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What’s Known
•
Routine dose chest computed
tomography (CT) can detect lung
lesions related to COVID-19. However,
it exposes patients to a high dose of
ionizing radiation.
•
The outcome of routine dose CT is
comparable to the real-time polymerase
chain reaction (RT-PCR) test.

What’s New
•
Ultra-low-dose chest CT, with 94%
dose reduction, can detect lung lesions
related to COVID-19 with acceptable
image quality.

Abstract

Background: The present study aimed to evaluate the
effectiveness of ultra-low-dose (ULD) chest computed
tomography (CT) in comparison with the routine dose (RD) CT
images in detecting lung lesions related to COVID-19.
Methods: A prospective study was conducted during AprilSeptember 2020 at Shahid Faghihi Hospital affiliated with
Shiraz University of Medical Sciences, Shiraz, Iran. In total, 273
volunteers with suspected COVID-19 participated in the study
and successively underwent RD-CT and ULD-CT chest scans.
Two expert radiologists qualitatively evaluated the images.
Dose assessment was performed by determining volume CT
dose index, dose length product, and size-specific dose estimate.
Data analysis was performed using a ranking test and kappa
coefficient (κ). P<0.05 was considered statistically significant.
Results: Lung lesions could be detected with both RD-CT and
ULD-CT images in patients with suspected or confirmed COVID19 (κ=1.0, P=0.016). The estimated effective dose for the RD-CT
protocol was 22-fold higher than in the ULD-CT protocol. In the
case of the ULD-CT protocol, sensitivity, specificity, accuracy,
and positive predictive value for the detection of consolidation
were 60%, 83%, 80%, and 20%, respectively. Comparably, in the
case of RD-CT, these percentages for the detection of groundglass opacity (GGO) were 62%, 66%, 66%, and 18%, respectively.
Assuming the result of real-time polymerase chain reaction as
true-positive, analysis of the receiver-operating characteristic
curve for GGO detected using the ULD-CT protocol showed a
maximum area under the curve of 0.78.
Conclusion: ULD-CT, with 94% dose reduction, can be an
alternative to RD-CT to detect lung lesions for COVID-19
diagnosis and follow-up.
An earlier preliminary report of a similar work with a lower
sample size was submitted to the arXive as a preprint. The
preprint is cited as: https://arxiv.org/abs/2005.03347
Please cite this article as: Zarei F, Jalli R, Chatterjee S, Ravanfar Haghighi
R, Iranpour P, Vardhan Chatterjee V, Emadi S. Evaluation of Ultra-Low-Dose
Chest Computed Tomography Images in Detecting Lung Lesions Related to
COVID-19:AProspective Study. Iran J Med Sci. 2022;47(4):338-349. doi: 10.30476/
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Introduction
Since the first reported cases of coronavirus disease 2019
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(COVID-19) in December 2019, it has become
a pandemic causing millions of deaths and
continues to spread wildly through multiple
mutations.1 As a matter of public health policy
and medical urgency, it is essential to develop a
protocol for early detection, quick confirmation,
and monitoring and prognosis of the disease
through rapid testing. Some studies have
proposed the application of unenhanced chest
computed tomography (CT) to identify lung
lesions related to COVID-19. This method
can be considered a valuable diagnostic tool;
however, its performance parameters should be
compared with the real-time polymerase chain
reaction (RT-PCR) test, which is currently the
gold standard.2, 3
CT scans expose patients to a high dose of
ionizing radiation, which in turn puts them at
the risk of developing several stochastic effects
including carcinomas.4 However, our literature
review has shown that chest X-rays can detect
different types of lung lesions with less than 1
mSv effective dose (ED). This level of radiation
is very close to the doses in both the posterioranterior (PA) and lateral chest radiographs,
when iterative reconstruction is used. This CT
protocol is known as ultra-low-dose (ULD). It is
shown that the ULD-CT chest image, due to its
three-dimensional nature, allows detection of
normal and abnormal structures better than the
plain radiograph.5-8 A recent study reported that
a radiation dose of less than 1 mSv can be used
to diagnose lung lesions related to COVID-19 in
patients in the emergency department.9
In developing countries, such as Iran,
lengthy laboratory tests such as RT-PCR are
not readily accessible and often result in delays
in medical interventions, the spread of infection,
and increased patient load. As an alternative,
a chest CT scan can play an important role in
the early detection of lung lesions related to
COVID-19. Given the low radiation dose, the
ULD-CT protocol becomes more attractive, as
it protects patients from excessive exposure to
radiation.
Considering the rapid spread of COVID-19,
several diagnostic methods are proposed, among
which the CT scan has received recognition
from medical experts.10 Early detection of the
disease is important. However, the RT-PCR
test is quite time-consuming, and precious
time may be lost before the actual treatment
begins.3 Furthermore, the RT-PCR test has a
30-60% sensitivity,2 which is much lower than
the CT chest scan.11 While the usefulness of
the RT-PCR test is not disputed, its limitations
should be noted. In this context, the utility of
chest CT scan as an early detection tool should
Iran J Med Sci July 2022; Vol 47 No 4

