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РИНО-ОРБИТАЛЬНО-ЦЕРЕБРАЛЬНЫЙ	 
МУКОРМИКОЗ,	СВЯЗАННЫЙ	С	COVID-19

Ш.И. Буваев, Суреш Сингх Нарука, Э.К. Асанкулов, Х. Уллах

Аннотация. Мукормикоз почти всегда встречается у пациентов с ослабленными защитными механизмами организма. Са-
харный диабет считается самым сильным фактором риска развития данного заболевания. Инфекция SARS-CoV-2 в со-
четании с сахарным диабетом чаще всего приводит к развитию мукормикоза. Таким пациентам после предварительной 
клинико-рентгенологической диагностики была проведена эндоскопическая хирургическая санация околоносовых пазух 
и экзентерация орбиты. Начато лечение противогрибковыми препаратами (амфотерицин-В, позаконазол и изавуконазол). 
В этой статье была ретроспективно проанализирована серия 79 подтвержденных случаев рино-орбитально-церебрального 
мукормикоза, связанного с COVID-19, с середины апреля 2021 года по середину сентября 2021 года. 67 пациентов уже 
были диабетиками, тогда как у остальных 12 сахарный диабет развился впервые. Из этих 79 случаев в 27 случаях заболева-
ние было ограничено пазухами (риномукормикоз), в 43 – сопровождалось поражением орбиты (рино-орбитальный мукор-
микоз) и в 9 – поражением головного мозга (рино-орбитально-церебральный мукормикоз). Всего за этот период погибло  
14 человек. COVID-19 вызывает нарушение регуляции и изменение иммунного ответа в организме, что предрасполагает 
к инвазивным грибковым инфекциям. Кроме того, неконтролируемый сахарный диабет и лечение кортикостероидами во 
много раз увеличивают риск развития мукормикоза.

Ключевые слова: коронавирусная болезнь; мукормикоз; сахарный диабет; дисрегуляция; грибковые инфекции; санация; 
экзентерация орбиты; инфекция; сепсис; хирургическое лечение.

КОВИД-19	МЕНЕН	БАЙЛАНЫШКАН	 
МУРУН-КӨЗ	ЖАНА	МЭЭНИН	МУКОРМИКОЗУ

Ш.И. Буваев, Суреш Сингх Нарука, Э.К. Асанкулов, Х. Уллах

Аннотация. Мукормикоз көбүнчө организмдин коргонуу механизмдери алсыраган бейтаптарда кездешет. Кант диабети 
бул оорунун өнүгүшү үчүн эң күчтүү тобокелдик фактору болуп эсептелет. SARS-CoV-2 инфекциясы кант диабети менен 
айкалышта көбүнчө мукормикоздун өнүгүшүнө алып келет. Алдын ала клиникалык жана рентгенологиялык дарт аныктоо- 
дон кийин ушундай бейтаптарга мурун синустарынын эндоскопиялык хирургиялык тазалоосу жана орбитанын экзен-
терациясы жасалган. Козу карынга каршы дарылоо (амфотерицин В, позаконазол жана изавуконазол) сунушталган. Бул 
макалада 2021-жылдын апрелинин ортосунан 2021-жылдын сентябрынын ортосуна чейин COVID-19 менен байланыш-
кан мурун-көз-мээнин мукормикозу тастыкталган 79 учурдун сериясы ретроспективдүү талдоого алынган. Бейтаптардын  
67 кант диабети менен ооругандар, калган 12 биринчи жолу кант диабети менен ооругандар. Бул 79 учурдун 27 синус ме-
нен чектелген оору болгон (риномукормикоз), 43 көздүн (рино-орбиталдык мукормикоз) жана 9 мээнин (рино-орбиталдык-
мээнин мукормикозу) жабыркоосу менен коштолгон. Бул аралыкта жалпысынан 14 адам каза болгон. COVID-19 организм-
деги иммундук жооптун өзгөрүшүнө алып келет да инвазиялык козу карын инфекцияларына жол берет. Мындан тышкары, 
контролсуз кант диабети жана кортикостероиддер менен дарылоо мукормикоздун өнүгүү коркунучун бир топ жогорулатат.

