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KoHceHcycHoe 3asaBaenne ISUOG

O COBpeMeHHOM MOHUMAaHUMU
B3aMMOCBS3U MEXKAY 3aAepPIKKOH
IMICUXOMOTOPHOTO Pa3BUTHUS M HAAMYUEM
BPO>KAEHHbIX MOPOKOB CepPALIa ¥ AeTeH:
BAMSIHME Ha MpeHaTaAbHoe
KOHCYAbTMPOBaHHe

V:ke maBHO OBLIO YCTAHOBJIEHO, UTO MEMKIY
HaJINYMEeM BPOKIEHHOI'0 IMOPOKa cepala 1 3a-
IEePIKKOIl IICUXOMOTOPHOTO Pas3BUTUS (Neuro-
developmental delay) pebGeHKa cCyIIecTByeT
oIpejeieHHas B3aMMOCBSA3b, HO KakKas B3au-
MOCB#3b, 10 CUX IIOP eIlle He COBCEeM MOHSATHO.
OngHaKO OQHO3HAYHO TO, UTO JaHHAsS B3anMMO-

CBSI3b UMeeT MYJIbTU(AKTOPHYIO IIPUPOAY IIPO-
ucxoxxaenus [1-8]. B nureparype y:ke ObLI
OIIMCAH IIeJBIN PSA MMATOJOTUYECKUX IPU3-
HAKOB, BBIABJIAEMbBIX IIPU MAarHUTHO-PE30-
HAHCHOUN Tomorpadguu, MarHUTHO-Pe30HaHC-
HO¥ CIIEKTPOCKOIUHY U YIBTPA3BYKOBOM HCCJIE-
IOBAHWU Y ILJIOJOB M HOBOPOXKIEHHBIX C HEKO-

OpuruHaJabHbIN TeKeT KouceHcycHoro 3aaBiaenus “ISUOG consensus statement on current understanding of the as-
sociation of neurodevelopmental delay and congenital heart disease: impact on prenatal counseling” ony6ankoBan
B :kypHase “Ultrasound in Obstetrics & Gynecology” (2017. V. 49. No. 2. P. 287-288. Doi: 10.1002/u0g.17324)
u Ha caiitre http://www.isuog.org

Disclaimer: These consensus statement may have been translated, from the originals published by ISUOG, by recog-
nized experts in the field and have been independently verified by reviewers with a relevant first language. Although
all reasonable endeavors have been made to ensure that no fundamental meaning has been changed the process
of translation may naturally result in small variations in words or terminology and so ISUOG makes no claim that
translated consensus statement can be considered to be an exact copy of the original and accepts no liability for the
consequence of any variations. The consensus statement is only officially approved by the ISUOG in their English
published form.

