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RHINOLOGY

Utility of intraoperative scoring system in rhino-orbital

mucormycosis as a prognostic tool

Cover figure. COVID-associated mucormycosis showing involvement of the left pterygo-
palatine fossa: A) sphenopalatine artery; B) greater palatine artery; C) internal maxillary artery.

Summary

Objective. To assess the utility of an intraoperative scoring system for mucormycosis and to predict
prognosis by comparing the score with postoperative outcomes.

Methods. This study was conducted among 80 patients with mucormycosis who underwent surgi-
cal management with mandatory pterygopalatine fossa and infratemporal fossa exploration. All
cases were scored using our intraoperative scoring assessment tool. Postoperative outcomes in
terms of favourable prognosis and mortality were evaluated and compared with demographics,
clinical history and intraoperative findings.

Results. An intraoperative score of more than 25 was statistically significant in predicting mortality
(p < 0.0001). In all, 86.7% of patients with a score above 25 succumbed to the disease. Statistical
significance of mortality (p < 0.05) was observed in those with involvement of pterygopalatine fossa
(78.9%), orbit (73.7%), infratemporal fossa (57.9%), cribriform plate (36.8%) and those with history
of intake of antiviral drugs (47.4%), use of supplemental oxygen (31.6%) and renal failure (26.3%).
Conclusions. This study enabled better prediction of postoperative prognosis in mucormycosis
and reiterated the importance of exploration of pterygopalatine fossa and infratemporal fossa in
management and prognostication of invasive fungal sinusitis.

Key words: mucormycosis, invasive fungal sinusitis, intraoperative scoring, pterygopalatine fossa,
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Introduction

Members of the fungal order Mucorales, which includes
species like Rhizopus and Mucor, are the source of the fast-
progressing infectious illness known as mucormycosis '.
It is an acute, aggressive, and opportunistic illness that is
more common in immunocompromised people and has
been linked to a high fatality rate. Based on the site of in-
volvement, it can be characterised as rhinocerebral, pulmo-
nary, gastrointestinal, or disseminated. The mortality rate
of this disease has been as high as 40% for many decades
despite aggressive therapy 2.

The pterygopalatine fossa (PPF) is a tiny fat-filled area
in the skull that can act as an inconspicuous space for the
proliferation of mucor. The PPF serves as a relay station
for many neurovascular structures, making it a crucial
channel that helps an infection to quickly spread to neigh-
bouring essential structures, including the retro-global
space of the orbit and the infratemporal fossa (ITF) 2. The
orbit is often reachable via the ethmoid bone’s lamina pa-
pyracea, ITF, inferior orbital fissure, or orbital apex, while
the cribriform plate, supraorbital fissure, and perineural
invasion are usual entryways for intracranial extension 2.
Therefore, the spread of infection into the PPF and ITF
necessitates immediate surgical debridement as well as
vigorous antifungal treatment.

Mucormycosis is the third most frequent invasive fungal in-
fection in the world, behind invasive candidal mycosis and
invasive aspergillosis, and has caused the most morbidity
and mortality worldwide *. In the second wave of the SARS-
CoV-2 pandemic (COVID-19), a startling and unexpected
surge in mucormycosis cases was seen among patients who
tested positive for COVID-19, particularly rhino-orbital-
cerebral mucormycosis (ROCM) #°. Although there were
just a few mucormycosis cases in the initial stages of the
pandemic, the enormous increase that reached epidemic
proportions led to the term COVID-Associated Mucormy-
cosis (CAM) being coined °. Even prior to the pandemic,
India contributed to the highest disease burden " and had a
higher prevalence than many affluent nations (about 0.14
cases per 1000 individuals) 8.

