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Intracranial brain parenchymal
spread of mucormycosis through
olfactory tract: a diffusion-weighted
imaging-based concept
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Abstract

Mucormycosis is an opportunistic fungal infection involving among others the paranasal sinuses, nasal fossa and brain

parenchyma. Mucor can invade the brain parenchyma by either contiguous spread from the paranasal sinuses or

through vascular invasion. We report a case of fatal rhino-cerebral mucormycosis in whom cytotoxic edema at magnetic

resonance diffusion-weighted imaging was symmetrically restricted to both neocortical and paleocortical primary areas

of olfactory projection at earliest phase of the disease process. Shortly later tissue damage extended into the whole

brain. This undescribed observation raised the hypothesis of preferential way of brain invasion by Mucor through the

olfactory tract.
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Introduction

Mucormycosis is an opportunistic infection caused by
fungi in the order of Mucorales. Various species in
Mucor, Rhizopus, Absidia, and Cunninghamella
genera are most often implicated in different clinical
forms of pulmonary, gastrointestinal, cutaneous, ence-
phalic, and rhino-cerebral infections. The cerebral
angioinvasive capability of the mucormycosis has
been demonstrated which leads to direct brain vessels
infiltration and subsequent thrombotic occlusions. We
hereby present a fatal rhino-cerebral mucormycosis
infection in an immunocompromised patient who
underwent serial brain MR examinations including
diffusion-weighted (DW) imaging. Cytotoxic edema
involving both neocortical and paleocortical primary
areas of olfactory projection was observed at the earli-
est phase of the disease preceding devastating whole
brain tissue injury.

Case history

A 42-year-old women with end stage renal failure (ESRF)
due to chemotherapy for metastatic neuroblatoma in

childhood had a second renal transplantation. An abscess

in surgical wound led to a septic shock for which she was

admitted to the intensive care unit (ICU) four days after

surgery. Three days after admission to ICU she com-

plained of headache and clinical examination revealed

ophthalmoplegia. Head and paranasal sinus CT exami-

nation demonstrated sphenoid sinus mucosal thickening

containing hyperdense so-called “Fungal balls” (Fig. 1

(a)). There was no bone destruction of orbits or olfactory

grooves (Fig. 1(b)). Nasal endoscopy revealed presence of

fungal hyphae embedded in the nasal mucosa, and labo-

ratory tests of biopsy specimen confirmed presence of

mucormycosis. Cerebro-spinal fluid (CSF) analysis at

the time was unremarkable. Clinical worsening with

increased headaches and divergent strabismus led to
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perform an initial MR examination the next day.
The imaging protocol included diffusion-weighted
(DW) sequence which failed to reveal brain parenchy-
mal involvement (Fig. 2(a)). As the clinical status wors-
ened in spite of initiation of standard antifungal
treatment combining liposomal Amphotericin B and
voriconazole, she had follow-up MR examination four

days later. Symmetrical areas of cytotoxic edema

appeared on DW images within gyrus rectus and orbital

gyrus where neocortical areas of olfactory projections

are located (Fig. 2(b)). Five days later she had a third

MR examination because of vision loss which revealed

additional involvement of mesial temporal areas where

primary paleocortical olfactory projections are located

(Fig. 2(c)). The patient died a few days later. Necropsy

was refused by patient’s family and by pathologist

because the cause of death was evident.

Discussion

Mucormycosis is a severe fungal infection affecting

immunocompromised individuals. The risks factors for

developing mucormycosis infection are diabetic ketoaci-

dosis, hematologic malignancies, transplantation, corti-

costeroid therapy and iron overload therapy.1,2

Three potential ways of intracranial spread by

mucor have been suggested:

• Direct extension from nasosinusal cavities to the

endocranium through osteolytic defects in the base

of the skull.
• Perivascular extension across the cribriform plate of

ethmoid bone to frontal lobes or through the orbital

apex to the cavernous sinuses.
• Hematogenous spread from arterial wall invasion

leading to occlusive downstream ischemic damage

and/or abscesses.

The skull base appeared unaffected in our patient on

both CT andMR images at earliest phase, as were orbit-

al contents and cavernous sinuses (Fig. 1(b)). Direct

extension through bone destruction was excluded and

occurs only in late stages of the disease process.2,3

Fig. 1. CT scanner after ICU admission. (a) Transverse section
in soft tissue window demonstrates hyperdense fungal ball
(arrow) embedded within mucosal thickening filling the sphenoid
sinus.(b) Coronal reformat in bone window demonstrates
normal bone edges of olfactory grooves (arrows) and mucosal
thickening in right anterior ethmoid air cells.

