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PE3IOME

AxTyanbHicTb. BpogpkeHa giacdparmansHa Kuna € CKnagHo Bafoto PO3BUTKY 3 BUCOKOKD
aHaToMi4HO Ta KniHiYHo BapiabenbHicTio. MpeHaTtanbHi ynbsTpasByKOBi AOCHIAXKEHHS
[03BOMSATb OLHUTU TSXKKICTb MaTONOriYHOrO Mpouecy y KOHKPEeTHOMY Bunagky Ans
BM3HAYEHHS TaKTWKW BEAEHHS BariTHOCTI, MOMoriB Ta HeoHaTanbHoro nepiogy. Mpote
piakicTb AaHoi natonorii Ta 0cobnmnBOCTI yNbTPasByKOBOI Bidyanidauii MOXyTb NPU3BOAUTU
[0 HU3bKOI iHpOPMaTUBHOCTI AOCHIAXKEHb.

MeTta po6oTu — npencrtaBuTu AeTanbHy METOAONOri NpeHaTanbHUX YNbTPa3BYKOBUX
nocnigpkeHb NpY BPOMKEHiN diadparManbHin Kumi 3 ypaxyBaHHAM aHaTOMIYHUX BapiaHTiB
natonorii Ta ocobnueocTel Bidyanisauii B pi3Hi TEpMiHW BariTHOCTi, oxapaKkTepusyBaTtu
nepeaymMoBw AiarHOCTUYHUX MOMWITOK.

Martepianu Ta meToau. CucrtemaTu3oBaHO [aHi MpeHaTanbHUX YNbETPa3BYKOBUX
pocnimpkeHb 265 BariTHUX KIHOK rpyny BMCOKOMO PU3WKY 3 AiadpparmanbHOK KUIoK Y
nnoaa 3a nepiog 2007—2020 pp., npoBeAeHUX Y BiadineHHi MeguunHn nnoga fdepxxaBHoi
yCTaHOBW «IHCTUTYT NeAiaTpii, akywepcTBa i riHekonorii imeHi akagemika O.M. Jlyk’'ssHoBoi
HauionanbHOi akageMii  MeauyHnx Hayk  YKpaiHuy». YNbTpasBykoOBi  AOCRIOXKEHHS
BMKOHyBanucb Ha cuctemax HDI 4000, ACCUVIX V20EX-EXP, ACCUVIX V10LV-EX.
I3onboBaHy Bagy BusiBneHo B 192 (72,5 %) Bunagkax, y cknafi MHOXUHHUX BPOMXKEHUX
Baj po3BUTKY — Y 65 (24,5 %), y noegHaHHi 3 xpomocomHoto natonorieto —y 8 (3,0 %).
NiBoGivHa kuna giarHocToBaHa y 85,7 % cnoctepexeHb (n = 227), npaBobiyHa y 12,1 %
(n = 32), ueHtpanbHa B 1,1 % (n = 3), aBobiyHa B 1,1 % (n = 3). BuaHayeHi ocobnmeocTi
B3aEMHOrM0 PO3TallyBaHHS OpraHiB YepeBHOI MOPOXHWUHWU, 3a04YEePEBMHHOMO MPOCTOPY,
rpy4HoI KNiTKU Ta cneundiky X ynbTpa3ByKoBOi Bidyanisayii B pi3Hi TepMiHW BariTHOCTI.
Pe3synbraTi Ta ix o6roBopeHHs. [TogaHo MeTogonoriko nNpeHaTanbHOro ynbTpa3ByKo-
BOTO OOCTEXeHHSI NNOAIB i3 BPOMKEHOW fAiadparmManbHOK Kumok, po3pobneny 3
ypaxyBaHHAM creumdiku naTonoriyHoi aHaToMii Ta ynbTpa3BykoBoi ceMioTukn. Oxapak-
TEepu3oBaHO TWUMOBI Ta PiAKICHI BapiaHTX nokaniauii opraHiB rpygHoi KniTku Ta YyepeBHoi
NOPOXHWHW Yy CTaHOAPTHOMY MOMEpPEeYHOMY 3pi3i Ha piBHI KnanaHiB cepusi, BU3HAYEHO
nepegymoB/ Ta BapiaHTVM AjarHOCTUYHMX MOMWNOK. HaBeneHo crnocobu KopekTHOro
BVIMipIOBaHHS rpyAHOI KMiTKW, NereHb, NeYiHKu Ta po3paxyHKy NPOrHOCTUYHUX iHAEKCIB Ans
BM3HAYEHHS CTYNeHs rinonnasii nereHb Ta CTyneHs repHiauii NeviHku.

