrhage and multiple haemorrhages
throughout the cerebral hemispheres.
Although 20 subjects proved to have lung

involvement at necropsy, antemortem diag-
nosis was made in only 11 patients (50%).
These patients were treated with Amphotericin
B without clinical response. In the other nine
cases, pulmonary infiltrates consistent with
bronchopneumonia were unknowingly man-
aged as a bacterial pneumonia.
The survival time after transplantation

ranged from 13 to 2705 days [mean (SD):
238-2 (568 8) days; median 65 days]. The time
of occurrence ofCNS aspergillosis varied from
seven to 2555 days after the transplant [mean
(SD): 221 (540 7) days; median 41 days]. The
most critical period for development CNS
aspergillosis was the initial two months after
transplantation, as noted in 14 patients (64%).
Liver transplant patients represented nine of
these 14 cases, and six of the nine cases
occurred in the first month. There were four
cases occurring after the first year, and three
were liver transplants. Only one liver transplant
patient developed CNS aspergillosis between
the second month and one year after trans-
plant. Of the six cases after kidney transplant,
four cases occurred in the second and third
month. Aspergillosis occurred in a constant
rate throughout the year. Twelve episodes
occurred between November and April and 10
between May and October. The duration of
surgery ranged from 10-38 hours [mean (SD):
22 (9 6) hours] and in 12 cases (92%) was
more than 12 hours.
CNS aspergillosis was observed following

intense anti-rejection therapy in 18 patients
(82%). Nine patients (41%) were treated with
antilymphocyte globulin, nine (41%) with
boluses of steroids and 14 (64%) with recycles
of steroids. Rabbit anti-thymocyte globulin was
administered to one patient (4%). Combined
antirejection therapy with two or more of these
agents was used in 12 patients (54%). Eleven
patients had more than one transplant (50%).
They were 10 of 13 liver transplant patients
(77%) and one of six kidney transplant
patients (17%).
CNS aspergillosis was associated with at

least one systemic infection in 19 patients
(86%) and with multiple infections in 11
(50%) of those patients. Systemic infections
included: cytomegalovirus (CMV) disease
(seven cases), peritonitis (eight cases), sepsis of
unknown origin (five cases), pneumonia (three
cases), hepatitis B virus (two cases), systemic
candidiasis (one case), herpes simplex virus
(HSV) disease (one case), human immunode-

ficiency virus (HIV) infection (one case) and
otitis media (one case). The last patient devei-
oped an acute purulent meningitis secondary
to the ear infection which was concurrent with
the CNS aspergillosis.

All but one patient received additional intra-
venous antibiotics two months before the
infection. The duration of the treatment with
antibiotics ranged from five to 70 days [mean
(SD): 19-6 (19-7) days].

Cerebral haemorrhagic events in the pres-
ence of coagulopathy were observed in 11
patients, while six patients had coagulopathy
without haemorrhages. Uncontrolled diabetes
was found in 13 patients (59%) and nine had
received liver grafts.

Discussion
This retrospective study of 22 organ transplant
patients with CNS aspergillosis indicates that
the most common neurological symptoms
were alteration of mental status, seizures and
focal motor deficits. The main neuropatho-
logical finding was fungal invasion of the wall
of the cerebral blood vessel with thrombosis
and subsequent ischaemic or haemorrhagic
infarcts and subdural or subarachnoid haemor-
rhages. No specific clinical or pathological
pattern of the infection could be observed
among patients with different types of organ
transplantation.
Organ transplant recipients are at risk of

systemic and CNS aspergillosis. Estimates of
frequency of aspergillosis after organ trans-
plant have varied from 1-10%,'° '8 19 with
CNS involvement in 10-50% of those
patients.20.22 In this study, approximately 9%
of the 218 patients where necropsy was carried
out had aspergillosis. The infection was
observed in 11% of liver transplant, 26% of
kidney transplant and 2% of heart transplant
patients. Although aspergillosis seemed to be
more frequent in kidney transplant patients,
these figures represent only patients in whom
necropsy was performed, consequently they
may overestimate the actual rate of CNS
aspergillosis.
The most important clinical symptom

observed in these patients was alteration of
mental status. Whether these findings were a
direct consequence of CNS aspergillosis or due
to the frequent metabolic abnormalities seen in
these patients was difficult to evaluate. In
addition, these patients had other risk factors
directly related to the transplant process. Pri-
mary organ dysfunction exerts an important
effect on mental status, and encephalopathy
and coma are not uncommon findings in
patients under immunosuppressive ther-
apy.23 24 It is likely that a combination of these
factors had important deleterious effects on
the mental status of these patients.

