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OPUTUHAIJIBHAA CTATHA

RADIATION SAFETY OF PATIENTS: REDUCING THE RADIATION DOSE IN
ABDOMINAL MULTISLICE COMPUTED TOMOGRAPHY

Osipov M.V.1, Lebedev N.I.2, Fomin E.P.2

urpose. This article describes an approach for reducing the radiation exposure in

patients based on excluding the non-enhanced phase (NECT) while performing the

abdomen multislice computed tomography (MSCT) with intravenous bolus contrast
enhancement. The main purpose of the study was to show how an exception of NECT in the
abdominal MSCT study affected the diagnostic results, and to determine how it reduced the
radiation dose to the patient.

Materials and Methods: During a two-year period since the commissioning of the
MSCT in radiologic department of central medical-sanitary unit No.71 where more than
5,000 MSCT studies were performed to the nuclear workers. About 10 % of these studies
were intravenous contrast-enhanced abdominal MSCT. These abdominal MSCT studies with
and without NECT were the material for analysis.

Results: An average effective dose per study was around 10 mSv depending on the
study matter. The analysis showed that the exclusion of NECT allowed reducing the radia-
tion dose to the patient up to 30%. Exclusion of the NECT was inappropriate just in 0.6% of
cases.

Conclusions: A MSCT of the abdomen with intravenous enhancement without NECT
does not cause quality loss of the diagnostic information. The method allows reducing the
time of the study, the radiation dose to the patient as well as extending the life resource of
the MSCT equipment. To assess the risk of stochastic effects due to MSCT exposure it is
necessary to create a prospective epidemiological registry of MSCT patients.

Keywords: MSCT, abdominal MSCT, non-enhanced CT, NECT, effective dose,
medical radiation dose, radiation safety.

PAAVMALMUOHHAS 3ALLUTA NALLUEHTOB: CHUXXEHUE AYHEBOMN HATPY3KU HA
NALLUEHTA NPU NPOBEAEHUN MCKT BPIOLUHOWN MOAOCTH

Ocunos M.B.!, Aebeaes H.N.2, PommH E.N.2

esqb. B crarbe ommcaH croco0 CHMXKEHHS Ay4UeBOH Harpy3KH Ha [allHeHTa IIpHU

IPOBEAEHUHN MYABTUCHIHUPAABHON KommbploTepHO# Tomorpadpuu (MCKT) GprourHoit

IIOAOCTH C BHYTPHBEHHBIM OOAIOCHBIM KOHTPACTHBIM YCHAE€HHEM, OCHOBaHHBIN Ha
HCKAIOUEHHUH HATUBHOH (0eCKOHTpacTHOH) dasbl. [AaBHOU II€ABIO HCCAEIOBAHUS OBIAO IIOKA-
3aTh, BAHUSET AW HUCKAIOUEHHEe HATHUBHOH (hasbl Ha IIOAHOTY AHMArHOCTHYECKOH WH(OpPMAaIIHH,
U OIIPENeAUTh, HACKOABKO KOAHMYECTBEHHO NAaHHBIM METO[ IT03BOAFET CHH3UTH 03y obayde-
HU4 [allieHTa.

MarepHnaabl H MeToAbl. C MOMEHTA IIyCKa B 3KCIIAYaTAIIUI0 MYABTHCIHPAABLHOI'O
KOMIIBIOTEPHOIO ToMoTrpada B OTAEACHHHM Ay4YEBOM MQUATHOCTHKU LleHTpaAbHOH MeIuKo-
caHuTapHoil yactu No71 r. O3épck, rme npoxXondTr obcaeoBaHHE PAOOTHUKHU ITPEITPUSTHS
SAMEPHO-TIPOMBIIIIAEHHOTO KOMIIAE€KCA, ObIAO TTpoBeneHo 6oaee S000 MCKT, okoao 10% u3 Ko-
TOPBIX COCTABHAHM HCCA€NOBAHHA OPIOMIHOM IIOAOCTH C BHYTPHUBEHHBIM OOAIOCHBIM KOHTpPA-
CTUPOBaHUEM, YTO IBASIAOCH MATEPUAAOM [IASI HCCAETOBaHUS.

