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Abstract Objectives Individuals affected with rhino-orbito-cerebral mucormycosis (ROCM)
associated with coronavirus disease 2019 (COVID-19) increased enormously in north-
ern India during the second wave of the novel coronavirus disease. This study
determined the demographic and clinical profile including the risk factors in patients
presenting to a tertiary care hospital in northern India.
Materials and Methods This is a descriptive study involving patients admitted with
COVID-19-associated ROCM and were managed from May 2021 to 20th July 2021.
Statistical Analysis The data was analyzed using SPSS (IBM SPSS Statistics 20, SPSS
Inc., Chicago, Illinois, United States) software and Microsoft Excel (Version 16.49). The
chi-squared and Fisher’s exact tests were used to compare various outcomes. A p-value
of less than or equal to 0.05 was considered to be statistically significant.
Results One hundred and seventeen (117) patients (males: 70 [59.8%], females:47
[40.2%]) with the average age of 51.85� 12.80 years presented with orbital involve-
ment. Diabetes mellitus was noted in 100 (86.2%) patients. Of the available data from
the records, oxygen supplementation for the management of COVID-19 was received
by 37/108 (34.3%) patients for a median average duration of 11 days. Forty-eight
patients of one-hundred-seventeen (60%) patients were treated with corticosteroids
with a median duration of steroid administration being 10 days. The duration between
onset of symptoms related to mucormycosis and diagnosis of COVID-19 was 0 to
75 days for 48 patients. Intravenous amphotericin B was administered in all cases.
External sinonasal debridement was performed in 90 of 114 (78.9%) patients, retro-
bulbar amphotericin B injection was administered in 56 of 117 (47.9%), and orbital
exenteration was performed in 17 of 117 (14.5%) of cases.
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Introduction

The pandemic of coronavirus disease 2019 (COVID-19) is an
ongoing problem worldwide since the end of year 2019.
Over a million people succumbed to the illness. India has
experienced three waves of the pandemic. India contributed
to 81% of the cases of COVID-19-associated rhino-orbito-
cerebral mucormycosis (ROCM).1 There is a significant
increase in incidence of cases of ROCM in India as
the second wave of COVID-19 evolved.2,3 Of the various
management options that exist for COVID-19, systemic
glucocorticoids remain the most effective means of improv-
ing survival and controlling the cytokine storm associated
with the disease. However, nonjudicious use of cortico-
steroids, immunomodulator drug therapy, and oxygen sup-
plementation for managing COVID-19 and its accompanying
complications has given way to the emergence of an ongo-
ing epidemic of ROCM amidst the pandemic. India is
affected the worst, particularly the northern part of the
country. ROCM is an aggressive opportunistic fungal infec-
tion caused by Mucor that belongs to the class phycomy-
cetes. Although the disease is opportunistic usually
observed in the immune-compromised patients, the usual
presence of the organism on the body surfaces, environ-
ment, natural orifices including the nose and paranasal
sinuses results in sporulation and proliferation of the
fungus at these sites apart from local ocular and intracranial
extension.1 Individuals suffering from COVID-19 having no
other comorbidities have also manifested the development
of this fatal disease.2,3 Severe acute respiratory syndrome
coronavirus-2 (SARS- CoV-2) causes immune dysregulation.
Corticosteroids with/without the use of immunomodulato-
ry therapy forms the basis for underlying management as
these are possibly the only drugs proven to be beneficial in
patients infected with SARS CoV-2.4,5 However, their role in
causing ROCM remains debatable. Management of ROCM
requires stabilization of the systemic comorbidities includ-
ing control of hyperglycemia, prompt administration of
antifungal therapy in the form of amphotericin B preferably
liposomal formulation, or the use of lipid complex/emul-
sion type of amphotericin B with early sinonasal debride-
ment.6–8 Medical facilities are overwhelmed with the
management of COVID-19 cases. Dedicated centers for the
management of COVID-19-associated mucormycosis (CAM)
patients were created by the government. A tertiary care
hospital in northern India in Delhi was also dedicated for
the management of patients suffering from CAM. We pres-
ent our experience of cases of CAM treated in tertiary care
center in northern India and describe their clinical features,
risk factors apart from other clinical corelates.

Materials and Methods

We performed a retrospective descriptive study of the
patients who presented to our tertiary care hospital desig-
nated for the management of patients suffering from ROCM
andwere admitted for their management during the COVID-
19 pandemic. The medical records of the patients from
May 2021 to 20th July 2021 were analyzed. This study was
approved by the Institutional Ethics Committee.

