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a b s t r a c t

Background: Rhino cerebral mucormycosis is an uncommon opportunistic infection of the nasal sinuses and 
brain, and a group of saprophytic fungi causes it. During the second wave of COVID-19, India witnessed an 
unprecedented number of patients with rhino cerebral mucormycosis. Invasion of the cavernous sinus and 
occlusion of the internal carotid artery in many cases resulted in a stroke. The study aimed to assess the 
clinical and neuroimaging predictors of stroke in patients with rhino cerebral mucormycosis. We also 
evaluated the predictors of death in these patients at 90 days.
Methods: A prospective study was performed at a tertiary care centre in India between July 2021 and 
September 2021. We enrolled consecutive microbiologically confirmed patients of rhino cerebral mu-
cormycosis. All patients underwent neuroimaging of the brain. Treatment comprised of anti-fungal drugs 
and endoscopic nasal/sinus debridement. We followed the patients for 90 days and assessed the predictors 
of stroke and mortality
Results: Forty-four patients with rhino cerebral mucormycosis were enrolled. At inclusion, in 24 patients, 
the RT-PCR test for SARS-COV-2 was negative. Diabetes mellitus was the most frequent (72.7 %) underlying 
risk factor; in most, diabetes mellitus was recently discovered. At inclusion or subsequent follow-up, stroke 
was seen in 11 (25 %) patients. Only seven patients had hemiparesis. Imaging revealed internal carotid 
artery occlusion in 17 (38.6 %) patients. Hypertension, corticosteroid use, and cavernous sinus thrombosis 
were independent predictors of stroke. Nine (20.5 %) died during follow-up, and stroke was an independent 
predictor of death.
Conclusion: Stroke indicated poor prognosis among rhino cerebral mucormycosis patients encountered 
during the second wave of the COVID-19 epidemic.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health 

Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).

Introduction

Rhino cerebral mucormycosis is generally considered a rare dis-
ease. During the second wave of the COVID-19 pandemic, India 
witnessed an unprecedented rise in cases of mucormycosis. SARS 
Cov-2 delta variant (B.1.617.2) outbreak resulted in most rhino cer-
ebral mucormycosis cases. According to World Health Organization, 
the global incidence of mucormycosis varies from 0.005 to 1.7 per 
million. In India, the prevalence of mucormycosis is estimated to be 
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140 per million, almost 80 times higher than that in developed 
countries [1,2].

Mucormycosis is caused by saprophytic fungi of the order 
Mucorales and generally affects the immunocompromised popula-
tion. Injudicious use of corticosteroids, other immunomodulating 
drugs, new-onset diabetes mellitus, SARS-COV-2- associated im-
mune dysregulation, and industrial oxygen use was responsible for 
many mucormycosis cases in India.

Rhinocerebral mucormycosis predominantly involves nasal pas-
sages, sinuses, orbit, and the brain. Cavernous sinus thrombosis, 
internal carotid artery occlusion leading to stroke, and basi-frontal 
cerebritis are severe neurological complications [3]. Mucormycosis, 
if not promptly treated, is universally fatal. The mortality rate in 
rhino cerebral mucormycosis is high despite adequate anti-fungal 
treatment [4–6].

The study aimed to assess the clinical and neuroimaging pre-
dictors of stroke and mortality at 90 days in patients with rhino 
cerebral mucormycosis involving the brain.

Material and methods

Setting

This prospective cohort study was conducted at a tertiary care 
centre in North India. We included all consecutive patients with 
rhino cerebral mucormycosis admitted to the Neurology ward from 
July 2021 to September 2021. Our institutional ethics committee 
approved the study (Reference code-672/Ethics/2021). Before in-
clusion in the study, we obtained written informed consent from all 
the participants/caregivers.

Inclusion criteria and definitions

We enrolled microbiologically confirmed patients with rhino 
cerebral mucormycosis [7]. The fungus was demonstrated in the 
nasal mucosa and debrided or biopsied tissue, with evidence of in-
tracranial structures' involvement in neuroimaging. Nasopharyngeal 
and oropharyngeal RT-PCR was done to diagnose SARS-COV-2 in-
fection status in every patient. We labelled the patients as COVID- 
19-associated mucormycosis (CAM) who developed it within six 
weeks of COVID-19 disease. [8] We classified all the enrolled patients 
into two groups based on RT-PCR SARS-COV-2 test results (RT-PCR 
positive and RT-PCR negative).

