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Mucormycosis is caused by the fungi belonging to the order Mucorales and_class
Zygomyecetes. The incidence of mucormycosis has increased with the onset of the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV2) infections leading to the
coronavirus disease 2019 (COVID-19) pandemic. This rise is attributed to the use of
immunosuppressive medication to treat COVID-19 infections. Authors have
retrospectively collected data of our cases of mucormycosis diagnosed from April 2020
to April 2021 at our institute. A total of 20 patients with rhinocerebral mucormycosis
were studied. Most of the study subjects were male patients (90%) and were of the age
group 41-50 years. Most patients in the review had comorbidities (85%) with diabetes
being the most common comorbidity. Para nasal sinuses were involved in all the cases.
Involvement of the neck spaces was present in 60% of the cases. Involvement of the
central nervous system (CNS) was present in 80% of the cases. Orbital involvement was
present in 90% of the cases. The authors reviewed the various imaging findings of
mucormycosis on computed tomography (CT) and magnetic resonance imaging (MRI)

in this article.

INTRODUCTION

Rhinocerebral mucormycosis constituted the aftermath of the COVID-19 pandemic,

leading to a rapid increase in the number of cases, which were previously restricted to




only afew susceptible groups of patients. Rhinocerebral mucormycosis is associated
with high mortality and morbidity. Hence, it should be suspected in any patient who
presents symptoms of sinusitis, facial swelling, or CNS symptoms. After clinical
examination, imaging is the backbone ofthe diagnosis of this severe disease. CT helps in
the preliminary diagnosis and helps stage the disease. CT detects bony erosion better.
However, when an orbital and intracranial extension is present,MRI is preferred, as it
delineates the involvement of these structures better. MRI can also delineate vascular
involvement better. In accessible sites, biopsy and potassium hydroxide mount help
clinch the diagnosis. The treatment of rhinocerebral mucormycosis consists of
debridement of the necrotic tissue along with intravenous antifungals for a prolonged
duration. Control of diabetes and judicious wuse of corticosteroids and

immunomodulatory drugs can decrease the incidence of this life-threatening disease.

DISCUSSION

Most cases of rhinocerebral mucormycosis occurred in males in the present review as in
other previous case series and reviewsl®’l. Most patients had comorbidities, with
diabetes being the predominant comorbidity as in other previous studies. In the study
by Dubey S et al, all post-COVID-19 patients diagnosed with rhinocerebral
mucormycosis were diabeticl®l. This also includes new-onset diabetes due to the usage
of corticosteroids during the treatment of COVID-19, which is as high as 38.18%!5l.

In the present study, similar to the study by Therakathu ] ef al., unilateral involvement
of the sinuses was more common/’l.The ethmoid sinus was the most common sinus to
be involved in the present study, followed bythe maxillary sinus, as in the studies by
Therakathu ] et al. and Patel DD et al.[>10]. In the study by_Therakathu ] et al., the most
common site to be involvedother than the sinuses was the orbit (76%) and the face
(57%), followed by the orbital apex, masticator space, pterygopalatine fossa, bone, skull

base, cavernous sinus, brain, and internal carotid arteryl®l. Orbital involvement was also

very common in the present study, accounting for 90% of the cases. However, in the

study by Patel DD et al., orbital involvement was present in only 60% of the cases!°l.




Infection by fungi of the order Mucorales begins in the nasal cavity mostly in the middle
turbinate and starts spreading, mostly invading the sphenoethmoidal complexI'1.12]. As
the fungi have the ability to invade the blood vessels and the bony walls, they spread
rapidly in immunocompromised hosts and those with chronic debilitating illnesses, to
reach the sinus cavityl'3l. The necrotic tissue formed due to vascular occlusion acts as a
rich niche for the further growth of the organism. Further invasion of the orbits and
brain occurs through the foramen and through the sphenopalatine and internal
maxillary arteries('4L
The invasion in mucormycosis can be divided into three stages as per Rupa V et al.[15k:

Stage 1: The infection is localized to the nasal cavity and paranasal sinuses.

Stage 2: The infection begins to spread to the peri-sinus areas, which are completely
resectable.

