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Abstract

Purpose Our aim was to analyze the patients with diabetic rhino-orbital-cerebral mucormycosis that we have treated in our
clinic in the last 5 years, and to reveal the altering conditions with COVID-19.

Materials and methods A retrospective study was conducted on 39 rhino-orbital-cerebral mucormycosis (ROCM) patients
with diabetes mellitus between 2017 and 2022. The patients were divided into two groups as those associated with and not
associated with COVID-19 and compared.

Results Thirty-nine diabetic patients were included in the study, with 15 (38.5%) of them being COVID-19 associated mucor-
mycosis (CAM) group. CAM patients showed higher orbital involvement and cavernous sinus involvement (p =0.002 and
p=0.013, respectively). The mortality rate in the non-COVID-19 associated mucormycosis (non-CAM) group was statisti-
cally higher in patients with intracranial and cavernous sinus involvement (p =0.015 and p =0.033, respectively). The dif-
ference between the overall survival of the CAM patients and non-CAM patients was not statistically significant (p =0.741).
Conclusions With COVID-19, progressive mucormycosis accompanied by orbital and intracranial involvement is observed
more frequently. However, on the contrary, the mortality rate in COVID-19-associated mucormycosis is considerably lower
than expected. The fact that temporary immune suppression can be ameliorated with adequate supportive treatment and
liposomal amphotericin-B which can be given to patients in high doses may explain this situation. It has been attained hints
that the essential factor in the treatment of COVID-19-associated ROCM is the control of the underlying disease and to be
cautious in the decision of early aggressive surgery.
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Introduction

Rhino-orbital-cerebral mucormycosis (ROCM) is the most
common form of mucormycosis (%39) [1]. ROCM is a rare
but challenging to management infection caused by fungi
of the Mucorales group. Fungal spores taken by inhala-
tion, which is the main route of transmission, penetrate
the sinonasal epithelium and vascular invasion occurs and
this process continues with the formation of infarction
and necrosis in the tissue. The mortality rate of ROCM
is 50-60% despite treatment [2]. Treatment consists of
control of the underlying disease, surgical debridement,
and systemic antifungal therapy. Early diagnosis and treat-
ment are critical because of the high mortality and surgical
morbidity [3].

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), also known as COVID-19, first appeared
in November 2019 and spread rapidly all over the world
[4]. It has been manifested in a wide range from mild rhi-
nitis to life-threatening pneumonia. While the pathophys-
iology of COVID-19 is being studied in all its aspects,
the clinical presentation and complications of the dis-
ease, which may occur in different forms, continue to be
defined. Perhaps the most important of these are second-
ary infections owing to existing comorbid diseases, use of
immunosuppressive therapy and immune changes related
to COVID-19.

Predisposing factors for the development of ROCM
include uncontrolled diabetes mellitus, hematological
malignancies, immunosuppression, and long-term treat-
ment with corticosteroids [5]. Recently, we have been
increasingly detecting ROCM with typical clinical pres-
entation which we have rarely encountered before, in cases
infected with or recovering from COVID-19. Especially, in
COVID-19 patients with uncontrolled diabetes and severe
infection are more likely to suffer from mucormycosis [6].
The main possible reason for this is the heavy doses ster-
oids given to these patients during the treatment process.
Besides weakening the immune system, steroids also cause
blood sugar to rise in patients with uncontrolled diabe-
tes and, as a result, an acidic environment that facilitates
fungal growth. Moreover, immune alterations associated
with COVID-19 and contamination of medical devices
with mucorales for hospitalized patients are other possible
predisposing causes [7].

In the literature, since the beginning of the COVID-19
pandemic, there have been several articles published on
the relationship between COVID-19 and mucormycosis.
However, to our knowledge, there has not been a study
comparing COVID-19-associated mucormycosis with
unrelated cases. Here, we present our experience with 39
cases of rhino-orbital-cerebral mucormycosis associated
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and unrelated to COVID-19 with diabetes mellitus in the
past 5 years. By comparing these two groups, we aim to
assist clinicians about the changing disease pattern and
prognosis with COVID-19.

