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Objectives: Acute invasive fungal sinusitis (AIFS) is a
rapidly progressive disease, whose delayed identifica-
tion results in poor outcomes, especially in immunocom-
promised individuals. A surge in of AIFS in the wake of
the COVID-19 pandemic has lent additional morbidity
and mortality to an already precarious clinical scenario.
Early detection of AIFS in individuals who are sympto-
matic/ at risk can allow early therapy, enabling better
patient outcomes. Our study aims to determine optimal
soft-tissue markers on CT for the early detection of AIFS.
Methods: In this case-control study, 142 patients with
equal distribution of subjects were chosen based on
histopathological diagnosis of AIFS; and their non-
contrast CT scans were retrospectively assessed to
determine the diagnostic utility of specific soft-tissue
markers that would enable diagnosis of AIFS.

INTRODUCTION

Fungal sinusitis is a serious but often misdiagnosed condi-
tion of the nose and paranasal sinuses, with certain forms
of fungal sinusitis having a high mortality rate of up to
50-80%. The most recent and widely accepted classifica-
tion of fungal sinusitis is two-fold: invasive sinusitis and
noninvasive sinusitis." Invasive fungal sinusitis is charac-
terized by the presence of hyphae in the mucosa, submu-
cosa, bone, or blood vessels of paranasal sinuses, while
noninvasive sinusitis is characterized by the absence of
such features."* Invasive fungal sinusitis is further catego-
rized into acute invasive fungal sinusitis, chronic invasive
fungal sinusitis, and chronic granulomatous invasive fungal
sinusitis.' Among these, acute invasive fungal sinusitis
(AIFS) is considered the most aggressive form,"” and is
more common in immunocompromised individuals and
in individuals with poorly controlled diabetes.* AIES in
patients with poorly controlled diabetes is predominantly

Results: A total of nine markers with adequate sensitivity
and specificity were identified, including pterygopalatine
and sphenopalatine fossae, inferior orbital fissure and
nasolacrimal duct involvement, premaxillary thickening,
retro-antral and orbital stranding, and infratemporal
muscle oedema. It was determined that the combined
occurrence of any three out of nine markers was 91.5%
sensitive and 95.9% specific for diagnosis of AIFS (p <
0.005).

Conclusion: Early, accurate detection of AIFS in predis-
posed individuals is possible with identification of soft-
tissue markers on NECT, enabling early intervention.
Advances in knowledge: Being the aggressive disease
that it is, AIFS may be managed early if the index of
suspicion is held high via CT imaging; which our diag-
nostic checklist aims at enabling.

caused by fungi belonging to the order Zygomycetes (up to
80%), which includes Rhizopus, Rhizomucor, Absidia, and
Mucor; these infections are known to progress rapidly due
to the high virulence of the organism and to the decreased
immune response of the affected patients. AIFS in immuno-
compromised patients with severe neutropenia is caused by
Aspergillus species fungi and are called fulminant-invasive
sinusitis or neutropenic sinusitis.”

The typical clinical presentation of individuals with AIFS
is fever, facial pain or numbness, nasal congestion, sero-
sanguineous nasal discharge, and epistaxis." Local exten-
sion beyond the sinuses can cause orbital, intracranial, and
maxillofacial involvement, and presents with subperiosteal/
orbital abscesses, bulbar palsy, altered mental state, facial
nerve palsy, palatal necrosis, nodularity and ulceration,
proptosis, ophthalmoplegia, and vision loss.® AIFS has a
very high mortality rate of up to 50%,” and intracranial
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extension of the infection can increase mortality to as high as
73%.% Given the rapidly progressive nature of AIFS infection,
delay in diagnosis and late initiation of treatment can increase
mortality further and lead to treatment difficulties. However,
with diligent surveillance, patients with risk factors for AIFS
can have a mortality rate as low as 18%, thus underscoring the
importance of early detection and intervention.®’

Diagnosis of AIFS is based on histopathological demonstra-
tion of fungal hyphae in the mucosa, submucosa, bones, and
blood vessels.'>!! Patients with limited infection and infection
not involving the anterior nasal tissue require surgical biopsy.'?
Coagulopathy and other comorbidities can pose a significant risk
to patients with AIFS during the intraoperative and postopera-
tive periods.’

