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Abstract

Context: This review aimed to investigate the computed tomography (CT) imaging features of coronavirus disease 2019 (COVID-19).
Evidence Acquisition: Bilateral lung involvement (70%), peripheral distribution (67.5%), multifocal involvement (67.3%) and
ground glass opacity (66.1%) were observed in most infected patients.
Results: Evaluation of the number of lobes involved in infected patients showed no abnormalities in 7.2% (85/1177) of the patients.
Regarding the performance of reverse transcription-polymerase chain reaction (RT-PCR) and chest CT scan, the sensitivity of RT-PCR
and chest CT imaging was estimated at 70% (925/1311) and 89% (6605/7396) upon admission, respectively; nevertheless, the sensitiv-
ity of CT imaging increased as the time from the symptom onset increased. The CT image acquisition parameters affecting image
quality and patient dose were also discussed. Studies suggested that these factors should be adjusted according to the disease stage.
Based on our findings, sensitivity was adequately high eight days after the onset of symptoms.
Conclusion: Therefore, there is no need for high-resolution chest CT scan after this interval. Using ImpactDose software, the mean
effective doses were 4.38 and 5.71 mSv in male and female groups, respectively. The risk of cancer was 36% higher in females than
males, as shown by PCXMC program.
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1. Context

The infection caused by SARS-CoV-2, called coronavirus
disease 2019 (COVID-19) by the World Health Organization
(WHO), was first reported in December 2019 in Wuhan,
China. On January 30, 2020, the WHO Emergency Com-
mittee warned that the rate of this infection was on the
rise in China and other countries. Finally, the WHO de-
clared it as a pandemic on March 11, 2020 (1). COVID-
19 has a highly contagious nature and is easily transmit-
ted from one individual to another, leading to a respi-
ratory system dysfunction (2). According to the sixth
trial of Chinese government guidelines for COVID-19 man-
agement, reverse transcription-polymerase chain reaction
(RT-PCR) and gene sequencing for respiratory or blood
specimens are the reference tools for diagnosing COVID-
19 and hospitalization of infected cases. Nonetheless,
the non-negligible rate of false-positive (FP) results under-
mines the reliability of these tests (3).

Other medical tools that are used to monitor the dis-
ease progression include chest radiography and computed
tomography (CT) scan, as the virus targets the respiratory
system (4). However, today, the importance of CT imaging
is being discussed as a more efficient diagnostic and track-
ing tool as opposed to RT-PCR (2, 5). This paper reviewed
the efficiency of CT imaging in diagnosis and tracking of
COVID-19 progression compared to RT-PCR and to study the
CT imaging features of this disease. Moreover, the CT im-
age acquisition parameters, affecting image quality and
patient dose, were discussed to emphasize the important
contribution of CT scan to disease diagnosis and control.

2. Diagnosis of COVID-19

The timely diagnosis of a disease can play an important
role in its control and treatment. Diagnosis becomes even
more important in contagious diseases, such as COVID-19
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due to its high prevalence and absence of symptoms sev-
eral days after infection. Besides, by rapid diagnosis and
isolation of the patient, the spread of the disease can be
prevented (3, 4). Various studies have used laboratory tests,
chest imaging, and RT-PCR of respiratory secretions for di-
agnosis of this infection. Also, isolation of COVID-19 and ge-
netic sequences can be used for detecting the virus (6).

2.1. RT-PCR Assay

Since January 11, 2020, upon isolation of the viral strain
of COVID-19 and establishment of its whole genome se-
quences, RT-PCR has been used to diagnose this infection.
Soon later, contact history, clinical manifestations, and
imaging evidence of pulmonary lesion were considered
as the main factors for disease identification; however,
RT-PCR is still being used for some suspected cases (7-10).
To perform this test, respiratory secretions are obtained
from the bronchoalveolar lavage, endotracheal aspirate,
nasopharyngeal swab, or oropharyngeal swab (1). This test
has a high specificity for COVID-19 (11). In other words, it can
identify the virus subgroup, as Middle East respiratory syn-
drome (MERS)-CoV, SARS-CoV, and SARS-CoV-2 have similar
clinical symptoms and effects on the respiratory system (1,
3, 12).

