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Abstract The aim of this study is to evaluate the preva-
lence, pathogenesis and management of mucormycosis in
post covid 19 patients in our tertiary care covid dedicated
hospital. A prospective cross sectional study was done in
70 patients who were admitted in the covid department of
BJ Medical College, Civil hospital Ahmedabad and pre-
sented with mucormycosis during admission or after dis-
charge over a period of 10 months from March 2020 to
December 2020. Middle aged to elderly population were
found to be most commonly affected with mucormycosis.
It was found that majority of the affected population was
uncontrolled diabeteic and had a delayed presentation to
hospital due to ongoing covid pandemic crisis. Covid
infection had major effect on the hormonal balance of the
body as evident from the uncontrolled blood glucose levels
of affected patients. In patients with mucormycosis, early
detection, surgical debridement, suitable antifungal ther-
apy, and control of risk factors like diabetes mellitus are
the main parameters of successful management of this
lethal infection. Early diagnosis and treatment of
mucormycosis can be life saving as it is a rapidly pro-
gressing disease and have been proven fatal.
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Introduction

In December 2019, clusters of pneumonia cases of
unknown etiology emerged in Wuhan, China. Deep
sequencing analysis from lower respiratory tract samples
indicated a novel coronavirus as the causative agent, which
was named Severe Acute Respiratory Syndrome-Coron-
avirus-2 (SARS-CoV-2), and the disease it caused was
called COVID-19 [1, 2]. Although SARS-CoV-2 has
shown phylogenetic and clinical similarities with SARS-
CoV, the novel coronavirus appears to have a higher
transmissibility and lower case fatality rates [3]. On 30
January 2020, the World Health Organization (WHO)
declared the COVID-19 outbreak a Public Health Emer-
gency of International Concern, and on March 11, the
epidemic was upgraded to pandemic [4].

Rhinocerebral mucormycosis is an acute and often lethal
opportunistic fungal infection typically affecting diabetic
(50% of the cases) or immunocompromised patients caused
by fungi of the class zygomycetes [5—7]. Recent series have
described a mortality of approximately 40% in diabetics
with rhinocerebral mucormycosis. The infection has high
incidence in diabetic patients due to the greater availability
of glucose to the pathogen, lower response of T-cells,
reduced serum inhibitory activity against the Rhizopus in
lower pH, and increased expression of some host receptors
that mediate the invasion of human epithelial cells through
microorganism. [§]

Diabetes and uncontrolled glycaemia were reported as
significant predictors of severity and deaths in patients
infected with different viruses, including the 2009 pan-
demic influenza A (HINI) [9], SARS-CoV [10] and
MERS-CoV [11]. Older patients with chronic diseases,
including diabetes, were at higher risk for severe COVID-
19 and mortality. Scarce data exist regarding glucose
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metabolism and development of acute complications of
diabetes (e.g., ketoacidosis) in patients with COVID-19.
Infection of SARS-CoV-2 in those with diabetes possibly
triggers higher stress conditions, with greater release of
hyperglycemic hormones, e.g., glucocorticoids and cate-
cholamines, leading to increased blood glucose levels and
abnormal glucose variability [12].

An Indian study has reported diabetes as the main risk
factor in 70% of the patients [13] Most common sites for
mucormycosis are sinus (39%), lungs (24%), skin (19%),
brain (9%), GIT (7%), disseminated disease (6%) and other
sites (6%) [14].Clinically it may manifest with necrosis of
paranasal sinuses or palate and tongue which may progress
towards orbit before reaching intracranial structure [15].
Unresolved rhinosinus mucormycosis leads to thrombosis
of cavernous sinus and cranial invasion. Poor prognostic
indicators are delay in treatment of more than 6 days,
evidence of intracranial invasion, bilateral involvement,
palate invasion and associated haematological malignan-
cies [16].

Materials and Methods

A prospective cross sectional study was carried out in 70
patients who were admitted in the covid department of BJ
Medical College, Civil hospital Ahmedabad and presented
to ENT with mucormycosis during admission or after
discharge over a period of 10 months from March 2020 to
December 2020.

