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Abstract

Background Since the onset of the Covid-19 pan-
demic, an increase in mucormycosis cases has been
observed in many countries, including Iran. However,
the role of covid-19 and associated risk factors have
not been thoroughly investigated.

Objective This study is designed to identify epide-
miologic characteristics, risk factors, and outcome
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predictors of Covid-19-Associated Rhino-Orbito-Cer-
ebral Mucormycosis (C-ROCM).

Methods Data of pathology proven Covid Associ-
ated ROCM cases were retrospectively obtained from
7 tertiary care centers throughout Iran from Febru-
ary 20, 2021, to July 22, 2021. Univariate and multi-
variate analyses were performed using binary logistic
regression to assess the effects of various factors on
the outcome.

Results A total of 132 patients with C-ROCM were
included in the study. The mean age of patients was
61.6+13.9 (60.6% male). In 12 patients (9.1%),
both eyes were involved. Diabetes was the most
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common comorbidity (94.7%). The mortality rate was
9.1%, higher in males (12.5%) than females (3.8%).
Severe vision impairment was seen in 58 patients
(43.9%). Main factors that had a negative impact on
the outcome in the univariate analysis include older
age (P<0.001), higher steroid dosage (P<0.001),
higher HbAlc level (P<0.001), Covid-19 severity
(P<0.001), and brain involvement (P <0.001). How-
ever, in the multivariate analysis, the effects of age
(P=0.062), steroid dosage (P=0.226), and Covid-
19 intensity (P=0.084) decreased, and the differ-
ence was no longer statistically significant. CRAO
was a predictor of mortality in the univariate analysis
(P=0.008, OR=4.50), but in the multivariate analy-
sis, this effect decreased and was no longer significant
(P=0.125).

Conclusion The risk of C-ROCM and its compli-
cations may increase in patients with more severe
Covid-19, steroid over-prescription, ICU admission
due to Covid-19, and poor glycemic control during
and after Covid-19 treatment.

Keywords Co-infection - Covid-19 -
Mucormycosis - Sars-CoV-2 - Fungal infection -
Rhino-orbito-cerebral - Diabetes - Corticosteroids

Introduction

The Severe acute respiratory syndrome coronavirus
2 (Sars-Cov-2) pandemic is an outbreak disease first
identified in December 2019. The severity of the dis-
ease ranges from asymptomatic infection to death and
may be associated with a wide range of common bac-
terial and fungal infections or coinfections which are
serious challenges that increase morbidity and mor-
tality. [1-3]

Recent case reports indicate an increased preva-
lence of mucormycosis in severe cases of Covid-19
after recovery. [2, 4, 5]

Mucormycosis is a rare opportunistic infection and
is considered one of the catastrophic medical compli-
cations in immunocompromised patients. In recent
years, a change in the epidemiology of mucormyco-
sis has been observed, with an increase in incidence,
new pathogens, and susceptible populations. The
increase has been noted worldwide but is very high
in the Asian continent. Most patients with mucormy-
cosis have underlying diseases and risk factors [6, 7].
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Diabetes mellitus overshadows all other risk factors
in Asia. The Rhino-Orbito-Cerebral form of mucor-
mycosis (ROCM) is most commonly seen in patients
with diabetes mellitus, whereas pulmonary mucormy-
cosis occurs in patients with hematologic malignan-
cies and transplant recipients. [8]

Continuous reports of Covid-19-associated mucor-
mycosis (CAM) from various countries, including 15
cases from Iran, increased our concerns about CAM.
[9-11]

Steroid overtreatment, uncontrolled diabetes, poor
oral hygiene, and unsanitary use of oxygen therapy
have been suggested as stimulants for developing
Covid-19 associated Mucormycosis [12—-14]. How-
ever, the exact cause of the increased prevalence of
Mucormycosis in Covid-19 patients is not thoroughly
investigated.

