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A B S T R A C T
The clinical presentation, risk factors, laboratory data, and neu- 
roimagmg and neuropathological findings in 26 patients with au
topsy proved central nervous system (CNS) aspergillosis are re
viewed. Eleven patients had hematological malignancies (8 un
derwent bone marrow transplantation), 8 patients underwent 
liver transplantation, and 3 patients had acquired immunodefi
ciency syndrome. Four had illnesses resulting in immunosuppres
sion (systemic lupus erythematosus, infected aortic graft, neuro
blastoma, and fulminant hepatic failure). The most common pre
senting clinical symptoms of CNS aspergillosis were fever and a 
strokelike syndrome. Risk factors for developing CNS aspergillosis 
included neutropenia, immunosuppressive therapy, lowCD4 
counts, and retransplantation. Spinal fluid findings were nondi
agnostic. Computed tomograms and magnetic resonance scans 
of the head showed low-density lesions or hemorrhagic infarc
tions. Most aspergillosis cases occurred in the setting of widely 
disseminated disease commonly arising from the lung. Pathologi
cally, multiple areas of necrosis throughout the brain were seen. 
Aspergillus invasion of blood vessel walls was seen microscopi
cally. Amphotericin B with or without flucytosine was not effec
tive treatment.
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Central nervous system (CNS) aspergillosis is increasing in 

prevalence due to a wider use of immunosuppressive therapy
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and cytotoxic drugs, and the acquired immunodeficiency 

syndrome (AIDS) [1-41. Most often, CNS aspergillosis oc

curs in immunocompromised hosts with disseminated as

pergillosis [1—4]. CNS symptoms are the presenting feature 

in one-third of patients with disseminated disease, and even

tually develop in one-half of the patients [2j. Dissemination 

from a primary site in the lung is common [3, 5],

Previous reports described the clinical features of CNS 

aspergillosis and commented on the rarity of this condition 

[1-5]. Described here are the clinical presentation, predis

posing factors, response to therapy, radiological findings, 

and pathological features of 26 patients with autopsy-proved 

CNS aspergillosis seen at the University of Nebraska Med

ical Center over a 10-year period.

Design/M ethods
Records of 1.610 consecutive autopsies performed at the 

University of Nebraska Medical Center between 1981 and 

1990 were reviewed. O f the 1,610 autopsies, 1,257 were 

complete with CNS examination. Twenty-six patients with 

CNS aspergillosis were identified (Fig 1). The medical rec

ords of these 26 patients were reviewed for clinical, labo

ratory, spinal fluid, and autopsy findings. Radiographs of the 

chest, head computed tomograms (CTs), and magnetic res

onance images (MRIs) were also reviewed.

Results
The large number of patients wilh CNS aspergillosis found 

at the Medical Center correlated well with the increased ac

tivity of the transplantation services (see Fig 1). O f the 26 

patients identified, 15 were male and 11 were female. The 

age range was 8 months to 79 years. Eleven patients with
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Fig 1. (A) Histogram showing the rising number of autopsies performed on immunocompromised patients at the University of Nebraska
Medical Center over a 10-year period. (B) Histogram showing a parallel rise in the incidence of CNS aspergillosis over the same period of 
time. BM =  bone marrow; Tx =  transplantation; Imm-Comp =  immunocompetent; AIDS = acquired immunodeficiency syndrome.

CNS aspergillosis had hematological malignancies. Six had 

non-Hodgkin’s lymphoma (NHL); 4, acute lymphocytic leu

kemia (ALL); and 1, acute myelocytic leukemia (AJVIL) (Ta

ble 1). Eight o f these patients underwent allogeneic and 2, 

autologous bone marrow transplantation (BM  TX) following 

high-dose chemotherapy (Table 2). Nine of these patients 

had severe neutropenia (white blood cell count [WBC] 

<  500/mm5) secondary to high-dose chemotherapy. Six 

patients took systemic steroids and cyclosporine following 

allogeneic transplantation. Three patients had evidence of 

graft-versus-host disease (GVHD) confirmed by biopsy and 

2 patients were treated for presumed GV H D  with an in

creased dosage of corticosteroids and immunosuppressive 

agents (see Table 2).

