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Abstract
Purpose  To compare the clinical profile of COVID-related and non-COVID-related rhino-orbito-cerebral invasive fungal 
disease.
Methods  We have compared the comorbidities, clinical features, course of the disease and outcome between COVID-related 
and non-COVID-related acute invasive fungal rhinosinusitis (AIFRS) of the rhino-orbito-cerebral form.
Results  HbA1c and blood sugar at the time of admission were significantly higher in the non-COVID group (P < 0.05). 
Duration of stay, and use of steroids were significantly higher among the COVID group (P < 0.05). The period of hospital 
stay was significantly higher in the COVID group. The overall survival in the COVID group was 67.57%. In the non-COVID 
group the overall survival was 61.90%.This study found that odds of surgical treatment was significantly lower among non-
survivors (P < 0.05). Similarly patients who developed stages 3 & 4 of the disease had a lower survival rate (P < 0.05).
Conclusion  Diabetes mellitus is a key risk factor for the development of AIFRS. Pre-existing, grossly uncontrolled DM was 
the predisposing factor in the non-COVID group. Deranged glucose profile associated with COVID illness and its treatment 
and immunological disturbances in a vulnerable population, contributed to the surge in cases of AIFRS in the COVID-
19-related group. Patients who underwent combined medical and surgical treatment had a significantly better outcome 
following AIFRS.
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Introduction

Acute invasive fungal rhino sinusitis (AIFRS) is a rare, ful-
minant infection that affects individuals in an immuno-com-
promised state such as malignancy, uncontrolled diabetes 
mellitus (DM), acquired immunodeficiency syndrome, neu-
tropenia, chemotherapeutic drugs, iron overload, and sepsis 

induced immune-suppression as in COVID-19 illness [1, 2]. 
The causative agents are fungal organisms widely distributed 
in the environment that do not invade living tissues in nor-
mal circumstances. But in immune-compromised states and 
in the presence of predisposing factors, these opportunistic 
pathogens can become aggressive and produce life-threat-
ening infections. Mucorales and Aspergillus are the most 
common fungal pathogens causing AIFRS. The disease is 
commonly acquired by inhalation of spores [1]. These patho-
gens especially Mucor are angio-invasive in nature leading 
to thrombosis of blood vessels resulting in infarction and 
necrosis of tissues [3]. Acute rhino-orbito-cerebral invasive 
fungal disease is considered the most severe and rapidly 
spreading form of AIFRS and is associated with variable 
survival rates ranging between 20 and 80% [4, 5]. A favour-
able prognosis is dependent on early diagnosis followed by 
aggressive medical and surgical management.

DM is a widely accepted risk factor for AIFRS [3, 4]. 
India with its high prevalence of DM is reported to be one 
of the countries having the heaviest burden of AIFRS cases 

 *	 Susan K. Sebastian 
	 drsusanjohn@rediffmail.com; drsusanks@gmail.com

	 Sahana Ponnuvelu 
	 sahanaponnuvelu@gmail.com

	 Yukti Sharma 
	 dryukti2006@yahoo.com

	 Rakhi Kuari Jha 
	 drrakhijha1989@yahoo.in

1	 Department of ENT, Head and Neck Surgery, St. Stephen’s 
Hospital, Delhi 110054, India

2	 Department of Microbiology, St. Stephen’s Hospital, 
Delhi 110054, India

http://orcid.org/0000-0001-7265-2903
http://orcid.org/0000-0001-9716-6880
http://orcid.org/0000-0001-5717-873X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00405-022-07402-x&domain=pdf


5240	 European Archives of Oto-Rhino-Laryngology (2022) 279:5239–5246

1 3

even during the pre-COVID era [1, 6]. An alarming spurt 
in the number of AIFRS cases was encountered during the 
COVID-19 pandemic and review of existing literature shows 
that India contributed to 81% of the cases of COVID-19-as-
sociated rhino-orbito-cerebral mucormycosis [1]. But, did 
the clinical course of the disease in COVID-related AIFRS 
differ from that of non-COVID-related group? Till now no 
studies have been undertaken to compare the clinical pro-
file of COVID-related and non-COVID-related rhino-orbito-
cerebral invasive fungal disease.

In this study, we have compared the comorbidities, clini-
cal features, course of the disease and outcome between 
COVID-related and non-COVID-related AIFRS.