Түйүндүү сөздөр: коронавирус илдети; мукормикоз; кант диабети; дисрегуляция; козу карын инфекциялары; санация; ор-
биталык экзентерация; инфекция; сепсис; хирургиялык дарылоо.
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COVID-19	ASSOCIATED	RHINO-ORBITAL-CEREBRAL	MUCORMYCOSIS	

Sh.I. Buvaev, Suresh Singh Naruka, E.K. Asankulov, Kh. Ullah

Abstract. Mucormycosis is almost always confined to the patients with altered host defenses amongst which diabetes is considered as 
the strongest risk factor. COVID-19 only been seen in severe cases but also in mild and moderate cases of SARS-CoV-2 infections. 
After preliminary clinical and radiological diagnosis, surgical management in the form of endoscopic sinus surgery, debridement 
and orbital exenteration was performed. Medical management in the form of anti-fungal therapy (amphotericin-B, posaconazole 
andisavuconazole) was initiated. In this case series 79 proven cases of COVID-19 associated rhino-orbital-cerebral mucormycosis 
were analyzed retrospectively from mid April 2021 to mid September 2021. 67 patients were known diabetics whereas rest 12 had 
new onset diabetes mellitus. Of these 79 cases, 27 cases had the disease limited to sinuses (rhinomucormycosis), 43 had orbital 
involvement also (rhino-orbital mucormycosis) and 9 had cerebral involvement as well (rhino-orbital-cerebral mucormycosis). 
During this time- period a total of 14 mortalities occurred. COVID-19 causes dysregulation and alteration of immune response in the 
body which predispose to invasive fungal infections. In addition, uncontrolled diabetes mellitus and treatment with corticosteroids 
greatly increases the risk of developing mucormycosis.

Keywords: сoronavirus disease; mucormycosis; diabetes; dysregulation; fungal infections; debridement; orbital exenteration; 
infection; sepsis; surgical treatment.

Introduction. India is recognized as the 
diabetes and mucormycosis “capital” of the 
world [1]. Diabetes is the fastest growing non-
communicable disease in India. The second wave of 
Coronavirus disease 2019 (COVID-19) in India has 
presented in a catastrophic way as compared to the 
first wave and startled the medical fraternity. Severe 
acute respiratory syndrome Coronavirus 2 (SARS-
CoV-2) was found to be associated with systemic 
immune alterations causing wide range of manifes-
tations including various bacterial and fungal infec-
tions [2]. During the second wave, India faced the 
major morbidities and mortalities in the form of post 
COVID-19 sepsis and the abrupt spike of COVID-19 
associated mucormycosis (CAM). In the previous 
3 years (January 2018 to March 2021) we encoun-
tered only 5 cases of rhinomaxillary or rhino-orbital- 
cerebral mucormycosis, accounting institutional inci-
dence of less then 2 cases per year. COVID-19 in-
fection has led to worst consequences in the patients 
with uncontrolled diabetes, immunocompromised, 
immunosuppressed (post organ transplant) and those 
who were managed with long periods or high doses 
of systemic corticosteroids [3].

Invasive fungal infection or mucormycosis is 
almost always confined to the patients with altered 
host defenses such as in transplant recipients, dia-
betics, patients with malignancies and patients on 
corticosteroid therapy (autoimmune disorders). Hy-
perglycemia or uncontrolled diabetes, particularly 
diabetic acidosis is considered as the strongest and 
very well known risk factor for mucormycosis. It 
has spread rapidly amongst the active COVID-19 
and post COVID-19 diabetic patients. Many studies 

across the world have established the definitive se-
verity of SARS-CoV-2 infection amongst diabetic 
patients [4].

Mucormycosis is classified based on the site 
of involvement as rhino-orbital-cerebral, pulmo-
nary, cutaneous, gastrointestinal and disseminated 
form [5]. In literature only a limited number of post 
COVID-19 mucormycosis case series have been 
published, the comparative description of which 
has been tabulated in discussion [6–11]. This paper 
discusses the institutional experience of 79 cases 
of rhino-orbital-cerebral mucormycosis related to 
COVID-19 infection, which to our best knowledge 
is one of the biggest institutional case series. 

