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Abstract
Purpose The Corona Virus Disease 2019 (COVID-19) was first reported in December 2019 from an outbreak of unexplained 
pneumonia in Wuhan (Hubei, China) that subsequently spread rapidly around the world. Because of the public health emer-
gency, chest CT has been widely used for sensitive detection and diagnosis, monitoring the changes of lesions and also for 
treatment evaluation. The purpose of this study was to investigate radiation dose and image quality of chest CT scans received 
by COVID-19 patients and to evaluate the oncogenic risk of multiple chest CT examinations.
Methods A retrospective review of 33 patients with RT-PCR confirmed COVID-19 infection was performed from January 
31, 2020 to February 19, 2020. The date of each CT exam and respective radiation dose for each exam was recorded for all 
patients. Multiple pulmonary CT scans were obtained during diagnosis and treatment procedure. Scan frequency, total scan 
times, radiation dose, and image quality were determined.
Results Thirty-three patients (15 males and 18 females, age 21–82 years) with confirmed COVID-19 pneumonia underwent 
a total of 143 chest CT scans. The number of CT scans per patient was 4 ± 1, with a range of 2–6. The time interval between 
two consecutive chest CT scans was 3 ± 1 days. The average effective dose from a single chest CT scan was 1.21 ± 0.10 mSv, 
with a range of 1.02–1.44 mSv. The average cumulative effective dose per patient was 5.25 ± 1.52 mSv, with a range of 
2.24–7.48 mSv. The maximum cumulative effective dose was 7.48 mSv for six CT examinations during COVID-19 treat-
ment. Based on subjective image quality analysis, the visual scoring of CT findings was 11.23 ± 1.35 points out of 15 points.
Conclusions The frequency, total number and image quality of chest CT scans should be reviewed carefully to guarantee 
minimally required CT scans during the COVID-19 management.
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Introduction

The Corona Virus Disease 2019 (COVID-19) was first 
reported in December 2019 from an outbreak of unexplained 
pneumonia in Wuhan (Hubei, China) that subsequently 
spread rapidly around the world [1]. Because of the public 
health emergency, chest CT has been used for initial diagno-
sis, monitoring the changes of lesions and also for treatment 
evaluation [2]. Based on a survey with participants from 62 
health care sites in 34 countries, 22% of sites used chest CT 
for initial diagnosis and 76% used chest CT to assess severity 
of COVID-19 pneumonia [3].

Diagnosis of suspected COVID-19 is often performed by 
detection of the viral nucleic acid via real-time polymer-
ase chain reaction (RT-PCR) [4]. CT imaging is preferred 
because of high image contrast and sensitivity for detec-
tion or monitoring of COVID-19 viral pneumonia [5]. Some 
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studies have reported symptomatic COVID-19 patients with 
viral pneumonia detected with CT imaging yet RT-PCR test-
ing was negative [2, 6]. Compared with chest radiography, 
CT scans can sensitively detect infection progression and 
patient’s recovery from COVID-19 pneumonia [7], although 
few cases without any significant abnormalities in asympto-
matic COVID-19 carriers were reported [8].

The purpose of this study was to investigate the image 
quality and radiation dose of low-dose CT scans received 
by COVID-19 patients and to evaluate the oncogenic risk 
of multiple chest CT examinations.

Materials and methods

This retrospective study was approved by the National 
Health Commission of China and Ethics Commission of the 
First Affiliated Hospital of Xi’an Jiaotong University. Writ-
ten informed consent was waived by the Ethics Commission 
of the designated hospital for emerging infectious diseases. 
Our study enrolled consecutive inpatients with RT-PCR 
confirmed COVID-19 infection between January 31, 2020 
and February 19, 2020. The indication for chest CT was 
fever and suspected COVID-19 pneumonia. For each patient, 
one or multiple CT scans were performed at several time 
points during the course of the disease. The patients were 
scanned using low-dose protocol for a follow-up period of 
2–3 weeks. The scan exclusion criteria included (a) critically 
severe COVID-19 cases and (b) children with COVID-19.