be considered.12
Recently, the ULD chest CT scan has been
used to detect pulmonary lesions, such as
nodules in different types of lung diseases, for
the diagnosis of lung cancer. In some studies,
a few patients underwent both routine dose
(RD) and ULD chest CT scans. The findings of
these studies showed that images obtained from
both CT protocols were of acceptable quality
and showed the same anatomic details. The
total radiation dose received by these patients
was less than 6 mSv, which is lower than the
proposed diagnostic reference level.13-15
As a consequence of the COVID-19
pandemic, there has been an increasing request
for chest CT scans in 2020 than the previous
years.16 The present study aimed to evaluate the
effectiveness of ULD-CT, using iterative modal
reconstruction, to detect lung lesions not only
for the diagnosis of COVID-19, but also for the
follow-up. The findings of the study were justified
based on experimental observations.
Materials and Methods
A prospective study was conducted during AprilSeptember 2020 at Shahid Faghihi Hospital
affiliated with Shiraz University of Medical
Sciences (Shiraz, Iran). The study was approved
by the local Ethics Committee of the University
(code: IR.SUMS.REC.1399.050).
A total of 273 volunteers (117 women and
156 men) aged 50±20 years with suspected
COVID-19 (suffering from respiratory problems)
participated in the study. The participants were
selected primarily because they were referred to
the hospital for a chest CT scan to determine the
extent of lung infection. These individuals were
requested to undergo an additional ULD-CT
scan, free of charge. The participants were
fully informed about the risks of exposure to
an extra dose of radiation and written informed
consent was obtained from each participant.
The exclusion criteria were aged <18 years,
patients with underlying diseases (e.g., cancer,
cardiovascular disorders), severe respiratory
distress, pregnancy, and those not signing the
consent form.
The participants successively underwent
RD-CT and ULD-CT chest scans, while blinded
to the type of each scan. The scans were
performed using a 128-MDCT system (Philips
Healthcare Ingenuity, USA). In the case of the
RD-CT protocol, a tube current of 120 kVp with
64<mAs<343 modulations was used to scan the
chest, whereas ULD-CT scanning parameters
were 80 kVp fixed at 25 mAs. Other scanning
parameters common to both protocols were slice
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thickness (2 mm and 5 mm), intervals, and gantry
rotation time (0.4 sec). The RD-CT images (axial,
sagittal, and coronal) were reconstructed using
the iDose level 4 hybrid iterative reconstruction
software (Philips Healthcare, USA). ULD-CT
images were reconstructed using iterative modal
reconstruction (IMR) level 1 (Philips Healthcare,
USA). Dose indices such as volume CT dose
index (CTDIvol measured in mGy) and dose
length product (DLP measured in mGy×cm)
were recorded using the picture archiving and
communication system (PACS, INFINITT, South
Korea). Size-specific dose estimate (SSDE) was
determined using the effective cross-section
of the patient on the image and the related
conversion factor for 32 cm diameter polymethyl
methacrylate (IBA Lifesciences, Germany)
body phantom, as described by the American
Association of Physics in Medicine (AAPM)
report number 204.17 This conversion factor
was multiplied by the mean CTDIvol for each
patient to calculate the SSDE. Effective dose
(ED) was calculated by multiplying DLP with the
conversion factor (mSv/mGy×cm).18
Qualitative Study
The chest CT images were displayed and
evaluated using the MDMC-12133 diagnostic
monitor (Barco NV, Belgium). The ULD-CT
images were independently examined by two
expert radiologists (each with over 10 years of
experience), who were blinded to the reports
of the RD-CT images and each other’s activity.
The results of ULD and RD chest CT scans
were tabulated using Microsoft Excel ( Microsoft
Corporation, USA) and consolidated according
to common features. The information included
consolidation, nodules, atelectasis band (AT),
ground-glass opacity (GGO), crazy-paving
pattern, atoll sign, subpleural band; architectural
distortion, vascular dilation, bronchiectasis,
lymphadenopathy, lung cavitation; centrilobular
nodule, mosaic attenuation; air trapping, air
bronchogram, pleural effusion, pericardial
effusion, emphysematous change, and gravity.
Of these, only GGO, consolidation, atoll sign,
and crazy-paving pattern are typical imaging
features of COVID-19.19 Quality assessment was
performed by classifying the quality of images
into uninterpretable, poor, acceptable, and good
(scores of 1, 2, 3, and 4, respectively).
Quantitative Study
Signal-to-noise ratio (SNR) was measured
for the air in the trachea and descending aorta
on both the RD-CT and ULD-CT images. The
mean±SD of the Hounsfield unit (HU) values
for the region of interest (ROI) from the trachea
340