The patients who presented to the casualty of our hospital
with symptoms and signs suggestive of ROCM were admit-
ted. A history of COVID-19 was elicited and the presence of
ROCM was considered to be associated with COVID-19 if the
patient had recovered from COVID-19 based on previous
positive reverse-transcriptase polymerase chain reaction
(RT-PCR) or rapid antigen test (RAT)/or currently suffering
from COVID-19 with a recently positive RT-PCR/RAT within
last 2 weeks or was a suspect case of COVID-19 based on a
recent significant contact with a patient infected with
COVID-19 or a family history of contact with a COVID-19
positive individual. The diagnosis of COVID-19 was estab-
lished depending on the presence of anyone of the following:
Positive testing on RT-PCR/ RAT and computed tomography
(CT)/magnetic resonance imaging (MRI) evidence of COVID-
19 if RT-PCR test was negative in a symptomatic patient.
Based on the results of a systematic review, the median time
interval between the diagnosis of COVID-19 and the first
evidence of mucormycosis infection or CAM diagnosis was
15 days; however, the manifestations of mucormycosis
developed as late as 42 days and 90 days following diagnosis
of COVID-19.9,10

The patients without symptoms of COVID-19 or the ones
who tested negative on RT-PCR/RAT in their current visit
developed symptoms/signs of ROCM; the presentation with
ROCM was considered to be associated with COVID-19 as a
sudden spurt in the number of cases of ROCM in a short
interval of time amidst COVID-19 pandemic gives a pointer
that the clinical features of ROCMwere possibly precipitated
by a previous infection with SARS CoV-2. These cases could
be asymptomatic but if got tested for SARS CoV-2, they may
show test positive on RT-PCR/RAT. Confirmation is only
possible if antibody titers against SARS CoV-2 in unvaccinat-
ed individuals is checked. All patients were evaluated by
physician and ear nose throat (ENT) specialist in the casualty
and diagnostic nasal endoscopy (DNE) performed and find-
ings documented. A sample for potassium hydroxide (KOH)
testing to microbiology department was sent for the confir-
mation of the diagnosis of ROCM. Subsequently, a compre-
hensive ocular examination including the visual acuity (VA),
ocular motility, evaluation of proptosis, anterior segment,

Conclusion Administration of corticosteroids and diabetes mellitus seem to be the
major underlying causes for the development of COVID-19-associated ROCM. Prompt
diagnosis and multidisciplinary management approach are essential for a reduction in
mortality.
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and dilated fundus examination was performed by the
ophthalmologist. A contrast-enhanced CT/MRI scan of the
paranasal sinuses, orbit, and brain was done, if a recent scan
was not available with the patient. Neurosurgery opinion
was sought if the imaging suggested intracranial involve-
ment. The patients were either proven, probable, or possible
cases of ROCM. If the symptoms and signs were suggestive of
ROCM in the background of COVID-19, a diagnosis of possible
ROCM was established. If clinical features suggested ROCM
and DNE and/or imaging further supported the clinical
profile, a diagnosis of probable ROCM was considered. How-
ever, a diagnosis of proven ROCM was made only if the
clinical along with radiological features were observed and
a microbiological confirmation on KOH testing was estab-
lished. The severity of mucormycosis was staged based on
the classification proposed by Honavar et al.11 Stage 1
(1a,1b,1c) had involvement of the nasal mucosa; 1a—limited
to the middle turbinate, 1b- involvement of the inferior
turbinate or ostium of the nasolacrimal duct, 1c—involve-
ment of the nasal septum, 1d—bilateral nasal mucosal
involvement.

Stage 2 (2a,2b,2c,2d) had involvement of the paranasal
sinuses; 2a—one sinus, 2b—two ipsilateral sinus, 2c—more
than 2 ipsilateral sinuses and/or palate/oral cavity, 2d—
bilateral paranasal sinus involvement or involvement of
the zygoma or mandible.

Stage 3 had orbital involvement: Stage 3a—nasolacrimal
duct, medial orbit, vision unaffected; 3b—diffuse orbital
involvement, vision unaffected; Stage 3c—central retinal or
ophthalmic artery occlusion or superior ophthalmic vein
thrombosis, involvement of the superior or inferior orbital
fissure, orbital apex with loss of vision; Stage 3d—bilateral
orbital involvement.

Stage 4 had involvement of the central nervous system
with the disease.

