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Ce.rebral Aspergillosis: MR Imaging and Histopathologic Correlation 

Joe Cox, F. Reed Murtagh, Adam Wilfong, and Jeff Brenner 

Summary: The authors report a case of intracranial aspergillosis 
secondary to immunosuppression. Signal intensity changes in 
the lesion on brain MR are compared with gross and histopath

ologic findings at autopsy. A peripheral ring of low signal 
intensity relates to a dense population of Aspergillus hypha! 
elements and small areas of hemorrhage. CT findings are in

cluded for comparison. 

Index terms: Aspergillosis; Brain, abscess 

Aspergillosis of the central nervous system has 
increased in prevalence in recent years (1). The 
practice of iatrogenically induced immuno
suppression in transplantation procedures, in
flammatory conditions, and cancer treatment, 
and the widespread use of antibiotics has in
creased susceptibility to this disease ( 1-7). Re
cently, Epstein et al have reported that Aspergil
lus is second only to Candida as the fungal 
organism most likely to be responsible for brain 
abscesses in immunosuppressed patients (8). The 
angioinvasive nature of this fungus is docu
mented and explains the computed tomography 
(CT) and magnetic resonance (MR) findings of 
hemorrhage and infarction seen in pulmonary and 
cerebral infections (5, 6, 9, 10). We believe this 
case is unique in that we were able to identify 
clear boundaries of signal intensity changes and 
relate them to microscopic sections taken at 
autopsy. MR, CT, gross, histopathologic, and 
clinical findings are presented. 

Case Report 

This is the case of a 22-year-old white man diagnosed 
with aplastic anemia in February 1989, who underwent 
allogenic bone marrow transplantation in October 1990. 
This was complicated by recurrent graft-versus-host dis
ease, hypertension secondary to cyclosporine, and Candida 
sepsis. The patient remained pancytopenic after transplan
tation. For his recurrent graft-versus-host disease, the pa
tient was taking corticosteroids and cyclosporine. He was 

admitted on March 3 , 1991 , complaining of left-sided 
weakness, lethargy, and headaches. 

Physical examination revealed a "Cushingoid" young 
man who was alert and well oriented. He demonstrated 
right facial weakness, especially upon smiling, and severe 
left hemiparesis. 

Admission CT revealed a large low-attenuation lesion 
centered in the right basal ganglia with significant mass 
effect and a large amount of surrounding edema. There 
was increased attenuation at the periphery of the lesion. 
Diagnostic considerations included tumor, abscess, and 
hemorrhagic infarction (considering his hypertension and 
thrombocytopenia) . The following day, an MR and pre- and 
postcontrast CT were performed. CT demonstrated slightly 
decreased mass effect and edema but no enhancement 
(Fig. 1). MR (Fig. 2) demonstrated a large periventricular 
mass lesion in the right parietal lobe, associated with 
massive white matter edema , extending to the right parie
tal, insular and temporal cortices, right basal ganglia , brain 
stem, and corticospinal tracts. The mass measured approx
imately 3 X 4 X 4 em and had a surrounding ring of low 
signal on the T2-weighted images (Fig. 2B), suggesting a 
paramagnetic effect. 

Two days after admission, the patient had grand mal 
seizures for which he was treated with diazepam and 
phenytoin. His mental status rapidly deteriorated; he be
came unresponsive, and stereotactic brain biopsy and cul
ture on March 6 were positive for Aspergillus. After discus
sion with the family , medical care was withdrawn, and the 
patient died on March 8. 

Autopsy revealed bilateral cerebral tonsillar herniation 
with prominent grooving, reflecting its acuteness. Section
ing of the brain (Fig. 3) revealed a 6 X 5 X 5 em 
hemorrhagic right frontoparietal infarction extending to the 
right basal ganglia. There was a moderate midline shift 
without subfalcian herniation . Numerous punctate hemor
rhages were present within the pons. Microscopic sections 
of the right temporal/parietal region revealed hemorrhage, 
necrosis, vascular thrombosis, abscess, acute, and chronic 
inflammation with surrounding gliosis. Numerous acutely 
branching septate fungal hyphae were present throughout 
the parenchyma (Fig. 4), with angioinvasion (Fig. 5). Sec
tions were taken in areas of the brain that corresponded to 
the distinct signal intensity changes seen on MR (Figs. 2A 

Received November 19, 1991; accepted and revision requested January 13, 1992; revision received January 30. 
All authors: Department of Radiology, University of South Florida College of Medicine, 12901 N. 30th Street , Box 17, Tampa, FL 33612. Address 

reprint requests to F. Reed Murtagh, MD. 

AJNR 13: 1489-1492, Sep/ Oct 1992 0195-6108/ 92/ 1305-1489 © American Society of Neuroradiology 

1489 



1490 cox AJNR: 13, September/October 1992 

1 28 

Fig. 1. CT scan (nonenhanced) 1 day after onset of neurologic symptoms shows a large low-density lesion centered in the right 
basal ganglia . The peripheral area of higher attenuation (arrowheads) suggests hemorrhage. There is a large amount of surrounding 
edema with significant mass effect. 

