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Objectives. To evaluate the diagnostic performance of MRI compared with CT in differentiating neoplastic from infectious/
inflammatory causes of complete unilateral maxillary sinus opacification (UMSO). Although MRI is increasingly used, no studies
validate its utility compared to CT or nasal endoscopy in this context. Methods. A retrospective analysis of 49 patients presenting
with complete UMSO to a tertiary referral centre was performed, investigated with both CT and MRI. Two head and neck
radiologists independently reviewed each imaging modality and recorded both a final diagnosis and Likert-scale diagnostic
certainty score. A consensus radiological diagnosis was determined, stratified into potentially neoplastic or infectious/inflam-
matory aetiology, and compared with nasal endoscopy and final diagnosis. Diagnostic performance and interoperator agreement
for predicting neoplasia were calculated. Results. Both CT and MRI demonstrated high sensitivity and negative predictive value for
neoplasm, although MRI was more specific (79%; 95% CI: 60-92%) than CT (14%; 95% CI: 4-32%), with a higher positive
predictive value. MRI was more accurate (88%; 95% CI: 75-95%) than CT (49%; 95% CI: 34-64%) in diagnosing neoplasia. MRI
had significantly higher diagnostic certainty Likert scores than CT (p < 0.0001 for both observers). Interobserver agreement was
fair for CT (kappa coeflicient = 0.327) and excellent for MRI (kappa coefficient = 0.918). Conclusions. MRI is more specific than CT
in characterising UMSO, with greater diagnostic certainty and reproducibility. The additive diagnostic value of MRI complements
CT, potentially reducing diagnostic delays in some cases and the need for diagnostic endoscopic sinus surgery in others. We
recommend MRI incorporation into the diagnostic pathway for patients with UMSO.

neoplastic aetiology than diffuse bilateral disease [I, 2].
Inverted papilloma (IP) and squamous cell carcinoma are
the most frequent benign and malignant lesions, respectively

Sinonasal disease requiring clinical and imaging evaluation
is common, affecting 5-12% of the population. The majority
are due to infection or inflammation, most commonly
chronic rhinosinusitis (primary or secondary). Neoplastic
causes are rare, but localised disease such as unilateral
maxillary sinus opacification (UMSO) is more likely to have

(Figure 1).

This is recognised in the 2020 European position paper
on rhinosinusitis and nasal polyps (EPOS), which states
“isolated maxillary sinus opacification is a marker of neo-
plasia in 18% and malignancy in 7-10%...“so clinicians
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F1GURE 1: Causes of unilateral maxillary sinus opacification (UMSO). CRS: chronic rhinosinusitis, CRSsNP: CRS without nasal polyps, and

CRSwNP: CRS with nasal polyps.

should be wary of conservative management and have a low
threshold for early surgical intervention” [3].

For localised obstruction, the primary concern is to
differentiate neoplasia from inflammation. However, as
symptoms overlap and tumours often have superimposed
inflammation, differentiation is challenging clinically [4]. In
addition, due to the intricate anatomy, early- and late-stage
sinonasal malignancy have vastly different prognoses,
leading to considerable medicolegal costs when missed [5].
High sensitivity for neoplasia is therefore crucial, although
this is at the expense of low specificity with the current
standard of care of low dose CT and flexible nasal endoscopy
(FNE) [6, 7].

CT forms the mainstay for sinonasal imaging, providing
a low-cost technique for assessing drainage pathways, pat-
tern of obstruction, and bony structures. However, other
than inference from Hounsfield-unit densities, intralesional
soft tissue characterisation is limited [6, 7]. Aggressive
teatures such as bony erosion or fat infiltration are seen with
both benign and malignant aetiologies [8] and may be absent
at early stages. Thus, even when heralding malignancy, the
diagnosis may be at an advanced stage [9, 10].

FNE is performed for the majority of patients referred to
otolaryngology clinics with rhinological symptoms. Al-
though able to identify meatal obstruction by nasal polyps or
oedematous mucosa, its role in UMSO is limited due to
restricted views of middle meatus, little to no visualisation of
the maxillary ostium, sinus contents, and consequent failure
to demonstrate abnormalities deep to middle meatus
(3, 11, 12].

Due to the relatively high baseline risk of malignancy, a
large proportion of patients with UMSO on CT require

further investigation with endoscopic sinus surgery (ESS) for
histological confirmation regardless of FNE findings [13].
This results in multiple surgical procedures (diagnostic and
therapeutic), prolonging time to diagnosis as well as
treatment.

MRI is used extensively in the head and neck and po-
tentially provides superb soft tissue characterisation for
sinonasal obstruction. It can delineate tumour from secre-
tions and define invasion of adjacent structures, including
crucially at the skull base and orbit [14]. If MRI was con-
firmed to have a greater diagnostic accuracy than CT in
differentiating neoplastic from infectious/inflammatory
causes of UMSO, it could avoid missed diagnoses of ma-
lignancy (improving patient triage to urgent ESS for his-
tological confirmation) or increase the number of confident
benign diagnoses, avoiding unnecessary ESS.