Imaging plays a vital role in AIFS diagnosis. Per American
College of Radiology (ACR) appropriateness criteria, non-
contrast computed tomography (CT) is deemed to be appro-
priate for investigating acute or chronic fungal rhinosinusitis
with or without invasion.'> Although magnetic resonance
imaging (MRI) is superior in assessing intracranial and intra-
orbital extension,' this technique is more time-consuming and
requires a cooperative, stationary, and prone patient.

In this post-COVID-19 (SARS-CoV-2) era, there has been a
markedly increased incidence of AIFS in at-risk patients with
COVID-19 compared to non-COVID-19 patients.” Given the
need for rapid screening of at-risk patients, we retrospectively
analysed soft tissue findings in non-contrast CT performed on
patients with biopsy-proven AIFS. Through this study, we aim to
find reliable CT soft-tissue markers to diagnose or exclude AIFS.

Aim
To identify reliable CT soft-tissue markers to diagnose or exclude
AIFS.

Objective

(1) To use a set of predefined CT soft-tissue markers to
differentiate AIFS from non-invasive fungal sinusitis for
accurate AIFS diagnosis.

(2) To evaluate the diagnostic capability of each soft-tissue
marker and to determine those which are capable of
differentiating AIFS from noninvasive sinusitis.

METHODS

Appropriate ethical clearance was obtained from our institu-
tional ethics committee. The need for written informed consent
was waived due to the retrospective design of the study.

Study design and patient selection

A case-control study in the form of retrospective analysis of
non-contrast CT was performed on a group of patients who
had a clinical history or features suggestive of sinusitis. Patients
who had undergone treatment for AIFS in our institution from
January 2012 to April 2021 were included in the study. The cases
and controls were selected based on the following criteria:
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Inclusion criteria for cases

(1) Duration of symptoms suggestive of sinusitis (including
but not limited to sudden onset facial pain, epistaxis, nasal
congestion, serosanguineous discharge, and fever) less than
four weeks from time of presentation,

(2) Histopathological confirmation of AIFS following functional
endoscopic sinus surgery (FESS), and

(3) CT scan following the onset of symptoms or features of
sinusitis using our institution’s standard paranasal (PNS)
imaging protocol.

Exclusion criteria for cases

(1) All sinuses not adequately visualized by CT,

(2) Image degradation due to artefacts, and

(3) Histopathologically proven cases of AIFS displaying overt
destruction of sinus walls.

Inclusion criteria for controls

(1) Clinical history or features of sinusitis,

(2) Histopathological confirmation of noninvasive sinusitis
following FESS, and

(3) CT scan following the onset of symptoms or features of
sinusitis using our institutions standard PNS imaging
protocol.

Exclusion criteria for controls
(1) All sinuses not adequately visualized by CT and
(2) Image degradation due to artefacts.

Image acquisition

Images were acquired using GE BrightSpeed 32-slice and GE
Optima 128slice multidetector CT scanners (GE Healthcare,
Chicago, IL, USA) using our institutions standard PNS imaging
protocol. Non-contrast CT images were acquired at 150 mAs and
120 kV, with 5 mm thickness and interval spacing of 0.5 mm, that
were later reformatted to 0.625mm sections with sagittal and
coronal reconstruction. The images were accessed via our Picture
Archiving and Communication System and analysed in both the
bone window and soft tissue window.

Image analysis

Images were reviewed by two radiologists (DS and KS) with 5
years and 3 years of experience, respectively, in head and neck
imaging. The reviewers were blinded to the clinical details and
histopathology reports of the patients. In case of any discrep-
ancy in findings between the reviewers, the opinion of the expert
reviewer (SC or SK) with 12 and 14 years of experience, respec-
tively, in reviewing head and neck images was taken as final.
Reviewer findings and their associated definitions can be seen in
Table 1. All findings were recorded for the ipsilateral side of the
sinus involved.