IIpumeuaHnue: JaHHOE KOHCEHCYCHOE 3asBJICHUE SIBJSIETCHA [ePEeBOIAOM OPUTMHAJIbHON BEPCHUU, OMYOIMKOBAHHON
ISUOG. TlepeBon ObLI BBITIOJHEH SKCIIEPTAMHU B 9TON 00JIACTH W OTPEIAaKTHUPOBAH HE3aBUCUMBIMU PEIeH3eHTaMMU,
BIAJEION[MMI COOTBETCTBYIOIUM S3BIKOM. HecMOTps Ha TO YTO CHEJAHO BCE BO3MOKHOE, UTOOBI HE JOIIYCTUTh
NCKaYKeHNsI OCHOBHOI'O CMEBICJIA, IIPOIECC IIePeBOJa MOI' IPUBECTH K HEeGOJBIINM BapPHUALAM CMBICJIOBBIX OTTEHKOB
IPU HCIIOJH30BAHUU HEKOTOPBHIX CJOB MM TepMuHoB. Takum obpaszom, ISUOG momguepKuBaeT, UTO IepeBeJleHHoe
KOHCEHCYCHOE 3asIBJIEHHE He MOXKET PacCMaTpUBAThCA KaK a0COJIIOTHO TOUYHAS KONMS OpUTMHAjla, W He HeceT
OTBETCTBEHHOCTH 3a KaKue-anb0 HeCOOTBETCTBUS, IMOCKOJbKY TEKCT KOHCEHCYCHOI'O 3asBJICHUA IPOIIIE IIPOIEeLyPY
opunmanbuoro oxobperus ISUOG TOIBKO B €r0 OPUTHHAJIBHON [TeYaTHOM BepCUuM Ha aHTJIMACKOM S3bIKeE.
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TOPHIMU BHUJAAMH BPOKIEHHBIX HOPOKOB
cepama. K TakuM mpusHaAKaM OTHOCATCA ITpe-
JKIe BCero aHOMaJibHOe (hOpMHUPOBaHUE WJIN
3azmepkKa (popMmpoBaHUSI OOPO3] T'OJIOBHOTO
mo3ra (CyJabKalus), YMeHbIIIeHre O0uoOMeTpH-
YeCKMX IMoKasaTesei 1 00beMa roJIOBHOT'O MO3-
ra, a TaKKe UBMEHEeHUA B OMOXMMUUECKUX UC-
caenoBanuax [9—17]. Ilpegmosaraercs, 4To
HEKOTOophIe reHeTHUUecKue (haKTopH! [3] 1 okpy-
JKaroIasd cpefla B HOPOIOBBLIN MEePUOJ MMEIOT
0O0JIbIIIOE 3HAUEHWE B OIIPEIEeIEHUN IICUXOMO-
TOPHOTO PA3BUTUA MAJILIIIA B IIOCTHATAIbHBIH
IIEPUO, B IPOTUBOBEC TPASUITMOHHOMN KOHIIEH-
IIUY, YTO HAPYIIIEHUA IICUXOMOTOPHOT'O Pa3BU-
T y pebeHKa BO3SHUKAIOT U3-3a ITePUHATAb-
HOW TUNOKCHUU WJU MOBPE)KIEHWUI, BO3HUK-
IMUX B pe3yJabTaTe KapAUOXUPYPTrUUECKOTO
BMeIlIaTeJbCcTBa. Kpome TOro, HEKOTOPHIE
0oJIbIIIIE KOTOPTHBIE WMCCJIENOBAHUA MIPOJAE-
MOHCTPUPOBAJIU, UTO IETHU U IIOAPOCTKY C YHU-
BEHTPUKYJIAPHON (OOHOMKEIYIOUKOBOM) ITHP-
KyJIANuel HaXO4ATCA B TPYIIIE ITOBBIIIEHHOTO
PrCKa 3aJep:KKU IICUXOMOTOPHOTO Pa3BUTHUS,
QHAJIOTUYHBIN PUCK MMeeTCA TaK:Ke W IIPU
HAJIWUYNY TPAHCIO3UIIMU MAaTUCTPAJIbHBIX CO-
CyZOB, HO B MeHbIlei cremenu [14, 18-21].
ITosaBieHMe Bce HOBBIX HOKA3aTeJIbCTB B JAH-
HOM 00JIaCTH OPUBEJIO K TOMY, UTO AMepu-
KaHCKasg KapAuoJOoTUUYecKas accoIluaIusd
(American Heart Association) [22] omy6uu-
KoBasja odpuIuaibHOe 3asBJIeHNE, OCHOBHBIM
BBIBOJOM KOTOPOTO SABJISIETCA CJIETYIOIIUMA.
“IleTu ¢ BPOXKIEHHBIMY IIOPOKAMM CepAIa Ha-
XOOATCSA B T'PYIIIe BBICOKOTO PHCKa HapyIle-
HUS PA3BUTHUA WJIW WUHBAIUAWBAIUU WJIUA 3a-
Iep:KKU PasBUTUA’, U IOTOMY “...HaOmome-
HUe, CKPUHUHTOBAA OIleHKA U JUHAMUUYECKUHA
MOHUTOPUHT B JeTCKUH IEePUOJ KU3HN PEeKo-
MEeHIOBAHBI IJI1 CBOEBPEMEHHOI JUATHOCTUKM
W, €CJIY BO3MOYKHO, JIEUEHUA PaABIUUYHBIX
aCIIeKTOB 9TUX HAPYIIIEHUN PA3BUTHUA.
IIpakTruecKU ONBIT B MHTEPIIPETAIINH I10-
JIYUEHHBIX NaHHBIX IIPU MCCJIEJOBAHUU pPas-
JUYHBIMY METOJAaMU BU3YaJbHON AUATHOCTH-
KU UMeeT IIePBOCTEIIEHHOe 3HAUEeHNEe B OIleHKEe
BO3MOXKHOCTEH JaHHOTO METO/Ia NCCJIeOBAHMI A
B IMarHOCTUKE 3a00JieBAaHUA U, CJIEJOBATEJb-
HO, B OIleHKE ero KJIWMHWYECKOTO 3HAUEHU.
IOTOT OIBIT MOKET OBITh IPUOOPETEeH TOJBKO
B YCJIOBHUAX XOPOIIO CILIAHUPOBAHHBLIX HAYyY-
HBIX HMcCJIefoBaHUM. Bojee Toro, Bech Auamason
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KJIMHUYECKHN BA'KHBIX IIPOSBJICHUI 3aJIePKKU
IICUXOMOTOPHOTO Pa3BUTHUA HE MOYKET IIPOs-
BUTHCA U OBITH BLIABJIEH B IIEPBBIE TOABI sKU3HUI
pebeHKa, MOATOMY HEOOXOAWMM aJeKBaTHBIN
IVHAMUYECKUYA MOHUTOPUHT HA IPOTAKEHUU
0oJiee moJsroro mepuoza KU3HM. B HacTosIIee
BpeMs HEJOCTATOUHOE KOJIMYECTBO TAKUX HC-
CJIeIOBaHUM ABJIAETCSA IIPUYMHON BO3pPaCTaro-
IMX OIlaceHnii U 0ECIIOKOMCTB II0 TOBOIY TOTO,
YTO AUCKYCCUU O BO3MOXKHBIX HebOJIarompu-
SATHBIX TICUXOMOTOPHBIX ITOCJEACTBUAX, CBA-
3aHHBIX C BPOKJIEHHBIMU IIOPOKAMU CEPAILA,
MOTYT IIPUBECTU K TOMY, UTO POAUTENU OYyIyT
IIPeAIIOUYNTATD IIPepPhIBaHNEe OEPEeMEHHOCTH J1a-
JKe B cJy4yae BBIABJIEHUSA WN30JMPOBAHHOTO
BPOKIEHHOTO IOPOKA cep/Iia, OOBIYHO aCCOITH-
WPOBAHHOTO C HU3KHM YPOBHEM CMEPTHOCTH
1 3a00J1€Ba€MOCTH B JajIbHeHIeM (Hampumep,
TPAHCIIO3UIIUA MATUCTPAJIbHBIX COCYAOB).
OpHAKO MMeIoNrecs JOKa3aTeJIbCTBA MPEAIIo-
JIaraioT, YTO HEIPABUJIBHO M HEITHUUYHO WUTHO-
PUPOBATH 9TOT PUCK BO BPEeMs ITPEHATATIBHOTO
KOHCyJbTHUpPOBaHuUsd [14, 17, 23].