Chest CT scans were performed on a multi-detector CT 
scanner (Optima CT680, GE Healthcare, Waukesha, WI, 
USA). Images were acquired from the apex to base of the 
lungs during breath-hold for the inspiratory phase. The tech-
nical parameters for acquisition were 120 kVp tube voltage, 
120–380 mA tube current modulation, 10 noise index, 1.375 
pitch, 0.8 s rotation time, and 4 × 10 mm collimation. All 
images were reconstructed using filtered back projection 
algorithm and the STANDARD kernel at slice thickness of 
1.25 mm and interval thickness of 1.25 mm. The radiation 
output in the form of the dose-length product (DLP) was 
recorded from the CT system for each exam. The DLP was 
multiplied by a k factor of 0.014 for conversion to effective 
dose [9].

CT images of all patients were sent to the workstation 
for image analysis. The image quality of lung window and 
mediastinal window was scored by an experienced radi-
ologist. The specific scoring criteria are as follows: (1) 
lung texture classification: clear, smooth and sharp edge, 3 
points; unclear, unsmooth and sharp edge, 2 points; fuzzy 
edge, 1 point. (2) Image graininess: fine image with little 
graininess, 3 points; less fine image with slight graini-
ness, 2 points; rough image with obvious graininess, 1 
point. (3) The contrast of large mediastinal vessels: clear 

contrast, 3 points; unclear contrast, 2 points; fuzzy con-
trast, 1 point. (4) The clarity of tissue organization of 
mediastinal window: clear tissue organization, 3 points; 
unclear tissue organization, 2 points; fuzzy tissue organi-
zation level, 1 point. (5) Doctor’s confidence in diagnosis: 
full confidence, 3 points; poor confidence, 2 points; lack of 
confidence 1 point. Overall visual scoring was calculated 
as the total points of all five criteria.

Results

Thirty-three patients (15 males and 18 females, age 
21–82  years) with confirmed COVID-19 pneumonia 
underwent a total of 143 chest CT scans. The relevant 
diagnosis content as evaluated by an experienced radi-
ologist is listed in Table 1. The number of CT scans per 
patient was 4 ± 1, with a range of 2–6. Three patients 
(9%) received two scans, six patients (18%) received three 
scans, six patients (18%) received four scans, 13 patients 
(39%) received five scans, and five patients (15%) received 
six scans.

The time interval between two consecutive chest CT 
scans was 3 ± 1 days, including 2-day intervals 11 exams 
(10%), 3-day intervals 52 exams (47%), 4-day intervals 
35 exams (32%), 5-day intervals 9 exams (8%), and 6-day 
intervals 3 exams (3%) (Fig. 1).

The average effective dose from a single chest CT scan 
was 1.21 ± 0.10 mSv, with a range of 1.02–1.44 mSv. 
The average cumulative effective dose per patient was 
5.25 ± 1.52 mSv, with a range of 2.24–7.48 mSv (Fig. 2). 
The maximum cumulative effective dose was 7.48 mSv for 
six CT examinations during COVID-19 treatment.

Based on subjective image quality analysis, the overall 
visual scoring of CT findings was 11.23 ± 1.35 out of 15 
points (Table 2).

Table 1  CT image interpretations of patients with COVID-19

GGO pure pure ground-glass opacities, GGO N-pure GGO with 
interlobular septal thickening

Pneumonia chest CT findings n (%)

GGO
 GGO pure 23 (70%)
 GGO N-pure 22 (67%)

Consolidation 1 (3%)
Mixed GGO and consolidation 5 (15%)
Fibrous stripes 0 (0%)
Zonal predominance
 Upper 21 (64%)
 Middle or lower 30 (91%)
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Discussion

There are still big concerns about the net benefit of apply-
ing chest CT to COVID-19 management. The International 
Atomic Energy Agency (IAEA) organized a webinar to 
discuss CT practice and protocols for COVID-19 from a 
radiation protection perspective [10]. The median CT dose 
index for chest CT was 9 mGy in COVID-19 pneumonia 

