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Abstract

Objective To document and analyse demographic data, clinical presentation, possible interventions for early clinical detec-
tion and management of post-COVID-19 rhino-orbito-cerebral mucormycosis (ROCM).

Method 32 patients having history of SARS-CoV-2 infection with features of ROCM were observed in terms of their his-
tory, presenting features, clinical, microbiological examination, type of surgical intervention, surgical sites of involvement
which were subsequently analyzed.

Results The mean (+S.D.) age of patients was 57+ 13 years. All patients were diabetic. Mean (+S.D.) time of onset of
ROCM symptoms, since onset of COVID-19 symptoms was 18 (+4) days. 12.5% patients were fully vaccinated. 78.1%
patients received steroid therapy; 28.1% received high flow nasal oxygen. 87.5% patients had blurring of vision, 65.62%
headache, 59.37% cheek and eyelid swelling, 50% proptosis, 46.87% ophthalmoplegia, 40.62% ptosis, 40.62% loss of sen-
sation over cheek, 25% orbital pain. Examination of specimen with KOH mount revealed Mucor spp. in all patients. 87.5%
patients underwent endoscopic sinus surgery with debridement with/without orbital clearance; 56.25% maxillectomy; 25%
orbital exenteration. 87.5% patients had paranasal sinus involvement, 43.75% orbit sparing orbital apex, 68.75% orbit with
orbital apex. 81.25% patients had involvement of pterygopalatine fossa+infratemporal fossa. 50% patients had disease in
Vidian canal and pterygoid wedge. 25% of patients had involvement of palate and 56.25% cheek and eyelid soft tissues.
Conclusion A judicious COVID treatment protocol, high index of suspicion, close monitoring of high-risk patients and early
institution of treatment can prevent case severity and reduce mortality.
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Introduction vision to complete ophthalmoplegia, blindness and cavern-

ous sinus thrombosis.

Mucormycosis is an opportunistic fungal infection caused
by fungi of the order Mucorales, the most common of which
is Rhizopus oryzae. Immunocompromised patients, such as
those suffering from diabetes mellitus (DM), malignancy,
prolonged neutropenia, hematopoietic stem cell transplant/
solid organ transplant recipients are at high risk of develop-
ing this disease [1]. The commonest form of presentation is
rhino-orbito-cerebral mucormycosis (ROCM), with symp-
toms ranging from orbital pain, periorbital swelling, facial
pain, facial numbness, conjunctival suffusion, diminution of

P4 Mridul Janweja
mriduljanweja@gmail.com

Institute of Otorhinolaryngology and Head & Neck Surgery,
Institute of Post-Graduate Medical Education & Research,
Kolkata, India

COVID-19 is a global health emergency and has affected
over 169 million people worldwide at the time of writing
this paper [2]. Recent times have seen a sudden surge of
mucormycosis cases, especially ROCM in patients who have
tested positive for SARS-CoV?2 recently or in the past. Many
theories have emerged to associate causality of ROCM with
COVID infection, such as immunosuppression caused by the
virus [3], corticosteroid administration [4], uncontrolled DM
[5] and possible peripheral microthrombi [6], but the exact
cause is yet to be established.

COVID-19 may present with a myriad of symptoms.
Though existing literature has shed much light on the
native symptoms of the disease spectrum, addition of
opportunistic infection, such as ROCM, has created an
additional burden on healthcare resources. Hence, to
formulate effective control measures, it is imperative
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to answer certain critical questions pertaining to the
course of mucormycosis associated with active or post-
COVID-19 infection, its common presentations and pos-
sible interventions.

Materials and methods

32 patients with a documented history of SARS-CoV-2
infection presenting with features of ROCM were included
in our study. Patients with known head and neck malig-
nancy, post-chemoradiation, on chronic steroid or immu-
nosuppressive drug therapy (pre-COVID-19 infection)
were excluded from our study. Following a detailed his-
tory taking, all the patients were subjected to clinical
examination, radiological assessment in the form of Gado-
linium enhanced MRI brain with nose, paranasal sinuses
and orbits, diagnostic nasal endoscopy and guided nasal
smears/biopsy for Potassium hydroxide (KOH) examina-
tion and ophthalmological evaluation (Figs. 1, 2, 3). Pre-
operative workup and pre-anaesthetic check-up were done.
All patients were treated with either one or a combination
of surgical interventions, namely, endoscopic sinus sur-
gery (ESS)/sinus debridement/endoscopic orbital clear-
ance and/or maxillectomy and/or orbital exenteration with
adjuvant Amphotericin-B infusion.

The parameters assessed were demographic data, co-
morbidities, time of onset of ROCM symptoms since onset
of COVID-19 symptoms, COVID-19 vaccination status,
treatment received for COVID-19 infection, clinical fea-
tures, microbiological examination on KOH mount, type
of surgical intervention and common sites of involvement
during surgery. Data were summarized as mean and stand-
ard deviation for continuous variables and counts and per-
centages for categorical variables.

