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Ultrasonography used in the diagnosis of chronic rhinosinusitis:
From experimental imaging to clinical practice
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Abstract. There is an increasing incidence of sinusitis cases
in outpatient clinics; therefore, new methods for screening
and triage are required. Performance of sinus sonography
in our outpatient protocol was assessed in order to ascertain
the specificity and sensitivity of this imaging method to
detect rhinosinusitis. A total of 81 consecutive cases with
clinical signs of sinusitis were collected and clinical data
compared with sinus sonography results. Moreover, sinus
sonography enhanced referral for further computed tomog-
raphy scans. The results showed that sonography may be a
screening method in sinus pathology, with a high sensitivity
of 78.3% and a specificity of 93.1%. In the context of the
COVID-19 pandemic, the use of ultrasound for paranasal
sinus imaging should be reconsidered as in the case of lung
sonography. According to data of the present study, sinus
ultrasound may be implemented in the emergency depart-
ments with no access to standard ENT services and it could
be efficient in managing sinusitis in pregnant women and
pediatric cases.

Introduction

Heidelbach and Gilbricht were among the first to report the use
of A-mode sonography for the analysis of maxillary sinusitis
cases, which was later used broadly due to the enhancement
of probes and because it represented a viable alternative to
standard radiology (1).

Evidently, the gold standard in sinus imaging are computed
tomography (CT) and magnetic resonance imaging and because
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of their development the use of sonography was abandoned
until recently, when it was used in emergency departments in
trauma cases for rapid detection of hemosinus (2).

Promising results were obtained in the management of
maxillary acute sinusitis in pediatric cases given the advantage
of reducing child exposure to radiation and enabling the serial
exam during treatment (3). Therefore, ultrasonography can be
used in pregnant patients to exclude acute sinusitis requiring
active medical treatment precarious to pregnancy.

After 2005, the increased accessibility to high resolution
ultrasound machines that were implemented aimed to analyze
the specificity and sensitivity of this method for the detection
of sinus fractures compared to standard radiology and CT
scans. According to Adeyemo and Akadiri, the sensitivity
and specificity for detecting orbital fractures was between
56-100 and 85-100%, respectively; for the detection of nasal
fractures, they recorded 90-100% sensitivity and 98-100%
specificity compared to CT scans (4).

For the present study, we implemented the ultrasound exam
of patients with inflammatory sinus pathology before they
received CT scans in order to prove the utility of sonography
in the primary management of these cases and in deciding for
further referral to CT scan imaging.

Materials and methods

General. A total of 81 cases (48 males and 33 females), with
a median age of 56 years, with sinus symptoms presented to
a private outpatient clinic (Galenus Medical Center, Targu
Mures, Romania) and were enrolled in the present study.
Inclusion signs and symptoms: Pus secretion in the nasal
cavity, mild facial pain, pressure sensation on sinus points,
nasal obstruction, loss of smell, fever, headache.

All cases received standard ENT exam with nasal endos-
copy, followed by sonography with an Acuson x300 machine.
Following these steps, some of the cases were referred to
CT scan imaging.

The study followed the international regulations in
accordance with the Declaration of Helsinki. The study was
approved by the Ethics Committee of Galenus Medical Center.
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Patient informed consent for publication of the data/images
associated with the manuscript was obtained.

Method. The technique for ultrasound exam of sinuses is
based on two important aspects: Precise delineation of bony
structures in sonography window through the back-shadow
effect, and the fact that, in pneumatic cavities, the ultrasound
trajectory is reduced without a contiguous medium.

At the level of the frontal sinus, the transducer is placed
over the upper rim of the orbit centered on the median line.
Therefore, one can visualize the anterior wall of the sinus
and the posterior echo generated through the encounter of
ultrasound rays with the posterior sinus wall. In the case of
acute sinusitis, the fluid content filling the sinus will enable the
contiguous propagation of the ultrasound rays between the two
walls. Sinus sonography is performed with the patient sitting
upright and facing downwards. Therefore, the content of the
sinus is moved downwards on the anterior wall and can be
measured in quantity. Subsequently, the patient is examined
with the head upright and if the content moves inferiorly, it
will confirm the suspicion of a frontal purulent sinusitis. The
absence of this movement will raise the suspicion of a cyst and
even a sinus tumor. These steps are shown in Fig. 1.

Moreover, we examined the integrity of the nasal bone
pyramid while angling the transducer over the lateral aspect
obliquely to the inner angle of the eye. The structures visu-
alized are nasal bones with posterior shadow effect and alar
cartilages.

Imaging of the maxillary sinus is similar to that of the
frontal sinus following examination of the integrity of the
anterior sinus wall and the posterior back echo generated at
the level of the posterior wall of the sinus. There are limits in
the fact that cystic pathology on the posterior wall is hard to
visualize.

