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ABSTRACT

Background: Rhinocerebral mucormycosis (ROCM) is an opportunistic fungal infection originating from the
paranasal sinuses with extension to the brain. A delayed diagnosis can rapidly result in a poor prognosis. ROCM

commonly affects patients with diabetes or immunocompromised states with a variable progression.

Case Description: We report the case of a 59-year-old patient with an untreated diabetes who developed

*Corresponding author:
Giovanni Grasso,
Department of Biomedicine,
Neurosciences and Advanced
Diagnostic, Section of
Neurosurgery, University of

a ROCM with rapidly progressive neurological symptoms. From the onset of sinus pain, nasal congestion, he
rapidly developed facial swelling and masticatory dysfunction. The patient underwent sinus surgery which
allowed Rhizopus oryzae to be isolated. Accordingly, a systemic therapy by intensive intravenous amphotericin B
was started. Nevertheless, the infection rapidly resulted in bilateral cavernous sinuses thrombosis and occlusion of
the left internal carotid artery providing the subsequent patient death.

Conclusion: Mucormycosis is a life-threatening fungal infection in diabetic and/or immunosuppressed patients.

Palermo, Palermo, Italy. Our case demonstrates the three main mechanisms for infection spreading that are direct, perineural, and

giovanni.grasso@unipa.it perivascular diffusion. Clear identification of the main risk factors, proper assessment of clinical features, and
radiological findings may improve the chance for an early diagnosis and patient survival.

Received : 15 March 2021
Accepted : 30 April 2021
Published : 31 May 2021

Keywords: Mucormycosis, Perineural spread, Perivascular spread, Rhinocerebral mucormycosis, Zygomycosis

INTRODUCTION
DOI

10.25259/SN1.275_2021 The term “Zygomycosis” describes a wide spectrum of rare infections caused by a group of molds

belonging to the class of Zygomycetes, including Entomophthorales and Mucorales,” responsible
for Entomophthoromycosis and Mucormycosis (MM), respectively.

Quick Response Code:

E' E_! The former is a rare mucocutaneous infection restricted to rhinosinusal district often occurring

. in immunocompetent hosts from developing countries.”! The latter represents a group of life-
threatening angioinvasive infections, more commonly affecting immunocompromised patients
with diabetes mellitus (DM) being the main risk factor.”!

o
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MM typically affects the sinuses or the lungs by inhaling
fungal spores from the air, and the skin after the fungus
enters through a cutaneous break such as cut or scrape.”

Therefore, clinical spectrum of MM is wide including in
decreasing order the following:**!

1. Rhino-orbito-cerebral syndrome

2. Pulmonary MM

3. Cutaneous MM

4. Disseminated forms (=2 noncontiguous sites)

5. Gastrointestinal presentation.

Some authors reported other forms of disease, including
isolated cases of tracheal,? renal,™ and temporal bone
involvement./®!®!

Here, we report the case of a 59-year-old patient with
an untreated diabetes who developed a rhinocerebral
mucormycosis (ROCM)  with rapidly  progressive
neurological symptoms.

CASE REPORT

A 59-year-old man presented with a recent onset of sinus
pain, nasal congestion, bilateral periorbital edema, facial
swelling, and headache. He was conscious and afebrile.

The patient underwent computed tomography (CT) scan
examination showing a widespread sphenoid sinuses effusion
with less evident involvement of maxillary and ethmoid
sinuses [Figure 1].

Laboratory evaluations revealed decompensated Type 2
DM. Insulin therapy and a broad-spectrum of antibiotic
treatment were promptly started. A paranasal sinus
magnetic resonance imaging (MRI), performed 3 days after
starting antibiotic treatment, showed a low T2W signal
effusion in the left maxillary sinus, at the level of ethmoidal
air cells and sphenoid sinus, predominantly on the right.
It also showed a high T2W signal effusion in the right
maxillary sinus, bilateral periorbital soft-tissue swelling,
and minimal posterior subluxation of the left crystalline
lens and right temporalis muscle swelling. No acute cerebral
involvement was observed [Figure 2].