BucHoBku. [peHatanbHa yneTpasBykoBa CeMiOTUKa BPOMKEHUX AiadparmManbHuxX Kun
XapaKTepu3yeTbCA 3HAYHOK BapiabenbHICTIO, i MICTUTb CYTTEBI PU3UKU OiarHOCTUYHUX
nomunok. lNogaHa meToponoria YHipiKoBaHUX YNbTPa3BYKOBUX AOCHIMKEHb [03BONSAE
NPOBOAMUTW CUCTEMHY OL|iHKY, OTPUMaTN KOPEKTHWUIA NpeHaTanbHWIA giarHo3 i3 BU3HaYeHHAM
CTYNeHs1 TSHKKOCTi MaTornoriyHoro npouecy i NporHody Ansi BMOOpy TakTWKW BedeHHS
BariTHOCTi Ta Nonoris.

IpebiniveHko I.O., MNopaiexko 1.1O., Tapanyposa O.M. Metogonoria npeHaTanbHUX YrnbTPasBYKOBUX OOCHIMKEHb MpU
BPOMPKEHIN aiaddparmanbHin kuni. Ykpaikcbkuli padionoziyHutli ma oHkomnoeidHul xypHan. 2021. T. 29. Ne 4. C. 119-133.
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ABSTRACT

Background. Congenital diaphragmatic hernia is a complex malformation with high
anatomical and clinical variability. Prenatal ultrasound examinations allow one to assess
the severity of pathological process in a particular case in order to determine the
management of pregnancy, labor and neonatal period. However, the rarity of this
pathology and some features of ultrasound imaging can lead to low informative value
of the examination.

Purpose — to present a detailed methodology of prenatal ultrasound examinations in
fetal congenital diaphragmatic hernia, taking into account anatomical variants of
pathology and features of US imaging at different terms of pregnancy, and to characterize
the preconditions for diagnostic errors.

Materials and methods. The data on prenatal ultrasound examinations of 265 high-risk
pregnant women with fetal diaphragmatic hernia conducted during the period of
2007-2020 in the Department of Fetal Medicine of State Institution «Institute of Pediatrics,
Obstetrics and Gynecology named after Academician O.M. Lukyanova of National
Academy of Medical Sciences of Ukraine», were systemized. US examinations
were performed on systems HDI 4000, ACCUVIX V20EX-EXP, ACCUVIX V10LV-EX.
Isolated anomaly was detected in 192 (72.5 %) cases, associated congenital malfor-
mations in 65 (24.5 %), chromosomal pathology in 8 (3.0 %). Left-sided hernia was
diagnosedin 85.7 % of cases (n =227), right-sided —in 12.1% (n = 32), centralin 1.1 % (n =3),
bilateral in 1.1 % (n = 3). Location of abdominal, retroperitoneal and thoracic organs
was determined, as well as specifics of their US imaging in different terms of pregnancy.
Results. Methodology of prenatal ultrasound examination of fetuses with congenital
diaphragmatic hernia was developed taking into account the specifics of pathological
anatomy and ultrasound imaging. Typical and rare variants of thoracic and abdominal
organs’ localization in the standard cross section plane at the level of the four chambers
of the heart were characterized, preconditions and variants of diagnostic errors were
determined. The methods of correct measurement of the thorax, lungs, liver, and
also methods of prognostic indices’ calculation for determining the degree of pulmonary
hypoplasia and the degree of liver herniation were presented.

Conclusions. Prenatal ultrasound semiotics of congenital diaphragmatic hernia is
characterized by considerable variability, and contains significant risks of diagnostic
errors. The presented methodology of unified ultrasound examinations allows for
systematic assessment, which results in correct prenatal diagnosis, determination
of the pathology severity, and prognosis — for the correct choice of pregnancy and
labor management.