Methods. In this case series we are ret-
rospectively analyzing the 79 proven cases of  
COVID-19 related rhino-orbital-cerebral mucormy-
cosis. Throughout the second wave of COVID-19 
infection in India, we operated 96 suspected cases 
of mucormycosis between mid April 2021 and mid 
September 2021 which also included 7 patients  
operated elsewhere and referred for further manage-
ment. All patients received systemic steroids in the 
form of oral methylprednisolone, intravenous dexa- 
methasone or intravenous methylprednisolone as 
a part of management of COVID-19 infection.

In all suspected patients, a diagnostic nasal en-
doscopy (DNE) with a preliminary nasal swab was 
sent for KOH (potassium hydroxide) mount, a mag-
netic resonance imaging (MRI) of paranasal sinu- 
ses, orbit and brain was performed to look for ex-
tent of the disease if present. In COVID-19 positive 
patients, swab (with or without biosy) was taken 
bedside under full PPE cover. Based on preliminary 
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KOH mount report and MRI findings, surgery was 
planned according to the extent of disease. Systemic 
anti-fungals were started empirically after the opin-
ion of our infectious disease specialist. Sinusitis was 
seen in the form of varied level of mucosal thicke- 
ning of sinuses in all patients. Predominantly uni-
lateral ethmoidal and maxillary sinusitis was seen.

Surgical treatment in the form of endosco- 
pic sinus surgery and debridement, total or partial 
maxillectomy, orbital clearance or exenteration was 
performed. Orbital exenteration was performed by 
combination of external eyelid sparing and endo-
scopic power-assisted technique. All the debrided 
tissue was sent for histopathology and some tissue 
with pus (if present) was sent for bacterial and fun-
gal culture [figure 1]. 

Figure 1 – Endoscopic image showing pus draining  
from maxillary sinus (positive for fungal culture)

Thorough local application of amphotericin 
B 0.1 % ointment was done after debridement and 
nasal cavities were packed. On the basis of clinical 
and radiological suspicion of invasive fungal infec-
tion, amphotericin B was started in all 96 patients 
with doses monitored and modified after definitive 
diagnosis by the infectious disease specialist.

In all patients of mucormycosis, repeat imaging 
was performed between post- operative day 3 and 
7 to see the course of disease and to take measures 
for further debridement if needed [figure 2 and 3].

Amongst systemic anti-fungals, liposomal am-
photericin-B (5mg/kg/day) was started in all opera- 
ted 96 patients with close monitoring of renal pa-
rameters. In all histopathology proven mucormyco-
sis, oral posaconazole was started, as 300 mg twice 
a day as a loading dose on 1st day followed by 300 
mg once daily. Due to a huge bulk of mucormycosis 

patients, we had a shortage of liposomal form of 
amphotericin-B, as a result of which patients were 
switched to conventional amphotericin-B therapy. 
Many patients developed acute or acute on chronic 
renal injury which made us switch to posaconazole 
or isavuconazole monotherapy. High blood sugar 
levels were managed by endocrinologist with in-
sulin as per sliding scale. Patients were discharged 
when they had no evidence of disease with clinical 
and general physical improvement. All discharged 
patients were kept in minimum follow up period of 
6 months, many of which has been completed this 
period. 

Results.	Out of all 96 operated cases, 79 were 
histopathologically diagnosed as mucormycosis. 
These patients presented to us with varied disease 
load. There were 62 males and 17 females. The 
youngest patient was 21 years old and eldest one 
was 72 years old. Fifteen (15) patients were opera- 
ted during their active COVID-19 infection where-
as rest 64 patients operated during post COVID-19 
status after an initial recovery.

All patients had one or other symptoms or signs 
of sinusitis including facial pain or numbness, facial 
swelling, headache and nasal congestion. Of these 
79 patients of mucormycosis, 27 patients had dis-
ease restricted to nose and paranasal sinuses (PNS) 
(rhinomucormycosis) [figure 4], 43 showed orbital 
involvement as well (rhino-orbital mucormycosis) 
and 9 patients had severe disease involving brain al-
so (rhino-orbital-cerebral mucormycosis). 

Hence, total 52 patients (43 + 9) had orbital in-
volvement. All 52 patients who had orbital involve-
ment had lid edema with proptosis, orbital pain with 
periocular swelling, conjunctival edema and double 
vision in varied severity.

Among 43 patients of rhino-orbital mucormy-
cosis, 11 patients had positive perception of light 
(PL) only, 6 of 43 patients had no perception of light 
with dilated non- reactive pupils (total ophthalmo-
plegia) whereas rest had just diminished vision of 
variable grade [figure 5]. 