Despite its advantages, RT-PCR has some limitations.
The low sensitivity of RT-PCR for identification of COVID-
19 has been reported in various studies (1, 3). The time-
consuming nature of this test and insufficient RT-PCR kits
are other major issues during this pandemic. Likewise,
lack of standard operating procedures for SARS-CoV-2 nu-
cleic acid detection, improper sampling, insufficient viral
material in the specimen (depending on the stage of the
disease), sample handling, storage, and processing, and kit
efficiency should be addressed, as well (4). Previous SARS
studies show that RT-PCR lacks sensitivity within the first
five days of the disease (13). Therefore, when the specimen
tests are negative, the possibility of a false-negative (FN) re-
sult should be considered in the context of a patient’s re-
cent exposure and clinical signs and symptoms consistent
with SARS-CoV-2 infection (1, 3, 5).

2.2. CT Imaging

CT imaging, as a routine imaging tool which is avail-
able and relatively easy to perform, can be used to screen
patients for rapid diagnosis and is more effective in detec-
tion of pneumonia caused by SARS-CoV-2. The majority of
previous studies have reported that high-resolution com-
puted tomography (HRCT) of the chest can identify infec-
tion in the respiratory system of COVID-19 patients (7, 11).

2.2.1. CT Imaging Features

According to a study by Wu et al., pneumonia was
the main finding in chest CT images (76/80, 95%) at 7
± 4 days after the onset of COVID-19 (5). Several stud-
ies have reported ground glass opacities (GGOs) or mixed
GGOs, as well as patchy consolidations (sometimes oval
rather than patchy) in the patients’ lungs after infection
(3, 7, 8, 14). In a study by Xie et al., the CT imaging fea-
tures attributed to COVID-19 included GGOs, consolida-
tions, mixed GGO with consolidation, traction bronchiec-
tasis, bronchial wall thickening, reticulation, subpleural
bands, and vascular enlargement (15). The percentages of
CT image features are presented in Table 1. The most com-
mon pattern was GGO in CT scans. The percentage of each
feature was calculated based on the ratio of all patients
having a given feature to all patients investigated for that
feature in all studies of interest (1-3, 5, 8, 9, 11, 12, 14-54).

Atypical CT manifestations can be particularly seen in
the elderly or severe cases, including multiple patchy con-
solidations or large patches of consolidation in both lungs,
with limited grid-like or honeycomb-shaped interlobular
septal thickening, especially in the middle and lower lobes;
single or multiple solid nodules; or consolidated nodules
in the center of lobule, surrounded by GGOs (8, 15, 40, 55).

The location of lesions is another interesting topic in
COVID-19 management. A recent study reported that le-
sions mostly occurred in the peripheral area under the
pleura, although they might extend toward the center
in larger lesions, as observed in severe and critically se-
vere cases. In these patients, 4 - 5 lobes, and most signif-
icantly, bilateral lower and upper lobes, were mostly in-
volved. Nonetheless, the 4- to 10-day follow-up CT scans in-
dicated improvements in the lungs, including the reduced
extent of lesions, decreased density, and formation of fi-
brotic stripes (4). Figure 1 summarizes the lesion sites in
the lungs, according to various studies reporting the lesion
sites in detail.

As can be seen in Figure 2, bilateral lower lobes and the
right middle lobe were the most and the least infected lung
areas, respectively. The percentages of infected cases with
different numbers of lobes involved are shown in Figure 2.
Patients with the involvement of all lobes comprised the
largest group. According to Figure 2, only 7.2% (85/1177) of
the patients had no involved lobes, and 35% of the infected
population had 4 - 5 lobes involved, indicating that COVID-
19 quickly spreads over the lung tissue. The total number
of patients was 1177 in studies investigating the number of
involved lobes (Figure 2).

