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A B S T R A C T   

Background: During the global Coronavirus Disease 2019 (COVID-19) pandemic, numerous computed tomog
raphy (CT) scans were conducted to assess pulmonary abnormalities associated with COVID-19. A number of 
studies have contributed to our current understanding of radiation doses in the context of chest CT scans for 
COVID-19 diagnosis, but there remains a discernible gap in the literature regarding organ-level dose assessments. 
Materials and methods: We estimated organ and effective dose for the COVID-19-related chest CT patients in the 
following three steps. First, we collected CTDIvol and DLP from the literature published during and after COVID- 
19 pandemic period. Second, we developed the probability density functions (PDFs) for the CTDIvol and the 
starting location of CT scans by age groups from which 1000 sets of patient and technique parameters were 
created. With CT organ dose calculation software, National Cancer Institute dosimetry system for CT (NCICT), we 
calculated 1000 sets of plausible organ and effective doses and evaluated summary statistics for the patient 
population. 
Results: The standard dose protocol administered approximately five times higher CTDIvol (5.4 mGy) to patients 
undergoing COVID-19-related chest CT scans compared to the low dose protocol (1.1 mGy). The median lung 
dose (11.8 mGy) for the 1-year-old patients was about 1.5 times greater than that (7.8 mGy) of the adult patients. 
We found that 75% of whole COVID-19-related CT patients would have received effective doses less than 6.4 mSv 
and 1.5 mSv when scanned by standard dose and low dose protocols, respectively. 
Conclusion: We evaluated the distribution of organ and effective dose for the COVID-19-related chest CT patients 
worldwide by collecting comprehensive data of CTDIvol for the COVID-19-related chest CT scans from the 
literature and combining them with NCICT organ dose calculator. While past studies have predominantly re
ported basic CT dose descriptors, our work takes it a step further by reporting organ-level doses and effective 
doses. Subsequent research endeavors could involve enhancing the precision of radiation dose assessment 
through the collection of a subset of electronic CT records.   

1. Introduction 

During the global Coronavirus Disease 2019 (COVID-19) pandemic, 
numerous computed tomography (CT) scans were conducted to assess 
pulmonary abnormalities associated with COVID-19 (Homayounieh 
et al., 2020). Although major health and radiology organizations do not 
recommend the sole use of CT scans for the diagnosis of COVID-19 
without reverse transcription polymerase chain reaction assay or anti
gen tests, a substantial portion of the hospitals worldwide used chest CT 
scans as the preferred testing method. While the diagnostic benefits of 
CT imaging are well-established, there is growing evidence regarding 

the associated radiation dose and its long term adverse effects for patient 
health (Bosch De Basea Gomez et al., 2023; Hauptmann et al., 2023; 
Pearce et al., 2012). Thus, healthcare professionals strive to strike a 
delicate balance between accurate diagnosis and minimizing unnec
essary radiation exposure. Following two years of the COVID-19 
pandemic, there is an immediate need to examine the radiation dose 
implications for the patient population that has undergone chest CT 
scans for COVID-19 diagnosis. 

A number of studies have contributed to our current understanding 
of radiation doses in the context of chest CT scans for COVID-19 diag
nosis, with a focus on reporting major CT dose descriptors such as the 
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volumetric Computed Tomography Dose Index (CTDIvol) and the Dose- 
Length Product (DLP). Investigations into these widely recognized 
dose metrics have provided essential baseline data, characterizing the 
level of overall radiation exposure for the CT scan procedure. While 
these studies have been instrumental in establishing general bench
marks for radiation exposure during COVID-19-related CT scans, those 
dose descriptors are measured using simple cylindrical phantoms with 
the uniform diameters of 16 or 32 cm, called CTDI phantoms, which do 
not directly represent dose delivered to patients’ anatomy. There re
mains a discernible gap in the literature regarding organ-level dose as
sessments for COVID-19-related CT scans. 