Fig. 2. MR scan on the same day as the CT scan in Figure 1 (1.5-T machine). A, Proton density image (2600/22/1). B, T2-weighted 
image (2600/90/1). The square-shaped insert in B roughly corresponds to the histologic section shown in Figure 6 below. Both images 
show an isointense (to gray matter) center with low signal intensity on the periphery of the lesion (arrows). There is large amount of 
surrounding high-signal edema. 

Fig. 3 . On coronal section , the lesion appears grossly hemor
rhagic. This section might explain the inhomogeneity of the lesion 
seen on CT and MR. 

and 2B). Sectioning of the lungs revealed no gross or 
microscopic abnormalities. 

Discussion 

Aspergillus is a ubiquitous saprophytic fungus, 
and infection of patients with normal immunity 

will most often present as sinus mucosal inflam
mation (11). In immunocompromised patients, 
Aspergillus most commonly disseminates hema
togenously from a pulmonary focus or extends 
directly through the walls of the paranasal sinuses 
to involve the brain (1, 2, 4, 8, 9, 12). The 
mortality rate for cerebral aspergillosis ap
proaches 85% to 100%, depending on the degree 
of neurologic compromise at presentation (8). 
Death usually occurs within 1 week of neurologic 
onset (1). 

Our microscopic findings are similar to those 
of Whelan et al (5) who suggested that mycoses 
in which the hypha! forms predominate will form 
patterns consistent with vascular occlusion and 
secondary abscess formation. The marked in
flammatory response leading to edema contain
ing free water is directly related to longer T2 
relaxation times and hence the large white areas 
seen on T2W MR (Fig. 2) (13). The peripheral 
ring of decreased signal intensity in the proton 
density and especially the T2-weighted images 
probably represents a ring of small abscesses 
interspersed with areas of hemorrhage (Fig. 6). 
Further examination of the abscesses revealed a 
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Fig. 4. Grocott-Gomori methenamine silver (GMS) stain of one of the small peripheral abscesses reveals the numerous acutely 
branching, septate fungal hypha! elements of Aspergillus. 

Fig. 5. The angioinvasive nature of Aspergillus is clearly evident in this slide. Hypha! elements (arrow) can be seen extending through 
the wall of a blood vessel. 

Fig. 6. Histologic section at the area of the square inset in Figure 2. The open arrow indicates the area of edematous brain with 
intact architecture corresponding to the high signal intensity region seen on MR. The solid arrows delineate a narrow portion of a ring 
of small abscesses interspersed with areas of hemorrhage that were found to correspond with the ring of low signal intensity seen on 
MR. The central portion of the lesion (arrowhead) consists of an area of coagulative fungal necrosis which is isointense to gray matter 
on MR. 

very dense population of branching, septate as
pergillus hypha! elements (Fig. 4). In contrast, the 
center of the lesion demonstrated a relative pau
city of hypha! elements. The marked differences 
in the population density of fungal elements be
tween the periphery and the center of the lesion 
may be contributing to the distinct signal intensity 
changes on MR. Earlier MR study of fungal sinus 
infections (14) noted that low signal intensity on 
T2-weighted MR images appears to be character
istic of mycetomas. These findings have been 
attributed of the presence of iron, magnesium, 
and manganese found in fungal (Aspergillus) con
cretions (14, 15). These ions are essential to 
fungal amino acid metabolism (16, 17). The pres
ence of calcium in fungal masses (14), with its 
paramagnetic effect, may also contribute to the 
sharp decrease in signal activity seen on T2-
weighted images and the peripheral increased 
attenuation seen on CT scan. Unfortunately, the 
exact concentrations of the paramagnetic ele
ments mentioned above were not able to be 
determined. 

In addition, the peripheral ring of low signal 
intensity on MR may be related to the presence 
of blood breakdown products within the small 
areas of hemorrhage interspersed between the 
small abscesses on the periphery. Microscopi
cally, there was no hemorrhage in the center of 
the lesion. Deoxyhemoglobin may be present in 
hemorrhage any time from the first 24 hours to 
3 to 5 days. Deoxyhemoglobin has 4 unpaired 
electrons and thus can act as a paramagnet and 
shorten T2 relaxation times. Methemoglobin will 
also shorten T2 relaxation times (18, 19) but is 
usually present between 3 and 7 days after hem
orrhage. Furthermore, Herold et al (10) have 
noted that high osmolality and acidic pH in the 
inflammatory environment of extravascular blood 
in a catabolic state are inversely related to T1 
and T2 relaxation times. 

Histologically, the center of the lesion consisted 
of areas of coagulative fungal necrosis where 
Aspergillus hypha! elements were sparsely pres
ent. On MR, these areas are roughly isointense to 
gray matter (Fig. 2B). The center of this lesion is 
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analogous histologically to the center of the tar
get-like appearing lesions seen on a previously 
reported MR study of invasive pulmonary asper
gillosis (10). In this study, the centers of the 
Aspergillus lesions were believed to represent 
coagulative fungal necrosis, and the periphery of 
the lesions corresponded to subacute hemorrhage 
or hemorrhagic infarction . 
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