During the initial course of the disease, mucormycosis often
presents similar to sinusitis or orbital cellulitis. Because the
symptoms are nonspecific and might resemble a less serious
infection, the patient’s clinical presentation, as well as the
diagnostic work-up and care, are frequently delayed °. Before
the second wave of the COVID-19 pandemic, most mucor
occurrences were sporadic, with patients presenting late in
the course of their illness ®. Although radiological imaging
offers a fair image of the disease’s extent, it may not be as in-
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Figure 1. Comparison of involvement of PPF with mortality in mucor-
mycosis.

formative early in the course of the disease as it only reveals
abnormalities, such as inflammation of the paranasal sinus-
es !0 As a result, PPF involvement may not be obvious, and
it may only be visualised while operating on the patient after
the seemingly normal posterolateral wall of the maxilla and
pterygoid plates have been removed °. Exploration of the PPF
is thus a critical step in determining the extent and hidden
focus of infection, and failure to do so may result in poor
postoperative prognosis and recurrence of infection even in a
patient with normal clinical or radiological findings 2.
Despite the unexpected spike in CAM cases and accompa-
nying morbidity and mortality in the last few years, there
is a dearth of good tools and systems for the staging and
prognosis of this illness. During the initial months of the
COVID-19 pandemic, a pilot study was conducted over
3 months on patients suffering from CAM, and an intra-
operative scoring system was introduced by Shenoy et al.
(Tab. I) 2. From January 2021 to March 2022, 80 cases of
mucormycosis, both CAM and non-CAM, have been oper-
ated in our institution. The current study aims to assess the
utility of this scoring tool based on intraoperative observa-
tions for prognosticating mucormycosis and determining
the need for surgical clearance of various subsites. Through
this study, we also aim to examine and compare the prog-
nosis in terms of postoperative outcome with the clinical
history, c-reactive protein (CRP) levels, and intraoperative
scores.

Materials and methods

The retrospective observational study was carried out in a
tertiary referral centre in Southern India. All patients proven
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Table I. Intraoperative scoring assessment tool for mucormycosis by Shenoy et al. ?

Sinus involvement
Maxillary

Right sinus Left sinus
0-2 0-2

Ethmoid

0-2 0-2

Sphenoid

0-2 0-2

Frontal

0-2 0-2

(0 — no involvement; 1 — mucosal involvement; 2 — bone involvement)

Nasal cavity

Septum

0-2

Middle turbinate

0-2

Inferior Turbinate

0-2

Floor

0-2

(0 — no involvement; 1 — mucosal involvement; 2 — bone involvement)

Cribriform plate |

0-3

(0 — no involvement; 1 — mucosal involvement; 2 — bone involvement; 3 — intracranial extension)

Orbital involvement ‘

0-2

(0 —no involvement; 1 — lamina papyracea extraconal involvement; 2 — intraconal involvement)

Pterygopalatine fossa involvement

Fat \

0-2

(0 —no involvement; 1 — inflamed; 2 — necrosed)

Vascular compartment |

0-2

(0 —no involvement; 1 — involvement seen; 2 — thrombosed/necrosed)

Neural compartment \

0-2

(0 — no involvement; 1 — inflamed; 2 — necrosed)

Muscular compartment \

0-2

(0 — no involvement; 1 — inflamed; 2 — necrosed)

Infratemporal fossa involvement

Fat \

0-2

(0 —no involvement; 1 — inflamed; 2 — necrosed)

Vascular compartment |

0-2

(0 —no involvement; 1 — involvement seen; 2 — thrombosed/necrosed)

Neural compartment ‘

0-2

(0 —no involvement; 1 — inflamed; 2 — necrosed)

Muscular compartment \

0-2

(0 —no involvement; 1 — inflamed; 2 — necrosed)

to have mucormycosis based on a KOH mount or fungal cul-
ture and sensitivity were included in the study, while patients
without nasal involvement or those who underwent surgery
elsewhere were excluded. All subjects underwent imaging by
both 1.5 Tesla magnetic resonance imaging (MRI) with gado-
linium contrast and 36-slice computed tomography (CT). The
patients underwent surgical debridement, i.e., Denker’s pro-
cedure — endoscopic sinus surgery with mandatory PPF and
ITF exploration in all, irrespective of radiological involvement

(Cover figure). A total maxillectomy was preferred for patients
with significant disease in whom endoscopic clearance was
not achievable, whereas those with orbital involvement addi-
tionally underwent endoscopic orbital debridement.

All cases were given a score based on intraoperative find-
ings, using a scoring assessment tool for mucormycosis de-
signed by Shenoy et al. (Tab. I) 2. The highest possible score
is 45. Individual points were assigned to different compo-
nents based on their degree of involvement intraoperatively
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Figure 2. Comparison of involvement of ITF with mortality in mucor-
mycosis.

Figure 3. Comparison of involvement of orhit with mortality in mucor-
mycosis.