Fig. 2. Transverse diffusion-weighted (DW) magnified images in similar slice location focused on olfactory neocortical and paleo-
cortical projection areas. (a) Unremarkable initial examination. (b) Follow-up examination four days later reveals symmetrical cyto-
toxic edema within primary neocortical olfactory projection areas (arrows) together with hypothalamic-optic tract (dotted arrow).
(c) Repeat MRI nine days later reveals additional involvement of both temporal amygdala (arrows) which are one of the paleocortical
olfactory projection areas.
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Fig. 3. Coronal post-contrast T1-W and T2-W images of paranasal sinus and nasal fossa. (a) Contrast-enhanced image demonstrates
marked hypointensity of fungal material filling bilateral anterior ethmoid air cells (asterisk). (b) Coronal STIR image demonstrates marked
hypointensity of fungal material (asterisk) in both anterior ethmoid air cells. In addition, there is mucosal thickening in both maxillary antrum.

Fig. 4. Coronal T2 W magnified images of olfactory grooves. (a) Normal sized olfactory bulbs (arrows) on initial examination
displaying normal hypointense signal. Only hyperintense fluid is seen within ethmoids. (b) Coronal T2-W image of olfactory grooves in
similar slice location as Fig. 3(a) four days later demonstrates swelling and increased signal intensity of the olfactory bulbs (dotted
arrow) together with filling of the nasal cavity by marked hypointense material (the ‘black turbinate sign’). In addition, there is
hyperintense signal in bilateral gyrus rectus and orbital gyrus due to spread of mucormycosis. (c) Similar findings as in Fig. 3(a) and
more posterior plane (Olfactory bulbs marked by arrows). (d) Similar slice location as Fig. 3(c) demonstrates swelling and hyper-
intense signal within olfactory bulbs (dotted arrows).
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Olfaction is the only sensory modality that projects
to both paleocortical and neocortical areas.4 This
unique anatomical feature had major impact on the
interpretation of the MR monitoring of our patient.5,6

Cytotoxic edema within the brain parenchyma on DW
images was the only feature in second MR examination
which affected orbital gyrus and gyrus rectus which are
neocortical areas of olfactory projections to which pair
of medial olfactory striae abut (Fig. 2(b)). The strict
symmetry and homogeneity of frontal lobe parenchy-
mal injury on both sides and absence of true arterial
territorial delineation were not consistent with hema-
togenous spread of infection. MR angiography was
attempted but the study was suboptimal due to
motion artefacts.

The third MR examination revealed further exten-
sion of the cytotoxic brain injury to the paleocortical
mesial-temporal primary areas of olfactory projections
(Fig. 2(c)) where the lateral olfactory striae abuts there-
by giving a strong indicator that inflammation had
preferentially followed the olfactory tract before fur-
ther intracranial spread occurred.

Coronal MRI views illustrated the almost pathogno-
monicfeatures for fungal infection of deep hyposignal
intensity on both T1- and T2-weighted views without-
contrast-enhancement (Figure 3) of the septicmaterial
filling the cavities.7 Moreover, olfactory bulbs invasion
was evidenced by swelling and decreased T2-signal
intensity of the bulbs (Fig. 4(b) and (d)).

Ophthalmoplegia and blindness resulted from con-
tiguous invasion of the optic nerve,8 by true microper-
meative defects through the sphenoid bone allowing
early invasion of the orbital apex and cavernous sinus
as highlighted by a recent review paper.9 The phenom-
enon was assessed on DW images in three serial MR
examinations (Fig. 5).

Such elective and functional tract-specific way of
progression cannot be explained by mere bilateral peri-
vascular extension across cribriform plate of ethmoid.
We therefore hypothesized an alternative pathophysio-
logical mechanism of propagation: Mucor could have
followed neuron-to-neuron extension along the

olfactory tract, mimicking what has been experimental-
ly demonstrated for the human coronavirus OC43 in an
animal model.10–12 Could have the hyphae of the
Mucorales species a similar affinity for the olfactory
neurons as shown for the human coronavirus?

In conclusion, the ability of the diffusion-weighting
to track Mucor extension along olfactory tract could
have resulted from a cytotoxic effect of the toxins
released by the fungus instead of ischemic oxygen/glu-
cose deprivation.
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