and descending aorta, without contamination
from the neighboring structures, were recorded.
The measured SNR was used as a quantitative
method for the evaluation of image quality and
calculated according to the below formulas.20-24
Signal=1+HUmean/1000			
(i)
%& !' () "* +,- ⁄√* 		
(ii)
1000
SNR=Signal/Noise			
(iii)
where HUmean and SD are the mean HU and
standard deviation for each ROI. The number of
pixels in ROI was calculated using the formula:
n=AROI/Apixel (where AROI is the area of the ROI
and Apixel is the area of a single-pixel in mm2).
Note that Apixel=(FOV/512)2, where FOV denotes
the field of view and the reconstruction matrix is
512×512.
Based on the definition of HU value,25, 26 the
mean value of the attenuation coefficient of a
substance in the ROI is calculated:
µmean=µwater×signal			
(iv)
Moreover, the fluctuation of the observed
mean value is calculated as:
σ(µmean)=µwater×Noise			
(v)
!"#$ =

Statistical Analysis
The kappa coefficient (κ) was used to
evaluate the inter-rater agreement between the
expert radiologists, who examined the images.
A κ value of 1 indicates full agreement between
the opinions. A ranking test was used to
determine the difference between the revealed
image features from both the ULD-CT and
RD-CT protocols. This test was only performed
on the images of those participants, who tested
positive for COVID-19 (n=29). The resulting U
and the corresponding P values were calculated.
The null hypothesis (H0) was that the ULD-CT
and RD-CT images are of comparable quality.
The quantity “P” indicates the probability that
H0 can give a U value at least as extreme as
given in the sample data. In accordance with
common practice, the significance level was
set at α=0.05. The hypothesis is rejected if P<α
(i.e., if the probability of having a U greater than
the observed value is less than 5%). We noted
that for a sample size greater than eight, the
distribution of the U value closely followed a
normal distribution,21 which made the calculation
of the P value very simple. Therefore, the
selected sample sizes (suspected COVID-19
cases: n=273, confirmed COVID-19 cases:
n=29) were more than adequate and satisfied
the above criteria.
For diagnostic purposes, parameters
such as specificity, sensitivity, accuracy, and
positive predictive value (PPV) were calculated
Iran J Med Sci July 2022; Vol 47 No 4
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for COVID-19 related features, namely
consolidation, GGO, crazy-paving pattern, and
atoll sign. These parameters were calculated
based on the presence of these features in the
image, which was classified as true-positive
(TP), true-negative (TN), false-positive (FP), and
false-negative (FN). These parameters were
calculated as:27
Sensitivity=TP/(TP+FN)
Specificity=TN/(TN+FP)
Accuracy=(TP+TN)/(TP+TN+FP+FN)
PPV=TP/(TP+FP)
In addition, the HU values for two features
(consolidation and GGO) were noted for the
RD-CT and ULD-CT images. A discrimination
criterion was selected and the receiver-operating
characteristic (ROC) curve was plotted using the
PCR test results as a reference.