Recognizing the need to delve deeper into this critical aspect of ra
diation safety, in the current study, we evaluated major organ doses 
estimated to be delivered to patients who underwent chest CT scans for 
COVID-19 diagnosis. Since it requires a large scale global survey to 
obtain CT dose descriptors from hospitals, we established a compre
hensive database of basic dose descriptors from the literature. We then 
calculated 1000 sets of plausible organ doses and effective doses for the 
patient cohort in various age groups by using an uncertainty propaga
tion technique combined with a CT organ dose calculation tool. We 
provided the summary statistics of organ-level and effective doses for 
the patient population worldwide who underwent chest CT scans for 
COVID-19 diagnosis. 

2. Materials and methods 

We estimated organ and effective dose for the COVID-19-related 
chest CT patients in the following three steps. First, we collected 
CTDIvol and DLP from the literature published during and after COVID- 
19 pandemic period. Second, we developed the probability density 
functions (PDFs) for the CTDIvol and the starting location of CT scans by 
age groups from which 1000 sets of patient and technique parameters 
were created. With CT organ dose calculation software, National Cancer 
Institute dosimetry system for CT (NCICT) (Lee et al., 2022), we calcu
lated 1000 sets of plausible organ and effective doses and evaluated 
summary statistics for the patient population. 

2.1. Collection of CT dose descriptors 

We searched scientific articles reporting CT dose descriptors for pa
tients who underwent CT scans for COVID-19 diagnosis. From PubMed 
(https://pubmed.ncbi.nlm.nih.gov/), the keyword, “COVID19 chest CT 
dose” resulted in 218 articles published between 2020 and 2023. We 
only selected 30 articles containing CTDIvol or DLP or both. We gathered 
the mean, standard deviation, minimum, and maximum values of 
CTDIvol (mGy) and DLP (mGy-cm) manually from the chosen articles, to 
the extent that the information was accessible. 

Many papers report the type of scan protocols: standard dose pro
tocol, low dose protocol, and ultra low dose protocol. Since only a small 
number of articles report ultra low dose protocol, we combined the low 
dose and ultra low dose protocols into a single category, “low dose 
protocol.” When scan protocols were not specified, we assumed that 
standard dose protocol was used when CTDIvol was greater than 3 mGy, 
which is recommended in low dose CT scans for lung cancer screening 
by the US Centers for Medicare & Medicaid Services.1 We summarized 
CTDIvol and DLP into the two protocol categories: standard dose and low 
dose protocols. When both CTDI and DLP are available, we derived scan 
length (cm) using the following equation: 

scan length (cm)=DLP(mGy ⋅ cm)/CTDIvol(mGy) (1) 

When CTDIvol is available but DLP is not, we derived DLP by 
multiplying CTDIvol with the average scan length. When DLP is available 

but CTDIvol is not, we derived CTDIvol by dividing DLP by the average 
scan length. Overbeaming may impact scan ranges derived from this 
relationship mentioned above. However, it is impossible to quantify the 
range of overbeaming around the penumbra based on the information 
collected from the literature. Its impact was assumed to be negligible for 
modern scanners with multi-section CT scanners (Goo, 2012). The age of 
patients in most articles is not explicitly stated, except in a few instances 
where adults over 40 years old were specifically included in the studies. 
It was also difficult to ascertain the dimensions of the CTDI phantom (16 
or 32 cm) used for the reported CTDIvol values. We assumed all CTDIvol 
used for the COVID-19-related chest CT patients were based on a 32 cm 
body CTDI phantom for both pediatric and adult patients. Since most of 
the articles specified countries, we tabulated the data by country and 
derived national median values for comparison. We also derived mini
mum, Q1, median, Q3, and maximum values for CTDIvol, DLP, and scan 
lengths after combining all country-specific data. 

We then created the two probability density functions (PDF) repre
senting the distribution of CTDIvol for the standard dose protocol and 
low dose protocol, respectively. Since a small number of data was 
available for some countries, we combined the data from all countries 
into the PDFs. 