Evaluation at presentation included a detailed history,
otorhinolaryngological, ophthalmic and neurological
examinations to assess the extent of the disease (Fig. 1).
Initial investigations included complete blood counts,
blood urea, serum creatinine, serum glucose, urine for
ketone bodies and blood gas analysis. Diagnosis was made
on histopathological examination and KOH preparation of
biopsy specimens obtained from the nasal cavity and/or
paranasal sinuses and the palate.

CT scan of paranasal sinuses and orbit, MRI paranasal
sinuses with orbit with brain, and nasal endoscopy were
done in all 70 patients selected for our study (Fig. 2).

All the patients were started on injection human regular
insulin according to 6 hourly RBS scale to control the
underlying diabetes.

Treatment with systemic Amphotericin B was started as
soon as a diagnosis of mucor was established in all patients,
along with treatment to stabilize the underlying metabolic
derangement and patient was planned for surgery for
debridement of necrosed areas caused by mucor. Approach
of surgery was decided depending upon the extent of the
disease.
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Fig. 1 Showing pre op picture of patient with left eye ptosis and
complete opthalmoplegia Patient consent- written informed consent
for patient information and image to be published was provided by the
patient

Liposomal amphoterecin B was given in all patients in
dose of 3-5 mg/kg body weight diluted in 250 ml of 5%
dextrose given slowly over 4 h Table 1-6.

Three distinct treatment groups were identified based on
the nature of surgery that the patients underwent. Patients
in treatment group 1 underwent sino-nasal debridement
only. Treatment group 2 consisted of sino-nasal debride-
ment with orbital exenteration and palatal resection. Treat-
ment group 3 received only medical treatment with
intravenous amphotericin B as all these patients refused
surgery (Table 7). Adverse effects were overcome by pre
medications, avoiding concomitant nephrotoxic drug, and
by administering liposomal amphotericin. Figs. 3 and 4.

In most of our patients in whom only sino nasal
debridement was required, the surgical approach used was
‘endoscopic modified denker approach’. This approach
gives a very detailed visualisation of the lateral extension
of the disease including postero lateral wall of maxilla,
pterygopalatine fossa, infratemporal fossa, parapharyngeal
space and thus allowing the complete debridement of the
affected areas.

Those patients who presented with the non salvageable
eye disease, underwent orbital exenteration along with the
sino nasal debridement.

Patients who had palatal erosion and required palatal
resection, surgical approach of choice was open maxillec-
tomy via weber ferguson incision followed by closure of
palatal defect using temporalis musce flap (Figs. 5, 6, 7).



Indian J Otolaryngol Head Neck Surg

Deew, 1004

Fig. 2 Showing preoperative MRI gadolinium enhanced image of above patient

Table 1 Showing age wise distribution of patients

Age group(Years) Number of patients Percentage (%)

10-20 0 0
21-30 1 1.5
31-40 7 10
41-50 17 242
51-60 21 30
61-70 20 28.5
71-80 4 5.8

Surgical Technique of Endoscopic Modified Denker
Step 1: Mucosal Cuts
Under visualization with a 4-mm 0-degree rod-lens endo-

scope, 2% lignocaine with 1:200,000 epinephrine is first
injected into the anticipated incision sites along the nasal

floor, lateral nasal wall, and anterior to the head of the
inferior turbinate. A coblator is used to incise the mucosa
inferiorly at the junction of the nasal floor and lateral nasal
wall, carrying the incision through the periosteum. A sec-
ond mucosal incision is then made superiorly along the
lateral nasal wall and carried anteroinferiorly to lie just in
front of the anterior head of the inferior turbinate overlying
the edge of the pyriform aperture (Fig. 3).

Step 2: Soft Tissue Dissection Over the Maxilla

A subperiosteal dissection is performed with a suction freer
elevator to expose the anterior maxilla, the infraorbital
foramen, and its neurovascular bundle as well as the lateral
nasal wall.