Stage 3: The infection spreads into the intracranial cavity and to the surrounding areas of
the sinuses, which are partially resectable.
CT Appearance of the Lesions in the Sinuses
CT is usually the first investigation to be performed whenever invasive rhinocerebral
mucormycosis is suspected based on clinical history and examination. The CT findings
are nonspecific and include inflammatory changes in the sinuses. Early changes include
mucosal thickening due to inflammation, bony erosions, and the formation of a mass
lesion inside the sinuses, leading to the opacification of the sinuses. Hyperattenuation of
the secretions on CT is suggestive of fungal sinusitis. The hyperdense areas seen in the
sinuses are due to the presence of fungal hyphae and debris. Early changes suggestive
of the spread of the infection outside the sinus include loss of normal fat density in the
periantral fat (anterior, premaxillary, or retroantral) and orbit owing to edemafrom
vascular congestionl!®l. Superficial cellulitis is another early sign of invasion, which is
not common in nonfungal sinusitis(!%l. Late stages are characterized by signs suggestive
of gross invasion of the structures of the orbit and the cranial cavity, which are more

specific [Figure 1]. Bone changes are also better visualized on CT.




The enhancement pattern of the lesions on CECT varies from none to mild to
heterogeneous enhancement, which was also seen inthe cases in the present studyl%10l.
The mild form was the most common type of enhancement observedby Therakathu ] et
al.l%l. Mucosal involvement nay appear as a diffuse thickening or nodular thickening.
Bone involvement was seen in the form of bone rarefaction, erosion, and permeative
destruction in 40% of the cases in the study by Therakathu J et al.[°). Middlebrooks EH et
al. designed a CT-based model based on seven variables;this model can be used to
suspect acute invasive fungal sinusitis. The variables are periantral fatinvolvement,
bone dehiscence, orbital invasion, septal ulceration, pterygopalatine fossa, nasolacrimal
duct, and lacrimal sacl'?l. In a study by Silverman CS ef al., most cases of extra sinus
invasion occurred without bony invasion, suggesting that perivascular or perineural
invasion plays an important role in the spread of mucormycosis!'®l. In the same study,
Silverman CS et al. noted that the presence of retroantral, facial, and orbital fat
stranding was associated with a more aggressive infectionl[!¢l.

Magnetic Resonance Iinaging Appearance of the Sinus Lesions

Orbital and intracranial invasionsare best seen by magnetic resonance imaging (MRI).
Elrly changes are nonspecific. These include mucosal thickening, which appears
hypointense on T1-weighted images and hyperintense on T2-weighted images. In the
study by Therakathu ] et al, on a T2-weighted sequence,37% of the lesions
were isointense to mildly hypointense, 32% were heterogeneous, and 32% were
hyperintensel’l. Fungal elements are hypointense on T2-weighted images [Figure 2]. The
enhancement pattern is best studied on fat-suppressed post-gadolinium images and is
different for different lesions. Of all the cases in the study by Therakathu ] et al., 29%
showed intense homogenous enhancement, 36% showed heterogeneous enhancement,
and 36% showed no enhancementl?].

Because of the angioinvasive nature of mucormycosis, the vessels get thrombosed.
Upon injection of the contrast, the normal expected pattern of mucosal enhancement in
case of inflammatory lesions may not be visible. Instead, there will be a low-signal

intensity of the affected mucosa of the nasal turbinate on T2-weighted MRI images




associated with an increased signal on diffusion-weighted images. This was referred to
as the black turbinate sign by Safder S et al.[181.
Differential diagnosis on imaging for mucormycosis includesthe following:

acute rhinosinusitis with complications,

Wegener’s granulomatosis, and

squamous cell carcinoma.
However, in the COVID-19pandemic, mucormycosis should be considered the first
differential diagnosis.
Imaging Features of Intracranial Mucormycosis
Most of the imaging features correlate with the angioinvasive pattern of the
mucormycosis infection. The imaging findings are nonspecific, but early diagnosis is of
paramount importance because of the associated morbidity and mortality. Sen M et al.

found that cavernous sinus thrombosis and cribriform plate erosion were the

commonest pathways of spread into the cranium and were present in 76% and 22% of
the patients, respectivelyl’?l. The involvement may appear as leptomeningeal
inflammation, which appears as leptomeningeal enhancement and involvement of the
cranial nerves with signs of meningism.This may be accompanied by cerebritis.
Cerebritis appears as T2-FLAIR hyperintensity with variable enhancement and
heterogeneous diffusion restriction on diffusion-weighted imaging. Invasion of the
parenchyma may appear as granuloma formation or abscess formation. Fungal
granulomas may show faint enhancement and surrounding edema.

