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Abstract

Introduction: As the rate of congenital heart diseases (CHD) remains high, medical imaging specialists face a task of early diagnosis
of CHD with minimal cost and burden to pregnant women and fetuses and need to verify the prenatal diagnosis in order to develop
a strategy for managing pregnant women carrying a fetus with CHD.

Objective: To optimize diagnostic measures in fetuses with CHD by comparing fetal echocardiography and cardiac magnetic reso-
nance imaging (MRI).

Materials and methods: We retrospectively evaluated findings from 35 fetal standard ultrasonography reports, 29 echocardiography
reports, and 35 fetal autopsy reports (termination for medical reasons). We assessed 18 cases of CHD diagnosed by ultrasonography
findings on the second screening; in 34% of the cases patients also underwent MRI at that time and a repeated procedure 30 weeks later.
Results: When standard ultrasonography and an extended protocol with echocardiography were used together, diagnostic errors were
14.3%. In 85.7% of the fetuses, the findings of different imaging techniques fully coincided with the autopsy findings.

Conclusions: In this cohort of pregnant women, the second screening should include more examinations to verify the diagnosis
of CHD. Based on the first screening findings (increased nuchal translucency thickness and ductus venosus pulsatility index)
patients should be referred to an expert for the second screening. If necessary, to verify the diagnosis of CHD ultrasonography
and MRI can be combined during the third screening (34-36 weeks) in order to plan postnatal management of the newborn.
The proposed algorithm for fetal CHD diagnosis enables to minimize the likelihood of error and maintain continuity of care be-
tween obstetricians-gynecologists, ultrasonographers, radiologists, neonatologists, and cardiologists.
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Pesrome

Beenenne: HecHikaronascs yactora BpoxkaeHHbIX mopokos cepia (BIIC) craBut nepen Bpadamu MeJUIIMHCKON BU3yaJIU3all1Hy 3a/1a-
4M 110 paHHeMy auarHoctiupoBaHuio BIIC ¢ MUHMMAaNbHBIMU 3aTpaTaMy M HAarpy3Koi Ha OepeMEHHYIO U IUIOJ, a TAKXKE HEOOXOAMMOCTH
Bepudukarmu quarsosa BIIC BHyTpuyTpoOHO Ut BEIpaOOTKH MOcieayomeil Taktuku Besenns oepemennsix ¢ BIIC y mmona.

Iean ucciaenoBanus: OnTUMU3ALNS AHATHOCTHYECKUX MepornpusiTii y mionoB ¢ BIIC mytem cpaBHEHHs 9X0Kapauorpaduu u Mar-
HHUTHO-pe30HaHCHOM ToMorpaduu (MPT) cepana mioaa.

Metoabl: PeTpoCreKTHBHO OIEHEHBI pe3yabTaThl 35 MPOTOKOJIOB CTaHIAPTHOIO yibTpa3BykoBoro uccienosanus (Y3U) rmiona
u 29 npotokonoB sxokapanorpaduu (OxoKTI'), a Takke 35 MPOTOKOIOB BCKPHITHS TUIONOB (TPephIBAaHKE 110 MEIUIIMTHCKAM ITOKa3a-
HusM). [Iposenena onenka 18 ciyuaes BIIC, nuarnoctiupoBaHHbIX 110 AaHHBIM Y3U Ha 2-M ckpuHuHre, y 34% n3 KOTOpPBIX HPOBO-
nwtock Takke MPT B 3tn cpoku u B tuaamuke rnocie 30 Henelns.
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Pesyabrarel: [lpu coueranHoMm ucnonbp3oBaHuy cTangapTHoro Y3U u pacmmpenHoro npotokona c¢ BeimonHeHneM OXoKI™ metou-
HOCTb B AuarHoctuke coctaBmia 14,3%. [TonHoe coBnazeHue mo JaHHBIM MIPOBEICHHBIX UCCIEIOBAHUN C UCTIOIB30BAHUEM Pa3INy-
HBIX TEXHOJIOTHI BU3yallM3alliy IUI0/IA C PE3yJIbTaTaMK BCKpPBITHS OblI0 Y 85,7% m1010B.