All cases of nonmucor non-COVID-19-associated ROCM
were excluded from the study. All patients underwent an RT-
PCR testing for COVID-19 at the time of admission and were
treated as COVID-19 positive till RT-PCR report was negative.
Initially systemic comorbidities were managed especially
diabetes mellitus and renal failure. The patients with renal
failure underwent dialysis as per the advice of the physician.
The patients with newly diagnosed uncontrolled diabetes
were started on insulin infusions/subcutaneous insulin/oral
hypoglycemic agents or the dosage of the medication being
administered previously was modified as per the advice of
the endocrinologist. Initially due to limited availability of
intravenous (IV) amphotericin B, patients had to be given
emulsion type and lipid formulations. IV amphotericin Bwas
administered after a test dose. Liposomal amphotericin B
administration initiated later after the drug was available in
sufficient quantity and was preferred in patients with de-
ranged kidney function tests that were monitored daily for
all patients along with serum electrolytes. A decision to
perform sinonasal debridement was taken by ENT specialist.
Patients with orbital apex involvement and with extensive
intraconal disease received retrobulbar injection of ampho-
tericin B and those with predominantly extraconal disease

received peribulbar amphotericin B injection. Both retro-
bulbar and peribulbar injections were administered if both
extraconal and intraconal compartments were involved. All
such injections were of the lipid emulsion type of amphoter-
icin B (3.5mg/ml) as the liposomal variety of the drug was
available in a limited quantity. Patients who were systemi-
cally compromised and unfit for general anesthesia received
intraorbital amphotericin B injections along with medical
management using IV amphotericin B. A decision to perform
orbital exenteration in the same sitting with sinonasal
debridement/or at a later date was taken as per the extent
of orbital involvement/worsening after debridement along
with concomitant administration of IV amphotericin B.
Dental opinion was sought wherever necessary. The data
was analyzed using SPSS (IBM SPSS Statistics 20, SPSS Inc.,
Chicago, Illinois, United States) software and Microsoft Excel
(Version 16.49). The chi-squared and Fisher’s exact tests
were used to compare various outcomes. A p-value of less
than or equal to 0.05 was considered to be statistically
significant. The consent for photographs has been obtained
from the patients and/or their relatives. This studyadheres to
the guidelines of the Declaration of Helsinki and is approved
by the Institutional Ethics Committee for Human Research
(IEC-HR) of the institution. The patients consented to partic-
ipate in the study and the oneswho could not contactedwere
included after a waiver of consent was obtained from the
Institutional Review Board of the IEC-HR.

Results

Over 300 patients of ROCM presented to a tertiary care
hospital in the National Capital Territory of Delhi. The
medical records of 241 patients (M-158 [65.6%]; F-83
[34.4%]) admitted to the center were evaluated. Out of 241
patients that were analyzed, 117 (48.54%) (M-70 [59.8%]; F-
47 [40.2%]) patients had involvement of the orbit (►Fig. 1A–
C). History of COVID-19 was observed in 80/116 (69.96%)
patients. Hundred (86.2%) such patients were suffering from
type 2 diabetes mellitus, 48 (60%) of these had history of
corticosteroid administration, and 37 (34.3%) patients re-
ceived oxygen supplementation for the management of
COVID-19. Majority (n¼ 69 [80.2%]) of the patients with
diabetes required insulin administration for control of their
blood sugar levels. Therewere 93 patients with rhino-orbital
mucormycosis (ROM) (►Fig. 1A–I, 2A–Q). Intracranial in-
volvement (ROCM) in the form of cavernous sinus thrombo-
sis (CST) on imaging was noted in 23 patients (►Fig. 1H) and
brain abscess was observed in 10 patients
(►Table 1). ►Table 1 demonstrates clinical profile of the
patients with orbital involvement due to ROCM. ►Table 2

shows comparison of different parameters between patients
with and without orbital involvement. Unilateral eye in-
volvement was noted in 105 (91.3%) patients and both
eyes were involved in 10 (8.7%) subjects. The number of
patients with normal VA (� 6/60) and those with no light
perception (NLP) in either eye was comparable. Absence of
light perception, total ophthalmoplegia, proptosis, ptosis,
and exposure keratopathy/corneal ulceration were observed
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in 57 (54.8%), 59 (52.7%), 69 (61.6%), 74 (67.3%), and 14
(12.6%) patients, respectively. A VA of NLP, presence of total
ophthalmoplegia, proptosis, ptosis, stage 3d, stage 4, the
patients who were administered insulin, and the ones who
did not undergo orbital exenteration or sinonasal debride-
ment had significantly higher mortality, p-value (� 0.05).
Majority of the patients who underwent orbital exenteration
had an eye with NLP, having total ophthalmoplegia, propto-
sis, and ptosis, p-value (� 0.05). Pansinusitis on CT scan/MRI
was noted in 97 (86.6%) patients. Staging of ROCM based on
the recommended criteriawas performed and the number of
patients in stage 3a and 3bwas 34 (30.0%), 3c comprised of 52
(44.4%), 3d of 8 (6.8%), and stage 4 comprised of 19 (16.2%)
patients (►Table 1). Fifty-six (47.9%) subjects received retro-
bulbar injection of amphotericin B, and 23 (19.7%) patients
were administered peribulbar injection of amphotericin B.
Sinonasal debridement with or without endoscopic orbital
decompression and orbital exenteration were performed in
90 (78.9%) and 17 (14.5%) patients, respectively. Neurosurgi-
cal intervention via external craniotomy for brain abscess or
endonasal approach for sinus debridement was performed in
15 patients on the same day when orbital exenteration was
performed or at a later date on case-to-case basis. Majority
(n¼ 80 [69%]) of the patients were discharged and 36/116
(31.03%) patients succumbed to the illness. There was no