Materials and methods

This study is a retrospective cohort analysis of AIFRS in 58 
patients treated at a 595-bed tertiary care centre in Delhi, 
India, from Jan 2016 to June 2021. They are divided into two 
groups; (a) patients diagnosed with AIFRS associated with a 
recent or concurrent COVID-19 infection (COVID AIFRS) 
from December 2020 to June 2021; (b) non-COVID patients 
with AIFRS (non-COVID AIFRS) treated in this institution 
between 2016 and 2021.

The diagnosis of COVID-19 was based on Reverse Tran-
scription Polymerase Chain Reaction (RT-PCR) test on 
nasopharyngeal or oropharyngeal swabs. The cases were 
classified as proven or probable invasive fungal disease as 
per the European Organization for Research and Treatment 
of Cancer/Mycoses Study Group (EORTC/MSG) guidelines 
[7]. Clinical features supported by diagnostic nasal endos-
copy findings, radiology and positive potassium hydroxide 
(KOH) mount of nasal swab were identified as probable 
cases of AIFRS. Diagnosis of invasive fungal sinusitis con-
firmed by fungal culture and/or histopathological evidence 
of invasion of sinus mucosa was considered as a proven case. 
Possible cases as defined by the EORTC/MSG group were 
not included in this study [7]. Mucor and Aspergillus species 
were differentiated based on their microscopic appearance 
on smear/culture. Radiological investigations included Com-
puted Tomography (CT) scans of chest and nose & paranasal 
sinuses (PNS). Magnetic Resonance Imaging (MRI) stud-
ies were performed when orbital or intracranial involvement 
was suspected.

There is no internationally accepted staging system for 
AIFRS based on the severity and diagnostic modalities. In 
this study, we have followed a staging system proposed by 
Honavar SG for rhino-orbito-cerebral mucormycosis [8]. 
This system is based on the general anatomical progression 
of the disease from nasal cavity to the paranasal sinuses, 
orbit and brain. The severity of disease in both groups can 

be assessed and broadly divided into four stages according 
to the above system.

Apart from the control of comorbid conditions, treatment 
included antifungal medications and surgical intervention. 
Amphotericin B was the preferred antifungal drug with 
Posaconazole and/or Voriconazole in some cases. Surgi-
cal debridement included endoscopic, open or combined 
approaches with multiple sittings when required. Manage-
ment of intracranial and ophthalmic complications was car-
ried out in consultation with neurology and ophthalmology 
colleagues.

Patient data were retrieved from inpatient records, dis-
charge summaries and computerised hospital information 
system. Demographics, clinical presentation, risk factors, 
comorbidities, radiological findings, microbiology and 
pathology investigation data, staging of the disease, medi-
cal and surgical treatment, duration of stay in the hospital 
and final outcome were analysed and compared.

Statistical analysis

All statistical analyses were performed using MedCalc 
software Ltd and the odds ratio calculator. The data were 
summarised with the mean and standard deviation for con-
tinuous variables and as numbers with percentages for quali-
tative variables. The clinical data and other variables were 
compared using an unpaired student’s t test for continuous 
variables and a chi-squared test for qualitative variables. 
A univariate logistic analysis was fitted for each variable. 
Variables with a P value < 0.05 were considered statistically 
significant.

Results

In this retrospective analysis, the COVID AIFRS group 
comprised 37 patients and the non-COVID AIFRS group of 
21 patients. Demographic data, associated comorbidities, 
stage of disease, treatment, hospital stay and outcomes of 
both groups of AIFRS are listed in Table 1. In the COVID 
group, 25 patients had DM of which 3 were of recent on 
set. Systemic corticosteroids (either oral or intravenous or 
both) were used in 29 (78.38%) patients in COVID group 
of patients, while 8 (21.62%) did not receive corticosteroids 
in any form. In the COVID group, (29.73%) (11 patients) 
did not have DM, although they had received steroids. One 
patient had no apparent risk factor other than COVID ill-
ness. All patients in the non-COVID group were diabetic 
and three patients developed DM following corticosteroid 
therapy prior to the onset of AIFRS. HbA1c and blood sugar 
at the time of admission were significantly higher in the non-
COVID group and duration of stay, and use of steroids were 
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significantly higher among the COVID group (P < 0.05). 
Other features were comparable in both groups of patients.