Figure 4. Comparison of involvement of cribriform plate with mortality
in mucormycosis.

and later confirmed histopathologically. Bilaterally, each of
the sinuses was given scores ranging from 0-2. The septum,
middle turbinate, inferior turbinate, and floor of the nasal
fossa were also each given scores of 0-2. Depending on the
degree of involvement, the cribriform plate and orbit were
scored up to 3 points and 2 points, respectively. The involve-
ment of fat, vessels, nerves, and muscles in the PPF and ITF
was noted, and each component was scored between 0 and
2. The scores assigned to each subsite were then added. In
the postoperative period, none of the patients in our series
developed any surgical complications. All patients received
injections of liposomal amphotericin B (5-10 mg/kg) and
subsequently oral posaconazole (600 mg on day 1 and then
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Figure 5. Comparison of the intraoperative score with mortality in mu-
COrmycosis.

300 mg per day from day 2). Renal function tests and CRP
were performed on an alternate-day basis during therapy to
assess treatment response and monitor for adverse effects.

After obtaining approval from the Institutional Ethics Com-
mittee, data was collected. The clinical history, radiological
investigation findings, intraoperative notes, and course of
treatment were studied for each patient. The findings were
documented, and appropriate statistical tools were applied to
compare the prognosis of the disease with the clinical his-
tory, CRP levels, and intraoperative scores. The prognosis
was evaluated by measuring mucormycosis-associated mor-
tality postoperatively at the end of two months of completed
treatment. An independent sample t-test was performed to



compare the mean age, mean CRP, and mean intraoperative
score between those who succumbed to the disease and those
who recovered. Fisher’s Exact test was used to determine the
association between the two groups and categorical variables
such as sex, history of pre-existing diabetes mellitus (DM),
chronic obstructive pulmonary disease (COPD), renal fail-
ure (RF), history of prior hospitalisation, history of intake of
corticosteroids, supplemental oxygen, anti-viral medication,
and zinc (Zn) supplements. The same test was also applied to
evaluate the association between the involvement of the na-
sal cavity, paranasal sinuses, ITF, PPF, orbit, and cribriform
plate with postoperative outcomes.

Results

Patient demographics

Eighty individuals were included in the study: 19 females
and 61 males. The average age of patients at the time of
their hospital visit was 50 years (range: 25-77). The mean
age of patients who recovered from the disease was 49
years, whereas the average age of those who succumbed to
the disease was 54 years.

Clinical history

Around 21% of patients had pre-existing diabetes, 12.5%
had COPD, and 10% had RF. A history of hospitalisation was
seen in 10% of subjects. Corticosteroid and antiviral drug
use were reported by 20% and 15% of patients, respectively;
12.5% of patients reported using supplemental oxygen in
the past, whereas 11.2% of individuals had previously taken
zinc supplements. The analysis between the clinical history
and prognosis was statistically significant for the history of
antiviral drug intake (p < 0.0001), use of Zn supplements
(p = 0.0004), use of supplemental oxygen (p = 0.0098) and
RF (p = 0.0163), but not for a history of pre-existing DM,
COPD, hospitalisation or use of corticosteroids (Tab. II).

Biochemical investigations

While the average CRP level in all patients was 142, the
mean preoperative CRP levels in those who survived and
in those who passed away from the illness were 133 and
179 mg/L, respectively.

Involvement of various subsites, as visualised intra-
operatively

In this study, sinus involvement and nasal cavity involve-
ment were observed intraoperatively in all patients. Intra-
operatively, involvement of the PPF and ITF was observed
in 47.5% and 21.2% of patients, respectively, while the or-

Intraoperative scoring system in rhino-orbital mucormycosis

bit and cribriform plate were involved in 36.2% and 12.5%
of patients, respectively. Close to 80% of people who did
not survive the disease had PPF involvement (Fig. 1). More
than 85% of those who survived did not have ITF involve-
ment (Fig. 2). Ninety-five percent of patients who did not
have orbital involvement survived (Fig. 3). It was observed
that more than 95% of survivors lacked cribriform plate
involvement, whereas 70% of those who did, did not sur-
vive the disease (Fig. 4). Statistical significance was seen
between mortality in mucormycosis and intraoperative in-
volvement of the orbit (p = 0.0002), ITF (p = 0.0004), cri-
briform plate (p = 0.0012) and PPF (p = 0.0031) (Tab. III).