statistically significant difference between the occurrence of
stage 4 with respect to laterality of eye involvement or
history of COVID-19 or dosage of COVID-19 vaccination
received, p-value (� 0.05). There was no significant differ-
ence between mortality in stage 4 and age above 60 years.
Positive history of COVID-19 or the state of residence had no
statistically significant associationwithmortality, p-value (�
0.05). Mortality was more in the female gender, p-value (�
0.05). Presence of diabetes mellitus, immunocompromised
state, and administration of corticosteroids had statistically
significant correlation with mortality, p-value (� 0.05).
Mortality was more in patients who received oxygen sup-
plementation for the management of COVID-19, (n¼16
[43.2%]). There was no statistically significant correlation
of a patient undergoing orbital exenteration with old age,
gender, positive history for COVID-19, KOH positivity, diabe-
tes mellitus, immunocompromised state, steroid adminis-
tration, antiviral treatment, oxygen administration, orbital
involvement on CT scan, presence of CST, stage 4, adminis-
tration of retrobulbar, or peribulbar amphotericin B injec-
tion. The patientswhowere suffering fromdiabetesmellitus,
received oxygen supplementation and corticosteroids for
management of COVID-19, and had a positive history of
COVID-19 had significantly higher incidence of orbital in-
volvement due to ROCM as against the patients who had no

Fig. 1 (A–I): Sequential patient photographs showing various clinical manifestations of rhino-orbito-cerebral mucormycosis (ROCM). A 62-year-
old male presented with orbital cellulitis demonstrating conjunctival chemosis, limitation of ocular motility in all gazes, proptosis and visual
acuity reduced to no light perception (A). A 60-year-old lady presented with features suggestive of orbital apex syndrome in the form of ptosis,
proptosis, total ophthalmoplegia, and visual acuity reduced to no light perception (B). An elderly lady presented with infraorbital swelling; ocular
motility was preserved but had radiological manifestations of rhino-orbital mucormycosis (ROM) (C). Corneal ulcer in a patient suffering from
HIV (D). The ulcer healed leaving a corneal opacity and patient presented with a central corneal perforation with iris prolapse (E). Lateral
tarsorrhaphy performed in a patient with nonhealing corneal ulcer accompanied with corneal exposure (F). A 70-year-old lady with ROM had pus-
filled lesions on the forehead that demonstrated mucor microbiologically (G). The patient also had a fungal corneal ulcer due to mucor (G).
Extensive skin involvement with myonecrosis of the facial muscles in an adult lady with ROCM (H). An elderly lady presented with ROM with an
eschar over the left cheek in the region of the left maxillary sinus (I).
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orbital involvement (►Table 2). ►Table 3 shows the demo-
graphic profile of the patients.

Discussion

Of all cases of mucormycosis that are observed, ROCM
remains the most common presentation.7,12 The prevalence
of mucormycosis in India is observed to be 0.14 per 1000
individuals.1,13 Secondary bacterial or fungal infections have
increased in incidence during the pandemic of COVID-19 up
to 8%.10,11 However, the usual infection with aspergillosis
and candida is most common as in literature.14 The rising
number of cases of ROCM during the pandemic of COVID-19
is a matter of concern. The researchers have proposed that
the infection with SARS-CoV-2 creates a hypoxic environ-
ment in the body tissues and mucosal surfaces. This coupled
with high blood glucose and serum ferritin levels, adminis-
tration of corticosteroids to control inflammation associated
with infection with SARS CoV-2 along with reduction in the
phagocytic activity of leukocytes as a result of immunosup-
pression caused by the virus, creates a conducive environ-
ment for the proliferation of the fungus.1 Prolonged stay in
the hospital increases susceptibility for contracting nosoco-

mial infections. The orodental hygiene of the patient is also
neglected in such circumstances. Further unsupervised oxy-
gen administration (at home with oxygen concentrators
without regular cleaning of filters) and rampant use of
immunosuppressants apart from poor hygienic practices in
the form of repeated usage of the same face mask might be
plausible mechanisms for a surge in the number of cases of
ROCM.