Materials and methods

A retrospective study was conducted on all rhino-orbital
mucormycosis patients with diabetes mellitus at the XXXX
University Medical Faculty, between 2017 and 2022. This
hospital is the only referral center for ear, nose and throat
(ENT) care in southern Turkey. Patients from different parts
of the region are mostly referred to this hospital for the diag-
nosis and treatment of ENT diseases.

Demographic data and complaints of the patients were
noted and a comprehensive clinical examination was per-
formed. Routine blood tests and chest X-ray were performed.
It was questioned whether the patients who applied after the
beginning of the COVID-19 pandemic had recently had the
COVID-19 infection. Real-time polymerase chain reaction
(RT-PCR) test was performed with nasopharyngeal swab to
detect the presence of active COVID-19 infection. A biopsy
of diseased tissue was taken and sent for KOH and histo-
pathological examination. Necessary radiological examina-
tions (computed tomography and magnetic resonance imag-
ing covering the face, orbit and brain) were performed to
determine the extent of the disease. The diagnosis of mucor-
mycosis was made by histopathological and/or direct micro-
scopic examination of the biopsy material. In microscopic
examination fungal hyphaes of mucormycosis are detected
broad, non-septate and 90 degree branching forms in hae-
matoxylin and eosin sections. Angioinvasion and necrosis
were often accompanied to the fungal infection. In some
cases, histochemical special tissue stains (Pas and GMS)
were required for definitive diagnosis. Liposomal ampho-
tericin-B (L-AmB) therapy was instituted at 3—5 mg/kg as
soon as the presence of mucormycosis was confirmed and
surgical debridement was planned. In addition, strict blood
sugar control was achieved and anticoagulant therapy was
added to patients with cavernous sinus involvement. Surgical
exploration and debridement were performed assisted with
sinus endoscopy. Surgical intervention ranged from a simple
surgical debridement to maxillectomy (partial/total), orbital
exenteration, and neurosurgical interventions, depending on
the extent of the disease.

We included 39 patients with diabetes mellitus who were
diagnosed and treated for mucormycosis in the last 5 years.
Patients with malignancy, other hematological disease,
immune system disorder or using immunomodulatory drugs,
history of chemotherapy and radiotherapy were excluded
from the study. Then, we evaluated demographic features,
COVID-19 status, clinical presentation, laboratory and
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imaging findings, management, outcome and mortality. As
laboratory findings, blood C-reactive protein (CRP), white
blood cell counts (WBC) and Hemoglobin Alc (HbAlc)
levels at the admission of the patients, and orbital, intracra-
nial, cavernous sinus, pterygopalatine and infraorbital fossa
involvement were evaluated as radiological findings. Patients
with active COVID-19 infection at the time of admission
and a recent history of infection were evaluated as COVID-
19-associated mucormycosis (CAM). Then, the patients
were divided into two groups, COVID-19 associated and
non-COVID-19 associated mucormycosis (non-CAM), and
these two groups were compared.

Statistical analyses

Categorical variables were expressed as numbers and per-
centages, whereas continuous variables were summarized
as mean and standard deviation and as median and mini-
mum-maximum where appropriate. Chi-square test was
used to compare categorical variables between Non-CAM
and CAM groups. The normality of distribution for continu-
ous variables was confirmed with the Kolmogorov—Smirnov
test. For comparison of continuous variables between Non-
CAM and CAM groups, the Student's ¢ test or Mann—Whit-
ney U test was used depending on whether the statistical
hypotheses were fulfilled or not. To evaluate the correla-
tions between measurements, Spearman Rank Correlation

Coefficient was used. For survival analysis, overall survival
was calculated using Kaplan—Meier method and log rank
test was performed. All analyses were performed using IBM
SPSS Statistics Version 20.0 statistical software package.
The statistical level of significance for all tests was consid-
ered to be 0.05.