Step 3: Bony Cuts to the Maxilla

A high-speed drill or osteotome is utilized to create a bony
window into the anterior maxilla, taking care to stay
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Fig. 3 Showing endoscopic picture of modified denker approach
keeping incison on pyriform aperture

Fig. 4 Showing endoscopic picture of exposed posterolateral wall of
maxilla and other opened sinuses

Fig. 5 Showing open approach of maxillectomy by weber ferguson
incision
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Fig. 7 Showing image of resected specimen of maxilla

inferior to the infraorbital nerve. Osteotomes are used to
connect the window to the inferior bony cut of the medial
maxillectomy, thereby allowing access to the anterior
portion of the maxillary sinus. Specifically, a superior cut is
made at the level of the roof of the maxillary sinus, an
inferior cut at the junction of the nasal floor and medial
maxillary wall, and a posterior cut along the posterior wall
of the maxillary sinus (Fig. 4). The disease can then be
cleared along with the removal of necrosed bone. At the
end of the procedure, the nasolacrimal duct is identified,
preserved, and sharply cut at an oblique angle to prevent
stenosis. Complete exposure of the posterior aspect of the
maxillary sinus is also achieved, facilitating use of a
4-handed technique to remove the disease involving the
pterygopalatine or infratemporal fossae if needed.
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Results

Seventy patients presented to us between march 2020 to
December 2020, out of 70 patients, 47 were males (67%),
and 23 were females (33%). Distribution of patients among
genders is shown in Fig. 8. The age group ranged between
20 and 75 years. Age distribution of patients is shown in
Table 1. Most common cause of immunosuppression was
found out to be diabetes mellitus. All 70 patients in our
study were diabetic (100%). Out of which 23 patients
(33%) had diabetes under control while 47 patients (67%)
had uncontrolled diabetes (Table 5). 33 patients (47.2%)
had their HbAlc level > 7.5 those who had uncontrolled
diabetes (Table 6). Other associated causes of immuno-
suppression were 5 post renal transplant patients (7%) who
were on long term immunosuppressive therapy, 2 cases of
acute myeloid leukemia (3%) who were on long term
chemotherapy (Table 2). Symptoms presentation is shown
in Table 3. Thirty seven patients out of 70 (53%) presented
with symptom of periorbital oedema and chemosis of eye,
13 patients (19%) showed drooping of ipsilateral eyelid,
while 27 patients (38%) presented with complete loss of
vision on ipsilateral side and only 3 patients (4%) had
complaint of diplopia. Facial swelling was seen in 32
patients (46%). Symptoms of acute sinusitis such as nasal
blockage was seen in 5 patients (7%). Palatal involvement
was found out in 11 patients (15%). All the patients taken
in our study were tested positive for covid by RT-PCR, and
all the patients underwent HRCT thorax preoperatively.
CORADS grading distribution of patients in HRCT thorax
is shown in Table 4.

Optimal medical therapy relies on rapid correction of
underlying systemic abnormalities, such as acidemia and
hyperglycemia, along with prompt antifungal initiation and
aggressive surgical intervention. Lipid-based amphotericin
B, which destroys the cell wall of the fungus, is the first-
line medical treatment for mucormycosis and should be
initiated as soon as the diagnosis is suspected. High doses

NUMBER OF PATIENTS

Fig. 8 Showing sex distribution of patients

Table 2 Showing distribution of immunosuppressive factors among
patients

Immunosuppressive Number of Percentage of patients
factors patients (%)
Diabetes
Under control 23 33
Uncontrolled 47 67
Post renal transplant 5

Acute myeloid leukemia 2

Table 3 Showing distribution of presenting symptoms among
patients

Symptoms Number of patients Percentage of patients (%)
Periorbital swelling 37 53

Facial swelling 32 46

Loss of vision 27 38

Palatal ulcer 11 16

Drooping of eyelid 13 19

Nasal blockage 5 7

Diplopia 3

Table 4 Showing distribution of patients according to CORADS
grading in HRCT thorax

CORADS score Number of patients Percentage (%)

CORADS 1 0 0
CORADS 2 13 19
CORADS 3 22 31
CORADS 4 16 23
CORADS 5 16 23
CORADS 6 3 4

are required, and nephrotoxicity may result; however,
liposomal formulations may deliver high doses while pro-
tecting renal function.