Whilst MRI is increasingly used in clinical practice prior
to ESS, limited data exists comparing its diagnostic per-
formance with CT or FNE. The aim of this study was to
evaluate the diagnostic accuracy of MRI compared with CT
(and FNE) in differentiating potentially neoplastic from
infectious/inflammatory causes of UMSO (and by extrap-
olation sinonasal disease in general), to determine which
patients warrant subsequent ESS. A secondary aim was to
assess interobserver agreement for image interpretation
between radiologists, to determine the level of diagnostic
reproducibility.

2. Materials and Methods

Patients referred to a tertiary rhinology and head and neck
oncology centre prior to January 2017, with complete UMSO
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detected on CT that proceeded to MRI+ESS (under our
standard institutional diagnostic pathway), were included.
As this study comprised a retrospective analysis of data
acquired for standard clinical care, ethics committee review
and informed consent were waived. Data were collected on
clinical, operative, and histological reports. FNE findings
were categorised as potentially neoplastic (f-N) or infec-
tious/inflammatory (f-I). For this study, “f-N” was recorded
if reported in the operative notes as possibly neoplastic or
equivocal, as both required further evaluation. To avoid
missing potentially malignant sinus obstruction, “f-I” was
recorded only if reported in the operative notes as such.

The final diagnosis was determined from findings at ESS
and histology or diagnosis of CRSsNP based on clinical
features and nasal swab (as per EPOS guidelines) and
stratified into infective/inflammatory (c-I) or neoplastic (c-
N).

2.1. CT and MRI Protocol. CT scans were acquired using
Philips Ingenuity 128 (Philips Medical Systems, Eindhoven,
The Netherlands) or Toshiba Aquilion 32 (Canon Medical
Systems, Sussex, United Kingdom) systems with tube voltage
120kV, current 30mA, and patient positioned with an
occlusal plane parallel to the gantry, with 500 mm field of
view, from maxillary alveolus to top of the frontal sinuses.
Images were reconstructed using high frequency (bone) and
low frequency (soft tissue) convolution kernels to 0.9 mm
slices (0.45 mm interval), with each 150-200 mm diameter
reconstructed image presented in a 512 x 512 matrix.

MRI studies were performed on Siemens Avanto (Sie-
mens AG, Erlangen, Germany) or Philips Achieva (Philips
Medical Systems, Eindhoven, The Netherlands) 1.5T plat-
forms with 6- or 8-channel phased array head and neck coils,
according to departmental protocol. This included axial 3D
isotropic T1-weighted (T1IW) (repetition time (TR)/echo-
time (TE) =500/8.2 ms and slice thickness=0.9 mm), axial
3D isotropic short-tau inversion recovery (STIR) SPACE
(TR/TE=2150/199 ms, inversion time (TI)=150ms, and
slice thickness = 1.1 mm), axial and coronal 2D T2-weighted
(T2W) turbo spin-echo (TSE) (TR/TE=5730/83 ms, slice
thickness =3 mm, and 0.6 mm interspace), axial 2D echo-
planar diffusion-weighted imaging (TR/TE/TI=7080/81/
130 ms, slice thickness =4 mm, 1.6 mm interspace, b-factors
of 50 and 800s/mm?, and calculated apparent diffusion
coeflicient), and axial 3D isotropic contrast-enhanced TIW
gradient echo fat-saturated images (TR/TE =6/2.81 ms and
slice thickness = 0.8 mm, with spectral attenuated inversion
recovery (SPAIR) fat saturation) and acquired 100 seconds
following gadolinium administration (Dotarem, Gerbet
Pharma, Villepinte, France). Where 3D sequences were not
possible or degraded by motion, our technicians reimaged
with 2D T1W TSE, STIR T2W, and T1W contrast-enhanced
fat-suppressed sequences, due to higher temporal resolution
afforded by acquiring each slice individually.

2.2. Imaging Analysis. Anonymised images were indepen-
dently analysed on a proprietary PACS system (Sectra PACS,
Linkoping, Sweden), by two consultant head and neck

radiologists, Observerl and Observer2, each with a four-year
subspecialty experience. CT and MRI images were evaluated
independently of each other and more than 72 hours apart,
so diagnoses made were based solely on each study in
isolation.

Each observer recorded the overall radiological diagnosis
as “infective/inflammatory,” “equivocal,” or “likely neo-
plastic.” “I” diagnosis only resulted when confident of be-
nign aetiology, with no concern for possible neoplastic or
“equivocal” differential. So as not to miss malignancy,
“equivocal” or “likely neoplastic” diagnoses were classified as
potentially neoplastic “N,” as both required further
characterisation.

Imaging features were also assessed over three domains:
soft tissue characterisation, localisation, and ability to
evaluate secondary structures (Table 1). A 10-point Likert
score for diagnostic certainty was calculated from this, where
features scored “1” if defined (definitely present or absent)
and “0” if indeterminate.

A consensus diagnosis was determined, where “r-I”
resulted only if recorded as “I” by both observers. If one or
both observers recorded as “equivocal” or “likely neoplastic,”
the consensus was graded as such (r-N), as practically further
evaluation with biopsy would be required.

2.3. Statistical Analysis. Statistical analysis was performed
using GraphPad Prism version 6 (GraphPad Software Inc.,
CA, USA) and Microsoft Excel, where all appropriate tests
were two sided, using a significance level of & =5%.