Due to the rapid and marked increase of facial swelling and
masticatory dysfunction, 4 days following the initial TC
scan, the patient underwent functional endoscopic sinus
surgery.

Briefly, following mucosa decongestion by adrenaline
instilling, the meatus medium was entered. Uncibullectomy
with a large bilateral medium meatotomy was performed,
allowing the drainage of the maxillary sinus. Further,
bilateral anterior and posterior ethmoidectomy and release of
the frontal recess were achieved. Intranasal sphenoidectomy,
following the amputation of the tails of sphenoidal conchae
and drainage of the sinuses’ secretion, was performed.
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Figure 1: Sinus computed tomography (CT) scan at the clinical
onset. Axial (a) and sagittal (b) CT scan examination with soft-
tissue algorithm showing right maxillary invasive sinusitis. Note
focal sinus medial wall discontinuities (red arrows in a) and partial
obliteration of normal fat planes in the pterygomaxillary fissure
(arrowheads in a and b).

Figure 2: Sinus magnetic resonance imaging. Axial (a and b) and
coronal (¢ and d) fast spin echo T2-weighted images show low
signal effusion in the left maxillary sinus, at the level of ethmoidal
air cells and sphenoid sinus, predominantly on the right (arrows).

Moreover, the sphenoidectomy was conducted in a
transethmoidal fashion until the identification of Onodi’s
cell was reached. Multiple tissue samples were collected for
histological and microbiological analysis. Irrigation with
antibiotic solution was performed leaving a drainage for 5

days.

Two days later, Rhizopus oryzae was isolated, then MM was
diagnosed, and a systemic therapy by intensive intravenous
amphotericin B (5 mg/Kg) was started.

A few days after surgery, a sudden onset of bilateral
ophthalmoplegia (III, IV, VI cranial nerves palsy) and
sensory trigeminal loss (V1-V2 cranial nerves impairment)
was observed. These clinical features, suggestive of
bilateral cavernous sinus syndrome, were confirmed by an
emergency brain MRI [Figure 3]. Main significant MRI
findings were bilateral cavernous sinuses thrombosis, more
evident on the left side, and slight swelling of the V2-V3
nerve roots on both sides without evidence of contrast
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enhancement. Bilateral trigeminal cisternal tract swelling
was also demonstrated along with bilateral pontine foci,
with evidence of increase in signal intensity on DWI and
FLAIR sequences at the level of trigeminal “Root Entry
Zone”

The next day, together with a significant worsening of the
neurological status, further MRI imaging showed multiple
bilateral watershed ischemic lesions, more evident on the
left, and occlusion of the left internal carotid artery. Last
follow-up MRI examination performed a week later, before
the exitus, also demonstrated left endophthalmitis with
crystalline lens dislocation and significant extension of
parenchymal ischemic foci [Figure 4].

DISCUSSION

ROCM defines an infection originating from the paranasal
sinuses with possible extension to the brain.?”’ In these
cases, sporangiospores enter the nasal mucosa and paranasal
sinuses. The main underlying conditions associated with
ROCM are DM and leukemia.!"”!

Molds belonging to the order of “Mucorales” are saprophytic
aerobic microorganisms that grow rapidly and are able to
release a large number of airborne spores. They are ubiquitous
in nature and widely found on organic substrates (e.g. bread,
decaying fruits, vegetable matter, or soil).?!!

The genera most commonly responsible for human infections
are Rhizopus, Mucor, and Absidia (now reclassified as

Lichthemia)®' while Rhizomucor, Cunninghamella, Saksenaea,
Syncephalastrum, and Apophysomyces are less frequently
implicated."! Overall, R. oryzae is the most common
pathogen isolated from specimens in MM disease.*!

It is well known that a regular phagocytic activity is able
to kill fungal spores. In this regard, experimental studies
have shown that a compromised phagocytic activity and/
or neutropenic situations are the two conditions that most
favor opportunistic molds infections.?! According to several
studies, the main risk factors for MM*??! are the following:
Poorly controlled DM, with or without ketoacidosis,
Hematologic malignancies,

Long-lasting corticosteroids therapies,

Hematopoietic cell/solid organ transplantation,
Treatment with deferoxamine and iron overload,

Illicit intravenous drug use,

Disruption of mucocutaneous barriers by catheters and
other devices,

e  Malnutrition.