PesyabTaThl. CpenHsas 3(pgeKTUBHAd O03a 3a HCCA€LOBaAHHE ONHOIO ITaIlMeHTa CO-
craBAdgaa ropganka 10 M3B B 3aBHCHMOCTH OT XapakKTepa uccaeqoBaHud. [IpoBenéHHbIH aHa-
AW3 TI0Ka3aA, YTO HCKAIOYEHHEe HATUBHOH (hasbl mo3BoaseT 10 30% CHHU3UTDH AYYEeBYIO HATrpy3-
Ky Ha namyeHta. MckardeHre HAaTUBHOH (pa3bl IPeACTaBAFAO TPYAHOCTH AUIMIL B 0,6% cay-
JaesB.

BeiBoabI. [IpenaoKeHHBIH MeTON He IIPHUBOAUT K IIOTE€PE AUATrHOCTHYECKOH HHQOP-
MalliH, a TaKKe I103BOASET COKPATHUTL BpPeMs HCCAENOBAaHUS ITAIlMEHTA H IIPONAUTH CPOK
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srcrnayaranun obopynoBanng MCKT. [Iag OLIeHKH pHCKa BO3MOXKHBIX CTOXaCTHYECKHX 3(-
heKTOB neHCTBUA MEIUIIMHCKOTO HOHU3HUPYIOIIETO U3AYIEHHS [IeAeCO00pa3HO CO3IaHue IIPo-
CIIEKTHBHOI'O PEerucTpa nanueHToB, IpoxoauBIux mpouenypy MCKT.

KaroueBrpie caoBa: MCKT, MCKT O6proirHo#i moAoCTH, 6€3 KOHTPACTHPOBAHUSI,
HaTuBHasg ¢asa, 3pPeKTUBHAS 1033, 0032 MEIUIIMHCKOTO 00AyYeHHUd, paguallloH-
Has 6e30I1acHOCTb.

ntroduction.

Medical radiation exposure is of a glob-

al importance in modern reality. A multislice
computed tomography (MSCT), a new method of
X-ray imaging, is one of the perspective radiologi-
cal methods with high diagnostic value. Despite
that fact, the impact of X-rays on the human or-
ganism, as well as any sources of ionizing radia-
tion, is a risk factor of human radiation pathology.
According to the materials of the IAEA, radiation
dose due to X-ray examinations is increasing
since last years [1]. This is largely due to wide
spread of MSCT, which is currently the most dose-
abused X-ray diagnostic procedure [2]. The manu-
facturers of medical equipment attempts to im-
prove the technology, however, the dose received
by the patient during the MSCT study is still high.

Regulation of medical exposure is an im-
portant question and a complicated problem in
radiation protection today. According to existing
radiation safety standards, an exposure level of
man-made sources of ionizing radiation on work-
places does not include medical exposure [3]. Al-
so, in accordance with 5.4.1 paragraph of Method-
ical Recommendations No. 2.6.1.962-00 "Control
of effective patient’s dose in medical X-ray stud-
ies", “... the principles of control and limitation of
radiation effects in medicine based on the necessi-
ty and usefulness of diagnostic information or
therapeutic effect at the lowest possible levels of
exposure. It does not set the dose limits, but uses
the principles of justification the radiological pro-
cedures and optimization measures for protect
patients".

Assessment of permissible levels (dose lim-
its) of medical exposure of patients on the basis of
radiation risk estimates can be reached in epide-
miological studies, such as the study on radiation
risk assessment of digestive tract cancer deaths in
the cohort of nuclear workers [4]. However, it is
obvious, that when medical radiation dose ap-
proaching the level of external dose on the work-
places of nuclear facilities it may cause similar
effects as a professional radiation exposure. Un-
derstanding the complexity of the problem and the
lack of accumulated knowledge to adequately as-
sess the harm of medical exposure leads to the
formation of the principle of preventive policies in

radiation protection of patients [5]. Therefore,
along with measures to reduce the professional
exposure levels on workplaces of nuclear facilities,
the radiation exposure of the patient during medi-
cal X-ray examinations must also be reduced in
all possible ways. Thus, reducing radiation dose
from MSCT is one of the priorities of modern radi-
ology and radiation protection together [0].

This is of great importance in closed admin-
istrative-territorial units such as Ozyorsk, where
the most of population is occupationally exposed
to ionizing radiation as a result of working at the
nuclear complex. It should be noted that the pro-
posed levels of cumulative dose of medical expo-
sure of 0.5 Sv, and the annual level of 0.2 Sv are
10 times higher than the corresponding occupa-
tional exposure levels. Since the whole responsi-
bility for the X-ray procedures belongs to radiolo-
gist, one must have information about how to re-
duce radiation exposure to the patient [7]. A com-
plex of radiation protection measures of the pa-
tient has now been implemented in the Radiologi-
cal Department of Central Medical Sanitary Unit
No.71 of Ozyorsk by practical implementation of
the latest international experience gained by radi-
ologists and researchers [8].

