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a b s t r a c t 

Brain and ocular infections can be the worst and fatal consequences of sinonasal infections 

in immunomodulated or immunocompromised patients. 

We report a case of a 35-year-old female who received an allogenic hematopoietic stem 

cell transplantation for acute myeloid leukemia, suffering from maxillo-spheno-ethmoidal 

rhinosinusitis which was complicated by cavernous sinus thrombosis, orbital cellulitis, optic 

ischemia and cerebritis. 

© 2024 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Mucormycosis is an infection caused by various fungal organ-
isms in the order mucorales, including those belonging to the
Rhizopus, Rhizomucor, and Mucor species, which can involve
several organs [ 1 ]; in this contest the involvement of sinonasal
cavities can be related to potentially lethal consequences due
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to the fungal angio-invasive properties with necrotic lesions
spreading to brain and orbital tissues. 

The most common site of infection is rhinocerebral, fol-
lowed by cutaneous, lung, disseminated, and gastrointestinal
tract [ 2 ]. 

Some aggravating features, such as immunosuppression
of patients undergoing hematopoietic stem cell transplant
(HSCT), can cause nasal mucosa inflammation to persist for a
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Fig. 1 – CT of the paranasal sinuses showed acute inflammation of the maxillary, ethmoidal, and sphenoidal sinuses 
without sign of bone erosion. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

long time, resulting in chronic or recurrent episodes [ 3 ]. Other
causes are trauma and neurosurgical intervention. 

In this paper, we reported a case of cerebritis, op-
tic ischemia, and cavernous sinus thrombosis arising from
sinonasal mucormycosis in an immunosuppressed patient. 

Case presentation 

A 35-year-old woman with acute myeloid leukemia (AML),
treated with allogeneic hematopoietic stem cell transplanta-
tion (HSCT) in January 2023, presented 1 week after graft at
University Hospital of Rome Tor Vergata, with neutropenia
and fever, despite antimicrobial therapy with meropenem.
On examination she was alert and oriented toward the 3
spheres. She underwent computed tomography (CT) scan
of the chest which did not reveal pathological conditions;
otherwise, CT scan of the head and sinuses revealed acute
inflammation of the maxillary, ethmoidal, and sphenoidal
sinuses ( Fig. 1 ). Patient continued intensive intravenous
treatment with meropenem, vancomicina, and voriconazolo
according to international protocols without clinical benefits.
She was neutropenic and febrile up to 40 °C daily, with the
addition of episodes of frontal headache, occasional nausea,
and a feeling of facial “fullness”. After a few days, the fever
had reduced significantly, with improvement in symptoms
leading to the patient’s discharge. 

A couple of months later, during an outpatient follow-up,
symptoms persisted, along with worsening mental status, in-
creasing drowsiness, and left dull eye pain and swelling, exac-
erbated by eye movements, and associated with tearing and
redness. During physical examination, the left eye showed sig-
nificant eyelid edema with purulent discharge, proptosis, and
chemosis, but clear cornea. She also presented ophthalmo-
plegia and the left pupil was not reactive to light. Examina-
tion of the right eye was unremarkable, with the right pupil
reactive to light. Laboratory investigations showed a white
blood cell count of 4000/mm3 , an absolute neutrophil count
of 90 x 103 / μL, a hemoglobin of 10 g/dL, a platelet count
of 25 ×109 /L and elevated Lactate Dehydrogenase (LDH). A
CT scan of the brain with contrast medium was performed
showing a large area of cortico-subcortical hypodensity of
the left frontal white matter, without hemorrhagic areas; left
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Fig. 2 – Skull CT showed large area of hypodensity of the left frontal white matter (A) along with maxillary sinusitis (E). Brain 

multiphasic Angio-CT scans highlighted opacification of only the right ophthalmic and facial artery and vein (B-H). OA, 
ophthalmic artery; OV, ophthalmic vein; FA, facial artery; FV, facial vein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

proptosis, orbital cellulitis, mild “globe tenting” and coexis-
tence of left maxillary, ethmoidal and sphenoidal sinusitis
were noted. Demineralization of ethmoid bone septae, nasal
conchae, nasal septum and turbinates as well as medial wall
of the maxillary synuses were also detected. 