Posaconazole, a triazole that inhibits growth of the
fungus, has been proposed as a promising adjunctive or
alternative treatment for mucormycosis [6, 9]

Four out of 70 patients died in our study, out of which
two were operated while the other two died who refused for
surgery and had extensive spread of mucormycosis. Mor-
tality rate in our study was found to be 5.7%. The cause of
mortality in above patients was late presentation due to
COVID-19 lockdown and associated severe systemic
illness.

Among the patients affected with mucormycosis,
majority falls in the middle aged -elderly age group. As
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Table 5 Showing distribution of patients according to RBS values

Random blood sugar levels Number of Percentage of
(mg/dl) patients patients (%)
150-200 11 15.7

201-250 12 17.1

251-300 9 12.8

301-350 19 27.1

351-400 10 14.2

>400 9 12.8

Table 6 Showing distribution of patients according to HbAlc level

HblAc (%) Number of patients Percentage of patients (%)
6-6.5 6 8.5

6.5-7 17 24.2

7-7.5 14 20

>7.5 33 47.2

Table 7 Showing distribution of patients in different treatment
groups

Treatment No. of Percentage
patients (%)

Sino nasal debridement only 41 58

Sino nasal debridement with orbital 23 33

exenteration/ palatal resection

Injection amphoterecin B only 6 8

evident from our study,approximately 50% patients pre-
sented with opthalmic symptoms, showing the effect of
covid pandemic had in delaying the presentation to hos-
pitals and seeking treatment on time. SARS-CoV-2 infec-
tion triggers the release of hyperglycemic hormones like
glucocorticoids leading to uncontrolled blood glucose
levels in diabetic patients, as observed from our study ie.
among covid positive patients 67% had uncontrolled DM.
Among the 70 patients we had selected for our study all
were tested covid positive previously, tested by RTPCR of
nasopharyngeal and throat swabs. HRCT Thorax was done
in all covid positive patients and changes suggestive of
covid infection was there for all positive patients in our
study.

Post operatively all the patients were started again on
inj. Liposomal amphoterecin B in the dose of 3-5 mg/kg
body weight for minimum of 14 days after which nasal
endoscopy was done to assess the clinical improvement
and any crusting or suspicious tissue if present was sent for
KOH and biopsy. Radiological assessment was also done
by post operative gadolinium enhanced MRI. Those
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showing improvement clinically and radiologically with
proven repeat KOH and biopsy negative were planned for
step down therapy and were switched to syrup posacona-
zole in the dose of 400 mg twice a day overlapping with
amphoterecin B for at least 2 days. Those patients who
don’t respond to or cannot tolerate amphoterecin B were
started on salvageable therapy initially only with syrup
posaonazole in the same dosage as above. Patients in whom
repeat KOH and biopsy came positive even after 14 days
of injection amphoterecin B post operatively were planned
for repeat debridement along with the control of systemic
predisposing factor such as diabetes. Those who underwent
orbital exenteration and palatal resection were given were
given obturator before being discharge from hospital.

Discussion

Mucormycosis is found predominantly in patients with
poorly controlled diabetes mellitus and diabetic ketoaci-
dosis [17, 18]. Impaired neutrophil and phagocyte response
and increased available serum iron are the two underlying
conditions in the majority of mucormycosis patients [18].
Earlier studies had proven that diabetic ketoacidosis
impairs chemotaxic and phagocytic activity of neutrophils
and increased available serum iron respectively [17]. An-
gioinvasion by the fungi has been studied to a greater
extent and is considered central to its ability to cause tissue
necrosis and dissemination [18, 19]. Facial pain and uni-
lateral facial swelling are also important parts of the clin-
ical picture of the patient with variable grade fever being
present [20]. The clinical picture may further progress to
include unilateral opthalmoplegia representing involve-
ment of the orbital contents either by infection or vascular
compromise [21]. Progression of the infection to central
nervous system is heralded by development of confusion
and disorientation [18]. Central nervous system damage
may also result from cavernous sinus thrombosis and
internal carotid artery encasement leading to cerebral
infarction and hematogenous dissemination of the disease
to other organ sites [22]. Early diagnosis of rhinocerebral
mucormycosis and prompt and effective treatment are very
important for good outcome of the patient [17, 18]
Histopathological examination of surgical specimens
can confirm the clinical diagnosis with the appearance of
right-branching aseptate hyphae, which are considered
typical of mucor species, along with evidence of angioin-
vasion and tissue necrosis [23]. Fungal cultures provide
further confirmation [24]. CT scans can be used to evaluate
the progression of disease although correlation with the
clinical findings may not always be accurate [20]
Reversal of underlying predisposing conditions is of
paramount importance. Euglycemia should be restored