In the COVID group, we have included only patients with 
a positive COVID-RT-PCR test. Among them, 37.84% (14) 
were having an active infection and the remaining patients 
were in the post-COVID state. According to the EORTC/
MSG guidelines, 16.22% (6) patients of the COVID group 
had a probable diagnosis and 83.78% (31) patients had 
proven diagnosis of AIFRS. The causative fungus belonged 
to Mucor species in 15 cases while Aspergillus was detected 
in 15 cases and 7 cases had a mixed fungal infection in 
the COVID-group. In the non-COVID group, 19.04% (4) 
were probable cases while 80.95% (17) were proven cases 
of AIFRS. In this group, 17 cases were of Mucor species 
(80.96%), 2 (9.52%) were of Aspergillus and two (9.52%) 
were of dual origin. In the present study, Mucor species was 
identified in 58.62%, Aspergillus fumigatus in 32.76% and 
mixed infection in 29.31% of cases.

Based on clinico-radiological and endoscopic features 
clinical staging was done (Table 2). Bilateral involvement 
of nose and paranasal sinuses was present in 8 cases in the 
COVID group and six cases in the non-COVID group. Max-
illary sinus was the most frequently involved site followed 
by ethmoid and sphenoid sinuses in both groups. Extension 
of disease to the orbit was present in five cases in COVID-
group and six cases in non-COVID group. Altered senso-
rium was the most common symptom in cases with intrac-
ranial extension among both groups, followed by evidence 
of meningitis and cavernous sinus thrombosis.

Along with the stabilization of haemodynamic parameters 
and control of any associated comorbidities, treatment for 
AIFRS included antifungal treatment and surgical debride-
ment. In 78.38% (29) patients of the COVID group, initial 
treatment was with liposomal Amphotericin B during the 
active phase of AIFRS followed by oral Posaconazole for 
6–16 weeks during the recovery phase of illness. Oral Vori-
conazole was administered for six patients. Oral Posacona-
zole was administered in two patients with kidney failure. 
Endoscopic surgical debridement was done in 72.97% (27) 
patients of the COVID group. Combined endoscopic and 
open approaches were utilized in three patients of this group. 
In the non-COVID group, all patients received liposomal 
Amphotericin B and 76.19% (16) patients underwent endo-
scopic surgical debridement as well. Surgical debridement 
was based on the site and extent of involvement. It included a 
variety of procedures like middle and inferior turbinectomy, 
partial septectomy, middle meatal antrostomy, ethmoidec-
tomy, sphenoidotomy, Draf I procedure, endoscopic evacu-
ation of subperiosteal orbital abscess, orbitotomy, orbital 
decompression, endoscopic and open medial maxillectomy. 
Skin necrosis due to invasive fungal infection was managed 
by debridement followed by secondary suturing.

The overall survival in the COVID group was 67.57%. In 
the non-COVID-group the overall survival was 61.90%. Out 
of the 12 people who expired 7 died due to other COVID-
related respiratory and cardiac complications after clinical 
improvement from AIFRS. In the non-COVID group, all 
patients who expired were still in the active phase of AIFRS.

Table 1   Comparison of 
demographic data, associated 
comorbidities, stage of disease, 
surgical management hospital 
stay and outcomes between 
COVID positive and COVID 
negative AIFRS groups of 
patients

Data expressed as mean ± SD otherwise expressed

COVID positive COVID negative P value

Age (years) 52.49 ± 14.61 51.38 ± 16.98 0.795
Gender
 Male, % n 78.38 (29) 66.67 (14) 0.328
 Female, % n 21.62 (8) 33.33 (7)

Blood sugar at admission (mmol/L) 11.99 ± .56 20.713 ± 11.16 0.002
HbA1c, % n 8.62 ± 3.18 11.35 ± 3.17 0.003
Steroid use, % n 78.38 (29) 14.29 (3)  < 0.001
Diabetes mellitus, % n 67.57 (25) 100 (21) 0.003
Hypertension, % n 40.54 (15) 38.10 (8) 0.855
Renal failure, % n 13.51 (5) 28.57 (6) 0.160
Lymphopenia, % n 62.16 (23) 66.67 (14) 0.732
Stage of disease
 1 and 2 % n 43.24 (16) 52.38 (11) 0.503
 3 and 4 % n 56.76 (21) 47.62 (10)

Surgical treatment, % n 72.97 (27) 76.19 (16) 0.788
Duration of hospital stay (days) 24.89 ± 12.27 11.33 ± 7.51  < 0.001
Outcome
 Expired % n 32.43 (12) 38.10 (8) 0.663
 Improved % n 67.57 (25) 61.90 (13)
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Table 3 shows univariate odds ratios (± 95% confidence 
interval) of patients between survivors and non-survivors. 
This study found that odds of surgical treatment was sig-
nificantly lower among non-survivors (P < 0.05). Similarly 
patients who developed stages 3 & 4 of the disease had a 
lower survival rate (P < 0.05).

