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Abstract
Aim  During the second wave of COVID-19, cases of mucormycosis were increased suddenly over a period of 3 months in 
Maharashtra, India. An attempt was made to study the clinical profile and risk factors associated with mucormycosis.
Materials and methods  A retrospective descriptive study was carried out at a tertiary hospital during May 2021–July 2021. 
After obtaining informed written consent from the participants, various details of all participants, such as diabetes mellitus, 
use of steroids in COVID-19 treatment, use of immunosuppressant drugs, oxygen therapy, use of ventilators, complications 
that occurred during treatment, etc., were noted. All mucormycosis patients were treated with amphotericin B and aggres-
sive surgical treatment.
Results  In the present study, 74.7% of mucormycosis patients were male. 77.4% of mucormycosis patients were above 
40 years of age. 6.7% of mucormycosis patients were partially vaccinated. Among risk factors, 86.6% had diabetes mellitus, 
84% had COVID-19 infection, 44% had received steroids, and 54.7% had received oxygen. 80% of patients were present 
during and within 1 month of COVID-19 infection. 52% of patients were presented in stage III and 41.3% were presented in 
stage II. Despite aggressive surgical debridement along with amphotericin B, mortality was 25.33%. 5.3% of patients had 
brain abscesses, 8% of patients had cavernous sinus thrombosis, 4% of patients had facial nerve palsy and 1.3% of patients 
had meningitis.
Conclusion  Mucormycosis was predominantly seen in male above the age of 40 years COVID-19 infection and diabetes 
mellitus was common risk factor for mucormycosis.
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Introduction

Recently, mucormycosis incidence had increased in India 
due to COVID-19 over a period of 3 months, especially dur-
ing the second wave of COVID-19 in Maharashtra, India. In 
India, mucormycosis was seen in 0.14 per 1000 population, 
which was 80 times higher as compared to developed coun-
tries [1, 2]. As mucormycosis is angio-invasive disease, it 
causes vascular thrombosis and tissue necrosis [3].

Mucorales spore germinates in people with COVID-19 
with low oxygen (hypoxia), high glucose (diabetes, new-
onset hyperglycaemia, steroid-induced hyperglycaemia), 
acidic medium (metabolic acidosis, diabetic ketoacidosis), 
high iron levels (increased ferritins), decreased phagocytic 
activity of white blood cells due to immunosuppression 
(SARS-CoV-2 mediated, steroid-mediated or background 
comorbidities), prolonged hospitalization and mechanical 
ventilation [4, 5].
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Mucormycosis patients present with headache, fever, uni-
lateral facial swelling, orbital cellulitis, palpebral oedema, 
ptosis, chemosis and ophthalmoplegia. Organ involvement 
in mucormycosis varies from country to country. In devel-
oped countries, lungs were the main site of infection seen 
in 58.5%, followed by rhinocerebral or rhinoorbital involve-
ment seen in 19.5% [6]. Study done in an Italian mucormy-
cosis patients, rhino-orbital-cerebral involvement was seen 
in 35% and lung involvement was seen in 25% of cases [7]. 
In India, the most common type of mucormycosis is the 
rhino-cerebro-orbital type [8].

In India, diabetes was seen in 8.9% of the adult popu-
lation and a total of 77 million populations were affected 
by diabetes mellitus [9]. Hyperglycaemia was also seen 
in patients on the glucocorticoids therapy used in severe 
COVID-19. Diabetes mellitus is associated with impaired 
neutrophil function, microvascular insufficiency, ketoacido-
sis, and other metabolic abnormalities. All these conditions 
were in favour of fungal growth [4, 5]. Thus, mucormycosis 
was commonly seen in patients with diabetes mellitus and 
COVID-19 patients treated with steroids. Although aggres-
sive surgery was done in all patients of mucormycosis, the 
death rate in mucormycosis remained high.