Fig. 1  Chest CT scan frequency 
during COVID-19 clinical 
management. The range of 
time intervals between two 
consecutive chest CT scans was 
2–6 days

Fig. 2  Effective dose of chest CT scans. The effective dose of each chest CT scan (blue) was 1.21 ± 0.10 mSv, and the cumulative effective dose 
of each patient (red) was 5.25 ± 1.52 mSv

Table 2  Subjective evaluation of low-dose CT images

Evaluation index Score

Lung texture classification 2.27 ± 0.45
Image graininess 2.24 ± 0.49
Contrast of large mediastinal vessels 2.18 ± 0.63
Clarity of tissue organization of mediastinal window 2.31 ± 0.50
Doctor’s confidence in diagnosis 2.21 ± 0.69
Overall scoring 11.23 ± 1.35
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as summarized from 782 patients from 54 health care sites 
in 28 countries, which has eightfold variations across mul-
tiple health care sites and is deemed as regular dose [11]. 
For example, Pan et al. reported CTDIvol of 8.4 ± 2.0 mGy 
for single chest CT exam of COVID-19 patients [7]. Low-
dose CT (< 3 mGy) has been proposed for the detection 
and management of COVID-19 using an improved detec-
tor, higher pitch settings, lower tube voltage and current, 
iterative reconstruction, and dose-reduction options [12]. 
An ultra low-dose (< 1 mGy) protocol exhibited highly 
diagnostic images for COVID-19 using fast, long-pitch and 
dual-source acquisition on third-generation dual-source 
CT scanners [13].

The development of low-dose CT imaging has unmet 
clinical needs as CT exams account for the major cause 
of radiation exposure from diagnostic imaging procedures 
[14]. In this study, the CT scan radiation dose to COVID-
19 patients was minimized through an improved detec-
tor, high-pitch setting, iterative reconstruction, and dose-
reduction options. The average effective dose for chest CT 
exams as reported in the literature is 10.3 mSv and range 
of 3.2–12.2 mSv [15]. In this study, the average effective 
dose for a single CT scan was 1.21 mSv, which can be 
deemed as a low-dose protocol [13] and associated with an 
oncogenic risk of 0.006% [16]. The average total effective 
dose per patient with multiple CT exams was 5.25 mSv 
in this study, which would result in approximately 0.03% 
additional lifetime risk for fatal cancer.

Several studies have evaluated the role of low-dose CT 
for COVID-19 management. Low-dose CT imaging pro-
tocol may result in the loss of image quality and could 
potentially affect clinical diagnosis of COVID-19 [13, 17, 
18]. In this study, the overall scoring assigned by the radi-
ologist showed an acceptance rate of 11.23 out of 15.

We are aware that our study has some limitations. This 
is a single-center study. Both radiation dose and image 
quality of the specific CT protocol could not be strictly 
compared to other institutions. It would be better to scan 
same patients with both low-dose protocol and standard-
dose protocol for a subjective comparison [12]. Another 
limitation of this retrospective study is that the scan pro-
tocol has not been systematically optimized. For example, 
120 kVp was used in contrary to the suggested low tube 
voltage (80–100 kVp) [19]. In future studies, tube volt-
age and current, pitch setting, and reconstruction method 
should be evaluated for minimal dose and high image qual-
ity. In this study, a small amount of patients was enrolled 
within a short period of time, thus the role of CT scan in 
COVID-19 management could not be thoroughly defined. 
Further evaluation of the value of low-dose CT scan in 
COVID-19 will require studies with large sample sizes 
and long-term follow-up.

Conclusions

This study illustrates there is evidence to optimize protocols 
and reduce the radiation exposure per exam such that the 
cumulative radiation exposure from multiple CT exams is 
reduced. Furthermore, the frequency and total number of 
chest CT scans should be reviewed carefully to guarantee 
minimally required CT scans during the treatment to follow 
the ALARA (As Low As Reasonably Achievable) principal.
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