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Abstract: The emergence of fatal fungal infections during the second wave of COVID-19 in 2021 devastated human health worldwide.
India had a sudden surge in the incidence of Mucormycosis from April to July 2021 which necessitated rapid diagnosis for a prompt
surgical intervention to decrease morbidity and mortality. Intraoperative frozen section diagnosis with permanent histopathology
confirmation is one of the standard diagnostic tools for the diagnosis of Acute invasive fungal infections. A single institutional
prospective study was conducted on the suspected cases of Mucormycosis in COVID patients who had intraoperative frozen section
consultation at HCG Cancer Centre, Bengaluru from April 8" to July 27" 2021.61 fresh tissue samples from 55 patients were received
for frozen section evaluation. Of the 61 samples evaluated in the frozen section, 47 were positive and 14 were negative for mucor
mycosis. On the evaluation of permanent H&E sections of the 14 negative cases, 3 were positive for mucormycosis, which showed
fungal elements on special stains. In our study, the frozen section showed a 94% concordance rate with permanent histopathology
sections with 94 % sensitivity and 100% specificity and hence proves to be a diagnostic tool for acute fulminant fungal infections.
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1. Introduction

The emergence of the second wave of COVID-19 in
2021devastated human health worldwide affecting over 220
countries.! The second wave of COVID-19 had myriads of
complications with an increase in fatal fungal infections
which has put the lives of infected patients at further risk.? In
these patients, Zygomycetes and Aspergillus, which are
transmitted by airborne asexual spores and conidia
respectively, can invade the nasal mucosa and blood vessels,
leading to rapid dissemination into the orbits, palate and the
brain.**India had a sudden surge in the incidence of
Mucormycosis from April to July of 2021 with more than
45, 432 cases and 4252 deaths as of July 15", 2021 with
Rhino cerebral Mucormycosis (77.6%) being the most
common type of presentation.’

COVID-19 induces NF-kB while blocking INF-1, allowing
COVID-19 uninhibited replication, leading to inflammatory
infiltration. Blockage of INF-1 pathways and direct damage
to airway epithelial cells increases susceptibility to fungal
invasion.  Corticosteroids, administered to control
inflammation, are added risk factors for mucormycosis.®
Hyperglycaemia is a known side effect of the treatment,
which in turn is an immunosuppressive state adding to the
infection. In the existence of an underlying diabetic
condition, the risk greatly intensifies.®

Acute invasive fungal rhinosinusitis (AIFRS) is a fulminant
infection in these immunocompromised patients. This
requires rapid diagnosis with prompt surgical intervention.’
KOH preparation has its own limitation which requires
microbiologist expertise and fungal cultures take a longer
time. Intraoperative frozen section diagnosis with permanent
histopathology confirmation remains a gold standard in the
diagnosis and treatment of Acute invasive fungal infections.
Frozen section-guided surgical debridement in rhino-orbital
Mucor mycosis may cause less morbidity and also provide
an alternative to traditional radical surgical excision.® Here,
we discuss the diagnostic accuracy of frozen section in post
COVID fungal infections, in a tertiary care setup. To the
best of my knowledge, this is the 1% study to assess the
accuracy of frozen section diagnosis in post-COVID fungal
infections.

2. Materials and Methods

A single institutional prospective study was conducted on
the suspected cases of Mucor mycosisin COVID patients
who had intraoperative frozen section consultation at HCG
Cancer Centre, Bengaluru between April 8" to July 27"
2021. The suspected cases of Mucormycosis who did not
have a frozen section consultation and the non-COVID cases
were excluded from the study. 61fresh tissue samples from
55 patients were received for frozen section evaluation. 03
samples from the eye, 02 from the brain, 01 from the lung
and the rest from the sinonasal region. The fresh tissue from
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the operation room was embedded entirely in a Leica
biosystems cryostat at a temperature of-18 to-20 degrees
Celsius. Thin sections were cut at 4 to 5 micrometres,
stained with rapid haematoxylin and eosin (H&E) stain and
viewed under a light microscope. These tissues are then
taken for permanent sections, stained with H&E and special
fungal stains (Gomorimethenamine silver stain and Periodic
acid Schiff stain). Mucor was identified as broad-based,
aseptate, right angle branching fungal hyphae and
Aspergillus as narrow slender septate acute angle branching
fungal hyphae. Thin filamentous fungal hyphae were
identified as Candida. These fungal hyphae stain black in
GMS stain and Magenta pink in PAS stain (Figure: 1). All
the cases had final confirmation with permanent
histopathology sections. In 23 (42%) cases intra-operative
tissue samples were also sent for KOH preparation and
fungal culture and were correlated with the frozen section
report. The parameters such as age, sex, use of steroids,
oxygen support, diabetes and vaccination status were noted.
For the purposes of calculating performance characteristics,
only the original interpretations were used. We calculated
the sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) with the frozen section
as the test method and the permanent section as the gold
standard. The turnaround time of 20min for the frozen
section was maintained in all cases.