HenaBuee uccienoBanme, IIpoBeeHHOE pa-
6oueti rpynnoit ISUOG (International Society
of Ultrasound in Obstetrics and Gynecology )
(Me:xgyHapogHoe OOIIeCTBO YJIbTPa3BYKOBOM
IVarHOCTUKU B aKYIIIEPCTBE WM T'MHEKOJIOTUN)
ILJISI OIIEHK M ITOIXO0a ¥ IIOHNMAaHUS CIIeTINAaJII-
cTaMH’ BeIyIINX MUPOBBIX KapAMOJOTUYECKIX
KJIVWHUK, 3aHNIMAIONINXCS IPeHaTAJIbLHOU Ira-
THOCTUKOH U JIeUeHNEM BPOKIEHHBIX ITOPOKOB
CepAIla, BBIIBUJIO 3HAUUTEJbHBIE Pa3IUYUs
B IIPOBEIEHUU IIPEHATAJIBHOTO KOHCYJBTUPO-
BaHUA, OCOOEHHO MEKAY CeBepHO-aMepUKaH-
CKUMHU U €BPOIECKUMU MEeIUITMHCKUMU IeH-
Tpamu [24].

ISUOG cocTaBujo cienymoliee KOHCEHCYC-
HOe 3asBJIeHNEe, KOTOPOoe OyeT PeryasapHo 00-
HOBJIAATBCA C YYETOM HOBBIX WCCJIeIOBAHUIM,
ITPOBOAUMBIX B 3TO¥ 00JIaCcTH.