Novel intraoperative scoring tool

In this study, mucormycosis-associated postoperative mortal-
ity and intraoperative scores were compared. We decided to
set the cut-off score in this novel research at 25 out of 45 since
the statistical analysis for calculating the cut-off could not be
evaluated due to the limited sample size. The lowest score
observed in our study was 10, while the highest was 38. The
lowest documented score of individuals who succumbed to the
condition was 15, while the highest was 38. The mean score of
those who survived was 17.5, while it was 27.1 for those who
succumbed to mucormycosis. Most patients who survived had
an intraoperative score of less than or equal to 25. At the end
of two months, 19 subjects succumbed to the disease, of which
13 had scores of more than25. A total of 23.7% succumbed
to the disease, and all had a score of > 15, while 18.7% of
patients had an intraoperative score of more than 25, and more
than 86% succumbed to the disease. Among the 19 patients
who passed away from the illness, 15 patients had undergone
endoscopic Denker’s approach with PPF and ITF clearance,
while the remaining underwent total maxillectomy. At the end
of 2 months 33.3% of females and 20.9% of males did not
survive the illness. Postoperatively, cases with intraoperative
scores greater than 25 were observed to have higher mortality
(p <0.0001) (Fig. 5).

Discussion

Mucormycosis is an angio-invasive disease characterised by
the haematogenous dissemination of infection. ROCM spreads
in a distinct manner. Inhaled fungus spores germinate into hy-
phae in the sinuses, where they then move to the orbit and cra-
nium through blood vessels and neuronal connections, and via
the foramina into the maxilla !'. Rather than by bony erosion,
the infection advances to the majority of surrounding tissues,
including the ITF and orbit, via neurovascular pathways 3.

Although the aetiology of mucormycosis is unclear, some
theories suggest that prolonged and inappropriate admin-
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Table Il. Comparison of demographic variables, CRP levels, and clinical history with the postoperative outcome.

Variables

Mortality

p value

Alive (N = 61) Dead (N = 19)

Age 0.7267
Mean + SD 48.7+11.8 54.3+10.9
Min - Max 25-77 33-77

CRP (mg/L)
Mean + SD 132.7 + 66.8 169.6 + 67.5
Min - Max 30-268 64-295

Intraoperative Score 0.2876

Mean + SD 175+ 51 27.1+£6.2

Median 16 28

01-03 14-20 22-31

Min - Max 10-38 15-38

Intraoperative Score < 25 59 (96.7%) 6 (31.5%) < 0.0001*

Intraoperative Score > 25 2 (3.2%) 13 (68.4%)

Sex
Male 49 (80.3%) 13 (68.4%) 0.3470
Female 12 (19.6%) 6 (31.5%)

Pre-existing DM
No 48 (78.6%) 15 (78.9%) 1.0000
Yes 13 (21.3%) 4 (21%)

Pre-existing COPD 0.2373
No 55 (90.1%) 15 (78.9%)
Yes 6 (9.8%) 4 (21%)

Pre-existing RF 0.0163*
No 58 (95%) 14 (73.6%)
Yes 3(4.9%) 5 (26.3%)

History of prior hospitalisation 0.3865
No 56 (91.8%) 16 (84.2%)
Yes 5 (8.2%) 3(15.7%)

History of corticosteroid use 0.5135
No 50 (81.9%) 14 (73.6%)
Yes 11 (18%) 5 (26.3%)

History of antiviral use < 0.0001*
No 58 (95%) 10 (52.6%)
Yes 3(4.9%) 9 (47.3%)

History of use of supplemental 0, 0.0098*
No 57 (93.4%) 13 (68.4%)
Yes 4 (6.5%) 6 (31.5%)

History of Zn supplement intake 0.0004*
No 59 (96.7%) 12 (63.1%)
Yes 2 (3.2%) 7 (36.8%)

p value is derived from Fisher's Exact test.
* p value is statistically significant.