Despite the similarity of COVID-19 symptoms and other
types of coronavirus, definite epidemical history-taking
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Figure 1. The percentage of patients with the specified lobe involvements in different studies (1, 4, 7, 22, 30, 36, 43, 45, 56, 57). For each lobe, the number of infected cases is
separately presented in each study.

Figure 2. The frequency percentages of patients with the specified lobe involvements (1, 4, 6, 10, 11, 19, 23, 26, 27, 33, 36, 39, 41, 43, 45, 52, 54-58).
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Table 1. The Percentage of Each Lesion Category Caused by COVID-19 in CT Images

Features Percentage

Bilateral lung involvement 70.0

Peripheral distribution 67.5

Multifocal involvement 67.3

GGO 66.1

Mixed GGO and consolidation 49.9

Thickened interlobular septa 43.3

Rounded opacities 41.8

Air bronchogram 41.5

Linear opacities 39.1

Reticular pattern 37.7

Multiple mottling and GGO 30.0

Central + peripheral distribution 27.8

Consolidation 26.4

Subpleural line 24.6

Spider web sign 22.3

Crazy-paving pattern 19.1

Bronchiectasis 18.5

Pulmonary nodules 16.0

Unifocal involvement 14.1

Bronchial wall thickening 13.8

Normal CT 9.9

Underlying pulmonary fibrosis 9.4

Diffuse distribution 8.8

Lymphadenopathy 6.4

Pericardial effusion 5.5

Pleural effusion 4.9

“Reverse halo” sign 3.8

Central distribution 3.7

Enlarged mediastinal nodes 2.9

Lung cavitation 0

Abbreviation: GGO, ground glass opacities.

and viral nucleic acids can be used to differentiate between
pneumonia caused by COVID-19 and pneumonia caused by
other viruses, such as influenza virus, parainfluenza virus,
adenovirus, and SARS-CoV, or other microorganisms, in-
cluding Mycoplasma, chlamydia, and bacteria. Large dif-
fuse lesions of GGO in both lungs, accompanied by inter-
lobular septa, are common in these infections (4).

Liu et al. suggested that in the clinical treatment of
COVID-19, patients with a small amount of pleural effu-
sion or pleural thickening may have a serious condition

and need to be actively treated. Besides, lung lesions may
still exist after the negative detection of SARS-CoV-2 nu-
cleic acids, and follow-up may be needed (14). Pulmonary
thromboembolism (PTE) caused by COVID-19, with a preva-
lence of up to 40% based on CT angiography, has been re-
ported in several studies (59, 60). In this regard, Cavagna
et al. investigated 101 patients infected with COVID-19 and
found that PTE involved segmental and subsegmental ve-
nous systems more commonly and was more likely to be
bilateral or have a right lobe involvement pattern. They
also reported that consolidations were more dominant in
the PTE-involved lung segments as compared to other seg-
ments (61). Besides, Zitzmann et al. reported that subpleu-
ral consolidations were related to PTE. They suggested that
patients with a high D-dimer level and subpleural consoli-
dations should be examined in terms of PTE (61).

2.2.2. Performance of CT Imaging for Diagnosis of COVID-19

The higher sensitivity and specificity of a test com-
pared to other available tests are the main factors in test
selection, as they are associated with more reliable results
and less uncertainty of diagnosis. However, other factors,
such as cost, risks, and the time needed for preparing the
results, should be also considered (1, 7, 11, 23). Although
chest CT findings are non-specific for COVID-19 detection,
some studies suggested that CT could be used as an al-
ternative diagnostic tool (7, 18, 47). Recent reports show
that chest CT imaging can demonstrate pneumonia, even
if multiple RT-PCR tests of nasopharyngeal or throat swabs
are negative (3). Since several factors, resulting in FN val-
ues, can intervene in the RT-PCR results (1, 3, 8, 56), and
the CT results are evaluated based on RT-PCR, it can be con-
cluded that the FP values of CT are overestimated, and sub-
sequently, the specificity of this tool is underestimated (3).
Considering the mentioned advantages and disadvantages
of RT-PCR and CT imaging, their comparison for COVID-19
diagnosis is summarized in Table 2.

