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Objective Rhino-orbito-cerebral mucormycosis (ROCM) has emerged as a key concern
during the period of coronavirus disease 2019 (COVID-19) pandemic. Diabetes mellitus
is a known risk factor for invasive fungal infection. The aim of this article was to study
and compare the radiological features of COVID-19-associated ROCM between diabetic
and nondiabetic patients using magnetic resonance imaging.

Materials and Methods A retrospective observational study comprising 78 diabetics
and 40 nondiabetics who developed ROCM after COVID-19 was conducted. The
imaging data of both groups were analyzed, findings tabulated and compared using
statistical methods.

Results Maxillary and ethmoid sinuses were commonly involved in both groups.
Periantral fat and orbits were the most common sites of disease extension. The spread
of infection to periantral soft tissue was significantly higher in diabetics (p = 0.049).
Diabetics were more likely to have bone, orbit, and brain involvement than non-
diabetics, although the difference was not statistically significant. Diabetic patients
were the only ones to experience complications such as fungal abscess and cavernous
sinus and internal carotid artery involvement. However, a considerable nhumber of
nondiabetic patients (22.5%) also had an intracranial extension of disease.
Conclusion The radiological appearances and common sites of invasion in ROCM are
similar in diabetic and nondiabetic patients. The extensive spread of infection to extra-
sinus regions can occur in nondiabetic patients with COVID-19 but is less frequent
compared with diabetics.

that of Europe and the United States.'™3 In India, uncon-

Rhino-orbito-cerebral mucormycosis (ROCM) is an invasive  trolled diabetes mellitus outweighs other risk factors, such as
fungal illness that frequently affects immunocompromised  hematological cancer and organ transplantation, which are

patients. India’s mucormycosis epidemiology differs from significant risk factors in developed nations.'-?*
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Along with the rapid upsurge of coronavirus disease 2019
(COVID-19) cases during the second wave, a substantial rise
in the figure of ROCM cases worldwide was seen.’ The high
burden of diabetics in India and frequent use of steroids were
the major contributors to the development of post-COVID-19
ROCM.5-8 Hyperglycemia of diabetes impairs chemotaxis
and the phagocytosis process. In addition, the acidosis
associated with diabetic ketoacidosis reduces the binding
of iron to transferrin, increasing the amount of free iron that
encourages fungal growth.9 However, a substantial number
of post-COVID-19 patients who were nondiabetic also con-
tracted the invasive fungal infection, possibly due to immuno-
modulation by severe acute respiratory syndrome coronavirus
2 virus and steroid-induced immunosuppression.10

Rapid progression of ROCM results in cranial nerve palsies
and signs of central nervous system involvement within a
few hours to days.11 Early magnetic resonance imaging
(MRI), because of its excellent multiplanar soft tissue reso-
lution, is useful in determining disease involvement. Extra-
sinus spread to periantral soft tissue, orbit, or brain often
requires a multidisciplinary approach with or without sur-
gical intervention. In light of the high mortality rate, clini-
cians and radiologists must be aware of the most common
locations and routes of infection in all groups. It has been
established that diabetes mellitus makes an individual sus-
ceptible to fungal infection. However, whether extrasinus
spread occurs more extensively in diabetics as compared
with nondiabetics has not been evaluated. With this back-
ground, we aimed to assess the radiological appearance of
ROCM in diabetics and nondiabetics and to compare the
findings of both groups with each other.

Materials and Methods

Seventy-eight diabetic and 40 nondiabetic patients diag-
nosed with ROCM between April 2020 and June 2020 were
included in a retrospective observational study at our tertia-
ry care institute. After approval from the institutional ethics
and scientific review committee, patients’ clinical records
and imaging data were accessed and studied. The researchers
analyzed medical records of patients who had histological or
microbiological evidence of sinonasal mucormycosis, and
positive reverse transcriptase-polymerase chain reaction
results for COVID-19. Diabetic patients were those who
met the standards set out by the Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus. All patients
underwent pathological investigations in the institutional
laboratory and imaging using institutional 3T, 97 channel
MRI machine.

The MRIs were assessed on the picture archiving and
communication system workstation by the authors. The
images were initially assessed by two postgraduate resident
doctors with more than 2 years of experience as trainees and
final reports were prepared after interpretation by the
radiologist with 19 years of experience. The radiological
characteristics of lesions present in sinonasal and extrasinus
areas were noted. The presence of infection in bone, orbit,
and brain was determined and disease staging was done on
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its basis. Stage I disease was defined when lesions were
identified within the nasal cavity and the paranasal sinuses,
with no extrasinus spread. Stage Il patients had orbital
involvement. Stage III was suggested by intracranial
extension.'%13

Excel spreadsheet was used to compile the data. The data
was analyzed using IBM SPSS 26.0. Mean and standard
deviation were used to represent normal data. Pearson’s
chi-squared test was used for the assessment of categorical
data. p-Values less than 0.05 were taken as statistically
significant.