2.2. Scan locations 

Next to the variation of CTDIvol impacting organs and effective doses, 
scan locations are also reported to be substantially affecting organ doses 
(Lee et al., 2019). As described above, when both CTDIvol and DLP were 
available, we derived scan length from those values. For the anatomical 
locations of scan start and end, we adopted the standard scan protocols 
for chest CT used at the National Institutes of Health Clinical Center (Lee 
et al., 2015): from the clavicles to the middle of the liver. The 
age-dependent scan coverage for chest CT that was used in the current 
study is presented for the five computational human phantoms of 1, 5, 
10, 15 years and adult in Fig. 1. Scan start locations are presented in 
Fig. 1 as red lines with the distance from the top of the phantom’s head 
presented on the left of each phantom: 20 cm (1 year), 23 cm (5 year), 
25 cm (10 year), 28 cm (15 year), and 28 cm (adult). 

We created a uniform distribution range above and below the scan 
start location by 5% of the phantom’s height. For the adult phantom, for 
example, we assumed the range of scan start location as 28 cm ± 8.8 cm 
(the height of the adult male phantom, 176 cm x 0.05 = 8.8 cm). We 
randomly sampled a scan start location and derived the scan end loca
tion by adding the average scan range to the scan start location (i.e., scan 
end location = scan start location +average scan length). Sampled scan 
coverage and CTDIvol were then used for organ dose calculations as 
described below. 

2.3. Organ and effective dose calculation 

We adopted the NCICT version 3.0.20230428 (Lee et al., 2015, 2022) 
for organ and effective dose calculations. The program is designed to 
calculate organ-specific doses and effective doses by utilizing compu
tational voxel phantoms representing reference individuals at different 
developmental stages. These phantoms are in accordance with the age 
categories defined by the International Commission on Radiological 
Protection (ICRP) (ICRP, 2020, 2010). The list of organs to which dose is 
calculated from NCICT includes: brain, pituitary gland, lens, eye balls, 
salivary glands, oral cavity, spinal cord, thyroid, esophagus, trachea, 
thymus, lungs, breast, heart wall, stomach wall, liver, gallbladder, ad
renals, spleen, pancreas, kidney, small intestine, colon, rectosigmoid, 
urinary bladder, prostate, uterus, testes, ovaries, skin, muscle, active 
marrow, and shallow marrow. 

NCICT requires the following input parameters for organ dose cal
culations: scan start (the distance of scan start location from the top of 
the patient in cm), scan end (the distance of scan end location from the 
top of the patient in cm), phantom group number (1 = pediatric female, 

1 https://www.cms.gov/medicare-coverage-database/view/ncacal-decision 
-memo.aspx?proposed=N&NCAId=274. 
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2 = pediatric male, 3 = adult female, 4 = adult male), the height (cm) 
and weight (kg) of a patient, tube potential (kV), tube current modula
tion strength (0–1), the phantom type (1 = 16 cm, 2 = 32 cm) for 
CTDIvol, and CTDIvol (mGy). For the current study, we adopted five 
computational human phantoms representing 1-, 5-, 10-, 15-year-old, 
and adult males since we wanted to focus on gender-neutral organs in 
the current study (Fig. 1). The only gender-specific tissue receving 
measurable doses would be the breast. However, it is always fully 
covered by chest CT which may not show substantial difference between 
males and females. Below the age of 15 years, pediatric breast models 
exhibit identical characteristics across genders. Since the height and 
weight distribution of COVID-19-related CT patients are not reported, 
we evaluated radiation dose to patients representing reference height 
and weight defined by the International Commission on Radiological 
Protection (ICRP). The tube potential of 120 kV was assumed for both 
pediatric and adult patients. 

Using these parameters, NCICT calculates organ doses according to 
the following equation: 

where z is the slice number ranging from 1 to the total number of slices 
with 1 cm interval, phantom is selected based on the parameters 
described above (phantom group number, height, and weight), SS and 
SE are the slice numbers at the scan start and end, respectively, 
described above, DMC(organ, phantom, spectrum, z) (mGy/photon) is 
organ dose per photon history pre-calculated from Monte Carlo simu
lation of the phantoms combined with CT x-ray source models, 
CTDIvol,MC (mGy/photon) is the CTDIvol per photon history calculated 

from the Monte Carlo simulation of CTDI phantoms (16 cm and 32 cm) 
coupled with CT x-ray models, and CTDIvol(spectrum,CTDI phantom, z)
was provided from the literature review described above. 

