
Article abstract—Cerebral aspergillosis currently occurs most frequently with disseminated aspergillosis in 
immunocompromised hosts. Twelve patients with cerebral aspergillosis in this setting were seen over 10 years. 
Underlying illnesses were renal transplantation in six cases and one case each of subacute hepatic necrosis, head 
trauma, glioblastoma, microglioma, and esthesioneuroblastoma. All patients were receiving high dose steroid 
therapy except one who had ectopic ACTH syndrome. Eleven patients were receiving broad spectrum antibiotics. 
All patients were febrile and developed progressive pulmonary infiltrates preceding or coincident with neurologic 
symptoms. Sudden onset of neurologic deficits or seizures occurred in nine of 11 clinically analyzable cases. 
B ra in stem  or cerebellar signs and symptoms were a presenting feature in three cases and were eventually seen 
in five cases. Cranial computerized tomography in four cases showed low absorption areas with minimal enhancement 
and little mass effect. Neurologic deterioration was rapid with nine of 11 patients dying within 6 days of onset. 
Neuoropathologic examination showed multiple abscess formation in 11 case- and prominent blood vessel invasion 
in all cases. The sudden onset of stroke-like deficits and brainstem findings in a febrile immunocompromised host 
with pulmonary infiltrates suggests the diagnosis of cerebral aspergillosis. Two cases of Aspergillus meningitis 
were also seen, one postoperatively.
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Aspergillosis 
of the nervous system

M. Flint Beal, M.D., C. Philip O’Carroll, M.D., George M. Kleinman, M.D., 
and Robert I. Grossman, M.D.

CNS aspergillosis is an illness of catastrophic con- 
sequencs that is increasing in prevalence. It occurs 
most frequently in the setting of an immunocom
promised host and may result in a wide constel
lation of neurologic deficits. In order to further 
delineate the neurologic syndrome, we reviewed 
the clinical and pathologic features of 14 patients 
with cerebral aspergillosis, seen over a 10-year 
period at the Massachusetts General Hospital. Two 
patients have been previously reported in the clin- 
icopathologic conferences of the Massachusetts 
General Hospital.1-2 The diagnosis was established 
by culture in nine cases, and in the remainder, on 
the basis of strictly defined morphologic criteria.3

Case reports. Cases with disseminated aspergillosis.
Twelve cases of neurologic aspergillosis in our hospital 
occurred in disseminated infections in immunocom
promised hosts. There was only one case in this category 
during the 10 years preceding this study. There were 
nine male patients aged 68, 61, 53, 49, 33, 30, 29, 28, 
and 21, and three female patients aged 72, 48, and 15,

respectively (table 1). Underlying illnesses were renal 
transplantation in six cases, and one case each of subacute 
hepatic necrosis, auadraplegia, head trauma, esthesi
oneuroblastoma, microglioma, and glioblastoma. All 
patients were receiving high dose steroid therapy, often 
with other immunosuppressive drugs, except that the 
patient with an esthesioneuroblastoma had ectopic ACTH 
syndrome with serum cortisol of 139 micrograms per 
deciliter; he was also the only patient who did not receive 
broad spectrum antibiotics. In all patients, fever was 
present despite steroid therapy, and progressive pul
monary infiltrates heralded ncurologic symptoms. The 
pulmonary infiltrates usually occurred as a nonspecific 
bronchopneumonia in the lower lobe, except in one pa
tient (case 12) in whom multiple nodular densities were 
misinterpreted as metastases and one (case 4) who had 
a right lower lobe cavitated lesion.

The clinical neurologic syndrome could be analyzed 
in ten patients. One patient remained comatose after 
head trauma, and another (case 9) was critically ill with 
pulmonary failure, and became progressively obtunded. 
The other 10 all experienced sudden onset of neurologic 
symptoms. These included grand mal. seizures (2), dys
arthria and perseverating speech (1), sudden onset of
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Table 1. Summary of clinical features of CNS aspergillosis