Results
Qualitative Evaluations
Both radiologists concluded that images
obtained using the ULD-CT protocol (94%
dose reduction) revealed all lung lesions related
to COVID-19 similar to those detected with
the RC-CT protocol. They also reported that
the image quality of ULD-CT was acceptable
compared to that of RD-CT. The agreement
between the two radiologists was excellent
(κ=1), indicating that both protocols could equally
detect different types of lung lesions related
to COVID-19 as well as other causes. Sample
ULD-CT and RD-CT images from two COVID19 patients are presented in figures 1 and 2.
Chest CT images in figures 1 (a-f) and 2 (a-d)
are of COVID-19 patients. They were scanned

Figure 1: These figures show chest CT images of a 45-year-old female COVID-19 patient. Top row images show consolidation
and crazy-paving pattern in (a) axial, (b) coronal, and (c) sagittal views using the RD-CT protocol. Bottom row images show the
same features in (d) axial, (e) coronal, and (f) sagittal views using the ULD-CT protocol with 94% dose reduction.

Figure 2: The axial chest CT images of a 71-year-old female COVID-19 patient are shown. Crazy-paving pattern (black arrow)
is shown using the (a) RD-CT and (b) ULD-CT protocols. Ground-glass opacity (white arrow) and consolidation (black arrow) are
shown using the (c) RD-CT and (d) ULD-CT protocols.
Iran J Med Sci July 2022; Vol 47 No 4
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Figure 3: The image quality scores are compared between (a) RD-CT and (b) ULD-CT in 273 patients with suspected COVID-19.
Image quality scores are also shown for (c) RD-CT and (d) ULD-CT in 29 confirmed COVID-19 patients (positive PCR).

Table 1: The image quality scores for routine dose and ultra-low-dose chest CT images in 29 patients with a positive PCR test
Patient number
Image quality score
Ultra-low-dose CT
Routine dose CT
1
Good
Good
2
Good
Good
3
Acceptable
Acceptable
4
Good
Good
5
Good
Good
6
Acceptable
Acceptable
7
Acceptable
Good
8
Acceptable
Good
9
Acceptable
Good
10
Good
Good
11
Good
Good
12
Poor
Good
13
Good
Good
14
Good
Good
15
Good
Good
16
Acceptable
Good
17
Good
Good
18
Good
Good
19
Good
Good
20
Good
Good
21
Good
Good
22
Good
Good
23
Good
Good
24
Good
Good
25
Acceptable
Good
26
Good
Good
27
Good
Good
28
Good
Good
29
Good
Good
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using the RD-CT and ULD-CT protocols with
an effective dose of 5±1.78 mSv and 0.25±0.05
mSv (about 94% dose reduction), respectively.
Images with the 94% reduced dose also reveal
crazy-paving pattern, GGO, atoll sign, and
consolidation. The radiologists found the image
quality just as satisfactory as the RD-CT chest
images.
Qualitative Results
A comparison of image quality between
the ULD-CT and RD-CT protocols in 273
patients with suspected COVID-19 is depicted
as pie charts (figures 3a and 3b). The scores
for the image quality of ULD-CT images were
comparable to those of the RD-CT images.
Similarly, image quality classifications for the 29
patients with confirmed COVID-19 are shown in
figures 3c and 3d.
The image quality scores for ULD-CT and
RD-CT images in 29 patients with confirmed
COVID-19 are presented in table 1. The results
showed that the image quality using the ULD-CT
protocol was good, acceptable, and poor in
21 (72%), 7 (24%), and 1 (3%) of the patients,
respectively, whereas, the quality using the
RD-CT protocol was good and acceptable in 27
(93%) and 2 (7%) of the patients, respectively.
To assess the relative merits of RD-CT and

ULD-CT images, a ranking test was performed
using the image quality scores from all 273
patients. The results confirmed our hypothesis
(P=0.160) that the data from both types of images
had the same distribution (significance was set
at α=0.05). The number of features detected
from the RD-CT and ULD-CT images of patients
with suspected (n=273) and confirmed (n=29)
COVID-19 were comparable (table 2).
The most important features of COVID-19
were consolidation and GGO followed by atoll
sign and crazy-paving pattern (table 2). The
importance of detecting these features for the
diagnosis of COVID-19 was evaluated in terms
of specificity, sensitivity, accuracy, and PPV
(table 3).
Based on the HU values of different cases,
the results of qualitative evaluations showed
that both the RD-CT and ULD-CT protocols had
good efficacy and were effective in detecting
lung lesions (table 4). Accordingly, discrimination
criteria for consolidation and GGO were defined
as:
● Consolidation: The HU value of the negative
PCR cases is greater than or equal to the HU
values of the positive cases.
● GGO: The HU value of the positive PCR cases
is greater than the HU values of the negative
cases.

