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Abstract

To investigate the prevalence of incidental findings which were suspected as rhinosinusitis
on computed tomography (CT) imaging of the brain and identify if there are any clinical
correlations between CT abnormalities and patients’ symptoms.

A descriptive and cross-sectional study of total 104 subjects who underwent CT brain
for non-paranasal sinus related conditions. The CT findings were analyzed based on the
Lund-Mackay scores by two blinded reviewers and the patients were divided into two
groups according to their Lund-Mackay scores to compare differences between patients’
symptoms. The 22-question Sino-Nasal Outcome Test (SNOT-22) was completed if chronic
rhinosinusitis symptoms were suggested.

The prevalence of incidental paranasal sinus abnormality was 10.6%. The most common sinus
abnormality was the maxillary sinus (41.3%), followed by anterior ethmoid sinus (19.2%)
and posterior ethmoid sinus (15.4%). Patients’ symptoms were not found to be significantly
different between groups of normal and abnormal Lund-Mackay scores. Additionally, there
was no significant correlation between Lund-Mackay scores and the SNOT-22 scores among
the chronic rhinosinusitis patients (r = -0.18, P = 0.657).

The prevalence of incidental paranasal sinus abnormality was 10.6%. Incidental CT findings
suggestive of rhinosinusitis may not correlate with symptoms.
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Introduction

Computed tomography (CT) is increasingly
used for accurate diagnosis and improved treatment.
The prevalence of incidental sinus abnormalities on
CT ranges from 15 to 43%."2 This range is partially
due to variations in study methodology, subjects’
characteristics, and definitions of abnormalities.
The detection of incidental findings unrelated to the
purpose of imaging can also increase overdiagnosis
and patients’ anxiety.® The relationship between
abnormal radiologic findings of paranasal sinuses
such as mucosal thickening, fluid levels, and total
opacification with rhinosinusitis symptoms, which
can be observed in patients with colds, influenza,
rhinitis and allergic asthma often remains
uncertain.* However, The European Position
Paper on Rhinosinusitis and Nasal Polyps 2020
(EPOS) integrates symptomatic, endoscopic and
radiographic criteria into the clinical definition of
rhinosinusitis.’

Various CT-based staging systems on sinus
abnormalities have been proposed and studied.
The Lund-Mackay (LM) scoring system is simple,
widely accepted and achieves high interobserver
reliability.> 7 Many studies have reported inciden-
tally normal Lund-Mackay scores.®® However, there
is no standard cut-off point for abnormal LM scores.
Nazri et al.! concluded that a LM score exceeding 3
was abnormal. In addition, 76% of the EPOS 2020
steering committee suggested that after failure of
appropriate medical or surgical treatment of chronic
rhinosinusitis (CRS) resulting in continued symp-
toms and abnormal endoscopy, CRC is clinically
relevant when LM scores are 2 due to complete
obstruction of one sinus and 72% of the committee
suggested that CRC is clinically relevant when LM
scores are 3.5

The 22-question Sino-Nasal Outcome
Test (SNOT-22) is a widely used disease-specific
questionnaire for chronic rhinosinusitis which has
been translated into Thai language.'®" SNOT-22 is
quite reliable, valid, and easy to use to distinguish
between patients with and those without chronic
rhinosinusitis.'?

In this study, we aim to evaluate the
prevalence of incidental sinus abnormalities on
CT imaging of the brain for non-sinus related
conditions using the Lund-Mackay scoring sys-
tem and to assess the correlations of CT imaging

findings with sino-nasal symptoms and disease
specific questionnaire based on SNOT-22.

Methods

A descriptive cross-sectional study was
conducted with 106 patients with non-sinus related
diagnoses referred for CT imaging of the brain at
Thammasat University Hospital from November
2020 to February 2021. The protocol was approved
by the Human Research Ethics Committee of
Thammasat University (MTU-EC-OL-0-194/63).
Only patients > 18 years old who had CT brain
scans which could be completely visualized in all
sinuses were included. Informed consents were
obtained from all patients. Exclusion criteria
included subjects with major head trauma (e.g.,
intracranial hemorrhage, skull fracture) in whom
nonspecific sinus findings may have been due to
acute bleeding, emergency conditions that required
first aid (e.g., unconsciousness, cerebral hemor-
rhage, shock) and patients who refused to complete
the questionnaire.

The patients were required to answer a
standard questionnaire which included gender,
age, underlying disease, indication for CT imaging
of the brain, sino-nasal symptoms (e.g., nasal dis-
charge, nasal obstruction or congestion, facial pain
or pressure, decreased sense of smell), and history
of previous sinus surgery. Patients were requested
to complete the SNOT-22 if they were suspected
of having chronic rhinosinusitis. Suspicion of
CRS was based on clinical diagnostic criteria of
EPOS 2020,° the presence for at least 12 weeks of
at least 2 out of 4 symptoms (i.e., nasal blockage/
obstruction, nasal discharge, facial pain/pressure,
hyposmia/anosmia). The questionnaires were filled
within 48 hours before or after CT imaging to ensure
the highest chance of correlation with the current
imaging findings.