Mucormycosis of the ethmoid sinus can spread through 
valveless emissary veins to the cavernous sinus. Maxillary 
sinus infection can spread to the hard palate and ethmoid 
sinuses. Infection of the sphenoid sinus can spread to the 
cavernous sinus. Carotid artery, in the sphenoid sinus gives 
emboli to the frontal and parietal lobes [10].

The present study aimed to find the risk factors associated 
with mucormycosis, to study mucormycosis with COVID-
19 status and to study the complications in mucormycosis 
patients during treatment.

Materials and methods

A retrospective descriptive study was carried out at Govt. 
Medical college Hospital, Miraj (Maharashtra) from May 
2021 to July 2021. The study was approved by the Institu-
tional Ethical Committee. A total of 75 patients with mucor-
mycosis were included in the study. All patients included in 
the present study were microbiology and or histopathology 
confirmed mucormycosis cases. All mucormycosis patients 
irrespective of COVID-19 status were included in the study. 
Admitted patients with an intracranial extension of mucor-
mycosis and later transferred to super speciality centre later 
were also included in the study.

After obtaining informed written consent from the par-
ticipating patients, a thorough clinical history was taken 
regarding diabetes mellitus, use of steroids in COVID-19 
treatment, use of immunosuppressant drugs, oxygen therapy, 
use of ventilators, etc.

Diagnostic endoscopy was done in all patients and sam-
ples from the nasal cavity had sent to the microbiology and 
pathology department for confirmation of diagnosis. KOH 
negative and clinically mucormycosis suspect patients were 
posted in operation theatre for a biopsy and or debridement. 
The sample was sent to microbiology and histopathology 
examination for confirmation of the diagnosis of mucor-
mycosis. All patients had a CT or MRI of PNS and brain 
depending on the presentation of the patient. All patients 
were done all routine blood investigations.

All mucormycosis patients were treated with ampho-
tericin B colloidal dispersion (ABCD), liposomal ampho-
tericin B (L-AMB), amphotericin B lipid complex (ABLC) 
and amphotericin B conjugated with de-oxycholate (AMB-
D) depending on the availability of the stock from the 
government.

The dose of ABCD, L-AMB and ABLC given to patients 
was 5 mg/kg/day once daily by intravenous infusion over 
4–5 h. The AMB-D was given at 1 mg/kg/day once daily 
by intravenous infusion over 4–5 h with adequate hydra-
tion before and after dosing for renal function improvement. 
The treatment was continued till the cumulative dose of 5 g. 
Renal function test was done periodically in all patients. In 
mucormycosis patients with deranged renal function tests, 
respective amphotericin B was withheld till the renal func-
tion tests return to the normal limits.

After anesthetic fitness, patients were posted for aggres-
sive surgical treatment without delay. Postoperative check 
endoscopy was done weekly and in case of recurrence 
patients were posted for debridement for second time. Oph-
thalmology, maxillofacial and neurosurgery consultation 
was done whenever needed.

Consent for publication of data was taken from every par-
ticipant in the study.

Results

Age and sex distribution in the study population

In the present study, 74.7% of mucormycosis patients were 
males and 25.3% of mucormycosis patients were females 
(Fig.  1). 77.4% of mucormycosis patients were above 
40 years of age and no patient was under 20 years of age 
(Fig. 2).

Risk factors associated with mucormycosis

In the present study, diabetes mellitus was the most common 
risk factor seen in 86.6% of patients with mucormycosis. 
54.7% were preexisting diabetes mellitus, 32% were newly 
diagnosed diabetes mellitus and in 13.3% blood sugar levels 
were in normal range.



3203European Archives of Oto-Rhino-Laryngology (2022) 279:3201–3210	

1 3

In the present study, 84% of patients with mucormycosis 
had a COVID-19 infection. The steroid had received in 44% 
of mucormycosis patients. Preexisting diabetes mellitus was 

seen in 24% patients on steroids. 16% patients were newly 
diagnosed diabetes mellitus cases during steroid treatment. 
4% patients were treated with steroids but with blood sugar 
levels in the normal range.

Oxygen was given in 54.7% of patients with mucormy-
cosis (Fig. 3).