Fig. 1 Diagnostic nasal endoscopy showing extensive necrosis of
nasal mucosa with black eschar
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Results

Age

The mean (£ S.D.) age of the patients was 57 + 13 years.
Sex

The male to female ratio was 23:9 with 71.8% patients of
male sex.

Co-morbidities

All patients were found to have DM, with 62.5% (20/32)
patients having impaired glycemic state at the time of

Fig.2 Post-contrast fat suppressed T1 axial MRI showing hypoin-
tense shadow near left orbital apex (white arrow)

Fig.3 Fat suppressed T2 coronal MRI showing extensive involve-
ment of right orbit including extra-ocular muscles and optic nerve
(white arrow). In addition, note the hypointense shadow involving
hard palate (starmark)
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presentation. 18.75% (6/32) patients suffered from hyper-
tension and one patient had chronic kidney disease.

Time of onset of ROCM symptoms since onset
of COVID-19 symptoms

The mean (+S.D.) time of onset of ROCM symptoms since
onset of COVID-19 symptoms was found to be 18 (+4)
days.

COVID-19 vaccination status

12.5% (4/32) of affected patients were fully vaccinated,
while one patient received a single dose of vaccine prior to
onset of ROCM symptoms.

Treatment received for COVID-19 infection

78.1% (25/32) patients received steroid therapy, in oral or
parenteral form as a part of COVID-19 treatment. 28.1%
(9/32) patients received high flow nasal oxygen in a hospital
setup. 15.6% (5/32) patients were in home isolation only and
did not receive any medication.

Clinical features

87.5% (28/32) patients presented with blurring of vision,
65.62% (21/32) with headache, 59.37% (19/32) with cheek
and eyelid swelling, 50% (16/32) with proptosis, 46.87%
(15/32) patients with ophthalmoplegia, 40.62% (13/32) with
ptosis, 40.62% (13/32) with loss of sensation over cheek,
25% (8/32) with orbital pain, and one patient presented with

Fig.4 Figure showing common
presenting features with corre-
sponding number of patients

NUMBER OF PATIENTS

dysphagia and palsy of facial and lower cranial nerves (IX,
X, XI) (Fig. 4).

Microbiological examination

Examination of specimen with KOH mount revealed wide
angled, broad, aseptate hyphae suggestive of Mucor spp. in
all patients. One patient had a mixed flora comprising of
Mucor spp., Candida sp. and Aspergillus.

Type of surgical intervention

87.5% (28/32) patients underwent ESS with sinus debride-
ment with/without orbital clearance. 56.25% (18/32) patients
underwent maxillectomy of which 44.4% (8/18) underwent
total maxillectomy. Out of the 10 patients who underwent
partial maxillectomy, 7 patients underwent medial maxil-
lectomy and 3 underwent infrastructure maxillectomy. None
of them had bilateral involvement. For involvement of soft
tissues of cheek and eyelids, necrotic tissues were debrided.
25% (8/32) patients had their orbit exenterated.

Surgical sites of involvement

87.5% (28/32) patients had involvement of paranasal sinuses,
43.75% (14/32) orbit sparing orbital apex. 68.75% (22/32)
patients had involvement of orbit with orbital apex showing
thrombosed ophthalmic artery (scarce bleeding intra-opera-
tively). 81.25% (26/32) patients had disease involving ptery-
gopalatine fossa with/without extension into infratemporal
fossa. 50% patients were found to have disease invading
the Vidian canal and/or bony pterygoid wedge. 25% (8/32)
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Table 1 Surgical sites of involvement found intra-operatively

Surgical sites of involvement Number of Percentage (%)

patients

Paranasal sinuses 28 87.50
Orbit sparing orbital apex 14 43.75
Orbit with orbital apex 22 68.75
Pterygopalatine + infratemporal fossa 26 81.25
Palate 8 25.00
Vidian canal + pterygoid wedge 16 50

Facial/eyelid soft tissues 18 56.25

of patients presented with involvement of palate. 56.25%
(18/32) patients had involvement of soft tissues of cheek
and eyelids (Table 1).

Discussion

Mucormycosis has been long recognized as a rare, fulmi-
nant, life-threatening disease of fungal etiology, belonging to
Mucorales [7]. It may present in many forms which include
rhino-orbito-cerebral, pulmonary, cutaneous, gastrointestinal
or disseminated disease. In India, the estimated number of
cases diagnosed with mucormycosis is 0.14 cases per 1000
population [8]. With the onset of COVID-19 pandemic, cli-
nicians have seen an alarming rise in the number of cases
of ROCM in post-infectious or active COVID-19 affected
patients, which is manifold than the usual reported incidence
of the disease in the pre-COVID setting. In a study by White
et al., 26.7% of the patients with COVID-19 were found to
have invasive fungal infection [9].