Brain multiphasic Angio-CT showed lack of opacification of
the left ophthalmic and facial artery and vein ( Fig. 2 ); no ab-
normal findings were detected along intracranial vessels. No
area of contrast enhancement was revealed in brain CT de-
layed acquisition. 

This examination was immediately followed by brain MRI
with contrast agent performed using a high-field magnetic
scanner (3 Tesla). The study revealed bilateral fronto-basal
cortico-subcortical areas of restricted diffusion, more exten-
sive on the left, involving the orbital and ipsilateral supe-
rior frontal gyri; a further area of restricted diffusion was
revealed at cortico-subcortical left temporo-polar, extending
to the level of the temporo-mesial hippocampal region and
left hemiportion of pons. Restricted diffusion was also ap-
preciated at the level of the left internal capsule, anteroven-
tral nuclei of the ipsilateral thalamus and left fornix col-
umn. These changes were associated with swollen appear-
ance of the cerebral gyri and white matter T2 hypersignal
in whose context were detected multiple hypointensities in
susceptibility weighted imaging (SWI). Abnormal signal was
also detected along the left optic nerve, in keeping with is-
chemia, and it was associated with marked edema of the left
orbital soft tissues, resulting in proptosis of the ipsilateral
eyeball ( Fig. 3 ). After contrast medium administration, min-
imal pachymeningeal thickening and enhancement was ob-
served along the left frontal and temporal lobes. Extensive lep-
tomeningeal enhancement was also appreciated at the frontal
and left temporal lobes with involvement also of the left mid-
brain and ipsilateral pons. No intra-axial enhancement was
observed, neither anular intra-axial lesions nor signs of per-
ineural spread. 

The left cavernous sinus did not show enhancement after
contrast agent administration, findings in keeping with cav-
ernous sinus thrombosis ( Fig. 4 ). 

These neuroradiological findings were highly suggestive
for the diagnosis of brain angioinvasive fungal infection thus
ambisome therapy was set up. Despite appropriate medical
therapy and intensive medical treatment, the patient was un-
able to recover and led to her death. Essential for the diagnosis
was the finding in the infected tissue, through autopsy exam-
ination, of hyphae of the mucormycosis fungus. 

Postmortem diagnosis was obtained by analyzing brain tis-
sue samples extracted from multiple restricted diffusion ar-
eas, as shown by MRI. The results of these samples were con-
sistent with the presence of an invasive fungus, most likely
a genus of Rhizopus spp; from the histopathological point
of view, the harvested tissue showed the presence of pauci-
septate hyphae with right angle branching, that had infil-
trated both blood vessels and nerves and were surrounded by
a strong neutrophilic inflammatory response. 

Discussion 

Invasive fungal infections are a major cause of morbidity and
mortality in immunocompromised patients with hematologic
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Fig. 3 – Axial DWI and apparent diffusion coefficient (ADC) sequences showed cortico-subcortical restricted diffusion at the 
fronto-basal site, more extensive on the left, extending to the orbital gyrus and superior frontal gyrus (B, C and E, F); at the 
left temporo-polar site, up to temporo-mesial hippocampal region, and sectorially at the left hemiportion of pons (A and D); 
restricted diffusion was also shown at the left internal capsule and anteroventral nuclei of the ipsilateral thalamus (C and F). 
Swollen appearance of the cerebral gyri and flattening of the furrows was appreciable at these sites. Ischemia was also 

detected along the left optic nerve, and it was associated with marked edema of the left orbital soft tissues, resulting in 

proptosis of the ipsilateral eyeball (A and D). These changes were associated with white matter T2 hypersignal in axial 
FLAIR images (G-I). 

 

 

 

 

 

 

 

 

 

 

malignancies (HM), including those undergoing to HSCT in
which central nervous system involvement is more likely [ 4 ,5 ].