3. Results

Of the 55 suspected cases of Mucormycosis, 41 were male
and 14 were female, with a mean age group of 51 to 60 years
(Table 1). Of these 55 post-COVID patients, 52 patients had
a hospitalization history during COVID and 3 patients
received home treatment. 50 (90%) patients had a history of
steroid treatment during COVID and 21 (38%) had a history
of additional oxygen support. 47 (85.45%) were known
diabetic (7 patients had associated hypertension, 1 patient
had ischemic heart disease and 2 patients had both
hypertension and ischemic heart disease in addition to
diabetes). Of these 47 patients, 1 patient had type | diabetes
mellitus and the rest of the patients had type Il diabetes
mellitus. 5 (9.09%) patients developed hyperglycemia post
steroid treatment. 2 patients had a single dose of COVID
vaccination, and the rest were not vaccinated.

Of the 55 suspected cases, 50 patients had 1 sample, 4
patients had 2 samples and 1 patient had 3 samples for
frozen section evaluation with a total of 61 samples. Of
these 61 samples, 3 were from the brain, 3 from orbit, 1
from the lung and the rest (54) from the sinonasal region. Of
the 54 samples from the sinonasal region, 29 were from the
maxillary sinus, 13 from the lateral nasal wall and
turbinates, 6 from the ethmoid sinus, 5 from the sphenoid
sinus and 1 from the lower alveolus.

Of the 61 samples evaluated in the frozen section, 47 were
positive and 14 were negative for mucor mycosis. On the
evaluation of permanent H&E sections, 50 were positive and
only 11 were negative for mucor, with discordance of 3
cases in the frozen section. On analysis of the false negative
cases, all 3 cases had very tiny foci of fungal elements in the
permanent histopathology sections, which were observed
only with special stains (GMS and PAS). One case had a

subsequent frozen section, as there was a high clinical
suspicion, which was positive for mucor and underwent
immediate surgical debridement. The other 2 cases
underwent debridement within 24 hours of permanent
histopathology examination.

Overall, our study had a sensitivity of 94.3%, specificity of
100%, a positive predictive value of 100% and a negative
predictive value of 78.5%. All the cases reported as positive
in frozen were positive in permanent sections also. 15 (30%)
samples had Aspergillus in addition to mucor (11 were
reported in the frozen section) and 02 had candida. Also
identified were fruiting bodies, sporangia, spores,
angioinvasion, perineural invasion and invasion of bone by
mucor (Figure: 2).

Of the 55 patients, 23 (42%) patients also had
microbiological examinations (KOH preparation and fungal
culture). Of these 23 patients, 12 were confirmed cases of
Mucormycosis. Of these 12 patients, 5 patients had a
positive KOH and 10 Patients had a positive fungal culture.
KOH preparation had 7 false negative cases and fungal
culture had 2 false negative cases, adding more value to our
study. All the 11 patients reported as negative for
Mucormycosis in the frozen section and permanent
histopathology section had a negative KOH and fungal
culture.