— YuurnsiBag SaHHBIE IOABIAIOIINXCA Iy6-
aukanui [1-3], MbI yTBeps:KAAEM, UTO MAaTPUU-
Has CPaBHUTeJbHAs TeHOMHAas TIuOpuamsa-
nua* (array comparative genomic hybridi-

* B Poccun Ha CerogHAMNIHUN JeHb aHAJIOTHY-
HBIN BUJ] aHAJI3a IIPEJCTaBJIEH B BUAE XPO-
MOCOMHOT'O MHKPOMATPUYHOTO aHajlu3a. —
Ilpumeuanue pedaxmopos nepegooa.
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zation (array CGH )) aBnsercda 6oJiee IIOXO0-
IAITUM TeHeTUYEeCKUM HCCJIeJOBAHNEM IIJIONOB
C BPOJKIEHHBIMU IIOPOKAMHU CEP/Ia, UeM o0IIe-
IIPUHATOE CTaHJaAPTHOE KapUOTUIIUPOBAHUE,
IS MCKJIIUEHUA WV TOATBEP)KICHUA T'eHe-
TUYECKUX aHOMAJINi, KOTOPHhIE MOTEHIINATbHO
MOTYT OBITH IIPUUYMHOMN 3aJeP:KKU IICUXOMO-
TOPHOTO PA3BUTHUA.

— Ilnoger (HOBOPOIKAEHHBIE) C CHHIPOMOM
TUNOILIA3UN JIEBBIX OTZEJIOB CepAIa U IPYyTru-
MU IIOPOKAMU, IPUBOAAIIMMU K YHUBEHTPH-
KYJIAPHON (OAHOMKEIYIOUKOBOM) IMIUPKYIAIIUNI
B cCTeMe KPOBOOOpAIIeHU s IT0CJIe POKIEHU,
MMEIOT IIOBBIMIEHHBIN puck (>40% coriacuo
TaHHBIM HEKOTOPBIX HuccaemoBanuii [14, 18,
21]) BOBHUKHOBEHUS KaK MOP(POMETPUUECKUX
aHOMAaJIMII MO3Ta, BBLIABJIEHHBLIX NIPHU IIpeHa-
TAJbHLIX MATHUTHO-PE30HAHCHOW TOMOTpAa-
¢um 1 yIpTPa3ByKOBOM HMCCJIEeIOBAHUM, TaK U
pasBUTHUA 3aJePKKU IICUXOMOTOPHOTO Pa3BU-
THUS HE3aBUCUMO OT XUPYPTUUYECKOTO BMeIla-
TeJbCTBa. Bo BpeMsdA IIpeHATATIbHOTO KOHCYJIb-
TUPOBAHUSA IIPU BBIIBJIEHUM TaAKUX BUJIOB
BPOKAEHHBIX ITOPOKOB CEPAILA ILJIO/Ia MBI PEKO-
MeHIyeM HH(GOPMHPOBATH POIUTENEN O TOM,
YTO MMEETCsS IIOBBINIEHHBIA PUCK 3aJePKKU
IICUXOMOTOPHOTO pasBUTHUA pebeHKa. B or-
IeJbHOM IIYHKTe (CM. HHiKe) YKasaHo, Kak
OIIMCATh JaHHBIA PUCK.

— Yro KacaeTcs IpeHATAJIbHOTO KOHCYJIb-
TUPOBAHUA IIPW BBIABJIEHUMW IPYTUX BUIOB
BPOKJIEHHBIX IIOPOKOB CepAIla, BKJIOYAA
TPAHCIO3UIINI0 MATUCTPAJbHBIX apTepui,
MBI IIOJIATAEM, YTO, HPE’KJe UeM IPOBOAUTH
aHAJIOTUYHOE ITOPOJO0BOE KOHCYJIbTHUPOBAHIE
(Kak IIpu BPOKIeHHBIX IOPOKAaX Cep/Ila ¢ YHU-
BeHTPUKYIAPHOH (OTHOMKEIYIOUKOBOI) ITUP-
KyJadmnueii), COBPEeMEHHBIe YTBEPKIEHUA
IOJIKHBI OBITh MOATBEPKICHBI JATbHEHAIITNIMUT
HAyYHBIMU WCCJIEeIOBAHUSIMM, BKJIIOUAIOITUME
obcIemoBaHMe JeTel ¢ MpeHaTaJIbHON AuarHo-
CTUKOU BPOJKAEHHBIX TOPOKOB cCepAlia U UX
BeJleHIEM B IIepUHATAJILHOM IIEPUO/IE.

