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AHHOTALIMA

06o0cHoBaHue. OTCYTCTBME B OTEUECTBEHHOW MPAKTUKE YTBEPKAEHHBIX METOAMK pacyéTa U CMCTEMATU3UPOBAHHBIX AaHHbIX
B OTHOLLUEHMM [103 00/1y4eHUs NNOAA NpU PEHTTEHOPAAMONOrNYECKUX UCCIIEA0BAHUAX Y DepEMEHHBIX 3aTPYLHAET UX NPaKTU-
yecKoe npuMeHeHue. [laHHasa npobnema 0cobeHHO aKTyanbHa A1 KOMMbOTEPHOK TOMOrpadum Kak LUMPOKO pacnpoCcTpaHeH-
HOro BbICOKOMH(OPMATMBHOIO METOAA Ny4eBOI AMArHOCTUKM, acCOLMMPOBAHHOMO CO 3HAUYMUTESbHBIMU YPOBHAMM 0651y4eHMs
MaLMeHTOB.

Lenbo — cucteMatmampoBaTh CyLLecTBYIOLIME AaHHbIE O MOTMOWIEHHBIX [03aX B Miofe Npu NpOBELEHUM KOMIMbIOTEPHOI
TOMorpaguu.

Marepuans! u MeToabl. [IpoBeAeHbI NOUCK W aHaNW3 NyBNIMKaLMiA Ha PYCCKOM W aHINMIACKOM A3biKax. Mouck ocyLuecTensncs
B cucteMax PubMed/Medline, Google Scholar v eLibrary. B okoH4YaTenbHbIN aHanus BKAOYEHO 12 nybnmMKaumiA, B TOM uucne
8 uccnenoBaHW € MCMOMb30BaHUEM aHTPONOMOPGHbLIX (GaHTOMOB, 3 PETPOCNEKTUBHBLIX U 1 MPOCMEKTMBHOE KIIMHMYECKOE
uccnenoBaHue.

Pesynbtathl. Hanbonee BbiCOKME 3HayYeHWs MOTOLLEHHBIX 03 B N04E NONyYeHbl NpKU NPOBELEHUM KOMMBHTEPHBIX CKa-
HUPOBaHWi OpIOLLIHOIA NOMOCTM M Manoro Tasa, a TaKKe CKaHWPOBaHWM BCero Tena. Bo BKYEHHBIX B 0630p nybimnKaumsx
He 3adUKCMpPOBaHO NPEBbILLEHNS NPeAebHO A0MYCTUMOI 103bl 00/Ty4eHNs NNoAa.

3akntouenue. pu npoBeseHNM 0JHOKPATHBIX 0AHOGMA3HBIX KOMMBHTEPHBIX CKAHUPOBaHWNA Y BepeMeHHbIX NpeBbILLEHME [10-
nycTUMOro nopora normoLéxHoi Ao3bl 100 MIp B Nnoae ManoBeposTHO HE3aBMCMMO OT 30HbI CKAHUPOBAHWSA, YTO NO3BONSET
Ha3HayaTb UcCefoBaHMe MPU HaNMYMW KIMHUYECKUX NOKa3aHuin. OHaKo 3TOT NOpor MOXeT ObiTb NPEBbLILLEH MPWU MHOMO-
KpaTHbIX UM MHOrohasHbIX UCCefo0BaHUSAX METOAOM KOMMbOTEpPHOM ToMorpadum bpIoLLHOI NONOCTU M Manoro Tasa, a Tak-
JKe BCero Tena npu TpaBMe. B Takux cnyyasx MynbTUAMCLMNIMHAPHON KOMaHAO0M CMeLuanucToB no paguaumMoHHoi besonac-
HOCTU (BPaUM-pEHTTEHOMOMM U KIIMHUYECKWE CNELMAnUCTLI) fOMMHA ObITb NPOBEAEHA LOMNOSHUTENbHAsA OLEHKA PUCKOB.
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Evaluation of fetal absorbed doses from computed
tomography examinations of pregnant patients:
A systematic review

Alexander V. Vodovatov', Olga A. Golchenko?, Irina A. Mashchenko?,
Daria V. Alekseeva?, Larisa A. Chipiga"®, Ivan V. Khutornoy*, Polina V. Kozlova’,
Gennady E. Trufanov3, Polina S. Druzhinina', Sergey A. Ryzhov®, Ilya V. Soldatov®