2.4. Plausible dose realizations 

To evaluate the distribution of plausible organ doses and effective 
doses delivered to patients who underwent COVID-19-related chest CT 
scans worldwide, we adopted an uncertainty propagation method 
(Simon et al., 2015). We simulated 1000 sets of CTDIvol and scan 
coverage by randomly sampling from the PDFs of CTDIvol and scan start 
location created as described above. We utilized INDEX combined with 
RANDBETWEEN functions in Microsoft Excel to randomly sample 
CTDIvol,sample from its PDFs for standard dose and low dose protocols, and 
RANDBETWEEN function for sampling Scan startsample from the PDFs of 
scan start range as follows: 

CTDIvol,sample = INDEX(CTDIvol array,RANDBETWEEN(1, arraysize)) (3)  

Scan startsample =RANDBETWEEN(upper limit, lower limit) (4)  

where CTDIvol array is the array of CTDIvol values for standard and low 
dose protocols, arraysize is the length of the CTDIvol array, upper limit is 
the upper limit of scan start (e.g., 28 cm–8.8 cm = 19.2 cm for adult 
male), lower limit is the lower limit of scan start (e.g., 28 cm + 8.8 cm =
36.8 cm for adult male). The upper and lower limits of scan coverage are 
presented in Fig. 1 as blue boxes on each phantom. Once scan start 

Fig. 1. The age-dependent computational human phantoms utilized in the NCICT program for organ dose calculations in this study. The locations of scan start for 
chest CT are represented by the red line on each phantom with the distance from the top of the phantom’s head specified in cm on the left. The range of scan start 
locations used for random sampling is depicted by blue boxes. 

Dorgan =
∑z=SE

z=SS

DMC(organ, phantom, spectrum, z)
CTDIvol,MC(spectrum,CTDI phantom, z)

×CTDIvol(spectrum,CTDI phantom, z) (2)   
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location was sampled, we added the average scan length obtained from 
literature to derive scan end location. 

We created a total of 1000 sets of input lines for the NCICT program, 
distinguishing between standard (500 input lines) and low dose (500 
input lines) protocols. Subsequently, employing the batch calculation 
feature of NCICT, we automated the computation of 1000 sets (500 for 

standard dose protocol and 500 for low dose protocol) of plausible 
doses, encompassing a total of 33 radiosensitive organs and tissues, 
including the lungs, stomach, colon, and active marrow (with a tissue 
weighting factor of 0.12 (ICRP, 2007)). Additionally, NCICT facilitated 
the derivation of an effective dose based on organ and tissue doses 
combined with tissue weighting factors. 

Fig. 2. Distribution of CTDIvol (mGy) for (a) standard dose and (b) low dose protocols collected from the literature.  
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3. Results 

Fig. 2 shows the distribution of CTDIvol values for standard and low 
dose protocols that were used to create 1000 realizations of CTDIvol for 
organ dose calculations. The CTDIvol and DLP with mean, standard de
viation, min, and max by article are summarized for standard dose 
protocol (Table 1a) and low dose protocol (Table 1b). National median 
values were calculated and provided at the end of the country-specific 
data. For standard dose protocol (Table 1a), median CTDIvol ranges 
from 3.6 mGy (France) to 14.4 mGy (Belgium) although only a single 
data point was available for Belgium. Across the countries included in 
our study, the median of the mean CTDIvol and DLP values was 5.8 mGy 
and 200.5 mGy-cm, respectively. As for the low dose protocol 
(Table 1b), the lowest national CTDIvol is observed for France (0.4 mGy) 
with Turkey and Italy, the next lowest CTDIvol, 0.6 mGy. The greatest 
low dose protocol CTDIvol is observed for Iran, which reports the CTDIvol 
of 3.5 mGy, which was proposed as a low-dose chest CT protocol 
(Agostini et al., 2020). Median of the mean CTDIvol and DLP values for 
low dose protocols are 1.1 mGy and 40.3 mGy-cm, respectively. The 

standard dose protocol administered approximately five times higher 
CTDIvol (5.8 mGy) to patients undergoing COVID-19-related chest CT 
scans compared to the low dose protocol (1.1 mGy). 