The second largest group of patients had liver failure; 8 

underwent liver transplantation (see Table 1). Among the 

liver transplant recipients, risk factors included steroid and 

cyclosporine therapy (8 patients). Four of 8 patients had ev

idence of rejection that required an increase in steroid dos

age. Neutropenia was uncommon in this group. Three of the 

patients underwent more than one transplantation (see Ta

ble 2).

A third group of patients included 3 with A IDS, 1 patient 

with systemic lupus erythematosus who received high-dose

steroids and cyclophosphamide (Cytoxan), a patient with an 

infected aortic graft, and a patient with neuroblastoma who 

underwent BM  TX following high-dose chemotherapy (see 

Table 1).

Clin ical Features: Persistent fever, mental status changes, 

focal neurological deficits, and seizures were the most com

mon symptoms of CNS aspergillosis (Table 3). Twenty-five 

patients presented with fever and 16 demonstrated mental 

status changes. The findings in 11 patients were lethargy, 

obtundation, and coma. Ten patients had focal deficits. In 1 

patient, cavernous sinus thrombosis developed, resulting in 

ophthalmoplegia. Homer's syndrome, proptosis, and termi

nally a left hemiparesis after direct invasion of the cavernous 

sinus and internal carotid artery thrombosis (see Table 3) 

(Fig 2A).

Nine patients had seizures (5 focal. 4 generalized). Fre

quently, seizures were secondary to metabolic causes rather 

than focal lesions. The diagnosis of CNS aspergillosis was 

clinically suspected in 7 patients antemortem. Skin biopsy 

confirmed the diagnosis in 6 others. Skin lesions included 

small papules, maculopapular rash, and vesicles.

Laboratory F ind ings: Cerebrospinal fluid (CSF) examina

tion was performed on 16 patients; 3 had significant leuko-
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Table I. juunnaiy__________________________________

Diagnosis No. Patients

1 Hematological malignancies

; 1 NHL “ 6
I ALL 4

AML 1
yver transplantation 8

( Liver failure 1

{ Other

AIDS 3
SLE I

C Aortic graft infection 1
r Neuroblastoma S/P BMTX 1

* NHL = non-Hodgkin's lymphoma: ALL = acute lymphocytic
3 '  leukemia; AML = acute myelogenous leukemia; AIDS = acquired

immunodeficiency syndrome; SLE = systemic lupus erythematosus; S/P
11 BM TX = status post bone marrow transplantation,
f t

j I Table 2. Risk Factors for CNS Aspergillosis (No. of Patients

, 1. Hematological malignancy (11)
a. WBC < 500/mm'
b. Allogeneic BM TX

C c. Autologous BM TX
d. Cytotoxic drugs 

, e. Steroids
f. Cyclosporine 

•- g. Graft-versus-host disease
5 2. Liver transplantation (8)

a. Steroids
b. Cyclosporine/OKT3
c. Retransplantation
d. Rejection
e. WBC < 500/mm'

3. Acquired immunodeficiency syndrome
a. Decreased CD4 < 100/mm’

1 — —

1 WBC = white blood cell count; BM TX = bone marrow
transplantation.

Table 3. Clinical Features of CNS Aspergillosis in 

26 Patients

Clinical Findings No. of Patients

1. Fever 25
2. Lethargy/obtundation/coma 11
3. Focal deficit 12

a. Hemiparesis 7
b. Paraparesis 2

c. Homer's syndrome 1
d. Cavernous sinus syndrome 1
e. Third nerve palsy 1

4. Seizures 9
a. Focal 5

b. Generalized 4

5. Headache 2

6. Meningitis 1

cytosis. One-half of the patients had elevated CSF levels of 

protein. Five patients showed red blood cells (RBCs) in the 

CSF. Cultures o f CSF from all 16 patients failed to grow 

aspergillus (Table 4).