Data analysis

Statistical analyses were performed using the STATA v. 16 soft-
ware. The sensitivity, specificity, positive predictive value, nega-
tive predictive value, and likelihood ratios for each CT marker
were calculated by performing diagnostic analysis. A chi-square
test was performed for categorical variables. Logistic regression
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Table 1. CT Markers with definition

CT MARKER

DEFINITION

Premaxillary thickening

Soft tissue oedema or thickening anterior to the maxillary sinus

Retro-antral fat stranding

Soft tissue edema in the retro-antral plane

Bone rarefaction

Thinned out sinus wall with or without features of bone erosion

Pterygopalatine fossa (PPF) soft-tissue thickening with or without
widening

Soft tissue component in the PPE with or without widening

Sphenopalatine foramen (SPF) soft-tissue thickening with or without
widening

Soft tissue component in the SPE with or without widening

Lacrimal sac and nasolacrimal duct inflammatory changes

Soft tissue inflammatory changes in the lacrimal sac or nasolacrimal duct

Infratemporal muscle edema (Temporalis and Pterygoid muscles)

Increase in size or loss of striations in the temporalis or pterygoid muscle.

Extraconal fat stranding

Fat stranding in the extraconal space with or without edema of ocular muscle

Intraconal fat stranding

Fat stranding in the intraconal space

Preseptal thickening

Features of edema or swelling in the preseptal region

CT density of sinus content (measured in Hounsfield Units, HU)

The density of content within the sinus cavity was measured

Alveolar process involvement

Marrow emphysema and/ or erosion within the maxillary alveolar processes

Inferior orbital fissure involvement

Soft tissue component in the inferior orbital fissure, with or without widening

Unilateral involvement

Unilateral, or >2 sinuses involved (>50% occlusion) with soft tissue changes, or
unilateral nasal mucosal thickening.

analysis was performed to find the association between CT find-
ings and mortality.

RESULTS

A total of 142 patients were selected for the study, with 71
patients each in the case and control groups. Forty-three patients
in the case group had diabetes, 16 patients had active COVID-19
with a history of diabetes and steroid use, 4 patients had aplastic
anaemia, 2 patients had idiopathic thrombocytopenic purpura
(ITP), 2 patients had acute myelocytic leukemia (AML), 2
patients had multiple myeloma, and 2 patients were renal trans-
plant recipients on immunosuppressants. Fifty-nine patients in
the control group had diabetes, 6 patients had active COVID-19
with a history of diabetes and steroid use, 1 patient had AML, 1
patient had aplastic anaemia, and 4 patients had no underlying
condition. Mucor and Rhizopus were the two most commonly
isolated organisms in our patients.

A total of 14 CT markers were reviewed and recorded for each
patient. Nine out of 14 markers had a specificity of greater
than 90%; these markers were inferior orbital fissure involve-
ment (98.6%), intraconal fat stranding (97.3%), infratemporal
muscle edema (96%), extraconal fat stranding (94.6%), ptery-
gopalatine fossa involvement (94.6%), lacrimal sac/nasolacrimal
duct involvement (93.2%), retro-antral fat stranding (93.2%),
proptosis (92%), and premaxillary thickening (90.5%). Four
out of the 14 markers had a sensitivity of greater than 80%;
these markers were bone rarefaction (84.5%), retro-antral fat
stranding (86%), sphenopalatine foramen involvement (86%),
and pterygopalatine fossa involvement (80.3%). Maximum
interobserver agreement was seen with retro-antral fat stranding,
intraconal fat stranding, pterygopalatine fossa widening and
inferior orbital fissure involvement (x statistic of 0.81, 0.77, 0.74,

and 0.70, respectively). The third expert reviewer was consulted
for 23 cases (15%), in view of discordant results from the initial
reviewers. The sensitivity, specificity, positive predictive value,
and negative predictive value are summarized in Figures 1 and 2.