A total of 1000 sets of organ doses (33 organs and tissues) and 
effective doses were calculated using the NCICT program where 1000 
sets of batch input files were inputted. The full sets of doses are provided 
in the supplementary material. The five-number summary tables for 500 
plausible organ and effective doses were provided for standard dose 
protocol (Table 2a) and low dose protocol (Table 2b). For both standard 
dose and low dose protocols, the lungs received the greatest dose out of 
the four organs while the colon received the smallest dose for all ages. 
For both protocols, the median lung dose (11.8 mGy) for the 1-year-old 
patients was about 1.5 times greater than that (7.8 mGy) of the adult 
patients. Median effective dose for 1-year-old patients was 1.2 and 1.1 
times greater than the adult patients for standard dose and low dose 
protocols, respectively. 75% of whole COVID-19-related CT patients 
would have received effective doses less than 6.4 mSv and 1.5 mSv when 
scanned by standard dose and low dose protocols, respectively. How
ever, maximum effective doses were up to 15.6 mSv (standard dose 

Table 1A 
Summary of dosimetric characteristics of CT scans conducted for COVID19 patients in different countries using standard dose protocol. Derived CTDIvol and DLP are 
presented in bold italics. Countries are italicized in bold when standard dose protocol was assumed based on CTDIvol. Min, Q1, median, Q3, max, and median absolute 
deviation (MAD) values were calculated for CTDIvol, DLP, and scan length.  

Country CTDIvol (mGy) DLP (mGy-cm) Scan Length (cm) Reference 

Mean SD Min Max Mean SD Min Max 

Belgium 14.4    520.0  310 906  (De Smet et al., 2021) 

China 10.5  0.6 33.8 355.0  6.8 1098 34 (Zhou, 2020) 
China 3.4    129.1    38 (Kang et al., 2020) 
China 11.2 1.5   360.5 52.99   32 (Li et al., 2020) 
China 8.4 2 5.2 12.6 302.4     (Pan et al., 2020) 
China 12.6    454.7     (Wu et al., 2020) 
China 4.1 0.9 2.3 5.8 147.6     (D. Liu et al., 2020) 
China 6.2    208.5     (J. Liu et al., 2020) 
China 9.3 4.1   314.0 152.8   34 (Wen et al., 2020) 

National Median 8.9    308.24      

France 2.8  2.2 3.5 118.6  92 156 43 (Greffier et al., 2021) 
France 4.4    160.0 40 80 400 36 (Herpe et al., 2021) 

National Median 3.6    139.3      

Iran 13.2 2.5   412.8 91.7   31 (Tabatabaei et al., 2020b) 
Iran 5.1  3.8 7.8 183.6     (Tabatabaei et al., 2020a) 
Iran 4.9  3.9 7.8 176.4     (Tabatabaei et al., 2020c) 
Iran 5.4  2.3 8.4 192.6     (Moradi et al., 2020) 

National Median 5.2    188.1      

Italy 6.4  3.9 7.5 226.2  176 322  (Agostini et al., 2020) 
Italy 6.8 2.7   239.0 94   35 (Ghetti et al., 2020) 
Italy 8.9 1.6   334.2 33.8   38 (Falaschi et al., 2020) 
Italy 15.1 2.4   557.6 62.6   37 (Falaschi et al., 2020) 

National Median 7.9    286.6      

Saudi Arabia 4.8    172.4     (Saeed et al., 2023) 
Saudi Arabia 2.3    81.4     (Saeed et al., 2023) 
Saudi Arabia 5.3    191.5     (Saeed et al., 2023) 
Saudi Arabia 3.0    108.4     (Saeed et al., 2023) 
Saudi Arabia 5.2    186.1     (Saeed et al., 2023) 