ROM has varied ophthalmic presentations. These range
from no involvement of the orbit and/or eye to potentially
blinding ophthalmic sequel in the form of orbital cellulitis,
proptosis, partial to total ophthalmoplegia, orbital apex
involvement, and vascular sequelae in the form of central
retinal artery occlusion resulting in severe visual loss.15 IV
amphotericin B preferably the liposomal formulation is the
drug of choice in patients suffering from ROCM.16 The
mainstay of treatment in mucormycosis is surgical debride-
ment. Sinonasal debridement is invariably needed in all cases
as the primary source of the fungus lies in these cavities.
Orbital involvement requires management in the form of
retrobulbar amphotericin B injections.3,17–19

Cases with extensive orbital involvement worsening over
time with the administration of IV amphotericin B need

Fig. 2 (A–P): Clinical, radiological, fundus, and exenterated specimen photographs. (A) An adult male presented with partial ophthalmoplegia
in his right eye along with features of orbital cellulitis on contrast-enhanced computed tomography scan (CECT [B]). Visual acuity reduced to no
light perception due to central retinal artery occlusion as seen in the fundus photograph (C). A young lady developed mucor associated orbital
cellulitis oculus sinister (OS) and cellulitis with pustular eruptions over the left side of the face (D) which was confirmed radiologically (E–F) on
CECT scan. Intra-operative photograph of a patient who underwent orbital exenteration (G) and the exenterated specimen (H) was sent for
histopathological examination. The patient in parts E–F underwent left orbital exenteration with sinonasal debridement. Postoperative CECT
scan (I) following exenteration showed no recurrence and the socket appeared healthy with blood clots following surgery (J). A patient with
rhino-orbital mucormycosis presented with proptosis oculus dexter (K). CT scan showed destruction of the medial orbital wall (l). Magnetic
resonance imaging (MRI) of the orbit demonstrated features of orbital cellulitis (M) with the involvement of all recti, oblique muscles along-with
the intraconal and extraconal compartment (N). Post sinonasal debridement (O), the MR angiography that was done was normal (P). Another
patient who underwent external sinonasal debridement and orbital exenteration with the incision and suture marks extending to the forehead to
remove pus filled lesions on the forehead (Q).
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Table 1 Clinical profile of the patients

Clinical profile of patients with orbital involvement (n¼ 117)

Right eye VA VA � 6/60–55 (48.7%)
VA< 6/60 to perception of light present with inaccurate PR: 23 (20.35%)
PL negative (no perception of light): 30 (26.5%)
Disoriented
: 5 (4.4%)

Left eye VA VA � 6/60–59 (52.2%)
VA< 6/60 to perception of light present with inaccurate PR: 23 (20.35%)
PL negative (no perception of light): 26 (23.0%)
Disoriented: 5 (4.4%)

Variable Yes—Y; No—N; Data in records missing for the rest
(117–[YþN])

VA—perception of light N—57 (54.8%), Y—47(45.2%)

Total ophthalmoplegia Y—59 (52.7%), N—53 (47.3%)

Mild limitation of ocular motility Y—32 (30.8%), N—72 (69.2%)

Proptosis Y—69 (61.6%), N—43 (38.4%)

Ptosis Y—74 (67.3%), N—36 (32.7%)

Exposure keratopathy/ corneal ulcer Y—14 (12.6%), N—97 (87.4%)

Staging 3a,3b—34 (30.0%), 3c—52 (44.4%), 3d—8 (6.8%), Stage
4—19 (16.2%)

Oral cavity involvement Y—27 (36.5%), N—47 (63.5%)
Erosion—15(20.3%), Ulcer—12 (16.2%)

Nasal involvement Y—66 (73.3%), N—24 (26.7%), Crusting—32 (36%),
Secretion—35 (39.3%), Necrosis—1 (1.1.%)

Skin involvement Y—12 (11.4%), N—93 (88.6%)

Abbreviations: PL, perception of light; PR, projection of rays; VA, visual acuity.

