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| ABSTRACT |

Oz

Aim: The main goal of this study was to determine the radiation
exposure with use of chest computed tomography (CT) in pediatric
patients in Coronavirus disease 2019 (COVID-19) pandemic.

Material and Method: Children who underwent thorax CT with a
pre-diagnosis of any pneumonia between April-September in 2019
and April-September in 2020 were included. Kilovoltage peak (kVp)
was decreased about 10% to reduce radiation exposure per scan in
2020. Dose-length product (DLP) was acquired from patient protocol
screen in CT scans. Age-specific conversion coefficients were used to
determine effective dose. Monthly amount of chest CT was compared
between 2019 and 2020. Total radiation exposure was calculated by
summing effective doses in 2019 and 2020, respectively. Age and
gender differences were compared among years (2019 vs 2020) using
Student’s T test and Fisher’s Exact test, respectively.

Results: Three-hundred-sixty-six children were included. Seventy
and 296 patients were scanned with chest CT in 2019 and 2020,
respectively. Three patients were re-scanned with CT in 2020. There
was a substantial increase of CT use in August and September in 2020
compared with the same period of 2019 (114 vs 8). Monthly use of CT
in 2020 was significantly higher than those in 2019 (p=0.024). The total
effective doses in 2019 and 2020 were 223.21 mSv and 590.92 mSy,
respectively. Radiation dose increased by 2.65 times with increased use
in 2020. Age of the patients was significantly higher in 2020 (p<0.001)
while there was no gender difference by years (p=0.11).

Conclusion: Radiation dose increased 2.65 times in children with use
of chest CT during the COVID-19 pandemic. Awareness should be
raised on radiation exposure and use of unnecessary chest CT should
be avoided and CT indications should be revised in children.

Keywords: Computed tomography, COVID-19, pandemic, pediatric,
radiation exposure

Amag: Bu calismanin temel hedefi, cocuk hastalarda, Coronavirus hastaligi
2019 (COVID-19) pandemisinde toraks bilgisayarli tomografisi (BT)
kullaniminin neden oldugu radyasyon maruziyetinin belirlenmesidir.

Gereg ve Yontem: Nisan-Ekim 2019 ve Nisan-Ekim 2020 tarih araliginda
pnémoni on tanisiyla toraks BT ¢ekilen cocuk hastalar ¢alismaya dahil
edildi. Kilovolt ( kVp) %10 civarinda dusurilerek ¢ekim basina radyasyon
maruziyeti 2020de azaltildi. Doz-uzunluk carpimi (DLP) BT taramasindaki
hasta protokol ekranindan elde edildi. Efektif doz hesaplamada yasa gore
degisen cevrim faktort kullanildi. Toplam radyasyon maruziyeti, 2019 ve
2020 yillari icin ayr ayri, efektif dozlar toplanarak hesaplandi. Yila (2019
ve 2020) gore, yas ve cinsiyet farklilig), sirasiyla T testi ve Fisher Exact Testi
kullanilarak karsilastirildi.

Bulgular: Calismaya 366 cocuk dahil edildi. Bilgisayarli tomografi ¢ekilen
olgu sayisi 2019 ve 2020 yillarinda sirasiyla 70 ve 296 idi. U hasta, 2020de
BT ile tekrar tarandi. Agustos ve Eylil 2020de ayni zaman diliminde 2019'a
gore BT kullaniminda belirgin artis vardi (114'%e karsin 8). Aylik toraks BT
kullanimi 2020 yilinda, 2019'dan anlamli derecede daha fazlaydi (p=0.024).
Toplam efektif dozlar 2019 ve 2020 icin sirasiyla 223.21 mSv ve 590.92 mSv
idi. Artan BT kullanimi ile birlikte radyasyon dozu 2020de 2.65 kat artt.
Bilgisayarli tomografi yapilan olgularin yasi 2020'de belirgin daha ytksek
iken (p<0.001), cinsiyet agisindan fark yoktu (p=0.11).

Sonug: COVID-19 pandemi sirecinde toraks BT kullanimi nedeniyle
cocuklarda radyasyon maruziyeti 2.65 kat artti. Radyasyon maruziyeti
konusunda farkindalik artirilmali ve cocuklarda gereksiz toraks BT
kullanimindan kaginilmali, BT endikasyonlari gdzden gegirilmelidir.

