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INTRODUCTION

Mucormycosis is a life-threatening disease caused by a 
ubiquitous fungus that, in immunocompromised patients, 
through its angio-invasive properties, determines tissue 
necrosis and can rapidly spread to adjacent regions and 
even to other regions of the body (brain, lungs, skin).

Rhino-orbital mucormycosis is caused by a fungus 
known as Mucorales, part of the Zygomycetes family, 
which contains more than 1050 species1. Commonly 
called “bread molds”, it includes Rhizopus, Mucor and Phy-
comyces, has the ability to grow on a variety of substrates, 
and a few can act as human pathogens2.

In recent years, it was observed a surge regarding the 
incidence of mucormycosis infection; extracted evidence 
from multiple published epidemiological studies revealed 
a pooled prevalence of Coronavirus disease 2019 (CO-

VID-19)-associated mucormycosis 50 times higher than 
before the pandemic era3-5.

The proposed mechanism of pathogenesis consists of 
inhalation of fungal spores from air that determine the 
colonization of respiratory mucosa at the level of the nasal 
cavity and paranasal sinuses and rapid spread to surround-
ing structures, facilitated by its angio-invasive properties.

Based on the anatomical region where mucormycosis 
has developed, it can be classified into rhino-orbito-cere-
bral (ROCM), gastrointestinal, pulmonary, renal, cutane-
ous, disseminated. Other rare sites include ear, parotid 
gland, heart, lymph nodes, bones6,7.

In this paper we will focus on the rhinosinusal mucor-
mycosis, with an emphasis on the association with COVID-
19 infection and comorbidities that increase its 
aggressiveness, and therapeutic strategies that increase the 
rate of survival.
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ABSTRACT

BACKGROUND. Coronavirus disease 2019 (COVID-19) is one of the main global health problems of the twenty-first century, 
with more than one-hundred million people infected and more than two million deaths. The immunosuppression caused by 
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ment for opportunistic infections such as mucormycosis. COVID-19-associated mucormycosis carries a high mortality rate. 
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caemic index is the key factor in order to obtain a favourable outcome. 
MATERIAL AND METHODS. For the purpose of this article, the PubMed databases were searched using MeSH descriptors and 
the Boolean operator “AND” for the terms “rhinosinusal” and “mucormycosis” and “diabetes”, between February 2019 – Decem-
ber 2021. Clinical characteristics, therapy and outcome data were gathered and compared to what has previously been reported 
in the literature. Also, we report the case of a 68-year-old patient with uncontrolled type 2 diabetes mellitus, who developed mu-
cormycosis during post-COVID period, to underline the need of early detection of this potentially deadly fungal illness.
RESULTS. The clinical and imaging evaluation revealed no evidence of disease recurrence, at one- and two-months’ follow-ups.
CONCLUSION. In this context, we would like to emphasize the importance of a high index of suspicion for mucormycosis in patients 
with COVID-19 infection, with pre-existing medical disorders, presenting with rhino-orbital or rhino-cerebral symptomatology.  
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MATERIAL AND METHODS

For the purpose of this article, the PubMed da-
tabases were searched using MeSH descriptors and 
the Boolean operator “AND” for the terms “rhino-
sinusal” and “mucormycosis” and “diabetes” and 
“COVID-19”, between February 2019 – December 
2021, with a filter on “clinical trials” and “review”. 
After all duplicates were excluded, out of 15 results 
only 10 articles were included in the study. The ar-
ticles included needed to explore the relationship 
between diabetes, corticosteroid use and develop-
ment of mucormycosis in patients with RT-PCR 
confirmed COVID-19 infection.

RISK FACTORS FOR COVID-19-
ASSOCIATED MUCORMYCOSIS

Previous to the pandemic era, the occurrence rate for 
mucormycosis was between 0.5 - 1.5 per million7, but with 
the surge of COVID-19, it has risen up to 26.7%8, India 
being the most affected country9,10.

According to Reid et al., the most frequently involved 
areas in the development of mucormycosis are the parana-
sal sinuses (39%), the lungs (24%), disseminated (23%), 
skin and soft tissue infection (19%)11.

The predisposing factors for the development of 
mucormycosis infection were previously studied and it 
is well known that immunodeficiency, diabetes melli-

Table 1.  Common risk factors, co-morbidities, affected area.