Results

The mean age of the patients with COVID-19-associated
ROCM was 51.56 + 11 years with a predominance of male
patients (68.64%). The duration of onset of symptoms of
ROCM after COVID-19 was between 8 and 42 days. Diabetic
and nondiabetic patients both had common complaints of
facial/periorbital pain or swelling, headaches, and nasal
discharge (=Table 1). Maxillary and ethmoids were the
most commonly involved sinuses (=Table 1). Bilateral in-
volvement of sinuses was more common than unilateral,
with predominance to the right side. There were low signals
on T1-weighted images, intermediate/low signals on T2-
weighted images, and nonenhancing areas on contrast-en-
hanced images in the majority of the affected sinuses.

Periantral fat and orbits were the most common sites of
extrasinus spread in both groups (=Table 1). Extension of
disease in periantral fat was seen in the form of stranding,
better visualized on fat-saturated images, or as an enhance-
ment on contrast administration. Soft tissue lesions with
variable postcontrast enhancement or bulky muscles with a
heterogenous enhancement suggested the involvement of
masticator space. Soft tissue lesion in pterygopalatine fossa
with or without expansion suggested its involvement. In all
cases with orbital extension, extraconal fat stranding was
seen with variable involvement of intraconal fat, extraocular
muscles, and orbital apex (=Figs. 1 and 2).

Diabetics have significantly greater extension into peri-
antral soft tissue than nondiabetics (p 0.049). Although
diabetics had greater rates of bone involvement, orbital
and intracranial extension than nondiabetics, the differences
were not statistically significant (p 0.442, p 0.126, and p
0.081, respectively). The vast majority of diabetics were in
stage II/lll, whereas nondiabetics had lower stages
(=Table 2).

Discussion

The Mucorales order is responsible for the development of
RCOM. Among the fungi that comprise this category are
Mucor, Rhizopus, Absidia, Cunninghamella genus, and Apo-
physomyces elegans.'* Inhalation of spores of these fungi
followed by germination in sinonasal mucosa is the common
mode of infection. Once inoculated, the spread of infection
occurs to surrounding soft tissue, orbit, or brain through
direct extension, angioinvasion, or perineural routes.'
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Table 1 Comparison of demography and disease features
between diabetic and nondiabetic patients

Characteristics Diabetic Nondiabetic
Mean age (SD) 54.17 (11) | 46.48 (11)
M:F 55:23 26:14
Clinical presentation
Facial/periorbital swelling | 52 (66.67%) | 22 (55%)
Facial/periorbital pain/ 51 (65.38%) | 24 (60%)
reduced sensation
Nasal blockage 4 (56.41%) 7 (42.50%)
Headache 44 (56.41%) 4 (60%)
Fever 7 (34.61%) | 10 (25%)
Nasal discharge 16 (20.51%) | 5(12.50%)
Ophthalmoplegia 9 (11.53%) 8 (20%)
Toothache/loosening 4 (5.13%) 0 (0%)
of tooth
Altered sensorium 3 (3.85%) 0 (0%)
Sinus involved
Maxillary 76 (97.44%) | 40 (100%)
Ethmoid 77 (98.72%) | 37 (92.5%)
Sphenoid 61 (78.20%) 5 (62.5%)
Frontal 49 (62.82%) 0 (50%)
Extrasinus spread to periantral soft tissue
Periantral fat 8 (87.18%) | 27 (67.5%)
Masticator space 7 (60.26%) | 13 (32.5%)
Infratemporal fossa 45 (57.69%) | 10 (25%)
Pterygopalatine fossa 7 (34.61%) | 8 (20%)
Bone involvement 7 (47.43%) | 16 (40%)
Orbital involvement
Extraconal fat 54 (69.23%) | 22 (55%)
Intraconal 42 (53.84%) | 16 (40%)
Orbital apex 11 (14.10%) 1(27.5%)
Intracranial extension
Meningitis 14 (17.95%) | 3 (7.5%)
Cerebral edema/cerebritis | 12 (15.38%) | 2 (5%)
Intracerebral abscess 7 (8.97%) 0 (0.00%)
Cerebral infarcts 21 (26.92%) | 7 (17.5%)
Cavernous sinus thrombosis | 3 (3.84%) 0 (0.00%)
ICA thrombosis 2 (2.56%) 0 (0.00%)

Abbreviations: ICA, internal carotid artery; SD, standard deviation.

Mucorales have the tendency to invade the endothelium of
arteries, resulting in thrombosis, ischemia, and gangrene.15

In our study, a subset of patients from both groups had
premaxillary/retroantral fat stranding without any obvious
erosion of the bony wall of the maxillary sinus. Involvement
of periantral fat without bony erosion suggests
perivascular/perineural spread.'>'®17 It was found in 74%
of the patients evaluated by Yadav et al that periantral soft
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tissue extension is an initial imaging sign of penetration into
fat outside the maxillary sinus related to bone degradation or
spread via the perivascular pathway.12 The involvement of
periantral soft tissue in our study was more significant in
diabetics than nondiabetics. The persistent rise in blood
glucose levels, hyperglycemia-induced receptors on vessel
walls, and impaired immunity in diabetics facilitate vascular
invasion of fungi.