Y, Tarapurova OM. Methodology of prenatal ultrasound examinations in
Ukrainian journal of radiology and oncology. 2021;29(4):119-133. DOI:

https://doi.org/10.46879/ukroj.4.2021.119-133

3B’5130K pO6GOTH 3 HAOYKOBUMMU MPOrPAMAMM,
NAGHAMM | TEeMaMK

PoGota € cparmeHTOM HaykoBO-AOCNIAHOI po6oTH
[epxaBHoi ycTtaHoBM «IHCTUTYT nepiaTpii, akywepcTtea i
riHekornorii iMeHi akagemika O.M. Jlyk'ssHoBoi HauioHanbHoi
akagemii MegnyHux Hayk YkpaiHmy» «Po3pobuTtn edeKkTmBHI
MeToau CcTangapTu3audii Ta iHgekcauii npeHatanbHuUX
yNbTPa3ByKOBUX BUMIPIOBaHb Y NOAIB 3 BaAaMy pO3BUTKY
Ona onTUMI3aLii TakTUKM BefeHHs BariTHOCTi, nonoris
Ta XipypriYHOro JikyBaHHS HOBOHAPOMKEHUX», HOMep
nepxaBHoi peectpauii 0117U04537, npuknagHa, TepMiH
BUKOHaAHHA 2017-2019 pp., KepiBHUKN: LOKTOP MEANYHUX
Hayk, 3aBigyBayka BigdinieHHa mMeguuuHu nroga, npode-
cop L.KO. TopaieHko, JOKTOp MeouvHuX Hayk, 3aBigyBadka
BiJOINMEHHA aKylepcbKoi eHOOKPUHOMOorii Ta nartonorii
nnopa, npodgecop T.B. ABpameHKo, LOKTOP MEAUYHUX HaYK,
3aBifyBay BigAiNeHHs XipypriyHOi KOpPeKUii NpupomkeHuX
Baf po3BUTKY y aiten, npocecop O.K. Cnenos.

BCTYN

BpomxeHa piacdparmansHa kuna (BOK) ue cknagHa
BaJa po3BUTKY, NOB’A3aHa i3 YyTBOPEHHAM AedbekTiB aiad-
parmMu pisHUX PO3MipiB Ta nokanisauii. Yepes natonoriy-

Relationship with academic programs,
plans and themes

The study is a fragment of the research project of the
State Institution «Institute of Pediatrics, Obstetrics and
Gynecology named after Academician O.M. Lukyanova
of National Academy of Medical Sciences of Ukraine»:
«To develop effective methods for standardization and in-
dexation of prenatal ultrasound measurements in fetuses
with congenital malformations in order to optimize manage-
ment of pregnancy, labor and surgical correction of new-
borns» (state registration number 0117U04537, applied,
term 2017-2019, led by Doctor of Medical Sciences, Head
of the Department of Fetal Medicine, Professor LY., Gor-
di-enko Doctor of Medical Sciences, Head of the Depart-
ment of Obstetric Endocrinology and Fetal Pathology,
Professor Avramenko T.V., Doctor of Medical Sciences,
Head of the Department of Surgical Correction of Conge-
nital Malformations in Children, Professor O.K. Sliepov).

INTRODUCTION

Congenital diaphragmatic hernia (CDH) is a complex
anomaly caused by formation of diaphragm defects of
various sizes and locations. Through the pathological
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HWA OTBip abgomiHanmbHi opraHu nepemillyloTbca 0o
rpygHoi knitnHm (MK): BOHM MOXyYTb po3TalloByBaTuCh 6e3-
nocepeaHbO y nreBparnbHii NOPOXHWHI, abo 3HaxoauTUCh
Y KUNEBOMY MiLLKy 3 oyepeBuHM Ta nnespwu [1]. OgHovacHo
BinOyBaeTbCcA nporpecytode KOMIMIEKCHE YPaXKEHHHA re-
reHb 3 popMyBaHHAM ix rinonnasii Ta nereHesoi rinep-
TEH3il, WO € OCHOBHUMM MNpPUYMHAMKN 3aXBOPIOBAHOCTI
i cmepTHocTi npyn BOK [2, 3]. B gesknx sunagkax TSHXKUN
CTaH HOBOHAPOMKEHUX HEe [a€ MOXIMBOCTI MPOBECTU
onepaTtusBHy Kopekuito [4].

Ons BOK xapakTepHuMM € LUMPOKMIA CMEKTP aHaTOMid-
HWUX BapiaHTiB [1, 5, 6]. Big poamipy aedekTy Ta HasgBHOCTI
abo BiOCYTHOCTI KWMEBOro Millka 3anexaTtb obcar Ta
CTYNiHb FepHiauii opraHiB 4epeBHOI MOPOXHWHWU A0 [K,
CTYMiHb 3pYLUEHHSA Ta KOMMpPeCii cepus, fereHb, opraHis
MEXMUCTIHHA. BignoeigHO 0O aHATOMIYHOI Pi3HOMaHITHOCTI
BOK, nocTtHaTanbHi Hacnigku BapitoloTb Big MOBHOrO O4y-
XaHHSA nicns onepaTuMBHOro MikyBaHHS, OO TSXKKOI iHBania-
HocTi Ta cmepTi [3—6]. KopekTHa npeHaTanbHa oLuiHKa
TSKKOCTi MaTororiYHoro npouecy y KOHKPETHOMY BUMNAaAKy
[O3BONSE ONTUMAnNbHO MraHyBaTU TaKTUKY BeOEHHS
BariTHOCTI, NONOriB Ta HeOHaTanbLHOro nepiogy [4, 5, 7, 8].