Results

Thirty-nine diabetic patients were included in the study, with
15 (38.5%) of them being Covid-19 associated mucormyco-
sis group. The patients' mean age was 53.4 +15.8 years. His-
topathology results of all patients were reported as mucor-
mycosis. Table 1 summarizes the baseline demographic,
clinical characteristics and laboratory markers of the
patients according to patients with and without association
Covid-19. There was no statistically difference between the
groups in terms of age and gender (p > 0.05 for both). CAM
patients showed higher orbital involvement, cavernous sinus
involvement (p=0.002 and p=0.013, respectively). Regard-
ing laboratory results, HbAlc and WBC were not different
between the two groups, while CRP was higher in the CAM
patients (p =0.393, p=0.890 and p <0.001, respectively).
In the CAM group, the mean time from Covid-19 positivity
to hospital admission was 30.3 +26.6 (median: 23.0, min:
10, max: 100) days and from the hospital admission to the

Table 1 Comparison of
demographical and clinical

characteristics in COVID-19

Age(years)
associated and non-COVID-19
. . Gender, n (%)
associated mucormycosis
patients Male
Female

Facial/soft issue involvement, n (%)

Palate involvement, n (%)
Orbital involvement, n (%)

Intracranial involvement, n (%)

Cavernous sinus involvement, n (%)

Nasal cavity involvement, n (%)
Unilateral
Bilateral
PPF involvement, n (%)
ITF involvement, n (%)
Mortality, n (%)
Laboratory markers
HbA1c%
WBC (cells x 10°L)
CRP (mg/dL)

Non-CAM (n=24) CAM (n=15) p
49.5 (33.0-88.0) 61.0 (15.0-77.0) 0.831
>0.999
12 (50.0) 8 (53.3)
12 (50.0) 7 (46.7)
13 (54.2) 9 (60.0) 0.980
11 (45.8) 7 (46.7) >0.999
9 (37.5) 14 (93.3) 0.002
9 (37.5) 9 (60.0) 0.298
13 (54.2) 14 (93.3) 0.013
0.658
21 (87.5) 12 (30.0)
3(12.5) 3(20.0)
10 (41.7) 15 (100.0) 0.001
9 (37.5) 11 (73.3) 0.064
10 (41.7) 5(33.3) 0.855
103428 109+18 0.393
13.8+8.1 14.1+53 0.890
15.5 (0.0-199.0) 137.0 (26.9-335.0) <0.001

Unless otherwise specified data was expressed as mean + standard deviation or median(min—-max)

CAM COVID-19 associated mucormycosis, non-CAM non-COVID-19 associated mucormycosis, PPF
pterygopalatine fossa, ITF infratemporal fossa, WBC white blood cell count, CRP C-reactive protein
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event (death) occurs was 105.3 +67.6 (median: 108.0, min:
11, max: 195) days. No correlation was found between these
two times (r=— 0.293, p=0.289).

In the CAM group, only one of the fourteen patients with
orbital involvement had partial vision loss. The remaining
thirteen patients had total vision loss and ophthalmople-
gia. Orbital exenteration was performed in 7 of 14 patients.
Exenteration could not be performed in three patients due
to poor general condition and three patients not accepting
the operation. Intermittent intraorbital L-AmB injection
was applied to the patient with partial vision loss. While
the mortality rate was 2/7 in patients who underwent orbital
exenteration, it was 3/7 in those who did not. Except for one
of the surviving patients whose orbit was preserved, their
vision did not improve. The vision of the patient with partial
vision loss improved completely. Three patients underwent
neurosurgical interventions due to intracranial involvement
in line with the recommendations of the neurosurgery clinic.
All three of these patients survived and also did not develop
any permanent neurological deficits. In the non-CAM group,
all but one of those with orbital involvement had total vision
loss. While the mortality rate was 3/4 in patients who under-
went orbital exenteration, it was 3/5 in those who did not.

Whereas there was no improvement in vision in two of the
patients who survived, improvement was observed only in
the patient who had partial vision loss at the beginning.

Mortality rates were compared according to study groups
in patients with involvement (Fig. 1). Accordingly, the mor-
tality rate in the non-CAM group was statistically higher in
patients with intracranial and cavernous sinus involvement
(Table 2) (p=0.015 and p=0.033, respectively). The dif-
ference between the overall survival of the CAM patients
and non-CAM patients was not statistically significant
(p=0.741). Figure 2 shows the corresponding Kaplan—-Meier
curves.

