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ABSTRACT

Background: The aim of the study was to describe the epidemiology and study the risk factors, clinical presentation, management,
and outcome of rhino-orbital-cerebral mucormycosis (ROCM) in terms of mortality, exenteration, eye salvage, and vision salvage.
Methods: This retrospective, observational study was carried out over a period of two months. A detailed history was noted, and an
ophthalmological examination was done. The diagnosis was done by Potassium hydroxide (KOH) mount and fungal culture. Magnetic
resonance imaging (MRI) of the orbit, brain, and paranasal sinuses were performed. Medical (intravenous amphotericin B, posaconazole),
surgical (retrobulbar amphotericin B injection, exenteration, Functional Endoscopic Sinus Surgery (FESS)), or combined management was
evaluated, and clinical outcomes was noted. Results: The mean age of patients was 54.2 years and the male-to-female ratio was 1.77/1.
The most common underlying risk factor for ROCM was uncontrolled diabetes mellitus (70%), followed by the use of corticosteroids
for the management of coronavirus disease 2019 (COVID-19) infection in 68% of patients. The most common clinical presentation was
diminution of vision followed by eschar, ptosis, and proptosis. Medical and FESS were done in all patients; exenteration was done in
12% of patients. Sixty-six percent of patients were alive with regression of ROCM, 20% of patients were alive with residual, 8% of patients
were alive with the progression of ROCM, and 6% of patients had expired. Among the ones who are alive, the ocular outcome was orbital
exenteration in 12.76%, the eye was salvaged in 25.53 and vision salvage was achieved in 61.70%. Conclusion: ROCM affects older males.
Immunosuppression due to COVID-19 infection, diabetes mellitus, and corticosteroid use in the management of COVID-19 are the main
risk factors for the development of ROCM. Antifungal therapy along with surgical debridement decreases mortality.
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disease 2019 (COVID-19) infection, pre-existing diseases,
and the use of immunosuppressive therapy may lead to

Introduction

Coronavirus (2019-nCoV) or severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) was first reported
in 2019 in Wuhan, China. It quickly spread to other parts
of the wotld, resulting in a global pandemic.!"! It resulted

secondary infections. India has a high prevalence rate of
diabetes mellitus (DM) type II (8.9% of adults, 77 million
patients), which is a well-known risk factor for mucormycosis.

Mucormycosis is an aggressive, rapidly progressive, and
in a wide range of disease patterns, ranging from mild  life-threatening fungal infection. Extensive angioinvasion with
rhinitis to life-threatening pneumonia. Multiple factors resultant vessel thrombosis and tissue necrosis is a hallmark

including systemic immune alterations of the coronavirus of mucormycosis.?
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in patients with COVID-19 infection worldwide. In 2019-2020
globally, the prevalence of mucormycosis varied from 0.005 to
1.7 per million population, while its prevalence is nearly 80 times
higher (0.14 per 1000) in India compared to developed countries.”
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The highest number of mucormycosis cases have been
reported in India. Mucormycosis affects immunocompromised
individuals including those with uncontrolled DM, iatrogenic
immunosuppression, organ transplant, and hematological
malignancies. India has a large number of people with DM, which
is the most common risk factor for mucormycosis.

A definitive diagnosis of mucormycosis is done by histological
examination. Depending on the site of infection and underlying
predisposing factors, mortality rates may vary from 10% to
100%. Early diagnosis and immediate intervention are crucial
for such patients. Treatment includes control of the underlying
disease, surgical debridement, and systemic antifungal therapy.
We have observed the sudden rise of mucormycosis cases in
the COVID-19 era.

Management of COVID-19 includes the use of steroids,
remdesivir, tocilizumab, and oxygen supplementation
depending upon the severity of the disease. In this study, we saw
an association of these factors along with other comorbidities
with a rise in rhino-orbital-cerebral mucormycosis (ROCM)
cases. We evaluated the epidemiology, risk factors, and clinical
presentation of the disease in concurrent or post COVID
ROCM patients. Management of these patients and clinical
outcomes in terms of surgical intervention with regard to
eye salvage or vision salvage and mortality were noted. With
COVID-19 infection, especially in patients with pre-existing risk
factors, early diagnosis and treatment help in the prevention
of disease with the subsequent reduction of mortality and
morbidity.

Methodology

This prospective observational study was carried out at a tertiary
health care center in western Maharashtra. Institutional ethics
committee approval was obtained. Fifty confirmed rhino-orbital
mucormycosis cases were included in this study. Written informed
consent was obtained from all patients. All patients were studied
over a period of two months.

A detailed history was noted including DM, other comorbidities,
history of use of steroids, oxygen supplementation,
injection remdesivir, and ventilatory support during their
COVID-19 management. Symptoms and signs were recorded.
A comprehensive ophthalmological examination was done for
all patients including distant visual acuity testing, torch light
examination, slit lamp examination (if the patient is mobile),
and fundus examination by direct and indirect ophthalmoscope.
A provisional diagnosis of rhino-orbital mucormycosis was
performed.