Gap between COVID‑19 treatment and symptoms 
of mucormycosis

In the present study, 80% of patients were present during 
COVID-19 treatment and within 1 month of COVID-19 
infection. No patient with mucormycosis was presented after 
3 months of COVID-19 infection (Table 1).
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Fig. 1   Sex distribution in study population

Fig. 2   Age distribution in study 
population

0%

22.6%

42.7%

34.7%

0

5

10

15

20

25

30

35

40

45

0-20 21-40 41-60 61-80

Pe
rc

en
ta

ge
 

Age in years

Fig. 3   Risk factors associated 
with mucormycosis

84%

44%

54.7% 54.7%

32%

6.7%

0

10

20

30

40

50

60

70

80

90

Covid19 Steroid 
treatment for 

Covid19

oxygen 
treatment for 

Covid19

known case of 
diabetes

newly 
diagnosed 
Diabetes

Covid19 
vaccinated

Pe
rc

en
ta

ge

Risk factors



3204	 European Archives of Oto-Rhino-Laryngology (2022) 279:3201–3210

1 3

COVID‑19 status in mucormycosis patients

In the present study, 65.3% mucormycosis patients were 
postCOVID-19. 18.7% of mucormycosis patients were 
diagnosed during COVID-19 treatment or quarantine period 
(Table 2). 16% of mucormycosis patients had no history of 
COVID-19 infection and were negative RTPCR results on 
admission.

Among mucormycosis patients with history of COVID-
19 infection, eight patients were with of loss of taste and 
smell during the COVID-19 infection. All the patients were 
recovered fully after few weeks and got back taste and smell 
sensations and no patients with mucormycosis were pre-
sented with loss of taste and smell. In the present study, no 
patient was infected with COVID-19 during treatment for 
mucormycosis.

Stage of the mucormycosis at the time of admission 
and mortality in mucormycosis patients

In the present study, 52% of patients were presented in stage 
III, 41.3% in stage II. (Table 3). In the present study, 19 
patients died, 25.33% mortality was seen in mucormycosis 
patients.

Prognosis of mucormycosis patients with diabetes 
mellitus

Depending on glycemic status of patients, diabetes mellitus 
patients were on insulin or oral hypoglycemic drugs. Table 4 
is showing prognosis of mucormycosis patients with diabe-
tes mellitus on insulin and oral hypoglycemic drugs.

Complications occurred during mucormycosis 
management

In the present study, the frontal lobe abscess was seen 
in two patients, one had 10 × 8 mm size and another had 
35.6 × 32 mm size. Two patients had temporal lobe abscess 
of size 9 × 9 mm size and 11 × 11 mm size. Six patients had 
cavernous sinus thrombosis. One patient had patchy men-
ingitis. Facial nerve palsy of grade IV was seen in three 
patients and in all three patients taste sensations were intact.

Complications due to amphotericin B

In the present study, few patients experienced infusion-
related reactions like nausea, vomiting, chills and rigors with 
amphotericin deoxycholate. Long duration of the treatment 
also caused anemia, hypokalemia and deranged RFT in few 
patients. These patients were shifted to liposomal ampho-
tericin B or pre-medicated with analgesics, antihistamines 
and steroids.

In the present study, thrombophlebitis was seen in 62.66% 
patients, fever with chills or rigors was seen in 26.66% 
patients, anemia was seen in 18.66% patients, deranged 
RFT was seen in 13.33% patients, hypokalemia was seen 
in 4% three patients and abdominal pain was seen in 2.66% 
patients. No patient in the present study had renal shutdown. 
No major adverse effects were seen with liposomal ampho-
tericin B.