Author No. of patients Diabetes mellitus Corticosteroids use Involved area

Bayram et al.14 11 72.7% 100%
Sino-orbital involvement - 100% 

Cerebral involvement - 27%

Pal et al.16 99 85% 85%
Rhino-orbital - 42%

Rhino-orbito-cerebral - 24%

Singh et al.17 101 80% 76.3%
Nose and sinuses - 88.9%

Rhino-orbital - 56.7%
Rhino-orbito-cerebral - 22.2%

Garg et al.19 10 100% 100%
Sinusitis - 70%

Orbital involvement - 30% 

Dilek et al.20 100 79% 90.5%
Rhino-orbital - 50% 
Rhino-sinusal - 17%

Rhino-orbito-cerebral - 15%

Pippal et al.21 80 90% 83.75%
Intraorbital - 37.5%

Intracranial involvement - 12.5% 
Palate - 42.5%

Mitra et al.22 32 100% 78.1%

Paranasal sinuses - 87.5% 
Orbit - 43.75%

Orbital apex showing thrombosed ophthalmic artery - 68.75% 
Pterygopalatine fossa - 81.25% 

Vidian canal and pterygoid wedge - 50% 
Palate - 25% 

Cheek and eyelid soft tissues - 56.25% 

Desai et al.23 50 82% 84%

Maxillary sinus - 52%
Ethmoid - 38%

Orbit - 70% 
Cavernous sinus - 36% 

Hard palate - 30% 
Skull base - 16%

Intracranial involvement - 6%

Gupta et al.24 56 85% 66%

Maxillary sinuses - 94% 
Ethmoid sinus - 79%
Frontal sinus - 67%

Sphenoid sinus - 62%
Orbital involvement - 33%. 
Palatal involvement - 14% 

Intracranial involvement - 7%
Bilateral disease - 28%

Panwar et al.25 7 100% 42.8% n/a
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tus, corticosteroid use, malignant hematologic disor-
ders are the main reasons why this ubiquitous fungus 
can induce, through its angio-invasive properties, ne-
crosis of the invaded tissue12.The major risk factor for 
developing rhino-orbito-cerebral mucormycosis 
(ROCM) in the context of COVID-19 infection are 
diabetes mellitus, corticosteroid use and the immuno-
suppression induced by the COVID-19 infection it-
self11,13 (Tabel 1). Depending on the study, diabetes 
prevalence varies, but it is the risk factor most com-
monly encountered, between 73.4% and 100%14,15. A 
recent systematic review that included 99 patients con-
firmed with COVID-19 infection found that approxi-
mately 85% of patients that developed mucormycosis 
had diabetes mellitus and only 4 patients did not have 
any associated comorbidities16; this data is in accor-
dance with the results from other studies that found a 
similar prevalence (80% of 101 patients)17. A study 
made by Roden et al. prior to the COVID-19 pandemic 
found that those patients who developed mucormyco-
sis and had as a concurrent comorbidity diabetes mel-
litus had a mortality rate of 45% compared to those 
without diabetes that had a mortality rate of 35%6.

Corticosteroids use was approved for the treat-
ment of COVID-19 infection in patients with moder-
ate to severe illness by the RECOVERY trial 
(“Randomised Evaluation of COVID-19 Therapy”)18 
published in June 2020. The benefit was proven for 
low-dose administration of Dexamethasone for short 
periods of time. Careless administration of cortico-
steroid in high doses in patients that do not meet the 
criteria for moderate to severe illness exacerbates the 
potential for second bacterial and fungal infections, 
like mucormycosis. 

Apart from host factors that leave the door open 

for the mucormycosis infection, Mucorales has its 
own virulence factors that facilitate the fungus to 
cause disease. One example is the capacity of acquir-
ing iron from the host, this being an essential ele-
ment involved in the cellular cycle, making patients 
with high iron serum level uniquely susceptible to 
the mucormycosis infection. Taking this into consid-
eration, the iron supplements used in the treatment 
of COVID-19 infection also seem to be linked to the 
progression of the disease, helping the fungus meta-
bolic process into further growing12.

In order to counteract its rapid spread and high mortal-
ity rate, early recognition and prompt specific treatment 
must be established.

PATHOPHYSIOLOGY OF RHINO-ORBITAL-
CEREBRAL MUCORMYCOSIS

A complex interaction between a multitude of factors 
appears to act as the basis that triggers the activation of the 
mucormycosis infection. 

Mucorales, also known as common molds, are gener-
ally found in soil, dust, decaying food. In people with 
competent immune system, the spores that reach the 
respiratory tract are eliminated by sneezing or swallow-
ing. In case of an existing breach at the level of the mu-
cosa, neutrophils phagocytose and neutralize the fungi. 
Therefore, patients with neutropenia or neutrophil dys-
function are the most susceptible to developing the dis-
ease. After the fungi evolve into hyphal forms inside the 
susceptible host, they are able to invade blood vessels, 
inducing an extensive angioinvasion, which materializes 
in thrombosis and tissue necrosis26.