— Ha cerogHAmmHu# geHb HET yOeqUTEJIb-
HBIX JAaHHBIX (TOJBKO TpegBapuTeIbHBIE pe-
3yJbTaThl), YKA3bIBAOIIIUX HA TO, YTO MOP(O-
MeTpUYecKre aHOMAaJIUU T'OJIOBHOTO MO3Ta, CO-
YeTaroleca ¢ 3aJep:KKOU IICUXOMOTOPHOTO
pPa3BUTHUSA HOBOPOXKAEHHOTO, MOTYT OBITH
IMarHOCTHUPOBAaHKI y mozna [15], To ecTh B mipe-
HaTaabHBIA mepumon. Ilosromy, mpekae uem

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

BKJIIOUUTH JeTaJbHOE MCCIeIOBaHUE TOJIOBHO-
0 MO3ra ILJIo/Ia B ITPOTOKOJI PYTUHHOTO IIpeHa-
TaJIbHOTO O0CJIEJOBAHUSA ILJIOMOB C BPOMKIEH-
HBIMU IOPOKAMM Cep/Ila, HeOOXOAMMbI HOBBIE
ITOKasaTeJIbCTBa, Oasmpymolnuecsa Ha TaHHBIX
aHATOMUYECKUX M MeTa0OJIMUECKNX HaYUHBIX
uccaenoBaHuil (yJIbTpPasBYKOBasg AUATHOC-
TUKA, MATrHUTHO-Pe30HAaHCHAs Tomorpadusd
Y MaArHUTHO-PE30HAHCHAS CIEKTPOCKOIINI).
Ha ceroguammawnii 1eHb IIOKa3aHUeM IJIA IPO-
BeJleHUA IpeHaTaJIbHON BU3yaau3alluyd MO3Tra
IJIONIa SIBJISIETCS BBIABJIEHWE COUYETAHHBIX IT10-
POKOB Pa3BUTHUS IJIOAA WU IPOBeIeHNE HAYY-
HOT'O MICCJIEJOBAHUA.

— Ilpu mpoBemeHMM HTpPeHATATIBHOTO KOH-
CYJILTUPOBAHUA OYEeHb BaKHO YUYUTHIBATH
KYJBbTYPHBIE, PEJUTHUO3HBIE W IOPUAUYECKUE
acIeKThI KOHKPETHO B Kaskaou crpaue. ISUOG
CUUTAET, YTO CJEMYIOIIE YTBEPKICHUSI MOTYT
OBITH ITOJIEBHBLIMU IIPY IIPOBEJEHUY IIPEHATAb-
HOTO KOHCYJBTHUPOBAHUA: “...00JIBLIIHNHCTBO
IJI0A0B (HOBOPOMKIEHHBIX) C BPOMKIEHHBIMU
IIOPOKaMM CEPAIla ILJI0Aa MMEIOT OJIaroIrpusT-
HBIN ITPOTHO3. TemM He MeHee eCTh JOKa3aTe/b-
CTBa, UTO Y HEKOTOPBIX ILJIONOB (HOBOPOMKIEH-
HBIX) MOJKET OTMeYaThCcA 3aJepPrKKa IICUXOMO-
TOPHOTO pPAa3BUTUSA, KOTOPYIO HEBO3MOIKHO
mpeacKasaThb B AaHTEHATAJbHBIA IIE€PUO].
Crenenb 3afep:KKM IICUXOMOTOPHOTO PAa3BU-
TS WHAWUBUAyaJbHA. PacmpocTpaHeHHOCTH
3aJIeP;KKM IICUXOMOTODPHOTO Pa3BUTHUA 3aBU-
CUT OT BHUJa BPOKJIEHHOTO IIOPOKA cepaIia, 0y-
nyun HauBbicmiei (mo 40—45% coraacHo maH-
HBIM HEKOTODPBIX WCCJIEJOBAHUN) IIPU TAKUX
YVHUBEHTPUKYJIAPHBIX (OJHOMKEIYIOUKOBBIX)
IIOPOKAaX, KaK TUIOILIa3’us JEBBLIX OTAEJIOB
cepama. Mbl peKOMeHIyeM IPOUTH IeHeTruuec-
KOe HCCJIeJoOBaHNe, BKJIIOYAOIee MATPUIYHYIO
CPaBHUTEJBHYI0O TEHOMHYIO THUOPUIMBAIUIO
(array comparative genomic hybridization
(array CGH ) ), nns UCKJIIOUEHUSA XPOMOCOM-
HBIX aHOMAJHWN ¥ CHHIPOMAJbHBIX (OpPM
BPOKIEHHBIX IIOPOKOB cepaIia.”