Iran is one of the countries adversely affected by
the Covid-19 pandemic. Most studies have compre-
hensively examined all forms of CAM [ rhino-orbital,
rhino-orbito-cerebral, pulmonary, renal, other] and
even included cases of mucormycosis unrelated to
Covid-19 (non-CAM) [1, 15]. Here, we conducted
a nationwide multicenter study to evaluate the epi-
demiology and outcomes of Covid-19-Associated
Rhino-Orbito-Cerebral Mucormycosis (C-ROCM) in
Iran. This study aimed to investigate and identify risk
factors, symptoms, clinical forms, and prognosis of
C-ROCM.

Methods

We conducted a retrospective observational study
in 7 tertiary care centers throughout Iran. Data of
all confirmed mucormycosis cases among patients
with Covid-19 were collected from February 2021 to
December 2021. Approval for the study was obtained
from the ethical committee of the Tehran Univer-
sity of Medical Sciences, complying with the Hel-
sinki Declaration. All patients received a thorough
explanation of the study design and aim, and written
informed consent was obtained.

Study subjects and definitions
We defined a case of proven rhino-orbito-cerebral

mucormycosis (ROCM) as compatible clinical
manifestation, imaging findings, and demonstration
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of fungi in the tissue obtained from an endoscopic
nasal biopsy of a patient by either direct micro-
scopic visualization of broad ribbon-like aseptate
hyphae or isolation of Mucorales (Fig. 1) and posi-
tive mucormycosis PCR result.

The Covid-19 diagnosis was based on the posi-
tive result of reverse transcription polymerase chain
reaction assay (RT-PCR) on upper respiratory
mucosal specimens. C-ROCM was defined as the
occurrence of proven rhino-orbito-cerebral mucor-
mycosis in Covid-19 recovered patients.

We included all proven ROCM cases who had
recently been treated for RT-PCR positive covid-
19 disease. Patients with non-Mucorales zygomy-
cosis, negative RT-PCR for Covid-19 or negative
pathology or RT-PCR test for mucormycosis were
excluded from the study.

In order to categorize the severity of the ROCM,
the proposed staging system by Hoavar SG. was
implemented retrospectively. [16]

Visual impairment was defined according to the
ICD-11 classification [17]. The visual acuity out-
comes of bilateral cases were analyzed based on
the worse eye. The severity of the Covid-19 disease
was categorized based on the worst chest CT score
during the active phase of the Covid-19 disease
[18]. Total steroid dosage received by the patients
was converted to prednisone potency to facilitate
comparisons. Poor outcome was defined as severe
vision impairment, facial disfigurement due to exen-
teration or mortality, based on the last examination
findings at least four weeks after discharge.

Fig. 1 Fibrofatty tissue
with ischemic necrosis con-
taining broad, non-septate
hyphae (the fungal forms
of mucormycosis) A, H&E
staining B, PAS staining

Study procedure

We developed a standard form that we circulated to
the centers for data collection. The following infor-
mation was extracted from the patients’ records:
demographic characteristics; Covid vaccination sta-
tus; underlying diseases; Covid-19 severity; CNS
involvement; Paranasal Sinus involvement (ethmoid,
frontal, maxillary, sphenoid); duration of hospitaliza-
tion due to Covid-19; the interval between Covid-19
diagnosis and mucormycosis hospitalization; treat-
ment details including immunosuppressive treat-
ments, surgical procedures [endoscopic debridement,
retrobulbar injection of amphotericin B, exentera-
tion]; hemoglobin Alc, blood sugar level and staging
of ROCM at the time of admission; presenting symp-
toms; visual acuity; findings of the last follow up
visit; and significant ocular findings including central
retinal artery occlusion (CRAOQO), branch retinal artery
occlusion (BRAO), and endophthalmitis.