3axJirouenne: [Ipu mpoBeaeHNH BTOPOTO CKPUHMHIA HEOOXOAMMO PACHIMPUTh 00BEM HMCCIIEJOBAHUS y JaHHOW KOTOpThI OepeMeH-
HBIX C 1eNbio Bepudukanuu auartoza BIIC. HeoOXonuMMo y4nThIBaTh pe3ylIbTaThl MEPBOTO aKyIIEPCKOTO CKPUHHUHTA (YBEIHUCHUE
TOJILIMHBI BOPOTHMKOBOTO MPOCTPAHCTBA U BEIMYMHY IYJIbCAIIMOHHOTO WHJICKCA BEHO3HOTO MPOTOKA), HAMTPABJISAS TAKUX MAllMCHTOK
K 9KCIIEePTY JUIsl IPOBEAEHHS BTOPOro cKpuHUHTa. [Ipn HeoOxoaumMocTH ¢ 1enbto Bepudukanuu quarnosa BIIC couerars Y31 u MPT
IIPY IPOBEACHUHU TPEThero CkpuHuHra (34—-36 Heenb) ISl IUIAHUPOBAHUS IIOCTHATAIBHOTO BEJCHHUSI HOBOPOXKJICHHOTO. [Ipeanoxken-
HbIH anroputm quarsoctiky BIIC y miiozna mo3BossieT MUHUMH3HPOBATh BEPOSTHOCTD OLTMOKH, COXPAHUTD IIPEEMCTBEHHOCTh CPElU
aKyIIepOB-TMHEKOIO0ToB, Bpaueil Y3]l, peHTreHoI0roB, HEOHATOIOTOB M KapAHOJIOTOB.

Kntwouesvie cosa: BpoXIeHHBIC IOPOKHU CEPALIA, YIBTPa3ByKOBOW CKPUHUHT, MArHUTHO-PE30HAHCHAs TOMOTpadus

LHumuposamys: Tlomopue A.B., Kapaxamuc M.H., Kpuonocoa H.B., T'omocees K.®. Mynbsrumonansueii noxxon (MPT
n Y3UW) B 1uarHocTrke BPOXKISHHBIX MOPOKOB cepaua rioaa. Munosayuonnas meouyuna Kyoanu. 2024;9(4):21-29. https://doi.

org/10.35401/2541-9897-2024-9-4-21-29

Introduction

Magnetic resonance imaging (MRI) is currently a rap-
idly evolving method of diagnosing congenital heart dis-
eases (CHD) and assessing the cardiovascular system in
the fetus. Although fetal echocardiography, introduced
in the mid-1980s,' remains the primary technique, MRI
offers a valuable complement. The advantages of echo-
cardiography are safety, accessibility, and capability of
diagnosing CHDs.? Nonetheless, it should be noted that
limitations to echocardiography during pregnancy, such
as oligohydramnios, fetal bone ossification, fetal position,
as well as maternal overweight and obesity, have not been
overcome yet.>® Some researchers also believe that it is
sometimes impossible and/or difficult to assess such CHD
as coarctation of the aorta using echocardiography due
to difficulties associated with assessment of blood flow
characteristics and valve regurgitation.*

Despite being the first-line diagnostic tool for fetal
CHD, fetal echocardiography for cardiovascular abnor-
malities increasingly requires additional MRI not only
to advance research but also to address a clinical need,
primarily to improve diagnostic accuracy and detail
structural disorders. First of all, this is due to the need
for contractility monitoring and blood flow assessment
over time. Certain limitations to MRI in pregnancy, par-
ticularly fetal movement, hinder real-time visualization.
However, studies® of the joint use of Doppler ultrasound
cardiac gating and radial sampling with free breathing ret-
rospective cine-MRI demonstrated an evident prospect of
such approach, which increases the importance of fetal
cardiac MRI in clinical practice. Advances in the diagno-
sis of fetal cardiovascular abnormalities are partly owing
to MRI, which is now used both in prenatal and postnatal
diagnosis of CHD, expanding our insights into the normal
and pathologic physiology of circulation.

The study aimed to optimize diagnostic measures in
fetuses with CHD by comparing fetal echocardiography
and cardiac MRI.