One patient among 6 patients of total ophthal-
moplegia had bilateral involvement and 2 develo- 
ped pulmonary mucormycosis who died during ICU 
care [figure 6].

In 9 patients with cerebral involvement, 
all patients had altered sensorium, confusion  
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Figure 2 – CEMRI (A: coronal; B: axial) of brain and orbits showing features of fungal  
sinusitis predominantly involving left side ethmoid and frontal sinuses with extension  

of the disease in intraorbital region through the medial orbital wall with resultant stranding  
of the retro-orbital and extraconal fat and thickening and hyperintensity of the extraocular muscles.  

There is proptosis of the left eye. The fat stranding is extending up to the orbital apex  
with mild asymmetry of the left cavernous sinus

Figure 3 – Plain MRI brain and orbit (A: coronal; B: axial) showing features  
of fungal sinusitis predominantly involving the right side sinuses.  

There is proptosis of the right eye with fat stranding up to the orbital apex

Figure 4 – Endoscopic images of (A) necrotic middle turbinate (mucormycosis)  
and (B) Black turbinate due to rhino-mucormycosis



Вестник КРСУ. 2022. Том 22. № 920

Клиническая медицина / Clinicаl medicine

Figure 5 – Images showing right orbital involvement due to mucormycosis (total ophthalmoplegia)

Figure 6 – Images showing bilateral orbital involvement due to mucormycosis (A)  
and  non reactive dilated pupil with total ophthalmoplegia (B)

Figure 7 – T2 MRI coronal cut of brain and orbits 
showing postoperative sinus changes with intracranial 

extension of the disease through cribriform plate

Figure 8 – CEMRI axial cut of brain showing multiple 
predominantly rim enhancing thick walled lesions with 
surrounding oedema in left frontal, right thalamus and 

right ganglio-capsular regions

Figure 9 – CEMRI coronal cut of brain showing mild asymmetry with thickening convexity of lateral walls of right 
cavernous sinus with hypo-enhancement suggesting early signs of cavernous sinus thrombosis
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or disorientation of variable grade. Three (3) out of 
9 had unilateral involvement whereas one had bi-
lateral involvement with dilated and non-reactive 
pupil and ophthalmoplegia. Rest had diminished or 
blurred vision of variable grade.

All patients were hyperglycemic during the 
time of clinical diagnosis or suspicion of mucormy-
cosis. Sixty seven (67) patients had known history 
of diabetes whereas 12 patients developed steroid 
induced hyperglycemia.

Out of total 79 patients, 18 patients had his-
tory of ICU care whereas rest 61 patients had non-
ICU care. Fifty nine (59) patients required oxygen 
support at some period of COVID- 19 infection 
whereas 20 patients did not give any history of oxy- 
gen support.

Out of all 96 operated cases, mucor fungal 
hyphae with tissue invasion in histopathology was 
seen in 53 cases; mixed fungal involvement (Mu-
cor, Aspergillus and Candida) in 16 cases; isolated 
Aspergillus was identified in 10 cases whereas in 17 
cases  there were no fungal elements identified.

Among 9 patients of cerebral involvement 
(rhino-orbital-cerebral mucormycosis), 3 showed 
cavernous sinus involvement, 4 developed cerebral 
abscess and 2 patients showed isolated intracrani-
al fungal lesion (likely hematogenous spread) [fi- 
gure 7 to 9]. All of them landed in ICU during the 
management and the general condition of 8 patients 
deteriorated subsequently during ICU care despite 
appropriate anti-fungal therapy and did not survive. 

The only patient who survived had cavernous si-
nus involvement and underwent orbital exenteration.