Treatment details

All patients received treatment for Covid-19 accord-
ing to protocol at the respective institutions. To treat
mucormycosis, patients received liposomal ampho-
tericin B (AmB) (5 mg/kg 1x/d for six weeks).
In instances of liposomal AmB shortage, patients
received Deoxycholate AmB or Oral Posaconazole
(IV: 300 mg BD on the first day, then 300 mg OD).
Antifungal medications were prescribed for variable
durations depending on the site of mucormycosis,
radiologic findings, and clinical response. Patients
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with intracranial extension received higher doses of
AmB for extended periods. All patients underwent
MRI evaluation at least every two weeks and when-
ever the patient’s symptoms worsened. Nasal endos-
copy and complete endoscopic sinus debridement
of necrotic tissue were repeatedly performed based
on clinical and imaging findings until hemorrhagic
tissues were reached. In the presence of any orbital
involvement in imaging along with corresponding
signs and symptoms (decreased vision or blindness,
limited eye movements, and loss of forehead and
cheek sensation), patients received transcutaneous
retrobulbar Amphotericin (TRAMB) injection (1 ml
of 3.5 mg/ml). All patients were closely monitored
for blood sugar control. Patients underwent sequential
nasal endoscopy and debridement, retrobulbar injec-
tion of amphotericin, or exenteration as needed. For
stage 1 and 2 diseases, functional sinus endoscopy
surgery with paranasal sinus debridement was per-
formed. In case of maxillary involvement, medial or
total maxillectomy with or without ethmoidectomy,
frontal exploration, Sphenoidotomy, septectomy,
and turbinectomy were performed. For stage 3 dis-
ease (orbital involvement), endoscopic debridement
was performed along with an injection of retrobul-
bar amphotericin. In case of complete orbital necro-
sis coupled with total visual loss, orbital exentera-
tion was performed. A neurosurgeon participated in
patient management for stage 4 disease with intrac-
ranial involvement. In summary, all patients under-
went appropriate endoscopic debridement. The crite-
ria for discharge were as follows: improved or stable
clinical condition, no signs of disease activity on two
consecutive MRIs, and good control of blood sugar
(BS <250) in diabetic patients.

Statistical analysis

Mean, standard deviation, range, frequency, and
percentage were used to represent the data. Simple
multinomial logistic regression was used to evaluate
the effects of the different variables on the outcome
(severe vision impairment, facial disfigurement, and
mortality). Due to the limited sample size, multiple
multinomial logistic regression could not be per-
formed for the outcome. Instead, the outcome was
deoptimized for poor outcome, and then the effects
of various factors on the poor outcome were assessed
using binary logistic regression. Potential risk factors
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(variables with a P-value<0.1) were included in the
multiple logistic regression to assess the simultane-
ous effects of these factors. The stepwise variable
selection method was used to identify the most parsi-
monious model in the final stage. All statistical analy-
ses were performed using SPSS (IBM Corp. Released
2017. IBM SPSS Statistics for Windows, Version
25.0. Armonk, NY: IBM Corp.). A P-value of less
than 0.05 was considered statistically significant.

Results

A total of 284 patients were assessed for eligibil-
ity, and 152 cases were excluded from the study.
Ninety-six of them did not have a positive Covid-19
RT-PCR test within two months before the diagnosis
of ROCM; the histopathological results of 43 cases
were negative for Mucorales, and 13 patients refused
consent. A total of 132 patients with C-ROCM were
included in the study. The mean age of patients was
61.6+13.9 (60.6% male).

Of 132 patients, 112 (84.8%) had a history of hos-
pitalization for Covid-19 treatment, 20 (15.1%) were
treated in outpatient settings, and all were referred
after the onset of C-ROCM symptoms. Forty-two
patients (31.8%) had been admitted to the ICU due to
Covid-19, and 122 patients (92.4%) were treated with
corticosteroids.

Decreased vision, facial pain, and paresthesia were
the most common early symptoms reported by the
patients. Seventy-three patients (55.3%) had reduced
vision at the time of admission due to mucormyco-
sis, of which 11 (8.3%) had mild vision impairment
(20/20 to 20/70), 46 (34.8%) had moderate vision
impairment (20/70 to 20/200) and 16 (12.1%) had
severe vision impairment (worse than 20/200).

A total of 19 patients (14.3%) had received the
Covid-19 vaccine, of which 7 patients (5.3%) had
received two doses, and 12 patients (9.1%) had
received only one dose.

