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ABSTRACT

Objective: We aimed to investigate the image quality of paranasal sinus computed tomography (CT) scans obtained with the
“Advanced intelligent Clear-IQ Engine” (AiCE) software and ultra-low dose parameters in patients with pre-diagnosed rhinitis,
sinusitis or nasal septum deviation.

Methods: The first 50 patients (31 men and 19 women, aged 18-70 years) who agreed to participate in our prospectively planned
study were included in the study. Imaging of the patients was performed with a 160-slice multidetector CT device Canon Aquilion
Prime SP (Canon Medical Systems, Otawara, Japan). Tube voltage of 80 kV and tube current of 40 mA were chosen. The effective
radiation dose (ED) was calculated based on the “dose-length product” (DLP) information of each patient. Evaluation of images was
made on reformat images made with “AiCE Bone” filter in the axial and coronal planes. All images were double-blindly evaluated
by 2 radiologists out of 5 points (5 = very good; 1 = not diagnostic). The visibility of 17 bilateral important anatomical landmarks
examined on paranasal sinus CT was scored (0 = not visible; 2 = completely visible). In the evaluation of images, the agreement
between radiologists was evaluated with Kappa statistics.

Results: The median ED value of the CT protocol was 0.015+0.001 mSv [range 0.012-0.017 mSv]. The overall image quality of the
images in our study was interpreted as 4 (good) or 3 (moderate) for all patients. Inter-research agreement was 92%. Most of the
anatomical landmarks evaluated were completely visible. Six (bilateral of three) anatomical landmarks could be partially visible in
some patients.

Conclusion: Combining the ultra-low dose CT protocol and the AiCE reconstruction algorithm makes it possible to achieve very
low ED values in paranasal sinus CT scans and still obtain sufficient image quality in indications such as septum deviation and
sinusitis.
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INTRODUCTION

Computed Tomography (CT) is a diagnostic method that is widely
used in the radiological diagnosis of many diseases and uses
ionizing radiation. With the increasing use of CT, the exposure
of people to ionizing radiation is constantly increasing. lonizing
radiation damages cells and tissues, disrupts the structure of
genetic material and increases the risk of cancer in the long term
[1]. For these reasons, techniques to reduce the radiation dose
used in CT are constantly being developed.

CT is widely used for diagnostic purposes in almost all body
imaging. It is also the gold standard for the evaluation of the
paranasal sinus cavities and facial bones for most indications [2].
It provides important information about surgically important
anatomical details, variations, soft tissues and bone structures,
especially in the management of sinus inflammation [3]. In
paranasal sinus CT, the presence of organs that are more sensitive

to radiation, such as eye lens and thyroid, near the scanning area
makes the radiation dose in this scan even more important [4].
The fact that the scanning is mostly done with young people
and in some cases the need for follow-up imaging makes the
issue even more serious. For these reasons, protocols containing
as low radiation dose as possible should be arranged in every
hospital.

In parallel with technological developments, advanced iterative
dose reduction methods are applied in current CT devices. One
of the most up-to-date among these is the “Advanced intelligent
Clear-1Q Engine” (AiCE) dose reduction technology. In our study,
we aimed to investigate the image quality of paranasal sinus CT
scan obtained with AiCE software and ultra-low dose parameters
in patients with prediagnosed rhinitis, sinusitis or nasal septum
deviation.
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METHODS

The first 50 patients admitted to our radiology department
between November 2019 and September 2022, and agreed to
participate in our prospectively planned study were included
in the study. Patients with a pre-diagnosis of rhinitis, sinusitis or
septum deviation were determined as inclusion criteria. Patients
under the age of 18 and those with a history of craniofacial
trauma were not included in the study. Patients who moved
during the scanning were excluded from the study.

Our study included 31 male and 19 female patients aged 18-70
years. Imaging of the patients was performed with a 160-slice
multidetector CT device, Canon Aquilion Prime SP (Canon
Medical Systems, Otawara, Japan). The settings were used as
follows; tube voltage: 80 kV; rotation time: 0.35 s; tube current: 40
mA (14 mAs); collimation: 80x0.5 mm:; pitch: 1.388. The patients
were in the supine position and their images were taken in the
axial plane. The scanning area was chosen from the roof of the
frontal sinus to the end of the maxilla. Evaluation was made on
reformat images with a section thickness of 2 mm made with
“AiCE Bone”"filter in the axial and coronal planes.
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Volume CT dose index (CTDIvol) and dose-length product (DLP)
of each patient were recorded. For the calculation of the effective
radiation dose (ED), the product of the constant coefficient of
0.0023 mSv/(mGy.cm) recommended by the European Working
Group for facial bones and the DLP value was used [5].