In 6 out of 43 patients of rhino-orbital mu-
cormycosis and 4 out of 9 patients of rhino-orbi- 
tal-cerebral mucormycosis with no visual poten-
tial, the decision of orbital exenteration was taken 
after sub-optimal response to anti-fungals in 72 to 
96 hours. But consent for orbital exenteration was 
not given by 2 patients and their family. So, total 
8 orbital exenterations were done during the second 
stage surgery after initial endoscopic sinus debride-
ment. All patients having total ophthalmoplegia PL 
(-), was due to direct spread or indirect inflamma-
tion of orbital apex. All orbital exenterated patients 
had extensive necrotic orbital tissue which showed 
evidence of fungal elements except in one specimen 
where no fungal element was seen in histopathology 

but sinus specimen in previous tissue showed fun-
gal elements. Out of these 8 patients, 5 patients 
(4 rhino-orbital mucormycosis and 1 rhino-orbi- 
tal-cerebral mucormycosis) did not survive but rest 
3 patients (2 rhino-orbital mucormycosis and 1 rhi-
no-orbital-cerebral mucormycosis) are doing well 
on follow up. Rest 37 out of 43 rhino-orbital mu-
cormycosis patients showed improvement in ptosis, 
proptosis, congestion and vision with anti-fungal 
therapy. Those 2 patients whose family did not give 
consent for orbital exenteration having cerebral in-
volvement, died after few days of ICU care.

All 27 patients with disease limited to sinuses 
underwent extended endoscopic sinus surgery and 
debridement. Four (4) patients showed residual or 
new enhancements on serial radiological investi-
gation and underwent revision and further debride-
ment.

Condition of 12 patients deteriorated over the 
next few days after debridement surgery due to 
acute respiratory distress syndrome and were ini-
tially started on non-invasive ventilation. Eleven 
(11) of 12 patients got intubated and were started on 
mechanical ventilation with ionotropic support. All 
11 patients who were on ventilator support did not 
survive. Cause of death suspected to be thromboem-
bolic event and eventually cardiac arrest was sus-
pected in all of them. Thirteen (13) patients (exclu- 
ding those who required exenteration during second 
surgery) required revision and further debridement 
of sinonasal tissue, which included 7 patients who 
were operated at other centres previously. 

A different pattern of presentation has been en-
countered amongst the patients who presented du- 
ring later phase of this post-COVID-19 mucormy-
cosis. These patients had disease restricted to uni-
lateral sinuses and maxilla (palate) [figure 10 to 12]. 

Seven (7) patients (out of 27 rhino-mucor-
mycosis patients) presented with sinus and floor 
of maxilla involvement with blackish discolora-
tion within nose or palate, loosening of teeth and 
abscess in the gingival tissue. They had history of 
COVID-19 infection of more than 3 months back; 
all were diabetics and had history of corticosteroid 
treatment. All the patients with maxillary involve-
ment had a common clinical presentation of drai- 
ning sinuses and mobility of teeth, for which rou-
tine dental treatment was given. Few had history 
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Figure 10 – Transoral images showing palatal (floor of right maxiila) involvement  
due to mucormycosis (in increasing order of severity)

Figure 11 – Images showing (A) draining sinus from alveolar process.  
The patient is having isolated involvement of right maxilla. (B) Showing necrosis of alveolus

Figure 12 – Plain ct scan (coronal) showing erosion of maxilla and alveolus (fungal osteomyelitis)

Figure 13 – (A) showing necrosed and eroded upper alveolus and (B) showing the same after sequestrectomy  
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of multiple consultations of dentists for tooth pain. 
Hence, the delay in definitive clinical management 
of mucormycosis. They all showed sequestrum and 
erosions in maxillary floor and sinusitis on MRI. 
None had orbital or intracranial involvement. Later, 
all these patients underwent sequestrectomy and de-
bridement of the infected area along with extraction 
of involved teeth with the guidance of a maxillo-fa-
cial surgeon [figure 13]. 

Primary closure was achieved in all patients. 
All the patients with maxillofacial involvement 
were subjected to amphotericin B and posacona-
zole therapy with no complications reported and are  
doing well on follow up.

Interestingly, 3 patients (out of this case series) 
reported with exclusive involvement of mandible 
with no signs of disease in maxilla. The presentation 
in mandible was that of mobile teeth and draining 
sinuses, possibly suggesting hematogenous spread. 
The clinical impression of mandibular involvement 
was classically similar to osteomyelitic process, 
wherein, the superior alveolar bone was necrotic 
and easily separable from the underlying basal bone 
however, the basal bone was also found to be avas-
cular, necessitating the need to make multiple bur 
holes for neovascularization. 

During this time-period, 14 mortalities oc-
curred accounting for 18.18 % mortality rate. All 
14 patients who died had thromboembolic events, 
cardiac arrest and respiratory failure (acute res-
piratory distress syndrome, ARDS). Most of the 
patients were discharged after completion of 10 to 
14 days of amphoterin-B therapy. They were dis-
charged with oral posaconazole 300mg once a day 
for 3 months and were called for regular sino-nasal 
endoscopic examination [table 1].