istration of corticosteroids ', peripheral microthrombi ',

COVID-19-induced immune dysregulation and immunosup-
pression, and uncontrolled DM are causative factors of mu-
cormycosis because they favour the growth of Mucorales *!3.
Immunocompromised individuals, such as those who have
undergone transplants or who have neutropenia or malig-
nancy, are at an elevated risk of getting mucormycosis *.
Additionally, people receiving chemotherapy and those with
hepatic or renal insufficiency both exhibit a higher risk of in-
fection °. Unsupervised use of antibiotics and the use of zinc
and vitamin C tablets in large quantities for extended lengths
of time in the middle of the health calamity with inadequate
healthcare facilities in resource-constrained nations like In-
dia could have contributed to the rise in CAM cases ". All
these factors, particularly the indiscriminate use of steroids,
might have contributed to the abrupt spike in ROCM cases
during the COVID-19 pandemic’s second wave ', The in-
creased number of mucormycosis cases during the pandemic
provided us with an opportunity to study the illness and eval-
uate the utility of an intraoperative scoring tool (Tab. I).
Mucormycosis can be classified as a sinonasal disease, rhino-
orbital disease, or ROCM, based on the extent of the disease 2.
The paranasal sinuses are initially impacted by ROCM, after
which there is an eventual extension into the orbit and crani-
um °, Most patients present with nose block, headache, facial
pain and numbness, periorbital oedema, and visual complaints
ranging from mild to severe ophthalmoplegia *. Additionally,
they may present with a blackish necrotic lesion over the hard
palate, nasal mucosa, skin, or orbit 2. They may also exhibit
signs as severe as cavernous sinus thrombosis as well as intrac-
ranial dissemination, such as cranial nerve palsies °.

To accurately diagnose the disease and its extent, especially
in the initial stages when radiological results are non-specif-
ic, a thorough history and physical examination that includes
the examination of the oral cavity, nose, eyes, and cranial
nerves is of paramount importance. A study by Slonimsky et
al. revealed that while bone erosions are a specific sign of in-
vasive fungal infections, they are also very insensitive signs,
and patients with bony invasion did not necessarily exhibit
erosions on CT scans . In a study by Hada et al., lamina
papyracea breach was noted on MRI in 26.9% of patients,
although it was intraoperatively seen in 37.2% of patients,
and the sensitivity of MRI in detecting medial orbital wall
defect and erosion of lamina papyracea is only about 65% 'S.
Similarly, in 23 of 43 cases, involvement of the PPF and ITF
was not detected on imaging, but only became apparent dur-
ing surgical exploration 2. In the literature, involvement of
various subsites by mucor was underestimated with imag-
ing modalities. Hence, we performed mandatory exploration

Intraoperative scoring system in rhino-orbital mucormycosis

Table Ill. Comparison of the site of involvement with postoperative out-
come.

Variables Mortality p value
Alive (N = 61) | Dead (N = 19)

Sinus involvement NA

Absent 0 0

Present 61 (100%) 19 (100%)

Nasal cavity NA
Absent 0 0

Present 61 (100%) 19 (100%)

Cribriform plate 0.0012*

Absent 58 (95%) 12 (63.1%)

Present 3 (4.9%) 7 (36.8%)

Orbit involvement 0.0002*

Absent 46 (75.4%) 5 (26.3%)

Present 15 (24.5%) 14 (73.6%)
Pterygopalatine 0.0031*
involvement

Absent 38 (62.3%) 4 (21%)

Present 23 (37.7%) 15 (78.9%)
Infratemporal involvement 0.0004*

Absent 52 (85.2%) 11 (57.8%)

Present 9 (14.7%) 8 (42.1%)

p value is derived from Fisher’s Exact test.
*p value is statistically significant.

of compartments for better disease clearance. This surgical
approach is outside current guidelines and larger studies are
needed to demonstrate its efficacy and safety.

Even in the absence of damage to the bony wall of the si-
nuses, inflammation around the sinuses should prompt us to
strongly consider severe disease with potential spread to the
PPF, ITF, orbit, or cavernous sinus . In our study, we found
that it is important to intraoperatively score the involvement
of these subsites, as it gives us a better understanding of the
severity of the disease. It is also imperative to intraoperative-
ly visualise them, especially the PPF, as it also gives an idea
of the spread of mucormycosis and the severity of disease
(Cover figure). Intraoperative complications such as bleed-
ing, CSF leak, orbital haematoma, nasolacrimal duct trauma
and periorbital oedema have been noted in the literature '8.
However, such complications were not encountered in our
series, presumably due to the meticulous surgical dissection
taken in order to do the scoring as per the tool (Tab. IV).
The PPF, being one of the main reservoirs for mucor, con-
tributes to the disease’s rapid spread. Regardless of the evi-
dence of clinical or radiological involvement and the tech-
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nique or extent of the operation, the posterior wall of the
maxillary sinus should be removed. This step is critical in
achieving full disease clearance and lowering the risk of
postoperative recurrence and mortality.