Table 2 Comparison of different variables between patients with and without orbital involvement

Parameter (n¼ 241) Orbit involvement No. of patients Mean SD SE mean p-Value for difference

Age No 124 52.0 12.6 1.17 0.9

Yes 117 51.8 12.6 1.183

Association between different variables and orbital involvement

Variable Subjects without
orbital involvement

Subjects with orbital
involvement

p-Value for difference

Gender Female No (N)—36 (43.4%) Yes (Y) —47 (56.6%) 0.07

Male N—88 (55.7%) Y—70 (44.3%)

Whether patient have
COVID-19 history

No N—22 (35.5%) Y—40 (64.5%) 0.007

Yes N—95(55.6%) Y—76 (44.4%)

Diabetes mellitus No N—38 (70.4%) Y—16 (29.6%) 0.001

Yes N—82 (45.3%) Y—99 (54.7%)

Whether received steroid No N—37(35.9%) Y—66 (64.1%) < 0.001

Yes N—72 (63.7%) Y—42 (36.3%)

Whether oxygen
support received

No N—42 (35.9%) Y—75 (64.1%) < 0.001

Yes N—62 (63.9%) Y—35 (36.1%)

Whether received insulin No N—28 (62.2%) Y—17 (37.8%) 0.002

Yes N—35 (35.0%) Y—65 (65.0%)

Abbreviations: COVID-19, coronavirus disease 2019; SD, standard deviation; SE, standard error.
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Table 3 Demographic profile of the patients

Parameter Observation in patients with orbital inv. (n¼ 117)

Average age less than 60
60 years or more

51.85�12.80 years (22–84 years) 72.6% (85/117)
27.4% (32/117)

Sex M—70 (59.8%); F—47 (40.2%)

State to which belongs Delhi—52 (46%)
Outside Delhi—61 (54%); data NA—4

Whether patients have COVID-19 history Unknown—36 (31%)
Y—80 (69%); data NA—1

Average no. of days of hospital stay before onset of ROCM 0—34 days for 54 patients

Average duration (in days) between
diagnosis of COVID-19 and mucor

0—75 days for 48 patients

Diabetes mellitus Y—100 (86.2%)
N—16 (13.8%)

Whether received steroid therapy during treatment Y—48 (60%)
N—32 (40%)

Duration of steroid therapy 0–30 days for 29 patients (median—10 days)

Type of steroid therapy Oral—31 (64.6%), injectable—17 (35.4%)

Antiviral treatment received Y—5 (9.4%), N—48 (90.6%)

Tocilizumab/immunomodulator received Tocilizumab—1 (0.9%), N—52 (44.4%)

Whether oxygen support received prior
to onset of mucormycosis

Y—37 (34.3%)
N—71 (65.7%)

Duration of oxygen therapy 0–30 days for 28 patients (median—11 days)

KOH testing Positive—101 (86.3%), negative—16 (13.7%)

Insulin administration for diabetes Y—69 (80.2%), N—17 (19.8%)

Oral hypoglycemic agent administration Y—37 (43.5%), N—48 (56.5%)

Average hemoglobin at presentation (gm%) 9.2; Data NA—55

Final average hemoglobin (gm%) 8.09; Data NA—57

Immunocompromised status Y—27 (23.3%), unknown—89 (76.7%)

Other comorbidities Hypertension—22 (27.2%) others (coronary artery disease,
chronic kidney disease, hypothyroidism)—59 (78.8%)

Classification of mucormycosis ROCM—24, ROM—93

Eye involvement RE—52 (45.2%, [LE]—53 [46.1%],
(unilateral eye inv.—105 [91.3%]) BE—10 (8.7%)

Demographic profile of 117 patients with orbital involvement

Maxillary sinusitis on CT scan/MRI 112 (95.7%)

Ethmoid sinusitis on CT scan/MRI Y—109 (97.3%)
N—3 (2.7%)

Frontal sinusitis and Pansinusitis on CT scan/MRI Y—97 (86.6%), N—15(13.4%)

Orbital involvement on CT scan/MRI Y—113 (98.3%), N—2(1.7%)

Cavernous sinus involvement on imaging Y—23 (19.8%), N—93 (80.2%)

Retrobulbar injection administered Y—56 (47.9%), N—61 (52.1%)

Peribulbar injections administered Y—23 (19.7%), N—94 (80.3%)

Debridement done Y—90 (78.9%), N—24 (21.1%)

Orbital exenterations done Y—17 (14.5%), N—100 (85.5%)

Discharge/death Discharge/under treatment—80 (69%), Death—36 (31%)