Purpose of the study.

The purpose of the study was to show
whether an exception of NECT in the abdominal
MSCT study affects the diagnostic information
and how much it reduces the radiation dose to the
patient.

Material and methods.

The study was conducted on the basis of ra-
diological department of central medical sanitary
unit No.71 of Ozyorsk. Information on patients
who were examined on a 16-slice CT scanner
«Bright Speed Elite» was retrospectively collected.
Since the commissioning of new multislice com-
puted tomograph in 02/07/2012 over 5103
MSCT-studies were performed and 4933 patients
were examined to the end of 01/23/2014. All re-
ceived diagnostic information was stored in elec-
tronic storage, integrated with the hardware of the
user’s interface of MSCT. Dosimetric and other
special information related
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Fig. 1. Age distribution of patients examined on MSCT, as a percentage of the total number of abdominal

MSCT-patients surveyed.

to each study was included in a special log of
MSCT-studies. Electronic database of MSCT-
studies based on this information was created. All
abdominal MSCT with or without bolus con-
trasting were selected from database for the pre-
sent analyses. The effective dose was calculated
by taking into account the DLP-value according to
methodological guideline [9].

All the necessary diagnostic information
could be obtained during one or more phases of
bolus contrasting [10]. Non-enhanced phase
(NECT) is an MSCT-study without injection of con-
trast. As our clinical practice shows, the majority
of abdominal MSCT studies with bolus contrast
enhancement could be performed without using
NECT. Reducing the radiation dose to the patient
by eliminating the non-enhanced phase in ab-
dominal MSCT is a well-established practice in
radiology [11,12]. Unfortunately this practice is
not common in our country. This could be ex-
plained by the suggestion that marking the zone
of interest must be performed first, and the ques-
tion about how the contrast will be accumulated
by the examined area is interesting as well. How-
ever, there are strong arguments against the
mandatory use of native phase in all abdominal
MSCT. Excluding NECT enables radiologists to
limit the patient's exposure by only necessary
MSCT-scans. This is especially important in pedi-
atrics radiology, because the child's organism, in
comparison with adult, is more sensitive to ioniz-
ing radiation [11].

In most of MSCT-studies up to 120 ml at
speed 2.5 - 4 ml per second (depending on the pa-

tient's vein condition) of nonionic water-soluble
iodine-containing intravenous bolus contrast
“Omnipaque-300” applied automatically wusing
Dual Syringe CT Injection System «Stellant». As
usual, only two phases of contrast enhancement
were performed during one MSCT-study of the ab-
domen: the late arterial (38-40 seconds after the
start of bolus injection) and portal-venous (60-70
seconds), except the cases of kidney MSCT-study
(i.e. CT — urography), when the excretory phase
were required.

Results.

The average age of patients with abdominal
pathology examined on MSCT was 60. The age
distribution of patients is shown on Figure 1.

As the figure shows, the bulk of surveyed
patients presented by the adult persons, more
than 50% of them are over 60, and the largest age
group from 60 to 65 years, which corresponds to
the age of gastrointestinal cancer incidence in
population. Young age is not a contraindication to
MSCT-study, but this is of special attention the
limitation of radiation exposure to pediatric pa-
tients [12].

Male / female ratio in MSCT-study was
roughly 1/1. The results obtained in the study in
terms of average age and dose is shown in Table
1.

The radiation dose in any MSCT-study (with
bolus contrast enhancement and without it) con-
siderably varies. This variation (from 0.5 to 29
mSv) is typical for MSCT-study because it de-
pends on many individual parameters of the pa-
tient (i.e. weight, height, examined area) as well as
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Table Nel. Dose-age characteristics of surveyed group.
Male Female Average Median Average Age,
Procedure (%) (%) Dose, mSv* dose, mSv years*
. 224 254 10,7 60,0
All abdominal MSCT (46,9) (53,1) (0,5-29,0) 10,0 (8-89)
Without contrasting (NECT on- | 12 20 4,1 53,0
ly) (37,5 (62,5) (0,5-9,2) 4,7 (11-87)
212 234 11,2 60,3
Bolus contrasting (47,5) (52,5) (1,8-29,0) 10,3 (8-89)
. 39 45 14,2 61,0
- with non-enhanced phase (46.4) (53.6) (1,9-29,0) 14.0 (26-89)
. 175 187 10,4 60,0
- without non-enhanced phase (48.3) (51.7) (1,8-25,0) 9.0 (8-89)
* in parentheses: minimum and maximum values of dose and age are shown

the matter and purpose of study, in particular,

the number of contrasting phases during
the MSCT. Median of the dose has slight deviation
from mean value; this indicates that the distribu-
tion might be close to normal.