! Saint-Petersburg Research Institute of Radiation Hygiene after Professor P.V. Ramzaev, Saint Petersburg, Russian Federation
2 City polyclinic Ne 19, Saint Petersburg, Russian Federation

3 Almazov National Medical Research Centre, Saint Petersburg, Russian Federation

* Lomonosov Moscow State University, Moscow, Russian Federation

5 Research and Practice Center of Diagnostics and Telemedicine Technologies, Moscow, Russian Federation

ABSTRACT

BACKGROUND: Currently, no systematic data are available on fetal radiation exposure as a result of radiographic studies
during pregnancy. Consequently, there are no approved methods of its calculation that can be used in clinical practice. It is
especially relevant for computed tomography scans as it is a widely used and highly informative method of diagnostic imaging
associated with high exposure levels.

AIM: to systematize currently available data on radiation dose absorbed by the fetus from computed tomography scans in
pregnant women.

MATERIALS AND METHODS: The search for publications in Russian and English was conducted in PubMed/Medline, Google
Scholar and eLibrary. The final analysis included 12 papers including 8 studies using human body phantoms, 3 retrospective
studies and one prospective clinical study.

RESULTS: Abdominal and pelvic computed tomography scans as well as whole-body scans were found to be associated with
the highest fetal radiation exposure. However, in none of the publications the fetal exposure limit was exceeded.
CONCLUSION: Clinically indicated non-contrast-enhanced computed tomography scans in pregnant women are not likely to be
associated with the fetal absorbed doses that exceed the limit of 100 mGy regardless of the scanned area. However, this limit
might be exceeded in case of performing multiple studies or if multiphase abdominal or pelvic computed tomography scans, or
whole-body computed tomography scans are performed in patients with multiple trauma. In these cases, a decision regarding
the need for these investigations should be made by a multi-disciplinary team (including radiation safety specialists, diagnostic
radiologists and clinicians) based on the results of additional risk assessment.

Keywords: computed tomography scans; pregnancy; radiation risk; organ dose; diagnostic imaging; fetal absorbed dose;
fetal risks pregnancy radiation.
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BACKGROUND

During pregnancy, the safety of diagnostic radiology is a
priority for radiologists and other specialists. Until the middle
of the 20th century, medical imaging methods using ionizing
radiation sources were widely used in obstetrics for diagnostic
and therapeutic purposes. However, later experimental and
epidemiological data on the effects of ionizing radiation on fetal
development were obtained. The International Commission
on Radiation Protection established limitations for the use of
ionizing radiation during pregnancy [1].

The negative effects of ionizing radiation are usually
classified into deterministic and stochastic effects.
Deterministic effects are associated with direct cell damage
or death resulting from radiation exposure above the threshold
level. The probability of these effects depends on the radiation
dose and gestational age of the fetus. The main fetal risks
include congenital malformations of the internal organs and
central nervous system (such as neurological disorders and
developmental delays). The severity of the deterministic effects
is proportional to the dose and frequency of examinations.

Fetal sensitivity to radiation depends on the gestational
age of the fetus. Organogenesis (pregnancy weeks 5-17 or
post-conception weeks 3-15) is the most dangerous period
for radiation exposure. In the second and third trimesters,
fetal resistance to radiation increases; however, in this
period, exposure to >500 mGy can still lead to adverse
effects, including growth retardation and malformations [2].

Currently, the no-effect threshold value of the fetal
absorbed dose is 100 mGy [3,4]. International professional
sacieties (International Commission on Radiation Protection,
U.S. National Council on Radiation Protection, American
College of Radiology, and American College of Obstetricians
and Gynecologists) consider the risk of spontaneous abortion
and serious malformations to be negligible in fetuses exposed
to radiation doses <50 mGy [3-6].

Stochastic effects are radiation-induced changes in cells
that can lead to malignant neoplasms. Stochastic effects do
not have a threshold, and data on the corresponding risk are
inconsistent [7]. According to the clinical practical guidelines
of the American College of Radiology, an absorbed fetal dose
of 20 mGy corresponds to a cancer risk of 1/125 in addition
to background incidence [6]. According to the International
Commission on Radiation Protection, the fetal cancer risk is
lower and is 1/500 at the fetal absorbed dose of 30 mGy.
In Russian research practice, the risk of radiation-induced
cancers and genetic fetal effects following medical radiation
exposure have not been examined [8].

