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POOLED DATABASE OF OZYORSK POPULATION EXPOSED TO
COMPUTED TOMOGRAPHY

Fomin E.P.1, Osipov M.V 2

urpose. Creation of pooled database of persons underwent computed tomography
(CT) for assessing the risk of possible long-term consequences of diagnostic expo-
sure to a low doses of ionizing radiation.

Material and methods. Archive protocols of computed tomography of Ozyorsk resi-
dents collected since the time of first using the CT in medical departments of Chelyabinsk
region has been digitized, verified and integrated into an electronic database. Retrospective
follow-up study provides the information on 22,705 CT examinations of Ozyorsk residents
who underwent computed tomography during the period from 1993 to 2017.

Results. The total number of examined patients was 14894, while 70.1% of patients
were single-time examined during the follow-up period. The maximum number of second
examinations of one patient was 19. The most of CT protocols collected (61.5%) was repre-
sented by examinations of the head. The average effective dose for each examination was 3.2
mSv, and it’s maximum value did not exceed 50 mSv. The age of the exposed patients varied
from O to 99 years, while the proportion of child CT was 6.5%. Vital status has been esti-
mated for 47.8% of the patients to the end of 2017.

The completeness of the information collected in the database may be affected by
cases of distant examinations of patients outside the Chelyabinsk region. However, it was
assumed that such cases were rare. The lack of a unified national database for registering
CT exposure of patients could lead to an underestimation of radiation burden of population.

Conclusion. The pooled database provides a unique source of information about an
additional non-occupational ionizing radiation exposure. The data can be used to analyze
the risk of exposure to low doses of diagnostic exposure among nuclear personnel and the
population, and for the purposes of radiation-hygienic rationing as well.
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OBbEAUHEHHAS BA3A AAHHbIX KOMMNbIOTEPHO-TOMOTIPAPUYECKUX
OBCAEAOBAHWIN HACEAEHUS . O3EPCK

PommH E.NM.T, Ocrnos M.B.2

ey ucciaenopanud. Co3naHue paclIMpPeHHON 0a3bl JaHHBIX AWIL, 00CA€IOBaHHBIX
IIpU IIOMOIIM KoMObioTepHOM ToMmorpaduu (KT), mas OIIEHKHM PHCKa BO3MOXKHBIX
OTHaAEHHBIX IIOCAEOCTBUI BO3AEUCTBUS MAABIX 103 HOHU3UPYIOIIETO H3AYIEHUS
OHUAaTHOCTUYECKOTO XapaKTepa.

Marepuasnsr u meTronsl. MccaeioBaHue IPOBEAEHO PETPOCIEKTUBHO. ApXUBHBIE IIPO-
TOKOABI 00cAeZloOBaHMM KuTeaeit O3EpCKOro ropoACKOr0 OKpyra, CoOOpaHHbIe 3a IIEPUOL C MO-
MEHTa TOSBACHUSA KOMIIBIOTEPHOH ToMorpaduu B MEOUIIMHCKHX YUYPeXKAEHHUSIX ropoaa
O3épck u YeagabuHcKoil obaacTH, oI poOBaHHLIE, BEPU(PUIIMPOBAHHBIE U 00beMUHEHHBIE B
SAEKTPOHHYIO 0a3y JaHHBIX.
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PesynsraTsl. B peTpocneKTHBHOM HcCAeOBaHNU coOpaHa uHpopmarusa o 22705 o6-
caenoBaHUAX XKuUTeAel I'. O3€pPCK, ITPOXOAUBIINX KOMITHIOTEPHYIO TOMOT'pPadHio 3a IepHuon C
1993 mo 2017 rr. KoanyecTBo 06CA€mOBaHHBIX ITAIIMEHTOB COCTAaBUAO 14894, mpu 3TOM
70,1% TIallMEeHTOB B TeUYeHUE BCETO Mmepuoaa HabAIOOeHHs 06CAe0BaANCh OMHOKpaTHO. Mak-
CHMaABHOE KOAMYECTBO TIOBTOPHBIX OOCAEOBAHHM OJHOIO TIIaIlMEHTA COCTaBHAO 19.
HawubGoabiaa moaa KT (61,5%) mpemctaBaeHa 0OCA€IOBAHHUSIMH TOAOBHOTO Mo3ra. CpemHsis
BeAMYMHA 3(Pp(EKTUBHOMN O03BI 3a obcAaemoBaHue cocTaBuAa 3,2 M3B, a MakKCUMaAbHOe 3Ha-
yeHHe He mpeBbiasro SO M3B. Bo3pacT ob6caemoBaHHBIX BapbHpoBaa oT 0 mo 99 aet, mpu
9TOM I0Ad 0O6CAEMOBaHHBIX B JETCKOM Bo3pacTe cocTtaBuiaa 6,5%. 2KHM3HEHHBIH cTaTyc ycTa-
HOBA€EH 1ad 47,8% obcaeqOBaHHBIX.