Despite the CT imaging advantages, this modality can
increase the risk of cancer due to the use of ionizing radi-
ation. Based on the International Society of Ultrasound in
Obstetrics and Gynecology (ISUOG) guidelines, chest imag-
ing, especially CT scan, is essential for evaluating the clini-
cal status of pregnant women with COVID-19. The radiation
dose to the fetus is 0.01-0.66 mGy from a single chest CT
scan, which is negligible without any complications (63).

In a study by Ai et al., RT-PCR was used as the reference.
The results of RT-PCR were negative in 35% of patients di-
agnosed with COVID-19 based on CT scans; the high num-
ber of FP values in CT was the reason for this finding. How-
ever, it should be noted that the sensitivity of RT-PCR was
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lower than expected. Besides, the negative predictive val-
ues (NPVs) indicated that the rate of misdiagnosis of pa-
tients as healthy cases by CT was 17% (3). Ai et al. also found
that 147 out of 308 (48%) patients with FP values were more
likely to be infected. Based on this assumption, the sensi-
tivity, specificity, and positive predictive value (PPV) would
be 97.5%, 64%, and 93%, respectively. In other words, the FP
values of CT imaging were higher than the real FP values
based on the first RT-PCR. With RT-PCR repetition and pa-
tient follow-up, it was found that only 7% of cases with pos-
itive CT results had negative RT-PCR results. As explained
earlier, the FP value of CT was estimated to be 35%, based on
the first results of RT-PCR without this correction.

According to studies described in Table 2, the percent-
age of non-detected cases by CT was 10% (692/6867). This
result might be due to the fact that the patients were prob-
ably in the early stages of the disease, and subsequently,
there were no lesions in the lung tissue. Similarly, a study
by Guan et al. showed that chest CT scan could identify
91.3% of patients with a severe condition and 73.3% of pa-
tients with a non-severe condition (65). Similar results
have been reported in some other studies (1, 2, 4), summa-
rized in Table 2. These findings demonstrated that COVID-
19 had a gradual impact on the lung tissue. Observation
of these lung alterations relatively depended on the time
interval between the symptom onset and CT image acqui-
sition, as illustrated in Figure 3. Similar results were ob-
tained for 73 SARS-infected cases, as the CT results were nor-
mal in patients with mild symptoms (13).

As can be seen in Figure 3, the percentage of patients
with normal CT scans decreased as the time interval in-
creased from the onset of symptoms. In other words, the
probability of COVID-19 manifestation on CT scan was low
before the symptom onset or in early stages of the disease,
although it increased due to gradual disease progression.
It should be noted that the middle point of this interval
was considered as the time of CT image acquisition in stud-
ies reporting the intervals between the symptom onset and
CT image acquisition, whereas in other studies, the mean
or median of intervals was considered as the time of CT im-
age acquisition. In contrast, abnormal CT findings with the
initial FN results of RT-PCR have been documented (1, 3, 30).
Also, Shi et al. reported that CT images could identify early
changes in the respiratory system of asymptomatic cases
because of COVID-19 (6).

In previous studies examining the sensitivity of RT-
PCR, the rate of positive results was 70% in the first test.
Nonetheless, CT could identify 93% of cases in the first ex-
posure, as reported in multiple studies (1, 3, 6, 7, 15, 16, 37, 39,
42, 65, 72-75) (Table 2). Interestingly, a similar percentage

(67%) was reported for identification of SARS for the first
time using RT-PCR (74). Unlike RT-PCR that can only diag-
nose COVID-19, CT imaging can diagnose the infection and
show the disease progression. CT can also demonstrate
whether there are still lesions in the lung tissue in the ab-
sence of clinical symptoms. Therefore, it is suggested that
chest CT follow-ups be performed after patient discharge
and during prescribed drug consumption intervals (3, 7, 14,
26, 28).