The orbital involvement was common in both diabetics
(69.23%) and nondiabetics (55%). Though the ocular exten-
sion was higher in diabetics, it was not significant. Diabetics
were expected to have a higher degree of ocular involvement
due to the presence of factors favoring angioinvasion. How-
ever, the invasion through lamina papyracea or nasolacrimal
duct was also seen frequently that explains the spread in
nondiabetics.

Intracranial spread of the infection was more common in
diabetics than nondiabetics, although not significant. Intra-
cranial spread can occur through cribriform plate, along
cranial nerves and branches of intracranial vessels.'3181°
Severe complications of intracranial spread such as throm-
bosis of cavernous sinus or carotid artery, and severe form of
brain involvement in the form of abscess formation were
exclusive to diabetics in the present study (=Fig. 3). The
impaired chemotaxis and phagocytosis and depressed local
inflammatory response could be responsible for fungal com-
plications in diabetics.?®

On stratifying the patients on the basis of disease stage,
we found that extrasinus involvement was more common in
diabetics. However, a substantial number of patients belong-
ing to the nondiabetic group also showed extrasinus spread.
There could be several explanations for this. All patients in
our study, whether diabetic or nondiabetic, had a history of
COVID-19. COVID-19 is associated with altered innate and
adaptive immunity due to the release of various inflamma-
tory mediators and virus-host cell interactions, which pro-
mote fungal invasion.?’ COVID-19 is also a hyperferritinemic
condition, where high serum ferritin levels produce exces-
sive intracellular iron deposition, which causes reactive
oxygen species, resulting in injury to tissues.?? Tissue injury
causes the release of free iron into the bloodstream, which
aids in the growth and spread of fungi in the body.?> COVID-
19 treatment includes administration of steroids that are
hyperglycemic and immunosuppressive agents. COVID-19
patients also suffer from acid-base imbalance.?* Endotheli-
um receptor glucose-regulated protein78 is induced in
acidemia and hyperglycemic conditions, allowing Mucorales
penetration through the endothelial barrier.?>

Our study data suggests disease involvement of orbit and
brain in post-COVID-19 nondiabetic patients. However, the
extrasinus spread of mucormycosis to periantral soft tissue
is more common in diabetics in comparison to nondiabetics.
Our study is novel in comparing the two groups radiologi-
cally. However, there are certain limitations to our study.
First, due to the unavailability of data, we could not corre-
late the disease severity with the daily blood glucose levels
at the time of illness. Second, due to the retrospective
character of our investigation and the availability of a single
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Fig.1 Coronal T1-weighted (A) and axial T2-weighted fat-saturated (B and C) images of a 40-year-old nondiabetic male showing T1 hypointense
and T2 hyperintense soft tissue in the left maxillary sinus (white stars), extending into left extraconal fat through inferior orbital wall (straight
black arrow). Similar lesion is seen in the right maxillary sinus in inferior aspect (straight white arrow). Note left premaxillary fat stranding

(curved down arrow) and involvement of left nasolacrimal duct (curved right arrow). Axial T1-weighted image (D) at the level of orbits shows

normal intraconal fat and extraocular muscles.

Fig. 2 Axial T1-weighted (A), coronal T1-weighted (B), axial T2-
weighted (C) and axial T1-weighted fat-saturated postcontrast (D)
images of a 60-year-old diabetic female showing soft tissue in bilateral
ethmoid sinuses, right frontal, and right maxillary sinuses (small
arrows) with areas of nonenhancement on contrast administration.
Extension of lesion seen in right orbit (large arrows) with intraorbital
fat stranding and heterogenous postcontrast enhancement.

MRI scan per patient, it was not possible to analyze the
radiological progression of the disease since its beginning,
which would have offered a better understanding of the
pattern of disease spread. There is a scope of future multi-
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Table 2 Patient distribution on the basis of disease staging

Radiological stage Diabetics | Nondiabetics | p-Value
Stage | (sinonasal 20 16 0.146
disease)

Stage Il (orbital 28 15

extension)

Stage Il (intracranial | 30 9

extension)

Total 78 40

centric study with a larger sample size for a better under-
standing of the differential findings between the two
groups.

Conclusion

The intracranial spread of mucormycosis can occur in both
diabetics and nondiabetics. However, severe intracranial
complications were exclusive to diabetic patients. Our study
suggested frequent periantral soft tissue invasion in dia-
betics as compared with nondiabetics. Future analysis
through larger multicentric studies may provide us a supe-
rior corroborative statement for clinical application.

No. 4/2022 © 2022. National Academy of Medical Sciences (India). All rights reserved.
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Fig.3 Axial T1-weighted (A) and T2-weighted (B) images of a 72-year-old diabetic female showing a large irregularly marginated T1 isointense and T2
hypointense lesion in left frontal lobe (large arrows) with central hyperintense area and perilesional edema (small arrows). The lesion causes midline

shift with mass effect on adjacent horn of left lateral ventricle. It also shows blooming along its periphery (white curved arrow) on susceptibility-weighted
imaging (C) suggestive of fungal elements.
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