Surgical outcome in mucormycosis patients

In the present study, surgeries were done to remove all 
necrotic areas from nose, sinuses, palate, maxilla, pterygo-
palatine fossa, infratemporal fossa and mandible. In case 
of recurrence and involvement of adjacent areas, multiple 
surgeries were done in same patients. Orbital exenteration 

Table 1   Gap between COVID-19 treatment and symptoms of mucor-
mycosis

Gap between COVID-19 treatment 
and symptoms of mucormycosis in 
days (days)

No. of patients Percentage (%)

0–7 26 34.7
8–15 22 29.3
16–30 12 16
31–45 02 2.7
46–90 01 1.3

Table 2   COVID-19 status in 
mucormycosis patients

COVID-19 status in mucormycosis patient No. of patients Percentage (%)

Mucormycosis patients with H/o COVID-19-positive 63 84
Mucormycosis patients with no H/O COVID-19-positive 12 16
Mucormycosis during COVID-19 treatment/quarantine 14 18.7
Mucormycosis after COVID-19 treatment/quarantine 49 65.3

Table 3   Mucormycosis stage at the time of admission

Mucormycosis stage No. of patients Percentage (%)

I 0 0
II 31 41.3
III 39 52
IV 05 6.7
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Table 4   Prognosis of 
mucormycosis patients with 
diabetes mellitus

Mucormycosis patients No of patients 
recovered

No of patients dead No of patients 
transferred

Total

Diabetic patients on insulin 22 (53.6%) 18 (44%) 1 (2.4%) 41 (100%)
Diabetic patients on oral hypo-

glycemic drugs
22 (91.6%) 1 (4.2%) 1 (4.2%) 24 (100%)

Non-diabetic patients 10 (100%) 0 0 10 (100%)

was done by ophthalmologist in the cases with involvement 
of eyeball and loss of vision due to extensive mucormycosis.

In the present study, total 67 patients were operated. Six 
patients were not operated due to poor medical condition and 
died. Two patients were transferred to neurosurgery centre 
due to extensive disease.

Seventy-two percentage patients were recovered after 
surgical debridement. Although, surgical debridement was 
done, 17.33% patients died.

Discussion

Mucormycosis is an infection caused by Mucoraceae fam-
ily and class Phygomycetes or Zygomycetes fungus [11, 
12]. The fungus is commensal of the nasal mucosa. Various 
theories are suggested for the occurrence of mucormycosis. 
Diabetes mellitus, hyperglycemia in COVID-19 infection, 
ketoacidosis and low pH due to acidosis increase chances of 
mucormycosis. The phagocytic activity of WBC is reduced 
with the use of steroids, which causes defective broncho-
alveolar macrophage migration, ingestion, and phagolyso-
some fusion, making diabetic patients prone to mucormy-
cosis. Mucormycosis growth occurs on free available iron. 
Hyperglycemia causes glycosylation of transferrin, ferritin 
and reduces iron-binding. This increased free iron is favour-
able for mucormycosis growth. Increased interleukin 6 in 
COVID-19, increases free iron due to increased synthesis 
and decreased iron transport. Acidosis increases free iron 
by reducing the ability of transferrin to chelate iron. Adhe-
sive bandages, wooden tongue depressors, hospital linens, 
negative pressure rooms, water leaks, poor air filtration, 
non-sterile medical devices, and building construction are 
sources of mucormycosis [13]. Mucormycosis is also seen 
in exposed wounds [14].

Age and sex distribution in the study group

According to Moorthy et al., the incidence of mucormyco-
sis was not depending on age or gender [9]. According to 
Manish et al., the mean age of patients was 50.42 years and 
70.97% mucormycosis patients were male [15]. According to 
Elzein et al., the median age of the patients was 43.45 years 
and 72% were males [16].

According to Bhanuprasad et al., the mean age of mucor-
mycosis patient was 51 years, 78% were male and 22% were 
female [17]. According to Patel et al., 74.6% of mucormyco-
sis patients were men [18]. According to Singh et al. study, 
78.9% of mucormycosis patients were males [19].

In the present study, 74.7% of mucormycosis patients 
were males and 77.4% of mucormycosis patients were above 
40 years of age. In the present study, age and sex distribu-
tion among mucormycosis patients was similar to previous 
studies done.