Patient no., 
sex, and age

1. M 68

2. F 72

3. M 53

4. M 33

5. F 15

6. M 29

7. M 30

8. M 28

9. M 21 
it

10. M 61

11. M 42

12. F 48

Immunosuppressive
therapy

Dexamethasone 
24 mg/day

Dexamethasone 
32 mg/day

Dexamethasone 
32 mg/day

Dexamethasone 
16 mg/day

M ethylprednisolone 
300 mg/day

Azathioprine 
Antilym phocyte serum 
M ethylprednisolone 

60 mg/day

Azathioprine 
A ntilym phocyte serum 
Prednisone 50 mg/day

Azathioprine 
M ethylprednisolone 

100 m g day

Azathioprine 
Prednisone 20 mg/day

Azathioprine 
Antithym ocyte globulin  
M ethylprednisolone 

140 mg/day

Prednisone 20/m g day

Ectopic ACTH with 
serum cortisol 

139 mg/dl

Broad-spectrum
antibiotics

Penicillin

Am picillin
Cephalosporin

Am picillin
Chloramphenicol

Oxacillin
Gentamicin

Cephalosporin

Cephalosporin
Gentamicin
Carbenicillin

Oxacillin
Gentamicin

Cephalosporin

Oxacillin
Gentamicin

Vancom ycin
Am ikacin

Cephalosporin
Vancom ycin
Gentamicin

None

Underlying
illness

Thalamic
glioblastom a

Left frontal 
tumor

Cerebral
trauma

Quadraplegia

Renal
transplant

Renal
transplant

Renal
transplant

Renal
transplant

Renal
transplant

Renal
transplant

Esthesioneuro-
blastoma

Fever

Yes

Yes

Yes

Yes

Subacute hepatic Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Interval between 
onset of (1) pulmonary 
symptoms, (2) neuro
logic symptoms, 
and death

(1 )4  days
(2 )4  days

(1 )5  days
(2) 5 days

(1 )6  days
(2 )6  days

(1) 11 days
(2) 9 days

(1) 3 days
(2 )3  days

(1) 11 days
(2) 11 days

(1 )1 5  days
(2) 3 days

(1) 7 days
(2) 5 days

(1 )9  days
(2) 4 days

(1 )9  days
(2) 3 days

(1 )1 1  days

(1 )6  days
(2) 6 days

coma and left hemipai esis (1), slurred speech, lethargy, 
and inability to raise the arms (1), mild left hemiparesis 
(1), stupor progressing to coma in 24 hours (1), and 
brainstem syndromes (3). There was a good clinical 
pathologic correlation in the patients with brainstem 
syndromes (table 2). After the onset, one patient had 
slurred speech and another had bilateral intranuclear 
ophthalmoplegia 1 day before death. Thus, brainstem 
or cerebellar signs were present in five of the 10 clinically ̂  
analyzable patients.

In four patients, pulmonary infiltrates and neurologic 
symptoms were noted simultaneously; in the others, 
pulmonary infiltrates preceded neurologic symptoms by
2 to 12 days. Pulmonary infiltrates preceded death from
3 to  15 days. Death occurred within 6  days o f  the neu
rologic onset in all patients except one who became 
lethargic 11 days before death. In three patients, sputum 
cultures were positive for Aspergillus and they were 
given amphotericin B ibr 1 , 6, and 1 day, re sp e ct iv e ly , 
without any response before death. ' "V
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Ae 2. Brainstem syndromes

C lin ica l
bra instem  fin d in gs Neuropathologic findings

1 Sudden onset o f  guttural A hem orrhagic abscess was 
:-reech, tota l dysp h agia , found in the right lateral
r:_'ht facial weakness, and 
tongue im m obility

2 Right lateral and vertical 
nystagmus, left facial pa
resis. left facial hyperes
thesia, and left hearing im
pairm ent

pontine tegmentum ex
te n d in g  in to  th e  u p p er 
medulla as well as two tiny 
areas o f coagulative necrosis 
in the midline pontine teg
mentum

An abscess involved the left 
middle cerebellar peduncle 
and extended into the dor
solateral pontine tegm en
tum

3 Dysarthria, left third nerve An abscess caused necrosis o f
palsy, skew deviation, and the left midbrain tegmen-
n ght extensor posturing turn and peduncle

4 B ila te r a l in tr a n u c le a r  A  small abscess involving the
ophthalmoplegia medial longitudinal fasci

culi was found in the per
ia q u ed u cta l g ra y  o f  the 
midbrain

CT findings in four patients included minimal mass 
effect, low absorption areas, and slight contrast en
hancement (figure 1). Areas of hemorrhage and typical 
“ring” contrast enhancement were not seen. Analysis 
of CSF in these cases showed normal glucose levels, 
proteins of 64, 112, and 298 mg per deciliter and 0,120, 
and 424 white cells per cubic millimeter.