OGcy:xnenue. Ha mmoanoty cbopa madopmaliyu B 6a3e MaHHBIX MOTYT BAUSITH HCCAE-
JOBaHUd, IIPOBEAEHHBIE MAITMEHTAM HCCAEAYEMOM TPYINbI 3a InpeaesaMu YeadaOUHCKO#H obAaa-
CTH, OOHAKO IIPEAIIOAATAAOCH, YTO TAKHE CAyYaU IBASANCH HEMHOTOYHCAECHHBIMHU. OTCYTCTBHE
eIUHOM HaIIMOHaABLHOM 6a3bl JAHHBIX JIAS PETUCTPAIIMU 00CAEIOBaHUM MOXKET IIPUBOAUTEL K
HEIOOIIEHKE AY4eBOH Harpy3KHU, IOAYIaeMOM ITalleHTOM B T€U€HUE XKHU3HU.

Sakawuenune. O0benuHéHHAs 6a3a MAaHHBIX IIPENOCTABASIET YHUKAABHBIM HCTOYHUK
UHPOPMAIIUK O JOTIOAHUTEABHOM PaIUAIlMOHHOM (haKTOpEe HEIIPOU3BOACTBEHHOTO XapaKTe-
pa. HakoriaeHHbBIE JaHHBIE MOTYT OBITH MCIIOAB30BAHBI OAS aHaAW3a PUCKA BO3AEUCTBUA Ma-
ABIX 003 OHUArHOCTHYECKOI'O 06Ay‘-IeHI/I${ y II€pCOHaAa paguallMOHHO-OIIaCHBIX O6’B€KTOB nu
HaCEAC€HHA, a TAKXKE B IIEAIX PAAUAITUOHHO-TUTHEHHUYIECKOI'O HOPMHUPOBaAHHULA.

KaroueBbie caoBa: KommbloTepHas Tomorpadusa, KT, MCKT, 6aza maHHBIX, paaualiy-
OHHBIM PUCK, aHaAHU3 PHCKA.
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ntroduction.

The question on long-term effects of low

doses of ionizing radiation (IR) during X-ray

examinations using computed tomography

(CT) remains a subject of scientific debate
and requires epidemiological studies with a long
period of follow-up. International scientific experi-
ence in this field provides the necessity of creation
of population registers which allows monitoring
the health status and assessing the possible risk
of long-term health effects [1-5]. However, at the
moment, the authors have not found any publica-
tions concerning the creation of population regis-
ters of persons underwent CT in Russian Federa-
tion. In the present study, a pooled data on pa-
tients examined by computed tomography in med-
ical units of Ozyorsk and Chelyabinsk region has
been collected for the period of more than twenty
years. The study is a continuation of the research
studies [6-8] with an extended follow-up period
and updated information about the sources of ex-
posure.

Material and Methods.

The archival protocols of CT examinations of
Ozyorsk residents from medical units of Ozyorsk
and Chelyabinsk region during the period from
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1993 to 2017 has been collected, digitized and
verified. The follow-up period covers the time since
the start of using the CT in medical units of the
Chelyabinsk region. The criteria for inclusion in
the study was the residence in Ozyorsk and near-
by settlements (Tatysh, Novogorny and Metlino)
and getting the CT examination in medical units
of the Chelyabinsk region in the period from 1993
to 2017. Information on examination date, the pa-
tient's age at the time of the examination, the
number of CT performed in various medical units,
the type of scanner used, the anatomical area of
study, the CT conclusion, and the effective dose
and contrast enhancement data has been collect-
ed. Depending on the year and the equipment of
the medical unit, both first-generation scanners
(single-slice scanners) and multi-detector (spiral)
scanners were used (see Appendix 1). The effective
dose was calculated according to methodological
guidelines [9]. Information about the vital status
of patients was obtained from medical records and
from Database for those who underwent second
CT examinations. The person-time has been cal-
culated using the date of 1st CT examination to
the date of the last CT examination, either until
the death with date and cause of death known, or
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Appendix 1. Type of scanners used during the follow-up period.
Ne Type of scanner MDCT Period Observations
1 Philips Tomoscan CX/Q - 1993-2007 930
2 General Electric CT Max 640 - 2000-2011 5343
3 Toshiba Aquillion 64 + 2008-2017 518
4 General Electric LightSpeed VCT + 2008-2017 184
5 Siemens Somatom Definition Edge + 2014-2017 200
6 GE LightSpeed 16 Cardiac Advantage + 2008-2017 243
7 General Electric BrightSpeed Elite16 + 2012-2017 15123
8 General Electric BrightSpeed + 2011-2018 164