During hospitalization, 37 patients (28%) devel-
oped CRAO, and 19 patients (14.4%) developed
BRAO. Orbital involvement without CNS involve-
ment was observed in 81 patients (61.3%), and simul-
taneous orbital and brain involvement was observed
in 33 patients (25%). Eighteen patients (13.6%) did
not have orbital or brain involvement.
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Steroids that had been prescribed in the treatment
of Covid-19 disease were as follows: Intravenous
methylprednisolone in 58 patients (43.9%), intra-
venous dexamethasone in 47 patients (35.6%), oral
prednisolone in 3 patients (2.3%), intravenous meth-
ylprednisolone together with intravenous dexametha-
sone in 8 patients (6. 1%), intravenous methylpredni-
solone together with oral prednisolone in 4 patients
(3%), and intravenous dexamethasone together with
oral prednisolone in 2 patients (1.5%).

Diabetes was one of the most common comorbidi-
ties. History of diabetes was present in 68 patients
(51.5%), and hyperglycemia was diagnosed in 57
patients (43.2%) with unknown diabetic status prior
to admission (defined as new diabetes). A history
of diabetes or new diabetes perse had no significant
relationship with the outcome (P-value>0.9). The
mean HbAlc in patients with a history of diabetes
was 10.156, higher than its incidence in new diabe-
tes (9.575). The mean blood sugar level was 323.8
in patients with a history of diabetes and 449.5 in
patients with new diabetes. The average dose of ster-
oids used in new diabetes patients was 1560 mg (the
equivalent of prednisone), significantly higher than
patients with a history of diabetes or non-diabetics
(1091 mg). The prevalence of mortality was the same
in both groups (8.8%). Severe vision impairment (vis-
ual acuity worse than 6/60) was slightly more preva-
lent in the group with a history of diabetes (47.1%)
than in new diabetes (43.9%), though it was not sta-
tistically significant. Preliminary information regard-
ing patients’ demographics and Covid-19 treatment
details are presented in Table 1.

The majority of patients (91.6%) were treated with
liposomal AmB. Three patients (2.2%) were treated
with AmB-deoxycholate, and eight (6%) received
only posaconazole. A total of 86 patients (65.1%)
received retrobulbar amphotericin injection, of which
five (3.7%) were eventually exenterated. Seventeen
cases (12.8%) underwent exenteration without a his-
tory of retrobulbar amphotericin injection. In total, 22
eyes (16.6%) underwent exenteration with no cases of
Bilateral exenteration. Information regarding proce-
dures due to C-ROCM is summarized in Table 2.

During the follow-up period, there were 12 cases
of mortality (9.1%), ten male patients and two female
patients (all deaths occurred during hospitalization).
The mortality rate was 12.5% in males and 3.8% in
females.

Covid-19 severity was significantly associated
with the outcome. Mortality and severe vision impair-
ment also increased with the increasing severity of
the Covid-19 (P-value <0.0001).

Forty-two patients (31.8%) had a history of ICU
admission due to Covid-19, which significantly
worsened the C-ROCM outcome. As the time inter-
val between the onset of mucormycosis symptoms
and the initiation of treatment increased, complica-
tions and mortality due to mucormycosis increased,
although it was not statistically significant. There was
no significant correlation between Covid-19 vaccina-
tion and medications used in C-ROCM treatment and
outcome.

The ethmoid or maxillary sinus involvement
was not significantly related to the poor outcome
(P=0.103, P=0.764, respectively). On the other
hand, involvement of the sphenoid sinus was signifi-
cantly associated with the poor outcome (P <0.001).
Sphenoid sinus was notably more involved in patients
with severe vision impairment (49.4%). In all cases
in which mortality occurred, the sphenoid sinus was
involved. Frontal sinus involvement was found in 36
patients (27.3%) and was significantly associated with
poor outcomes. MRI findings of paranasal sinuses
involvement are summarized in Table 3.

C-ROCM staging at the time of admission had a
significant effect on the outcome:

One patient (0.7%) was in stage 1, where vision
was preserved (visual acuity better than 6/60).

Twenty-one patients (15.9%) were in stage 2, and
none developed severe visual impairment (visual acu-
ity worse than 6/60).

Eighty-four patients (63.6%) were in stage 3, in
which there were 3 cases of mortality (3.5%) and 42
cases (50%) of severe vision impairment.