In contrast to the pyogenic abscess, fungal abscesses are frequently multiple and form at
the corticomedullary junction and in the basal ganglia. Isolated fungal abscesses are
rare, and one should suspect intravenous drug abuse if encountered with such a
situation. Fungal abscesses have crenated borders and non-enhancing, diffusion-
restricting intracavitary projectionsl2’l. They are hypointense on T1 and hyperintense on
T2 and show rim enhancement!?’l. On diffusion-weighted imaging, Luthra G et al. found
that fungal abscesses showed restriction of diffusion in the projections and the wall, and

the core of the abscess had no restriction of diffusion/?’l. In the same study, the authors




found that the apparent diffusion coefficient was higher for the wall of the abscess
when compared to the intracavitary projections for the fungal abscess, and it was
statistically significant[20l.

Vascular complications are observed in the late stages. They include both venous and
arterial complications such as cavernous sinus thrombosis, arterial thrombosis, and
aneurysmal dilatation [Figure 3]. In the study by Mohindra S et al., the role of MRI in
&le detection of vascular lesions was studied?!l. In the study by Razek AA et al.,
cavernous sinus involvement in mucormycosis appears hypointense on T1 and T2
sequences with intense, inhomogeneous post-contrast enhancementl22l. Cavernous sinus
thrombosis is the most common complication in the present study, as in certain
published studies.

Cause of the Increased Incidence and Severity of Mucormycosis during the COVID-19
Pandemic

Diabetes was one of the major predisposing factors for mucormycosis during the
COVID-19 pandemic. Prakash et al.l23] highlighted that rhinocerebral mucormycosis
cases were predominantly present in those with uncontrolled diabetes and diabetic
ketoacidosis, and few were present in immunosuppressed hosts. The findings were
similar to those in other studies by Sen M et al., John TM et al, and Hoengil M et
al.[18:2425] In the afore mentioned studies, the prevalence of diabetes was 78-94% among
patients with mucormycosis post-COVID-19 infection. In Patel DD et al.’s study,
patients with mucormycosis with poor glycemic control had a more invasive disease,
which was statistically significant (p-value = 0.040)[1%l. The rampant use of
corticosteroids and other immunomodulatory drugs to control the severity of the
COVID-19 infection has further led to the increased predisposition[2¢l. During the peak
of the pandemic, when healthcare facilities were functioning beyond their capacities,
there were instances of unsupervised treatment with these immunomodulatory agents,

leading to further escalation of the problem.

RESULTS




A total of 20 patients with rhinocerebral mucormycosis were studied. Eighteen patients
had isolated rhino-cerebral mucormycosis, and two patients had combined pulmonary
and rhino-cerebral mucormycosis [Table 1]. Most study subjects were male patients
(90%). The age distripution of the subjects is as follows:

10% were between 20-30 years of age,

20% were between 31-40 years of age,

30% were between 41-50 years of age,

5% were between 51-60 years of age,

20% were between 61-70 years of age, and

15% were between 71-80 years of age.
Most patients in the review had comorbidities (85%):

20% had hematological malignancy,

40% had diabetes,

10% had acquired immunodeficiency syndrome, and

15% were transplant recipients on immunosuppressive medication.
Sinuses were involved in all the cases. Unilateral involvement of the sinuses was more
common than bilateral involvement. In most cases (35%), all four sinuses (maxillary,
frontal, ethmoid, and sphenoid) were involved. The isolated maxillary sinus was
involved in 20% of the cases. The isolated frontal sinus was involved in 5% of the cases.
The ethmoid and sphenoid sinuses combined were involved in 10% of the cases. The
frontal, ethmoid, and sphenoid sinuses combined were involved in 5% of the cases.
Involvement of the neck spaces was present in 60% of the cases [Table 2]. The
pterygopalatine space was involved in 50% of the cases. The infratemporal fossa was
involved in 40% of the cases. The masticator space, retropharyngeal space, and
parapharyngeal spaces were each involved in 10% of the cases.
At one month follow-up,

