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Abstract

We describe the clinical, laboratory, and imaging data of three patients who are proven cases of blastomycosis with cranial
involvement. In this review, we discuss the imaging features of cranial blastomycosis with relevant clinical case examples including
computed tomography (CT), magnetic resonance imaging (MRI), and advanced MR imaging techniques like magnetic resonance
spectroscopy (MRS) and MR perfusion. Literature is reviewed for modern-day diagnosis and treatment of this fatal intracranial

infection, if not diagnosed promptly and managed effectively.
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Introduction

Blastomyces dermatitidis is a thermally dimorphic fungus
that thrives in nature in septate hyphal (mycelium) phase
and changes into broad-based budding yeast at body
temperature. Blastomycosis is endemic in certain areas of US
and Canada. In contrast to many other fungal infections, it
can affect immunocompetent individuals, especially people
who do farming and engage in outdoor activities. Cranial
involvement in blastomycosis is uncommon, as compared
to pulmonary and skin involvement. In endemic areas and
in the appropriate clinical setting, blastomycosis should
be considered in the differential diagnosis of unusual
intracranial lesions.
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Case Reports

An 18-year-old male with past medical history of
successfully treated pulmonary and cutaneous
blastomycosis presented with right-sided partial seizures.
Computed tomography (CT) head without contrast
revealed a subtle, ill defined, hyperdense ring configuration
lesion in the left frontoparietal region with surrounding
vasogenic edema [Figure 1A and B]. Subsequent magnetic
resonance imaging (MRI) brain with and without
contrast revealed an irregular, crenated, thick walled,
round rim-enhancing lesion in the left postcentral
gyrus [Figure 2F]. There was perilesional edema expanding
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the postcentral gyrus [Figure 2A and B]. Small area of
restricted diffusion [Figure 2C and D; white arrow in C]
and T1 shortening [Figure 2E] was seen within the lesion.
No hemorrhage or hemosiderin was noted. Single- and
multi-voxel magnetic resonance spectroscopy (MRS) was
performed. Choline-to-N-acetylaspartate (NAA) ratio
did not meet the criteria for neoplasm on either the short
or long TE images [Figure 3A and B]. Multiple peaks
at 0.9-1.3 ppm were consistent with lipid/lactate. Note
was made of peaks between 3.6 and 3.8 ppm, which may
represent disaccharide trehalose. Follow-up after 9 months
of treatment revealed marked reduction in the size of the
lesion and perilesional edema (image not shown) with
complete resolution after 12 months [Figure 4A and B].
Contrast enhanced CT chest demonstrated consolidation
in the right lower lobe [Figure 5A and B]. Blastomycosis
was confirmed at bronchoalveolar lavage and in the urine.
Follow up chest X-rays showed gradual and complete
clearing of consolidation with antifungal treatment.

A 72-year-old female presented with a 3 weeks history of
progressively worsening vertigo, ataxia, and preexisting

Figure 1 (A and B): Axial (A) and sagittal (B) unenhanced CT head
done in case 1 shows ill-defined hyperdense ring configuration lesion
in the left frontoparietal region with surrounding vasogenic edema

left sided hearing loss. CT of the head showed a slightly
hyperdense peripheral left cerebellar mass lesion with
edema (image not shown). Bone windows did not
reveal osseous erosion or sclerosis. MRI brain showed a
heterogeneous conglomerate ring-enhancing left cerebellar
mass and extensive surrounding edema with mass
effect on the brainstem and adjacent ventricular system
[Figure 6A, E and F]. Laterally, the mass was contacting
the dural surface with focal tentorial enhancement
[Figure 6D and E; pre-contrast and post-contrast
respectively]. Diffusion images demonstrated at least three
small focal areas of restricted diffusion [Figure 6B and C].
Contrast enhanced dynamic susceptibility imaging (DSC)

Figure 2 (A-F): Su bsequent MRl brain with and without contrast in case
1 shows a ring configuration with perilesional edema expanding the left
post central gyrus on T2 and FLAIR images (A and B). Small area of
restricted diffusion (C and D; white arrow in C) and T1 shortening (E)
is seen within this lesion. Post contrast T1 image shows an irregular
crenated thick-walled round rim enhancement (F)
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Figure 3: Single voxel short TE (left) and long TE (right) MR spectroscopy through the lesion in case 1 show a peak between 3.5 to 3.8 (white arrow)
may represent trehalose peak. Choline-to-NAA ratio did not meet the criteria for neoplasm. Multiple peaks at 0.9-1.3 ppm represent lipid/lactate
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Figure 4 (A and B): Follow up MRI brain performed 12 months after
treatment in case 1 shows complete resolution of edema (A) and
enhancing lesion (B)