The CT scans were performed using [Qon
Spectral CT (Philips Healthcare, Cleveland, OH,
USA) and the images were reviewed electronically
on a picture archiving and communication system
(PACS). Each image was analyzed by two otorhino-
laryngologists (blind and independent). Images were
graded using the Lund-Mackay CT grading system
and consensus Lund-Mackay scores (from the two
reviewers) were given for each case.
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The Lund-Mackay CT grading system
involves scoring 6 bilateral areas of sinuses, each
area (maxillary, anterior ethmoid, posterior ethmoid,
frontal sphenoid sinus on right and left sides) was
graded a score (0 for no abnormality, 1 for partial
opacification, 2 for total opacification) and the
ostiomeatal complex on each side was also graded a
score (0 for not occluded, 2 for occluded). Thus, the
total score ranges from 0 to 24."* A Lund-Mackay
score less than 4 was classified as no CT abnor-
mality and a score greater than or equal to 4 was
classified as CT abnormality which was suspected
sinusitis.'*

The patients were divided into two groups;
CT abnormality and no CT abnormality according
to their Lund-Mackay scores. The differences
of sino-nasal symptoms between groups were
evaluated. Correlations between Lund-Mackay
scores and SNOT-22 scores of patients with chronic
rhinosinusitis were explored.

The statistical analysis was performed
using STATA version 14 (STATA Corp., Texus,
USA). The results were summarized using
median (Interquartile range, IQR) for non-normally
distributed continuous variables and number or
percentage for categorical variables. The intraclass
correlation coefficient (ICC) was used to assess
inter-rater reliability of Lund-Mackay scores. The
exact probability test was used to compare of the
differences between categorical variables while the
Mann-Whitney U test was used in non-normally
distributed continuous variables. Correlation
between Lund-Mackay score and SNOT-22 score
was analyzed using Spearman’s rank correlation.
A P-value of less than 0.05 was considered to be
statistically significant.

Results
A total of 106 adults were initially enrolled
in this study. Two patients were excluded due to
skull fracture. The remaining 104 patients consisted
of 57 (54.8%) men and 47 (45.2%) women, and
their median age was 67 years (IQR 59 - 76, range

30 to 91). The most common indications for CT
brain were suspected stroke (45.2%), followed by
post intracranial hemorrhage (17.3%), and headache
(10.6%).

A perfect inter-rater reliability of Lund-
Mackay scores was found between the 2 imaging
reviewers. The average measure ICC was 0.942
with a 95% confidence interval from 0.914 - 0.960
(P <0.001). The median Lund-Mackay score was
1 (IQR 0 - 2, range 0 to 12). The incidence rate of
sinus mucosal abnormalities (score >4) was 10.6%.
There were 47 (45.2%) patients with Lund-Mackay
score of 0 and 46 (44.2%) patients with Lund-Mack-
ay score of 1 - 3. Figure 1 shows the distribution
of Lund-Mackay scores of all patients. The most
common sinus abnormality was maxillary sinus
(41.3% of patients), followed by anterior ethmoid
sinus (19.2%), posterior ethmoid sinus (15.4%),
sphenoid sinus (10.6%), frontal sinus (8.7%), and
ostiomeatal complex (1.9%) as shows in Table 1.

According to Lund-Mackay score, we
compared the sino-nasal symptoms and clinical
diagnosis of rhinosinusitis of patients with and
without CT abnormalities, or sinus mucosal abnor-
malities, as shows in Table 2. Among 11 patients
who had abnormal CT findings, 9 (81.8%) patients
had no sino-nasal symptoms, and 1 (9.1%) patient
was suspected of having rhinosinusitis. Among 93
patients who had normal CT finding, 72 (77.4%)
patients had no sino-nasal symptoms, and 9 (9.7%)
patients were suspected of having rhinosinusitis.
There were no significant differences in sex, age,
sino-nasal symptoms or diagnosis of rhinosinusitis
between the two groups.

There were 23 patients who had sino-nasal
symptoms and only 10 patients were suspected of
having rhinosinusitis. Eight out of ten patients who
had had symptoms for more than 3 months were
suspected of having chronic rhinosinusitis and
were requested to complete the SNOT-22. There
was no statistically significant correlation between
Lund-Mackay score and SNOT-22 score (r=-0.18,
P =0.657).
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Figure 1 Distribution of Lund-Mackay scores.
Table 1 Distribution of sinus abnormalities as indicated by LM scores
Lateralit i
Area of sinuses : aterali y Number of patients %
Unilateral Bilateral (n=104)

Maxillary 27 16 43 41.3
Anterior ethmoids 15 5 20 19.2
Posterior ethmoids 12 4 16 154
Sphenoid 3 11 10.6
Frontal 1 9 8.7
Ostiomeatal complex 1 2 1.9

Table 2 Comparison between patients with and without CT abnormality based on Lund-Mackay scores

. Total CT abnormality No CT,
Variables (n = 104) (n=11) abnormality P-value*
(n=93)
Sex: male 57 (54.8) 8 (72.7) 49 (52.7) 337
Age, median (IQR), years 67 (59,76) 66 (58,74) 71 (63,78) 267
No sino-nasal symptom 81 (77.9) 9 (81.8) 72 (77.4) 1.000
Rhinorrhea 15 (14.4) 2 (18.2) 13 (14.0) .658
Nasal obstruction 10 (9.6) 0(0.0) 10 (10.8) 595
Facial pain 5(4.8) 19.1) 4(4.3) 435
Loss of smell 8(7.7) 0(0.0) 8 (8.6) .595
Diagnosis of rhinosinusitis 10 (9.6) 1(9.1) 9(9.7) .000

Abbreviation: IQR, interquartile range.