Table 2: The number of features detected from the routine dose and ultra-low-dose CT images of patients with suspected or
confirmed (positive PCR test) COVID-19
Feature
Patients with suspected COVID-19
Patients with confirmed COVID-19
(n=273)
(n=29)
Routine dose
Ultra-low-dose
Routine dose
Ultra-low-dose
Consolidation
54
59
15
17
Ground-glass opacity
69
101
18
18
Crazy paving
6
6
2
2
Atoll sign
6
6
4
4
Bronchiectasis
15
15
3
3
Plural effusion
52
52
6
6
Air bronchogram
13
13
3
3
Emphysematous change
25
25
0
0
Atelectasis band
20
20
1
1
Lymphadenopathy
7
6
0
0
Centrilobular nodule
9
9
1
1
Mosaic attenuation
23
22
2
0
Air trap
3
3
0
0

Table 3: The result of sensitivity, specificity, accuracy, and positive-predictive value calculations for the
ground-glass opacity, crazy-paving pattern, and atoll sign
Feature
Sensitivity (%)
Specificity (%)
Accuracy (%)
ULD#
RD
ULD
RD
ULD
RD*
Consolidation
52
60
84
83
81
80
Ground-glass opacity
62
62
79
66
77
66
Atoll sign
14
14
90
99
90
90
Crazy-paving pattern
7
7
98
98
87
89
$
Positive predictive value; *Routine dose; #Ultra-low-dose
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features consolidation,

RD
28
26
91
50

PPV$ (%)
ULD
29
18
75
33
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Table 4: The HU values for axial CT images of consolidation and ground-glass opacity in cases with positive and negative PCR
tests using the routine dose and ultra-low-dose CT protocols
Consolidation
Ground-glass opacity
Positive PCR
Negative PCR
Positive PCR
Negative PCR
ULD#
RD
ULD
RD
ULD
RD
ULD
RD*
Hounsfield unit
20±15
16±23
29±60
26±10
-327±11
-288±11
-445±18
-439±15
(mean±SD)
*
Routine dose; #Ultra-low-dose

Figure 4: The ROC curve for consolidation and ground-glass opacity detected using the routine dose (a, c) and ultra-low-dose (b,
d) CT protocols, respectively.

The efficacy of the above-mentioned
discrimination criteria was analyzed using the
ROC curve (figure 4) by comparing the area
under the curve (AUC) for different cases.22-24
Analysis of the ROC curves for consolidation
and GGO detected with the RD-CT and ULD-CT
showed a maximum AUC value of 0.78 for GGO
on the ULD-CT image, whereas all others had
an AUC<0.7 (figure 4). For GGO on the ULD-CT
image, an optimal cut-off of HU>-243 can be
used for patients, who test positive on RT-PCR,
which corresponds to a sensitivity of 0.83 and
1-specificity of 0.40.
Quantitative Evaluations
HU values in the trachea and descending
aorta were determined. On average, the ROI was
55 mm2 containing 55 pixels. The results showed
that these values were comparable in both
protocols (table 5). Hence, grayscale levels and
fluctuations on the images are also comparable.
344