Table 2.  Median time interval from the COVID-19 infection to the debut of mucormycosis infection.

Author Median time interval Number of patients Symptomatology

Bayram et al.14 14.4 ± 4.3 days 11

Orbital apex syndrome - 63.6%
Orbital cellulitis-36.4%

Endophthalmitis - 54.5%
Retinoschisis -18%

Garg et al.19 24.6 days  
(range 22–28 days)

11
Headache - 100%

Vision impairment - 30%
Other complaints:  cheek oedema, nasal obstruction/discharge, localized pain

Mitra et al.22 18 (± 4) days 32

Blurring of vision - 87.5% 
Headache - 65.62%

Cheek and eyelid swelling - 59.37% 
Proptosis -50%

Ophthalmoplegia - 46.87% 
Ptosis - 40.62%

Orbital pain - 25% 

Pal et al.16 15 days 99 N/A
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TIME RELATION BETWEEN RHINO-
ORBITAL-CEREBRAL MUCORMYCOSIS AND 
COVID-19 INFECTION

Based on the occurrence of ROCM in relation to the 
COVID-19 infection, the median time interval varies 
from 8 to 18 days. Most studies15 found that ROCM infec-
tion was more commonly found after the first 14 days 
from the confirmation of COVID-19 infection, but it can 
develop as late as 90 days after the debut of COVID-19 
infection26 (Table 2).

CLINICAL FEATURES OF RHINO-ORBITAL-
CEREBRAL MUCORMYCOSIS

The clinical picture of a patient presenting with rhino-
sinusal mucormycosis varies depending on the extent of 
the disease. The most common symptoms are: headache, 
facial pain, loss of vision, proptosis, restricted eye move-
ments, cheek and eyelid swelling (Table 2). 

Taking into consideration the clinical picture of pa-
tients with mucormycosis, the treatment has to be insti-
tuted without any delay in order to avoid sepsis and 
multiorgan failure, that would only lead to prolonged hos-
pitalization and higher mortality rates27. 

IMAGING STUDIES

Nasal endoscopy is the first investigation used for the 
evaluation of a patient suspected for rhinosinusal mucor-
mycosis. Both computed tomography (CT) and mag-
netic resonance imaging (MRI) are essential in the 
diagnosis of ROCM, especially in establishing the extent 
of the pathology. While the CT scan may reveal mucosal 
thickening, bone erosions, fluid filling the paranasal si-
nuses, the MRI scan provides a better view of soft tissue 
and blood vessels, being useful in evaluating intraorbital 
or intracranial extension28.

Due to its invasive nature, ROCM has a survival rate 
of 59.5%29, being able to rapidly spread to critical sur-
rounding structures. Understanding of the local anat-
omy and possible pathways through which the disease 
can spread helps the surgeon in focusing on specific 
areas in order to restrain further spread of the disease 
and verify if the debridement was completely done be-
fore finishing the procedure.

In order to accomplish these objectives, radiologi-
cal imaging has a major impact in establishing the area 
of involvement and regions that need debridement. 
CT scans used in operated cases were found to be of 
great importance28.

The most common sinuses found to be involved in the 
ROCM were the maxillary (92%) and ethmoid (88%) si-
nuses according to Patel et al.28, the sphenoid and frontal 

sinus being affected in 75%, respectively 61% of cases. Im-
aging studies made by Dave et al. revealed paranasal sinus 
involvement (100%), orbital apex involvement (41%), 
cavernous sinus involvement (30%), and central nervous 
system (CNS) involvement (33%)30. Bayram N. et al. study 
showed that the ethmoid sinus was affected in 90.9% of 
cases, maxillary sinuses in 81.8%, sphenoid in 54.5% and 
frontal in 36.4%14.

TREATMENT OF RHINO-ORBITAL-
CEREBRAL MUCORMYCOSIS

There are multiple staging systems and stage-related 
treatment strategies described in the literature (Honavar 
et al., Kapil Soni et al.), but there is still not a consensus 
regarding the treatment31,32. What is well established is that 
early diagnosis, together with appropriate treatment con-
sisting of both surgical and medical treatment, is the key 
to improving survival rates31,32.

Endoscopic sinus debridement with medial maxillec-
tomy should be performed as proposed by K. Soni et al., 
with further tissue debridement in accordance with the 
extent of the disease32.