A deep nasal swab and tissue from diagnostic nasal endoscopy
were sent for KOH mount, and fungal culture and diagnosis
were confirmed. Magnetic resonance imaging (MRI) of the
orbit, brain, and paranasal sinuses was performed to assess the
extent of the disease.
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Medical (intravenous amphotericin B, Posaconazole), surgical
(retrobulbar amphotericin B injection, exenteration, FESS),
or combined management was evaluated and clinical outcome
was noted in terms of mortality, exenteration, eye salvage, and
vision salvage. Data were collected and entered into a Microsoft
Excel sheet, and analysis was done using Epi Info 7 software.
The descriptive statistics were presented as frequencies, mean,
or median, as appropriate.

Results

A total of 50 patients diagnosed with mucormycosis were
included in this study. In this study, the most common age group
was 51-00 years of age with a mean age of 54.2 years, and 32
were males and 18 were females.

Most of the patients had underlying risk factors. DM was among
the most common risk factors and was present in 60% of
patients. Seventy percent of patients had uncontrolled DM and
the mean Glycated hemoglobin (HbAlc) was 7.7.

One patient had chronic kidney disease, for which he was on
hemodialysis treatment.

COVID-19 infection management-associated risk factors
for rhino-orbital mucormycosis included a history of use
of steroids, remdesivir, interleukin (IL)-6 inhibitor, home
oxygen supplementation, hospital oxygen supplementation,
and ventilatory support. Systemic corticosteroids were used in
68% of patients, out of which six (17.64%) patients received
oral steroids, eight (23.52%) patients received injection
dexamethasone, and 20 (58.82%) patients received injection
methylprednisolone [Figure 1]. Twenty-six percent of patients
received remdesivit, 4% of patients received 11.-6 inhibitors, 34%
of patients received oxygen supplementation at the hospital, and
6% of patients required ventilatory support [Figure 2].

The most common presentation was a diminution of vision
which was observed in 86%. Eschar and ptosis were seen in 78%
of patients, followed by proptosis (74%), ophthalmoplegia (70%),
and nose bleeds (38%). Central retinal artery occlusion was seen
in 38% of patients [Figure 3].
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Figure 1: Steroid use for the management of COVID-19
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Only 14% of patients had normal vision 6/6. Twelve percent of
patients had vision between 6/36 and 6/9. Twenty-eight percent
of patients had vision of <6/60. Twelve petcent of patients had
perception of light present and projection of rays accurate, 8% of
patients had PR inaccurate, 22% of patients could not appreciate
the light, and 4% of patients vision could not be assessed.

Paranasal sinus involvement was seen in 100% of patients.
Orbital involvement was seen in 76% of patients with orbital
apex involvement in 58% of patients. Involvement of cavernous
sinus involvement was observed in 12% of patients and Central
Nervous System (CNS) involvement was seen in 14% of patients.

All patients received intravenous amphotericin B for a mean
petiod of 22.08 days. Thirty-nine patients received deoxycholate
amphotericin B, while 11 patients received liposomal amphotericin
B. Sixty-six percent of patients received retrobulbar amphotericin B
injection. Functional endoscopic sinus surgery was performed in all
patients. Exenteration was done in 12% of patients. Combined FESS
and exenteration were performed in 12% of patients. Sinus irrigation
with amphotericin B was done in 32% of patients [Figure 4|.

Sixty-six percent of patients were alive with regression of ROCM,
20% of patients were alive with residual ROCM, 8% of patients
were alive with progression of ROCM, and 6% of patients had
expired [Figure 5].

Among the ones who are alive, an ocular outcome was available.
Six patients had orbital exenteration, 12 patients’ eyes were
salvaged, and 29 patients’ vision salvage was achieved [Table 1].

Six patients had exenteration, eight patients could not appreciate
the light, three patients had projection of rays inaccurate,
13 patients had vision <6/60, and 10 patients had vision between
6/36 and 6/9 [Table 2].

Discussion

Mucormycosis is an opportunistic, angioinvasive fungal
infection caused by Mucorales species of fungi. It has many

Table 1: Final ocular outcome

Number of Patients(%)
6 (12.76%)
12 (25.53%)
29 (61.70%)

Final Ocular Outcome

Exenteration
Eye salvage
Vision salvage

Table 2: Final visual acuity

Final Visual Acuity Number of Patients
Exenteration 6

PL negative 8

PR inaccurate 3

<6/60 13
6/36-6/9 10

>6/9 7
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predisposing factors such as uncontrolled DM, corticosteroids,
or other immunosuppressive therapy. Also, primary or secondary
immunodeficiency, hematological malignancies, hematological
stem cell transplantation, solid organ malignancies, solid organ
transplantation, and iron overload are other predisposing factors.”