A review of 929 cases of MM between 1940 and 2003,
conducted by Roden ef al,*?! confirmed that DM was the
most common risk factor (36%) followed by hematologic
malignancies (17%) and solid organ or hematopoietic cell
transplantation (12%).

In diabetic population, phagocytic function seems to be
altered, especially in neutrophilic chemotaxis, diapedesis,
and hydrogen peroxide production.™ In vivo studies
on diabetic mice with intrasinus inoculation R. oryzae

Figure 3: Brain magnetic resonance imaging examination at neurological onset. Coronal contrast-enhanced fat saturation T1-weighted (a
and b), coronal basal fat saturation T1-weighted (c), axial fluid-attenuated inversion recovery (d), axial diffusion-weighted (e) images. (a and
b): Bilateral cavernous sinus thrombosis (arrows), bilateral V3 swelling without contrast enhancement (arrowheads); (c): bilateral V2 swelling
(arrowheads); (d and e): high signal bilateral pontine foci, due to perineural diffusion. Note diffusion restriction at intracisternal tract of right

trigeminal nerve (white arrow).
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Figure 4: Follow-up brain magnetic resonance imaging examination Axial fluid-attenuated inversion recovery (a), axial diffusion-weighted
(b), axial contrast-enhanced fat saturation T1-weighted (c and d) images. Volume rendering technique (VRT) time-of-flight magnetic
resonance angiography. (a and b) Bilateral acute frontoparietal watershed infarction; (c): left internal carotid artery (ICA) wall enhancement,
due to mucormycosis vasculitis (arrow); (d): left endophthalmitis with crystalline lens dislocation (arrowhead) VRT angiography well depicts

left ICA thrombosis.

confirmed the rapid progression to intracerebral MM and
high rate mortality within 11 days.

Our case suggests all the possible common complications of
ROCM in both endocranial and orbital sites, by three main
mechanisms of infection that is direct diffusion, perineural,
and perivascular spreading.

Direct diffusion

Nasal cavity and paranasal sinuses are usually the first
site of involvement by fungal sporangiospores inhalation.
Main CT findings include mucosal thickening, endosinusal
high-density soft tissues, sinus wall thinning, and bone
destruction.!"!

On MRI imaging, the compacted fungal hyphae present low
signal intensity on T2-weighted sequences. Characteristic
low T2 signal of MM is also caused by associated tissue
necrosis phenomena due to mucosal angioinvasion.

On contrast-enhanced T1-weighted sequences, devitalized
tissue demonstrates a characteristic lack of enhancement,
also known as “black turbinate sign,” feature that itself could
easily lead to an early and reliable diagnosis.™!

Direct extension beyond slight anatomical boundaries
of rhinosinusal cavities results in involvement of the
pterygopalatine fossa, periantral fat, nasolacrimal duct and
the lacrimal sac, and less commonly of the nasopharynx.!!

Rarely, orbital invasion® can be observed, with variable
patterns of preseptal, postseptal cellulitis or endophthalmitis,
as well as direct invasion of the brain (typically at the frontal
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lobes) through the cribriform plate of the ethmoid bone,
with variable patterns of meningoencephalitis or brain
abscess.[?’!

Perineural spread (PS)

In the past, PS was considered unusual. However, emerging
studies have demonstrated possible PS both microscopically
and macroscopically. Particularly, Sravani et al.?
demonstrated a peripheral PS on biopsy specimens in 15
out of 30 patients affected by ROCM, even for considerable
distance from primary focus of infection. Other authors
depicted a macroscopic PS on large caliber nerves, also
visible on MRI imaging, for instance along the three branches
of trigeminal nerve. Margo et al.'! described a V1 trigeminal
branch division involvement in the anterior orbit in a
patient with invasive MM. A retrograde V2 trigeminal root
involvement, from the infraorbital nerve and diffusion to the
pterygopalatine fossa through the inferior orbital fissure, and
to middle cranial fossa through the foramen rotundum, was
also reported.'"” Again, cavernous sinus, Meckel’s cave, and
the intracisternal tract of the trigeminal nerve involvement
have also been reported,'*”! with a variable pontine
localization.!