Total 1993-2017 22705
Table 1. Characteristics of the database by the medical unit and the period of information
collected.

Source of CT exposure Year Records | % Patients %
Central medical sanitary unit #71, Ozyorsk 2003-2017 20467 90.1 13555 91.0
Regional clinical hospital, Chelyabinsk 1993-2017 1556 6.9 1072 7.2
Regional oncological dispensary, Chelyabinsk 2007-2017 518 2.3 167 1.1
Central clinical hospital, Kyshtym 2011-2017 164 0.7 100 0.7
Total 1993-2017 22705 100.0 14894 100.0

until the date of leaving the place of residence
(migration) in case when vital status information
was not accessible at the end of the follow-up pe-
riod.

Results.

The information on total number of archive
records by the medical unit, and the period for
which the information was collected is presented
in Table 1.

The start of data collection in each medical
unit corresponded to the start of using the CT
scanner in this unit. The main source of infor-
mation on CT examinations of Ozyorsk residents
was the archival documents of the rentgenological
department of Central Medical Sanitary Unit No.
71 (at present Clinical Hospital No. 71), which
consists over 90% of the total number of records
in the Database. Other possible sources of diag-
nostic CT exposure of Ozyorsk residents were ana-
lyzed and information was collected in nearby
medical units of Chelyabinsk region. The total
amount of information from these sources is more
than two thousand CT observations, which is less
than 10% of the total number of records in the
Database. The number of examined patients
leaves 65.6% of the total number of examinations,
while 10434 patients (70.1%) were examined once
during the follow-up period. In the remaining cas-
es (29.9%), patients underwent multiple CT exam-
inations. On average, during the follow-up period
for each re-examined patient there were 3.5 CT
procedures, and the largest number of examina-
tions per patient was 19.
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The effective dose for one CT examination
varied widely from 0.1 to 45.5 mSv, depending on
age, gender, anthropometric parameters of pa-
tient, type of study, type of scanner, area ob-
served, number of scans and the use of intrave-
nous injection of contrast enhancement, which
was performed according to clinical indications in
4345 examinations (19.1%). Table 2 shows the
age-gender and dosimetric characteristics of the
Database.

The total number of child CT at the end of
follow-up was less than 7% of all patients exam-
ined, the average effective dose for one child CT
was lower than for adults due to the use of low-
dose child CT protocols [8]. At the same time, tak-
ing into account the reasonableness of the ap-
pointment of a computer tomographic examina-
tion, the maximum radiation exposure in pediatric
patients in some cases could reach 10 mSv or
more.

The structure of CT examinations depending
on the area of exposure is shown in diagram 1
(Fig.1).

The largest part of CT examinations (61.5%)
was performed to diagnose various pathological
conditions of the head. The remaining anatomical
areas — the chest, abdomen, pelvis, and spine —
were examined in 11.1 - 13.2% of cases, which is
more than 2500 examinations for each area.

Vital status and person-time.

The vital status of patients examined was
estimated as of December 31, 2017 (Table 3).

Vital status information was available in
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Table 2. Age at first exposure to CT, gender and average effective dose.
Gender ‘ Patients % | Mean age* | Mean ED, mSv
All ages (0-99y.0.)
Both gender 14894 100.0 53.9 3.2(0.1-45.5)
Male 7198 48.3 56.6 3.3(0.1-45.0)
Female 7696 51.7 56.7 3.1(0.1-45.5)
Child CT (under 18 y.0.)
Both gender 1174 7.9 9.6 2.0 (0.2-13.6)
Male 648 55.1 9.4 2.0 (0.3-13.6)
Female 526 44.9 9.9 2.0 (0.2-9.9)
*at first exposure to CT, years

Area observed,%

M Head (Fonoea)
Chest (FpyaHaa KneTHa)

B Abdomen (BplowHas noaocTe 1
MEnkIA Tas)
Spine (Mo3BOHOYHWH-BCE OTAENLI)

Angiography (MCKT-aHrnorpadua)

B Other (Mpouee)

Fig. 1 (Puc. 1)

Fig. 1. Diagram.
The number of CT study by the area observed.
Puc. 1. Amarpamma.