Abbreviations: BE, both eye; COVID-19, coronavirus disease 2019; CT, computed tomography; KOH, potassium hydroxide; LE, left eye; MRI, magnetic
resonance imaging; ROCM, rhino-orbito-cerebral mucormycosis; ROM, rhino-orbital mucormycosis.
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orbital exenteration.1 In our study, a large cohort of patients
suffering from ROCM amidst the COVID-19 pandemic were
admitted. The demographic profile of the admitted patients
was comparable to the observations that were made by the
authors elsewhere as reported in literature.9,20–23 There
were 70 (59.8%) males and 47 (40.2%) females with an
average age of 51.85�12.80 years. Of the available data for
117 patients, 100 (86.2%) patients were suffering from
diabetes mellitus. Diabetes has also been reported as the
most common risk factor in the study conducted by Ravani
et al. This study by Ravani et al included 31 patients over a
period of 4 months as against 117 patients of ROM out of a
total of over 241 patients that were retrospectively evaluated
over two and half months.2 History of steroid use during
COVID-19 was noted in 48/80 (60%) patients out of a total of
117 patients whose records were analyzed. Corticosteroid
administration was rampant in the treatment of COVID-19.
The benefits of corticosteroid administration in causing the
reduction in mortality among patients suffering from mod-
erate to severe COVID-19 are documented in the RECOVERY
trial.24 Further, based on the guidelines laid down by the
government of India, methylprednisolone (0.5–1mg/kg in
two divided doses for moderate disease; 1-2mg/kg in two
divided doses for severe disease) or an equivalent dose of
dexamethasone is indicated for controlling the inflammato-
ry response in the management of COVID-19.25 However a
dose above 600mg of prednisolone and 2 to 7 grams of
methylprednisolone predisposes the patients who are im-
munocompromised to mucormycosis. Over 3 weeks of sys-
temic administration of steroids predisposes patients having
no history of COVID-19 to mucormycosis.26,27 The available
literature suggests that 76 to 87% of patients suffering from
COVID-19 who received systemic corticosteroid therapy
developed ROCM.1,16 As per the study conducted by Ravani
et al, the demographic parameters including the age, gender,
positive testing for COVID-19, duration of the presence of
diabetes, and systemic comorbidities apart from the options
used for management in these admitted patients were not
significant. Also 38.70% patients who had no positive history
of COVID-19 and steroid use developed ROCM as per the
study by Ravani et al.2 The study by Song et al concluded that
in the background of COVID-19, patients who were in an
immunocompromised state as a result of long-standing
diabetes, HIV infection, and malignancy apart from other
comorbidities were seen to develop fungal coinfection more
commonly as against the ones who were immunocompe-
tant.25 Case series in literature pertaining to ROM have also
reported the important risk factors in the form of diabetes
mellitus that is not controlled over a period of time along
with a history of administration of systemic corticosteroids
during themanagement for COVID-19. Various presentations
of patients are described in the form of pain in the eyes with
or without accompanying redness and swelling around eyes.
Clinically, the patients have presented with ophthalmople-
gia, ptosis with the presence or absence of visual loss. Cases
have been reported in literature that have invasive mucor-
mycosis along with concurrent presence of COVID-19.21–23