Sensitivity, specificity, positive (PPV), negative predic-
tive values (NPV), and diagnostic accuracy of each modality
for predicting final clinical diagnosis were calculated. The
performance of CT and MRI for differentiating potentially
neoplastic UMSO was represented graphically using re-
ceiver-operating-characteristic (ROC) analysis plots and the
area under the curve (AUC) was calculated.

To assess the absolute difference between CT and MRI,
Chi-squared analysis was performed for the diagnoses
reached by each observer and consensus. Diagnostic cer-
tainty Likert scores were compared between modalities
using Mann-Whitney U test.

Interobserver agreement was calculated using Cohen’s
Kappa coefficient (k) and was interpreted as proposed by
Landis and Koch [15]: kappa value of 0 indicates no
agreement, 0 to 0.2 slight agreement, 0.21 to 0.4 fair
agreement, 0.41 to 0.6 moderate agreement, 0.61 to 0.80
substantial agreement, and 0.81 to 1.0 excellent agreement.

3. Results

Patient demographics and final diagnoses are recorded in
Table 2. Forty-nine patients with complete UMSO on CT
who also underwent MRI were identified, comprising 33
male and 16 female, with a mean age of 51 years (range 16 to
83 years). Twenty-nine (59%) patients had a final diagnosis
of infective/inflammatory aetiology (c-I), of which twenty-
one had a diagnosis of CRS: CRS without nasal polyps
(CRSsNP) (n=6) and CRS with nasal polyps (CRSWNP)



TaBLE 1: 10-point diagnostic certainty criteria.

Cystic/solid
Polypoidal/mass
Bone changes
Aggressive/nonaggressive
Maxillary ostium size
Maxillary ostium
opacification
Maxillary origin
Perineural invasion
Soft tissue involvement
Proximity to vessels

Each point scored as 0 (not defined) or 1 (defined).

Lesion characterisation

Anatomic origin of the lesion

Involvement of secondary
structures

TaBLE 2: Final clinical diagnoses.

Final diagnosis Number of
cases (%)
Infective/inflammatory (c-I) 29 (59.2)
Chronic rhinosinusitis (CRS) 21 (42.9)
CRS without nasal polyps 6 (12.2)
CRS with nasal polyps (including 12 (245)
antrochoanal polyp)
Fungal sinusitis 2 (4.1)
Mucormycosis 1(2.0)
Mucocele 4 (8.2)
IgG4 disease 1(2.0)
Arteriovenous malformation 1(2.0)
Fibrous dysplasia 1(2.0)
Pseudoepitheliomatous hyperplasia 1(2.0)
Neoplastic (c-N) 20 (40.8)
Inverted papilloma 9 (18.4)
Cavernous haemangioma 1(2.0)
Schwannoma 2 (4.1)
Malignant 8 (16.3)
Adenocarcinoma 1(2.0)
Anaplastic carcinoma 1 (2.0)
Carcinoma (undifferentiated) 1(2.0)
Lymphoma 1(2.0)
Melanoma 1(2.0)
Osteosarcoma 1(2.0)
Sarcoma 1(2.0)
Undifferentiated neuroblastoma 1(2.0)

(n=12), noninvasive fungal sinusitis (n=2), and acute in-
vasive fungal sinusitis (n=1). Odontogenic sinusitis was
observed in two cases of both CRSsNP and CRSwNP and
antrochoanal polyps in four cases of CRSWNP.

Twenty (41%) patients had neoplastic diagnoses (c-N),
most frequently IP (n=9), and malignancy (n=38). Forty-
four patients underwent surgery. The remaining five who
underwent medical treatment alone had a diagnosis of
CRSsNP.

3.1. Diagnostic Accuracy. The diagnostic accuracies of MR
and CT in identifying potentially neoplastic aetiology, for
Observerl, Observer2, and consensus, are recorded in Ta-
bles 3 and 4. Most importantly, all 20 cases with a final
diagnosis of neoplasia were correctly classified on both CT
and MRI, by both observers and at consensus. Using this
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threshold, both modalities had 100% sensitivity and 100%
NPV for identifying neoplasia.

However, for CT, this was at the expense of low spec-
ificity (14%, 95%CI: 4-32%) and PPV (44%, 95%CI: 41-48%)
at consensus, compared with specificity at MRI of 79% (95%
CI: 60-92%) and PPV of 77% (95%CI: 62-87%)). This higher
specificity and PPV of MRI are corroborated by the con-
sistently higher number of cases correctly recorded at MRI as
“infective/inflammatory,” plus lower number of “potentially
neoplastic” diagnoses, as a result of the increased diagnostic
confidence afforded at MRI. Confirming this, chi-squared
analyses showed a significantly higher number of “I” di-
agnoses and lower number of “N” diagnoses based on MRI
compared with CT, for both observers and at consensus
(Observerl p = 0.006, Observer2 p = 0.0002, and consensus
£ <0.00002).

A similar comparison between FNE and imaging showed
no difference between CT and FNE (p = 0.34), whereas
MRI correctly recorded a significantly higher number of
infective/inflammatory and lower number of potentially
neoplastic diagnoses, confirmed by a Chi-square statistic p
value of <0.0005. Corroborating these findings, FNE had
similar sensitivity for identifying potential neoplasia to
both imaging modalities, with comparable specificity, PPV,
and diagnostic accuracy to CT, but MRI again demon-
strated higher specificity, PPV, and diagnostic accuracy
(Table 4).