Hapasi npeHatanbHa pgiarHoctnka BOK Ta ouiHka
TSDKKOCTi  MaTonoriYHOro npouecy npoBOAUTLCA nepe-
BaXKHO 3a JOMOMOrOI0 YNbTPa3BykoBux gocnimkeHb (Y3[):
BM3HaYaloTb HAsABHICTb CYNyTHIX Baz PO3BUTKY, CTYMiHb
rinonnagii nereHb nnoga, repHiadito neviHkn go MK, pos-
TallyBaHHSA LUNYHKA, CTYMiHb 3pYLUEHHS OpraHiB MexXwu-
cTiHHs [9-13]. OcobnusocTi Y3 Bisyani3auii pi3H1x opraHis
YepeBHOI MOPOXHUHM  OOYMOBIIOKOTL  MOXIMMBICTb  iX
KOPEKTHOI igeHTudikauii [12, 14—16]. Bucoka aHaTtomivyHa
BapiabenbHicTe BIOK notpebye cucremHoro cranpaptu-
30BaHOr0 METOAMYHOro Miaxody A0 npeHaTtanbHOI OLiHKK
CTYMEeHSA TSXKKOCTI maTornoriyHoro npouecy [5, 7, 11].

BOK € pigkicHolo Bagot0 pPO3BUTKY, 3 4acTOTOW A0
3,17 Ha 10000 gariTHocTen [17]. Len dakt, a Takox
CYTTEBI 3MiHM TonorpadivHoi aHatomii K i HM3bka exo-
KOHTPAaCTHICTb MapeHXiMaTo3HMX OpraHiB, Npu3BOAATbL OO0
BMCOKOIO PWU3NKY MNOMMUIKOBOI iHTepnpeTtauii exorpam
daxisusMu, SKi He MaroTb BignosigHoro gocsigy [14, 16].
Came TOMYy npeHaTanbHi YnbTPa3BYKOBi OOCTEXEHHS
€ Oinbw iHopmMaTUBHMMK Yy NPOMINBHUX BiOQINEHHAX
YCTaHOB TPETBbOro PiBHS, WO MalTb HaneXHWN [O0CBig
Ta ekcnepTuay [18].

TakMM YMHOM, aKkTyanbHUM € CTBOPEHHHA CTaHOapTu-
30BaHOro anroputMy npeHaTtanbHux obctexeHb npu BIK,
YOOCKOHarNeHHst MeTogonorii TepMiH-He3anexHoi Y3 ouiHKM
CTYNeHs TSKKOCTI MaTomnoriYyHoro npouecy Mpu  PisHUX
aHaTOMiYHMX BapiaHTax MaTosorii ANna KOpeKTHoro Bnubopy
TaKTUKN BEOEHHA BariTHOCTI Ta NOMOriB.

Meta po6oTu - nogatM p[eTanbHy METOAOSOrio
npeHaTanbHUX yNbsTPa3ByKOBUX AOCHIAXKEHb NPY BPOXKEHIN
JiadbparmManbHin - Kuni 3 ypaxyBaHHAM  aHATOMIYHUX
BapiaHTiB naronorii Ta ocobnvMBocTel Bidyanisauii B pi3Hi
TEPMiHW  BariTHOCTi, OxapakTepu3yBaTu MepesyMOBU
[iarHOCTUYHMX MOMUITOK.