Discussion

AIFRS is an opportunistic infection with a high mortality 
rate that affect the nose, paranasal sinuses, orbit, CNS, 
lung and skin. The current study revealed a sudden surge 

Table 2   Clinical presentation 
and staging of disease

Clinical presentation COVID group 
(n = 37)

Frequency 
(100%)

Non-COVID 
group (n = 21)

Frequency 
(100%)

Nose 36 97.28 16 76.19
 No involvement 1 2.7 5 23.81
 Unilateral 9 24.32 5 23.81
 Bilateral 2 5.4 6 28.57
 Facial pain 7 18.92 7 33.33
 Septum 5 13.51 6 28.57
 Turbinates and lateral nasal wall 12 32.43 6 28.57

Paranasal sinus involvement 30 81.08 19 90.48
 Maxillary sinus 28 75.68 13 61.9
 Ethmoid sinus 25 67.57 9 42.86
 Sphenoid sinus 17 45.95 8 38.1
 Frontal sinus 10 27.o3 5 23.81
 Diffuse 11 29.73 4 19.05

Orbital involvement 8 21.62 9 42.86
 Proptosis 6 16.22 8 38.1
 Periorbital inflammation 8 21.62 8 38.1
 Chemosis 5 13.51 6 28.57
 Ptosis 2 5.4 0 0
 Diplopia 3 8.11 4 19.05
 Ophthalmoplegia 4 10.81 3 14.29
 Loss of vision 5 13.51 2 9.52

Central nervous system involvement 15 40.54 7 33.33
 Altered sensorium 9 24.32 7 33.33
 Cavernous sinus invasion 6 16.22 3 14.29
 Internal carotid artery occlusion 2 5.4 0 0
 Brain abscess 1 2.7 1 4.76
 Encephalitis 3 8.11 0 0
 Meningitis 6 16.22 3 14.29
 Extradural collection 3 8.11 2 9.52
 Involvement of cranial nerves 5 13.51 3 14.29
 Involvement of Cribriform plate 3 8.11 1 4.76
 Pterygopalatine fossa 5 13.51 2 9.52
 Infratemporal fossa 1 2.7 0 0
 Nasopharynx 1 2.7 0 0
 Cheek/skin 2 5.4 1 4.76
 Palate 7 18.92 3 14.29

Stage of disease
 Stage 1 (involvement of nose only) 4 10.81 0 0
 Stage 2 (involvement of sinuses) 12 32.43 5 23.81
 Stage 3 ( involvement of orbit) 6 16.22 9 42.85
 Stage 4 ( intracranial involvement) 15 40.54 7 33.33
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in the number of cases during the second wave of COVID-
19. In the pre-COVID period the total number of AIFRS 
cases treated in this institution were 4–6 per year. But in 
contrast, the number of COVID- associated AIFRS in the 
6 months period from December 2020 to June 2021 rose 
up to 37. Demographic profile of the patients in our study 
was consistent with previous studies [1, 4] with a male 
predilection in both groups.

Risk factors of AIFRS were also similar in both groups 
of patients. Diabetes mellitus (DM) has been recognised 
as an independent risk factor for AIFRS especially when 
poorly controlled or when associated with diabetic ketoac-
idosis [3–5, 9, 10]. Apart from rising glucose levels, acido-
sis raises free iron levels, further favouring invasive fun-
gal growth [1]. India is already having the second largest 
population with DM in the world with 77million diabetics 
[11]. Hence the spurt in AIFRS in an already vulnerable 

population during COVID-19 illness with its associated 
immunological derangement is not surprising.

Uncontrolled DM remained the most common co-
morbidity in both the groups of the current study. Some 
of the recent studies have implicated COVID-19 infection 
in the genesis or worsening of hyperglycemia [12, 13]. In 
the non-COVID group, all patients were long-term diabet-
ics, except one case of freshly detected DM. Between the 
COVID and non-COVID groups, we observed a significant 
difference between HbA1C values at the time of admis-
sion. COVID group HbA1C—8.62 ± 3.18 and non-COVID 
group HbA1C—11.35 ± 3.17. Markedly elevated HbA1c 
values (P < 0.05) implicates a pre-existing, grossly uncon-
trolled DM as the predisposing factor for AIFRS in the non-
COVID group. Blood sugar at the time of admission was 
also significantly high in the non-COVID group (P < 0.05). 
In the COVID group, marginally elevated HbA1C suggests a 