The case of a patient with polypoid maxillary mucosa on
the right side is presented. We enhanced the ultrasound exam
protocol by visualizing both sinuses in duplex comparative
window (Fig. 2).

In the duplex ultrasound window, the difference in thick-
ness of the sinus mucosa on the anterior right maxillary wall
compared to the thinner one on the anterior left maxillary wall
is underlined. Due to the presence of the content, we obtained
an important posterior echo on the right side, but on the left
side, the normal sinus content had an absent posterior echo.

Statistical analysis. Statistical analysis was performed with
Microsoft Excel Program using the Chi square test, and
Spearman's correlation for P-values <0.05. In order to ascer-
tain the performance of sonography as a screening test, we
used the ROC curve therefore calculating the sensitivity and
specificity.

Results

Patients. The median age of the study subjects was 56 years.
The male predominance was of 59.25%. The ultrasound exam
compared to nasal endoscopy presented 78.3% sensitivity and
93.1% specificity. Only 28.39% of the patients were further
referred to CT scan imaging. Two of the 81 patients proved to
be suffering from mucocele and sinus tumor.

Figure 1. Sinus ultrasound protocol: Left image the transducer positioning,
upper right image at the level of the frontal sinus; middle right image at the
level of the lateral aspect of the nasal pyramid; lower right image at the level
of the maxillary sinus. Therefore, one can visualize the anterior wall of the
sinus 1) and the posterior echo generated through the encounter of ultrasound
rays with the posterior sinus wall 2). The structures visualized are nasal
bones 3) with posterior shadow effect and alar cartilages 4). In addition, the
integrity of the anterior sinus wall 5) and the posterior back echo generated
at the level of the posterior wall of the sinus 6) are visualized.

Figure 2. Duplex sonography of both maxillary sinuses in the same patient.
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Figure 3. ROC curve for sinus ultrasound revealing sensitivity of 78.3 and
93.1% specificity.
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Spearman's correlation. The age group distribution revealed a
greater incidence of sinus pathology of 27.16% between 41 and
50 years of age.

In addition, the ultrasound exam suggested the diagnosis
of rhinosinusitis in 28.39% of the cases. We obtained a statis-
tical P-value of 0.002 for the correlation between sex and age
groups, with a lower incidence of male patients <40 years and a
female predominance between 41 and 50 years. Regarding the
correlation between clinical diagnosis and age groups, we did
not obtain a positive statistical result. However, we obtained a
statistical P-value of 0.04 for correlating ultrasound diagnosis
with age groups. Furthermore, there was an increased inci-
dence of ultrasound diagnosis of rhinosinusitis is in the age
groups 41-50 and 71-80 years. Moreover, in the age group of 51
to 60 years, the ultrasound confirmed the clinical suspicion of
chronic rhinosinusitis. While correlating the sex of the patients
with the ultrasound diagnosis we obtained a P-value of 0.01;
in 40 male cases, the ultrasound confirmed the clinical diag-
nosis of rhinosinusitis. Further correlation between ultrasound
imaging and further referral to CT scan retrieved a significant
P-value of 0.0001.

By plotting the ROC curve, we established that sonography
may be a screening method in sinus pathology with a high
sensitivity of 78.3 and 93.1% specificity, (Fig. 3).

Discussion

Data obtained thus far prove the utility in screening pediatric
population or in emergency departments. There were also
studies that analyzed the utility of sonography in imaging the
bone sections performed during rhinoplasty procedures and
for correct visualization of the repositioned bone fragments in
trauma cases (5,6).

The increased incidence of cranial and facial trauma
requires the development of new screening protocols in the
emergency departments to expedite the access of major cases
to complex imaging studies (7). This is also the case for
patients with sinusitis complications in which the treatment
progression could be actively followed using ultrasound (8).
Ultrasonography could be the answer to these problems, as
it attracts more ENT specialists towards its use in outpatient
settings (9,10).

Moreover, there is a current trend in surgeon-performed
sonography, as in the case of gastrointestinal pathology, and
this could also be applied in sinus pathology lowering the
burden in already crowded imaging departments (11). Our
sensitivity and specificity data are consistent with the ones
published on 74 patients by Hsu et al (12).

Correlating allergic rhinitis cases with nasal sinus
ultrasound could be a future step in the management of this
pathology (13). Thus, we hope that our data will help shift
the use of sonography from experimental to clinical practice
in ENT and other allied specialties, such as ophthalmology,
plastic surgery, and trauma surgery (14,15).

However, there is the drawback of receiving incomplete
data regarding nasal anatomy via this method, data that are
necessary for proper planning of functional endoscopic sinus
surgery.

In summary, sonography is an imaging method that has many
advantages: Lack of irradiation, it is fast and cheap, and it permits

serial dynamic examinations to ascertain the treatment efficacy.
In the present study, we have shown that, in outpatient settings,
sinus ultrasound has high sensitivity and specificity in ruling out
cases without rhinosinusitis.
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