Perivascular spread

The hallmark of Mucorales infection is its vascular tropism.
Without a prompt therapy, fungal spores, by escaping
phagocytosis, tend to invade vessels with efficacious
adherence to endothelial cells. Moreover, R. oryzae
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synthesizes an alkaline protease allowing dissection of
the internal elastic lamina from the media by cleaving
elastin.® These phenomena may be responsible for
vasculitis, thrombosis with infarction, and necrosis of
involved tissues.[

Arterial intracranial mucorthrombosis could easily lead
to a mucormycotic vasculitis, cavernous sinus thrombosis,
and septic strokes. Onset of mycotic aneurysms with
subarachnoid hemorrhage was also reported.”’

CONCLUSION

MMs are life-threatening fungal infections in patients with
DM, cancer, and organ transplantation.

Clear identification of the main risk factors, careful
assessment of clinical features, and radiological findings
may improve the chance for an early diagnosis and patient
survival.

Declaration of patient consent

Patient’s consent not required as patients identity is not
disclosed or compromised.

Financial support and sponsorship

Nil.

Conflicts of interest

There are no conflicts of interest.

REFERENCES

1. Alba-Loureiro TC, Munhoz CD, Martins JO, Cerchiaro GA,
Scavone C, Curi R, et al. Neutrophil function and metabolism
in individuals with diabetes mellitus. Braz ] Med Biol Res
2007;40:1037-44.

2. Bouza EM, Guinea J. Mucormycosis: An emerging disease?
Clin Microbiol Infect 2006;12:7-23.

3. Chakrabarti A, Das A, Mandal ], Shivaprakash MR, George VK,
Tarai B, et al. The rising trend of invasive zygomycosis in
patients with uncontrolled diabetes mellitus. Med Mycol
2006;44:335-42.

4.  Chowdhary A, Randhawa HS, Khan ZU, Ahmad S, Khanna G,
Gupta R, et al. Rhinoentomophthoromycosis due to
Conidiobolus coronatus. A case report and an overview of the
disease in India. Med Mycol 2010;48:870-9.

5. Dusart A, Duprez T, Van Snick S, Godfraind C, Sindic C.
Fatal rhinocerebral mucormycosis with intracavernous
carotid aneurysm and thrombosis: A late complication of
transsphenoidal surgery? Acta Neurol Belg 2013;113:179-84.

6. Herrera DA, Dublin AB, Ormsby EL, Aminpour S, Howell LP.
Imaging findings of rhinocerebral mucormycosis. Skull Base
2009;19:117-25.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Ibrahim AS, Spellberg B, Walsh TJ, Kontoyiannis DP.
Pathogenesis of mucormycosis. Clin Infect Dis 2012;54 Suppl
1:516-22.

Katsantonis NG, Hunter JB, O’Connell BP, He J, Lewis JS Jr.,
Wanna GB. Temporal bone mucormycosis. Ann Otol Rhinol
Laryngol 2016;125:850-3.

Lanternier E Dannaoui E, Morizot G, Elie C, Garcia-
Hermoso D, Huerre M, et al. A global analysis of mucormycosis
in France: the RetroZygo Study (2005-2007). Clin Infect Dis
2012;54 Suppl 1:535-43.

Lecube A, Pachon G, Petriz ], Hernandez C, Simo R. Phagocytic
activity is impaired in Type 2 diabetes mellitus and increases
after metabolic improvement. PLoS One 2011;6:¢23366.
Ma],JiaR,LiJ, Liu Y, Li Y, Lin P, et al. Retrospective clinical
study of eighty-one cases of intracranial mucormycosis. ] Glob
Infect Dis 2015;7:143-50.