Workup

All patients were subjected to a battery of blood tests, including 
haemoglobin, total leukocyte count, serum electrolytes, liver func-
tion tests, kidney function tests, C-reactive protein (CRP), and serum 
lactate dehydrogenase (LDH), serum ferritin, and D-Dimer levels. 
chest X-ray was done in all the patients. All patients with normal 
baseline renal functions were subjected to contrast-enhanced CT/ 
MRI of the brain and CT/MR angiography.

Nasal swabs and tissue biopsies were obtained through diag-
nostic nasal endoscopy. Specimens were further tested for KOH 
staining, microscopy, histopathology, and culture on Sabouraud's 
dextrose agar media. The histopathological examination assessed 
Periodic acid-Schiff (PAS) stain status, tissue necrosis, inflammatory 
infiltrates, angioinvasion, and granuloma formation. MALDI-ToF 
(Matrix-Assisted Laser Desorption/Ionization-Time of Flight) mass 
spectrometry identified fungal species.

Treatment

A multispecialty team of experts from otolaryngology, ophthal-
mology, maxillofacial surgery, neurology, and neurosurgery were 

involved in the treatment of patients developing rhino cerebral 
mucormycosis. Intravenous liposomal amphotericin-B at dosage 
5 mg/kg/day was the first line of treatment for 2–4 weeks. Oral 
extended-release posaconazole (300 mg 12 hourly on day 1, then 
300 mg once a day) constituted the Step-down treatment in all 
patients. Patients continued taking posaconazole for the next 3–6 
months. We extended intravenous liposomal amphotericin B treat-
ment duration to 4–6 weeks if patients showed clinical deteriora-
tion. We could not administer amphotericin-B at a recommended 
dosage of 10 mg/kg [9] because of its acute crisis amid the mu-
cormycosis epidemic in our country. Surgical treatment included 
endoscopic sinus/nasal debridement, orbital exenteration, palatal 
curettage, and debridement. In some patients, neurosurgeons per-
formed craniotomy and evacuation of intracranial fungal abscesses 
or hematoma.

Follow up

We followed the patients for 90 days. Disability assessment was 
done using the modified Barthel Index: self-care assessment (MBI; 
0–100 score) [10].

Statistical analysis

Statistical analysis was done using the IBM SPSS version 24.0. 
Categorical variables were presented as percentages, and continuous 
variables were presented as mean ±  standard deviation (SD) and 
median and inter-quartile range (IQR).

The categorical variables were compared using the applicable 
Chi-square test/ Fisher exact test. The continuous variables were 
compared using the Mann-Whitney U test. Univariate odds ratios 
and 95 % confidence intervals were calculated for the categorical 
variables.

The multivariate analysis was done using binary logistic regres-
sion to identify the independent predictors of stroke and mortality. 
For binary logistic regression, outcome/ occurrence of stroke were 
taken as the dependent variable, and three discrete variables out of a 
total of five variables found significant on univariate analysis were 
taken as independent variables. For the second assessment, mor-
tality was taken as the dependent variable while five discrete vari-
able out of a total of six variables found significant of univariate 
analysis were taken as independent variables. The performance of 
the multivariate model was assessed using discrimination and cali-
bration; the discrimination was assessed as the area under the re-
ceiver operating characteristic curve (AUC). The calibration was 
assessed using the calibration plots as well as the Hosmer and 
Lemeshow test.

Results

We enrolled 44 consecutive patients with rhino cerebral mu-
cormycosis. The details of baseline demographic profile, biochemical 
parameters, clinical features, neuroimaging findings, drug treatment, 
surgical treatment, and clinical outcomes have been provided in 
Table 1.

The mean age of the study population was 50.14 years (range 
32–75 years). Diabetes was present in 32/44 (72.7 %) cases; of 
these,15 patients (47 %) had new-onset diabetes. Ophthalmoplegia 
(91 %), ptosis (88.6 %), proptosis (79.5 %) and vision loss (79.5 %) 
were common clinical presentations. Other clinical features were 
facial sensory loss, headache, nerve palsy, palatal eschar, and 
hemiparesis. Seizures and meningitis were observed in 6.8 % and 4.5 
% of patients (Table 1).