Discussion

Mucormycosis is a rare and fatal fungal infection caused by
pathogens belonging to the family Mucoraceae [8, 9]. These
pathogens are ubiquitous in nature and, therefore, easily
acquired. Under immunosuppression conditions, it begins to
proliferate in the nasal cavity and paranasal sinuses, and can
invade surrounding tissues and spread to the palate, orbit,
and brain, leading to death. Despite having a low incidence

Table 2 Comparison of the

. - Non-CAM CAM p
mortality rates according to
study groups in patients with Facial soft tissue involvement (n=22) 9(69.2) 3(33.3) 0.192
involvement .
Palate involvement (n=18) 2(18.2) 2(28.6) >0.999
Orbital involvement (n=23) 6 (66.7) 5(@35.7) 0.214
Intracranial involvement (n=18) 8 (88.9) 2(22.2) 0.015
Cavernous sinus involvement (n=27) 10 (76.9) 4 (28.6) 0.033
Nasal cavity involvement (bilateral) (n=6) 2 (66.7) 3 (100.0) >0.999
PPF involvement (n=25) 7 (70.0) 5(33.3) 0.111
ITF involvement (n=20) 7(77.8) 4 (36.4) 0.092
Data were expressed as n (%)
Non-CAM non-COVID-19 associated mucormycosis, CAM COVID-19 associated mucormycosis, PPF
pterygopalatine fossa, ITF infratemporal fossa
BNon-CAM BCAM
100
X g0
L
T 60
Z 40
£ 20
2 o = = = =

Facial soft tissue Palate Orbital

Intracranial

Cavernous sinus Pterygopalatine Infratemporal
fossa fossa

Involvement type

Fig. 1 Mortality rates in patients with involvement according to non-
COVID-19 associated mucormycosis (Non-CAM) and COVID-19
associated mucormycosis (CAM) groups. The number of patients is
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different in each involvement and the mortality rate of each involve-
ment is given for the relevant study group
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Fig.2 Kaplan—-Meier curves for the 39 patients with DM who were
classified into two groups according to the post-COVID-19 sta-
tus. Cum Survival cumulative survival, OS overall survival, CAM
COVID-19 associated mucormycosis, Non-CAM non-COVID-19
associated mucormycosis,

rate, many cases have been seen recently, with the ongoing
COVID-19 pandemic [10]. Mehta and Pandey reported a
single case of rhino-orbital mucormycosis associated with
COVID-19 in September 2020 [11]. Song et al. examined
the relationship between COVID-19 and invasive fungal
sinusitis and suggested that patients with COVID-19 were
at risk for invasive fungal sinusitis [6]. Immunosuppression
developed by steroid use in COVID-19 patients, immune
dysregulation in the form of decreased number of T lympho-
cytes, decreased CD8 + T and CD4 + T cells associated with
COVID-19 infection [12], emerged thrombotic microangi-
opathy during the COVID-19 disease process [13], impaired
chemotaxis and phagocytosis of neutrophils due to persistent
hyperglycemia of diabetes [14] predispose these patients to
invasive fungal sinusitis.

While many case reports and articles on CAM have been
published from India and east Asian countries [15-18], case
reports from Europe are very limited. Anecdotal cases of
CAM have been reported from France, Italy, the Nether-
lands and the United Kingdom [19-22]. In a multicenter
study from Germany, thirteen CAM cases were reported
from six tertiary care centers between March 2020 and June
2021. According to this report, pulmonary CAM was the
most common clinical presentation, similar to cases reported
from other European countries, in contrast to the large case
series reported from India, where the vast majority of cases
presented with rhino-orbito cerebral mucormycosis [23].
In the case series originating from Europe, the majority of
the patients were severely critical COVID-19 patients fol-
lowed in the intensive care unit, unlike the case series in
India, which consisted of mild to moderate COVID-19 cases