4. Discussion

Early surgical debridement is the ideal treatment modality
for acute invasive fungal rhinosinusitis (AIFRS). This
intervention is rarely undertaken without a confirmative
histopathology diagnosis. However, as an aggressive and
destructive disease, AIFRS requires a faster and more
accurate diagnostic method. Frozen section is an attractive
alternative, being the fastest available option for a
histopathology examination. However, a deeper clarity is
required regarding the accuracy of frozen section diagnosis
in this context and further implementation of this in the
treatment protocols. In our study, we have assessed the
accuracy of the frozen section in post COVID AIFRS cases.
The previous studies related to frozen section diagnosis in
AIFRS were retrospective studies, whereas ours is a
prospective study.

A recent retrospective study conducted by Alkhateb R et al’
included 53 patients with suspected AIFRS who had
intraoperative frozen section consultation between 2009 to
2019. Of the 53 patients, the incidence was more in males
with a mean age group of 50 to 60 years, which was similar
to our study. 59% were diabetic and the maxillary sinus was
the most common site involved. In our study population,
85.45% were diabetic and the most common site of
involvement was similar to their study. In their study, the
frozen section demonstrated 88.5% sensitivity whereas our
study had 94.3% sensitivity.

The retrospective study by Silveira M L C et al®
demonstrated better outcomes and low mortality rate in
patients who underwent immediate treatment with a frozen
section positive nasal endoscopic biopsy. They observed a
sensitivity of 90.6% and a specificity of 72.7%. The most
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common comorbidity was hematological malignancies
(58.2%) with only 2% being diabetics, limiting widespread
applicability.

Similarly, the study by Papagiannopoulos P et al'* also
predominantly included patients with hematological
manifestations with only 2% of diabetic patients. In this
study, all the cases were examined by head and neck
pathologists, which is not a feasible method in all
circumstances.

GhadialiM T et al'? conducted a retrospective review of 20
patients with a final diagnosis of AIFRS and did not include
the suspected cases. They revealed an overall sensitivity of
84%. This study did not contain the analysis of the false
negative cases, as it was conducted by a retrospective review
of pathology reports. Of the 5 false negative cases, 4 were in
patients with mucor.

The study design employed in Melanconet al*® included all
suspected cases of AIFRS and demonstrated an overall
sensitivity of 87.5%. Similar to Ghadiali et al, this study is a
retrospective review of pathology reports and failed to
explore the pathological factors affecting interpretation.

Also notable are the studies by Hoffman et al'* and Taxey et
al'>, who demonstrated the specificity of 85.7% and 62.5%
respectively. These studies failed to offer an analysis of the
false negative discrepancies.

Clinically, our patient group was substantially similar to
those reported previously with comparable patient
demographics and underlying medical conditions, as was the
average number of frozen sections performed. Our study
demonstrated an increased rate of AIFRS among the
biopsied patients with an overall increase in sensitivity
compared to the previous studies.

5. Conclusion

Frozen section-guided surgical debridement in Rhino-
Orbital Mucormycosis is a rapid and effective diagnostic
tool in suspected cases of fulminant fungal infections. Our
analysis demonstrated overall high accuracy of frozen
sections in AIFRS patients in a post-COVID setting, thereby
merits prompt surgical intervention and proves to be an
alternative to traditional radical excision.

Table 1: Patient demographics

Age group | Male (%) | Female (%) | Total (%)
21-30 5 (9.09) 1(1.81) 6 (10.09)
31-40 6 (10.9) 1(1.81) 7 (12.7)
41-50 7(12.7) 4(7.2) 11 (20)
51-60 | 15(27.27) | 3(5.45) | 18(32.72)
61-70 5 (9.09) 4(7.2) 9 (16.36)
71-80 3 (5.45) 1(1.81) 4 (7.2)
Total 41 (74.54) | 14 (25.45) | 55 (100)

branching aspergillus in frozen section, ¢ and d. GMS stain 40x. Demonstrates mucor and aspergillus highlighted as black
fungal profile in GMS stain, e and f. PAS stain 40x and 10x. Demonstrates mucor and aspergillus highlighted as magenta
pink fungal profiles in PAS stain, e. also shows aspergillus forming a wall.
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Figure 2: H&E 40x: a. Shows perineural invasion by mucor, b. Shows angioinvasion and destruction of vessel wall by
mucor, ¢. Shows invasion of bone mucor, d. Shows fruiting bodies, sporangia and spores.
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