MATEPIAAU TA METOAU AOCAIAXXEHHSA

CuctematnsoBaHO [JaHi nNpeHaTanbHUX YnbTpasBy-
KOBUX [OCnifxeHb 265 BariTHUX XIHOK rpynu BUCOKOrO
pusuky 3 BOK y nnoga 3a nepiog 2007-2020 pp.,
npoBedeHUX Yy BiadineHHi meauuuHu nnoga [epxaBHoi
yCcTaHoOBU «IHCTUTYT nepdiaTtpii, akywepcTBa i riHekonorii
imeHi akagemika O.M. JlykK'ssHoBOi HauioHanbHOI aka-
aemii MegmuHMx Hayk YkpaiHuy». Y3-gocnigjKeHHs BUKO-

opening, abdominal organs relocate into the chest: they
can be located directly in the pleural cavity, or can be
covered by a sac of peritoneum and pleura [1].
At the same time there is a progressive complex impair-
ment of the lungs, with the formation of pulmonary hypo-
plasia and hypertension, which are the main causes of
morbidity and mortality in CDH [2, 3]. In some cases,
critical state of newborns does not allow for surgical
correction [4].

CDH is characterized by a wide spectrum of anato-
mical variants [1, 5, 6]. The size of the defect and
presence/absence of the sac define the amount and
degree of abdominal organs’ herniation into the thorax,
the degree of displacement and compression of the heart,
lungs, and other organs. In accordance with the anato-
mical diversity of CDH, postnatal outcomes vary from
complete recovery after surgical correction to severe
disability and death [3, 4-6]. Correct prenatal evaluation
of the severity of the pathology in a particular case allows
for optimal management of pregnancy, labor and neo-
natal period [4, 5, 7, 8].

Currently, prenatal diagnosis of CDH and assessment
of the severity of pathological process is performed
principally by the means of ultrasound examinations,
with emphasis on presence of associated malformations,
degree of pulmonary hypoplasia, liver herniation into
the chest, stomach position, degree of mediastinal
shift [9-13]. US imaging features of different abdominal
organs determine feasibility of their correct identification
[12, 14-16]. High anatomical variability of CDH requires
a systematic standardized methodical approach to pre-
natal evaluation of the severity of the pathology [5, 7, 11].

CDH is a rare malformation, its rate is up to 3.17 per
10,000 pregnancies [17]. This fact, as well as significant
changes in the topographic anatomy of the thorax and
low echo-contrast of parenchymal organs lead to a high
risk of misinterpretation of echograms by specialists who
do not have relevant experience [14, 16]. That is why
prenatal ultrasound examinations are more informative
in the specialized departments of tertiary institutions
that have appropriate experience and expertise [18].

Thus, it is important to create a standardized algo-
rithm for prenatal examinations of fetuses with CDH,
to improve the methodology of term-independent ultra-
sound assessment of the severity of the pathological
process in different anatomical variants of pathology —
for the correct choice of pregnancy and labor management.

The objective of the study is to present a detailed
methodology of prenatal ultrasound examinations in fetal
congenital diaphragmatic hernia, taking into account
anatomical variants of pathology and features of US
imaging at different terms of pregnancy, and to charac-
terize the preconditions for diagnostic errors.

MATERIALS AND METHODS

The data on prenatal ultrasound examinations of
265 high-risk pregnant women with diaphragmatic hernia
of the fetus, conducted during the period of 2007-2020
in the Department of Fetal Medicine of the State Institution
«Institute of Pediatrics, Obstetrics and Gynecology named
after Academician O.M. Lukyanova of National Academy
of Medical Sciences of Ukraine» were systemized.
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HyBanucb Ha cuctemax HDI 4000, ACCUVIX V20EX-EXP,
ACCUVIX V10LV-EX.

Y3 BWKOHYBanoCcb 3a pO3LUMPEHUM MNPOTOKOIOM,
obcAr Akoro nepesBuvlyBaB CTaHOAPTHWN, pernameHTo-
BaHUN MiHiCTepCTBOM OXOpPOHM 340poB’s YkpaiHu. BiH
nepenbayaB noeTanHy CErMeHTapHy OLiHKY aHaToMi4HOl
O6ynoBun nnopa; craHgaptHy OGiometpito (BinapieTanbHum
po3mip, NOBHO-MOTUINNYHMIA PO3MIP, OKPYXHICTb TFOMNoOBM,
OKPYXXHICTb >KMBOTa, [OBXMHA CTerHa) 3 po3paxyHKOM
ouikyBaHol macu 3a Hadlock et al. 1985. BukoHyBanacb
BidyasrlbHa OUiHKa Ta po3wupeHa OiomeTpis opraHiB
nnopga; Bu3Havyanacb Y3 CTpyKTypa MpOBI30PHUX OpraHis
(xopioH, nnaueHTa, MynoBWHA, amHIOTUYHA piguHa);
BMKOPUCTOBYBArNochb KONbOpPOBE AOMNMMEpPiBCbKE KapTyBaH-
Ha (KOK) ons sikicHOT OUiHKM KPOBOTOKY Pi3HMX CTPYKTYP
Ta opraHiB Nnofa, NPoBi30PHMX OpraHiB, a TakoX gonnne-
pOMETpPiIA  MaTepuHCBbKOro Ta eTanbHOr0 KpPOBOTOKY.
[MpoBogunack giarHoctvka Ta getanbHU ONMC aHaTOMiId-
HUX aHOManin i MapkepiB XpOMOCOMHOI natornorii. Knacu-
dikauiiHa xapakTepucTuKa BUABIMEHUX CTPYKTYPHUX Bag
nnoga BignoBiAana peecTpy Koa4yBaHHS Baj PO3BUTKY
MixHapogHoi knacudikauii xeopob (MKX) 10-ro nepernsgy.