Risk factors associated with mucormycosis

According to Mehta, COVID-19 is a major risk factor for 
mucormycosis [20]. According to Patel et al., COVID-19 
was the single disease in 32.6% of COVID-19-associated 
mucormycosis patients [18]. In the present study, 84% of 
mucormycosis patients were COVID-19 positive or had 
history of COVID-19 infection. Present study findings are 
comparable to Mehta study.

According to Patel et al., 62.7% of mucormycosis cases 
diabetes mellitus were most common underlying disease 
[18]. According to Skiada et al., diabetes was seen as a 
risk factor for mucormycosis in 73.5% of cases in India 
[1]. 90% cases of mucormycosis from North India had dia-
betic ketoacidosis while 10% of cases from South India 
had mucormycosis [1]. It indicates that uncontrolled and 
not diagnosed diabetic patients were more in North India. 
According to Bhanuprasad, diabetes mellitus remained a 
significant risk factor in mucormycosis patients with and 
without COVID-19 infection. 97% mucormycosis patients 
had underlying diabetes mellitus [17].

In the present study, diabetes mellitus was the most com-
mon risk factor seen in 86.6% of patients with mucormyco-
sis. 54.7% of mucormycosis patients had pre-existing dia-
betes mellitus. 32% of mucormycosis patients were newly 
diagnosed with diabetes mellitus (Fig. 3). In the study done 
by Singh et al., pre-existing diabetes mellitus was seen 
in 80% of cases and among them 14.9% were in diabetic 
ketoacidosis. As compared to previous studies, diabetes mel-
litus remained most common risk factor for mucormycosis.

According to Singh et al., use of steroids for the treatment 
of COVID-19 was seen in 76.3% of cases [19].
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According to Bhanuprasad, 71.6% patients of mucormy-
cosis had received steroids. Unwarranted steroid use even 
in mild COVID-19 along with other factors was responsible 
for the mucor epidemic in India [17]. According to Sarkar 
et al., a history of corticosteroid intake for the treatment of 
COVID-19 was present in 76.3% of cases with mucormyco-
sis [21]. According to Pal et al., Steroid use was seen in 85% 
of COVID-19 associated mucormycosis cases [22].

In the present study, the history of corticosteroid intake 
for the treatment of COVID-19 was present in 44% of cases. 
In the present study, history of corticosteroid intake was seen 
in less number of patients compared to other studies.

According to Bhanuprasad, oxygen use was uncommon 
among mucormycosis cases [17]. In the present study, oxy-
gen was given in 54.7% of patients with mucormycosis. It 
indicates that COVID-19 infection had lung involvement and 
immunosuppression had occurred due to COVID-19 infec-
tion itself.

Gap between COVID‑19 treatment and symptoms 
of mucormycosis

According to Pal et al., the median time interval between 
COVID-19 diagnosis and the first evidence of mucormyco-
sis infection was 15 days [22]. According to Muthu et al., 
diagnosis of mucormycosis was after a mean of 19.5 days 
from the diagnosis of COVID-19 [23]. 25% of mucormy-
cosis cases were early COVID-19 active mucormycosis, 
diagnosed within 7 days of COVID-19 diagnosis. Most 
of the mucormycosis cases in India were late COVID-19 
active mucormycosis cases [23]. According to Mehta et al., 
2–5 weeks gap was seen between recovery from COVID-19 
and onset of symptoms of mucormycosis. According to Gerg 
et al., mucormycosis usually developed 10–14 days after 
hospitalization [24]. Mucormycosis was seen in 59.4% active 
COVID-19-positive cases and 40.6% in post-COVID-19 
cases [21]. According to Patel et al., most cases of mucor-
mycosis were diagnosed 8 or more days after COVID-19 
diagnosis [18].

In the present study, 34.7% of mucormycosis cases were 
early COVID-19 active mucormycosis, diagnosed within 
7 days of COVID-19 diagnosis. 64% mucormycosis patients 
had symptoms after 15 days of COVID-19 infection. These 
results are similar to Garg et al. and Muthu et al. study. 80% 
of COVID-19-positive were presented within 1 month of 
COVID-19 treatment.