Methods
We retrospectively evaluated findings from 35 fetal
standard ultrasonography reports, 29 echocardiography

22

reports, and 35 fetal autopsy reports (termination for
medical reasons). The diagnosis was verified by postnatal
ultrasonography and computed tomography. We assessed
18 cases of CHD diagnosed during the second screening
(19-21 weeks+6 days’ gestation). In addition to ultra-
sonography, 34% of the patients underwent MRI at that
time and after 30 weeks’ gestation. The study included
pregnant women who carried fetuses with CHD and were
examined at perinatal centers of the Children’s Regional
Clinical Hospital and Regional Clinical Hospital No. 2
(Krasnodar, Russian Federation) between 2021 and 2024.

Inclusion criteria: pregnant women aged 18-45 years
whose fetuses were diagnosed with CHD during the
screening, newborns with CHD.

Exclusion criteria: pregnant women whose fetuses did
not have CHD during the screening, newborns without
CHD.

The statistical analysis was performed using STATIS-
TICA 10 (Tibco, USA) and Microsoft Excel 2016 (Mi-
crosoft Corp, USA). In most cases, data was nonnormally
distributed, so nonparametric methods were used. Along
with the arithmetic mean and standard deviation, the data
were described by the median and 25% and 75% inter-
quartile ranges. We used a cross-tabulation method, con-
tingency tables, to study the structure of the relationship
between qualitative indicators. The nonparametric Mann-
Whitney test, 2-tailed ¢ test, and Wilcoxon signed rank
test were used to assess the statistical significance of dif-
ferences between the study groups. If |R|<0.25, the cor-
relation was weak; if 0.25<|R|<0.75, the correlation was
moderate, and if |[R|>0.75, the correlation was strong. All
the tests used the conventionally accepted level of signifi-
cance (P=.05).6

Results

We compared the findings of prenatal ultrasonogra-
phy and echocardiography for fetal CHD with the final
result (postnatal autopsy findings) and found diagnostic
discrepancies in 5 cases (14.3%). The prenatal ultraso-
nography findings fully coincided with the autopsy find-
ings in 30 (85.7%) fetuses. Of them, 14 (46.7%) were pre-
natally diagnosed with a ventricular septal defect (VSD)
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alone or in combination with other CHD and/or congenital
anomalies of the genitourinary tract, bones, and the ner-
vous system. In 7 of 14 cases (50.0%), the ultrasonography
diagnosis of VSD was confirmed by the autopsy findings.
In 2 of 14 (14.3%) fetuses, there were diagnostic discrepan-
cies between the echocardiography and autopsy findings.
In one case, a VSD was combined with pulmonary atresia,
and in another case, with a common arterial trunk.

Analysis of the 4-chamber view revealed the VSD
(Figure 1).

The second most common confirmed CHD was hypo-
plastic left heart syndrome (HLHS) diagnosed by echo-
cardiography in 10 fetuses (33.3%). In one case (10.0%),
HLHS was combined with a complete atrioventricular
canal defect.

The B-mode showed the decreased size of the left ven-
tricle. Color flow Doppler revealed that there was no blood
flow through the mitral valve, which is shown on the abnor-
mal 4-chamber views (Figure 2A and Figure 2B).

The third most common diagnosis was coarctation
ofthe aorta (3 [10.0%] fetuses). In the first case, coarctation
of the aorta was combined with a VSD, and in the second
case, with HLHS; in the third case, coarctation of the aorta
occurred alone. An indirect sign of coarctation of the aorta
is a decrease in the left ventricle size (Figure 3A) detected
by the abnormal 4-chamber view, measurement of the ven-
tricular cavity width. The aortic arch view showed an area
of vessel narrowing in the isthmus region and subsequent
poststenotic dilatation (Figure 3B).

Figure 1. Ultrasonography of the fetal heart at 20 weeks’ gesta-
tion (verified diagnosis). Anomalous 4-chamber view with color
flow Doppler: ventricular septal defect (VSD) (4.9 mm) (arrow)
Pucynok 1. Vnempaszeykosoe uccnedosanue (Y3HU) cepoya
nnooa Ha cpoxe 20 Hedenv (OuacHos eepuguyuposat). AHo-
MATbHBLL YEMbIPEXKAMEPHBILL CPE3 8 PENCUME YBEMOBO20 Q0N -
niepoeckoeo kapmuposarus (LIIK): oegpexm medicorcenyooy-
Kogotl nepe2opooku (JMIKII) — 4,9 mm (cmpenka)