Since the HUmean values obtained from each
protocol were very close, we hypothesize that
they have the same distribution. This hypothesis
was verified using the t test for the aorta (P=0.276)
and trachea (P=0.202); both >0.05.
The SNR and pixel noise were calculated for
the HUmean values of the air inside the trachea
and descending aorta for both the ULD-CT
and RD-CT images (formulas i and ii). These
estimates revealed that the SNR for both
images was comparable (table 6). However,
the difference in SNR between the protocols
requires further explanation. Based on the
above-mentioned formulas (i-v), the mean
HU value determines the mean attenuation
coefficient of the substance for the ROI (iv).
The fluctuations of the measured mean of HU
are σ[µmean], as calculated using the formula
(ii). Thus, based on the HU values (table 5),
in the case of the trachea µmean for RD-CT and
ULD-CT is equal to 0.025×µwater and 0.028×µwater,
Iran J Med Sci July 2022; Vol 47 No 4
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Table 5: HU values in the aorta and trachea for routine dose and ultra-low-dose CT protocols
Parameter
Protocol
Aorta
Hounsfield unit
Routine dose
46±37
(mean±SD)
Ultra-low-dose
49±39
On average, the ROI was 55 mm2 containing 55 pixels.

Trachea
-975±36
-972±41

Table 6: Signal-to-noise ratio and pixel noise were measured in the descending aorta and trachea for axial chest CT images of
patients with suspected COVID-19 using routine dose and ultra-low-dose CT protocols
Pixel noise
Protocol
SNR*
Aorta
Trachea
Aorta
Trachea
Routine-dose
360
6
37
36
Ultra-low-dose
316
4
39
41
*
Signal-to-noise ratio; On average, the ROI was 55 mm2 containing 55 pixels

respectively, with the corresponding σ[µmean] of
0.004×µwater and 0.007×µwater. Thus, to observe
the trachea, the SNR for RD-CT and ULD-CT
are 6.25 and 4.0, respectively. While the trachea
is largely an air-filled object, the aorta is a wide
artery filled with blood. Therefore, for the case
of the aorta, µmean for RD-CT and ULD-CT are
1.046×µwater and 1.049×µwater, respectively, with
the corresponding σ[µmean] of 0.0029×µwater and
0.0033×µwater. Thus, the SNR for RD-CT and
ULD-CT are 360 and 318, respectively.
Dose Assessment
The results of CT dose measurements
showed that the CTDIvol of the ULD-CT protocol
was fixed at 0.5 mGy and the mean DLP was
17 (15.6-20.2) mGy×cm. The mean of CTDIvol
and DLP in RD-CT of patients with suspected
COVID-19 was about 11 (6.6-20) mGy and 400
(255-700) mGy×cm, respectively. The SSDE for
RD-CT and ULD-CT was 13±4 (5-29) mGy and
0.66±0.08 (0.51-0.89) mGy, respectively. This
shows that the CT dose indicators (including
CTDIvol, DLP, and SSDE) of RD-CT and ULD-CT
were significantly different. Estimated ED for
the RD-CT protocol in patients with suspected
or confirmed COVID-19 was 5.7 mSv, which is
22-fold higher than the ULD-CT protocol (ED:
0.246±0.055 mSv).
Discussion
The findings of the present study indicate that
images obtained using the ULD-CT protocol have
adequate quality and clarity for the diagnosis
of COVID-19 infection. Based on radiological
images, all COVID-19 features identified on the
RD-CT images were also detectable by ULD-CT.
The results of ROC analysis for consolidation and
GGO showed that chest CT images are reliable
for the overall diagnosis of COVID-19. We also
demonstrated the reliability of ULD-CT images
for this purpose, which was the primary objective
Iran J Med Sci July 2022; Vol 47 No 4