MRI of the brain revealed the involvement of the cavernous sinus 
in 28/44 (63.6 %) of patients. Internal carotid artery occlusion was 
seen in 17/44 (38.6 %) patients. Infarcts in the territory of a large 
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cerebral vessel were observed in 11/44 (25 %) patients; 2/3rd of 
these patients had infarcts in the middle cerebral artery region. The 
other neuroimaging findings were anterior temporal cerebritis, basi- 
frontal cerebritis, and lacunar infarcts. (Table 1).

In 91 % (40/44) patients, KOH stain and microscopy detected 
Mucor hyphae in nasal swabs or biopsied tissue. Histopathology was 
positive in 34 % (15/44) of patients, and culture was positive in 22.7 
% (10/44) patients. Species identification via MALDI-TOF PCR could 
be made in 13.6 % (6/44) of patients. We identified Rhizopus oryzae 
complex in five patients and Rhizopus microsporus in one patient. 
Interestingly, Aspergillus coinfection was noted in three patients.

We tried to compare clinical features, biochemical parameters, 
and mortality outcomes of positive RT-PCR cases with that of ne-
gative RT-PCR. We did not find a significant difference between the 
two groups except cavernous sinus thrombosis and internal carotid 
occlusion on neuroimaging were significantly more common RT-PCR 
positive cases.

We treated 45.45 % (20/44) of patients with liposomal ampho-
tericin B for at least two weeks. Approximately 41 % (18/44) were 
treated for six weeks, and two patients (5 %) required liposomal 
amphotericin B for eight weeks. Four patients (9 %) could not receive 
an entire course of liposomal amphotericin B owing to the anti- 
fungal drug crisis. Nineteen (47.5 %) patients had Hypokalemia, 
which was corrected on potassium supplementation. Significant 
renal impairment necessitated liposomal amphotericin B with-
drawal in one patient. Nine (20.5 %) patients died.

On univariate analysis, hemiparesis [Odds ratio, OR= 68.00, CI 
(6.02–767.69), P  <  0.001], meningitis (P = 0.038), at least 2-week 
treatment with liposomal amphotericin B (OR=0.02, CI 0.002–0.255), 
P = 0.001), high lactate dehydrogenase (P = 0.011), interleukin-6 
(P = 0.011), and C- reactive protein (P = 0.004) were significantly 
associated with mortality. However, in multivariate analysis using 
binary logistic regression analysis, only hemiparesis was an in-
dependent predictor of death [P = 0.011, OR= 83.23, 95 % CI 
2.76–251.35).

Table 1 
Demographic, biochemical, drug treatment, surgical treatment, clinical features, neuroimaging findings and outcome parameters of rhino-orbito-cerebral mucormycosis. 

Parameters Total, n = 44 (%) SARS-CoV-2 positive, n = 20 SARS-CoV-2 negative, n = 24 P value