A. B-mode: decreased size of the left ventricle (arrow)

A. 6 B-pedicume ymenvuienvt pazmepui 18020 diceny0ouKa (cmpeixa)

B. Color flow Doppler: no blood flow through the mitral
valve (arrow)

B. 6 pesicume LJIK omcymecmayem nomox Kposu uepes mu-
MPATbHbILL KIANaH (Cmpeixa)

Figure 2. Ultrasonography of the fetal heart at 20 weeks’ gestation (verified diagnosis). Anomalous 4-chamber views in hypo-

plastic left heart syndrome

Pucynox 2. Y3U cepoya nrooa na cpoke 20 nedenwv (Ouaznos eepuguyuposatn). Anomanvhvle uemvipexkamepuvlie cpesvl npu CUH-

OpoMme 2Unona3uu 1ebix Omoenos cepoyd
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1P 111 cm
2 P 184cm

Figure 3A4. Ultrasonography of the fetal heart at 20 weeks’
gestation (verified diagnosis). Anomalous 4-chamber view,
measurement of the ventricular cavity width, decrease in the
left ventricule size (indirect sign of an aortic pathology)
Pucynox 34. Y3U cepoya nnooa na cpoke 20 nedenv (Ouacros
sepuuyuposan). AHOMAnLHLI YeMbIPEXKAMEPHBIIL CPe3, U3-
MepeHue WUpuHbl ROTOCHU HCeYOOUKO8, YMEeHbUUEHUE pazmepd
J1€6020 HCENYOOUKA (KOCBEHHDLI NPUZHAK NAMOLO2UL AOPHIbL)

We performed postnatal computed tomography to con-
firm the diagnosis on day 60 (Figure 4).

In 3 cases (10.0%), a single ventricle was diagnosed
by echocardiography and confirmed by the autopsy find-
ings. Tetralogy of Fallot verified by echocardiography
(3.3%) was confirmed during the fetal autopsy. In one
case (3.3%), pulmonary atresia diagnosed by echocar-
diography was confirmed during the autopsy.

As we mentioned above complete diagnostic discrep-
ancies were observed in 5 (14.3%) cases. In one case,
a single ventricle diagnosed by echocardiography was
not confirmed by the autopsy findings. The second case
was related to the ultrasonography findings of an atrio-
ventricular septal defect. Autopsy revealed an atrial septal
defect (8 mm) and a VSD (8 mm), and one vessel located
above the VSD (common arterial trunk, 9 mm in diam-
eter) was found to arise from the heart. In the third case,
a diagnosed interrupted aortic arch was not confirmed by
the autopsy findings. The diagnosis of a single ventricle
by ultrasonography and echocardiography was disproved,
and autopsy revealed aortic atresia with an 8 x 7 mm VSD.
We should note that the decision to terminate pregnancy
in these cases was made due to established defects of the
nervous and urinary systems, which were incompatible
with life.
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Figure 3B. Ultrasonography of the fetal heart at 20 weeks’gesta-
tion (verified diagnosis). Aortic arch view, area of vessel narrow-
ing in the isthmus region with poststenotic dilatation (arrow)
Pucynok 3B. Y3U cepoya niooa na cpore 20 nedens (Ouaznos
sepughuyuposan). Cpes uepes oyzy aopmol, Y4acmox CylHceHus:
cocyoa 6 obnacmu nepeweika ¢ nocieoyViowum nocmcemeHo-
Mu4ecKum pacuuperuem (cmpeixa)

HLA |(3] (2] Ul
0,75 cm 0,3 cm 0,28 cm

Figure 4. Coarctation of the aorta
Pucynok 4. Koapxmayus aopmoi

The fetal echocardiography findings in 5 pregnant
women were evaluated. All of them, after the CHD diag-
nosis, continued their pregnancy owing to the possibility
of surgical correction of the identified defects.

In one case, the echocardiography diagnosis of a mus-
cular VSD was not confirmed postnatally. The postnatal
diagnosis was transposition of the great arteries, patent
ductus arteriosus, restrictive patent foramen ovale. This
case indicates the need to expand methods of prenatal di-
agnosis of congenital cardiovascular abnormalities.
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In another case, the fetal diagnosis of transposition
of the great arteries was established. However, postnatal
echocardiography revealed type 3-4 pulmonary atresia,
major aortopulmonary collateral arteries, patent foramen
ovale, chronic hypoxia.