Figure 5 (A and B): Axial contrast enhanced CT chestimages in case
1 show consolidation in the right lower lobe (A and B). Blastomycosis
was confirmed at bronchoalveolar lavage

Figure 6 (A-F): MRI brain with contrast in case 2 shows vasogenic
edema (A) in left cerebellar hemishphere surrounding an ill-defined
altered signal intensity mass lesion demonstrating small focal areas of
restricted diffusion (B and C). The mass lesion shows heterogeneous
conglomerate ring enhancement (D and E). Contrast enhanced
dynamic susceptibility imaging (DSC) MR perfusion with contrast
(F) shows no evidence of increased perfusion/neoangiogenesis

MR perfusion with contrast showed no evidence of increased
perfusion/neoangiogenesis within the mass [Figure 6F].
MRS (short and long TE) showed increased lipid/lactate,

decreased N-acetyl aspartate, and increased choline peaks,
which were typical for a neoplasm [Figure 7]. Therefore, a
high-grade neoplasm was suspected. The patient underwent
surgery and the lesion was resected. Histology revealed
fragments of cerebellum with abundant mixed acute
and chronic inflammation, as well as fungal organisms
morphologically consistent with Blastomyces species.
Hematoxylin and Eosin (H and E) stained section at x400
magnification showed large, round, thick-walled yeast
cells [Figure 8A]. Grocott’s methenamine silver (GMS)
stain section at x400 magnification highlighted the yeast
cells with broad-based budding [Figure 8B]. The specimen
was negative for malignant cells. MRS findings were
re-evaluated. Peaks between 3.6 and 3.8 ppm were noted,
which may represent trehalose peaks. The patient was
treated with IV and oral long term antifungals. Follow-up
scan after 3.5 months showed no evidence of recurrence.
Metastatic workup was negative.

A 57-year-old man with past medical history of acute
myeloid leukemia (AML), status post allogeneic bone
marrow transplantation in 2010 and old cerebrovascular
accident (CVA) in 2011, presented with multiple painful
cutaneous nodules scattered within the scalp, face, neck,
back, chest, buttocks, hands, and feet. Lesions were
tender to touch. MRI brain without contrast revealed
scattered multiple small scalp lesions showing restricted
diffusion [Figure 9A and B; arrow in A]. The lesions were
hypointense on T1 and hyperintense on fluid attenuation
inversion recovery (FLAIR) images [Figure 9C and D].
CT chest before treatment showed multiple scattered
nodules and areas of ground glass opacity [Figure 10A]
with consolidation in the superior segment of the left
lower lobe [Figure 10B]. Treatment with amphotericin
B for 2 weeks and oral itraconazole for 1 year showed
remarkable clearance of the lesions in the skin and lungs
[Figure 10C and D]. Biopsy of the skin lesions revealed focal
dense collections of polymorphs admixed with fibrin and
multiple round to oval yeast with occasional budding on
H and E stain [Figure 11A]. The organism was GMS positive
with negative mucicarmine. GMS stain showed broad based
budding yeasts [Figure 11B]. Findings were consistent with
blastomycosis.

B. dermatitidis is a dimorphic fungus endemic in certain
parts of North America. Endemic areas are Mississippi and
Ohio River valley areas in USA and in areas of northwestern
Ontario around Kemora in Canada.l"? CNS blastomycosis
is rare clinical manifestation of infection occurring in
2.5-10% of those with disseminated systemic disease,*"!
but has been observed in one-third of patients in an autopsy
series.! Immune status is an independent variable for
CNS blastomycosis, but higher rates can be seen in AIDS
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Figure 7: Single voxel short TE (left) and long TE (right) MR spectroscopy through the lesion in case 2 shows increased lipid/lactate, decreased
N-acetyl aspartate, and increased choline peaks. Peak between 3.5 to 3.8 (white arrow) may represent trehalose peak

Figure 8 (A and B): Hematoxylin and eosin (H and E) stained section
at x400 magnification (A) in case 2 show large round thick-walled
yeast cells. Grocott's methenamine silver (GMS) stain section at x400
magnification (B) demonstrates broad based budding yeast cells

patients, which can approach 40%."! The most common
single organ involved is the lung, followed by skin, bone,
and genitourinary system (in order of frequency).l*”]

Meningoencephalitis is the typical form of presentation.
Intraparenchymal lesions are rare and are postulated to be
due to hematogenous spread from the lungs. Intracranial
extension into the epidural space may occur from adjacent
osteomyelitis of the skull.®! Ward et al. described epidural
abscesses and empyemas in the region of underlying lytic
skull lesions intraoperatively.’! Clinical symptomatology is
nonspecific. Bariola et al., in their retrospective, multicenter
review of 22 patients with CNS blastomycosis found that
headache was the most common neurologic symptom that
was present in 86% of patients. Other common complaints
included focal neurologic deficit, altered mental status,
visual changes, and seizures.”