Demographic profile
Age (mean, range) 50.14 (32–75) 48.40 (35–62) 51.58 (32–75) 0.294
Sex (male %) 29(66) 12(60) 17(71) 0.450
Diabetes 32(72.7) 15 (46.9) 17 (53.1 %) 0.757
Long standing diabetes mellitus 17(38.6) 6(30) 11 (45.8) 0.282
New-onset diabetes mellitus 15(34) 9(45) 6(25) 0.601
HBA1C§ (mean) 10.29  ±  2.4 10.49  ±  2.6 10.04  ±  2.1 0.271
Hypertension 15(34) 7(35) 8(33.3) 0.908
Coronary Artery disease 2(4.5) 2(10) 0(0)
Chronic kidney disease 1(2.2) 1(5) 0(0)
Acute Renal impairment 6(13.6) 2(10) 4(16.6) 0.521
Diabetic ketoacidosis (DKA) 2(4.5) 2(10) 0(0)
Latency of ROCM§ after COVID-19 disease mean (days) 12(5–30) 12(5–30) NA 0.00
Steroid (n (dexamethasone means mg)) 17(98  ±  49) 17(98  ±  49) 0(0) 0.00
Biochemical parameters
C-reactive protein median (mg per dl) 66.50(4.84–168) 71.21(11.4–168) 69.36(4.84–141) 0.639
Serum Ferritin median (microgram per L) 550(88.2–2000) 522 (88–1164) 522(206–2000) 0.167
Serum Lactate dehydrogenase median (U/L) 537(304–4122) 613(357–1142) 478(304–4122) 0.194
D-Dimer median (mg per dl) 0.75(0.11–10.0) 0.63(0.11–10.0) 0.90(0.14–9.8) 0.613
Drug treatment
Liposomal amphotericin B (mean dose (gm)) 5.26  ±  1.94 5.78  ±  2.34 4.87  ±  1.44 0.133
Combination treatment (Liposomal amphotericin-B + Posaconazole) 15(34) 8(40) 7(29)
Clinical features
Ptosis 39(88.6) 20(100) 19(79) 0.030
Proptosis 35(79.5) 18(90) 17(71) 0.117
Ophthalmoplegia 40(91) 20(100) 20(83.3) 0.056
Vision impairment 35(79.5) 18(90) 17(71) 0.117
Facial sensory loss 27(61.3) 12(60) 15(62.5) 0.865
Facial pain 20(45.4) 12(60) 8(33.3) 0.076
Headache 20(45.4) 12(60) 8(33.3) 0.076
Facial palsy 13(29.5) 7(35) 6(25) 0.469
Hemiparesis 7(16) 4(20) 3(12.5) 0.498
Nasal discharge/bleeding 6(13.6) 3(15) 3(12.5) 0.809
Seizures 3(6.8) 2(10) 1(4.1) 0.356
Meningitis 2(4.5) 0 (0) 2(8.3)
Palatal eschar 10(22.7) 3(15) 7(29) 0.264
Skin necrosis (eschar) 6(13.6) 2(10) 4(16.6) 0.521
Neuroimaging abnormalities
Large vessel infarct 11(25) 6(30) 5(20.8) 0.484
Involvement of cavernous sinus 28 (63.6) 17 (85) 11(45.8) 0.011
ICA§ involvement 17(38.6) 11(55) 6(25) 0.042
Anterior temporal cerebritis/abscess 12 (27.3) 1(5) 11(45.8) 0.002
Basi-frontal cerebritis/abscess 5 (11.4) 3(15) 2(8.3) 0.487
Parieto-occipital abscess 1 (2.3) 1(5) 0(0)
Dural thickening 36 (81.8) 16(8) 20(83.3) 0.775
Normal Brain parenchyma 8 (18) 4(20) 4((16.7) 0.775
Clinical outcome
Death 9(20.5) 5(25) 4(16.7)
Alive 32(72.7) 13(65) 19(79.2)
Lost to follow up 3 (6.8) 2 (10) 1(4.1) 0.946

§ ROCM, rhino-orbito-cerebral mucormycosis; ICA, Internal carotid artery; HBA1C, glycated haemoglobin.
*CP angle, cerebellopontine angle; RMSO, retro mastoid suboccipital craniotomy.
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Hypertension (OR=4.71; CI (1.24–17.97); P = 0.019), corticoster-
oids usage (OR=5.50; CI (1.44–20.96); P  <  0.010)), cavernous sinus 
thrombosis (OR=17.31; CI (2.00–149.51); P = 0.003) internal carotid 
artery occlusion (OR=8.07; CI (2.01–32.39); P = 0.003), and vision 
loss (P = 0.016), on univariate analysis, were associated with stroke 
occurrence. In a multivariate model for stroke prediction using 
binary logistic regression, we found that hypertension (OR=6.35, 95 
%CI 1.12–36.02, P = 0.037), corticosteroids usage (OR=5.34, 95 %CI 
1.02–27.96, P = 0.048) and cavernous sinus thrombosis (OR=15.21, 95 
%CI 1.45–159.35, P = 0.023) were independently associated with the 
stroke. The model showed good discrimination AUC = 87.2 % (95 % 
CI=75.2–99.1, P  <  0.001), the model also showed good calibration 
Hosmer and Lemeshow test P value= 0.285.