Twenty-six patients (19.6%) were in stage 4,
in which 9 patients (34.6%) died, and 16 patients
(61.5%) had severe vision impairment.

The outcome of C-ROCM was significantly associ-
ated with brain involvement (P <0.001). Thirty-three
patients (25%) had simultaneous orbital and brain
involvement, of whom 11 (33.3%) died. None of the
patients who did not have orbital involvement died
(Figs. 2 and 3).

CRAO was the most common significant intraoc-
ular pathologic finding, detected in 37 patients
(28%). The mortality rate was 18.9% in these
patients compared to 5.3% in patients without
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Table 1 Demographics and
Characteristics of patients

CRAO. Severe vision impairment (59.5%) and
facial disfigurement (18.9%) were also significantly
higher in these patients than in the group without

Parameter
Age (years) Mean +SD 61.6+13.9
Range 23 to 86
Steroid dosage (mg of prednisone) Mean +SD 1290+ 735
Range 0 to 3000
HbAI1C level Mean+SD 9.8+1
Range 6.8t0 12.1
Blood sugar level Mean +SD 372+114
Range 156 to 680
Duration of Covid-19 hospitalization (days) Mean +SD 8.8+5.1
Range 0to28
Interval between covid diagnosis and C-ROCM Mean +SD 16.2+3.8
admission (days) Range 7 to0 30
Worse eye VA at admission (logmar) Mean+SD 1.92+1.11
Range 0.01to 3
Symptoms duration prior to treatment (days) Mean+SD 39+2.1
Range 1to 12
Mucor hospitalization (days) Mean+SD 36.3+13.7
Range 12 to 120
Eye OD 65 (49.2%)
oS 55 (41.7%)
ou 12 (9.1%)
Sex M 80 (60.6%)
F 52 (39.4%)
Diabetes Meletus No Diabetes 7 (5.3%)
Newly diagnosed DM 57 (43.2%)
History of DM 68 (51.5%)
Renal failure Yes 17 (12.9%)
No 115 (87.1%)
HTN Yes 40 (30.3%)
No 92 (69.7%)
Covid severity Mild 5(3.8%)
Moderate 42 (31.8%)
Severe 85 (64.4%)
ICU admission due to Covid-19 No 90 (68.2%)
Yes 42 (31.8%)
Covid vaccination status No 113 (85.6%)
1 dose 12 (9.1%)
2 doses 7 (5.3%)

CRAO. BRAO was found in 19 patients (14.4%),
which was not significantly associated with out-
come or mortality alone (P=0.101).
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There was no clear association between the pre-
senting symptoms of mucormycosis at the time of
admission and the outcome.
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Table 2 summary of surgical procedures in C-ROCM cases by outcome
Procedure® n (%) Severe vision Facial disfigurement Mortality
impairment
Endoscopic debridement (ED) 29 (22.0%) 0 (0.0%) 0 (0.0%) 3(10.3%)
ED + Retrobulbar AmB 81 (61.4%) 43 (53.1%) 0(0.0%) 2 (2.5%)
ED + Exenteration 17 (12.9%) 0 (0.0%) 12 (70.6%) 5(29.4%)
ED + Retrobulbar AmB + Exenteration 5 (3.8%) 0(0.0%) 3 (60.0%) 2 (40.0%)
Table 3 Prevalence. of Paranasal sinus n (%) Severe vision Facial disfigurement Mortality
involved paranasal sinuses impairment
by outcome
Ethmoid 128 (97.0%) 43 (33.6%) 15 (11.7%) 12 (9.4%)
Maxilla 110 (83.3%) 30 (27.3%) 14 (12.7%) 11 (10.0%)
Sphenoid 85 (64.4%) 42 (49.4%) 15 (17.6%) 12 (14.1%)
Frontal 36 (27.3%) 14 (38.9%) 8 (22.2%) 5(13.9%)