Anahtar Kelimeler: Bilgisayarli tomografi, COVID-19, pandemi, pediatri,
radyasyon maruziyeti

Corresponding Author: Mehmet Coskun

Address: Department of Radiology, Health Science University Dr.
Behget Uz Child Disease and Surgery Training and Research Hospital,
Izmir, Turkey

E-mail: dr.mehmetcoskun@hotmail.com

Bagvuru Tarihi/Received: 05.01.2021
Kabul Tarihi/Accepted: 09.01.2021



https://orcid.org/0000-0003-4339-898X
https://doi.org/10.21765/pprjournal.853934

Coskun M.

Radiation Exposure in COVID-19

INTRODUCTION

A mysterious virus emerged and caused pneumonia
in Wuhan in December 2019 (1). The causative agent
was isolated and named Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2) (2). After a short
time, it affected whole world and caused the pandemic
which was described as Coronavirus disease 2019
(COVID-19) pandemic by World Health Organization (3).
The epidemiological studies showed that 1.7%-2.2% of
children were affected (4,5).

The diagnosis of COVID-19 disease is based on nucleic
acid tests, real time-polymerase chain reaction (RT-
PCR). Nasopharynx or throat mucosa are sampled with
a swab for RT-PCR test (6). Chest X-ray or computed
tomography (CT) are imaging modalities commonly
used (7). Imaging may be normal in pediatric patients
since about 80% of children had mild disease (8). Chest
X-ray should be first line imaging method considering
radiation exposure, especially in children (9). On the
other hand, CT has the highest diagnostic accuracy
even comparable with PCR-test despite causing high
dose radiation (10).

In this study, it was aimed to determine the radiation
exposure related to the use of chest CT in pediatric
patients during COVID-19 pandemic.

MATERIAL AND METHOD

Study Design

The principles of the Declaration of Helsinki were
conformed in this retrospective study. Permission
was obtained from Ministry of Health. This study was
conducted in the third level referral and pandemic
children’s hospital. Children who underwent thorax
CT with a pre-diagnosis of infection between April-
September in 2019 and April-September in 2020 were
included in this study. International Classification of
Disease code, anamnesis note, and CT scan notes of the
physicians were used to determine the indication for CT
examinations. The patients who had a pre-diagnosis of
non-infectious disease were excluded. Non-thorax CT
examinations were also excluded.

Chest CT examination was performed using a 32
multi-slice machine (SOMATOM go.Now, Siemens,
Erlangen, Germany) with a standard protocol (kVp:
120; mAs: 14-350 with automated exposure; pitch:
1.0; acquisition slice thickness: Tmm) in 2019 without
contrast medium. In 2020, dose was slightly reduced by
decreasing kilovoltage peak (kVp) , the peak potential
applied to the CT tube, from 120 to 110 while other
parameters remained the same. Tube radiation as
dose-length product (DLP), a measure of CT tube total
radiation output, was recorded in all CT examinations

on patient protocol screen (Figure 1). Monthly use of
CT in 2020 was significantly higher than those in 2019.
Effective doses were calculated using the formula of
Effective dose (mSv)=DLP x conversion factor. Age-
specific conversion coefficients were used as proposed
by Thomas et al. (11). Total radiation exposure was
calculated by summing effective doses in 2019 and
2020, respectively.

cSL
mm

Total mas: 910

Figure 1. Two different patients’ CT protocols in 2019 and 2020,
respectively. Arrows are showing dose-lenght product values.

Statistical Analysis

Statistical tests were performed using IBM SPSS Statistics
for Windows, Version 20.0 (IBM Corp, Armonk, NY, USA).
The numbers of CT scans were calculated by months
in 2019 and 2020. Age and gender differences were
compared among years (2019 vs 2020) using Student’s T
test and Fisher’s Exact test, respectively. P-value of <0.05
was considered statistically significant.

RESULTS

The total number of patients included in this study was
366. The median age was 13 years (5.2). There were 186
boys and 180 girls. The numbers of patients who had
chest CT scans with a pre-diagnosis of infection were
70 in 2019 and 296 in 2020, respectively. There was no
repetition of CT scans in 2019 while 3 cases had twice
chest CT in 2020. Accordingly, the total number of chest
CT scans was 299 in 2020 .
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The numbers of chest CT scans from April to September
were 25,20, 7,10, 6and 2 per months, respectively,in 2019.
They were 72, 45, 37, 31, 74 and 40 per months in 2020,
respectively (Figure 2). There was a substantial increase of
CT use in August and September in 2020 compared with
the same period of 2019 (114 vs 8). Monthly use of CT in
2020 was significantly higher than those in 2019 (p=0.024).
The mean DLP was 158 (range, 54-305) mGyxcm in 2019,
while the mean DLP was 145 (range, 14-446) mGyxcm in
2020. The mean effective doses were 3.18 (0.66) mSv and
1.98 (1.16) mSv in 2019 and 2020, respectively . The total
effective doses in 2019 and 2020 were 223.21 mSv and
590.92 mSy, respectively . Radiation dose increased by
2.65 times with prevalent use of chest CT in 2020.