COVID‑19 status in mucormycosis patients

According to Pal et al., history of COVID-19 was present in 
37% patients with mucormycosis [22].

In the present study, 84% patient had history of COVID-
19 infection. 65.3% mucormycosis patients were post 

COVID-19. 18.7% of mucormycosis patients were diag-
nosed during COVID-19 treatment or quarantine period 
(Table 2). 16% of mucormycosis patients had no history 
of COVID-19 infection. According to the present study, 
COVID-19 pandemic had impact for the mucurmycosis 
epidemic in country like India.

Stage of the mucormycosis at the time of admission 
and mortality in mucormycosis patients

According to Sarkar et al. [21], nose and sinus were the most 
common site (88.9%), followed by rhino-orbital (56.7%) and 
ROCM type (22.2%). According to Mehta et al., ROCM type 
is more common in India [8]. According to Muthu et al., 
rhino-orbital (ROM) and rhino-orbito-cerebral mucormyco-
sis (ROCM) were seen in 89% of cases in India and globally 
seen in 64% cases of mucormycosis [23]. According to Pal 
et al., rhino-orbital mucormycosis was seen in 42%, rhino-
orbito-cerebral mucormycosis was seen in 24% and pulmo-
nary mucormycosis was seen in 10% [22]. In Patel et al. 
study, the rhino-orbital mucormycosis was seen in 58.2%, 
followed by rhino-orbital-cerebral and pulmonary [18]. In 
the present study, 52% patients were presented in stage III 
followed by 41.3% in stage II. Stage II disease was limited 
to sino-nasal cavity and had better outcome. Data were com-
parable in Indian scenario.

The mortality in the patients of mucormycosis depends 
on the stage of mucormycosis at the time of presentation, 
general condition of the patient, type of fungus, and the site 
affected.

The delayed presentation of mucormycosis is due to a 
lack of clinical suspicion and difficulty in isolating fungi. 
As it is a time-sensitive disease, a delay of even 6 days in 
initiating treatment doubles the 30-day mortality from 35 to 
66% [3]. According to Patel et al., mortality rates were the 
same in patients with COVID-19 associated mucormycosis 
and non-COVID-19 associated mucormycosis groups [18]. 
According to Aranjani, mortality due to mucormycosis had 
increased from 50 to 85% during the current COVID-19 
pandemic [25].

According to Roden et al., mortality was 46% in only 
sinus infections, 76% for pulmonary infections, and 96% 
for disseminated mucormycosis [26]. The prognosis of 
mucormycosis patients is poor and the mortality ranges 
between 33.3 and 80% [9]. The global case fatality rate in 
mucormycosis is 46% [27]. The mortality in COVID-19 
associated mucuormycosis was 87.5% [28–30]. Intracranial 
involvement of mucormycosis increases the fatality rate up 
to 90% [19]. Dissemination of mucormycosis is quite fast 
and therefore 50% of cases of mucormycosis are diagnosed 
after post-mortem [19]. According to Singh et al., mortality 
was seen in 30.7% in COVID-19 infection with mucormy-
cosis [19]. According to Prakash et al., the mortality rate of 
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mucormycosis in India was in the range of 28–52% [31]. 
According to Verma et al., the mortality rate of mucormy-
cosis was 46% [32]. According to Pal et al., the mortality 
rate was 34% in COVID-19 associated mucormycosis [22].

In the present study, mortality in mucormycosis patients 
was 25.33%. The reason for low mortality in mucormycosis 
patients was because of screening of all patients in COVID 
hospital for mucormycosis and detection of mucormyco-
sis in an early stage of the disease. According to Muthu 
et al., better survival and low mortality in mucormycosis 
were reported from India because of rhino-orbital cerebral 
mucormycosis, early intervention, the reporting bias and 
publication bias in these case reports.