Improvements in medical imaging techniques have led
to their widespread application and use in the differential
diagnosis of some life-threatening conditions, which requires
an assessment of their safety in pregnancy. A quantitative
evaluation of fetal radiation exposure level is the most
reliable assessment of the safety profile of medical imaging
techniques in pregnancy. Moreover, pathological conditions
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that most often require various imaging studies in pregnant
patients must be assessed, such as pulmonary embolism
(PE), aortic dissection, polytrauma, urolithiasis, acute
appendicitis, and lung damage in COVID-19 [9-12].

Fetal safety is the main parameter for imaging technique
selection in pregnant women [6]. To reduce potential risks
of negative effects, pregnant patients should be protected
from radiation using recommended means. Unfortunately,
in Russian practice, no such recommendations have bheen
established, and no Russian data on fetal exposure doses
when using certain medical imaging techniques are available
[8]. Thus, the authors conducted this systematic review to
summarize and analyze current data on fetal radiation
exposure levels when using computed tomography (CT), the
highest-dose imaging technique.

MATERIALS AND METHODS
Study design

The systematic review was based on PRISMA guidelines
(2009).

Literature search

Study materials included scientific publications searched
from PubMed/Medline, Google Scholar, and eLibrary
databases. Existing foreign and national guidelines for
imaging studies in pregnancy were also reviewed. The
following keywords were used: CT, pregnancy, radiation
risk, organ dose, diagnostic imaging, fetal risks pregnancy
radiation, computed tomography, and fetal absorbed doses.

Following the database search query, duplicate results
were excluded. The content of the selected studies, including
parameters such as the year of publication, study design,
purpose, methodology, and results were analyzed, and
publications on non-ionizing techniques of diagnostic
radiology were excluded. The systematic review excluded
studies that did not measure fetal and uterus absorbed doses
and studies measuring dose loads during radiation therapy
and fluoroscopy. Finally, the systematic review included
12 studies. The study design is presented in Fig. 1.

Estimated parameters

The systematic review evaluated selected publications
using the following parameters: doses absorbed by the fetus/
embryo, gestational age, pathological condition, anatomical
area of interest, method of absorbed dose estimation, and
number of studied cases using CT in pregnant women. The
systematic review included clinical and experimental studies
using anthropomorphic phantoms.

RESULTS

In total, 837 studies were found in PubMed/Medline,
Google Scholar, and eLibrary databases for the following
search queries: “CT radiation risk in pregnancy,” “fetal
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absorbed doses from diagnostic imaging,” “CT fetal
dosimetry,” and “assessment of fetal doses in CT" from 2007
to 2022. After a preliminary analysis and removal of duplicate
results, 12 studies in English and Russian were included
in the review, including 8 studies using anthropomorphic
phantoms, 3 retrospective studies, and 1 prospective clinical
study. Each study was evaluated by the study type and design,
measurement method, and calculation method of absorbed
doses. Information on studies is summarized in Tables 1-7.

Measurement and calculation of absorbed doses

Absorbed doses were measured using a thermoluminescent
dosimeter (TLD) or metal oxide semiconductor field-effect
transistor (MOSFET). In 2 of 8 studies, a virtual phantom
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technology was used, which involves mathematical modeling
of the absorbed doses.

Absorbed doses were estimated based on measurement
results or using special software for assessing absorbed
doses in radiosensitive organs and tissues (ImPACT MC, CT
EXPO, NCICT 3.0, and virtual dose CT).

In 2 of 4 clinical studies, absorbed doses were
calculated using the special calculation program ImPACT.
Two other studies did not provide information on calculation
methods.