Fig.2 A 63-year-old Covid-19 recovered patient presented
with left complete ptosis, ophthalmoplegia and decreased
vision. A, A Standard photograph showing left complete ptosis
B, Black necrotic tissue is noted on hard palate C, Fundoscopy

ciated with CRVO

revealed central retinal vein occlusion (CRVO) D, Macular
OCT of the same patient showing diffuse macular edema asso-
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Fig. 3 Orbital MRI of a 58-year-old male patient with left
Covid-associated rhino-orbito-cerebral mucormycosis. A,
marked mucosal thickening of the left maxillary and fron-
tal sinus is noted in Coronal T2-weighted image B, Axial
T2-weighted image shows hypointense fungal elements
along with intraconal fat obliteration in the left orbit C, Axial
T1-weighted image, involvement of the left orbital apex with

extension to the left cavernous sinus D, Fat-suppressed axial
T1-weighted post-contrast image shows heterogenous enhance-
ment of left orbital components E, F, diffusion restriction in
the left orbit on DWI/ADC images with extension through the
orbital apex to the left cavernous sinus, compatible with left
cavernous sinus obliteration

Table 4 Univariate and multivariable effect of possible risk factors on poor outcome using Binary logistic regression

Univariate Multivariable
OR 95% CI P AOR 95% CI P
Lower Upper Lower Upper
Age* 10 yrs 1.63 1.23 2.16 0.001 1.52 0.98 2.35 0.062
Steroid dosage 100 mg/dl 1.06 1.01 1.12 0.015  1.06 0.97 1.15 0.226
HbA1C* 7.74 3.64 16.47 <0.001 1347 4.09 44.32 <0.001
Sex* M 1.00 1.00
F 1.82  0.90 3.70 0.096 4.53 1.25 16.42 0.022
Covid severity* Mild + Moderate 1.00 1.00
Severe 7.42 3.28 16.83 <0.001  3.60 0.84 15.34 0.084
CNS involvement* No 1.00 1.00
Yes 50.05 6.57 381.29 <0.001 7380 4.18 1303.38 0.003

OR: Odds Ratio; AOR: Adjusted Odds Ratio

*Chosen variable by Stepwise model selection method

Table 3 demonstrates the simple and adjusted effect of different factors on poor outcomes (severe vision impairment, disfigurement,

and mortality).

This table contains the univariate (unadjusted) and multivariable (adjusted) effect of factors on poor outcomes. Also, the final model
chosen based on stepwise model selection has been demonstrated in this table
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Multivariate analysis of poor outcome predictors
(Table 4)

Mortality, facial disfigurement, and severe vision
impairment were defined as poor outcomes. The rela-
tionship between age, sex, steroid dosage, Covid-19
severity, HbAlc, orbital, and brain involvement was
investigated using binary logistic regression as uni-
variant and multivariate.

Main factors that had a negative impact on the
outcome in the univariate analysis include older
age (P<0.001), higher steroid dosage (P<0.001),
higher HbAlc level (P<0.001), Covid-19 severity
(P<0.001), and brain involvement (P <0.001). How-
ever, in the multivariate analysis, the effects of age
(P=0.062), steroid dosage (P=0.226), and Covid-
19 intensity (P=0.084) decreased, and the difference
was no longer statistically significant, while brain
involvement (P=0.003) and female sex (P=0.022)
significantly worsened the outcome.

Multivariate analysis of mortality predictors (Table 5)

In the univariate analysis, CRAO was a predictor of
mortality (P=0.008, OR=4.50), but in multivari-
ate analysis, this effect decreased and was no longer
significant (P=0.125). In univariate analysis, severe
vision impairment unexpectedly had a negative

correlation with mortality (P=0.043, OR=0.12),
but in multivariate analysis, this effect was reversed
and significantly predicted an increase in mortality
(P=0.029, OR=13.76).

Brain involvement in both univariate and multi-
variate analysis was a strong predictor of mortality
(P<0.001 and P=0.004, respectively). Retrobul-
bar injection of amphotericin was associated with
reduced mortality in univariate (P=0.079) and mul-
tivariate analysis (P=0.168), but this correlation was
not statistically significant. In cases of exenteration in
univariate analysis, the prevalence of mortality was
higher, although it was not statistically significant
(P=0.073), and this effect was further reduced in
multivariate analysis (P=0.692).

