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ABSTRACT

Acute maxillary sinusitis in children is diagnosed often based on the patient's clinical findings. However, imaging
is required in many cases due to overlap of signs and symptoms. CT scan is nowadays used as a radiologic Gold
Standard. Ultrasound, as a diagnostic method, has been less studied and the results of studies have also been
different. This study evaluates the diagnostic accuracy of ultrasound compared to that of CT scan in diagnosing
acute maxillary sinusitis in children. This is a cross-sectional study. The inclusion criterion of study was 5 to 15
years of old children, underwent paranasal sinuses CT scans with suspected acute rhinosinusitis clinically, to
confirm the diagnosis. Exclusion criteria included presence of other sinus pathologies such as polyp and retention
cyst. All patients underwent maxillary sinus ultrasound within 24 hours of CT scan. The findings of ultrasound
and CT scan were classified as opacification (Op), mucosal thickening (MT) and normal. The DTComPair
package under the R software was used for analysis and calculations. In addition, level of agreement between the
two modalities was determined using CAPA statistical index. Results: given the exclusion criteria, 50 patients,
including 22 female and 28 male patients with mean age of 7.14 * 2.98 were included into study. Subjects with
100% maxillary sinus underwent ultrasound. The sensitivity, specificity, positive predictive value, and negative
predictive value of ultrasound were determined 92%, 88%, 92%, and 88%, respectively. The level of ultrasound
error was low in diagnosing normal and opacification cases but high in diagnosing mucosal thinning (41.7%).
Ultrasound is a reliable method for diagnosis of acute maxillary sinusitis, while this modality shows a high level
of error in diagnosing mucosal thickening.
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Corresponding author: Elham Zarei each of them is non-specific and might appear
f:sgz;zgi ﬁégiﬁgig with -other dis?ases [2]. Various pathog.ens are
also involved in the development of sinusitis,
INTRODUCTION includin.g bac.teria (hfelemgphilus inﬂuenzae,
bacteroides), viruses (rhinovirus, adenovirus), as
well as fungi (aspergillus, etc.) [3]. Sinus puncture
is considered as a gold standard for diagnosis of
sinusitis, but this method is highly invasive and is
not easily accepted by patients [4]. Simple sinus
radiographies (including waters, Caldwell and
skull profile) are still used as a convenient and
available method in many centers as the primary
diagnostic method for sinusitis. CT scan is another
standard method in this regard [5]. One of the
limitations of this method is the time consuming
and high cost of doing CT scan [6].

Sinusitis is considered as one of the infections
around the nose and paranasal sinuses. Nowadays,
it is considered as one of the most common human
diseases, and despite its high prevalence, its
diagnosis is difficult, since clinical criteria and
simple radiographs are not so diagnostic in this
case [1]. Clinical diagnosis of sinusitis is based on
clinical symptoms such as nasal congestion, facial
pain and discomfort, post-nasal and pharyngeal
secretions, as well as olfactory disorder, which
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Ultrasound is one of the methods, proposed by
researchers nowadays as an effective method to
examine the facial problems. This method, unlike
CT scan, does not involve x-rays and it is cost-
effective. Moreover, it is safe and non-invasive
method, compared to sinus puncture method and
it is easily accepted by patients [7]. Other
advantages of ultrasound are availability and
using it in various clinical settings. Limited
research has reported ultrasound efficiency in
evaluating nasal and orbital fractures [8].
However, there is not enough information on the
efficiency of this method in the diagnosis of
paranasal sinusitis compared to conventional
methods, such as simple radiography and CT scan.
Thus, the objective of our study is to evaluate the
sensitivity and specificity of ultrasound in
comparison with CT scan method in diagnosing
maxillary sinusitis. In a study conducted by
Hilbert G et al. to examine the efficiency of
ultrasound in the diagnosis of maxillary sinusitis
in intubated patients in ICU, the results showed
that the sensitivity, specificity, and positive
predictive value, and negative predictive value of
this method in the diagnosis of maxillary sinusitis
were 100%, 96.5%, 984 % and 100%,
respectively. This study concluded that ultrasound
can be considered as the first line for examining
various types of sinusitis, especially in intubated
patients [8].