*The exact probability test for categorical variables and Mann-Whitney U test for age.
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Discussion

In this study, we demonstrate the preva-
lence of incidental findings which were suspected
to be rhinosinusitis in non-sinus related CT brain.
Several studies have reported the frequency of sinus
abnormalities on CT scans. Havas et al.” revealed
sinus abnormalities in one or more of the paranasal
sinuses in 42.5% of CT scans in asymptomatic
adults. Nazri et al.' reported that the prevalence of
sinus abnormalities is between 14.6% and 37.5%
depending on the cut-off of the Lund-Mackay score.
In our study, the prevalence of incidental sinus
abnormalities was 54.8% and 10.6% at the cut-off
values of > 1 and > 4, respectively.

At present, the Lund-Mackay CT staging
system is the most widely used," but the normal
scores and the relation with disease severity are
problematic. Ashraf et al.® demonstrated that the
Lund-Mackey score in the general population
was not 0 and that the mean Lund-Mackay score
was 4.26. The accuracy of CT in the diagnosis of
CRS using Lund-Mackay scores was also tested.
Assuming cut-off value of > 2 as abnormal, the
CT showed sensitivity and specificity of 94% and
41%, respectively. Increasing the cut-off value to 4
changed the sensitivity and specificity to 85% and
59%, respectively. The ROC method in conjunction
with positive and negative predictive value analysis
indicates Lund-Mackey scores > 4 highly likely
to represent true CRS.'" And also, many studies
have concluded that Lund-Mackay scores < 3 are
normal.!® ' Thus, we defined sinus abnormality by
a Lund-Mackay score which was > 4. The preva-
lence of incidental sinus abnormalities was 10.6%
in our study, which was lower than in other reports.
The difference is probably because we investigated
non-sinus related patients at non-Ear, Nose and
Throat (ENT) clinic.

In addition, we found that the Lund-
Mackay score for each sinus may be excessive as a
result of how the score is given. Each sinus is graded
separately as clear, partially opaque or totally
opaque but there are no standard percentages of
opacification or mucosal thickening measurement
to differentiate between each score. Any mucosal
lesion is considered abnormal and generates a
Lund-Mackay score of at least 1 for that sinus.?

Both maxillary sinus and ethmoid sinus
have been reported to have higher prevalence of
sinus abnormalities.? Our study shows that the most

frequently affected sinus is the maxillary sinus,
followed by ethmoid sinus, which is the same result
as those in many previous studies.!> ¢

Most studies conclude that clinical symp-
toms are not always correlated with CT findings.!”
However, symptomatic sinus patients are much
more likely to have positive sinus CT findings than
asymptomatic patients.'® In contrast, we report
that the symptomatic patients have insignificantly
lower prevalence of abnormal CT finding than the
asymptomatic patients (8.7% vs. 11.1%, P=1.000).
This is most likely because the symptoms of patients
with chronic rhinosinusitis can be nonspecific and
difficult to differentiate from other sino-nasal
diseases. The common sino-nasal symptoms in our
study are rhinorrhea (14.4%) and nasal obstruction
(9.6%). Two subjects without any sino-nasal symp-
toms had Lund-Mackay scores 9 and 12. Therefore,
consistent with most other studies, we found no
definite correlation between incidental CT brain
images and symptoms of rhinosinusitis.

There are some limitations in our study.
Firstly, the sample size was too small to determine
the association between CT images and sino-nasal
symptoms. We included only subjects who were
referred for CT brain with non-sinus related
conditions and most of the subjects did not report
any sino-nasal symptoms. Therefore, more patients
are necessary for verifying our results. Secondly,
we did not explore associated comorbidities or
anatomical variations (e.g., concha bullosa, Haller
cells, Onodi cells) which are important risk factors for
rhinosinusitis and for abnormal sino-nasal structures
that might miss interpretation with sinusitis. Thus,
further study should be conducted in order to explain
these limitations. Third, we did not assess nasal
endoscopy concurrently with CT. Nasal endoscopy
improves the sino-nasal evaluation by producing
a closer visualization of the involved areas than is
possible with anterior rhinoscopy.'®-?°

In clinical implication, our study indicates
that LM scores in asymptomatic adults are not 0 and
that an LM score more than or equal to 4 should be
recognized. While CT provides good information
about paranasal sinus involvement, its relationship
with symptoms is not reliable. Thus, CT should
not be employed exclusively, but should be used
concurrently with clinical symptoms for diagnosis
of chronic rhinosinusitis.
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