Discussion.
Epidemiology. Mucorales are the moulds found 

abundantly in the environment, predominantly in 
hot and humid conditions of tropical countries like 
India. Rhizopus and Mucor are the two most com-
mon species causing mucormycosis belonging to 
family mucoraceae. The prevalence of mucormyco-
sis in India is attributed around 140 cases per million 
population and it is much less in European countries 
and the United States of America [12]. Mucormyco-
sis has emerged as one of the life threatening compli-
cations of COVID-19 infection in India.

Etiopathology. As mucormycosis is considered 
a “diabetes-defining illness”, a major bulk is seen 
among diabetic patients and its severity is more 
prevalent among uncontrolled diabetics. Rhino-or-
bital-cerebral mucormycosis is a serious invasive 
fungal disease, the mortality rate of which is very 
high even with best treatment. It acts by invading 
blood vessels and mycotic thrombosis causing in-
farction and ischemic necrosis of host tissue in-
cluding surrounding bones [13, 14]. Several factors 
are considered responsible for this sudden spike 
in incidence of invasive fungal infection. SARS-
CoV-2 infection and post COVID-19 sepsis re-
sults in dysregulated and altered immune response 
causing cytokine storm, thromboembolic events 
and secondary bacterial and fungal infections [15]. 
There are some pathophysiological phenomenons 
like immune dysregulation, reduced CD4+ T and 
CD8+T cells and impaired phagocytic immune-cell 
response that may enhance the risk of invasive fun-
gal infections [16, 17]. Furthermore the prolonged 
corticosteroid treatment in such patients especially 
with pre-existing conditions such as diabetes melli-
tus, organ transplant, neutropenia and high free iron 
levels made them a susceptible host for invasive 
fungal infections like mucormycosis, aspergillosis, 
cryptococcosis and candidiasis [18]. Corticosteroid 
therapy induces immunosuppression, lymphopenia 
and hyperglycemia predisposing to invasive fungal 
infection [19]. Another indirect potential correlation 
has been established between COVID-19 and mu-
cormycosis in India is the use of contaminated wa-
ter with fungal spores for oxygen humidifier or use 
of contaminated and poor quality industrial oxygen 
during the shortfall of medical oxygen during the 
second wave of COVID-19 Infection [20].

Invasive mucormycosis has not only been seen 
in severe cases but also in mild and moderate ca- 
ses of SARS-CoV-2 infections. These patients found 
to have uncontrolled hyperglycemia, or steroid in-
duced hyperglycemia and were on immunosuppre-
sants (renal recipients). Low dose, short duration 
of corticosteroids has shown benefit in patients of 
moderate to severe illness. But in second wave of 
SARS-CoV-2 infection higher doses and longer du-
ration of corticosteroids have been used in many 
patients with severe diseases. The invasive fungal 
infections in such patients alters the natural history 
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Table 1 – Demographic data of the case series

Parameter Value
• Clinically and radiologically suspected cases operated 96
• Histopathological diagnosed cases (mucormycosis) 79
• Age (range in years)
• Mean age (in years)[standard deviation]

21–72
52.24 [12.23]

• Male: Female 3.6:1
• Patients with active COVID-19 infection
Patients with post COVID-19 status

15
64

• Clinical category of mucormycosis
1. Rhinomucormycosis

With palatal and dental involvement
2. Rhino-orbital mucormycosis

With PL positive only
With PL negative (total ophthalmoplegia)*, 2 patients had pulmonary mucormycosis also
Vision better than PL positive

3. Rhino-orbital-cerebral mucormycosis
With PL negative and total ophthalmoplegia* With cutaneous involvement [figure 14]

27

7
43
11
6
26
9
4
3

Note: Total patients with orbital involvement
Total patients with ophthalmoplegia and PL (-)

52 (43+9) 
10 (6+4)

• Known diabetics
• Steroid induced diabetes

67
12

• Post renal transplant patients (all are with associated diabetes/steroid 
induced hyperglycemia)

5

• Other comorbidity
Chronic kidney disease (CKD), excluding renal transplant recepients Chronic liver disease 
(CLD)
Malignancy Heart disease***
Hypertension