The imaging characteristics of CNSblastomycosis are variable
and nonspecific, ranging from diffuse leptomeningeal

Figure 9 (A-D): MRI brain without contrast in case 3 shows scattered
small scalp lesions showing restricted diffusion (A and B; white arrow
in A). The lesions appear hypointense on T1 (C) and hyperintense
on FLAIR (D)

enhancement to numerous punctate lesions and discrete focal
mass lesions.®! CT findings are nonspecific. Parenchymal
lesions can either be hypo-, iso-, or hyper-dense. Lesions
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Figure 10 (A-D): Pre-treatment CT chest in case 3 (A and B) shows
multiple scattered nodules and areas of ground glass opacity (A) with
consolidation in the superior segment of the left lower lobe (B). CT chest
after two weeks of antifungal treatment (C and D) shows remarkable
clearance of the lesions

show either ring configuration or mass-like enhancement.™
MRI is considered the imaging modality of choice with
better soft tissue resolution. Bariola et al. reported one
case in which the patient had a negative CT scan, but
showed diffuse leptomeningeal enhancement and a basal
ganglia lesion on contrast-enhanced MRL.! On MR,
the lesions typically demonstrate marked homogenous
contrast enhancement.®'” Scott and Dhir reported a case
with heterogeneously enhancing mass lesions in the left
basal ganglia and left cerebellopontine angle.”! Munich
et al. reported one patient with a large conglomerate
ring-enhancing mass in the right cerebellar parenchyma
with extensive surrounding vasogenic edema.®! Akture et al.
reported a case with a cerebellopontine angle mass extending
into the internal auditory canal, mimicking a schawannoma
or meningioma."! Wylen and Nanda™? and Kale et al.l'"
reported cases with dural based plaque-like enhancing
lesions mimicking en plaque meningioma. Similarly, Chander
et al. reported a case of a large homogenously enhancing
extra-axial mass in the anterior cranial fossa, mimicking a
meningioma. Interestingly, conglomerate ring-enhancing
mass lesions can mimic racemose neurocysticercosis (NCC),
as reported by Kim et al.l"™! Mohazab ef al. reported a case
of intracranial blastomycosis presenting as a suprasellar
mass.'®! The wide variety of cases reported throughout
the literature suggest that intracranial imaging findings
are nonspecific. However, a review of reported cases of
intracranial blastomycosis since 1978 strongly suggests
that direct isolation of Blastomyces from the CNS may not
be necessary if the fungus can be isolated or identified
morphologically from an extraneural site.!
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Figure 11 (A and B): H and E stained section at x400 magnification in
case 3 from the biopsied skin lesions show collections of polymorphs

admixed with fibrin and multiple round to oval yeast with occasional
budding (A). Broad based budding yeasts are seen on GMS stain (B)

Conventional MRI findings are nonspecific and are seen in
tuberculomas and pyogenic abscesses. Luthra ef al. reported
in their study that in 100% of the pyogenic and 90.9% of
the tubercular abscesses, the outer margin of the wall was
either smooth or lobulated, as compared to the fungal
lesions which had crenated walls in 50% of the lesions. They
postulated that intracavitary projections with restricted
diffusion may correspond to the fungal hyphae.l'”? Hence,
these intracavitary projections differentiate the fungal lesion
from tuberculoma and NCC.

MRS findings are nonspecific and can be seen in other fungal
infections like Asperqillus, Candida, and mucormycosis.l's*]
Vachchani ef al. noticed peaks at 3.6-3.8 ppm over the
enhancinglesion in the left parietal lobe.® To our knowledge,
this is the second case (series) in literature, wherein presence
of trehalose peak during MRS study in cranial blastomycosis
has been described.

Antifungal agents are the primary treatment for systemic
blastomycosis including CNS disease without discrete
lesions. In 2008, the Infectious Disease Society of America
recommended guidelines for the treatment of blastomycosis.
For CNS blastomycosis, the recommendation is lipid
amphotericin B 5 mg/kg/day for 4-6 weeks followed
by fluconazole 800 mg/day or itraconazole 200 mg for
2 or 3 times a day or voriconazole 200-400 mg twice a
day, for at least 12 months and until resolution of CSF
abnormalities.™ Recently, voriconazole has been favored in
place of itraconazole due to increased CNS penetration.2!
Surgical resection of the lesions provides relief of mass
effect, as well as definitive histopathological diagnosis.
Indications for surgical management include mass lesions
with neurologic deficits, lesions of uncertain etiology, and
osteomyelitis of the skull and spine. Surgical resection is
followed by mandatory antifungal therapy.”
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