From Table 3, at CT, only 4 cases were confidently
identified as infective/inflammatory at consensus, meaning
that 25 required further characterisation. In contrast, a
confident and correct diagnosis of infective/inflammatory
aetiology was made at MRI for 23 cases by Observerl, 24
cases by Observer2, and 23 cases at consensus. These con-
sensus results are represented graphically in Figure 2, where
the ROC analysis AUC is greater for MRI (0.890) than CT
(0.569).

Six cases were incorrectly assigned by MRI at consensus
to “potentially neoplastic”: two CRSwNP; one invasive
fungal sinusitis; one IgG4-related disease; one mucormy-
cosis; and one arteriovenous malformation. Apart from the
two misdiagnosed CRSwNP, the remaining cases are
transspatial aetiologies with aggressive imaging features
(Figure 3).

Where CRS was the final diagnosis, both observers
correctly recorded CRSWNP (n=12) or CRSsNP (n=6) ina
large majority (16/18) on MRI. Both observers correctly
identified IP in 6/9 cases on MRI, compared with only 1/9
and 2/9 at CT for Observerl and Observer2, respectively.

Interobserver agreement for differentiating neoplastic
(N) from inflammatory (I) aetiology was fair for CT
(k=0.327) and excellent for MRI (x=0.918).

3.2. Diagnostic Certainty. The mean diagnostic certainty
Likert-score was 6.6/10 for CT and 8.6/10 for MRI for
Observerl and 5.2/10 for CT and 9.4/10 for MRI for Ob-
server2. MRI had significantly higher scores than CT for
diagnostic certainty criteria for both observers (p value
<0.00001).
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TaBLE 3: Potentially neoplastic (N) and infective/inflammatory (I) diagnoses on CT and MRI for Observerl, Observer2, and consensus
compared to final clinical diagnoses.

Observerl Observer2 Consensus
CT MRI CT MRI CT MRI
Final diagnosis N I N I N I N I r-N r-1 r-N r-1
c-N (n=20) 18 2 19 1 20 0 20 20 0 20 0
c-I (n=29) 20 9 6 23 22 7 5 24 25 4 6 23
Chi-square statistic (p value) for CT versus MRI 7.5 (p = 0.006) 13.6 (p = 0.0002) 18.5 (p <0.00002)
TaBLE 4: Diagnostic performance of CT and MRI for Observerl, Observer2, consensus, and flexible nasal endoscopy.
Observerl Observer2

CT MRI CT MRI
Sensitivity 90 (68-99) 95 (75-100) 100 (83-100) 100 (83-100)
Specificity 31 (15-51) 79 (60-92) 24 (10-44) 83 (64-94)
PPV 47 (40-54) 76 (61-87) 48 (43-53) 80 (64-90)
NPV 82 (52-95) 96 (77-99) 100 100
Accuracy 55 (40-69) 86 (73-94) 55 (40-69) 90 (78-97)

Consensus .

CT MRI Flexible nasal endoscopy
Sensitivity 100 (83-100) 100 (83-100) 85 (62-97)
Specificity 14 (4-32) 79 (60-92) 14 (4-32)
PPV 44 (41-48) 77 (62-87) 41 (35-46)
NPV 100 100 57 (25-84)
Accuracy 49 (34-64) 88 (75-95) 43 (29-58)

Sensitivity, specificity, positive (PPV) and negative predictive values (NPV), and accuracy for potentially neoplastic diagnoses are expressed in percentages

(95% confidence interval).
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FIGURE 2: Receiver-operating-characteristic (ROC) curves for differentiating potentially neoplastic from infective/inflammatory causes of
unilateral maxillary sinus opacification, for consensus radiological diagnoses: (a) on CTand (b) on MRI. X-axis: false positive rate (FPR), Y-

axis: true positive rate (TPR).

4. Discussion

Our results demonstrate the superior diagnostic perfor-
mance of MRI compared to CT and ENE in characterising
UMSO, with excellent interobserver agreement for differ-
entiating neoplasia from inflammation. These results arise
from improved soft tissue characterisation, localisation (by

differentiating soft tissue from obstructed sinus contents),
and ability to evaluate secondary structures, as reflected by
significantly higher diagnostic certainty Likert scores for
MRI. To achieve this, the MRI protocol should include
anatomic (T1W, T2W, and contrast-enhanced sequences)
and diffusion-weighted imaging (DWI), with dynamic
contrast for suspected vascular pathology. 3D GRE isotropic
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FIGURE 3: IgG4 disease. A 31-year-old female presented with epistaxis and medial-gaze diplopia. (a) Axial unenhanced CT shows soft tissue
opacification of the left maxillary antrum with destruction of the antral walls and lateral pterygoid plate. (b) Coronal and (c) axial contrast-
enhanced TIW demonstrates extension of the abnormally enhancing soft tissue (with restricted diffusion, not shown) into the orbit,

pterygopalatine fossa, and involvement of the left infraorbital nerve.

fat-suppressed postcontrast sequences are particularly
helpful due to excellent spatial resolution and opportunity
for multiplanar reconstruction.