National Median 4.8    172.4      

Turkey 7.2    260.0     (Aslan et al., 2021) 
Turkey 8.0    330.0    41 (Atlı et al., 2022) 
Turkey 5.3    190.0  98 494  (Karakaş et al., 2021) 

National Median 7.2    260.0      

Europe + USA 5.3 1.4 2.5 7.9 182.4 34.2 76.6 286.1 34 (Booz et al., 2021) 

Min 2.3    81.4    31.3  
Q1 4.9    172.4    33.8  
Median (MAD) 5.8 (2.0)   200.5 (65.5)   36.0 (3.4) 
Q3 9.0    330.0    37.6  
Max 15.1    557.6    42.5   
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protocol) and 5.72 mSv (low dose protocol) for 1-year-old patients. As 
for adult patients, standard dose protocol delivered about 6-fold greater 
median lung doses (7.8 mGy vs. 1.4 mGy) and effective doses (0.7 mSv 
vs. 4.2 mSv) compared to low dose protocol. 

Table 1B 
Summary of dosimetric characteristics of CT scans conducted for COVID19 patients in different countries using low dose protocol. Countries are italicized in bold 
when low dose protocol was assumed based on CTDIvol. Derived CTDIvol and DLP are presented in bold italics. Min, Q1, median, Q3, max, and median absolute 
deviation (MAD) values were calculated for CTDIvol, DLP, and scan length.  

Country CTDIvol (mGy) DLP (mGy-cm) Scan Length (cm) Reference 

Mean SD Min Max Mean SD Min Max 

Belgium 1.3 0.59   39.9 17.8   31 Dangis et al. (2020) 
China 4.4    159.4    36 Zhou (2020) 
China 0.4    14.5    37 Kang et al. (2020) 
China 2.5 0.27   87.3 10.21   34 Li et al. (2020) 
China 2.4 1.11   93.9 45.6   39 Hu et al. (2020) 

National Median 2.5    87.1      

Egypt 1.6 0.4   61.0 9.5   38 Samir et al. (2021) 
Egypt 1.1 0.3   42.0 7.9   38 Samir et al. (2021) 

National Median 1.4    51.5      

France 0.4  0.39 0.4 14.2  13.1 15.4 36 Greffier et al. (2021) 

Germany 0.9 0.3   35.0 10.2   39 Hamper et al. (2020) 
Germany 2.8 0.9   89.3 27.7   32 Steuwe et al. (2020) 

National Median 1.9    62.2      

Iran 3.5 0.8   112.0 26.6   32 Tabatabaei et al. (2020b) 

Italy 0.6  0.47 1.12 19.5  17.5 29 30 Agostini et al. (2020) 

Turkey 0.6    20.4     Aslan et al. (2021) 
Turkey 1.0    40.3    40 Atlı et al. (2022) 
Turkey 0.4    15.6  12 32  Karakaş et al. (2021) 

National Median 0.6    25.4      

Min 0.4    14.2    30.5  
Q1 0.6    19.7    32.0  
Median (MAD) 1.1 (0.7)   40.3 (24.7)   35.8 (3.3) 
Q3 2.3    80.7    38.1  
Max 4.4    153.4    40.3   

Table 2A 
Five-number summary of 500 plausible major organ doses (mGy) and effective 
doses (mSv) for patients with different age groups scanned by standard dose 
protocol.  