The gross neuropathology showed multiple cerebral 
abscesses in every case except one patient who had a 
single abscess in the right orbital frontal white matter 
(case 7). In two patients, massive cerebral hemorrhages 
involved most of one hemisphere (cases 2 and 8). In 
mar y cases, there were large areas of softening with 
multiple petechial hemorrhages (figure 2). In 11 cases 
there were multiple 0.2 to 2 cm abscesses scattered 
throughout the cerebral hemispheres, but showing a 
predilection for the cortical gray-white junction. In
volvement of the posterior fossa occurred in eight cases. 
In four cases both the brainstem and cerebellum had 
abscesses, while in three, abscesses were confined to 
the cerebellum, and in one, to the brainstem. All cases 
with posterior fossa pathology also had supratentorial 
disease.

Microscopic findings were fairly uniform. The lesions 
were typically of two types. One was suppurative with 
discrete  small abscesses containing abundant neutro
phils. There was a predilection for such lesions at the 
depths of sulci and at the cortical-white matter junction. 
The other type of lesion consisted of large areas of co
agulative necrosis with variable amounts of petechial 
hemorrhages and neutrophilic infiltration. Occasionally, 
hyphae were present within these lesions, but less com
monly than with the suppurative lesions. The inflam-

Figure 1. CT scan made 
on the day o f death 
showing an area o f low 
absorption in the right 
temporal lobe with 
minimal enhancement in 
the right perisylvian 
region. The remaining 
cuts were normal.

Figure 2. Coronal brain sections from the patient 
whose CT is shown in figure 1. An area of 
hemorrhagic necrosis in the right temporal lobe 
corresponds to the lesion seen on CT; huweuer; 
numerous other hemorrhagic lesions were not shown 
bv CT.
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matory infiltrate frequently occurred adjacent to involved 
blood vessels. A pathologic hallmark was frequent in
vasion of fungal hyphae into the blood vessel walls. The 
fungal hyphae infiltrated the blood vessel walls, resulting 
in necrosis and thrombosis, and then spread centrifugally 
into the surrounding tissue (figure 3). The blood vessel 
invasion was often accompanied by hemorrhage. Men
ingitis was commonly seen, but was limited to areas 
overlying foci of parenchymatous involvement. Neu
trophils were the major inflammatory cell. In one patient, 
there was ventriculitis and choroid plexitis, while in 
another, there was a focus of meningitis over the thoracic 
spinal cord. Generalized meningitis was not seen in any 
of these cases.

Case 13. Aspergillus meningitis. A 47-year-old woman 
was in excellent health until 5 months before admission, 
when she developed dull, frontal headaches. Sinus films 
revealed sphenoid sinusitis with erosion of the posterior 
wall of the sinus. Two months later, a biopsy of the 
sphenoid sinus was interpreted as showing chronic in
flammation and necrosis. Lumbar puncture revealed 
clear CSF with a protein of 62 mg per deciliter, glucose 
25 mg per deciliter, and 593 white cells per cubic mil
limeter (63% neutrophils, and 37% lymphocytes). Ther
apeutic trials of ampicillin, chloramphenicol, penicillin,

Figure 3. A small meningeal artery showing diffuse 
invasion o f the vessel wall by hyphae with secondary 
thrombosis o f the vessel lumen (Grocott methenamine 
silver x 100).

and clindamycin were unsuccessful. Repeated spinal 
fluid bacterial and fungal cultures showed no growth. 
CSF cytology and cryptococcal antigen were negative.
A low grade temperature of 100 to 101° F persisted. One 
month before admission, carotid and vertebral angio
grams were normal.

