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Vascular ring (VR) is hard to diagnose prenatally and requires knowledge of anatomy of the large vessels, anatomical
variants of VR and special echocardiographic views. In this study we aimed to find echocardiographic parameters
which may predict diagnosis of VR.

From 2011 to 2017 diagnosis of the isolated VR was established prenatally and confirmed by computer tomography
after birth in 39 cases (the main group). A control group comprised 47 fetuses with normal heart anatomy. The sizes
of all heart structures in both groups were evaluated according to normograms corresponding to the pregnancy term
and Z-scores were calculated.

Our study has shown, that in both study groups Z-score for majority of heart structures were in the normal range.
Despite differences in Z-scores of mitral valve annular dimensions (MV), tricuspid valve and ductus arteriosus diam-
eter were statistically significant, this difference was not clinically relevant and did not have predictive value for VR
diagnostics. This finding was confirmed using non-parametric ROC-analyses. We may conclude that only routine use
of special views is an effective method of prenatal ultrasound diagnostics of VR.
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Early prenatal ultrasound assessment for congenital
malformation and in particular congenital heart disease
(CHD) is a complex method which allows to organize
specialized medical care in optimal terms before and after
child’s birth. [8, 12, 13]. The rates of prenatal diagnostics of
the CHD remains low (from 30% to 70%) even in developed
countries [12]. Vascular rings (VR) are rare anomaly of the
aortic arch, accounting for less than 1% of all CHD. Pre-
natal diagnosis of the VR is complex, requires knowledge of
anatomy of the large vessels, anatomical variants of VR and
special echocardiographic (Echo) views [5, 9—11]. We have
focused on finding additional signs and diagnostic criteria
that would assist in the diagnosis.

For the past decades RoC analysis has become a popu-
lar method for assessing the accuracy of medical diagnostic
systems. The most important feature of it is that the accu-
racy criteria are not influenced by the decision criterion. The
derived summary measure of accuracy, such as the area un-
der the curve, determines the ability of the test to distinguish
between the diseased and healthy in the study population.
Use of this test of the diagnosis enables to evaluate diagnostic
value of individual parameters or to assess whether a different
combination of tests (for example, a combination of visual-
ization methods) improve the accuracy of the diagnosis [6].

Objective. Inthisstudy we aimed to find echocardiographic
parameters which may predict diagnosis of the isolated VR.

Materials and methods. In 2011 we have designed and
implemented a new protocol of the fetal echocardiography
with the views necessary for diagnostics of VR: 1) the
3-vessel and trachea view, 2) the aortic arch long-axis view,
3) the transverse view of the upper abdomen to determine
the position of the abdominal aorta.

From 2011 to 2017 the diagnosis of the isolated VR was
established prenatally and confirmed after birth in 39 cases.
They formed the main group 1. A control group 0 from 47
fetuses with normal anatomy of the heart and large vessels,
confirmed postnatally, was formed.

Transabdominal fetal echocardiography and transthoracic
echocardiography were performed on ultrasound scanners
Philips Sonos 7500, Siemens Acuson Sequoia 512, Philips
iU22, Philips iE33, Philips EPIQ 7 with the convection trans-
ducer with 9—1 MHz and sector transducers with 12 MHz, 8
MHz, 4—1 MHz operating frequency. Computer tomography
(CT) to confirm the ultrasound diagnosis of VR was performed
on a 16-slice tomography Siemens Somatom Sensation.

Statistical data processing was carried out using SPSS
software. Normality of distributions of continuous vari-
ables were studied using Shapiro-Wilk tests. Comparisons
between the two study groups were conducted applying
Mann-Whitney tests. ROC-analysis was applied for statis-
tics which may had been hypothesized to have predicitive
properties in detecting patients with VR.
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Results and discussion. In both groups, an estimation
of the 4-chamber view, the views of the left and right ven-
tricular tract, and the three vessels view were performed. All
listed above views were normal in both groups.