We observed a case with the ultrasonography diagno-
sis of tetralogy of Fallot (Figure 5). It should be noted that
the sonographic image with the 4-chamber view can be
unchanged (Figure 5A), which justifies the need to use
additional views.

During the imaging, all sonographic features of tetral-
ogy of Fallot (Figure 5B) should be ruled out: an overrid-
ing aorta.

In the color flow Doppler mode, we registered the
blood flow from the left and right ventricles into the di-
lated and displaced aorta (Figure 5C).

During the imaging, the pulmonary artery diameter
was 2.4 mm, which is associated with 5%o for this gesta-
tional age (Figure 5D).

Figure 5A4. Ultrasonography of the fetal heart at 20 weeks’ ges-
tation (verified diagnosis). In patients with tetralogy of Fallot,
a sonographic image can show an unchanged 4-chamber view
of the heart

Pucynox 5A. Y3U cepoya nnooa na cpoxe 20 medensv (Oua-
2Ho3 epupuyuposan). Ilpu mempaode Panno 803MONHCHO No-
JYUEeHUe dX02PAPUUEcK020 U300PANCEHUS HEUSMEHEHHO20 4-X
KamepHozo cpesa cepoya

Figure 5C. Color flow Doppler: blood flow from the left and
right ventricles into the dilated and displaced aorta (arrow)
Pucynok 5C. B pesrcume LI/[K pecucmpupyemcs nomok kposu,
ROCMYRAIOWUIL U3 16020 U NPABO20 JHCETYOOUKA 8 PACUIUPEH-
HYIO U CMEWeHHYI0 aopmy (cmpenka)

Figure 5B. Ultrasonography of the fetal heart at 20 weeks’ ges-
tation (verified diagnosis). The main sonographic sign of tetral-
ogy of Fallot is an overriding aorta (arrow)

Pucynox 5B. Y3U cepoya nnooa na cpoke 20 nedensv (OuacHos
sepuuyuposar). OcHosHOU dx02paghuueckuii npusHaK me-
mpaovt Panio — evlaieHUe PACUUPEHUS AOPHIbl, PACHOLA2A-
10U eticsl HA MeXNCHCENYOOUK0B0L nepe2opooke HAO deghekmom
(cmpenxa)

Figure 5D. Pulmonary artery diameter, 2.4 mm; less than 5%o
for this gestational age (arrow)

Pucynok 5D. Jluamemp necounou apmepuu 2,4 mm, menee 5%o
0J151 26CIMAYUOHHO20 CPOKA (CMpenKa)

Figure 5. Ultrasonography of the fetal heart at 32 weeks 4 days’ gestation. Diagnosis: tetralogy of Fallot (verified diagnosis)
Pucynox 5. Yaempaseyrkoeoe uccriedosanue cepoya niooa na cpoke bepemennocmu 32 nedenu u 4 ons. /Juaenos: mempaoa

@anno (OuazHos eepuduyuposar)
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The lack of prenatal diagnosis is often due to maternal
overweight or obesity and hydramnios.

Analyzing this case, we should note that the difficul-
ties in CHD visualization remained, and to overcome
them we developed a comprehensive approach to the
timely detection of fetal CHDs with subsequent referral
to an appropriate perinatal center for delivery and surgical
correction. Thus, we were convinced of the need to look
for ultrasound markers during the second screening that
should lay the foundation for additional methods of CHD
diagnosis, including fetal MRI.

After this analysis, we came to the conclusion
that additional MRI during pregnancy was need-
ed to verify the CHD diagnosis. We report a case of

ultrasonography and MRI during the second screen-
ing (19-21 weeks+6 days’ gestation) and at 30 weeks
4 days’ gestation. Ultrasonography during the second
screening diagnosed a CHD at 21 weeks’ gestation:
double outlet right ventricle. Ultrasonography by an
expert revealed a subaortic VSD (3.6 mm) at 22 weeks’
gestation (Figure 6).

During the imaging, abnormal 4-chamber view of
the heart and subaortic VSD (3.6 mm) were found. Both
great arteries arose from the right ventricle. MRI per-
formed at the same time revealed a double outlet right
ventricle (Figure 7).