Aspergillosis of various organs was diagnosed antemor- 

tem in 15 patients with disseminated disease. Brain biopsy

*

connrmea me diagnosis 01 aspergmosis in i paueni. oron- 

choscopy confirmed the diagnosis in 4 and aspiration of si

nus fluid, in 2.

Pathology: At autopsy, 21 patients showed disseminated 

disease (three or more organs involved). Aspergillosis in

volved the lungs in 23 of 26 patients, the heart in 16 patients, 

and the gastrointestinal tract in 11 patients. The site of origin 

was undetermined in the remaining 3 patients. Three patients 

had evidence of aspergillus infection of the perinasal sinuses 

and base of the skull with extension into the frontal lobe.

All of these patients had primary aspergillosis in the lungs.

Cultures from autopsy specimens revealed Aspergillus 
flavus as the pathogen in 16 patients, Aspergillus fumigatus 
in 3 patients, and both A. fumigatus and A. flavus in 1. Six 

patients had evidence of aspergillosis with typical micro

scopic features of septate fungal hyphae with vascular in

vasion, but cultures did not reveal specific Aspergillus spe

cies.

The most common neuropathological lesions grossly seen 

were multiple areas of necrosis (infarct and hemorrhagic in

farct) (Fig 3) throughout the cerebrum (17 patients), cere

bellum (10 patients), basal ganglia (9 patients), and brain

stem (7 patients). Two patients had involvement of the spinal 

cord by direct invasion from adjacent infected tissue.

Meningeal involvement was present in 11 patients, but 

was usually associated with involvement o f adjacent in

fected cerebral or cerebellar tissue. Generalized meningitis 

was not present, possibly explaining the negative findings 

on CSF cultures. Six patients had subarachnoid or subdural 

hemorrhage.

Microscopic findings consisted of areas of necrosis or 

hemorrhage. Invasion of intracranial vessels by aspergillus 

caused intraluminal thrombosis and infarction. Small vessels 

were commonly involved but large-vessel occlusion oc

curred in 5 patients. Two patients were found to have inter

nal carotid artery invasion, including 1 patient with cavern

ous sinus thrombosis and hemispheric infarction. Basilar ar

tery, anterior cerebral artery, and posterior cerebral artery 

invasion and thrombosis were the causes of death in 3 pa

tients.

N euro im aging Features: CT and/or MR1 studies of the .

head were performed on 20 patients. In 5 patients, there was I

CT evidence of multiple low-intensity lesions without sig

nificant contrast ring enhancement or hemorrhage (Fig 4).

Two patients had hemorrhagic infarctions; 2, parenchymal 

hemorrhage: and 1, subdural plus intraparenchymal hemor

rhage. In 1 patient. CT showed sphenoid and cavernous si

nus invasion. For 7 patients, CT scans appeared normal.

M RI was performed on 6 patients. In 2 patients. MRIs 

showed multiple infarcts without hemorrhage (Fig 5). In 1,

MRIs showed a hemorrhagic infarction, and in another 

showed localized meningeal enhancement. In the fifth pa-
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1
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A

B

F ig  2. (A) Sphenoid air sinus (5), carotid artery (C), and cavernous sinuses. The right carotid artery (arrows) is totally occluded by
laminated thrombus which is full of fungal hyphae. The oculomotor nerve (O) lies between the anterior clinoid process (A) and the carotid 
artery. Sphenoid sinus is also infiltrated by aspergillus. (B) MR! performed on the same patient before death, showing sphenoid sinus mass 
with encasement of the right internal carotid artery (arrows).