YunrsiBas BhINIIeCKa3aHHOE, HACTOATEIHLHO
PeKoOMeHyeTC A ITPU BLIABJIEHUT BPOKIEHHBIX
IIOPOKOB cepAlia Y ILJI0JIa OCYIIEeCTBJIATD POJIO-
paspellieHre B CIEIMaJIU3NPOBAHHBIX MeEIM-
IIUHCKUX YUYPEKAEHUSIX C PA3BUTON MYJIbTH-
JUCIUILINHAPHON HEeOHATAJIbHOM CIYKOO0M.

Yro KacaeTcd CPOKOB U IIOKa3aHWU OJd
IIPOBEIeHUs ITOCTHATAJBHBIX HENPOCOHOTpa-
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(U1, MarHUTHO-PE30HAHCHOU Tomorpadum,
MAarHUTHO-PE30HAHCHON CHEKTPOCKONUU U
OIIeHKMN IICMXOMOTOPHOTO Pas3BUTHUA, TO 3ITHU
BOIIPOCHI He OBLIM BKJIIOUEHBLI B JaHHOE KOH-
ceHcycHoe 3adaBjeHuHe. MBI peKOMeHIyeM
paspaboTaTh HAIIMOHAJNBbHBLIE HPAKTUUYECKUE
PYKOBOCTBA [IJIS TOTO, UTOOBI 00ECIIEUNUTH CO-
OTBETCTBYIOIIlee 00CJieJoBaHME IeTeil M IIOof-
POCTKOB C BPOKJAEHHBIMY MOPOKAMU CEPAIIA.

CITMCOR ABTOPOB

Paladini D.1, Alfirevic Z.2, Carvalho J.S.3-4,
Khalil A.2, Malinger G.°, Martinez J.M.5,
Rychik J.7, Ville Y.%, Gardiner H.?; ISUOG
Clinical Standards Committee

I Fetal Medicine & Surgery Unit, Istituto
G. Gaslini, Genoa, Italy

2 Department of Women’s and Children’s
Health, Institute of Translational Medicine,
University of Liverpool, Liverpool, UK

3Fetal Medicine Unit, St. George’s Hospital
and St. George’s University of London,
London, UK

4 Centre for Fetal Cardiology,
Brompton Hospital, London, UK

5 OB-GYN Ultrasound Unit, Lis Maternity
Hospital, Tel Aviv Sourasky Medical Center
and Sackler School of Medicine, Tel Aviv
University, Tel Aviv, Israel

6 Fetal Medicine, Barcelona Center for
Maternal Fetal and Neonatal Medicine,
Hospital Clinic and Sant Joan de Deu,
University of Barcelona, Barcelona, Spain

" Fetal Heart Program, Children’s Hospital
of Philadelphia, Philadelphia, PA, USA

8 Maternite, Hopital Universitaire Necker-
Enfants Malades, Universite Paris Descartes,
Assistance Publique-Hopitaux de Paris,
Paris, France

9The Fetal Center, University of Texas
Health Science Center at Houston, Houston,
TX, USA

Royal

CIITNCOR JIMTEPATYPBI

1. Zaidi S, Choi M, Wakimoto H, Ma L, Jiang J,
Overton JD, Romano-Adesman A, Bjornson RD,
Breitbart RE, Brown KK, Carriero NJ, Cheung YH,
Deanfield J, DePalma S, Fakhro KA, Glessner J,
Hakonarson H, Italia MJ, Kaltman JR, Kaski J,
Kim R, Kline JK, Lee T, Leipzig J, Lopez A,

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

88

10.