To develop a postnatal cardiovascular management
strategy, both ultrasonography and MRI were performed

6A. Unchanged 4-chamber view
6A. Heuzmenennwiii 4x-xamepuulii cpe3

6B. Subaortic ventricular septal defect (VSD) (3.6 mm)
6B. I[looaopmanvrviii JJMXKII 3,6 mm

6C. Double outlet right ventricle
6C. Oba mazucmpanbHbix cocyoa 861X00sim U3 NOIOCMU Npa-
6020 Jiceny00uKd

6D. Color flow Doppler: blood flow from the right ventricle
into the great vessels

6D. B pexcume L{J]K onpedensiemca nomok Kposu, nocmynaro-
WU 8 MASUCMPATILHBIE COCYObL U3 NONOCIIU NPABO20 JICENYOOUKA

Figure 6. Ultrasonography of the fetal heart at 22 weeks 3 days’ gestation (verified diagnosis)
Pucynok 6. Y3U cepoya nnoda na cpore 22 nedenu u 3 Ous (Ouaznos eepuduyuposat)
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7A. 4-chamber view of the heart (MRI)
7A. 4-x kamepnuwiil cpes cepoya (MPT)

7B. 4-chamber view of the heart and descending aorta
7B. 4-x kamepnoiil cpes cepoya u Hucxoosiyas Ao

7C. Left arrow: aorta and pulmonary artery in cross-section,
right arrow: subaortic VSD

7C. Cmpenxou cnesa ykasanwvl Ao u JIA 6 nonepeunom ceue-
Huu,; cnpasa cmpenka nooaopmanvhsil JJMXKIT

7D. Aortic arch and superior vena cava
7D. Jlyea Ao u BIIB

Figure 7. Fetal MRI at 22 weeks’ gestation. double outlet right ventricle; parallel arrangement of the great arteries (verified

diagnosis)

Pucynox 7. MPT nnooa na cpoke 22 nedenu: 0801HOe OMXOAMCOEHUE MASUCTIPATLHBIX COCY008, NAPALIENbHbI X00 MALUCTPATb-

HBIX COCY008 (0UazHo3 8epuduyuposar)

at 30 weeks 4 days’ gestation. Repeated ultrasonography
and MRI confirmed the diagnosis (Figure 8).

As shown above, ultrasonography performed
by an expert at 22 weeks+3 days’ gestation and at
30 weeks +4 days’ gestation revealed that both great
arteries arise from the right ventricle, which was con-
firmed by MRI. A subaortic VSD (3.6 mm) was de-
scribed according to ultrasonography. A series of MRI
scans showed signs of the ascending aorta origin from
the right ventricle and the common pulmonary artery
origin from the right ventricle (Figure 8).

As a result of the postnatal follow-up examination,
the diagnosis was CHD, double outlet right ventricle
with a subpulmonary VSD (Taussig-Bing syndrome),

pulmonary artery stenosis, mitral valve anomaly, pat-
ent ductus arteriosus, chronic hypoxia. According to the
echocardiography findings, left ventricle end-diastolic
diameter was 20 mm; the walls were not thickened; ejec-
tion fraction was 69%; aorta, 13 mm; left atrium, 16 mm;
right ventricle, 9 mm; right ventricular walls, 3 mm; the
aortic valve was bicuspid; aortic valve velocity, 0.7 m/s;
pulmonary valve, 11 mm; pulmonary valve velocity, 3.6-
4.0 m/s (peak gradient, 56-64 mm Hg); VSD, 7 mm; the
tricuspid valve chord and mitral valve were attached to
the edge of the defect; the anterior mitral leaflet was split;
grade 1 tricuspid regurgitation was observed; there was
normal blood flow in the abdominal aorta with velocity
of 1.5 m/s.
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8A. 4-chamber view, subaortic VSD up to 5 mm 8B. Aorta, pulmonary artery, VSD
8A. 4-x kamepnoui cpes, IMIKII nooaopmanvhwiil 00 5 mm 8B. Ao, JIA, JIMKII

8C. VSD 8D. Aorta and pulmonary artery in cross-section, VSD
8C. JIMIKTIT 8D. Ao u JIA 6 nonepeurom cevernuu, IM>KIT