Table 3   Univariate odds ratios 
(± 95% confidence interval) of 
patients between survivors and 
non-survivors

All Survivors 
(n = 38)

Non-survivors 
(n = 20)

Odds ratio (95% CI) P value

Age (years) 0.3319
≤ 60 (Ref) 28 17 1.000
  > 60 10 3 0.494 (0.1190 to 2.0525)

Gender 0.1799
 Male (Ref) 26 17 1.000
 Female 12 3 0.384 (0.0938 to 1.5585)

COVID status
 Positive 25 12 0.7800 (0.2551 to 2.3854) 0.6631
 Negative 13 8 1.000

Steroid used 0.5779
 Yes 30 17 1.000
 No (Ref) 8 3 1.511 (0.3530 to 6.4693)

Diabetes mellitus 0.9251
 No (Ref) 8 4 1.000
 Yes 30 16 1.0667 (0.2779 to 4.0937)

Hypertension 0.9689
 No (Ref) 23 12 1.000
 Yes 15 8 1.022 (0.3382 to 3.0897)

Renal failure 0.8841
 No 31 16 1.000
 Yes 7 4 1.1071 (0.2817 to 4.3511)

Lymphopenia 0.4768
 No (Ref) 15 6 1.000
 Yes 23 14 1.5217 (0.4787 to 4.8379)

Stage 0.0447
 1–2 (Ref) 14 13 1.000
 3–4 24 7 0.3141 (0.1014 to 0.9732)

Surgical treatment 0.044
 No (Ref) 5 10 1.000
 Yes 33 10 0.1515 (0.0419 to 0.5481)
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relatively better glycemic control prior to the illness. The use 
of steroids was also found to be significantly higher among 
the COVID group (P < 0.05). Addition of steroids as part 
of the treatment in critically ill COVID patients might have 
led to reduced phagocytic activity of WBC, uncontrolled 
hyperglycemia and precipitation of diabetic ketoacidosis 
[14]. Hence COVID illness and its treatment must have led 
to a recent hyperglycemic state favouring invasive fungal 
infection.

COVID illness in itself has been identified as a predispos-
ing condition for AIFRS. Triggering factors like epithelial 
damage of the respiratory tract and immune dysfunctions 
also might have contributed to the increase in number of 
AIFRS cases [15, 16]. Further, it has been postulated that 
COVID-19 infection can induce lymphopenia and may 
affect CD4+ and CD8+ T-cell counts [2, 17, 18]. Here, both 
groups of patients have exhibited lymphopenia: 23 (62.16%) 
in the COVID–group and 14 (66.67%) in the non-COVID 
group, facilitating secondary fungal infections. We observed 
a ~ 15-fold increase in AIFRS cases from December 2020 to 
June 2021 in our study. This alarming rise in AIFRS cases 
has coincided with the steep rise of COVID-19 illness in 
Delhi. The plausible explanation for this sudden surge in 
AIFRS cases could be COVID-19 precipitated immune 
dysfunctions.

Clinical presentation of disease was similar in both 
groups of AIFRS in this study. Previous studies on non-
COVID AIFRS also have shown concomitant features [4, 
5, 9, 19]. Diagnostic nasal endoscopy was helpful in the 
evaluation and staging of the disease and better sampling 
of material for microbiological examination. The presence 
of necrotic mucosa and mucopus in the middle meatus was 
suggestive of AIFRS [20]. The most common presenting 
symptoms were headache, facial pain, periorbital swelling 
and proptosis. Similar to previous studies [3, 5, 9, 20], exten-
sion of disease to the cranial cavity and orbit (Stages 3 & 
4) was associated with a poorer prognosis in this study also 
(Table 3).

Radiological imaging is often complementary to clinical 
evaluation. CT and MRI proved to be helpful in assessing 
the extent of disease and in the identification of complica-
tions and is indispensable for surgical planning. Although 
CT paranasal sinuses shows only non-specific inflammatory 
changes in the early stages, it is an effective screening tool 
in patients at risk of acute invasive fungal sinusitis [21]. 
MRI was useful in detection of complications like orbital 
cellulitis, cavernous sinus thrombosis and internal carotid 
artery thrombosis. Microbiological investigation included 
microscopic examination of nasal smear on KOH and fun-
gal culture. Mucor, Rhizopus and Aspergillus are the fungal 
species reported to cause AIFRS [22, 23]. The causative 
fungal organism were identified based on the characteristics 
of the hyphae including diameter, presence or absence of 

septa, branching angle and pigmentation. The spectrum of 
fungal infection in the COVID group; Aspergillus alone was 
identified in 15 patients (40.54%), Mucor alone in 15 cases 
(40.54%) and mixed infection in 7 cases (18.92%). But the 
pattern was different in the non-COVID group: Mucor 17 
cases (80.56%), Aspergillus in 2 cases (9.52%) and mixed 
infection in 2 cases (9.52%). A similar, preponderance of 
Aspergillus infection was observed in COVID-19-associated 
invasive pulmonary fungal infection in several studies [24, 
25]. Histopathological examination of tissue from the nose 
and sinuses was done for further confirmation. All patients 
in this study had a proven/probable diagnosis of AIFRS.