Indian J Otolaryngol Head Neck Surg

rapidly and any immunosuppressive conditions reversed if
possible [25]. The surgical approach should be based on the
clinical state of the patient with timely interventions for
appropriate debridement of infected areas [26]. Spellberg
et al. specify the resolution of immunosuppression, radio-
graphical signs and clinical symptomatology as the objec-
tives of treatment [25].

In our attempt to find out a correlation between
mucormycosis and covid 19 we found out that the infection
of SARS-CoV-2 in those with diabetes possibly triggers
higher stress conditions, with greater release of hyper-
glycemic hormones, e.g., glucocorticoids and cate-
cholamines, leading to increased blood glucose levels and
abnormal glucose variability [12] Glucocorticoids have
been widely used in syndromes closely related to Covid-19,
including SARS, Middle East respiratory syndrome
(MERS), severe influenza, and community-acquired
pneumonia [27].

Hyperglycemia and insulin resistance promote increased
synthesis of glycosylation end products (AGEs) and pro-
inflammatory cytokines, oxidative stress, in addition to
stimulating the production of adhesion molecules that
mediate tissue inflammation [28, 29]. This inflammatory
process may compose the underlying mechanism that leads
to a higher propensity to infections, with worse outcomes
thereof in patients with diabetes [28]. The prognosis
depends on the extent of infectin, underlying disease and
the eastablishment of an early treatment.

The average age group affected in our study was around
50-60 years and more commonly affected were males
which similar to the study done by balai et al. [30]

Diabetes mellitus is the most commonly reported pre-
disposing factor for rhinocerebral mucormycosis. All the
patients in our study were found to be diabetic which was
similar to the study done by Nezafati et al. and Kolekar at
el. who reported the percentage of patients with underlying
diabetes to be 90% and 80% respectively [31, 32].

During this covid 19 pandemic, diabetic patients were
reluctant to come to hospitals due to lockdown rules
imposed by government,family issues, concommitent covid
causes,fear of contracting the disease which resulted in
delay in seeking help. Patients who developed symptoms of
mucormycosis,did not take adequate treatment on time due
to fear of infectivity and also due to the lockdown imposed
all over the country, resulting in their late presentation with
loss of vision.

Nasal endocopy and debridement was done for those
who required the same with proper precautions during
COVID 19 pandemic. Following were some of them:

e All patients were tested for covid 19 by RTPCR and
HRCT thorax was also done in positive patients.

e Those who tested positive were shifted to designated
covid hospitals for proper control of the infection

e Patients who tested positive earlier were taken to
surgery after resolution of symptoms and one negative
covid report.

e Surgery of patients with known COVIDI19 status or
high risk operations were performed in a designated
operating room with negative pressures.

e Operating surgeons used personal protective equipment
(PPE) and Powered air purifying respirators (PAPRs)
while operating

e Minimal OR team was present during operation, no
trainees and observers were allowed in the room both
for protection and preservation of PPE.

Conclusion

Since the major victims of the invasive mucormycosis are
immunocompromised individuals, they should be under
consideration for early intervention. Knowledge of
rhinocerebral mucormycosis among these individuals
allows an early visit to the hospital or clinic. It assists in
early diagnosis and increases survival. Given the high
morbidity and mortality of invasive rhino-orbito-cerebral
fungal infections, a comprehensive and efficient multidis-
ciplinary approach must be executed. This includes early
and aggressive surgical debridement of disease in the
paranasal sinuses, orbit, palate as well as initiation of a
robust anti-fungal medical regimen with close follow-up.
Early diagnosis and early initiaton of treatment increases
the chances of survival.
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