Mane SM, Mitchell LE, Newburger JW, Parfenov M,
Pe'er I, Porter G, Roberts AE, Sachidanandam R,
Sanders SJ, Seiden HS, State MW, Subramanian S,
Tikhonova IR, Wang W, Warburton D, White PS,
Williams IA, Zhao H, Seidman JG, Brueckner M,
Chung WK, Gelb BD, Goldmuntz E, Seidman CE,
Lifton RP. De novo mutations in histone-modifying
genes in congenital heart disease. Nature 2013;
498: 220-223.

Homsy J, Zaidi S, Shen Y, Ware JS, Samocha KE,
Karczewski KJ, DePalma SR, McKean D,
Wakimoto H, Gorham J, Jin SC, Deanield J,
Giardini A, Porter GA Jr, Kim R, Bilguvar K,
Lopez-Giraldez F, Tikhonova I, Mane S, Romano-
Adesman A, Qi H, Vardarajan B, Ma L, Daly M.
De novo mutations in congenital heart disease with
neurodevelopmental and other congenital anoma-
lies. Science 2015; 350: 1262-1266.

Jansen FA, Blumenfeld YJ, Fisher A, Cobben JM,
Odibo AO, Borrell A, Haak MC. Array comparative
genomic hybridization and fetal congenital heart
defects: a systematic review and meta-analysis.
Ultrasound Obstet Gynecol 2015; 45: 27-35.
Hovels-Gurich HH, Seghaye MC, Schnitker R,
Wiesnera M, Huber W, Minkenbergc R, Kotlarek F,
Messmer BdJ, von Bernuth G. Long-term neurode-
velopmental outcomes in school-aged children after
neonatal arterial switch operation. J Thorac
Cardiovasc Surg 2002; 124: 448-458.

Bellinger DC, Wypij D, Rivkin MdJ, DeMaso DR,
Robertson RL Jr, Dunbar-Masterson C,
Rappaport LA, Wernovsky G, Jonas RA,
Newburger JW. Adolescents with d-transposition
of the great arteries corrected with the arterial
switch procedure: neuropsychological assessment
and structural brain imaging. Circulation 2011;
124: 1361-1369.

Mitchell ME, Ittenbach RF, Gaynor JW,
Wernovsky G, Nicolson S, Spray TL. Intermediate
outcomes after the Fontan procedure in the current
era. J Thorac Cardiovasc Surg 2006; 131: 172-180.
Shillingford A, Glanzman MM, Ittenbach RF,
Clancy RR, Gaynor JW, Wernovsky G. Inattention,
hyperactivity, and school performance in a popula-
tion of school-age children with complex congenital
heart disease. Pediatrics 2008; 121: 759-767.
Gaynor JW, Wernovsky G, Jarvik GP, Bernbaum J,
Gerdes M, Zackai E, Nord AS, Clancy RR, Nicolson
SC, Spray TL. Patient characteristics are important
determinants of neurodevelopmental outcome at
one year of age after neonatal and infant cardiac
surgery. J Thorac Cardiovasc Surg 2007; 133:
1344-1353, 1353.e1-3.

Kaltman JR, Di H, Tian Z, Rychik J. Impact of con-
genital heart disease on cerebrovascular blood flow
dynamics in the fetus. Ultrasound Obstet Gynecol
2005; 25: 32-36.

Sun L, Macgowan CK, Sled JG, Yoo SJ, Manlhiot C,
Porayette P, Grosse-Wortmann L, Jaeggi E,
McCrindle BW, Kingdom J, Hickey E, Miller S,
Seed M. Reduced fetal cerebral oxygen consump-

Ultrasound Obstet Gynecol 2016



KoHceHcycHoe 3asiBnenne ISUOG...

11.

12.

13.

14.

15.

16.

17.

tion is associated with smaller brain size in fetuses
with congenital heartdisease. Circulation 2015; 131:
1313-1323.

Clouchoux C, du Plessis AJ, Bouyssi-Kobar M,
Tworetzky W, McElhinney DB, Brown DW,
Gholipour A, Kudelski D, Warield SK, McCarter RdJ,
Robertson RL Jr, Evans AC, Newburger JW,
Limperopoulos C. Delayed cortical development in
fetuses with complex congenital heart disease.
Cereb Cortex 2012; 23: 2932-2943.