In December 2019, the COVID-19 pandemic started in Wuhan,
China, and spread worldwide. COVID-19 infection is associated
with a decreased number of lymphocytes which in turn results

in the body’s cellular immune function.®

Immunosuppression is caused by COVID-19 and the
use of corticosteroids in its management. COVID-19

N
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Figure 2: Management of COVID-19
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Figure 3: Clinical features of ROCM
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Figure 4: Overall management of ROCM
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Figure 5: Final systemic outcome

produces a hypoxic environment with high glucose levels,
which is highly suitable for the fungal spores to germinate and
proliferate.

A total of 50 patients diagnosed with mucormycosis with
previous or concurrent COVID-19 infections were studied.
The maximum number of patients belongs to the age group
of 51-60 years with a mean age of 54.2 years. In our study,
there was male predilection with a male-to-female ratio of
1.77/1. The demographic profile is consistent with the study
by White ez al.

In our study, DM was present in 60% of patients, out of
which 70% had uncontrolled DM. The commonest risk factor
associated with ROCM in our study is DM. The results are similar
to those of studies by Yohai ez /' and Ferry ez alI'"

In our study, 68% of patients received corticosteroids for
the management of COVID-19 infection with injection of
methylprednisolone being the most commonly used followed by
injection of dexamethasone and oral corticosteroid. A study by
Lionakis!"! showed that a cumulative dose greater than 2-7 g of
methylprednisolone and 600 mg of prednisone has been found
to predispose immunocompromised patients to mucormycosis.
Similarly, in our study, corticosteroid use for the management
of COVID-19 infection is one of the contributing factors to
the development of mucormycosis. Twenty-six percent of
patients received remdesivir, 4% received IL-6 inhibitors, 34%
received oxygen supplementation at the hospital and 6% required
ventilatory support for the management of the COVID-19
infection. Their percentage is less and most of them had DM
and were on corticosteroid treatment for COVID-19. All the
above factors may not have played a role in increasing the risk
of ROCM. There are no similar studies reported to compare
the results.

The most common symptoms and signs reported in our study
were diminutions of vision (86%), escher (78%), ptosis (78%),
proptosis (74%), and ophthalmoplegia (70%). Nose bleeds
and Central Retinal Artery Occlusion (CRAO) were seen in
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38% of patients. Paranasal sinus involvement was seen in
100% of patients, and orbital involvement was seen in 76%
of patients with orbital apex involvement in 58% of patients.
Involvement of cavernous sinus was seen in 12% of patients
and involvement of the CNS was observed in 14% of patients,
which is lower as compared to the study by Hoenigl ez a2 in
which CNS involvement was documented in 37% of the cases
of COVID-19-associated ROCM.

The management of ROCM included medical management and
surgical management. All patients received amphotericin B either
deoxycholate or liposomal. Seventy-eight percent of patients
received deoxycholate amphotericin B, while 22% patients
received liposomal amphotericin B. Liposomal amphotericin B
was used mostly in patients with CNS involvement as it crosses
the blood-brain barrier effectively and in patients of chronic
kidney disease. In a study by Hoenigl ez o/, amphotericin B
was used in 88% of the patients with COVID-19-associated
ROCM, which is comparable to our study. The survival rate
of patients dramatically increased after the introduction of
amphotericin B.l"

Combined amphotericin B and posaconazole were received
by very few patients (3%). A study by Manesh ez a/!'” showed
posaconazole is highly effective as salvage therapy for ROCM
with life salvage and complete resolution in 67% of the patients.
However, there are no data supporting the use of combination
therapy, and has not been recommended in any of the major
treatment guidelines.?'!

In our study, 52% of patients received retrobulbar amphotericin
B injection which resulted in eye salvage and vision salvage.
Studies by Lee ez al.'® Hirabayashi e a/,') and Safi ez al.”" have
shown retrobulbar amphotericin B injection is effective for
eye salvage and life salvage but sufficient data is not available
regarding its safety and vision salvage.

Functional endoscopic sinus surgery was done in all patients,
exenteration was performed in 12% of patients, and combined
FESS and exenteration were done in 12% of patients.

In our study, posaconazole was given as maintenance antifungal
therapy after the completion of amphotericin B treatment. Six
percent of patients could not be revived.

In our study, mortality associated with ROCM was 6%. In
addition, disease progression was seen in 8% of patients;
66% of patients had regression while 20% of patients had
residual disease. The mortality rate in our study was less as
compared to other studies. A study by Hoenigl e 2/ and
Prakash and Chakrabarti®! showed ROCM is associated with
a 30-90% mortality rate in cases with cerebral involvement.
A study by Singh e a/) showed that in cases associated with
COVID-19, the overall mortality has been estimated to be
31%.
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Conclusion

ROCM affects older males. Immunosuppression due to
COVID-19 infection, DM, and corticosteroid use in the
management of COVID-19 are the main risk factors for the
development of ROCM. Antifungal therapy along with surgical
debridement decreases mortality. The limitation of the study is
less sample size. A prospective study with a large sample size is
required in the future.
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