A few bony landmarks need to be established before 
surgery in order to prevent intraoperative complications 
and to be certain that the surgical debridement is correctly 
and completely done. 

Despite the fact that the treatment of mucormycosis is 
based on complete debridement of the affected tissue, 
there are limits of the endoscopic sinus surgery, that 
need to be respected in order to avoid fearsome compli-
cations. For instance, involvement of posterior and lat-
eral sphenoid sinus walls makes preposterous the 
resection of bone at this level. Addressing the involved 
bony tissue of the skull base at the level of the ethmoid 
bone predisposes to secondary complications like CSF 
leak or even brain tissue herniation. 

In order to have a better control of the disease, opti-
mal glucose level should be maintained throughout the 
day, using oral antidiabetic drugs or injectable insulin 
when needed.

Corticosteroids should be rationally administered in 
the treatment of COVID-19 infection due to their influ-
ence onto the immune system and glucose level, that en-
ables fungal growth, and iron supplements avoided. 

The management of patients with rhinosinusal 
mucormycosis based solely on surgery has not been 
demonstrated to be curative. Current treatment rec-
ommendations, supported by the European Confed-
eration of Medical Mycology (ECMM) and by Centers 
for Disease Control and Prevention, comprise surgi-
cal and antifungal treatment. 

Traditionally, aggressive surgical debridement is rec-
ommended when addressing mucormycosis infec-
tion33,34. Recently, due to the large-scale implementation 
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of nasal endoscopic surgery, some authors published 
studies claiming similar results with frequent endoscopic 
debridement35-38. 

Topical administration of Amphotericin B was 
used by some researchers, in an attempt to reduce 
the adverse effects on the renal and hepatic func-
tions37,39. Further controlled clinical studies need to 
be made in order to evaluate its efficiency.

MORTALITY RATE IN RHINO-ORBITAL-
CEREBRAL MUCORMYCOSIS

The mortality rate reaches up to 63.6% (Table 
3) and it depends on the extent of the disease 
(central nervous system involvement at presenta-
tion representing the only mortality predictor fac-
tor) and other variables, such as cavernous sinus 
involvement, presence of comorbidities (uncon-
trolled diabetes) being associated with an unfa-
vourable outcome14,31. 

OUR EXPERIENCE

Herein, we present the case of a 68-year-old male 
patient, who presented to the Emergency Depart-
ment for right side hemicrania, right eye proptosis, 
ophthalmoplegia and vision loss. The symptomatol-
ogy debuted 10 days prior to the presentation and 
had progressively worsen.

From his medical history we must mention that 
he had type 2 diabetes and recent COVID-19 infec-
tion, 3 weeks prior to the debut of his current 
symptomatology. During this period, his pancreatic 
function was altered, and he needed to switch from 
oral antidiabetics to injectable insulin medication 

in order to control the high values of serum glu-
cose (>400 mg/dl).

On arrival, his vital signs were notable for hyperten-
sion and tachypnea. He was afebrile, but his SpO2 
dropped down to 70% in the first few hours from admis-
sion. Upon inspection, the most notable was the right eye 
proptosis (Figure 1).

Five days prior to admission he had an ophthalmologic 
evaluation that revealed the absence of perception of light 
for the right eye. 

Preoperative nasal endoscopy was suggestive for rhino-
sinusal mucormycosis (Figure 2).

Table 3.  Mortality rate in rhino-orbital-cerebral 
mucormycosis.

Study Mortality rate

Bayram et al.14 7/11 (63.6%)

Singh et al.17 31/101 (30.7%)

Gupta et al.19 9/56 (16%)

Dave et al.30 20/58 (34%)

Kapil et al.32 26/145 (18%)

Sekaran et al.40 5/30 (17%)

Figure 1. Right eye proptosis – preoperative aspect.

Figure 2. Preoperative nasal endoscopic aspect. – complete necrosis of 
the right middle and inferior turbinate, ethmoidal cells, medial maxillary 
wall with black eschar visible on the nasal mucosa and purulent discharge 
from the middle meatus and sphenoethmoidal recess.
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The day before admission, he performed a sinona-
sal CT scan that revealed rhino-orbital extension of 
the disease (Figure 3).

At admission, the RT-PCR for SARS-COV-2 turned out 
positive, although specific symptomatology regarding the 
COVID-19 infection debuted 3 weeks prior and he tested 
positive at the time.