The gestational age modeled in anthropomorphic
phantoms ranged from 5 to 40 weeks. In 5 of 8 studies, the
scan length was 32 cm, which corresponds to the length of a
standard phantom. In four studies, programs with decreased

Additional publications identified
by the manual search,
n=23

Publications after duplicate removal,

n=367

Excluded publications,
n=275

Excluded publications,
n=80

Excluded publications without evaluating
absorbed doses, publications evaluating
dose loads during radiation therapy, and
fluoroscopic studies

T
Publications identified
S by the database search,
® n=814
!'g
- v
N
T ¢—l
g Analysis of abstracts,
= n=367
2
v ]
N
T
Y
= Content analysis
= of publications,
=9 n=92
g
<C
_/
T
i
f =
o . .
@ Studies included
= in the systematic review,
[ =
- n=12
N

Fig. 1. Study design in the PRISMA scheme.
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scan length were also used, and three studies used programs
with increased scan length.

Comparative analysis

The fetal absorbed doses were compared in several
groups by anatomical scan regions including chest, abdomen,
pelvis, and whole body in trauma (Tables 5-7).

Considering the presented data of phantom studies,
two pairs of studies were combined (Vodovatova et al. [8]
and Gu et al. [13], and Kelaranta et al. [14] and Angel et
al. [15]) to determine general patterns in absorbed dose
change depending on the gestational age and scan region.
In these studies, the gestational age and scan regions were
comparable (chest in studies by Vodovatova and Gu, and
abdomen or pelvis in studies by Kelaranta and Angel), and
similar technical scan parameters (exposure, pitch factor,
and voltage) were reported. The comparable nature of the
above data made it possible to compare pooled data. The
results of the comparative analysis are presented in Fig. 2.
Chest scan showed a significantly lower fetal absorbed dose
than the abdominal scan. In addition, in chest CT, the fetal
absorbed dose tends to decrease slightly with increases in
gestational age. To confirm these findings, more powerful
studies are needed.

Finally, evidence suggests that the fetal absorbed
dose threshold of 100 mGy [3,5] indicated in regulatory
and methodological documents significantly exceeds the
observed levels of fetal exposure during phantom studies.
Moreover, exposure levels of 20 and 30 mGy [5,6], potentially
leading to stochastic effects, are not achieved in single-phase
CT on a once-only basis.

Table 1. Characteristics of studies using anthropomorphic phantoms

Vol. 4 (2) 2023
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In all clinical studies included in the systematic review
(except for the study by Goldberg-Stein et al. [16]), the
fetal absorbed doses also did not exceed the above range
of 20-100 mGy. In the study by Goldberg-Stein et al. [16],
scan parameters were overestimated (up to 140 kV and
815 mAs), which led to a high fetal absorbed dose. Moreover,
multiphase CT and multiple examinations were considered
(highlighted in the text of the publication).

This comparison allows radiologists to conduct one
single-phase CT in eligible pregnant women without undue
concerns. If repeated scans are necessary, additional risk
assessment shall be performed.

DISCUSSION

The main approaches to radiation safety in pregnant
women are similar to those in other populations. In
general, if ultrasound and magnetic resonance imaging
are impossible to use as diagnostic techniques, ionizing
radiation techniques should be used only in life-
threatening situations with minimized radiation doses
[17]. Life-threatening complications requiring diagnosis of
pathological conditions should exceed the potential negative
effect of diagnostic techniques. The choice of imaging
techniques should be regulated in clinical standards of
care with recommendations for their use in established or
suspected diseases.

For the safe use of ionizing diagnostic techniques, the
level of fetal absorbed doses must be monitored during the
examination, and duplicate studies should not be conducted
whenever appropriate [18].

Source

Method for measuring doses

| Estimated absorbed doses

Angel et al. 2008 [15]

Not reported

ImPACT; MC; CT Expo

Begano et al. 2020 [33] TLD VirtualDose CT

Doshi et al. 2008 [36] TLD According to TLD measurements
Kelaranta et al. 2017 [14] MOSFET ImPACT MC

Vodovatov et al. 2021 [8] Not reported NCICT3.0

Gilet et al. 2011 [37] TLD According to TLD measurements
Gu et al. 2009 [13] MOSFET According to legygrxmeasurements
Jaffe et al. 2008 [26] MOSFET According to MOSFET measurements

Note. MOSFET, metal oxide semiconductor field-effect transistor; TLD, thermoluminescent dosimeter.