All images were evaluated double-blindly by 2 radiologists with
13 years and 11 years of experience, respectively. Initially, overall
diagnostic image quality was scored out of 5 points (5=very
good; 4 = good; 3 = moderate; 2 = low; 1 = not diagnostic). Then,
the visibility of the borders of the nasal septum, bone septa of
ethmoid cells, uncinate process of ethmoid bone, maxillary
sinus ostium, ethmoid infundibulum, nasolacrimal duct, fovea
ethmoidalis, cribriform plate and lamina papyracea were scored
for each patient (Figure 1). The scoring system used for this was
as follows; 0 (not visible), 1 (partially visible), or 2 (completely
visible). Except for the nasal septum, other anatomical structures
were evaluated separately for the right and left. The scores of
the anatomical structures were recorded separately by both
radiologists.

Figure 1. Anatomical structures scored. 1: nasolacrimal duct; 2: ethmoid infundibulum; 3: uncinate process of ethmoid bone;
4: maxillary sinus ostium; 5: lamina papyracea; 6: fovea ethmoidalis; 7: cribriform plate; 8: ethmoid cells; * nasal septum

Main Points:

« The most important disadvantage of CT is that it uses
ionizing radiation.

- Image quality is the most important limiting factor in
reducing the radiation dose in CT protocols.

+ In paranasal sinus CT scans performed with AiCE, a
contemporary dose reduction algorithm, it is possible to
achieve sufficient image quality in pre-diagnoses such as
rhinitis, sinusitis and septum deviation, even at very low
doses.

Statistical Analysis

Descriptive statistics of the data obtained from the study were
given with mean, standard deviation for numerical variables,
and frequency and percentage analysis for categorical variables.
In the evaluation of images, the agreement between 2 different
radiologists was evaluated with Kappa statistics. Analyzes were
performed with the IBM SPSS Statistics for Windows, version 22.0
(IBM Corp., Armonk, New York, United States) and p<0.05 was
chosen as the significance level.

Power Analysis: The total number of patients required for a
moderate agreement (r=0.5) between the scores given by 2
different radiologists to the image quality of the images to
be obtained by CT was determined as 29 (a=0.05, 1-3= 0.80).
Analysis was done in Gpower version 3.1.
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RESULTS

A total of 50 patients, 31 male (62%) and 19 female (38%), were
included in the study. The mean age of the patients was 30 and
the age range was 18-70.

The CTDIvol value of the applied protocol was 0.40 mGy. The
median DLP value was 6.5£0.5 mGy.cm [range 5.20-7.50 mGy.
cm], and the calculated median ED was 0.015+0.001 mSv [range
0.012-0.017 mSv].

The overall image quality of the images in our study was
interpreted as 4 (good) or 3 (moderate) for all patients (Figure 2).
There were no patients whose image quality was interpreted as 5
(very good), 2 (low), or 1 (not diagnostic). The agreement between
radiologists was 92% (Table 1). Nasal septum, bony septa of
ethmoid cells, uncinate process of ethmoid bone, maxillary sinus
ostium, ethmoid infundibulum and nasolacrimal duct borders
were completely visible in all patients. The borders of one or more
of the fovea ethmoidalis, cribriform plate and lamina papyracea
structures were partially visible in some patients (Figure 3). There
was no patient in whom the borders of these structures were not
visible at all (Table 2).
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Figure 2. General image quality: Images of 2 different patients
whose image quality was interpreted as “good” (A) and
moderate (B) by both radiologists. Although the image quality
and clarity are different, septum deviation and bone spur
formation (arrows) can be easily evaluated in both patients.

Table 1. Evaluation of the images in terms of overall image quality

Number of Patients
Radiologist 1 Radiologist 2

Scoring of image quality

1: Not diagnostic 0 0

2: Low 0 0

3: Moderate 25 27

4: Good 25 23

5: Very good 0 0
Agreement %92
Reliability k =0.84

K: Kappa value

Figure 3. Examples of partially visible anatomical structures: A) A patient whose image quality was interpreted as “good” by both
radiologists. Minimal mucosal thickening (arrows) is observed in the bilateral maxillary sinus. In this patient, both radiologists
evaluated that the bilateral lamina papyracea (arrowheads) were partially visible. B) A patient whose image quality was interpreted
as “moderate” by both radiologists. Retention cysts (asterisks) are observed in the bilateral maxillary sinus. In this patient, both
radiologists evaluated that the borders of the bilateral lamina papyracea (arrowheads) and the left cribriform plateau (arrow) were
partially visible.
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Table 2.