Blood works on admission were suggestive for marked 
inflammatory syndrome (ESR = 91 mm/h, CRP = 65.75 
mg/L, fibrinogen = 792 mg/dL), serum glucose = 138 mg/
dl, shift to the left of WBC count, normochromic normo-
cytic anemia, hepatic cytolysis (AST = 151 U/L, ALT = 32 
U/L). Due to high levels of AST, a gastroenterological con-
sultation was requested, which stated that the hepatic cy-
tolysis was in the context of the current infecto-inflammatory 

syndrome, and specific treatment was promptly started with 
a favourable evolution during the hospital stay. 

Regular blood work was made, and acute kidney injury 
was noticed after 7 days of antifungal and antibiotic treat-
ment, so supplemental liquid intake was provided. 

Although the patient was in the recovery period after 
the COVID-19 infection, SpO2 levels started to drop and 
came as low as 70% in the first night of admission, so non-
invasive O2 support was needed and maintained until the 
10th day when he was able to maintain SpO2 over 95% 
without an oxygen mask.

Based on the extent of the disease, the treatment strat-
egy consisted of endoscopic removal of the necrotic tissue 
seconded by antifungal therapy. After all the investigations 
were completed, surgical debridement was made by right 

Figure 4. Intraoperative aspect after removal of the affected tissue. Figure 5. Necrotic inferior turbinate.

Figure 3.  Coronal and axial view of preoperative CT scan – obliteration of right-side maxillary, frontal, ethmoid, sphenoid sinuses with bone erosions and 
extension of the disease into the retro-orbital space, with soft-tissue thickening at the level of the orbital apex.
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medial maxillectomy with removal of the inferior and 
middle turbinate, ethmoidectomy, transnasal sphenoid-
otomy and orbital decompression by endoscopic removal 
of the lamina papyracea (Figure 4).

All the necrotic tissue removed (Figure 5) was sent for 
histopathologic exam that described ribbon-like hyphae 
invading blood vessels, suggestive of mucormycosis.

Postoperatively, daily aspiration of secretions was made, 
with monitoring of local and general evolution under par-
enteral treatment with antifungal therapy (Amphotericin 
B 5 mg/kg/day), antibiotic therapy (Gentamicin 240 mg/
day, Metronidazole 500 mg/12h), steroidal anti-inflamma-
tory drug (Dexamethasone 4mg/day), administration of 
rapid-acting and long-acting insulin (as prescribed by the 
diabetologist), anticoagulant therapy (0.8 ml/12), under 
which the evolution was favourable. Before discharge, the 
last endoscopic exam revealed free upper respiratory 
tract, nasal mucosa covered by hematic crusts that were 
present at the level of the lateral nasal wall and the roof of 
the nasal cavity, with permeable drainage pathway of the 
frontal and sphenoid sinus. Clinically, right eye proptosis 
was significantly reduced, but the loss of vision was perma-
nent (Figure 6). 

We must take into consideration monitoring the 
renal and hepatic functions while administering neph-
rotoxic and hepatotoxic medication like Amphotericin 
B, which was made by regular monitoring of the liver 
and renal functions. 

After discharge, the patient continued the oral anti-
fungal therapy with Posaconazole 300 mg/day for 21 
days, saline irrigation and topical antibiotic and re-
turned for follow-up once a week for the next 8 weeks. 
After completion of treatment, a control CT scan was 
performed that excluded the reoccurrence of the dis-
ease (Figure 7). 

Based on this review and our clinical experience re-
garding rhino-orbital mucormycosis, we suggest that prac-
titioners should follow a minimal step-by-step approach in 
order to promptly diagnose this type of pathology. For this, 
we propose a guideline for the diagnosis and manage-
ment of rhino-orbital mucormycosis (Figure 8).

CONCLUSIONS

In the current context of the COVID-19 pandemic, 
awareness should be risen when dealing with patients with 
multiple comorbidities (especially diabetes) with a recent 
SARS-COV-2 infection that develop clinical signs of infec-

Figure 7.  Axial and coronal view of postoperative CT scan – showing complete removal of the medial wall of the maxillary sinus, inferior and middle right 
turbinate, absence of the medial and inferior part of the lamina papyracea and the vertical plate of the palatine bone and no pathological process.

Figure 6. Postoperative aspect of right eye proptosis, 14 days after surgery.
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tious rhino-orbital pathology, the mean duration between 
the onset of symptoms of mucormycosis and diagnosis of 
COVID-19 infection being 15 days.

Taking into consideration its aggressiveness, early diag-
nosis and specific treatment should be immediately started 
in order to have a better control of the disease, reduce 
morbidity and mortality. 

Factors such as early diagnosis and involved areas 
(especially cranial involvement) determine the prog-
nosis of the disease.
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