In a study conducted by Fufzun et al to examine
the efficiency of ultrasound in the diagnosis of
maxillary sinusitis in children, the results of the
study revealed that ultrasound was simple based
on simple radiographic findings and its sensitivity
and specificity were reported 94.5% and 98.4%,
respectively, for diagnosis of maxillary sinusitis. It
was also found that the ultrasound error was high
in diagnosis of Mucosal Thickening in the sinusitis.
This study concludes that ultrasound is a valuable
tool in examining paranasal sinusitis [9]. In the
study conducted by KU Tiedjen et al to examine
the efficiency of ultrasound in diagnosing the
paranasal sinuses compared with CT scan, results
showed that ultrasound diagnostic potential,
compared with CT scan, was 97.4.4, 31.5%, and
18%, respectively, for maxillary sinuses, frontal
sinuses, and ethmoidal sinuses. This study
concludes that ultrasound is appropriate for
diagnosing maxillary sinusitis. As a radiation-free
method, it can be also used as valuable tool in
screening the children, pregnant women, and
young women [10].

MATERIALS AND METHODS

This cross-sectional study was conducted on
children aged 5 to 15 years. Sinus CT scan and
maxillary sinus ultrasound were performed on all
patients. The inclusion criteria of study were
children aged 5 to 15 years, who had symptoms of
rhinosinusitis (rhinorrhea, cough, fever, headache,
and post-nasal secretions) which underwent the
paranasal sinus CT scan to confirm the diagnosis
of acute sinusitis. The exclusion criteria included
the presence of other sinus pathologies such as
polyp and retention cyst in the CT scan. CT scan
findings included, Mucosal Thickening,
Opacification, and normal cases. Ultrasound was
performed for patients within 24 hours after CT
scan. Sinus ultrasound was performed by a linear
probe with frequency of 7.5-10 MHZ. In
ultrasound, patients are placed in sitting position
and head is slightly flexed forward. The probe is
placed transversally on the anterior wall of sinus
in the vicinity of nose and below the lower wall of
orbit, and the sinus is scanned slowly in the
direction of craniocaudal and by giving angle to
probe. The first observed layer is skin and
subcutaneous tissue, and then, continuous linear
echogenic layer, which is the anterior wall of
sinus. (First Echo) since a normal sinus containing
air, its ultrasound view due to sound reflections is
seens as parallel echogenic lines(A-Line Artifact),
and has view similar to normal lung (Figure 1).
Sinusitis causes inflammation of the mucosa and
accumulation of fluid within the sinus. Ultrasound
findings are created based on these changes. The
accumulation of fluid within the sinus causes
creation of hypoechoic or anechoic triangular area
within the sinus, which is called sinusgram. If all
posterior, external, and internal walls of the
maxillary sinus are clearly visible, the sinusgram
would be called complete, and if a part of them is
specified, sinusgram would be called incomplete
(Figures 2and3). Complete sinusgram is
considered opacification sinus and incomplete
sinusgram is considered mucosal thickening. Back
Wall Echo is a clear hyper echo line formed by the
posterior wall of the sinus and its appearance
indicates pathology in the sinus .If the distance of
BWE line from the anterior wall of sinus(First
Echo) is more than 20 mm, it is considered as
opacification, and if it is less than 20 mm, it is
considered as mucosal thickening [11, 12, 13]. The
results of ultrasound and CT scan were compared
in these patients.
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RESULTS

In this study, 55 children were included into study
based on the inclusion criteria of study (symptoms
of rhinosinusitis and doing paranasal sinus CT
scan to confirm the diagnosis). Based on exclusion
criteria (the presence of concomitant pathologies
such as retention CYST or polyp), 50 patients
including 22 females and 28 males with mean age
of 7.14 + 2.98 were selected. Sinus ultrasound was
performed on 100 maxillary sinuses. The results
of CT scan showed 48 cases of normal, 24 cases of
mucosal thickening, and 28 cases of opacification.
In ultrasound, 45 cases were diagnosed normal,
14 cases were diagnosed mucosal thickening, and
25 cases were diagnosed opacification (Table 1).
Out of 100 cases, results of CT scan and ultrasound
were not similar in 16 cases. The highest non-
similarity was seen in mucosal thickening, which it
was reported normal in ultrasound. Non-similarity
in normal cases was 3 cases and it was 3 in
mucosal thickening cases and opacification cases,
which were reported as mucosal thickening in
ultrasound. Comparison between two methods of
imaging showed that high agreement between two
modalities with Kappa coefficient of 74% (P
<0.05). In addition, sensitivity, specificity, negative
predictive value, and positive predictive value
were also determined 94%, 81%, 88%, and 92%
(Table 2). Error rate of ultrasound in comparison
to CT scan was as follows: the error rate was 6.3,
10.7, and 41.7 in diagnosing the normal cases,
opacification, and mucosal thickening,
respectively. As seen, the error rate in diagnosis of
mucosal thickening is higher than that of normal
and opacification findings, indicating ultrasound
weakness in diagnosis of mucosal thickening.