Discussion

Throughout the Covid-19 pandemic, an increased
incidence of Covid-19-associated mucormycosis
(CAM), especially among patients with uncontrolled
hyperglycemia, has been observed in many countries
[19, 20]. The soaring second wave of Covid-19 infec-
tion was found to be associated with an exponential
increase in the incidence of CAM [21]. The preva-
lence of rhino-orbito-cerebral mucormycosis was
relatively rare in the pre-pandemic world. However,

Table 5 Univariate and multivariable effects of possible risk factors on Mortality using Binary logistic regression

Univariate Multivariable
OR 95% C1 P OR 95% CI P
Lower Upper Lower Upper
CRAO - 1.00 1.00
+ 4.50 1.48 13.69 0.008 0.32 0.07 1.38 0.125
Severe vision impairment® - 1.00 1.00
+ 0.12 0.02 0.94 0.043 13.76 1.30 145.79 0.029
Brain involvement® No 1.00 1.00
Yes 28.95 6.09 137.63 <0.001 16.52 2.47 110.38 0.004
Surgery® None¥ 1.00 1.00
TRAMB¥ 0.25 0.05 1.18 0.079 0.25 0.04 1.79 0.168
Exenteration® 3.47 0.89 13.48 0.073 1.48 0.21 10.19 0.692

OR: Odds Ratio; AOR: Adjusted Odds Ratio, TRAMB: Retrobulbar Amphotericin B injection

$ Chosen variable by Stepwise model selection method

¥ Endoscopic debridement were performed for all cases

This table contains the univariate (unadjusted) and multivariable (adjusted) effect of factors on mortality. Also, the final model cho-
sen based on stepwise model selection has been demonstrated in this table
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it is known to have high rates of morbidity and mor-
tality [6, 7]. Only 2-6% of invasive fungal infections
were attributed to Mucorales order in pre-pandemic
times. The cumulative incidence of mucormycosis
before the pandemic was only 0.07% among solid
organ transplant recipients at the end of the first year
[22]. Prakash and Chakrabarti identified diabetes as a
predisposing factor in 17-88% of CAM patients. [7]

Covid-19 and mucormycosis share common risk
factors, such as DM, which can play an independent
role in the mortality rate. In addition, while steroids
may be a necessary Covid-19 treatment and help
reduce mortality, the subsequent deterioration in gly-
cemic control and their immunosuppressive effects
could provide an opportunity for Mucorales to invade.
[23, 24]

In our study, the total steroid dosage was one of
the risk factors investigated, and in the initial analy-
sis, it was found that the outcome worsened signifi-
cantly with increased dosage, but in the multivariate
analysis, this relationship was not observed. In more
severe cases, a higher dose of steroids had been used,
directly related to uncontrolled diabetes. These asso-
ciations of steroids appear to be more influential than
their immunosuppressive function.

Older age led to worsening outcomes, but this dif-
ference was not significant in multivariate analysis.
It seems that age alone was not the primary cause of
worsening outcomes and may have influenced other
risk factors. The results of our multinomial logistic
regression analysis showed that for every ten years of
aging, the rate of severe vision impairment was 1.44
times, facial disfigurement was 2.14 times, and mor-
tality was 2.06 times.

Our study echoed the results of previous investi-
gations showing a higher prevalence of mucormy-
cosis and mortality rates in male patients. Contrary
to expectations, severe vision impairment was more
common in women. These results were not statisti-
cally significant in the univariate analysis, whereas in
the multivariate analysis, a significant difference was
observed with a P-value of 0.025. Further investiga-
tion is needed to elucidate these findings.

A systematic review of 101 mucormycosis cases
associated with Covid-19 by Singh et al. showed that
more than 80% of cases had hyperglycemia before
or after the onset of mucormycosis as a risk factor
[15]. In our study, uncontrolled blood sugar level was
identified as a significant risk factor for C-ROCM.

@ Springer

Accurate determination of the effect of diabetes on
mortality in patients with CAM requires further eval-
uation in a more comprehensive study. The most cru-
cial factor that uniformly predicted worse outcomes
in the univariate and multivariate analyses was the
HbAIlc level. Given the prominent role that uncon-
trolled diabetes plays in the development of mucor-
mycosis, this association seems quite plausible.