KoauyecTBo uccaenoBaumuii KT 10 uccaegyeMbIM 06Aa-
CTSIM.

47.8% of the total number of patients. Of these,
for 22.2% of persons at the end of follow-up the
date and cause of death was known. The average
age of death was 66 years (65 for male, 71 for fe-
male). More than 25% of patients, according to
medical records, were alive at the end of follow-up.
Average age at the end of follow-up for alive per-
sons was 52.6 years. The average age at the end of
follow-up for persons with unknown vital status
information was 54.7 years.

The total number of person-years (pyr) and
the proportion of deaths, depending on the age of
patients, presented in table 4.

The number of years of observation for each
patient (person-time) varied from O to 26 years
with the average 2.9 years. The total number of
accumulated person-years of follow-up was
43891. At the same time, for those who died to the
end of follow-up, this value reached 8025.

Based on the average age of death in the
study group, depending on gender, the predicted
number of additional person-years was calculated
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for further prospective study. For patients who
were alive at the end of follow-up, in case if the
date of death for all of these persons will be
known, the value of accumulated person-time will
reach 60871 person-years. The predicted number
of person-years of follow-up for persons with un-
known life status, in case if the date of death for
all of these persons will be known, will reach
141001 person-years. Thus, the total number of
expected person-years for life-span study, in case
of vital status is established for all patients, will
be 209897 person-years.

Discussion.

To date, the availability of commercial medi-
cal services allows patients to undergo CT diag-
nostic examination in any accessible medical facil-
ity. In this regard, the study did not register pos-
sible CT examinations of Ozyorsk residents ob-
served outside the Chelyabinsk region, but it was
assumed that such cases were rare. An unified
database of population for registering of medical
diagnostic exposures discussed worldwide for
more than ten years [10], could prevent an under-
estimation of the radiation exposure of the patient
during computed tomography throughout life. One
of the drawbacks of the study is the inability to
verify the completeness of the collected archival
data. In particular, this refers to the initial period
of the study when no electronic information stor-
age system in medical units has been used.

At present, there are many electronic data-
bases of CT images available in medical units ex-
ists. However, they do not provide the possibility
of follow-up. At the same time, the electronic ar-
chives of various medical units are often not inter-
connected themselves. The key feature of the Da-
tabase described in present study is combining
data from multiple sources of CT-exposure and
provide the possibility for monitoring of the health
status of patients.

Further epidemiological studies based on
the data obtained should pay attention to the as-
sessment of possible effects among central nerv-
ous system, since the largest proportion of CT ex
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Table 3. Vital status of patients by gender.

Vital status Both gender % Male % Female %

Alive 3356 22,5 1650 22,9 1706 22,2

Dead 3061 20,6 1772 24,6 1289 16,7

Unknown 8477 56,9 3776 52,5 4701 61,1

Total 14894 100 7198 48,3 7696 51,7
Table 4. Person-years and proportion of deaths, depending on the age of the examined
patients.

Age group Observed Obs,% Pyr Pyr,% Dead*, %

0-17 961 6,5 4396 10,0 2,5

18-34 1504 10,1 6495 14,8 7,8

35-54 4005 26,9 14680 334 16,5

55-74 6144 41,3 15260 34,8 26,3

75+ 2280 15,3 3060 7,0 38,7

Total 14894 100 43891 100 22,2

*of the total number of patients observed in this age group

aminations (more than 60%) leads to the head ex-
posure. Since IR is a risk factor for the malignant
neoplasms development, it is necessary to con-
duct joint research using data from the national
cancer registry[11], and also to take into account
the possible modifying effect of the presence of a
malignant neoplasm as a risk factor of second
cancers [12] for patients undergoing CT examina-
tion for oncological pathology.

Conclusion.

The Database is a unique source of infor-
mation on persons exposed to low dose of diag-
nostic exposure. The information accumulated in
the Database allows conducting an epidemiologi-
cal study using multifactorial analysis. Prospec-
tive study based on data from the Database is rel-
evant in terms of assessing the lifetime risk of the
long-term consequences of exposure to low doses
of diagnostic exposure of a population. The expe-
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