accompanied by uncontrolled diabetes. In our clinic, we have
detected a total of 86 ROCM cases in the last 5 years. While
47 of them emerged secondary to hematological and immu-
nological diseases, chemotherapy and radiotherapy treat-
ment, 39 patients were ROCM cases due to uncontrolled
diabetes. When we review the distribution by years, the case
numbers of ROCM due to diabetes and non-diabetic condi-
tions, respectively, were 3 and 11 in 2017, 2 and 8 in 2018, 3
and 8 in 2019, 6 and 10 in 2020, 25 and 10 in 2021. Besides
the fact that 22 of 25 diabetic cases in 2021 were detected in
the second half of the year, 15 of these were COVID-19-as-
sociated ROCM cases. Although there was no significant
change in the number of non-diabetic ROCM cases over the
years, a significant increase was observed in diabetic ROCM
cases with the COVID-19 pandemic in 2021. To our knowl-
edge, CAM series from Europe demonstrate similar charac-
teristics, and our case series is one of the limited series that
differ in both quantity and case characteristics. In our study,
the frequency of CAM cases was higher than Europe, and
unlike Europe, it was similar to the case series in India. The
cases in our series did not need intensive care unit during
their COVID-19 infection. This situation can be explained
by the fact that the blood sugar control of the diabetic popu-
lation in Turkey is not done better than in Europe and the
diagnosis of pulmonary and gastrointestinal mucormycosis
is more difficult and, therefore, overlooked.

The relationship between ROCM and uncontrolled dia-
betes is well known [7, 24]. Moreover, COVID-19 infection
and steroid therapy used in its treatment make diabetes con-
trol difficult. Accordingly, individuals with diabetes are more
likely to face severe illness, complications, and opportunistic
infections during their COVID-19 infection. The cumulative
effect of COVID-19 infection, diabetes, and steroid use on
the immune system causes immune dysregulation and cre-
ates an environment for invasive fungal infections. The fact
that most of the diabetic RCOM patients who applied to
our clinic recently had a history of COVID-19 infection and
related steroid use supports this hypothesis. It is necessary
to re-evaluate the standard steroid application in Turkey's
COVID-19 infection treatment algorithm and to emphasize
tight glycemic control in this patient group.

Orbital involvement generally occurs through the lam-
ina papyracea and the roof of the maxillary sinus, while
intracranial involvement is through the ethmoid, orbital
veins, and optic nerve [25]. Orbital involvement incidence
rates vary widely from study to study. In our study, there
were differences between the two groups. Orbital involve-
ment was present in 14 (93.3%) of 15 patients in the CAM
group, and 13 of these patients had ophthalmoplegia and
total vision loss. Only 9 (37.5%) of 24 patients in the non-
COVID-19-related group had orbital involvement. Involve-
ment of the orbit, cavernous sinus and pterygopalatine fossa
was significantly higher in the CAM group compared to the
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non-COVID-19 group. Although intracranial and infratem-
poral fossa involvement was higher in the CAM group, this
difference was not significant. It can be considered that, in
addition to diabetes, the immune dysregulation due to the
COVID-19 infection itself and the effects of high-dose ster-
oids in patients in the CAM group is deeper as a result of
the cumulative effect. Fungal infection was progressing more
rapidly in these patients.

It is well known that orbital and intracranial involve-
ment are associated with higher mortality in ROCM [26].
The main principle in treatment is surgical debridement of
the infected area and should be done as soon as possible
after the diagnosis is confirmed. Although it is known that
surgical debridement alone is not sufficient, it has been
indicated to increase survival [27]. However, especially in
rapidly progressing disease, even aggressive medical and
surgical treatment cannot be effective and the disease may
continue to progress [28]. The mortality rate in patients with
intraorbital and intracranial involvement has been reported
as 50-80% [29]. In our study, only 3 out of 9 patients with
orbital involvement in the non-COVID-19-related group
survived. The mortality rate of this group (66.7%) is in line
with previous studies. On the contrary, 9 of 14 patients with
orbital involvement in the CAM group survived. The mor-
tality rate (35.7%) is below the previously reported rates.
Similarly, for cavernous sinus involvement, the mortality
rate was 76.9% in the non-CAM group, compared to 28.6%
in the CAM group and for intracranial involvement, the mor-
tality rate was 88.9% in the non-CAM group, compared to
22.2% in the CAM group. More frequent involvement of
the orbital and intracranial regions suggests that CAM pro-
gresses more rapidly. However, considering the mortality
rates, there is exactly the opposite situation. This suggests
that the immune dysregulation that causes the development
of CAM is a temporary disorder. Controlling dysregula-
tion with tight blood glucose control and optimal support-
ive treatment may explain the better prognosis in patients
with CAM. Furthermore, the fact that low-toxicity L-AmB
can be given at higher doses may have contributed to this
situation. According to the Global Mucormycosis Guide-
line published in 2019, 5-10 mg/kg L-AmB treatment per
day is recommended in various organ involvements [30]. In
case of intracranial involvement, the dose can be increased
up to 10 mg/kg per day. Serum creatinine level increases
and resistant potassium level decreases are the most impor-
tant dose-limiting side effects. In our series, L-AmB treat-
ment was administered at doses up to 10 mg/kg per day in
cases with intracranial involvement. The dose was reduced
in patients who developed renal toxicity. In general, the
CAM group, whose general medical condition improved
more rapidly through supportive care and blood glucose
control, also had better medicine tolerance. Moreover, the
most of the non-CAM group had long-term diabetes as well
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as concomitant renal problems, and therefore, high-dose
L-AmB treatment could not be possible for many patients.
Hence, it has not been able to possible to clarify the role of
high-dose L-AmB therapy in the observed low mortality in
the CAM group. However, although we cannot explain the
role of these factors in low mortality alone, there have been
signs and clues that their cumulative effect is associated with
low mortality rates.