8E. Level of the aortic arch and superior vena cava 8F. Level of the aortic arch
8E. Vposenwv oyeu Ao u BIIB 8F. Vposens dyeu Ao

Figure 8. Fetal MRI at 30 weeks 4 days’ gestation: double outlet right ventricle (verified diagnosis)
Pucynox 8. MPT nnooa Ha cpoxe 30 Hedens u 4 OHA: 080UIHOE OMXOHCOEHUE MALUCTIPATLHBIX COCYO08 (OUAHO3 8epupuyuposar)
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Conclusions

In our earlier study,” we studied the relationship be-
tween the nuchal translucency thickness and the ductus
venosus pulsatility index, which are determined during the
first screening (11-13 weeks+6 days’ gestation) in fetuses
with CHD. One of the early diagnostic criteria of a pos-
sible cardiovascular pathology was found to be nuchal
translucency thickness of 3.68+ 1.3 mm and ductus veno-
sus pulsatility index of 1.098+0.169. We found a moder-
ate correlation (R=0.510) between both indicators.

During the second screening, the scope of the examina-
tion in this cohort of pregnant women should be expanded
to verify the CHD diagnosis. To do that and plan the post-
natal management, ultrasonography and MRI can be com-
bined during the third screening (34-36 weeks).

Compared with ultrasonography, fetal cardiac MRI
is more informative when it comes to the diagnosis of
a CHD combined with a pathology of the great arteries.
During the study, we found limitations to fetal cardiac
MRI during the second trimester of pregnancy that are
linked to fetal behavioral responses (motor activity).

The development of a fetal heart imaging protocol
aimed at the formation of risk groups among pregnant
women who carry fetuses with CHDs is justified.

The proposed approach to the fetal CHD diagnosis en-
ables to minimize the likelihood of error and maintain con-
tinuity of care between obstetricians-gynecologists, ultraso-
nographers, radiologists, neonatologists, and cardiologists.

Author contributions

Conceptualization: Pomortsev

Methodology: Pomortsev, Karakhalis

Acquisition, analysis, or interpretation of data: Pomortsev,
Krivonosova, Goloseev

Manuscript drafting and revising: All authors

Final approval of the version to be published: Pomortsev,
Karakhalis

Bkuax aBropos

Paspabomra xonyenyuu.: A.B. [lomoprieB

Paspabomka memooonocuu: A.B. Tlomopues, M.H. Kapaxamnuc
Coop, ananuz u unmepnpemayus oannsix. A.B. [lomopres,
H.B. Kpusonocona, K.®. ['onoceen

IToozomogxa u pedakmupoganue mexcma: Bce aBTOPEI
Vmeeporcoenue okonuamenvrozo eapuanma cmamou.

A.B. Ilomopries, M.H. Kapaxanuc

Jiutepatypa/References

1. Kleinman CS, Weinstein EM, Talner NS, Hobbins JC Fetal
echocardiography--applications and limitations. Ultrasound Med Biol.
1984;10(6):747-755. PMID: 6536131. https://doi.org/10.1016/0301-
5629(84)90235-7

2. Lloyd DF, van Amerom JF, Pushparayah K, et al. An explora-
tion of the potential utility of fetal cardiovascular MRI as an adjunct to
fetal echocardiography. Prenat Diagn. 2016;36(10):916-925. PMID:
27521762. PMCID: PMC5082528. https://doi.org/10.1002/pd.4912

3. Sun L, Lee FT, van Amerom JFP, et al. Update on fetal
cardiovascular magnetic resonance and utility in congenital heart
disease. Journal of Congenital Cardiology. 2021;5(1). https://doi.
org/10.1186/s40949-021-00059-x

4. Udine M, Loke YH, Goudar S, Donofrio MT, Truong U,
Krishnan A. The current state and potential innovation of fetal car-
diac MRI. Front Pediatr. 2023;11:1219091. PMID: 37520049. PM-
CID: PMC10375913. https://doi.org/10.3389/fped.2023.1219091

5. Haris K, Hedstrom E, Kording F, et al. Free-breathing fe-
tal cardiac MRI with doppler ultrasound gating, compressed
sensing, and motion compensation. J Magn Reson Imaging.
2020;51(1):260-272. PMID: 31228302. PMCID: PMC6916642.
https://doi.org/10.1002/jmri.26842

6. Xanadsu A.A. STATISTICA 6. Mamemamuyeckas cmamu-
cmuxka ¢ anemenmamu meopuu eeposmuocmeti. BUHOM; 2010.

Khalafyan AA. STATISTICA 6. Mathematical Statistics With
Elements of Probability Theory. BINOM; 2010. (In Russ.).