Only NECT without further contrasting
study was performed in 32 cases. Based on the
obtained data, the maximum patient's dose in a
study without contrast enhancing reached 9.2
mSv. The average dose for that kind of MSCT-
study 4.1 mSv.

In case of MSCT-study with non-enhanced
phase and subsequent bolus contrast enhance-
ment average dose per study reached 14.2 mSv
(from 1.9 to 29 mSv).

With the exception of NECT the average dose
estimate was lower than in case of MSCT-study
with non-enhanced phase: the average dose re-
duced to 10.4 mSv (from 1.8 to 25.0 mSv). Thus,
in the study without native phase the dose de-
creased by 3.8 mSv in average.

It should be noted that the excluding of
NECT was not resulted in any appreciable loss in
diagnostic information of the obtained images. In
two cases of renal pathology with high density (up
to 38 H) a problem with differential diagnostics
has occurred (0.6% of MSCT-study with bolus
contrast enhancement without NECT). The prob-
lems were solved by the administration of addi-
tional NECT of the kidney area, then all necessary
diagnostic information was obtained and the di-
agnosis was clarified.

Discussion.

The study showed that the abdominal MSCT
with bolus contrast enhancement without NECT
does not degrade the quality of diagnostic infor-
mation and reduces the radiation dose in one
MSCT-study by 26.8% in average. Reduction of
radiation exposure to the patient by excluding, for
example, the late arterial phase, does not seems
as an effective solution, because in this case the
diagnosis of some pathological entities, particular-
ly hemangiomas and hypervascular formations, is
difficult. Nevertheless, in many cases a single por-
tal-venous phase could be quite enough for diag-

nostics (particularly in cases of repeated control
studies of patients treated from cancer) to obtain a
good result. This can be a question for further in-
vestigation in terms of reducing medical radiation
exposure to the patient.

Unfortunately, this study does not allow us
to evaluate the benefit of reducing the radiation
dose to the patient in terms of risk minimization.
To calculate the risk of long-term (stochastic) ef-
fects of medical radiation exposure (for example,
risk of cancer), we need to perform a long-term
prospective study which should cover the period
of latency of stochastic effects. The prospective
register of MSCT patients must contain the data
on effective and (if it possible) organ dose calculat-
ed using the information about patient and tech-
nical characteristics of the X-ray equipment. In
the other hand, the calculation of radiation risk
using the effective dose calculated to the whole
body does not allow us to get a correct estimate of
certain organ effects: for example, in case of ab-
dominal CT when we investigate liver pathology
we irradiate the abdominal area while the other
parts of the patient’s body are not irradiated.
Thus, after the possible latency period expecting
the stochastic effects such as liver cancer is more
probably than other cancers so the liver dose used
to assess the risk seems to be more correct. But
the calculation of organ dose is not provided by
MSCT software.

In this study we didn't calculate the time
that this method allows to save as well as the
saved resource of the MSCT equipment. Although,
it is evident that with decreasing amount of phas-
es the time of the study should decrease, as well
as the number of images to process.

Conclusions.

The results of analyzes showed that per-
forming an abdominal MSCT without non-
enhanced phase could reduce the radiation dose
to the patient without loss of diagnostic infor-
mation. However, native phase (NECT) should be
applied when it is necessary.

The proposed method of MSCT-study could
both reduce the radiation dose to the patient and
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the time of the MSCT-study, as well as extends
the life of X-ray equipment.

Any of MSCT-studies should be carefully
justified due to high dose to the patient. Regard-
less the way how medical exposure was obtained,
the patient's dose from X-ray examination should
be always stored in the individual medical docu-
mentation and be available to epidemiological
analysis.

To investigate the stochastic effects of medi-
cal diagnostic exposure it is necessary to create
the prospective register of X-ray examinations, in
which all information on each X-ray study (includ-
ing MSCT) for epidemiological analyses to assess
the radiation risk from medical exposure will be
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