Table 4. Cerebrospinal Fluid (CSF) Analysis of 16 Patients

with CNS Aspergillosis

CSF Finding No. of Patients

WBC > 3/mm' (mean. 40) 3
RBC > lO/mm' 5
Protein > 50 mg/dl 8
Glucose <  Vi blood glucose l
Culture 0

F ig  3. Coronal section from one patient's brain showing hem
orrhagic necrosis of the basal ganglia and central white matter 
(arrows).

tient. MRIs showed invasion of the sphenoid and cavernous 

sinus with encasement o f the internal carotid artery by as

pergillus (see Fig 2B). Finally, the MRIs appeared normal 

in 1 patient.

Treatm ent: Twenty-three patients received amphotericin B, 

as empirical therapy for fever of unknown origin, known 

aspergillosis, or other fungal infection. Thirteen patients re

ceived 500 mg of amphotericin B and 4 received 1,000 mg 

or more. Despite the significant doses of amphotericin, 

widely disseminated disease was present in all patients at 

autopsy.

D iscussion
The rise in incidence of CNS aspergillosis at the University 

of Nebraska Medical Center can be attributed to the wider 

use of cytotoxic and immunosuppressive therapy (see Fig 

I). A major risk factor for developing CNS aspergillosis in 

the patients with hematological malignancies was severe 

neutropenia secondary to chemotherapy. Neutropenia and 

corticosteroids are recognized predisposing risk factors for 

CNS aspergillosis and may act synergistically to depress nat

ural host defenses [6-9].

Eight patients underwent liver transplantation and all re

ceived steroids, cyclosporine, or OKT3 antibody after trans

plantation. Three patients had retransplantation and 4 had 

evidence of rejection. Diagnosis of CNS aspergillosis was 

not recognized before death in any of these patients and in 

5 of 8 patients, death occurred 1 to 4 weeks after transplan-
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A B

Fig 4. (A) Head CT showing multiple hypodense lesions in the periventricular white matter (arrows). (B) Partial minimal capsular
enhancement (arrows) is seen following injection of contrast medium.

A  B

F ig  5. (A) Axial T1 -weighted MRI of the head showing a large hypointense and isointense lesion in the left frontal lobe (arrow).
(B) Central and dural enhancement (arrow) is noted following gadolinium injections.

tation. Neutropenia was present in only 1 patient undergoing 

liver transplantation and does not appear to be a significant 

risk factor in this patient population. Boon and colleagues 

[10-12] proposed several reasons for the increased incidence 

of aspergillosis in liver transplant recipients: high-dose ste

roid therapy to prevent rejection, prolonged artificial venti

lation. and liver failure itself with or without transplantation 

as an independent risk factor. The present results are con

sistent with those of Boone and colleagues in that immu

nosuppressants were found to be the main culprits for the 

development of CNS aspergillosis following liver transplan

tation.
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CNS aspergillosis is seen in A IDS patients [13]. Woods 

and Goldsmith [ 13J described 3 patients from the University 

of Nebraska Medical Center, which are included in this 

study. Prior to this, only 6 other patients have been described 

[13]. Lymphopenia with low CD4 cell count was present in 

all the A IDS patients in this study.

The clinical presentation of the patients studied here fol

lowed one of two patterns. Acute onset of a strokelike event 

followed by progressive mental status changes and death, or 

a gradual deterioration in mental status, obtundation, and 

coma. Both occurred in the setting of persistent fever in an 

immunocompromised patient (see Table 3). Seizures com

monly occurred following a focal deficit and/or terminally. 

Seizures were more common among patients undergoing 

liver transplantation and were multifactorial in origin. Inter

estingly, liver transplantation patients presented with a grad

ual deterioration in mental status, lethargy, and obtundation 

while focal deficits (most commonly hemiparesis) were 

more common in patients undergoing bone marrow trans

plantation. These presentations are similar to those described 

in previous reports |2, 14, 15].

Cutaneous lesions were found in 6 of the present patients 

with disseminated aspergillosis. The lesions consisted of 

macules, papules, vesicles, or pustules. Biopsy was crucial 

in confirming the diagnosis [15, 16].