Margo CE, Linden C, Strickland-Marmol LB, Denietolis AL,
McCaffrey JC, Kirk N. Rhinocerebral mucormycosis
with perineural spread. Ophthalmic Plast Reconstr Surg
2007;23:326-7.

McLean FM, Ginsberg LE, Stanton CA. Perineural spread
of rhinocerebral mucormycosis. AJNR Am ] Neuroradiol
1996;17:114-6.

Mohanty D, Dhar M, Dwivedi S. Mucormycosis. Trop Doct
2010;40:127-8.

Munshi S, Moazin M, Abu-Daft S, Urrahman MA, Alamoudi OJ,
Almehrej AH. Renal mucormycosis in immunocompromised
patient, treated with robotic nephrectomy: Case report and
review of articles. Urol Case Rep 2017;15:53-5.

Nomiya R, Nomiya S, Paparella MM. Mucormycosis of the
temporal bone. Otol Neurotol 2008;29:1041-2.

Parsi K, Itgampalli RK, Vittal R, Kumar A. Perineural spread of
rhino-orbitocerebral mucormycosis caused by Apophysomyces
elegans. Ann Indian Acad Neurol 2013;16:414-7.

Prabhu RM, Patel R. Mucormycosis and
entomophthoramycosis: A review of the clinical manifestations,
diagnosis and treatment. Clin Microbiol Infect 2004;10 Suppl
1:31-47.

Prakash H, Chakrabarti A. Global
mucormycosis. ] Fungi (Basel) 2019;5:26.
Ribes JA, Vanover-Sams CL, Baker DJ. Zygomycetes in human
disease. Clin Microbiol Rev 2000;13:236-301.

Richardson M. The ecology of the Zygomycetes and its impact
on environmental exposure. Clin Microbiol Infect 2009;15
Suppl 5:2-9.

Roden MM, Zaoutis TE, Buchanan WL, Knudsen TA,
Sarkisova TA, Schaufele RL, et al. Epidemiology and outcome
of zygomycosis: A review of 929 reported cases. Clin Infect Dis
2005;41:634-53.

Safder S, Carpenter JS, Roberts TD, Bailey N. The “black
turbinate” sign: An early MR imaging finding of nasal
mucormycosis. AJNR Am J Neuroradiol 2010;31:771-4.
Schwartz JR, Nagle MG, Elkins RC, Mohr JA. Mucormycosis
of the trachea: An unusual cause of acute upper airway
obstruction. Chest 1982;81:653-4.

Spellberg B, Edwards ] Jr., Ibrahim A. Novel perspectives
on mucormycosis: pathophysiology, presentation, and
management. Clin Microbiol Rev 2005;18:556-69.

epidemiology of

Surgical Neurology International « 2021 « 12(245) | 5



Galletta, et al.: Imaging features in rhino-orbital-cerebral mucormycosis

26.

27.

28.

29.

Sravani T, Uppin SG, Uppin MS, Sundaram C. Rhinocerebral
mucormycosis: Pathology revisited with emphasis on
perineural spread. Neurol India 2014;62:383-6.

Sundaram C, Mahadevan A, Laxmi V, Yasha TC, Santosh V,
Murthy JM, et al. Cerebral zygomycosis. Mycoses 2005;48:396-407.
Waldorf AR, Diamond RD. Cerebral mucormycosis in diabetic
mice after intrasinus challenge. Infect Immun 1984;44:194-5.
Ziaee A, Zia M, Bayat M, Hashemi J. Molecular identification of

Surgical Neurology International « 2021 « 12(245) | 6

mucor and Lichtheimia species in pure cultures of Zygomycetes.
Jundishapur ] Microbiol 2016;9:e35237.

How to cite this article: Galletta K, Alafaci C, D’Alcontres FS, Maria ME,
Cavallaro M, Ricciardello G, et al. Imaging features of perineural
and perivascular spread in rapidly progressive rhino-orbital-cerebral
mucormycosis: A case report and brief review of the literature. Surg
Neurol Int 2021;12:245.