Although MRI, CT, and FNE had similar sensitivity for
detecting malignancy (100%, 100%, and 85%, resp.), CT and
ENE both had low specificity and high false positive rates
(FPR). The smaller number of “equivocal” results at MRI
yielded both (a) significantly improved specificity and PPV
and (b) consistent interpretation between observers. MRI
demonstrates improved specificity compared to CT (79%
(95%CIL: 62-87%) versus 14% (95%CI: 4-32%)) and in-
creased diagnostic accuracy (88% (95%CI: 75-95%) versus
49% (95%CI: 34-64%)). The proportion of neoplastic and
inflammatory disease in our patient cohort is comparable to
that in the literature and reflects a relatively high incidence
of atypical lesions in unilateral disease [2, 16]. These results
demonstrate the utility of MRI in directing management,
with diagnoses that are reproducible between different ra-
diologists and therefore between institutions.

MRI correctly identified all neoplasms as equivocal or
concerning for malignancy, requiring further ESS evalua-
tion. As for CT and FNE, this confirms that MRI is an
extremely safe test. Additionally, the lower FPR means that
MRI is significantly able to triage patients with inflammatory
aetiology to medical therapy better than CT or FNE, po-
tentially sparing the need for general anaesthesia and ESS.
Where the cause of UMSO is uncertain at CT or FNE, MRI
comprises a low-cost noninvasive investigation with supe-
rior diagnostic accuracy in differentiating both (a) malig-
nancy from benign obstruction and (b) benign neoplasms
requiring urgent surgery (such as IP) from those in which
medical treatment can be trialled (such as CRS). Thus, MRI
has a valuable role when used in conjunction with CT for
patient selection for surgical management and is routinely
included in our institutional pathway in this context
(Figure 4).

Whereas the current standard of care imaging with CT
has high sensitivity for neoplasia, justifying its use as a
“screening” investigation, the high FPR hampers patient
triage as the cause of UMSO is frequently not differentiated.

As illustrated in Figures 5 and 6, bony remodelling on CT is
an equivocal feature observed in both infective sinusitis and
malignancy [16]. By contrast, MRI differentiates secretions
from inflamed mucosa, benign neoplasia [17], and malig-
nancy [18, 19]. Most neoplasms demonstrate heterogenous
internal enhancement and varying levels of restricted dif-
fusion, whereas inflamed mucosa or polyps show thin pe-
ripheral enhancement and wunrestricted diffusion [14]
(Figures 5 and 6).

For a significant proportion of patients (27% in this
cohort) with infectious/inflammatory UMSO that could be
managed medically, the improved specificity of MRI miti-
gates the need for diagnostic ESS. In addition, the 5/9 cases
of IP correctly identified at MRI (but not CT) could have
proceeded straight to definitive surgery, without the need for
diagnostic ESS and biopsy. This not only reduces the risk
associated with multiple episodes of anaesthesia and surgery
but reduces delay to definitive treatment and relieves service
demand. As the cohort of patients with UMSO resistant to
medical management is usually small, the cost of additional
MRI should not generally be an issue. As elective operating
capacity within hospitals can be strained due to competing
demands, not least due to the impact of the COVID-19
pandemic [20], interventions that reduce the requirement
for multiple surgical procedures will streamline patient
pathways and reduce time to treat.

In differentiating benign neoplasms requiring urgent
surgery, MRI has high accuracy for diagnosing IP, where a
“convoluted cerebriform pattern” is up to 100% sensitive
and 87% specific [21-23] (Figure 7). The hyperostotic “bony
spur” at the IP origin requires removal [24] and whilst the
sensitivity for determining this origin on CT is 63% [25],
MRI is both more sensitive and specific [26, 27]. This enables
surgeons to plan more extensive resections, including ad-
equate resection of the site of origin without diagnostic ESS
[28], reducing reoperation [29-31].

In differentiating benign from malignant neoplasia,
overlap exists at MRI in terms of enhancement pattern and
diffusion characteristics [32]. Nonetheless, both require ESS
for definitive treatment or biopsy confirmation, respectively
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FiGure 4: Example diagnostic pathway for unilateral maxillary sinus opacification. Flexible nasal endoscopy (FNE), chronic rhinosinusitis
(CRS), endoscopic sinus surgery (ESS), and inverted papilloma (IP).

(b) ()

F1GURE 5: Fungal sinusitis in 7-year-old male with symptoms of nasal obstruction. (a) Coronal unenhanced CT demonstrates left ostiomeatal
pattern opacification with maxillary mural osteitis plus expansion of maxillary antrum. This appearance is equivocal and could represent
chronic rhinosinusitis, fungal sinusitis, or tumour. However, low signal centrally on (b) coronal STIR, surrounded by peripherally en-
hancing thickened mucosa on (c) coronal contrast-enhanced T1W, is consistent with a left maxillary into middle meatal mycetoma and
maxillary sinusitis.