The positive likelihood ratio for all the CT markers was calcu-
lated as the general prevalence of the findings could influence
the positive and negative predictive values. A total of nine CT
markers with a positive likelihood ratio of more than seven
were shortlisted; these were inferior orbital fissure involvement
(33.4), infratemporal muscle edema (16.7), pterygopalatine fossa
involvement (14.9), retro-antral fat stranding (12.7), extraconal
fat stranding (10.2), intraconal fat stranding (9.9), sphenopala-
tine foramen involvement (7.95), lacrimal sac and nasolacrimal
duct involvement (7.9) and premaxillary thickening (7.3). Out of
the nine shortlisted markers, if 22 markers were identified, the
sensitivity and specificity were 96 and 87%, respectively; if >3
markers were identified, the sensitivity and specificity were 92
and 96%, respectively; and if >4 were identified, the sensitivity
and specificity were 85 and 97.3%, respectively. As revealed by
statistical analysis, the number of markers showing the optimal
derived sensitivity and specificity was found to be 3. In consid-
ering more than three markers, the individual sensitivities of
each marker was seen to impede the overall efficiency of the
diagnostic assessment.

DISCUSSION

AIFS is an extremely aggressive infection with high morbidity
and mortality that is most often seen in immunocompromised
patients and is rarely encountered in immunocompetent individ-
uals.>'* The primary risk factor for AIFS are impaired neutrophilic
response,'>® which could be due to underlying hematological

malignancy; aplastic anaemia; or immunosuppressed states
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Figure 1. Sensitivity and specificity of the CT findings assessed in this study
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(immunosuppressant therapy, chemotherapy, or uncontrolled
diabetes).'” AIFS progression is determined by the degree of
immunosuppression,'® with an absolute neutrophil count less
than 500 predisposing patients to an increased risk of AIFS and
other opportunistic infections.>'*"'® Early diagnosis, when the
infection is more localized, has been linked to improved prog-
nosis.>'®'*20 Hence, early diagnosis is of paramount impor-
tance to initiate timely treatment, which includes recovery from

the neutropenic state, initiation of antifungal medication, and
surgical debridement.'*"*

Early CT imaging of the paranasal sinuses is helpful in both
AIFS diagnosis and in guiding subsequent surgical debride-
ment.>'® However, histopathological evaluation is required
for diagnostic confirmation of AIFS."” Previous studies’ have
compared the sensitivity of CT with MRI for diagnosing AIFS

Figure 2. Positive predictive value (PPV) and negative predictive value (NPV) of the CT findings assessed in this study
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and have concluded MRI to have higher sensitivity than CT,
given the superior soft tissue resolution of the former. However,
the specificity of CT (82%) and MRI (83%) were very similar.>?®
As per the ACR appropriateness criteria, both non-contrast CT
and contrast-enhanced MRI were found to be appropriate for
diagnostic imaging of patients with suspected AIFS."> Given
the utility of non-contrast CT, we with this study we intended to
identify markers that could further improve the sensitivity and
specificity of CT in the diagnosis of AIFS.

Non-contrast CT is suitable for the evaluation of bony dehis-
cence.! However, relying on this imaging modality alone as an
important criterion for accurate AIFS diagnosis could delay the
much-needed early management of AIFS, as bone destruction
occurs in a more advanced stage of the infection.” Peri-antral
soft-tissue involvement has been reported as one of the earliest
signs of AIFS.** Soft-tissue involvement can occur due to direct
extension through bony dehiscence or via perivascular extension
of infection through penetrating vessels in the bone or along
nerves.>*> Given the importance of the soft-tissue findings, we
used multiple CT soft tissue findings as markers to enhance the
sensitivity of CT in diagnosing AIFS.

Based on a review of previous studies, we selected 14 CT
markers that could help differentiate AIFS from noninvasive
sinusitis.****’ In our study, we found bone rarefaction to have
higher sensitivity (84%) and lower specificity (78%) than shown
by Middlebrooks et al..*” Inferior orbital fissure involvement was
found to be the most specific feature for AIFS with a specificity
of 98.6%, albeit with a lower sensitivity (45.1%). Similar to the
results of Middlebrooks et al,”” we observed the soft-tissue find-
ings to have very high specificity but low sensitivity, with only
four markers having a sensitivity of more than 80% (i.e., retro-
antral fat stranding [86%], sphenopalatine foramen involvement
[86%], bone rarefaction [84.5%], and pterygopalatine fossa
involvement [80.3%]). This could be due to the prevalence of
each marker in our selected cases; as a result, we chose markers
with a likelihood ratio of >7and performed a diagnostic anal-
ysis. Out of the nine shortlisted markers (Table 2), (Figures 3 and
4), if >3 findings were identified, the sensitivity and specificity
for the diagnosis of AIFS were 91.5 and 95.9%, respectively. We