Mumbers of CT scans
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2020
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Figure 2. The numbers of the patients had thorax CT scans by months
in 2019 and 2020. Note that there is substantial fold in August and
September in 2020.

Age of the patients who had chest CT in 2020 was
significantly higher than those who had chest CT in
2019 (p<0.001) (Table 1). However, there was no gender
difference between two groups (p=0.11) (Table 2).

Table 1. Patients’ age difference between 2019 and 2020

Age
P value
Mean SD
CT Scanned in 2019 (n:70) 5.70 5.04 B
CT Scanned in 2020 (n:296) 12.49 433 ’

CT, computed tomography; SD, standard deviation.

Table 2. The comparison of the numbers of CT scans
among genders in 2019 and 2020

The Numbers of thorax CT scans

Gender P value
2019 2020

Boys 42 144

Girls 28 152 011

Total 70 296

CT, computed tomography.

DISCUSSION

In this study, a 2.65-fold increase in radiation exposure was
determined in the pediatric patients related to the use of
thorax CT during the 6 months in COVID-19 pandemic
compared to same period in 2019 despite slightly reducing
the dose per scans in pandemic. Additionally, age of
patients who underwent thorax CT during this period in
2020 was significantly higher than those scanned in 2019.

Chest X-ray is first line imaging modality in children with
COVID-19 pneumonia (9). Fleischner Society supports
use of CT for follow-up and complications in COVID-19
pneumonia (12). On the other hand, sensitivity of thorax
CT in the diagnosis of COVID-19 pneumonia was found
to be significantly higher than the sensitivity of chest
X-ray (85% vs 56%, respectively) (13). Ai et al reported
that 88% of suspected cases had findings suggestive
of COVID-19 in chest CT while the positive rate of RT-
PCR test was only 59% (14). These findings may be used
to justify the use of CT in screening and diagnosis of
COVID-19. In this study, use of chest CT increased 4.3
times in 2020 compared to 2019 with a pre-diagnosis of
infectious diseases.

COVID-19 usually has a mild clinical course in children
(8). Mortality rate is about 1% in children (15). Duan
et al claimed that the disease caused milder lung
abnormalities in children and chest CT should be used
with more caution in younger population (16). In the
meta-analysis of Shelmerdine et al 34% of children with
COVID-19 had normal CT (17). In this study, a 2.65-fold
increase in radiation exposure was determined with
increased use of chest CT. Use of CT, hence radiation
exposure, should be limited in children since the disease
has an asymptomatic or mild course with an extremely
low mortality rate in children. Benefits from the use of
CT should be carefully weighed against the long-term
side effects of radiation exposure in this age group.

Fleischner Society does not provide guidance on
frequency of its use, and specific scan protocols to
reduce radiation dose (12). CT usage in patients with
COVID-19 pneumonia showed wide variations across
the world. CT acquisition with either low or standard
dose is controversial, as well. International Atomic
Energy Agency (IAEA) coordinated a multicenter study
about CT use in 28 countries in COVID-19 and found
that only 20% of the centers used reduced-dose (lower
than routine protocol) (18). Some authors had reliable
results using low-dose CT (19, 20). However, Shiri et
al found a significant decrease in image quality with
reduced dose (21). In this study, radiation dose was
slightly reduced by nearly 10% decreasing in kVp in
2020.Thus, the number of CT scans increased 4.3 times,
while the radiation exposure raised only 2.65 times in
pandemic.

Thisstudy hassome limitations.First, thisisaretrospective
study evaluating data retrieved from medical records and
previous CT scans. Second, it does not reflect the exact
increase in radiation exposure in COVID-19 pandemic
since only thorax CT scans were included and exposure
from chest X-ray were not considered. Third, it was
conducted in one center and local practice on CT use
may have affected the results. Fourth, PCR results of the
cases exposed to radiation were unknown; only radiation
perspective was introduced.
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CONCLUSION

Radiation dose increased 2.65 times in children related
to the use of thorax CT during the COVID-19 pandemic.
Awareness should be raised about radiation exposure in
children and unnecessary use of CT should be avoided ,
and CT indications should be revised in children.
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