only 50% of the patients survived,

25% had progression of the lesions,

20% had improvement in the lesions, and




5% had static lesions.
There were no cases of isolated cerebral mucormycosis. Involvement of the central
nervous system (CNS) was present in 80% of the cases. The involvement of CNS
included the following:

leptomeningeal enhancement,

meningoencephalitis,

brain infarcts,

brain abscesses,

internal carotid artery thrombosis,

cavernous sinus thrombosis,

dural venous sinus thrombosis, and

epidural abscesses.
The involvement of various structures of the CNS is listed in Table 2. Vascular
involvement was present in 60% of the patients in our study, with the most common
lesion being cavernous sinus thrombosis. Orbital involvement,which included orbital
fat involvement, extraocular muscle involvement, and orbital cellulitis,was present in

90% of the cases [Table 2].

MATERIALS AND METHODS

We have retrospectively collected data on cases of mucormycosis diagnosed from April
2020 to April 2021 at our institute, which is a tertiary care center located in the state of
Kerala, India.

All adult patients above the age of 18 years who were diagnosed with mucormycosis by
imaging post-COVID-19 infection and confirmed by histopathological examination
were studied. Patients with an unknown medical history, absent hospital records, and
unknown outcomes were excluded from the review.

Hospital databases in the radiology department of our hospital were searched with the
keyword “mucormycosis,” and results were obtained. A list of cases was obtained,

which was filtered to include only those cases from April 2020 to April 2021. Hospital




identification numbers were then used to trace the clinical details and outcomes of the
patients. The demographic details of the patients were recorded, and the COVID-19
infection history and treatment history were noted. History of various comorbidities,
including malignancies, was obtained from the hospital records. The findings of the
contrast-enhanced computed tomography (CECT) scans,which were obtained using a
128-slice dual-energy computed tomography (CT) scanner (SOMATOM Definition
Flash, Siemens, Germany), were reviewed by the same radiologist to ensure uniformity
in reporting. Images were acquired with 1-3mm collimation and a pitch of up to 2:1 to
allow for coverage of the area of interest in a single breath-hold.

Imaging was repeated at a one-month follow-up to study the lesions.

EONCLUSION

Mucormycosis is caused by fungi belonging to the order Mucorales and class
Zygomyecetes!'l. Fungal spores that are present in the air constitute a source of infection.
However, these fungi rarely infect healthy individuals, as normal host defense
mechanisms prevent invasion by these organisms. However, when host defense
mechanisms are weakened due to several factors, such as congenital disorders, acquired
immunodeficiency syndrome, hematological malignancies, uncontrolled systemic
illnesses, and the use of immunosuppressive medication, these organisms invade and
proliferate in human tissues. The incidence of mucormycosis has increased over the
past few years due to the aging population, medical comorbidities, the increase in the
incidence of malignancies, and the pandemic of human immunodeficiency virus
infection!2l. 8

The situation has worsened with the onset of the evere acute respiratory syndrome
coronavirus 2 (SARS-CoV2) infections, which has led to the coronavirus disease 2019
(COVID-19) pandemic that began in late 2019 and has continued till the present. The
main pathogenesis of the complications of this viral infection is due to the excessive

immunological response that leads to damage to host’s own tissuesPl. This has resulted

in the use of immunosuppressive medication in the form of corticosteroids, interleukin




antagonists, and various antibodies to counter the inflammatory cytokines. These drugs
have proved to be efficacious in dealing with the complications and cytokine storm of
COVID-19. However, they come with serious side effects of immunosuppression.

The number of cases of mucormycosis has rapidly increased in the last few months.
This rise is attributed to the use of immunosuppressive medication to treat COVID-19
infectionsll. The paranasal sinuses and lungs, being the first spaces to come in contact
with the fungus, are most commonly affected. Once the disease is established, it spreads
to the surrounding structures, such as the orbit, brain, mediastinum, etc. The overall
mortality of mucormycosis is more than 50%, and the mortality rate for disseminated
disease reaches 100%[5. The infection respondstoonly a few antifungals, such as
amphotericin B, which are very toxicl®l.

The authors of the present study have also come across many cases of mucormycosis in
the last few months during the times of the COVID-19 pandemic. The following is a
mini-review of the radiological findings of the rhinocerebral mucormycosis cases

recorded by us in the last few months.
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