Likewise, seizures are a common neuro-
logical complication in organ transplantation.
Consistent with previous reports, multiple
metabolic abnormalities and CNS structural
lesions were major factors contributing to the
onset of seizures in most patients.'5 25 High
blood levels or normal levels ofCyA could have
enhanced the risk of seizures in these
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patients.26 27 However, CNS structural lesions
such as abscesses, haemorrhages and infarcts
played an important role in the onset of
seizures in this series.

Focal motor deficits were also common and
were often associated with vascular lesions or
abscesses. The predilection of Aspergillus spp
for invasion of blood vessel walls with sub-
sequent thrombosis, infarcts and haemor-
rhages explain, in part, the focal motor deficits.
This tendency to invade blood vessels has been
described previously,4 including the uncom-
mon finding of ruptured Aspergillus mycotic
aneurysms. In addition, coagulopathy is
another common occurrence in transplant
patients (for example, liver transplant),28 and
was seen in 77% of patients in this series. Thus
the combination of fungal invasion of cerebral
blood vessels and coagulopathy were the prob-
able mechanism of cerebral bleeding and the
underlying cause of focal motor deficits in
these patients.
Meningeal signs such as headaches, Brud-

zinski's sign and Kernig's sign were uncom-
mon, occurring in four patients. They were
related to Aspergillus spp leptomeningitis in
one case, bacterial leptomeningitis in two
cases, and to subarachnoid haemorrhage sec-
ondary to a rupture mycotic aneurysm in
another case. The paucity ofmeningeal signs in
this study could be explained by the tendency
of the fungus to invade subcortical vessels.4

Aspergillus spp are primary respiratory
pathogens, and the lungs are the main portal of
entry of disseminated infection.' In contrast to
previous reports of CNS aspergillosis originat-
ing in the lungs,5 we were unable to identify the
source of infection in two patients. In immuno-
compromised patients other sources such as
skin and paranasal sinuses should be con-
sidered.' No patient demonstrated skin abnor-
malities in this series, however, sinus
examination was not specifically addressed at
necropsy in most of these patients.
The majority of CNS aspergillosis occurred

within the first three months after organ
transplantation which is the most critical
period for severe infection in general.29 30 Liver
transplant patients had earlier onset of symp-
toms compared with other transplant reci-
pients. A second peak of incidence was
observed after the first year and was associated
with chronic rejection and/or retransplantation
during a period of intense immunosuppres-
sion. In addition, we did not find the seasonal
incidence reported in previous studies.5
The concomitant presence of other fungal,

viral or bacterial infections often precludes a
clear diagnosis of CNS aspergillosis in immu-
nosuppressed organ recipients.' 45 Thus the
identification of a characteristic clinical profile
in which this infection occurs is critical. CNS
aspergillosis was frequently preceded by organ
rejection, retransplantation and aggressive
anti-rejection therapy.' Although steroids have
been noted to be a major predisposing factor,3'
these data indicate that CyA, monoclonal
anti-lymphocyte globulin (OKT-3) and rabbit
anti-thymocyte globulin, individually or in
combination, exert an important influence in

the development of this fungal infection. This
finding is consistent with recent observations
on transplant patients that found the use of
antirejection therapy, especially monoclonal
antilymphocyte globulin (OKT-3) on trans-
plant patients associated with aspergillosis and
CMV infection.3 -33 Intravenous antibiotics34
and diabetes mellitus35 also facilitate the pro-
liferation and dissemination of the fungus.
Interestingly, despite the presence of diabetes
in 59% of our patients, we did not observe
other fungal infections, usually associated with
this metabolic condition (for example, mucor-
mycosis, candidiasis).
The prognosis for organ transplant patients

with CNS aspergillosis is very poor, even with
appropriate treatment.9 Among the possible
reasons for this unfavourable prognosis is the
fact that this infection is often diagnosed late or
incorrectly. In 11 of the 20 patients who had
necropsies, the clinical diagnosis was made
antemortem. In the remaining nine, the diag-
nosis of aspergillosis was not made until
necropsy. Torres-Cisneros et al33 recently
examined the charts of 2180 liver transplant
patients and found that 39 developed aspergil-
losis. Twenty nine of these patients had invasive
aspergillus lung infection; however, aspergillus
respiratory cultures were positive early in the
course of infection in only 23/29 patients. In
addition, 92% of these patients died, and all
patients with CNS Aspergillus infection died.
We cannot overemphasise the critical need

for aggressive evaluation ofimmunosuppressed
patients, and for early diagnosis of systemic
aspergillosis before it disseminates to the CNS.
Whether clinicians should institute antifungal
therapy based on clinical suspicion alone is a
major problem in the management of this
infection. This decision has to be taken on an
individual basis, and our findings may help
clinicians involved in such a situation. Finally,
we hope that the introduction of newer anti-
fungal agents (for example, liposomal ampho-
tericin, itraconazol) will improve the efficacy of
treatment for these patients.
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