Prognosis of mucormycosis patients with diabetes 
mellitus

Glucocorticoids are used for the treatment of severely ill 
COVID-19 patients to suppress the very high levels of 
cytokines and c-reactive peptides [33]. Glucocorticoids are 
known to cause hyperglycemia in patients with or without 
pre-existing diabetes. Steroids increase the blood sugar lev-
els by increasing hepatic gluconeogenesis, increasing insulin 
resistance, reducing the uptake of glucose and reducing the 
action of Beta cells directly [34]. COVID-19, diabetes and 
steroid intake predisposes to mucormycosis [35]. In COVID-
19 infection, a direct attack on pancreatic cells expressing 
angiotensin-converting enzyme 2 receptors, stress hyper-
glycemia resulting from the cytokine storm, alterations in 
glucose metabolism, steroid treatment during hospitaliza-
tion lead to transient hyperglycemia. 1.5–2.2% of diabetes 
codes were for drug- or chemical-induced diabetes [36]. It 
indicates that use of the steroids is not the only factor for 
hyperglycemic states in COVID-19 patients. According to 
Bhandari et al., 44.7% of patients were known diabetics, 
42.1% was newly diagnosed diabetic and 86.80% mucormy-
cosis patients were with uncontrolled glycemic levels [35].

In the present study, 54.7% of mucormycosis patients 
with known diabetics, 32% were newly diagnosed with dia-
betes mellitus. In the present study, newly diagnosed diabe-
tes mellitus patients were less due to low doses of steroids 
were given for less duration during COVID treatment.

In the present study, diabetes mellitus was the most com-
mon underlying disease in mucormycosis patients. Among 
diabetic patients on insulin, 44% of patients died. Among 
patients on oral hypoglycemic, 4.2% of patients died. The 
extensive disease was seen in patients with uncontrolled dia-
betes mellitus and mortality was increased in mucormycosis 
patients with uncontrolled diabetes mellitus.

Complications occurred during treatment

Complications had occurred during the treatment of mucor-
mycosis and after aggressive surgical debridement. These 
complications were increased creatinine levels, osteomyeli-
tis of bone, facial nerve palsy, brain abscess, intracranial 
extension of mucormycosis, cavernous sinus thrombosis, etc. 
Facial nerve paralysis was seen in 11% of rhino-orbital-cer-
ebral mucormycosis [37]. According to Mehta et al., facial 
nerve paralysis was occasionally seen in mucormycosis epi-
demic. Facial nerve palsy may be the alarm for rhinocerebral 
mucormycosis. Facial nerve palsy occurs due to involvement 
of the pterygopalatine fossa, infratemporal fossa and/or pre-
maxillary space [20].

In the present study, facial nerve palsy was seen in 4% 
patients with mucormycosis. These lower values were 
because of sino-nasal mucormycosis in 42.42% of cases. The 
exact aetiology for facial nerve paralysis is not known. Infec-
tion can reach from the pterygopalatine fossa to the inferior 
orbital fissure, orbital apex, and infratemporal fossa which 
lead to facial nerve palsy [37]. In diabetic patients, arterial 
resistance may cause oedema of the facial nerve and local-
ized ischemia leading to facial nerve palsy distal to chorda 
tympani nerve. Involvement of the CNS in mucormycosis 
occurs due to spread from the paranasal sinuses and orbits 
in 70% of cases [10]. 30% of cases of CNS involvement were 
seen in intravenous drug users and hematogenous spread 
from infected distant sites. Uncommon manifestations of 
cranial invasion include sagittal sinus thrombosis, menin-
gitis, obstructive hydrocephalus and epidural and subdural 
abscess [10].

In rhino-orbital-cerebral mucormycosis, CNS involve-
ment is seen in 33–49% of patients [38]. According to Ther-
akathu et al., brain abscesses were seen in 4.65% of patients 
with rhino-orbital-cerebral mucormycosis [39]. In the pre-
sent study, brain abscess was seen in 5.3% of patients. 1.3% 
of patients had meningitis. In patients with raised serum 
creatinine levels had advised withhold of amphotericin B till 
serum creatinine came within normal limits. So no patient 
in the present study had renal shutdown.