As against the usual average incidence of mucormycosis at

our center (6–7 cases per year) prior to the COVID-19
pandemic, there was a sudden surge in cases who presented
to the emergency of our hospital. It was interesting to note
that of the 117 patientswho had orbital involvement, history
of COVID-19 was positive in 80 (69%) patients. Ongoing
vaccination drive by the government of India also is on
way. Among the patients who presented to us and were
admitted with a diagnosis of CAM, 16 patients had received
vaccination against COVID-19. Thirteen were partially im-
munized and three were fully vaccinated. Administration of
either of the two types of vaccine (Covishield/Covaxin)
administered for protection against COVID-19 did not con-
tribute to any statistically significant difference as far as the
protection from contracting mucormycosis was concerned.
Oxygen supplementation for the management of COVID-19
was seen in 57% of the cases in a large-scale collaborative
OPAI-IJO (The Oculoplastics Association of India- Indian
Journal of Ophthalmology) study.28 It was pertinent to
note that 43% of the patients did not require oxygen support
for the treatment of COVID-19. This gave a pointer to that the
fact that oxygen administration may not be an underlying
factor responsible for causing ROCM. History of remdesivir
and tocilizumab usewas seen in 5 (9.4%) and 1 (0.9%) of cases
in our study, respectively. Remdesivir and tocilizumab ad-
ministration was observed in 10 and 2.1% of the patients
included in the collaborative OPAI-IJO study, respectively.
This data suggested that these two agents may not have a
significant role in the causation of ROCM. Patel et al in their
study conducted at 12 centers over a period of 1 year from
2016 to 2017 reported that ROM is the most common
presentation (67.7%) of mucormycosis.7 The common pre-
disposing factor was diabetes mellitus observed in 73.5% of
patients. Of 241 patients admitted at our tertiary care center
who were suffering from CAM, the retrospective analysis of
the records of patients with orbital involvement revealed a
few important observations. There was no significant differ-
ence in mortality between patients aged under 60 years or
above 60 years who presentedwith stage 4 of ROCM. Positive
history of COVID-19 or the state of residence also had no
statistically significant associationwithmortality. Therefore,
it is presumed that many individuals having no positive
COVID-19 history or a documented positive RT-PCR testing
presenting during the pandemic might be asymptomatic for
usual clinical manifestations of COVID-19 and may still
develop ROCM possibly as a result of immune dysregulation
caused by SARS CoV-2. Presence of diabetes mellitus, immu-
nocompromised state, and administration of corticosteroids
correlated significantlywithmortality. Therewas no statisti-
cally significant correlation of a patient undergoing orbital
exenteration with old age, gender, positive history for
COVID-19, diabetes mellitus, immunocompromised state,
steroid administration, antiviral treatment, oxygen admin-
istration, orbital involvement on CT scan, presence of CST,
stage 4, and administration of retrobulbar or peribulbar
amphotericin B injection. IV amphotericin Bwas the primary
drug therapy used in 81.9% of patients, oral/IV posaconazole
was used along-with amphotericin B in 11.4% of the patients,
and surgery was performed in 62.2% of the patients. The
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subjects who underwent combined medical and surgical
treatment had better survival. This got reflected in the lower
mortality observed in patients who underwent sinonasal
debridement (21/90 [23.3%]) and orbital exenteration (1/17
[5.9%]) apart from receiving IV amphotericin B. Sinus de-
bridement is necessary in nearly all cases ofmucormycosis as
that is the principal source of the fungus.29 Exenteration
might be averted in cases who are metabolically stable and
have a limited orbital disease that does not show progres-
sion. Poor metabolic control of diabetes mellitus during the
COVID-19 pandemic has resulted in an increasing incidence
of mucormycosis cases in India. However, the surge in cases
of ROCM needs further research to determine the exact
etiopathogenetic mechanism underlying this disease during
the COVID-19 pandemic.

Our tertiary care hospital was designated as a dedicated
COVID-19 hospital during the first and the second waves of
COVID-19 experienced in India. Subsequently, as the number
of cases of COVID-19 started to decline, a surge of ROCM
cases was noted and the ophthalmology department along
with the otorhinolaryngology department was dedicated to
the management of the patients suffering from mucormy-
cosis who presented to our hospital. The management ap-
proach was multipronged and involved other specialties
including microbiology, radiodiagnosis, neurosurgery, and
medicine departments. The patients presented mostly from
Delhi and from the national capital region. The experience of
the clinicians and paraclinical specialties evolved enormous-
ly to manage this epidemic of mucormycosis in every aspect
from the establishment of diagnosis to surgical management
especially the decision to perform exenteration in these
patients.

ROM is reported in the literature with the largest number
of cases (315 in number) that were reported in India prior to
the COVID-19 pandemic from 12 tertiary level hospitals over
a period of 1 year and 9months.7Our study is one of the large
single-center experiences in about 300 patients of ROCM
who presented during this epidemic of mucormycosis in a
short time frame amidst COVID-19 pandemic. The mortality
in 36 (31%) patients with ROCM patients may be even higher
than that observed in non-COVID patients.26,27,30 Other
salient feature of this study is the absence of positive history
of COVID-19 or a documented positive RT-PCR testing in
36/116 (31.03%) individuals suffering from ROCM. These
cases did not show any symptoms and might possibly be
asymptomatic for clinical manifestations of COVID-19 and
may still develop ROCM.Mortalitywas significantly higher in
patients suffering from diabetes mellitus and were in an
immunocompromised state as a result of HIV, hepatitis B or
C. (27/116 [23.3%]). Administration of corticosteroids corre-
lated significantly with mortality. In the absence of a large
published data on the hospitalized patients suffering from
COVID-19 in India, it is difficult to conclude if patients
developing ROCM had received a higher amounts of oxygen
supplementation as compared to the ones who did not
develop ROCM. The limitation in this study was the retro-
spective nature of the study design wherein the clinical and
demographic data could not be completely collected for all

aspects that were evaluated in the patients. Future studies
would make this clinical scenario more understandable.

Note
Informed consent was taken from the patient for inclusion
of clinical photographs in the case report.
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