Table 2. Characteristics of clinical studies

Paper

Type of study

Estimated absorbed doses

Lazarus et al. 2009 [29]
Goldberg-Stein et al. 2011 [16]
Litmanovich et al. 2009 [32]
Lazarus et al. 2007 [30]

Retrospective clinical study
Retrospective clinical study
Prospective clinical study
Retrospective clinical study

Not reported
ImPACT
ImPACT

Not reported

DAl https://doiorg/1017816/DD472150
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Table 3. Protocols of CT for anthropomorphic phantoms
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. Voltage, Exposure, Pitch Gestational Scan length,
Source CT machine model KV mAS factor age, weeks cm
Angel et al. -
2008 [15] LightSpeed 16, GE 120 100-300 1,375 5-36 46,2
Definition Flash
Begano et al. . 32 cm, standard program;
CT (Siemens 120 85 1,5 28-38
2020 [33] Healthineers,Germany) 22 cm, short program
Siemens
Sensation
Doshi et al. 16 Siemens 32 c¢m, standard program;
2008 [36] Somatom 100-130 125-250 1,25 35-40 27 cm, short program
Emotion / Marconi
MX8000
LightSpeed 4
Gilet et al. LightSpeed 16 . _
2011 [37] LightSpeed 64 VCT, 120 100-500 1,375-1,5 5,10, 18, 32 32
GE Healthcare
Gu et al. LightSpeed 16 22 cm, ches;
2013 [13] GE-MDCT 80-140 100 1,375 15,2031 36 cm, abdomen
. 27 c¢m, chest;
Kelaranta et LightSpeed 64-MDCT 400 159 100300 1,375 12,20, 28, 38 32 cm, abdomen;
al. 2017 [14] GE 94 cm. trauma
Ingenuity 128, Philips
Somatom Definition AS, 8 10.12. 15
Vodovatov Siemens oL af A
et al. 2021 [8] Somatom Scope, 100-130 60-142 1,048-15 20, 2555'30, 35, 33
Siemens
Emotion 16, Siemens
Jaffe et al. GE LightSpeed
2008 [26] 16-MDCT 140 300-380 0,9-1,75 5 32
Table 4. Protocols of CT for pregnant women
. Voltage, Exposure, Pitch Gestational Scan region
Source CT machine model kv mAs factor age, weeks (anatomical landmarks)
Either single-detector
row scanner
(CTI GE Healthcare,
Lazarus et al. Waukesha, WI), 4 MDCT
2007 [30] Lightspeed; GE 140 - - 5-40 Abdomen
Healthcare) 16-MDCT
Somatom; Siemens,
Malvern
Lazarus et al. ) ) ) ) ) CHr?:sdt
2009 [29] Abdomen and pelvis
. . Chest
Litmanovich . .
64-MDCT LightSpeed Aortic arch
F;zé}l' 2009 VCT 100 200 0,984 5-3 to the diaphragmatic cupula
19.846 + 2.98 cm
LightSpeed Plus,
Goldberg- LightSpeed 16 Pro,
Stein et al. LightSpeed Qx/I, High- 120-140 180-716 0,9-15 5-36 Abdomen and pelvis
2011 [16] Speed RP,HighSpeed

CT/GE Healthcare)

DAl https://doiorg/1017816/DD472150
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Table 5. Systematized data on the assessment of fetal absorbed doses in chest CT
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Volume CT dose

. DLP, Gestational age, | Fetal absorbed dose, | Uterus absorbed
Source index (CTDI vol), G K G d G
mGy mGyxcm weeks mean, mGy ose, mean, mGy
In phantom studies
12 0,03 0,04
476,63— 20 0,08 0,09
Kelaranta et al. 2017 [14] 1,34-1,97 582,22 28 0.14 0,29
38 0,22 1,13
Doshi et al. 2008 [36] - - 35-40 0,23 -
Begano et al. 2020 [33] 1,5-4,0 44-137 28-38 0,02-0,12 -
Gilet et al. 2011 [37] - - 5-32 0,33-0,77 -
15 0,13 0,17
Gu et al. 2013 [13] 8,1-14,7 - 20 0,21 0,33
31 0,26 0,37
8 0,09 0,09
10 0,10 0,10
15 0,08 0,07
20 0,13 0,09
Vodovatov et al. 2021 [8] 5,6-9,3 185-306 95 012 011
30 0,16 0,15
35 0,39 0,33
38 0,52 0,64
In clinical studies
Litmanovich et al. 2009 [32] 5,21 105,65 5-38 0,02 -
Lazarus et al. 2009 [29] ; ; 1st, 2nd, and 3rd 022 ;

trimesters

Note. CTDI, computed tomography dose index; DLP, dose—length product.