6
1
1**
4
14

• Patient with history of ICU care and mechanical ventilation Patients with history of 
oxygen therapy

• Patients with no history of oxygen therapy

18
59
20

• Isolated Mucor infection#
• Mixed infection (Mucor+Aspergillus+/-
• Candida)# Isolated Aspergillus infection#
• No fungal elements## (preoperatively suspected cases; not included in series)

53
16
10
17

• Patients required revision sinus debridement (including 7 patients referred from 
other centres)

13

• Total orbital exenteration performed
Rhino-orbital mucormycosis (died) 
Rhino-orbital-cerebral mucormycosis

8
6(4)
2(1)

• Outcome (status till 30th September 2021)
Alive 
Deceased

63
14 (18.18 %)

Loss to follow up (leave against medical advice; LAMA) 2
*Includes 1 patient with bilateral total ophthalmoplegia
**Malignant melanoma
***ischemic heart disease, coronary artery disease, post CABG (coronary artery 
bypass grafting)
#Antifungal therapy continued after definitive diagnosis
##Antifungal therapy modified or stopped as per clinical and radiological judgement
@Calculated from 77 patients, excluding those 2 patients who went LAMA



Вестник КРСУ. 2022. Том 22. № 9 25

Ш.И. Буваев, Суреш Сингх Нарука, Э.К. Асанкулов, Х. Уллах 

of disease resulting in poor prognosis [21, 22]. Un-
controlled diabetes and persistent hyperglycemia is 
considered to effect neutrophil function and hence 
causes phagocytosis. Furthermore, diabetic acidosis 
impairs binding of iron to transferrin letting high 
levels of free iron promoting fungal growth [23]. 
These fungi causing invasive infection thrive best 
in individuals having high serum glucose and acidic 
condition [24]. It is pertinent to note that majority of 
invasive fungal infections develop during the later 
stages of COVID-19 infection. Similar pattern was 
also noted by Song et al in their study [22].

The fungal spores reach sinuses through in-
halation via nares, depositing in nasal mucosa and 
reaching orbit through lamina papyraceae, ethmoid 
bone, inferior orbital fissure or via orbital apex. 
Brain is involved when fungal infection directly 
involves cribriform plate, supraorbital fissure or by 
perineural invasion and hematagenous spread [25]. 
These patients can present with unilateral or bilate- 
ral facial swelling, numbness, proptosis, diminished 
vision, palatal involvement and headache. The in-
tracranial extension can be in the form of cavernous 
sinus thrombosis, cerebral infarction, aneurysm or 
abscess formation. These patients can present with 
confusion and disorientation. Majority of the pa-
tients came into medical attention when they deve- 
loped some orbital signs and symptoms such as or-
bital swelling, blurred or double vision, visual loss 
or ophthalmoplegia.

Management. The nasal endoscopy of sus-
pected patients may show necrosis or discoloration 
of nasal mucosa with blackish crusting, with or 

without anesthesia of nasal mucosa. The different 
diagnostic methods for mucormycosis include KOH 
fungal mount, biopsy, fungal staining (calcofluor) 
and culture. KOH is a rapid test which shows the 
presence of broad aseptate filamentous hyphae with 
right angled irregular branching. Computed tomo- 
graphy (CT)/ magnetic resonance imaging (MRI) 
of paranasal sinuses, orbits and brain should be ob-
tained to see the extent of the disease. CT may show 
bony erosion or soft tissue invasion but MRI is 
more sensitive for detecting characteristic paranasal 
sinus, orbital and intracranial invasion. MRI may 
reveal non-enhancing mucosal tissue of sinuses and 
turbinates, subcutaneous facial tissue infratemporal 
and temporal fossa inflammatory infiltration. Or-
bital involvement can be depicted as thickening of 
medial rectus, proptosis, preseptal edema or orbital 
apex infiltration. Culture takes many days to grow 
fungus, but biopsy of the suspected tissue is the 
mainstay method of definitive diagnosis. Detection 
of fungal elements can be enhanced by using spe-
cial fungal stains such as calcofluor white.