Another issue is the possible role of Covid-19 in
worsening blood sugar control in DM patients or the
development of new diabetes. According to Miiller
et al., The human pancreas and beta cells could be a
potential target for the SARS-CoV-2 virus [25, 26].
Covid-19 infection alone may also lead to insulin
resistance, and these metabolic changes may predis-
pose Covid-19 patients who did not have DM or had
well-controlled DM to the development of mucormy-
cosis. [27]

In our study, the outcome was significantly wors-
ened with increased Covid-19 severity, and this asso-
ciation was also observed in the multivariate analysis.
Covid-19 itself may increase the risk of mucormyco-
sis, which requires further investigation.

A mortality rate of 9.1% was observed in our study
after C-ROCM, lower than other similar studies. The
lower mortality rate in our study may be due to the
implementation of C-ROCM management protocol
in terms of timely and effective surgical debridement
with appropriate antifungal therapy, proper in-hospi-
tal glycemic control, and multidisciplinary medical
care.

One of the most critical decisions in C-ROCM
cases is whether or not to perform exenteration.
Various indications for exenteration have been pro-
posed in previous studies; in some studies, exen-
teration was associated with increased survival [23,
28-31]. Nevertheless, performing exenteration in
C-ROCM cases with orbital involvement remains
controversial, and a clear indication has not yet been
established. In our study, although the prevalence
of orbital involvement was high (86%), the rate of
exenteration was relatively low (16.6%), yet the
mortality rate did not increase compared to previous
studies. The reason that fewer exenterations were
performed is that in the majority of C-ROCM cases,
it was observed that after initial control with endo-
scopic debridement and glycemic control, disease
progression was halted, and serial endoscopies and
MRIs showed no evidence of disease progression.
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Therefore, a more conservative approach was taken
to treat C-ROCM cases than the usual ROCM.

In this study, it was found that in most cases,
when risk factors for the disease, including high
blood sugar, were controlled, progression of
C-ROCM was halted, and more aggressive treat-
ment measures were not required. There is a pos-
sibility that the prognosis of C-ROCM is better than
typical cases of ROCM, but clarification of this
matter and the establishment of an appropriate treat-
ment guideline requires further controlled studies.

Strength

Our study was unique in some aspects while also
carrying limitations. All C-ROCM cases in this
study were proven ROCM in RT-PCR positive
Covid-19 patients. As we know, this is the most
comprehensive study on ROCM in COVID-19
patients in Iran to date. In the current study, various
independent factors that determine the clinical out-
come in C-ROCM were analyzed using multivariate
logistic regression analysis. Thus, we can propose
each of these factors as a significant independent
factor that is not influenced by the others, which is a
major strength of this study.

Limitations

For comparison of the clinical outcome, it would be
ideal to include a control group. However, due to the
heterogeneity of the underlying conditions and lim-
ited cases of non-Covid-19 associated mucormycosis,
it was not practical to include a control group in this
study.

In our study, the mortality rate was lower than in
most reports, which complicated the statistical analy-
sis of mortality predictors. Moreover, since this data
were retrospectively collected, and most cases were
co-managed by different departments, several clini-
cal parameters that may be associated with increased
risk of developing mucormycosis or worse outcomes,
including consecutive blood sugar levels during cor-
ticosteroid use, the exact timing of procedures, ferri-
tin, and zinc levels were not available at the time of
collection.

Conclusion

The results of this study illustrate that the risk of
C-ROCM and its complications increases in patients
with more severe Covid-19 disease, steroid overuse,
ICU admission, and poor glycemic control during
and after Covid-19 treatment. Moreover, two issues
caught our attention. First, the majority of Covid-19
patients had been treated with high-dose steroids,
even with mild or moderate disease. Second, most
patients were hyperglycemic at admission, even those
with no history of diabetes. Thus, we assume closer
adherence to the treatment protocol of covid-19 dis-
ease and optimal administration of steroids should be
promptly considered.
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