(b) (©

FiGure 6: Continued.
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FiGure 6: Diffuse large B-cell lymphoma in a 60-year-old male with a 4-month history of nasal blockage not responding to antibiotics. (a)
Coronal unenhanced CT shows left sinonasal opacification with thinned medial maxillary sinus wall and destroyed middle turbinate. (b)
Coronal STIR demonstrates a left nasal cavity lesion obstructing the maxillary sinus, which is hypointense to mucosa with heterogenous
enhancement on (c) contrast-enhanced TIW. The left cribriform plate appears thinned and focally dehiscent on unenhanced CT (d);
however, (e) STIR and (f) contrast-enhanced TIW show the skull base and medial orbital wall are intact.

FiGure 7: Inverted papilloma (IP) in a 32-year-old male with a 18-month history of rhinorrhoea. (a) Coronal unenhanced CT shows right
unilateral maxillary sinus opacification (UMSO) with complete obstruction of the ostiomeatal unit. Bowing of the nasal septum and
amorphous faint calcification could be associated with fungal disease; however, (b) coronal STIR and (c) contrast-enhanced TIW
demonstrate a right nasal cavity lesion with the typical “cerebriform” appearance of IP and attachment point at the inferior orbit. Hy-

perintense right UMSO with mucosal enhancement indicates inspissated secretions rather than lesion extension.

[33]. Where malignancy is confirmed, the diagnostic con-
fidence demonstrated by our results confirms the superiority
of MRI over CT in delineating perineural and skull base
invasion [14] or overall resection/radiotherapy margins
(Figure 6).

At MR, three of the six “false positive” cases for po-
tential neoplasm comprised transspatial pathologies with
aggressive features that overlap with neoplasia. The poten-
tially aggressive natural history and poor prognosis of these
processes justify the triage to ESS to confirm the final di-
agnosis (Figure 4).

No other studies have compared the diagnostic accuracy
of CT with MRI for UMSO to our knowledge. Case series of
UMSO have only provided qualitative descriptions of CT
and MRI features in various aetiologies [16, 34-36]. Chen
et al. recorded a relatively large cohort of 116 patients with
UMSO but only described findings on CT. Of note, bony
erosion was seen in fungal infection, benign, and malignant
tumours [16]. Case series of unilateral sinonasal opacifica-
tion have also presented CT findings in isolation and rec-
ommended proceeding to further investigation with biopsy

[13, 37]. MRI was only utilised in a small subset of cases if
neurological deficits or complications of infection were
suspected [33]; thus, evaluation of its PPV for neoplastic
disease was not possible.

Plain films can depict sinus opacification and air-fluid
levels, but the Royal College of Radiologists has proposed
that it is redundant in evaluation of sinonasal disease due to
its low sensitivity and specificity [34, 38]. It is possible to
diagnose rhinosinusitis on ultrasound, but the literature is
not conclusive on its use in sinusitis and it plays a very
limited role in characterisation of sinonasal aetiology [38].
Contrast-enhanced CT may be useful in assessment of
complications of sinusitis but cannot differentiate inflam-
matory from malignant disease, as both can enhance [34].
Although fluorodeoxyglucose- (FDG-) PET is utilised in
tumour staging and surveillance for recurrence, both tu-
mour and inflammatory cells may demonstrate high FDG
uptake, limiting its use for UMSO characterisation. Fur-
thermore, benign tumours such as IP can have moderate
FDG uptake, whilst a highly malignant tumour such as
adenoid cystic carcinoma can have low FDG uptake [39].
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Newer agents such as fluoro-deoxy-thymidine (FLT) have
been shown to accumulate only in actively replicating cells
rather than inflammatory cells, but further studies on its use
in sinonasal disease are required [40].

4.1. Limitations. 'The main study limitation was small sample
size. Although five patients were managed medically and
hence no histological correlate was available, the final di-
agnosis was based on clinical findings and nasal swab as per
EPOS guidelines [3]. Although the patient cohort may
represent a sample in which CT and/or FNE was less in-
formative than average (therefore necessitating MRI),
resulting in a selection bias, our study demonstrates the
additional diagnostic value of MRI in these uncertain cases.

Despite these limitations, the value of our data lies in the
lack of studies validating the utility of MRI compared with
CT in UMSO and in the high level of statistical significance
of our results, indicating likely generalizable application
between observers and across institutions.

5. Conclusions

MRI provides safe, efficient, and effective triage of patients
with UMSO and by extrapolation indeterminate patterns of
paranasal sinus opacification at CT. We recommend MRI
evaluation in patients with complete UMSO on CT who are
resistant to initial medical therapy. MRI has a higher
specificity and diagnostic certainty and lower FPR for
malignancy than CT, with excellent interobserver agree-
ment. Evaluation at MRI complements CT and has the
potential to reduce the need for diagnostic ESS, accelerating
diagnosis and definitive management. As it informs surgical
planning, it can enable better patient counselling, reduce the
risk of multiple procedures, and increase cost-effectiveness
of overall care. In the future, multiparametric MRI using
DWTI, dynamic contrast-enhanced sequences, and intravoxel
incoherent motion techniques may further improve pre-
surgical diagnostic accuracy.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

References

[1] A. Whyte and R. Boeddinghaus, “Imaging of adult nasal
obstruction,” Clinical Radiology, vol. 75, no. 9, pp. 688-704,
2020.