Patients with HM and/or HSCT showed higher infection
rates of mucormycosis than patients with solid organ trans-
plant in particular if treated for graft versus-host disease
(GVHD), too [ 2 ,6–10 ]. Even though the lung is the most com-
mon site of Mucormycosis, in hematologic patients the brain,
skin, and digestive tract might be involved [ 11 ,12 ]; moreover,
multi-organ infection has also been described as potentially
fatal. Only few epidemiological studies allow estimation of
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Fig. 4 – Axial SWI sequences identified multiple hypointensities at fronto-basal site and left temporo-polar site, suspicious 
for localization of fungal hyphae within brain tissue (A-C). Axial T1-weighted images and FLAIR sequences obtained after 
administration of Gadobutrolo denoted area of altered signal intensity in the context of the left cavernous sinus of 
suspected thrombotic nature (D and G) as well as pachymeningeal and leptomeningeal enhancement at the frontal and left 
temporal lobes (E-I). 

 

 

 

 

 

 

 

 

 

 

 

the incidence of mucormycosis reporting higher risk in pa-
tients with AML [ 13 ,14 ]. Skiada et al reported lower incidence
of mucormycosis in other acute or chronic HM; moreover, pa-
tients having HSCTs had a lower incidence of mucormycosis
than those with AML [ 15–17 ]. Even though immunosuppres-
sion is a major factor in the condition, there are currently
insufficient adequate denominators, making it impossible to
accurately evaluate any trends in the disease’s incidence. Es-
sentially, invasive fungal rhinosinusitis, which has a lesser
prevalence than bacterial rhinosinusitis, is more likely to oc-
cur in patients undergoing HSCT due to immunosuppression
[ 18–21 ]. 
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During the last COVID-19 pandemic a growing incidence
of mucormycosis has been reported which could be related to
steroid medications, elevated ferritin levels, mechanical ven-
tilation, reusable oxygen humidifiers, and inadequate sanita-
tion practices [ 22 ,23 ]. 

The prompt diagnosis of the disease, before intracranial
and ocular dissemination, is necessary to avoid fatal evolu-
tion. Considering the severity and the rapid progression of an-
gioinvasive fungal infections, the identification of early radio-
logical changes is essential to set up the suspicion before the
onset of clinical symptoms and to address the adequate ther-
apy. 

Several fungal and nonfungal neurological diseases might
have similar neuroimaging appearances making differential
diagnosis complex; however, the knowledge of specific predis-
posing factors could help the presumptive neuroradiological
diagnosis. 

In our report, the acute maxillary, ethmoidal, and sphe-
noidal sinusitis had been followed by cavernous sinus throm-
bosis resulting in cerebritis and optic ischemia in patient with
AML after allogeneic HSCT. In this clinical scenario , the si-
nusitis and the selective involvement of the anterior cranial
fossa structures could be related to Mucormycosis and/or as-
pergillosis infection due to angio-invasive properties of these
fungal rhinosinusitis that allow direct extension to the central
nervous system. 

Otherwise, the hematogenous spread of the fungal in-
fection in the CNS have wider brain involvement along the
gray–white junction and basal ganglia while the fungal cere-
brospinal fluid seeding, common with Cryptococcus and As-
pergillus, show meningeal, ependymal, and choroidal struc-
tures engagement [ 5 ]. Although the well-know angioinvasive
properties of Aspergillus and Mucormycoses allow large cere-
bral vessel their growth pattern make impossible the small
peripheral or deep vessels involvement resulting in different
neuroradiological findings [ 24 ,25 ]. 

Even though CT allows for the prompt diagnosis of rhinos-
inusitis the contrast media can add further information: as a
matter of fact, the absence of mucosal contrast-enhancement
might suggest the angio-invasive proprieties of the infection
[ 26 ]. The lack of mucosal contrast-enhancement along the
nasal turbinates is defined as “the black turbinate sign” and it
can be found in immunocompetent and immunosuppressed
patients without invasive fungal rhinosinusitis [ 27 ]; however,
in patients with invasive fungal rhinosinusitis the infiltrative
nonenhancement is not confined to the adjacent structures
without smooth and thin enhancing margin. 

On the other hand, orbital complications are more com-
mon than cerebral ones in sinusitis [ 28 ]. Usually, infections
spread from the ethmoidal sinus to the orbit via the lamina
papyracea, a slender bone structure that contains nerve end-
ings and perforating arteries. Unenhanced CT reconstruction
using the bone algorithm are necessary to look for bony dehis-
cence of the sinus walls, that may represent a red flag sign for
intracranial involvement and suggest the need of further in-
vestigation with brain MR, which has a greater sensitivity for
meningeal and intra-axial localization compared to brain CT. 