Table 6. Systematized data on the assessment of fetal absorbed doses in abdominal and pelvic CT

Volume CT dose

. DLP, Gestational age, | Fetal absorbed dose, | Uterus absorbed
Source index (CTDI vol), G K G d G
mGy mGyxcm weeks mean, mGy ose, mean, mGy
In phantom studies

12 4,7 5.1

20 5,5 5.8
Kelaranta et al. 2017 [14] 2,63-3,91 102,34-151,86 28 48 49

38 48 5,1

5 _

12 14,2

15 11,2 18
Angel et al. 2008 [15] - - 20 8,5 '

25 12,3

30 9,7

35 10,4
Gu et al. 2013 [13] - - 15 6,9 -
Gilet et al. 2011 [37] - - 5,10, 18, 32 15-20,5 -

In clinical studies
Lazarus et al. 2009 [29] ; 1st, 2nd, and 3rd 17,1 ;
trimesters

Lazarus et al. 2007 [30] - - 5-40 16 -
Goldberg-Stein et al. 2011 ) ) 5-36 248 )

[16]

Note. CTDI, computed tomography dose index; DLP, dose—length product.
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Table 7. Systematized data on the assessment of fetal absorbed doses in CT for trauma in phantom studies

S CTDI, DLP, Gestational age, | Fetal absorbed dose, | Uterus absorbed
ource
mGy mGyxcm weeks mean, mGy dose, mean, mGy
12 10,6 11,3
20 11,2 12,6
Kelaranta et al. 2017 [14] 4,74-5,79 45,18-66,52 28 101 103
38 9,9 10,7
Jaffe et al. 2008 [26] 6,55-26,02 - 5 18,0 -
Scan region
15 Abdomen
z Chest
£
c
P
E 10
a
S
-]
2
s 5
=
=
e
0

0 10 12 14 16 18 20 22 24

26 28 30 32 34 36 38

Gestational age, weeks

Fig. 2. Summary results of fetal dosimetry in chest CT (led by Vodovatov [8] and Gu [13]) and abdominal CT (led by Kelaranta [14] and
Angel [15]) with LOESS regression line modeling and 95% confidence interval.

CT is the most conclusive ionizing technique of
diagnostic radiology. CT has an undeniable advantage such
as short examination time combined with high informative
value, making CT an optimal method for diagnosing life-
threatening conditions that require immediate treatment
[19,20]. Depending on the indication and diagnostic goals,
CT may be performed either as a native or a contrast-
enhanced examination. Native examinations can be used in
pregnant women to diagnose inflammatory lung diseases,
urolithiasis, various traumatic injuries, etc. [21,22]. Contrast-
enhanced examination is necessary for differential diagnosis
of neoplasms, inflammatory changes, and CT angiography
for diagnosing thrombosis and vascular wall damage and
assessing blood supply to certain structures [19,23]. In
pregnant patients, only one of these options must be selected.
If contrast-enhanced CT is necessary, a native examination
must be excluded to reduce the procedure time and radiation
dose.

In diagnostic imaging of pregnant patients, the fetal
absorbed dose must be assessed [24]. Owing to the
limited capabilities of cohort studies on this issue, physical
(anthropomorphic) or digital phantoms are currently widely
used [25]. However, phantom studies using human body

DAl https://doiorg/1017816/DD472150

simulators have some limitations. They are mainly related to
differences in phantom sizes and real patients. If real body
parameters exceed the parameters of the phantom used, the
absorbed dose will be overestimated, and vice versa, the
dose may be underestimated if the patient's dimensions are
smaller than the dimensions of the phantom [25]. However,
phantom studies are reasonable for use as experimental
guidance because they provide more information on absorbed
doses to be calculated for each week of pregnancy, in
contrast to cohort studies, which provide calculation results
as averaged doses. In addition, fetal absorbed doses in
cohort and phantom studies were not significantly different
(Tables 5-7).