Artificial intelligence (AI) technologies, such as deep
learning, can contribute to image feature extraction and
subsequently, to rapid clinical diagnosis. Wang et al. as-
sessed the performance of deep learning algorithms for
COVID-19. A total of 453 CT images of definite cases were
included in their study. The results demonstrated that
the algorithm provided an accuracy of 82.9%, specificity of
80.5%, and sensitivity of 84% as compared to RT-PCR. The
measured sensitivity is compatible with the mean sensitiv-
ity that we calculated based on different studies reviewed.
Therefore, it can be concluded that assessment of image
features using deep learning algorithms significantly facil-
itates timely and accurate diagnosis of the disease, partic-
ularly when dealing with a heavy workload (76).

2.2.3. Acquisition Parameters

Image quality is one of the most important factors in
the interpretation of CT images and has a direct impact
on clinical diagnosis. Different acquisition parameters in-
fluence the quality of CT images; therefore, the results
of CT depend on the protocols, particularly in the early
stages of COVID-19. However, even by using proper param-
eters, some studies reported the negative results of chest
CT imaging when the RT-PCR results were positive (8, 57,
65). Their findings revealed that a normal chest CT scan
could not be interpreted as the absence of infection in sus-
pected cases. Moreover, the possibility of FN results of RT-
PCR should be considered regarding the patient’s exposure
history, typical CT imaging features, the presence of clin-
ical symptoms, and dynamic changes similar to COVID-19
(3).

Wong et al. conducted a study to investigate the le-
sion size in the lung tissue due to SARS (13). They acquired
two CT images of 149 SARS-infected patients. The first scans
were the conventional CT scans of the thorax with a 7-mm
slice thickness and a pitch of 1.5. The second scans were ac-
quired via HRCT with a 1-mm slice thickness and a 6-mm
gap for a better assessment; the kVp and mAs were almost
the same in the two CT series. The results revealed that
small lesion sizes were better observed in small slice thick-
nesses. Therefore, it can be concluded that for COVID-19 di-
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Figure 3. The percentage of COVID-19 patients with normal CT results in each interval between the onset of symptoms and CT image acquisition. Each circle represents the
number of patients with normal CT results in a specific interval. For instance, patients with CT scans acquired at 11, 13, and 18 days after the onset of symptoms were combined
into one group; there were no patients with normal CT results in this group. The total number of patients with the reported time interval between the symptom onset and CT
image acquisition was 2,751 (1, 2, 5-10, 15, 17, 22-27, 29-34, 37, 39, 40, 42, 44, 46, 51-54, 58, 71, 72).

agnosis, a smaller slice thickness and a lower pitch were as-
sociated with the higher sensitivity of CT scans, as there are
similar characteristics between COVID-19 and SARS.

Moreover, in a study by Bernheim et al., the patients
were scanned with different slice thicknesses. However,
it was not discussed what slice thickness was used for pa-
tients with normal CT scans; therefore, we could not dis-
cuss this study. Nonetheless, it can be concluded that CT
scans have a lower sensitivity in patients who are in early
stages of the disease (1). A similar conclusion was made
by Xu et al.; the imaging parameters are shown in Table
2. The width/level of 2000/-600 HU for the lung window
and 350/40 HU for the mediastinal window were adjusted
in their study, as well (4). The CT results were normal for all
patients with mild symptoms. Since slice thickness plays
a key role in determining spatial resolution and image re-
construction, one of the reasons for negative CT results
could be the large slice thickness, causing problems in im-
age reconstruction. However, the disease might not cause
lesions in some cases; these cases had normal CT results,
even in HRCT (4), and RT-PCR was crucial for diagnosis.