On admission to the Massachusetts General Hospital, 
a physical examination was normal except for a tem
perature of 101° F and mild nuchal rigidity. Neurologic 
examination showed mild blurring of optic disk margins, 
but was otherwise unremarkable. CSF showed a protein 
of 560 mg per deciliter, glucose 25 mg per deciliter, 120 
white cells per cubic millimeter (75% neutrophils. 25% 
lymphocytes) and a first zone gold sol curve. CSF cultures 
showed no growth. A review of the sphenoid sinus biopsy 
showed dichotomously branching hyphae characteristic 
of Aspergillus, and serum Aspergillus precipitans were 
positive. CT scan showed mild hydrocephalus and a 
contrast-enhancing focus in the sphenoid sinus, con
sistent with inflammation. Amphotericin B therapy was 
begun and a second lumbar puncture one week later 
showed a CSF protein of 390 mg per deciliter, glucose 
46 mg per deciliter, and 31 white cells per cubic mil
limeter (58% neutrophils, 42% lymphocytes). She com
pleted a course of amphotericin B therapy with complete 
resolution of symptoms, and was in good health 2 years 
later.

Comment. Aspergillus meningitis is important to rec
ognize because it is curable with amphotericin B therapy 
as in our patient and two others.45 The first case of 
Aspergillus meningitis was reported in 19396 and sub
sequently three others have been described.4 - ; Our case 
was typical, in that it resulted from extension of Ai- 

spergillus sinusitis, resulting in chronic basilar men- 
•' ingitis. CSF findings in Aspergillus meningitis consia 

of a low glucose, elevated protein, and an elevated white ; 
cell count which often shows a predominance of neu- I 
trophils. Since CSF cultures are usually negative, a 
sinus biopsy may be required to establish the diagnosis.

Case 14. Postoperative Aspergillus m e n in g it is .  A 22- 
year-old woman enjoyed good health until 4 months 
before admission, when progressive gait ataxia developed 
A CT scan showed a midline cerebellar mass and * 
medulloblastoma was resected. The postoperative course 
was benign and she was discharged 3 days later. Eighi 
days postoperatively, a low grade temperature and pro
gressively severe headaches developed. After 5 days of 
worsening symptoms, she was readmitted with a tem
perature of 102° F. Neurologic examination was unre
markable, except for marked meningismus. Lun'h“r 
puncture obtained cloudy CSF under an initial pressure 
of 300 mm of water. CSF glucose was 26 mg per deci lit  ̂
and the protein 175 mg per deciliter. There were 26&1 
white cells per cubic millimeter (90% lymphs. 10V ncv 
trophils). Therapy was begun with oxacillin, gentamic'5- 
chloramphenicol, and methylprednisolone. Blood. ur~- 
and CSF cultures showed no growth. Serial CT scan* 
showed progressive hydrocephalus, diffuse cerebell* 
edema, and contrast enhancement in the basal c>st£̂  
sylvian fissures, and septum pellucidum (figure 4). 3** 
became progressively stuporous, and was unresponsi^ 
to painful stimuli 11 days after admission. The Pu** 
became dilated and fixed, and electrocerebral site** 
was documented 14 days after admission. CSF 
grew Aspergillus species 3 days before death, and
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Figure 4. CT scan o f a 
patient with Aspergillus 
meningitis showing 
hydrocephalus with 
contrast enhancement in 
the basal cisterns, sylvian 
fissures, and 
interhemispheric fissure.

phcu-ncin B therapy was begun. Death occurred 20 
day; after admission. General necropsy was significant 
only for a bacterial bronchopneumonia.

Neuropathologic examination revealed a severe basilar 
meningitis with tremendous exudate at the base of the 
brain and in the subarachnoid space of the spinal cord. 
The meningeal exudate consisted of neutrophils, fibrin, 
and scattered hyphae. The hyphae invaded the surface 
of the cerebral and cerebellar cortex in many areas, as 
well as blood vessels, with resultant bland and hem
orrhagic infarction. There was coagulative necrosis of 
the cervical spinal cord.

Comment. This case is unusual, in that Aspergillus 
meningitis is presumed to have resulted from surgical 
contamination. Aspergillus is ubiquitous in the envi
ronment, and four previous cases of cerebral aspergillosis 
in the setting of a surgical procedure have been re
ported.*10 Difficulty in making the diagnosis is illus
trated by our case, since multiple CSF cultures were 
negative until just prior to death. A biopsy is needed 
to establish the diagnosis.