Standard dose 
protocol 

Lungs Stomach Colon Active marrow E (mSv) 

1 years Min 4.1 0.5 0.1 1.2 1.7 
Q1 10.0 2.6 0.2 2.8 4.1 
Median 11.8 4.7 0.4 3.4 5.0 
Q3 18.0 7.1 0.6 5.1 7.8 
Max 35.3 22.5 2.1 10.1 15.6 

5 years Min 2.1 0.9 0.1 0.6 1.7 
Q1 6.2 3.9 0.4 1.5 4.0 
Median 9.0 7.1 0.8 1.9 4.6 
Q3 14.0 10.5 1.8 3.0 7.2 
Max 29.8 29.2 13.3 6.2 14.4 

10 years Min 2.6 0.6 0.1 0.7 1.5 
Q1 6.5 2.7 0.3 1.7 3.5 
Median 8.7 5.8 0.7 2.1 4.4 
Q3 13.2 9.3 1.9 3.3 6.8 
Max 28.0 25.7 10.7 6.7 13.8 

15 years Min 2.5 0.2 0.0 0.7 0.9 
Q1 6.2 0.9 0.1 1.7 2.5 
Median 8.0 2.4 0.2 2.1 3.4 
Q3 12.3 5.4 0.4 3.2 5.2 
Max 25.9 21.8 2.7 6.6 12.0 

30 years Min 2.4 0.7 0.1 0.8 1.3 
Q1 5.6 3.5 0.3 1.8 3.1 
Median 7.8 5.8 0.8 2.3 4.2 
Q3 11.4 9.7 2.4 3.5 6.4 
Max 22.2 21.8 13.2 6.6 12.4  

Table 2B 
Five-number summary of 500 plausible major organ doses (mGy) and effective 
doses (mSv) for patients with different age groups scanned by low dose protocol.  

Low dose protocol Lungs Stomach Colon Active marrow E (mSv) 

1 years Min 0.30 0.03 0.00 0.08 0.08 
Q1 1.02 0.22 0.02 0.31 0.42 
Median 1.98 0.70 0.07 0.56 0.81 
Q3 4.54 1.80 0.20 1.25 1.80 
Max 10.06 8.63 2.05 3.61 5.72 

5 years Min 0.19 0.03 0.00 0.02 0.05 
Q1 0.90 0.56 0.05 0.19 0.47 
Median 1.67 1.13 0.18 0.35 0.84 
Q3 3.02 2.09 0.67 0.68 1.61 
Max 8.34 8.13 6.16 2.26 5.53 

10 years Min 0.31 0.04 0.00 0.05 0.11 
Q1 0.86 0.36 0.04 0.20 0.42 
Median 1.60 0.89 0.17 0.38 0.81 
Q3 3.57 2.00 0.54 0.83 1.65 
Max 7.75 7.51 5.03 2.33 4.88 

15 years Min 0.33 0.02 0.00 0.07 0.08 
Q1 0.86 0.16 0.01 0.22 0.33 
Median 1.49 0.43 0.04 0.39 0.62 
Q3 3.38 1.10 0.10 0.82 1.21 
Max 7.23 6.08 1.15 2.31 4.05 

30 years Min 0.36 0.05 0.00 0.07 0.13 
Q1 0.81 0.48 0.04 0.24 0.40 
Median 1.36 0.86 0.18 0.41 0.74 
Q3 3.18 1.94 0.63 0.85 1.50 
Max 6.01 5.88 5.10 2.47 4.30  
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Fig. 3. Distribution of major organ doses and effective doses delivered to adult COVID19 chest CT patients scanned using (a) standard dose protocol (n = 500) and 
(b) low dose protocol (n = 500). 
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Fig. 3 shows the boxplot of the distribution of organ and effective 
doses of COVID19 adult patients undergoing chest CT scans by (a) 
standard dose protocol and (b) low dose protocol. It is clear that all doses 
are positively skewed (right-skewed). Interquartile ranges are quite 
different between the lungs and colon: 5.8 mGy for lungs and 2.0 for 
colon. For low dose protocol, the interquartile ranges are much smaller: 
2.37 mGy for lungs and 0.59 for colon. 