In all fetuses left (LVED) and right (RVED) ventricles
end-diastolic diameters, mitral (MV) and tricuspid (TV)
valves diameters, the aortic valve diameter (AV), the as-
cending aortic diameter (AAOD), diameters of the valve
(PV) and the main (MPA) pulmonary artery, diameter of
the right branch of pulmonary artery (RPA), ductus arterio-

sus (DA), diameter of the segment A of the aortic arch (seg.
A), foramen ovale (FO) have been measured. The sizes of all
heart structures were evaluated according to normograms
according to the term of pregnancy and Z-score was calcu-
lated for each of them [1—3, 7]. In all fetuses, Z-score for all
structures of the heart conformed to the norm (in the range
from -1,99 to 1,99).

Sizes of the MV (-0,4%1 to -0,7%0,6; P=0,049), TV
(-0,1£0,9 to -0,4%0,7; P=0,044) were larger in VR group
in comparison with the control group and the size of the

Table 1
Comparison of echocardiographic parameters in fetuses with (group 1) and without VR (group 0). Mann-Whitney test for
independent samples
The Mann-Whitney test for independent samples
Group =0 (n = 47) Group =1 (n = 39)
Standard __ Percentiles (%o) Standard __ Percentiles (%o)

Indication Mean Median deviation 25 50 75 Mean Median deviation 25 50 75 P
(GtiftBaPtl')")”al a8 242 22 5,5 20 22 30 245 24 43 21 24 28 0,536
BPD (sm) 6,2 5,7 1,7 4,8 5,7 8,3 6,3 5,8 1,5 5 5,8 75 0,677
HR 141,7 143 10,3 138 143 147 1418 143 9,6 138 143 149 0,811
FO (mm) 3,7 3,5 1,2 2,7 3,5 4,5 4,1 4 1,4 3,1 4 5 0,168
LVED (mm) 8,8 7,8 2,8 6,6 78 113 9,2 8,7 2,7 6,8 8,7 11,4 0,344
Z-score for LVED -0,2 -0,1 0,7 -0,7 -0,1 0,3 0,01 0,1 0,9 -04 01 0,5 0,269
RVED (mm) 9,5 8,3 3,3 7,1 8,3 12,2 10,2 8,8 39 7,4 8,8 14 0,346
Z-score for RVED 0,01 0,1 0,7 -0,3 0,1 0,6 0,2 0,2 1,1 -0,3 0,2 0,8 0,190
MV (mm) 6,7 5,7 2,1 5,4 5,7 8,4 7,2 6,7 2,2 5,5 6,7 9 0,234
Z-score for MV -0,7 -0,8 0,6 -13 -08 -04 -0,4 -0,4 1 -1,2 -0,4 04 0,049
TV (mm) 7,2 6,1 2,5 5,6 6,1 9,2 8 6,7 3,1 5,5 6,7 10,2 0,306
Z-score for TV -0,4 -0,4 0,7 -09 -04 -0,2 -01 -0,1 0,9 -0,8 -0,1 0,7 0,044
AV (mm) 4,3 4 1,2 3,5 4 5,6 4,3 3,8 1,3 3,3 3,8 55 0,910
Z-score for AV 0,8 0,9 0,8 0,5 0,9 1,3 0,6 0,7 0,8 -0,1 0,7 1,1 0,168
AAOD (mm) 4,3 4 1,3 3,3 4 5,2 4,5 4 1,4 3,2 4 55 0,832
Z-score for AAOD  -0,1 -0,2 0,9 -0,7 -0,2 0,5 -0,1 -0,1 0,7 -0,7 -01 04 0,99
PV (mm) 5 4,4 1,8 3,7 44 6,5 5,3 4,9 1,8 4 49 6,4 0,364
Z-score for PV 0,5 0,6 0,8 0,01 0,6 1,2 0,6 0,8 1,1 0,3 0,8 1,4 0,381
MPA (mm) 5,2 4,4 2 38 44 6,5 5,5 5,1 2 4 51 6,5 0,306
Z-score for MPA 0,1 0,1 0,7 -04 0,1 0,7 0,3 0,3 0,9 -0,3 0,3 0,7 0,294
DA (mm) 3,5 2,9 1,4 2,6 29 43 3,3 3,1 1,1 2,4 3,1 4 0,543
Z-score for DA 0,6 0,5 0,7 0,1 0,5 1 0,001 -0,1 0,9 -0,8 -0,1 1 0,004
Seg. A (mm) 3 2,7 1 2,4 2,7 3,7 3 2,6 1 2,2 2,6 3,3 0,587
Z-score for seg. A -0,1 -0,1 0,8 -0,7 -0,1 0,5 -0,5 -0,4 1 -1,2 -04 04 0,077
Seg.A/DA 0,9 0,9 0,1 0,9 0,9 1 0,9 1 0,2 0,8 1 1,1 0,234
i'/-‘ggre for seg. -0,7 -0,5 1 1,1 -05 -02 -05 -0,2 1,4 -1,5 -02 05 0,234
RPA (mm) 2,2 2,1 1,4 1,6 2,1 3,2 2 2,1 1,5 0,01 21 3,5 0,756
Z-score for RPA 0,1 0,01 0,6 -0,5 001 04 0,1 0,01 0,6 -0,2 0,01 0,6 0,503
ggﬁ\fg{? of 39 40 24 39 40 40 386 39 2,2 38 39 40 0,073
Weight at birth 33079 3300 502,7 3100 3300 3570 31176 3150 644,1 2820 3150 3585 0,215
Growth at birth 51,5 51 34 50 51 53 51,3 52 3,8 50 52 53 0,457
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Fig.1. RoC-curve to Z-score for MV and TV