Treatment of mucormycosis includes surgical 
drainage of paranasal sinuses, debridement of ne-
crotic and unhealthy tissues, intravenous anti-fungal 
therapy and treating underlying predisposing fac-
tors. Hyperbaric oxygen therapy can be added to the 
regimen but no controlled studies have shown its 
efficacy. Early surgical debridement of nasal, para-
nasal sinus and orbital tissue along with systemic 
antifungal therapy is the mainstay of treatment of 
mucormycosis. 

Figure 14 – Images showing cutaneous involvement due to mucormycosis. Both patients (A and B) had orbital  
and cerebral involvement (rhino-orbital-cerebral mucormycosis) and died during ICU care
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According to few studies, orbital exenteration 
is a crucial part of management in extensively di- 
seased orbit, preventing further deterioration [27, 
28]. But in a retrospective analysis a high mortality 
rate (88.9%) has been seen in patients who under-
went orbital exenteration. Deciding the need and 
timing of orbital exenteration is quite complica- 
ted. In limited involvement of orbit with preserved 
vision, resection of lamina papyracea should be 
considered. If disease progresses after 72 hours of 
aggressive antifungal therapy and in patients with 
non-reactive pupil or no visual perception, orbital 
exenteration should be done without any further de-
lay [28].

Among anti-fungal agents, amphotericin-B is 
the standard antifungal drug used against invasive 
mucormycosis. Lipid complex amphotericin-B is 
well known for its nephrotoxicity which is the ma-
jor dose-limiting toxicity of using it. Liposomal 
amphotericin-B is less or non nephrotoxic form 
of amphotericin-B. Its standard dose is 5 to 10mg/
kg/day. Other labelled antifungals against invasive 
mucormycosis are triazoles like posaconazole and 
isavuconazole, for atleast 6 weeks. Posaconazole 
and isavuconazole are good options as a salvage 
therapy in patients of chronic kidney disease (CKD) 
or in patients who may develop renal failure with 
uncontrolled diabetes. These can be used as mono- 
therapy but in refractory cases they are usually 
given as combined therapy. Posaconazole is given 
twice a day (300mg) orally for one day followed 
by 300mg once a day upto 6 months. Similarly isa- 
vuconazole is given thrice daily (200 mg) oral-
ly for 1 day followed by 200 mg once a day upto 
6 months. They are used as step-down therapy after 
initial intravenous amphotericin-B therapy.

Serial radiological investigations (preferably 
MRI brain, orbit and PNS) is the part of manage-
ment and is a must to assess the progression or re-
sponse to therapy. Some studies concluded PET-CT 
as a useful investigation for postoperative assess-
ment, but cost is the limiting factor [29–31].

The quick identification and diagnosis of in-
vasive fungal infection, subsequently early surgical 
debridement is the essential management modali-
ty in reducing the disease burden and can signifi-
cantly reduce the morbidity and mortality. Surgical 
debridement helps in penetration of intravenous 

antifungal agents more efficiently and limits further 
spread of disease. Correction of the underlying me- 
tabolic and immune derangement is equally impor-
tant for favorable outcome.

Mucormycosis is a fatal oppurtunistic invasive 
fungal infection, the prognosis of which is poor af-
fecting mainly immunocompromised and patients 
with uncontrolled diabetes. The mortality rate for 
rhino-orbital-cerebral mucormycosis is about 40 to 
80 % depending upon the extent of disease [26].

Few similar case series have been reported in 
literature recently [6–11]. Diabetes mellitus is the 
strongest association found in all COVID-19 asso-
ciated mucormycosis and all of them were mana- 
ged with corticosteroids during the active phase of 
COVID-19 infection. The comparative analysis of 
all published series of COVID-19 associated mu-
cormycosis is assessed in table 2.

Conclusion. COVID-19 in diabetics and in im-
munocompromised patients is associated with vari-
ous manifestations among which mucormycosis is 
one of the grave association. Further the use of long 
term high dose corticosteroids in COVID-19 treat-
ment exaggerates the probability of developing in-
vasive fungal infection. Delay in treatment even of 
few days can increase the mortality. Timely diagno-
sis and intervention in the form of surgical debride-
ment and anti-fungal therapy are critical aspects in 
improving clinical outcomes in such patients. The 
clinicians should now be cautious of possibility of 
development of invasive fungal infection during the 
management of COVID-19 patients with risk fac-
tors. Continuous vigilance with regular follow-up in 
recovered patients should be strictly followed.
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