[2] A. Eckhoff, D. Cox, L. Luk, S. Maidman, S. K. Wise, and
J. M. DelGaudio, “Unilateral versus bilateral sinonasal
disease: considerations in differential diagnosis and
workup,” The Laryngoscope, vol. 130, no. 4, pp. E116-E121,
2020.

[3] W. J. Fokkens, V. J. Lund, C. Hopkins et al., “European
position paper on rhinosinusitis and nasal polyps 2020,”
Rhinology, vol. 58, no. Suppl S29, pp. 1-464, 2020.

[4] P. M. Som, M. S. Brandwein-Gensler, E. E. Kassel, and
E. M. Genden, “Tumors and tumor-like conditions of the
sinonasal cavities,” Head and Neck Imaging, 5th ed., Elsevier,
St Louis, MO, USA, pp. 253-410, 2011.

[5] D. D. Lydiatt and R. K. Sewell, “Medical malpractice and
sinonasal disease,” Otolaryngology-Head and Neck Surgery,
vol. 139, no. 5, pp. 677-681, 2008.

[6] G. G. Pulickal, A. V. Navaratnam, T. Nguyen, A. D. Dragan,
M. Dziedzic, and R. K. Lingam, “Imaging sinonasal disease
with MRI: providing insight over and above CT,” European
Journal of Radiology, vol. 102, pp. 157-168, 2018.

[7] M. Kawaguchi, H. Kato, H. Tomita et al., “Imaging charac-
teristics of malignant sinonasal tumors,” Journal of Clinical
Medicine, vol. 6, no. 12, p. 116, 2017.

[8] H. B. Eggesbo, “Imaging of sinonasal tumours,” Cancer Im-
aging, vol. 12, no. 1, pp. 136-152, 2012.

[9] C. Thorup, L. Sebbesen, H. Dang et al., “Carcinoma of the
nasal cavity and paranasal sinuses in Denmark 1995-2004,”
Acta Oncologica, vol. 49, no. 3, pp. 389-394, 2010.

[10] N. Bhattacharyya, “Factors affecting survival in maxillary
sinus cancer,” Journal of Oral and Maxillofacial Surgery,
vol. 61, no. 9, pp. 1016-1021, 2003.

[11] D. H. Kim, Y. Seo, K. M. Kim, S. Lee, and S. H. Hwang,
“Usefulness of nasal endoscopy for diagnosing patients with
chronic rhinosinusitis: a meta-analysis,” American Journal of
Rhinology & Allergy, vol. 34, no. 2, pp. 306-314, 2020.

[12] S. S. Lohiya, S. V. Patel, A. M. Pawde, B. D. Bokare, and
P. T. Sakhare, “Comparative study of diagnostic nasal en-
doscopy and CT paranasal sinuses in diagnosing chronic
rhinosinusitis,” Indian Journal of Otolaryngology and Head ¢
Neck Surgery, vol. 68, no. 2, pp. 224-229, 2016.

[13] F. Ahsan, H. El-Hakim, and K. W. Ah-See, “Unilateral
opacification of paranasal sinus CT scans,” Otolaryngology-
Head and Neck Surgery, vol. 133, no. 2, pp. 178-180, 2005.

[14] P.Raghavan and C. D. Phillips, “Magnetic resonance imaging
of sinonasal malignancies,” Topics in Magnetic Resonance
Imaging, vol. 18, no. 4, pp. 259-267, 2007.

[15] J. R. Landis and G. G. Koch, “The measurement of observer
agreement for categorical data,” Biometrics, vol. 33, no. 1,
pp. 159-174, 1977.

[16] H.-J. Chen, H.-S. Chen, Y.-L. Chang, and Y.-C. Huang,
“Complete unilateral maxillary sinus opacity in computed
tomography,” Journal of the Formosan Medical Association,
vol. 109, no. 10, pp. 709-715, 2010.

[17] A. Chawla, J. Shenoy, K. Chokkappan, and R. Chung, “Im-
aging features of sinonasal inverted papilloma: a pictorial
review,” Current Problems in Diagnostic Radiology, vol. 45,
no. 5, pp. 347-353, 2016.

[18] Q. Sun, L. An, J. Zheng, and D. Zhu, “Advances in recur-
rence and malignant transformation of sinonasal inverted
papillomas,” Oncology Letters, vol. 13, no. 6, pp. 4585-4592,
2017.

[19] H. B. Eggesbe, S. Ringertz, O. C. Haanzes et al., “CT and MR
imaging of the paranasal sinuses in cystic fibrosis,” Acta
Radiologica, vol. 40, no. 2, pp. 154-162, 1999.

[20] COVIDSurg Collaborative, “Elective surgery cancellations
due to the COVID-19 pandemic: global predictive modelling
to inform surgical recovery plans,” British Journal of Surgery,
vol. 107, no. 11, pp. 1440-1449, 2020.

[21] H. Gjiri, M. Ujita, S. Tada, and K. Fukuda, “Potentially dis-
tinctive features of sinonasal inverted papilloma on MR



10

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

imaging,” American Journal of Roentgenology, vol. 175, no. 2,
pp. 465-468, 2000.