DA (0,6%0,7 to 0,001£0,9; P=0,002) were larger in control
group in comparison with the VR group, but all parameters
were within the normal range.

Despite significant difference between Z-scores of MV
annular dimentios, of TV in study groups, the ROC-analysis
shows that they are not diagnostic for VR. Nonparametric
ROC-analysis revealed that area under the curve for Z-score
MYV was 62,4%, P = 0,049. Area under the curve for TV
was 62,7%, P = 0,044 which illustrates low sensitivity and
specificity of this parameter in terms of VR diagnosis and
does not meet diagnostic criteria.

When conducting a nonparametric ROC analysis
Z-score DA area under the curve is 67,9%, P=0,004;
sensitivity and specificity is <1,5% (Fig. 2).

Consequently, the only effective method of diagnosis of
SC is the assessment of the anatomy and location of large
vessels and trachea. To do this, it is necessary to use routine
views for the diagnosis of VR: 1) the 3-vessel and trachea
view (to evaluate the location of large vessels and trachea);
2) the aortic arch long-axis view (to assess the size of aor-
tic arch and the presence of vascular pathology, including
aberrant subclavian artery); 3) the transverse view of the
upper abdomen to determine the position of the abdominal
aorta.

Conclusions. The conclusion of the analysis is despite
the significant difference between the Z-score MV, Z-score
TV and Z-score DA in both groups, the RoC curves show
that they are not predictors of the diagnosis of VR. Only
the routine use of special views is an effective method of
prenatal ultrasound diagnostics of VR.
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Fig.2. RoC-curve to Zscore for DA
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MpoeeneHHs RoC-aHanisy exokapaiorpacdiyHMX NOKa3HUKIB NpeHaTanbHO AiarHOCTOBAaHOro
i30/1bOBaHOr0 CYAMHHOrO KiNbus