Radiation doses directly depend on the scan region.
When the fetus is outside the radiation field (CT region), it
is exposed to scattered radiation. Therefore, the farther the
scan region is located from the fetus, the lower the absorbed
dose and the likelihood of negative effects [14].

The literature review showed that fetal absorbed doses
directly correlated with the anatomical scan region. As
shown in Tables 5-7, the maximum fetal absorbed doses are
observed during CT of the whole body, abdomen, and pelvis.
The lowest fetal absorbed doses are observed in chest CT.
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The estimated absorbed doses for phantoms are comparable
with those obtained in cohort studies.

None of the foreign studies included in the review
reported a fetal absorbed dose threshold exceeding 100 mGy.
In Russia, no studies were conducted to evaluate indications
for CT and the number of absorbed doses in pregnant women
and fetuses during abdominal and pelvic CT.

In early gestation, the fetal absorbed dose assessment
is difficult because of the small size of the embryo. Some
studies [8,26,27] have shown insignificant differences in
doses absorbed by the uterus and fetus. Therefore, the
uterus absorbed dose can be used as an equivalent of the
fetal absorbed dose [28]. Experimental studies have shown a
relationship between the absorbed dose and gestational age.

Since the reviewed cohort studies presented data as
average fetal absorbed doses for different gestational ages,
determining the correlation between the gestational age and
the level of absorbed dose is impossible for these studies
[29-31].

In addition to the gestational age and anatomical scan
regions, the absorbed dose depends on technical parameters
such as the length of the scan region, algorithm for automatic
modulation of the current strength, if any, pitch factor, and
voltage.

The radiation dose can be decreased by changing the
parameters of the scanning protocol and reducing the
length of the scan region. In the study by Litmanovich et al.
[32], 26 pregnant women with suspected PE underwent CT
angiography of the pulmonary artery with decreased voltage
and current and decreased scan length compared with the
standard protocol. The effective dose was significantly
lower than that in the control group (1.8 and 9.8 mSy,
respectively) without a decrease in the diagnostic quality of
the examination.

The decreased length of the scan region has also shown
its effectiveness in phantom studies [33]. The authors
reported a significant decrease in the mean fetal absorbed
dose compared with doses for the standard scan length
(0.03 and 0.1 mSv, respectively). However, some risks are
associated with excluding part of anatomical structures from
the scan region, and this should be considered when reducing
the scan length.

Some studies have also considered the need to use
screens (personal protective equipment) when conducting
radiological examinations during pregnancy [33,34]. The
reviewed publications did not use additional protective
measures when examining organs located at some distance
from the uterus, since the fetus is mainly exposed to scattered
radiation rather than direct radiation. In this case, shielding
does not reduce fetal exposure to scattered radiation but
provides psychological protection. When compared with
shielding, the decreased scan length is the most effective
means of reducing fetal absorbed doses [34-36]. In addition,
when the shielding material is introduced into the scan region,
the image optimization system of the CT scanner is forced to
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dramatically increase the radiation power of the tube, which
ultimately increased the exposure dose to pregnant women
and their fetuses [37].

CONCLUSION

Diagnostic radiology in pregnancy should be performed
in accordance with radiological safety principles because of
the likelihood of negative effects, and completely avoiding
diagnostic techniques using ionizing radiation is a mistake.

Examinations using ionizing radiation may be necessary
for various life-threatening conditions, and they are also
preferred in the diagnosis of some diseases. Note that the
risk of complications, arising from delayed diagnosis, many
times exceeds the risk of negative effects from exposure to
ionizing radiation.

These studies confirm that doses absorbed by the fetus
during CT do not reach the threshold values. In chest CT,
the doses absorbed by the fetus are insignificant and cannot
lead to deterministic effects. More significant fetal radiation
exposure occurs during abdominal and pelvic CT and whole-
body scans; however, even in these studies, exceeding the
permissible exposure threshold is unlikely if a single-phase
examination is performed only once. Moreover, multiple
abdominal or whole-body CT or multiphase CT with an
intravenous contrast enhancement may lead to exceeding
the permissible threshold for the absorbed dose of ionizing
radiation. This information should be considered when
referring a pregnant woman to CT in these areas. Other
undesirable effects on fetal development when using contrast
enhancement must be also considered.
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