7. TlomopueB A.B., Kapaxaimc M.H., Marynesna C.A., [la-
s [A., Xanadsa A.A., Cenua A.H. Tlopoku passButust cepaua
mwiona: (akTopsl pHCKa M BO3MOXKHOCTH YJIBTPa3BYKOBOIO METO-
Ja TpU TIEPBOM CKpHHHHTE. MHHOBayuoHHas meouyuna Kybaru.
2023;8(4):51-59. https://doi.org/10.35401/2541-9897-2023-8-4-51-59

Pomortsev AV, Karakhalis MN, Matulevich SA, Daschyan GA,
Khalafyan AA, Sencha AN. Congenital heart diseases: risk factors
and ultrasound diagnostic potential at the first screening. nnova-
tive Medicine of Kuban. 2023;8(4):51-59. (In Russ.). https://doi.
org/10.35401/2541-9897-2023-8-4-51-59

Author credentials

Alexey V. Pomortsev, Dr. Sci. (Med.), Professor, Head of
the Diagnostic Radiology Department No. 1, Faculty of Con-
tinuing Professional Development and Retraining, Kuban State
Medical University (Krasnodar, Russian Federation). https://orcid.
org/0000-0003-4129-3930

Mark N. Karakhalis, Postgraduate Student, Diagnostic Radiol-
ogy Department No. 1, Faculty of Continuing Professional Develop-
ment and Retraining, Kuban State Medical University (Krasnodar,
Russian Federation). https://orcid.org/0000-0003-0604-4744

Natalia V. Krivonosova, Associate Professor at the Depart-
ment of Obstetrics, Gynecology and Perinatology, Faculty of Con-
tinuing Professional Development and Retraining, Kuban State
Medical University; Sonographer, Children’s Regional Clinical
Hospital (Krasnodar, Russian Federation). https://orcid.org/0000-
0002-8222-5670

Konstantin F. Goloseev, Head of the X-ray Unit No. 2, Chil-
dren’s Regional Clinical Hospital (Krasnodar, Russian Federation).
https://orcid.org/0009-0008-7917-1270

Conflict of interest: none declared.

CBepeHmna 06 aBTOpax
MomopueB Anekceii BukropoBuu, a. M. H., npodeccop, 3a-
Beyroumi kadenpoii nydeBoi nuarsoctuku Ne 1 ®ITK u TITIC,
Ky0anckuii rocynapctBeHHbli MenuunHckuil yausepeuret (Kpac-
Hoxap, Poccusi). https://orcid.org/0000-0003-4129-3930
Kapaxainnc Mapk HukosnaeBuu, acniupant kadenpsl yde-
Boit quarHoctuku Ne 1 ®IIK u [I1C, Ky6anckuii rocymapcTBeH-
HBI MequuuHCKui yHuBepcureT (KpacHonmap, Poccus). https://
orcid.org/0000-0003-0604-4744
KpusonocoBa Haranes BiaagumupoBHa, noueHT kadeapb
akymrepcTsa, ruaexonorud u nepuHaroorun OIIK u II1C, Kyban-
CKHUM TOCy/1apCTBEHHBIH MEAUIMHCKUN YHUBEPCUTET; Bpau yilbTpa-
3BYKOBOM AMAarHoCTHKH, JleTckas KpaeBasi KIMHHYECKas OOIbHULA
(Kpacnonap, Poccus). https://orcid.org/0000-0002-8222-5670
TonoceeB Koncrantun ®emnopoBuY, 3aBeyIONNH pEHTTE-
HOBCKUM otaeneHreM Ne 2, Jlerckast KpaeBasi KIMHUYecKast O0JIbHH-
na (Kpacuomap, Poccusi). https://orcid.org/0009-0008-7917-1270
Kondummkr nunrepecon
Aemopul 3as6ns10m 06 OMCymcmeuy KOHPAUKMA UHMEPECOS.

29