T. Y. Jeon, H.-J. Kim, S.-K. Chung et al., “Sinonasal inverted
papilloma: value of convoluted cerebriform pattern on MR
imaging,” American Journal of Neuroradiology, vol. 29, no. 8,
pp. 1556-1560, 2008.

R. Maroldi, D. Farina, L. Palvarini, D. Lombardi,
D. Tomenzoli, and P. Nicolai, “Magnetic resonance imaging
findings of inverted papilloma: differential diagnosis with
malignant sinonasal tumors,” American Journal of Rhinology,
vol. 18, no. 5, pp. 305-310, 2004.

W. Lawson, B. T. Ho, C. M. Shaari, and H. F. Biller, “Inverted
papilloma: a report of 112 cases,” The Laryngoscope, vol. 105,
no. 3, pp. 282-288, 1995.

D.K. Lee, S. K. Chung, H. J. Dhong, H. Y. Kim, H. J. Kim, and
K. H. Bok, “Focal hyperostosis on CT of sinonasal inverted
papilloma as a predictor of tumor origin,” AJNR American
Journal of Neuroradiology, vol. 28, no. 4, pp. 618-621, 2007.
S. Ma, M. Xian, B. Yang et al., “Pathological changes from the
originating to the peripheral sites of sinonasal inverted
papilloma are the underlying mechanisms of preoperative
MRI-tumor origin prediction,” Rhinology Journal, vol. 58,
no. 1, pp. 59-65, 2020.

G. Fang, H. Lou, W. Yu et al., “Prediction of the originating
site of sinonasal inverted papilloma by preoperative magnetic
resonance imaging and computed tomography,” Interna-
tional Forum of Allergy ¢ Rhinology, vol. 6, no. 12,
pp. 1221-1228, 2016.

J. K. Goudakos, S. Blioskas, A. Nikolaou, K. Vlachtsis,
P. Karkos, and K. D. Markou, “Endoscopic resection of
sinonasal inverted papilloma: systematic review and meta-
analysis,” American Journal of Rhinology & Allergy, vol. 32,
no. 3, pp. 167-174, 2018.

R. Landsberg, O. Cavel, Y. Segev, A. Khafif, and D. M. Fliss,
“Attachment-oriented endoscopic surgical strategy for sino-
nasal inverted papilloma,” American Journal of Rhinology,
vol. 22, no. 6, pp. 629-634, 2008.

S. Makihara, S. Kariya, T. Naito et al., “Attachment-oriented
endoscopic surgical management for inverted papillomas in
the nasal cavity and paranasal sinuses,” Auris Nasus Larynx,
vol. 46, no. 5, pp. 748-753, 2019.

Y. Meng, G. Fang, X. Wang et al., “Origin site-based staging
system of sinonasal inverted papilloma for application to
endoscopic sinus surgery,” Head & Neck, vol. 41, no. 2,
pp. 440-447, 2019.

A. Das, A. S. Bhalla, R. Sharma et al., “Can diffusion weighted
imaging aid in differentiating benign from malignant sino-
nasal masses?: a useful adjunct,” Polish Journal of Radiology,
vol. 82, pp. 345-355, 2017.

P. Gomes, A. Gomes, P. Salvador, C. Lombo, S. Caselhos, and
R. Fonseca, Clinical assessment, diagnosis and management
of patients with unilateral sinonasal disease,” Acta Otorri-
nolaringoldgica Espafiola, vol. 71, no. 1, pp. 16-25, 2020.

M. Rudralingam, K. Jones, and T. J. Woolford, “The unilateral
opaque maxillary sinus on computed tomography,” British
Journal of Oral and Maxillofacial Surgery, vol. 40, no. 6,
pp. 504-507, 2002.

B. A. Kaplan and S. E. Kountakis, “Diagnosis and pathology of
unilateral maxillary sinus opacification with or without evi-
dence of contralateral disease,” The Laryngoscope, vol. 114,
no. 6, pp. 981-985, 2004.

G. Lehnerdt, J. Weber, and P. Dost, “Die einseitige ver-
schattung der nasennebenhdhlen im CT oder MRT—hinweis

(37]

(38]

(39]

(40]

Radiology Research and Practice

fiir einen seltenen histologischen Befund12,” Laryngo-Rhino-
Otologie, vol. 80, no. 3, pp. 141-145, 2001.

J. Y. Lee, “Unilateral paranasal sinus diseases: analysis of the
clinical characteristics, diagnosis, pathology, and computed
tomography findings,” Acta Oto-Laryngologica, vol. 128, no. 6,
pp. 621-626, 2008.

H. B. Eggesbe, “Radiological imaging of inflammatory lesions
in the nasal cavity and paranasal sinuses,” European Radi-
ology, vol. 16, no. 4, pp. 872-888, 2006.

H.-S. Jeong, M. K. Chung, Y.-I. Son et al., “Role of 18F-FDG
PET/CT in management of high-grade salivary gland ma-
lignancies,” Journal of Nuclear Medicine, vol. 48, no. 8,
pp. 1237-1244, 2007.

G. M. Fatterpekar, B. N. Delman, and P. M. Som, “Imaging the
paranasal sinuses: where we are and where we are going,” The
Anatomical Record: Advances in Integrative Anatomy and
Evolutionary Biology, vol. 291, no. 11, pp. 1564-1572, 2008.