Complications due to amphotericin B

Infusion-related toxicity in amphotericin B treatment is 
because of the pro-inflammatory response to cytokines. It 
is seen in the first few minutes of administration. Toxicity 
related to the infusion of L-AMB is less that other formula-
tion of polyenes, including ABLC. An idiosyncratic reaction 
which manifested as a triad of chest pain and/or discomfort, 
flank and/or abdominal pain and dyspnea were seen with an 
infusion of L-AMB due the liposome than the active drug 
itself [40].
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According to Goodwin et al., infusion-related adverse 
events reported were fever (51%) and chills (28%), followed 
by nausea (18%), headache (9%), and thrombophlebitis 
(5%). After symptoms of Infusion-related adverse events 
reported, then patient should be premeditated for subsequent 
amphotericin B infusions. The most common regimens for 
premedication were included diphenhydramine, a corticos-
teroid, acetaminophen, and heparin [41].

In the present study, patients experienced infusion-
related reactions like nausea, vomiting, chills and rigors 
with Amphotericin deoxycholate. Long duration of the 
treatment also caused anemia, hypokalemia and deranged 
RFT in few patients. These patients were shifted to liposo-
mal amphotericin B. Pre-medications, such as Injection Avil 
2 cc, Injection Hydrocort 100 mg intravenously and Tablet 
Paracetamol 500 mg, were given to the patients with infu-
sion reactions. In the present study, thrombophlebitis was 
seen in 47 patients (62.66%), fever with chills or rigors was 
seen in 20 patients (26.66%), anemia was seen in 14 patients 
(18.66%), deranged RFT was seen in 10 patients (13.33%), 
hypokalemia was seen in three patients ( 4%) and abdomi-
nal pain was seen in two patients (2.66%). No patient in the 
present study had renal shutdown.

In the present study, thrombophlebitis was seen in more 
patients because of longer duration of treatment with ampho-
tericin de-oxycholate as compared to liposomal ampho-
tericin B. Fever with chills or rigors was seen in patients 
with amphotericin de-oxycholate and patients were premedi-
tated half hour before the infusion gets started. Infusion-
related toxicity and severe idiosyncratic reaction were not 
seen in any patient on liposomal amphotericin B in the pre-
sent study.

Surgical outcome in mucormycosis patients

Along with antifungal medications and control of underlying 
disease, surgical debridement is also an important treatment 
for mucormycosis.

In the present study, extensive surgical debridement 
including necrotic areas of the nasal cavity, paranasal 
sinuses, pterygopalatine fossa, infratemporal fossa, max-
illa, mandible, palate were done. Medial maxillectomy was 
done to remove all necrotic tissue from maxillary sinuses, to 
visualize the posterior wall of the maxillary sinus and as an 
approach to the pterygopalatine fossa. Depending on clini-
cal findings and CT scan or MRI as roadmap, all necrotic 
areas were debrided. Multiple surgeries were needed in 
same patient. Palatal resection, partial and total maxillec-
tomy, mandibulectomy, orbital exenteration were also done 
depending on extension of the disease.

According to a study done by Ryan et al., the overall mor-
tality ranges from 30 to 80% [42]. According to a study done 

by Choi et al., 82% of patients who underwent surgery were 
survived [43]. In the study by Abdollahi et al., 73.3% of 
patients who were diagnosed early and underwent extensive 
surgical debridement of the infected tissues were survived 
[44].

In the present study, 54 patients (72%) with mucormyco-
sis were cured after surgical debridement. These results are 
comparable with Abdollahi et al. study results.

Key message

Strict glycemic control in all diabetic patients along with 
screenings of all COVID-19 patients for mucormycosis is 
must for early diagnosis and treatment.

Limitations of study

Mucormycosis cases were suddenly raised in Maharash-
tra (India) during second wave of COVID-19. Maximum 
mucurmycosis cases were reported during May 2021–July 
2021 in the Institute where study was conducted. So mucor-
mycosis cases during that period were included in study.
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