Radiological studies revealed low-density areas on brain 

CT scans that corresponded pathologically to areas of ne

crosis. Hemorrhage into these areas occurred and was also 

identified by CT. Contrast enhancement was not used for 

some of the patients because of renal failure but in those in 

whom it was used, only moderate enhancement was seen 

(see Fig 4). Other investigators reported little or no contrast 

enhancement on CT [17], M R I revealed more lesions than 

did CT, and was helpful in the patient with cavernous sinus 

thrombosis (see Figs 2, 5). Cavernous sinus thrombosis due 

to aspergillosis has been described previously [18, 19].

As reported in the past, CSF examination is of little help 

in the diagnosis of CNS aspergillosis [3, 5]. Antemortem 

diagnosis is difficult to make without biopsy. An antemor

tem diagnosis was suspected in 7 patients with a focal deficit 

or mental status changes, typical radiological appearance, 

and the presence of aspergillus in pulmonary or skin biopsy 

specimens. Brain biopsy was performed in 1 patient. Brain 

biopsy was not performed in several patients because of in

creased risk due to coagulopathy and multiorgan failure.

CNS aspergillosis commonly occurred in the setting of 

disseminated disease and invariably spread from the lung. 

Organs most commonly involved are the lung, heart, brain, 

and gastrointestinal tract. Aspergillus has a predilection to 

invade blood vessels [20]. Large-vessel occlusion is also 

seen in patients with CNS aspergillosis. Five patients de

scribed here presented with occlusion of the internal carotid 

artery; 2. with anterior cerebral artery occlusion; 1, with bas

ilar artery occlusion; and 1, with posterior cerebral artery 

occlusion.

Focal aspergillus meningitis was present in 11 patients 

but most often was associated with adjacent cerebral disease. 

Microscopically lesions consisted of infarcts, microab

scesses, or hemorrhagic infarcts. Invasion o f blood vessels 

typically produced thrombosis and infarction in multiple ar

eas. Hemorrhage was present often within these infarcts sec

ondary to vessel rupture by invading fungi.

The treatment of CNS aspergillosis has not been suc

cessful in the past [3, 15], Successful surgical treatment oc

curred when lesions were isolated to a single lobe in patients 

not severely immunosuppressed [21 ]. Despite large doses of 

amphotericin B (>  1.0 gm), 4 of the present patients had 

evidence of progressive disease at the time of autopsy. No 

immunocompromised patients with CNS aspergillosis have 

been treated successfully at the University o f Nebraska Med

ical Center. Amphotericin B is the most widely used drug. 

In a large review of cerebral aspergillosis, only 8 patients 

successfully treated for cerebral aspergillosis were identified 

[6 ].

Current therapy for CNS aspergillosis in the setting of 

disseminated disease is inadequate. New therapeutic strate

gies and preventative measures are needed to prevent this 

catastrophic infection, especially during a time when the 

population of severely immunocompromised patients is ex

panding and AIDS is becoming more prevalent.

The authors thank Ms Carol Edmonds for her secretarial support 
and Mr Shadi Bashir for his assistance with computer graphics.
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Death’s Dispensary. Without knowing the 

actual cause of cholera. Dr John Snow 

associated cholera outbreaks with 

contaminated drinking water. During an 

epidemic in London, the frustrated but 

determined physician successfully interrupted 

the chain of causation by removing the 

handle of the Broad Street Pump, a public 

drinking source. Because he was able to 

determine disease distribution, Snow is 

considered to be the first epidemiologist.

This 1866 portrayal of the important event 

is by George John Pinwell. When Snow 

removed the handle, the skeleton figure of 

death by cholera disappeared. The famous 

drawing implicitly illustrates the importance 

of better sewerage, clean water supplies, and 

generally improved public hygiene as a way 

of stopping transmission of cholera.

Published with permission of the Philadelphia 

Museum of Art: SmithKline Beckman 

Corporation Fund.
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