Orbital cellulitis is more easily identified at CT, but when
diagnosed it represents already a severe complication and it
may rapidly progress to fatal implications if it is not treated
effectively, since the venous drainage system in this region is
less valved and permits connection between the sinuses and
orbit [ 29 ]. The progression of sinonasal orbital infections was
categorized into five phases following Chandler classification
[ 30 ,31 ]: 

- preseptal cellulitis (stage I), 
- orbital cellulitis (stage II), 
- subperiosteal abscess (stage III), 
- orbital abscess (stage IV), 
- cavernous sinus thrombosis (stage V). 

The features of orbital infection, such as proptosis, intra-
muscular and orbital fat oedema, lateral displacement, and
thickness of the medial rectus muscle, are better depicted by
MRI. Cavernous sinus thrombosis is typically related to ret-
rograde thrombophlebitis during aggressive sinusitis and can
lead to cerebritis. Cavernous sinus thrombosis might bring to
retinal artery filling deficiency with optic nerve ischemia [ 32 ].
Spike fevers, orbital discomfort, and worsening headache may
be followed by seizures, proptosis, ophthalmoplegia, chemo-
sis, impaired visual acuity, and cranial nerve palsies, including
III, IV, V1, V2, and VI nerves, which are characteristic symp-
toms of cavernous sinus thrombosis. The most involved nerve
is the VI since it is entirely enclosed within the sinus [ 33–
35 ]. Although CT and CT angiography are useful in the initial
work up of suspected cavernous sinus thrombosis, MRI is in-
dicated to confirm the diagnosis. Findings of cavernous sinus
thrombosis include the absence of venous flow in the affected
cavernous sinus, and narrowing or occlusion of the intracav-
ernous segment of the internal carotid artery [ 32 ]. 

Cerebritis may occur for hematogenous spread, direct pos-
terior sinonasal spread, perineural spread, after trauma or
as neurosurgical complication; however, from 15% to 30% of
brain infections are classified as cryptogenic if the source can-
not be found [ 36–39 ]. Cerebritis presents as an indistinct re-
gion of acute inflammation in the brain tissue characterized
by enhanced blood vessel permeability in the absence of neo-
angiogenesis [ 40 ,41 ]. 

Many microorganisms, such as pyogenic bacteria, can
cause cerebritis, which, if left untreated, can lead to the de-
velopment of a pyogenic brain abscess [ 42 ]. MRI might sug-
gest some features which are able to differentiate pyogenic
from fungal brain abscess with the last characterized by more
irregular walls, intracavitary projections, more heterogenous
and higher apparent diffusion coefficient in the abscess cavity.
Moreover, the wall of fungal abscess might have a more pro-
nounced T2 hypointensity which is related to the increased
iron molecules. Magnetic resonance spectroscopy seems to
provide additional informations and features of fungal ab-
scess which beside the well-known lactate, lipid, and amino
acids metabolism revealed several peaks between 3.6 and 3.8
ppm suitable with trehalose which has been reported in some
fungal abscess, findings best appreciated with 3T MR scanner
[ 43–45 ]. 

CT and MRI have become essential diagnostic tools for the
evaluation and management of complicated sinusitis [ 46 ]. Al-
though MRI is required if intracranial extension is suspected,
CT remains the standard initial method for diagnosing sinusi-
tis or complicated sinusitis [ 46 ]. 
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Conclusion 

Mucormycosis is a rare emerging fungal infection with a high
mortality rate; the variability of clinical manifestations and its
elusive presentation are often the cause of a delayed diagno-
sis that may result in fatal outcomes. A high index of suspi-
cion for mucormycosis, based on appropriate risk stratifica-
tion, neuroradiological findings, and improved laboratory di-
agnosis are important to treat the natural history of this dev-
astating disease. Contrast-enhanced imaging studies (CT/MRI)
play a critical role in the early diagnostic process of rhinocere-
bral mucormycosis, contributing to the evaluation of vascular
complications, which are at the roots of the lethality of this
disease. 

Patient consent 

An informed consent was obtained for publication of this case
report. 
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