Table 1
Confidence interval
Estimate  Standard 95%
value error Upper Lower
bound bound
Sensitivity 0/94 0/03 1 0/86
Specificity 0/81 0/05 0/91 0/70
PPV 0/81 0/05 0/92 0/71
NPV 0/93 0/03 1 0/86

Normal maxillary sinus Normal lung

Figure 1: Normal sinus view compared to normal lung

Figure 3: complete sinusgram
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Table
Ultrasound result Total
Normal Mu  opacification
Normal Count 45 3 0 48
% within CT_type 93.8 6.3 0.0 100.0
Count 10 14 0 24
CT scan result Mu % within CT_type 417 58.3 0.0 100.0
opacification Count 0 3 25 28
% within CT_type 0.0 10.7 89.3 100.0
Total Count 55 20 25 100
% within CTtype 55.0 20.0 25.0 100.0
X2 value=116.94 p-value< 0.05 CAPA value=0.74 p-value< 0.05

DISCUSSION

Inflammation of the sinus mucosa, leading to fluid
accumulation in the sinus is called as sinusitis.
Diagnosis of acute sinusitis, including maxillary
sinusitis, is often based on clinical findings
according to Guideline of Pediatric American
Academy [14]. Imaging is used in certain cases,
such as chronic or recurrent sinusitis, lack of
response to treatment or suspected complications .
However, in many cases, such as patients
hospitalized in ICU or in cases where clinical
symptoms overlap with other upper respiratory
tract infections, imagings are needed to confirm
the diagnosis. These radiological methods are
simple radiology, CT, and MRI. CT scan is
nowadays used in many centers as a radiologic
gold standard for diagnosis of sinusitis. However,
the presence of ionizing radiation, high cost and
the need for sedation are the disadvantages of this
imaging method [15-17]. Ultrasound was first
used by Mann for diagnosing the sinusitis, which
was recorded in a study conducted in 1975 [18].
Quantitative studies have been conducted on the
role of ultrasound in the diagnosis of maxillary
sinusitis in children and adolescents, and the
results of these studies have been different [19-
21]. In a study conducted on efficiency of
ultrasound in diagnosis of maxillary sinusitis in
intubated patients in ICU, results showed that
sensitivity, specificity, positive predictive value,
and negative predictive value of this method were
reported 100%, 96.5%, 98.4%, and 100% in the
diagnosis of maxillary sinusitis, compared with CT
scan [8]. In another study conducted to examine
efficiency of ultrasound in the diagnosis of
maxillary sinusitis in children, the results showed
that ultrasound compared with simple
radiographic findings had sensitivity of 94.5% and
specificity of 98.4% for the diagnosis of maxillary
sinusitis .It was also found that the ultrasound
error in mucosal thickening diagnosis was high
59.3 [9]. In a study conducted by Tiedjen KU et al

to examine the efficiency of ultrasound in the
diagnosis of paranasal sinuses, compared with CT
scan, the results showed that the diagnostic
accuracy of ultrasound is 97.4% for maxillary
sinuses [10]. In our study, the sensitivity,
specificity, positive predictive value, and negative
predictive value were reported 94%, 81%, 88%,
and 92%, respectively. The agreement between
the two modalities was determined 75%. The
error rate was reported low in diagnosing normal
and opacification cases, but high in diagnosing
mucosal thickening, indicating the weakness of
ultrasound in diagnosing mucosal thickening. This
weakness has been also reported in other studies
[22-24].

CONCLUSION

Ultrasonography is a non-invasive, cost-effective
and non-radiation method, and its performing
portably in ICU patients is feasible, and based on
results of this study, it can be used as a reliable
method for the diagnosis of acute maxillary
sinusitis, in cases where there is no suspected
complication in children. However, ultrasound
depends on operator and requires experience and
equipment. This study also showed that
ultrasound is weak in diagnosing mucosal
thickening in maxillary sinusitis.
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