Orbital exenteration is a radical and disfiguring surgery.
Perhaps the most critical decision in the treatment of rhino-
orbital mucormycosis is whether or not to exenter the orbit.
Orbital mucormycosis corresponds not only to advanced dis-
ease, but also to a high risk for disease progress to intracra-
nial region due to the anatomical connections directly related
to this region. Therefore, in the case of rapidly progressive
disease with orbital invasion, emergency exenteration may
be necessary to keep the patient alive. However, recent
advances in medical therapy such as low-toxicity L-AmB
may allow orbital preservation in the case of slowly progres-
sive disease [26]. Munir et al. reported that the mortality rate
in patients with orbital involvement and orbital preservation
was not significantly different from patients who underwent
orbital exenteration [31]. In our study, we performed orbital
exenteration to 7 of 14 patients with orbital involvement,
because the disease progressed rapidly in patients with
CAM. It could not be performed in the remaining patients
because of partial vision loss in one, poor general condi-
tion in three, and refusal to accept orbital exenteration in
three of them. Of these, those with poor general condition
died, while the remaining four patients survived. Whereas
the mortality rate of the patients we did exenteration was
2/7, it was 3/7 of those we did not. The fact that L-AmB
with reduced toxicity can be given at higher doses, and the
recovery of immune dysregulation due to COVID-19 and
steroid use with supportive treatment may explain the lack
of significant difference in mortality rates. Even with our
small sample size, this result made us consider the value
of prompt medical treatment with L-AmB, supportive care
for the underlying disease, and a conservative approach to
orbital exenteration.

The limitations of our study were that its retrospective
nature, relatively small sample size and single-center. The
results of our study and our clinical observation suggest
that CAM shows a different pattern than non-COVID-
19-related ROCM. However, some of our results did not
reach statistical significance due to the low number of
cases. Studies with larger sample sizes are needed.
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Conclusions

Rhino-orbital cerebral mucormycosis, as it is known,
is a very mortal disease. Although it is a rare disease,
a significant increase in its frequency has been observed
with the COVID-19 pandemic. In addition to widespread
steroid use and diabetes, immune dysregulation caused
by COVID-19 infection may lead to the development
of mucormycosis. In parallel, we have observed a sig-
nificant increase in the number of cases admitted to our
clinic in the last 6 months. Most of the cases had rapidly
progressive disease accompanied by orbital and intrac-
ranial involvement. While the mortality rate is 50-80%
in cases of rapidly progressive disease with orbital and
intracranial involvement, on the contrary, in cases associ-
ated with COVID-19 in our series, the mortality rate was
significantly lower. Furthermore, in this patient group,
our clinical observation is that orbital exenteration has no
significant survival benefit. It has been considered that the
cumulative effect of steroid use, diabetes and COVID-19
infection on the immune system causes rapidly progressive
disease, but improving of the immune dysregulation with
tight blood sugar control, adequate supportive treatment
and liposomal amphotericin-B treatment that can be used
at high doses ameliorates the course of the disease. Finally,
although we have attained hints that the essential factor
in the treatment is the control of the underlying disease
and to be cautious about early aggressive surgical treat-
ment, multicenter studies with larger sample sizes seem
necessary.
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