Numerous studies have been done on mucormycosis, but most
have focused on the epidemiology, clinical picture, and imag-
ing. There is no reliable staging system in place to prognosti-
cate mucormycosis. One of the few scoring systems developed
is by Shah et al., which considers clinical presentation, radio-
logical, and ophthalmological findings, with a cut-off score
of 23 that establishes the stage at which orbital exenteration
is imperative 2!, Ulas et al. used the same scoring system and
found that a score of 18 was the threshold #2. Honavar * and
Naik et al. >* have also proposed staging systems for ROCM
in the COVID setting that are based on nasal, paranasal, or-
bital, and cerebral signs and radiological imaging of these sub-
sites. Shenoy et al. thoroughly examined and scored numerous
subsites of mucormycosis while operating on CAM patients
to establish an intraoperative evaluation scoring system with
a cut-off score of 25 2. Each subsite was scored to help the
surgeon understand the severity of the illness and to prognos-
ticate the disease outcome after treatment. To the best of our
knowledge, this scoring system is a unique and innovative in-
traoperative scoring system for mucormycosis. Unlike other
studies, it also takes the intraoperative involvement of PPF and
ITF into account, thus giving a more accurate representation of
the disease burden and a better understanding on the need for
surgical clearance. In our study, the postoperative prognosis
of the patients was determined using this scoring method. An
intraoperative score of more than 25 was seen in 18.7% of pa-
tients. Out of the patients who succumbed to the disease, more
than 68% were found to have scores more than25, while all
patients had a score of more than or equal to 15.

A regression analysis by Moorthy et al. ¢ revealed that the
age of the patient, glycaemic control, and intra-orbital in-
volvement were significant predictors of survival. According
to their research, the log of the odds of survival decreased
with each unit increase in age and HbA, by 0.043 and 0.328,
respectively, although the absence of intra-orbital involve-
ment increased the log of the odds of survival by 1.176 ¢. In
our investigation, subjects with scores greater than 25 had
a higher postoperative death rate (68.4%). The factors that
correlated with mortality were involvement of the PPF, orbit,
ITFE, and cribriform plate, and patients with a history of pre-
existing renal failure, use of supplemental oxygen and intake
of antiviral drugs and Zn supplements. Due to the extensive
scoring of each subsite in this study, this intraoperative scor-
ing system gives more precise insights into the severity of
mucormycosis.
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Table IV. Comparison of the prevalence of site of involvement in vari-
ous studies.

Study | Mittaletal. | Jindaletal.® | Ourstudy
Seen Radiologically Radiologically Intraoperatively
PPF 90% 47% 47.5%
ITF - 60% 21.1%
Orbit 78% - 36.2%
Intracranial 44% 60% 12.5%

Since mucormycosis is a rare illness, the number of patients
reporting to the hospital is low. To analyse the involvement
of various subsites and the necessity for surgical clearance,
we excluded patients with mucormycosis who had already
been operated on, resulting in a smaller cohort. Due to this,
a regression analysis could not be performed to quantify
the influence of various comorbidities and subsite partici-
pation. Furthermore, a cut-off value for the intraoperative
score could not be statistically derived owing to the limited
sample size. The value was determined by the authors based
on their experience and clinical acumen.

The novel intraoperative scoring system used in this study
is helpful in improving the prediction of postoperative out-
comes in mucormycosis. Although the use of this tool is
limited by the lack of validation, we think it can be used by
clinicians handling future cases to predict the prognosis in
patients with mucormycosis and other invasive fungal si-
nusitis. We propose global collaboration to validate this in-
traoperative prognostic tool, which is conducive to superior
postoperative prognosis.

Conclusions

This study has reiterated the importance of the exploration
of PPF and ITF in the prognostication of mucormycosis. It
has also been demonstrated that a thorough clinical history
can help identify risk factors that may hint at poorer prog-
nosis. Although this study was conducted on patients with
mucormycosis, we believe that the results may be extended
to all invasive fungal mycoses.
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