of our study. The most interesting finding was the
result of the ROC analysis of ULD-CT images
that showed an AUC of 0.78 for GGO. However,
further studies are required to substantiate this
finding. The most appropriate cut-off for the
identification of lung lesions related to COVID-19
is HU>-243, which corresponds to a sensitivity of
0.80 and 1-specificity of 0.40. The false-positive
rate was slightly high which could be due to the
limited sensitivity of the PCR test, although it is
considered the gold standard.
Previous studies have reported high sensitivity
(97%) of CT imaging for detecting GGO.3, 10
However, our results showed a sensitivity of 62%
for both the RD-CT and ULD-CT. Moreover, we
determined the specificity of 79% and 66% for
the RD-CT and ULD-CT, respectively, which
is much higher than previously reported (25%).
However, in line with previous studies,3, 10 we
determined the accuracy of 66% and 77% for
the RD-CT and ULD-CT, respectively.
GGO develops at the onset of disease and is a
classic early finding on CT scans, thus an important
feature for the diagnosis of COVID-19.28-30
However, as GGOs are non-uniform objects
composed of air pockets and tiny particles, their
X-ray attenuation coefficients would be low,
generating diffuse CT images. To obtain improved
CT images of these structures, it is necessary
to enhance photoelectric absorption using lowenergy photons. This is the process used in the
ULD-CT in which X-ray photons of lower energy
(i.e., higher attenuation coefficient) are used while
cutting down the photon flux. For this reason,
ULD-CT detects a higher number of GGOs than
RD-CT (table 2). If confirmed, this phenomenon
would be useful in early detection of COVID-19.
However, since we compared our data with those
of RT-PCR, which has only 30-60% sensitivity,
the ULD-CT data included a high number of falsepositive results and consequently lower specificity
than the RD-CT. Further studies on this topic are
recommended.
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Other advantages of the ULD-CT are the
attenuation of X-ray and lower SNR. Previous
studies have shown that reducing tube voltage
(kVp) increases image contrast.31-33 This is
logical, since lower tube voltages (kVp) emit
more low-energy X-ray photons, which have
perceptibly different photoelectric attenuations
for substances with slightly different atomic
numbers.34, 35 This basic contrast enhancement
is further improved using the iterative
reconstruction that further reduces SNR.36, 37
The results showed that the data obtained
from both protocols were extremely close to
each other. This implies that for observing
gray levels in the trachea, the difference in
the mean gray levels between both protocols
would be within 0.3%. Furthermore, the gray
levels in both protocols can fluctuate within
0.3% of their respective mean values in the
ROI. In short, since the SNR in both protocols
was of the same order (360 and 316, within
about 12% of each other), both offer the same
level of noise reduction. This means that the
performance of the ULD-CT is comparable to
the RD-CT.
Concurrent with our study, Dangis and
colleagues reported the use of a low-dose
submillisievert chest CT for the diagnosis of
COVID-19.9 The main disadvantage of the
submillisievert protocol is its rather higher mean
ED (0.56 mSv) than that of the ULD-CT protocol
(0.256 mSv). Besides, physical explanations
for the attenuation coefficient proved that the
structures observed in our images were not due
to noise contamination. Overall, our proposed
protocol offers the lowest radiation dose that
has been reported so far. Moreover, the total
radiation dose our participants were exposed to
with both the RD-CT and ULD-CT was less than
the proposed diagnostic reference level.14
With the aim of protecting patients from
excessive exposure to radiation, the ULD-CT
images were also assessed for their usefulness
during follow-up. We found that these images
provided an accurate and detailed image of the
lung lesions comparable to the RD-CT. This is
particularly important in the context of using CT
scan images as a tool for the early detection of
lung lesions in patients with suspected COVID19. Considering the fact that the number of chest
CT scans has drastically increased during the
COVID-19 pandemic, CT dose optimization is
crucial to reduce the risk of stochastic effects
of radiation, genetic or carcinogenic, to a
reasonable level, especially in pediatric, young,
and pregnant patients.
In terms of image quality, we found that
ULD-CT images at 80 kVp were of the same
346

adequate quality as those obtained with RD-CT.
This finding was in line with a previous study
reporting that HU values and contrast-to-noise
ratio of parenchymal organs and vessels gave
better results at 80 kVp than at 120 kVp.38
Overall, in terms of noise criteria, there is no
significant difference between the two protocols.
However, the appearance of the ULD-CT image
is different from RD-CT due to a slightly higher
noise level. Nonetheless, lung lesions can
be distinguished using the ULD-CT protocol.
Moreover, the presence of consolidation, GGO,
atoll sign, and crazy-paving pattern, observed in
the images of COVID-19 patients, shows that CT
imaging modality is not only a viable diagnostic
tool for the early identification of COVID-19, but
also for the follow-up.
Conclusion
ULD chest CT (94% dose reduction) in conjunction
with IMR level 1 can be used to detect lung
lesions in patients with suspected COVID-19.
These images can also be used during follow-up
to prevent repeated exposure of patients to
excessive doses of radiation and subsequent
stochastic effects. Combating repeated waves
of COVID-19 poses a major challenge, and noninvasive procedures are essential for rapid and
effective diagnosis. ULD-CT imaging has the
potential to meet this challenge.
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