Besides, Pan et al. investigated the CT scan changes of
COVID-19 during the recovery process (2). The initial CT im-
ages of 4/21 (19%) patients did not indicate any lung lesions
in the time interval of 2 ± 2 days after the symptom on-

set. However, lung involvement increased within ten days
after the symptom onset, followed by a decreasing trend
thereafter. According to the disease classification by Bern-
heim et al. (1), in which patients are categorized into three
groups of early (0 - 2 days), intermediate (3 - 5 days), and late
(6 - 12 days) according to the interval between the initial
onset of symptoms and the subsequent chest CT scan, pa-
tients in the study by Pan et al. were in the early stage of the
disease. However, the sensitivity of CT scan was reported
to be 95%, which is higher than the percentage reported by
Bernheim et al. for this group. The image acquisition pa-
rameters were as follows: slice thickness of 1.5 mm with an
increment of 1.5 mm and a repetitive reconstruction algo-
rithm with a B70F kernel and a B30F lung kernel; therefore,
the smaller slice thickness could be the cause of sensitivity
differences between these two studies. It is recommended
to perform CT imaging with small slice thicknesses to ac-
quire chest images in cases with mild symptoms.

Moreover, Wu et al. reported that the average time be-
tween hospital admission and CT imaging was 7 ± 4 days
(5). The disease was categorized into intermediate and late
stages according to the classification by Bernheim et al.
(1). In other words, the patients had symptoms, includ-
ing pneumonia, as indicated by CT with high sensitivity.
It should be noted that they used a B80f reconstruction
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kernel (a sharp kernel) and a high-resolution algorithm in
their study. It is suggested to conduct CT imaging with
a high pitch to accelerate CT image acquisition and de-
crease the workload for patients with severe respiratory
problems. Also, for these patients, it is possible to increase
the slice thickness, which is most beneficial during this epi-
demic due to high requests for CT scans.

Previous studies have indicated that a chest CT ex-
amination delivered a dose, which was 100 - 500 times
higher than conventional chest X-ray on average, thereby
increasing the risk of cancer (73, 75). Since radiation
exposure in CT imaging can increase the risk of cancer
and CT scans are commonly performed in patients with
COVID-19, a compromise between image quality and effec-
tive dose seems necessary (77). Besides, in this review, us-
ing the International Commission on Radiological Protec-
tion (ICRP013) weighting factors and ImpactDose v. 2.2 (CT
Imaging GmbH, Erlangen, Germany), we evaluated the ef-
fective dose, based on the image acquisition parameters
mentioned in several studies (2-6, 11, 56, 57). Different pa-
rameters, including gender, age, kVp, mAs, scan length,
CT dose index (CTDI), scanner type, and patient’s anterior
and posterior lengths, were considered in the estimations.
Also, PCXMC v. 2 (STUK, Helsinki, Finland) was used (78) to
calculate the cancer risk, using categorized tables in the
National Academy of Sciences Biologic Effects of Ionizing
Radiation (BEIR) VII report.

For effective dose estimations, the image acquisition
parameters of 1,420 patients, including 667 men and 753
women, were examined. The mean age of this population
was 47 ± 3.8 years. In the male group, the mean effective
dose was measured to be 4.38 mSv. Also, most effective
doses were reported for the heart (13.54 mSv), lungs (12.93
mSv), and thyroid (9.8 mSv). On the other hand, in the fe-
male group, the mean effective dose was 5.71 mSv. Most ef-
fective doses were estimated in the heart (13.27 mSv), lungs
(11.33 mSv), breasts (8.23 mSv), and thyroid (6.63 mSv), re-
spectively.

Additionally, the cancer risk was estimated to be higher
in the female group compared to the male group (36%) in
this review, which is compatible with previous studies in
the literature (79). Therefore, due to the COVID-19 outbreak
and the necessity of repeated CT image acquisition at ad-
mission or in follow-ups, it is highly recommended to op-
timize the image acquisition parameters. Different stud-
ies have investigated the influential parameters in the ef-
fective dose. A large slice thickness, high pitch, automated
tube current modulation technique, iterative reconstruc-
tion algorithm, precise adjustment of scan range, and cor-
rect patient positioning are the main factors in dose reduc-

tion. However, they should be adjusted to achieve a reason-
able image quality (78, 80).