Evaluation of the visibility of anatomical structures
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) . . . Ethmoid Infundi- . I oo :
Ethmoid Cells Uncinate Process Maxillary Ostium bul Nasolacrimal Duct Fovea Ethmoidalis Cribriform Plate Lamina Papyracea
ulum
NS
R IL R IL R IL R IL R L R IL R IL, R IL
RI |R2| RI | R2| R1| R2|RI | R2| Rl [ R2| R1 [ R2| RI | R2| RI [ R2| Rl [ R2| Rl [ R2| R1 | R2| Rl | R2| Rl [ R2| Rl | R2| R1 | R2| Rl | R2| RI | R2
0:NV | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
1: PV 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 6 7 3 5 12117 [ 13 | 16 | 21 | 24 | 20 | 24
2:CV | 50 | 50 | 50 [ 50| 50| 50| 50| 50| 50| 50| 50| 50| 50) 50|50 /(501(507(50/|501(501(501(501]| 44| 43|47 |45 | 38|33 |37 |34 |29 |26 30|26
Ag (%) | 100 100 100 100 100 100 100 100 100 100 100 98 96 90 94 94 92
Reli * 1 1 1 1 1 1 1 1 1 1 1 0.912 0.73 0.76 0.855 0.879 0.839

R: Right; L: Left; R1: Radiologistl; R2: Radiologist2; NV: Not visible; PV: Partially visible; CV: Completely visible; NS: Nasal Septum; Ag: Agreement; Reli: Reliability* The reliability line

shows the calculated kappa value (k).
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DISCUSSION

The CTDIvol value of the protocol in our study (tube voltage:
80 kV; tube current: 14 mAs; rotation time: 0.35 s; pitch value:
1.388 and AiCE reconstruction algorithm) is 0.4 mGy. The same
value in the protocol we use in routine paranasal sinus CT scans
with the same device in our hospital (tube voltage: 100 kV; tube
current: 75 mAs; rotation time: 0.5 s; pitch value: 1.388 and AiCE
reconstruction algorithm) is 4.0 mGy. Thus, with the parameters
we used in the study protocol, we achieved a 90% dose reduction
compared to our routine daily practice. The ED values in our study
arein the range of 0.012-0.017 mSv. In a study, the mean ED value
was found to be 0.0398 mSv in paranasal sinus radiographs [6].
So, the ED values we obtained are even below the radiographic
ED value.

The overall image quality of our study protocol was not excellent,
but was quite good according to the results of the evaluation
by both radiologists with high agreement. We believe that with
the AiCE reconstruction algorithm and the parameters we have
chosen, adequate image quality can be obtained for indications
such as evaluation of septum deviation and sinusitis detection
in paranasal sinus CT scans, despite very low ED values. To date,
different methods such as low tube voltage, low tube current-
time value, high pitch value and iterative dose reduction
methods have been tried to reduce ionizing radiation exposure
in paranasal sinus CT scans, and the most important parameter
limiting the use of these methods isimage quality [7-11].There are
other studies in the literature combining iterative dose reduction
method and low dose scanning protocol. In a study performed
with Adaptive Iterative Dose Reduction 3 Dimensional (AIDR 3D)
on the Toshiba Aquilion Prime device, the mean DLP value was
found to be 33.12+4.53 and the mean ED value was 0.08+0.07
mSv [12]. Although the ED values we obtained in our study were
lower than in this study, no serious problems were encountered
in the distinguishability of anatomical structures. In another
study performed with the Siemens Somatom Force device and
ADMIRE reconstruction, the median ED value was calculated
as 0.012 mSy, and it was stated that acute inflammatory sinus
diseases can be reliably excluded with these images [2]. The ED
values obtained in our study are similar to these values. Since
our study was not planned only for patients with a prediagnosis
of sinusitis, the detection rate of sinusitis was not investigated.
However, no difficulties were encountered in the evaluation of
the sinus cavities in terms of inflammation or mucosal thickening
in our patients. Similarly, septum borders, deviation and bone
spur formation, if any, could be easily observed.

The most important perhaps the only significant weakness in
the image quality of the patients included in our study was the
incomplete demarcation of thin bone structures. This situation
was encountered especially in the evaluation of the cribriform
plate and lamina papyracea, and sometimes in the fovea
ethmoidalis. Of course, in patients with a prediagnosis of septum
deviation, this situation cannot be expected to have a negative
effect on the diagnosis. However, we think that the integrity of
these bones cannot be adequately evaluated in paranasal sinus
masses that thin or erode the sinonasal bone structures and
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require malignant/benign distinction, and this method may also
be insufficient in the evaluation of trauma.

Limitations

There were some limitations in our study. First, the quality
assessment in our study was subjective and there was no
numerical criterion. However, we thought that this would not
pose a serious problem due to the high agreement between
researchers. Secondly, the image quality of a fixed protocol was
investigated in our study and no comparison was made with the
standard scanning protocol, different parameters, or different
device. Finally, CT scans for a limited number of indications
were included in our study, and the effectiveness of the method
in patients with suspected malignancy was not investigated.
Therefore, evaluations were made only through the bone window
and the image quality of the soft tissue filter was not investigated.

CONCLUSION

Combining the ultra-low-dose acquisition protocol with the AiCE
reconstruction algorithm makes it possible to achieve very low ED
values in paranasal sinus CT scans and still obtain sufficientimage
quality in indications such as septum deviation and sinusitis.
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