Lymphopenia has been associated with high morbid-
ity and mortality in COVID-19 patients [10]. Decreased
CD4+ and CD8+ T-cell population, which are mediators
of protective cell mediated immunity against fungal path-
ogens, increase the propensity of opportunistic mycotic
infections in COVID-19 affected patients. Moreover, back-
ground of poorly controlled DM, which is seen in major-
ity of the patients presenting with post-COVID Mucorales
infection further jeopardises the host response [11-13].
Furthermore, steroid therapy, which has evolved as an inte-
gral part of moderate to severe COVID-19 management,
leads to impaired glycemic state as well as waning immune
response. Hence, COVID-19 infected patients with history
of DM, who are started on steroid therapy, should be kept on
strict surveillance for early signs and symptoms of ROCM.
Patients should be made aware of early symptoms, such as
headache, numbness of face, blurring of vision which should
prompt early diagnostic nasal endoscopy, ophthalmological
evaluation and further work-up, if indicated.

@ Springer

Angioinvasion with infarction is the hallmark of invasive
mucormycosis [14]. The critical vessels in the vicinity of the
disease, such as ophthalmic artery, sphenopalatine artery
were often found to be completely thrombosed with scanty
bleeding intra-operatively (Fig. 5). The resultant infarction
contributes to the typical clinical findings of vision loss,
pre-maxillary, peri-orbital soft tissue involvement, sino-
nasal mucosal discolouration and necrosis of the underly-
ing bone. Hence, debridement of all devitalized, necrotic
tissues including dead bone is imperative for checking the
inflammatory load. Herein comes the importance of extent
of surgical debridement, which is often a matter of debate.
Critical areas affecting surgical decision-making include
involvement of pre-maxillary, peri-orbital soft tissues, hard
and soft palate, pterygopalatine fossa, pterygoid wedge, Vid-
ian canal and skull base which often require bone drilling.
Pre-macxillary, peri-orbital soft tissue or palatal involvement
precludes exclusive endoscopic approach and calls for more
aggressive open approach. Perineural invasion is another dis-
tinctive feature of ROCM [15]. This along with angioinva-
sion accounts for early optic nerve involvement and orbital
apex syndrome. In this respect, decision of orbital exentera-
tion is often controversial [16]. In a review of literature by
Hargrove et al., there is no standard guideline regarding
decision-making of orbital exenteration in ROCM patients
[17]. Shah et al. have devised a scoring system to guide the
decision-making of exenterating the orbit in patients with
ROCM [18]. The fulminant nature of the disease and its
consequent aggressiveness of management often leaves the
patients with considerable morbidity and poor quality of life
post-operatively.

Early diagnosis is the key. High degree of clinical suspi-
cion coupled with appropriate investigations should be done
at the earliest in high-risk patients. Nasal endoscopy with
biopsy and swabs for KOH mount and fungal culture are
the most economical and easily available tools for diagno-
sis. In addition, MRI of paranasal sinus with orbit and brain

Fig.5 Posterior wall of right maxillary sinus being removed to show
necrotic tissue filling right pterygopalatine fossa (black arrow) with a
thrombosed right sphenopalatine artery (white arrow)
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aid in surgical planning and extent of resection. Surgical
debridement of all the accessible necrotic tissues should
be done as far as practicable. Post-operatively, total leuco-
cyte counts and serial C-reactive protein (CRP) are vital
and easily accessible markers of inflammation and resid-
ual disease surveillance, especially in critical-care setting
[19]. Renal function tests and electrolytes should be closely
monitored in the peri-operative period as these patients are
treated with adjuvant Amphotericin-B, which is potentially
nephrotoxic [20]. Long-term follow-up data of the patients
are still awaited and shall be addressed in further studies. We
acknowledge this as a limitation of our study.
Mucormycosis has long been recognized as a life-
threatening infection in susceptible individuals. However,
its addition to the spectrum of COVID-19 has posed a new
challenge due to an already weakened immunity with con-
comitant multi-system compromise due to the virus itself.
As cases continue to be reported globally, still much needs
to be known about this deadly combination of virus and fun-
gus, which is slowly becoming an epidemic in itself [21-24].

Conclusion

COVID-19 patients with high-risk features should be kept
under surveillance. A slightest degree of suspicion must
prompt early diagnosis and initiation of treatment. Clinicians
should not hesitate to initiate Amphotericin B therapy when
there is reasonable suspicion of ROCM. Underlying risk fac-
tors such as diabetes should be managed promptly. Radical
debridement of all necrotic tissue, with special attention to
the critical surgical areas of affection must be done as far
as practicable, to decrease the inflammatory burden and
increase the drug penetration.
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