Discussion. Before the introduction of antibiotics 
and immunosuppressive drugs neurologic asper
gillosis usually was an isolated infection starting 
in the paranasal sinuses or orbits and extending 
to the anterior fossa. The first case of aspergillosis 
involving the brain was reported by Oppe11 in 1897; 
granulomatous meningitis started in the sphenoid 
sinus and extended to the optic chiasm and right 
internal carotid artery. Among subsequent re
ports,12-15 some had isolated involvement of the 
sinuses or orbit,1617 sometimes with the superior 
orbital fissure syndrome.18 The infection may ex
tend posteriorly to involve the frontal lobes, with 
signs of increased intracranial pressure.19-24 
Granulomatous masses may affect the middle fossa 
°r cerebellopontine angle.25"27 Intracranial ab
scesses without other apparent source may follow 
intravenous narcotic abuse or occur sporadi- 
c a lly .^ -3 3  Iso]ated spinal conklesicns have been 
Sported In three instances.'2'134-35

Invasion of blood vessels may lead to thrombosis

of large arteries or formation of mycotic aneu
rysms.8-36 •38 In six cases the internal carotid artery 
was occluded by granulomatous inflammation ex
tending posteriorly from the orbits or sinus- 
egi3.i4.18,33.39,40 ancj jn one_ subarachnoid hemorrhage 
resulted from rupture of the arterial wall.15 Oc
clusion of the internal carotid artery has also oc
curred with disseminated aspergillosis.41 One A s 
pergillus embolus to the right middle cerebral artery 
arose in an infected aortic valve prosthesis.42

The first case of disseminated aspergillosis with 
cerebral involvement was reported in 194743 fol
lowed by numerous case reports.44 - 48 Some occurred 
in apparently healthy infants.49-53 Most cases in 
adults occurred in patients with acute leukemia, 
immune deficiency, or steroid therapy. Renal and 
cardiac transplant patients have been particularly 
susceptible.

Pena54 reviewed 81 cases of disseminated as
pergillosis in 1970, with CNS involvement in 44. 
Usually patients present with stroke syndromes 
or seizures55-57 but subtle personality changes have 
been noted as an initial feature.58 Several reviews 
of disseminated aspergillosis have noted CNS in
volvement in 30 to 40% of patients.3-59-60 Young et 
al reported that 10 of their 13 patients had focal 
neurologic findings, and all exhibited some degree 
of lethargy or obtundation. Pathologically, they 
noted a high frequency of involvement of posterior 
fossa structures similar to our experience.

Several aspects deserve emphasis. Four of our 
patients were receiving Steroid therapy for cerebral 
edema associated with brain tumors or head 
trauma, as reported once before.24 Another unique 
predisposition to disseminated aspergillosis was 
one patient with ectopic ACTH syndrome due to 
an esthesioneuroblastoma. Despite steroid therapy, 
all patients with disseminated aspergillosis had 
fever and all but one were receiving broad spectrum 
antibiotics. Pulmonary infiltrates were present in 
all patients at the time of neurologic symptoms.

Enzmann et al61 reported CT findings of eight 
patients, one normal. The others showed nonspecific 
lucencies with no contrast enhancement in three 
cases, minimal contrast enhancement in three, and 
marked enhancement in one. Two showed punctate 
hemorrhages. The CT findings confirmed increases 
in size and number of lesions in 3 to 8 days. Ring 
enhancement and homogeneous enhancement have 
been seen with chronic abscesses.31-62 Our CT find
ings were similar but hemorrhage was not dem
onstrated by CT, despite multiple hemorrhagic in
farcts at necropsy. CT in our patients did not 
adequately reflect the severity of the pathology 
even on the day of death (case 10). Successful sur
gical treatment of cerebral aspergillomas has been 
reported in three cases.11-2563 Successful therapy 
with amphotericin B of cerebral aspergillosis in 
the setting of disseminated disease has been re
ported only once and in that patient, the diagnosis
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is tenuous since it was made on the basis of an 
abnormal brain scan.64 Much of the damage is 
caused by vascular invasion with secondary in
farction, and is therefore irreversible. Three of our 
patients and others3 55-56 received amphotericin B 
therapy but none survived. Early recognition of 
pulmonary aspergillosis before dissemination to 
the CNS is therefore crucial. Pulmonary asper
gillosis can be treated successfully with ampho
tericin B. Serologic testing is unreliable, and spu
tum cultures are often negative.65 Therefore, 
diagnosis often requires bronchoscopy or biopsy. 
The earlier the diagnosis is established, and therapy 
is initiated, the more successful the outcome.66
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