Maenosa A. 0.}, [ypesa O. C.23, Kypkesuu A. K.}, PyneHko H. M2, Emeup |. M.,

L 1Y «HaykoBO-NpaKTUYHWUIA MEOUYHWIA LLEHTP AMTAYOi Kapaionorii Ta kapaioxipyprii MO3 Ykpainuy» (Kuis)
2HauioHanbHa MeaMyHa akazeMis nicnaaunnoMHoi ocsitv iMeni M. /1. Wynuka (Kuis)
3HauioHanbHWi HayKoBUiA LeHTP «IHCTUTYT Kapaionorii iMeHi akagemika M. 1. Crpaxkecka HAMH Ykpainu»

PanHs ynpTpa3ByKoBa IpeHaTalbHa JiarHoCTHKa BpomxkeHux Ban cepist (BBC) e ckimagHuM MeTonoM, SIKIiA T03BOJISIE
BCTAaHOBUTMU AiarHO3 10 HAPOMXKEHHSI TMTUHU Ta OpraHi3yBaTH CIielliajli3oBaHy JIiKapChKy JOIIOMOTY Ha BUCOKOMY DPiBHi
B onTUMaJbHi Tepminu [7, 11, 12]. PiBenb npeHatanbHoi aiarHoctuku BBC 3anuiaerbest Hu3bkuM [11]. IIpeHaranbHa
niarHocTuka cyauHHoro Kinbiist (CK) € ckiiagHoto, motpedye 3HaHb aHATOMIT BEJIMKUX CYIUH, aHaToMiuHUX BapiaHTiB CK
i TexHiku cnenianbHuXx ExoKI'-nipoexkiiii [5, 8—10]. [Tomyk monaTkoBuX 03HaK i AiaTHOCTUYHUX KPUTEPIiB, 5IKi O 10T110-
MOTJIM B IMIOCTAHOBIIi JAHOTO /iaTHO3Y, CTaB OJIHIEI0 3 YACTUH IOCiIKEHHSI, MPpOBeJeHOTo B Hamomy LleHTpi.

Metoro ngaHoro mociimkeHHs1 Oyino mpoBeaeHHsT RoC-aHani3y misti mOpiBHSIHHSI pO3MipiB CTPYKTYp cepllsd IUIoaa B
HOpPMIi Ta 3a HasIBHOCTI i3o1b0BaHoOro CK.

Marepianu ta Meroau. 3 2011 p. B HamoMy LleHTpi npu nipoBeaeHHi ExoKI' mioma 6yno BnpoBamkeHO HOBUIA MPO-
TOKOJI 3 000B’I3KOBUMU mpoekiisiMu 1jist miarHoctuku CK. Bei 06¢cTexxeHHs TpoBOIMIMCH METOIOM IIpeHaTaIbHOI TpaH-
cabpoMiHaIbHOI Ta MocTHaTanbHOI TpaHcTopakaabHoi ExoKI Ha yiasrpasBykoBux ckaHepax Philips Sonos 7500, Siemens
Acuson Sequoia 512, Philips iU22, Philips iE33 Philips EPIQ 7 3a nomoMoroio KOHBeKCHUX JaTYHNKIB 9acToToi0 9—1 MIix
Ta (ha30BaHMX CEKTOPHUX AaTUYMKiB yacToToro 12 MIi1, 8 MIirta 4—1 MIii. JIist minTBepaKeHHS yIbTPa3ByKOBOIO IiarHO-
3y CK mposommiack KT Ha 16-3pizoBoMy Tomorpadi Siemens Somatom Sensation. CratuctuyHa o6pobKa JaHUX IPO-
Boauiack y nporpami SPSS.