We experienced several challenges in the management of 
AIFRS patients in our study, especially in the COVID-asso-
ciated group. This includes a delay in seeking health care, 
poor general condition of the patient, difficulty in establish-
ing the diagnosis, poor availability and cost of antifungal 
drugs in the wake of an unexpected surge of cases during the 
COVID wave and delay in surgical management. Treatment 
included antifungal medications and surgical intervention 
together with control of comorbid conditions like diabetes 
mellitus. Liposomal Amphotericin B was the preferred drug 
and Posaconazole was used in cases with deranged kidney 
function. Voriconazole was used in Aspergillus infections. 
The first dose of antifungal medications were started empiri-
cally in all patients with strong clinical and diagnostic nasal 
endoscopic features suggestive of AIFRS. KOH mount 
results were obtained within 4 h of sampling which enabled 
us to start these medications in all clinically negative but 
smear-positive fungal cases also.

In the current study, surgical debridement was found to 
be a statistically significant factor in the survival of patients 
with AIFRS (P < 0.05). Surgery was carried out within 24 h 
of clinical suspicion and included endoscopic, open, and 
combined approaches with multiple sittings when required. 
Early surgery is a vital adjunct to medical management 
since antifungal medications cannot enter devascularised 
tissues and surgery aids in reducing the load of fungal and 
necrotic tissues. Surgery also helps in the re-establishment 
of ventilation of the sinuses and provides material for histo-
pathological confirmation of the disease. Although timely 
surgical debridement is of crucial importance in the prog-
nosis, the benefits of aggressive surgical debridement need 
to be weighed against the hazards of general anaesthesia 
and overall prognosis in critically ill patients. Additionally, 
endoscopic sinus surgery carries a high risk of significant 
aerosol production [26, 27] during the procedure. Since 
37.84% of the patients who underwent endoscopic proce-
dures still had active COVID-19 infection, the risk of trans-
mission to health-care workers in the operating and recovery 
rooms was very high. We have tried to minimise this risk 
using personal protective equipment, a dedicated operation 
theatre and surgical instruments, restricting the number of 
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health-care workers in the operation theatre and avoiding the 
use of powered instruments whenever possible.

The period of hospital stay was significantly higher in 
the COVID group, although it could be attributed to other 
COVID-related morbidities also. In previous studies, the 
overall mortality of patients with AIFRS remained high, with 
only half of the patients surviving the illness [4, 19]. Our 
study does not show any significant difference in the clini-
cal course of AIFRS in COVID and non-COVID patients. 
The relatively better survival rate in this study could be due 
to early diagnosis, early use of antifungal medications good 
diabetic control and aggressive surgical debridement.

Strengths and limitations

The main strength of this study is that all patients had micro-
biological/histopathological evidence of AIFRS. The evalu-
ation of HbA1C and blood sugar at the time of admission 
enabled us to assess the evolution DM in both groups of 
patients. The limitations of this study are the relatively lim-
ited patient number, single tertiary care center experience, 
and short-term follow-up. Hence, a multivariate logistic 
regression analysis could not be carried out in this study. 
Outcomes were difficult to assess in the COVID group since 
many patients continued to have other COVID-related mor-
bidities even after recovery from AIFRS.

Conclusions

Clinical presentation was similar in both COVID and non-
COVID groups of patients and DM remained a key risk 
factor in this study. Pre-existing, grossly uncontrolled DM 
was the predisposing factor in the non-COVID group of 
patients. Deranged glucose profile associated with COVID 
illness and its treatment and immunological disturbances in 
a vulnerable population, contributed to the surge in cases of 
AIFRS during the COVID-19 pandemic in India. Compared 
to the non-COVID group, there was higher proportion of 
Aspergillus infection in COVID-associated invasive fungal 
rhinosinusitis. Patients who underwent combined medical 
and surgical management had a significantly better outcome 
following AIFRS.
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