Limperopoulos C, Tworetzky W, McElhinney DB,
Newburger JW, Brown DW, Robertson RL Jr,
Guizard N, McGrath E, Geva J, Annese D, Dunbar-
Masterson C, Trainor B, Laussen PC, du Plessis AdJ.
Brain volume and metabolism in foetuses with con-
genital heart disease: evaluation with quantitative
magnetic resonance imaging and spectroscopy.
Circulation 2010; 121: 26-33.

Mlczoch E, Brugger P, Ulm B, Novak A, Frantal S,
Prayer D, Salzer-Muhar U. Structural congenital
brain disease in congenital heart disease: results
from a fetal MRI program. Eur J Paediatr Neurol
2013; 17: 153-160.

Donofrio MT, Duplessis AJ, Limperopoulos C.
Impact of congenital heart disease on fetal brain
development and injury. Curr Opin Pediatr 2011;
23: 502-511.

Masoller N, Sanz-Cortes M, Crispi F, Gomez O,
Bennasar M, Egafia-Ugrinovic G, Bargallo N,
Martinez JM, Gratacos E. Mid-gestation brain
Doppler and head biometry in fetuses with congeni-
tal heart disease predict abnormal brain develop-
ment at birth. Ultrasound Obstet Gynecol 2016; 47:
65-73.

Schellen C, Ernst S, Gruber GM, Mlczoch E,
Weber M, Brugger PC, Ulm B, Langs G, Salzer-
Muhar U, Prayer D, Kasprian G. Fetal MRI detects
early alterations of brain development in tetralogy
of Fallot. Am J Obstet Gynecol 2015; 213: 392.
Khalil A, Bennet S, Thilaganathan B, Paladini D,
Grifiths P, Carvalho JC. Prevalence of prenatal

18.

19.

20.

21.

22.

23.

24.

brain abnormalities in fetuses with congenital heart
disease: a systematic review. Ultrasound Obstet
Gynecol 2016; 48: 296-307.

Licht DJ, Shera DM, Clancy RR, Wernovsky G,
Montenegro LM, Nicolson SC, Zimmerman RA,
Spray TL, Gaynor JW, Vossough A. Brain matura-
tion is delayed in infants with complex congenital
heart defects. J Thorac Cardiovasc Surg 2009;
137: 529-536.

Shillingford AdJ, Ittenbach RF, Marino BS,
Rychik J, Clancy RR, Spray TL, Gaynor JW,
Wernovsky G. Aortic morphometry and micro-
cephaly in hypoplastic left heart syndrome.
Cardiol Young 2007; 17: 189-195.

Miller S, McQuillen PS, Hamrick S, Xu D, Glidden
DV, Charlton N, Karl T, Azakie A, Ferriero DM,
Barkovich AJ, Vigneron DB. Abnormal brain devel-
opment in newborns with congenital heart disease.
N EngldJ Med 2007; 357: 1928-1938.

Sarajuuri A, Joniken E, Mildh L, Tujulin AM,
Mattila I, Valanne L, Lonngvist T. Neuro-
developmental burden at age 5 years in patients
with univentricular heart. Pediatrics 2012; 130:
e1636-1646.

Marino BS, Lipkin PH, Newburger JW, Peacock G,
Gerdes M, Gaynor JW. Neurodevelopmental out-
comes in children with congenital heart disease:
evaluation and management: a scientiic statement
from the American Heart Association. Circulation
2012; 126: 1143-1172.

Khalil A, Suff N, Thilaganathan B, Hurrell A,
Cooper D, Carvalho JS. Brain abnormalities and
neurodevelopmental delay in congenital heart dis-
ease: systematic review and meta-analysis.
Ultrasound Obstet Gynecol 2014; 43: 14-24.
Paladini D, Alirevic Z, Carvalho J, Khalil A,
Malinger G, Martinez JM, Rychik J, Gardiner H.
Prenatal counseling for neurodevelopmental delay
in congenital heart disease: results of a worldwide
survey of experts’ attitudes advise caution.
Ultrasound Obstet Gynecol 2016; 47: 667-671.

Translation into Russian: Dr. Ekaterina Turgeneva
Review of the Russian translation: Dr. Roza Bataeva, Dr. Fred Ushakov

ABTop nepeBoga Ha pycckuii a3bik: E.FO. Typreunesa
PepaxTopsl mepeBosa Ha pycckuii a3uik: P.C. Baraesa, ®. Yurakos

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

Ultrasound Obstet Gynecol 2016

89