Pesynbratu Ta ooroBoperHst. 3 2011 o 2017 pp. aiarHo3 izoaroBaHoro CK 0yJ10 BCTaHOBJIEHO MIPeHATAIbHO i MiATBEP-
JIKEHO TTOCTHATaIbHO Y 39 BUIangKax, sIKi ckjiajv ocHOBHY rpymy 1. KoHTponbHy rpymy 0 ckianu 47 1ioaiB i3 HopMasib-
HO0 aHaTtoMi€lo ceplisd. B 060x rpynax yci ocHoBHi ExoKI'-npoexkuii Binmosinanu Hopmi. B ycix monis Oyno BUMipsiHO
KiHIIEBO-IiaCTOJIIYHi pO3MipH JIiBOTO Ta IIPABOTO IIJTYHOYKA, pO3MipH MiTpaJIbHOTO Ta TPUCTYJIKOBOTO KJIallaHiB, KJIallaHa
a0pTH, BUCXiTHOI Ao, KJIallaHa Ta CTOBOYpa JIereHeBoi apTepii, mpaBoi riiku JIA, aprepiaJbHOI IIPOTOKHU, CeTMEHTa A Iy-
i Ao. Po3Mipu Bcix CTpYKTyp ceplis OyJid OL[iHeHi 3riiHO 3 HOpMOTpaMaMM BiJITOBIAHO A0 TEPMiHY BariTHOCTi Ta OyJ0
po3paxoBaHO Z-score 10 KOXHOTo 3 Hux [1—3, 6]. Y Bcix miomiB Z-score po3MipiB BCiX CTPYKTYp ceplist OYIM B MeXax Bill
-1,99 1o 1,99, 1o Bigmosigae HOpMi.

Posmnozin nokazHukiB BuBYaBcs 3 BuKoprctaHHsm tecty Lllamipo-Yinka. OckKinbKu MOKa3HUKY HE MaJIM HOPMaJIbHO-
TO PO3IIOLNTY, TTOPiBHSIHHS CepeAHIX BEJTMUMH He BUKOPHCTOBYBAIOCS. 3aCTOCOBYBABCS HeTapaMeTPUIHUIA aHaJli3 — TeCT
ManHna- YiTHi Ta HenapaMeTpuuHuit aHaniz ROC-kpuBux.

BimMivanach CTaTMCTUYHO JOCTOBIpHA Pi3HUL 3 mepeBaxaHHsIM po3Mipy MK (-0,4%1 mporu -0,7£0,6; P=0,049),
po3mipy TK (-0,1%0,9 mpotu -0,4+0,7; P=0,044) B ocHoBHili rpymi Ta po3mipy AIl (0,6+0,7 nmpotu 0,001+0,9; P=0,002)
Y KOHTPOJIBHIN TpYITi.

IIpu npoBeneHHi HenmapamerpuaHoro ROC-ananisy Z-score MK rutomia min KpuBoo ctaHoBUTH 62,4%, P=0,049,
YYTAUBICTb Ta crenudivHicTh ckianae <1,5%. [pu nposeaeHHi ROC-anani3y Z-score TK 1utomia mig KpuBow CTaHO-
BUTH 62,7%, P=0,044. YyTnusicTh Ta crienubivyHicTh ckinanae <1,5%. I1pu npoBeneHHi HemapaMmeTpuuHoro ROC-aHanizy
Z-score apTepiaJlbHOI IIPOTOKM ILIOIIA il KPUBOIO CTaHOBUTH 67,9%, P=0,004. UyTiausicTh Ta crieindivyHicTh CKIIamae
<1,5%.

BricHoBKU. BUCHOBKOM MpOBENEHOTO aHaJli3y € Te, 110, HE3BaXKAl0YM Ha JOCTOBIpHY Pi3HUINIO TTOKAa3HUKIB Z-score
MK, Z-score TK, ta Z-score AIl B 060x rpyrax, ROC-kpuBi npoaeMOHCTPYBaju, 1110 BOHU HE € MPEANKTOPAMHU JliarHOC-
tiku CK i uiie pyTuHHEe BUKOPUCTAHHS CIIELiaIbHIX IIPOEKIIiil € €(peKTUBHUM METOAOM IIPEHATAIHLHOI YIBTPa3ByKOBOI
niarHoctuku CK.

Karouoei caoei: cyounue kinvuye, npenamanvra diacnocmuka, exokapoioepais.