3. Conclusion

COVID-19 imposes a serious economic burden on gov-
ernments and healthcare systems, including heavy work-
loads and high costs of diagnosis and treatment due to its
rapid outbreak in a limited period. In the absence of effec-
tive treatments, the most applicable strategy to deal with
the SARS-CoV-2 epidemic is appropriate and fast screen-
ing of suspected cases. By using this strategy, not only in-
fected cases are quarantined and receive proper medical
care, but also the possibility of disease spread decreases
significantly. However, since 89% of infected cases are hos-
pitalized after five days of disease onset (72), identification
and isolation of suspected cases in the earlier stages of the
disease seems difficult.

In CT imaging as a diagnostic tool, spatial resolution
plays a decisive role in finding lesions caused by COVID-19.
Besides image quality, another important aspect of CT scan
is the effective dose; therefore, a compromise between im-
age quality and effective dose seems necessary. Slice thick-
ness and pitch were effective parameters in both spatial
resolution and the dose received by the patients. Based on
various studies, a small slice thickness and a pitch < 1 led
to a better detection of lesions in patients in the early stage
of the disease. Along with disease progression, and sub-
sequently, lesion enlargement, a larger slice thickness and
pitch > 1 could be used (81).

For dose estimations, 1,420 patients, consisting of 667
men and 753 women, were examined in this review. Using
ImpactDose software, the estimated effective doses were
4.38 and 5.71 mSv for males and females, respectively. The
cancer risk was also estimated to be 36% higher in women
than men, based on the PCXMC results. The most com-
mon findings in CT images were GGOs and consolidations.
Most COVID-19 patients had multifocal and bilateral le-
sions; nevertheless, the amount of damage to the lung tis-
sue changed rapidly. COVID-19 can target any lobe of the
lungs, although lower lung lobes are mostly affected by
COVID-19. It seems that lung damage observed in CT scans
is more serious than clinical manifestations. Therefore, at-
tention to CT images can significantly contribute to COVID-
19 diagnosis, as well as monitoring of patients during treat-
ment.

Among patients with positive RT-PCR for COVID-19, but
normal CT results, 93.4% were definitely in the early stages
of the disease in the reviewed studies (no information for
the rest) (1, 2, 4, 65, 71). In other words, misdiagnosis by
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CT imaging might be related to the early stages of the dis-
ease when the lesions are not discernible in the lung tissue,
even by HRCT scans. The estimated CT sensitivity was 90%
in all studies reviewed. The highest and lowest CT sensitiv-
ities were 100% and 67%, respectively.

In conclusion, for an optimized diagnosis of COVID-19,
essential factors, including speed and accuracy of diagno-
sis, cost, ionizing radiation dose, and workload imposed
on the healthcare system, should be considered. The find-
ings of the present review revealed that diagnostic tools
should be employed based on the time from the onset of
symptom. In a study by Pan et al. (2), the sensitivity of CT
was 81% in the first period of the study (2± 2 days after the
symptom onset), which is in line with the present findings
(79.1% for 0 - 3 days after the symptom onset).

Within 0 - 3 days after the onset of symptoms (any
symptom), the sensitivity of CT scan was estimated at 79.1%.
Although this sensitivity is higher than the total calculated
sensitivity of RT-PCR (70%), CT imaging showed the lowest
sensitivity in this interval. Within 4 - 8 days after the on-
set of symptoms, the sensitivity of CT scan was estimated
at 91.3%, which seems to depend on the image acquisition
parameters affecting image quality. Finally, nine days af-
ter the symptom onset, the sensitivity of CT scan was es-
timated at 95.1%, regardless of imaging protocols. There-
fore, a normal CT result in this interval indicates that sus-
pected cases are not infected with COVID-19. However, the
manifestation time and severity of COVID-19 were signifi-
cantly different in various populations. Therefore, a combi-
nation of repeated swab tests and CT scanning can be used
for highly suspected cases with negative results of RT-PCR.
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