4. Discussion 

Our study introduces an innovative approach to evaluating radiation 
dose distributions in chest CT scans for diagnosis of COVID-19 world
wide, focusing on a detailed examination of organ-specific doses—a 
facet that has not been extensively explored in previous research. While 
past studies have predominantly relied on major CT dose descriptors like 
CTDIvol and DLP, our work takes a step further. From literature, we 
identified two CT parameters impacting organ doses the most: CTDIvol 
and scan coverage (Dabin et al., 2016; Lee et al., 2019; McNitt-Gray, 
2002). Through the generation of 1000 plausible CTDIvol and scan 
coverage and the utilization of the NCICT program, we pioneer the 
calculation of organ-specific doses for a diverse set of 33 radiosensitive 
organs and tissues. The results provide an in-depth understanding of 
how radiation is distributed within the body. Furthermore, we calcu
lated effective dose directly from organ-specific doses not from 
DLP-to-effective dose conversion factors, which may lead to the errors 
up to 40% (Lee, 2020). Through the analysis of the plausible organ and 
effective dose data, we found that 75% of whole COVID-19-related CT 
patients would have received effective doses less than 6.4 mSv and 1.5 
mSv when scanned by standard dose and low dose protocols, 
respectively. 

We compared our effective doses with those from other data sources. 
National Council on Radiation Protection and Measurements reported 
the effective dose of 6.1 mSv for general chest CT based on American 
College of Radiology Dose Index Registry data and literature surveys 
(NCRP, 2019). This is comparable to our result, 6.4 mSv, for standard 
dose protocol. The NCRP also reports the effective dose of 0.1 mSv for 
chest radiography, which is substantially smaller than that from CT as 
expected. UNSCEAR also indicates effective dose of 6.4 mSv for thorax 
CT scans (UNSCEAR, 2022), which is identical to that from NCRP. 
Effective dose of 0.08 mSv is reported by UNSCEAR for thorax 
radiography. 

This study, while contributing novel insights into organ-specific ra
diation doses in chest CT scans for COVID-19 patients, is subject to 
certain limitations that warrant consideration. Our use of the ICRP 
reference computational phantoms, instead of actual patient CT images, 
may be a noteworthy constraint. While these phantoms offer a stan
dardized human anatomy, they may not fully encapsulate the anatom
ical diversity inherent in the COVID-19 patient population. The extent of 
organs and tissues encompassed in CT scan coverage may vary 
depending on an individual patient’s anatomy, leading to significant 
differences in radiation dosage. Additionally, reliance on CTDIvol values 
from existing literature may introduce another limitation, as these 
values might not comprehensively represent the varied CT scan pro
tocols adopted globally for COVID-19 patients. Variability in CTDIvol 
measurements may be noticeable within a single hospital setting and 
even among CT scanners that are identical. Finally, we categorized the 
findings by country and computed the median CTDIvol for each specific 
country. However, due to the variability in the number of hospitals and 
patients, the results specific to each country may not be fully repre
sentative. Given the evolving nature of imaging technologies, particu
larly in response to the pandemic, our findings should be interpreted 
with awareness of these constraints, emphasizing the need for future 
research to refine our understanding of organ-specific doses based on a 
broad collection of patient- and scan-specific electronic records. 

5. Conclusion 

We established comprehensive data of CTDIvol for the COVID-19- 
related chest CT scans by reviewing the literature. By using the data 
combined with the uncertainty propagation technique, we created a 
total of 1000 sets of plausible organ and effective doses. We found that 
pediatric patients received up to 1.5 times greater lung doses than adult 
patients and the vast majority of the patient population received effec
tive doses less than 6.4 mSv even under standard dose protocol. While 
past studies have predominantly reported CT dose descriptors such as 
CTDIvol and DLP, our work takes it a step further by reporting organ- 
level doses and effective doses. Our discovery of a significant contrast 
in effective radiation dose between standard and low-dose protocols 
underscores the necessity of weighing diagnostic advantages against 
radiation exposure in CT examinations for forthcoming respiratory 
pandemic illnesses. Subsequent research endeavors could involve 
enhancing the precision of radiation dose assessment through the 
collection of a subset of electronic CT records. Longitudinal epidemio
logical studies could also be undertaken to monitor the long-term 
adverse health effects of such exposure on COVID-19 patients over time. 
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