Thirty-two patients were alive at day 90. Approximately 78 % 
(25/32) of patients had a unilateral and irreversible vision loss with 
no light perception. Vision loss was bilateral in one patient, and none 
of these patients showed visual recovery on follow-up. Twenty-three 
(72 %) patients had residual ophthalmoparesis.

At 90 days, 26 (81 %) patients were independent for activities of 
daily living, while 6 (18.75 %) patients were dependent on caregivers.

Discussion

In our series, 24 patients with rhino cerebral mucormycosis 
tested negative for the RT-PCR for SARS-COV-2. We believe these 
were patients of COVID-19 who turned negative by reaching us with 
mucormycosis. A similar observation was reported in several parts of 
India. In a series of 458 patients, Patel and colleagues noted that 
approximately one-fifth of the patients had no evidence of past or 
concurrent COVID-19 disease [11]. In another multicentric study 
involving 16 centres, out of 295, only 65 % (187/ 287) of mucormy-
cosis cases had positive RT-PCR test for SARS-COV-2 [12]. Kumar and 
colleagues noted that 35 % (162/464) of mucormycosis patients had 
negative RT-PCR report for SARS-COV-2. However, 120 of these de-
monstrated SARS-COV-2 antibodies in serum [13].

We noted angiographic evidence of internal carotid artery oc-
clusion in 17 patients with rhino cerebral mucormycosis, infarcts in 
the territory of a major cerebral artery were noted in 11 patients, and 
corresponding hemiparesis was present only in seven patients. 
Infarcts were in the watershed areas and in main territory of the 
middle cerebral artery. We further noted that pre-existing hy-
pertension, corticosteroid usage and cavernous sinus thrombosis 
independently predicted cerebral vascular complications in patients 
with rhino cerebral mucormycosis. Six out of seven patients who had 
hemiparesis died. There are several routes through which fungus can 
invade the brain. Perineural invasion is one possible mechanism. The 
fungus also may spread directly into the anterior cranial fossa via 
perforating cribriform plate. Mucor has substantial angio-invasive 
property, and vascular invasion leads to thrombosis and tissue ne-
crosis. While traversing through the cavernous sinus, the internal 
carotid artery is likely to get involved, resulting in occlusion and 
thrombus formation. In patients with rhino cerebral mucormycosis. 
Ischemic stroke was the most common cerebrovascular event. 
However, infrequently, fungal infiltration of arterial wall results in 
mycotic aneurysm formation and subsequent subarachnoid hae-
morrhage. We did not observe intracranial haemorrhage in our pa-
tients [14,15]. Diabetes mellitus, endothelial dysfunction, COVID-19 
mediated cytokine storm, and hypercoagulable state might serve as 
underlying pathophysiological derangements triggering a 
stroke [16].

Ninety-day mortality in our study was approximately 21 %, and 
hemiparesis was an independent predictor of mortality. Mortality in 
mucormycosis, if there is pulmonary or cerebral involvement or if 
the disease is disseminated, is generally much higher and ap-
proaches 49 %. Most of the survivors are left with severe morbidities, 
like vision loss [17–19]. We could save many patients because of 

their timely treatment. We treated our patients aggressively with 
liposomal amphotericin B and surgical debridement, led by a mul-
tidisciplinary team. Treatment with amphotericin B has been re-
ported to be an independent predictor of survival and may reduce 
mortality from 92 % to 41 %. [20,21] Combined treatment with am-
photericin B and surgical debridement improve survival even further 
by 15–30 % compared to anti-fungal therapy alone [22,23].

There were several limitations to our study. The sample size was 
small, and a longer follow-up would have provided a better picture 
of mortality and disabilities. The results of binary logistic regression 
of our study may be confirmed in a larger sample size for a better 
level of confidence. We did not perform the serological evaluation 
for antibodies against SARS-COV-2 infection in our patients, who 
tested negative on the RT-PCR test.

In conclusion, stroke is frequent in rhino cerebral mucormycosis 
owing to fungal invasion and internal carotid artery occlusion in the 
cavernous sinus. COVID-19 disease-mediated thrombogenicity pos-
sibly enhances the risk. Stroke is an independent predictor of death, 
and aggressive treatment may improve survival.
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