Table 2. 9 Point CT checklist for AIFS

9 POINT CT CHECKLIST

Pterygopalatine fossa involvement (Figure 3a)

Premaxillary thickening (Figure 3b)

Retro-antral fat stranding (Figure 3b)

Sphenopalatine foramen involvement (Figure 3a)

Infratemporal muscle edema (ipsilateral pterygoid and temporalis
muscle) (Figure 3¢)

Inferior orbital fissure involvement (Figure 3d)

Extraconal fat stranding (Figure 4a)

Intraconal fat standing (Figure 4a)

Lacrimal sac and nasolacrimal duct involvement (Figure 4b and c)

Figure 3. Axial non-contrast CT of paranasal sinuses in soft
tissue window, demonstrating: (a) Soft tissue in the left ptery-
gopalatine fossa (black arrow) and sphenopalatine foramen
(white arrow); (b) Right premaxillary superficial soft tissue
edema (white arrow) and retro-antral extension of inflam-
mation seen as fat stranding (black arrow); (c) Edematous
muscles of the left infratemporal fossa, with soft-tissue
inflammation, and (d) Soft tissue in the inferior orbital fissure,
indicating orbital spread (black arrow)

Figure 4. Axial non-contrast CT of paranasal sinuses in soft
tissue window, demonstrating (highlighted by white arrows):
(a) Intraconal and extraconal fat stranding involving the right
orbit white; (b) Soft tissue thickening involving the left nasol-
acrimal gland; (c) Soft tissue thickening of the left nasolacri-
mal duct, with extensive left orbital inflammation, and (dD)
Opacification of left ethmoid and makxillary sinuses with left
hemifacial soft-tissue inflammation
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recommend using this criterion, as it lends a greater sensitivity
and specificity compared to previous research.”’

We considered concurrent involvement of the nasal cavity and
ipsilateral paranasal sinus as “unilateral” disease. In doing so,
we found unilateral involvement to be common among patients
with AIES (76.6%), which is similar to the findings of previous
studies.”*® There was no significant relationship between the CT
density of sinus content (measured in Hounsfield Units, HU) and
ATFS, and we could not determine a significant density for diag-
nosis of the same.

The most common underlying aetiology for AIFS in our study
population was diabetes (60.5%), which could explain the high
prevalence of Mucor and Rhizopus species of fungi in our study
population. However, our study findings could be used for
screening all AIFS patients irrespective of the causative organism,
as previous studies did not find significant imaging differences
between Mucor and Aspergillus-caused ATFS.”*® The mortality
in our case group was 26%, lower than the mortality (50%-80%)
reported in previous studies.*>*>*! No specific marker in our
study was observed to influence patient prognosis, as was found
by Middlebrooks et al.””

A possible limitation to this study may be the manner of patient
inclusion: selection bias is inevitable in retrospective studies,
as AIFS is seen in individuals who are more often than not
already critically ill; this may lead to overestimation of mortality.
However, considering the emergent nature of this study in the
wake of the spate of AIFS infections following the COVID-19
pandemic, we have chosen not to afford this issue too much
attention. Measurement bias may also be expected, and we have

John et a/

tried to minimize this to the extent possible by having two inde-
pendent, blinded observers analyse study images.

CONCLUSION

There is an urgent need for a rapid screening tool for AIFS,
particularly in light of the surge of AIFS incidence in the wake
of the COVID-19 pandemic, secondary to the use of cortico-
steroids.” Careful monitoring of at-risk patients is required to
ensure optimal outcome. Non-contrast CT may be performed
for symptomatic or asymptomatic patients with other features of
fungal infection (including invasive pulmonary fungal infection
or positive serum galactomannan).’® Our list of nine relevant-
point CT markers may be a useful imaging-based screening
tool for AIFS, following which nasal endoscopy/ biopsy may be
performed if imaging suggests the presence of infection.
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