Mpn BOK nposBogunacbk getanbHa OUiHKA B3aEMHOMO
po3TallyBaHHSA OpraHiB YepeBHOi MOPOXHWHW, 3aovepe-
BMHHOrO npoctopy Ta [K, Bu3Havanucb ocobnMBOCTI
Y3-Bidyanisauii 4aHnx opraHiB y pi3Hi TepMiHW BariTHOCTI.

IsonboBaHy BOK BuseneHo B 192 (72,5 %) Bunagkax,
y CKnagai MHOXWHHUX BpPOMXEHWX Bag pO3BUTKY —
y 65 (24,5 %), y noegHaHHi i3 XxpOMOCOMHOIO NaTonorieo —
y 8 (3,0 %). Y nepeBaxHin BinbLIOCTi cCNoCTepexXeHb kKuna
6yna nisobiyHoto (85,7 %, n = 227). lNpasobiuHy BAK
piarHoctoBaHo y 32 nnogie (12,1 %), ueHTpanbHy —
B 3 (1,1 %), i aBobiuHY — B 3 (1,1 %).

[ocnigXeHHs BUKOHAHO 3rigHO 3 NpuHUunamm enbCiH-
cbkoi [eknapadii. MaTepianu [ocnigXeHHs PpO3rnsHYTO
KOMiCi€lo 3 NuTaHb eTukn [epxaBHOl YCTaHOBU «IHCTUTYT
negiaTpii, akywepcTtBa i riHeKonorii iMeHi akagemika
O.M. Nyk'siHoBOI HauioHanbHOi akageMii MeanyHux Hayk
YkpaiHn» Ha eTani nnaHyBaHHsi HAyKOBO-A0CMiAHOT poboTw.

PE3YABTATU TA iX OBrOBOPEHHS

KrtouoBrMM aHaTOMIYHUMUK AingHKamu, WO 3anyyeHi 4o
naTororiYyHoro npouecy i noTpebyoTb AeTanbHOro gocnia-
XKEHHS ONst OUiHKM CTYNeHs TSXKKOCTI i nporHody npu BIK,
€ rpygHa knituHa (IK) Ta 4depeBHa mnopoxHuHa (4I).
3 MEeToK CermMeHTapHOI OLiHKM IXHBOI aHaTOMIYHOI ByaoBU
NPOBOAMTBLCA MOBINbHE AMHAMIYHE CKaHYBaHHS Y TPbOX
CTaHOAPTHUX NMOWMHAX — TMOMEPeYHin, cariTanbHin,
dpoHTanbHin. Mepwum etanom € igeHTudIKauis npasBoro
Ta niBoro GOKy nnoga BiONOBIAHO OO WNOr0 MOMOXEHHS,
nepeanexaHHs i noswvuii. |oeHTudikyeTbca remitopakc,
y SIKOMY poO3TalloBaHi abgomMiHanbHi opraHu, i BM3Haya-
eTbca Gik aedekty giadpparmu. [oaoaTtkoBMMUM O3HaKamu,
WO AonomaralTb BU3HaA4UMTU Gik aedekTy, € nonoxeHHs
cepus B K Ta cnpamyBaHHA BepxiBku cepus. B nepesax-
HiM GinbwocTi Bunagkie npu BOK Bu3HauyaeTbca gucno-
Kauia cepusa B Oik, NpOTMNEXHUA OedekTy — OEeKCTpo-
Kapais, ekcTpagekcTpokapgia — npu niBobiyHmx BOK,
eKCTpacuHiCTpoKapAais — Npy NpaBoBiYHMX.

[ani ouiHTE Nnokanisauilo WnyHKa, NeTenb Kuley-
HMKa, MEeYiHKM, >KOBYHOTO Mixypa, CenesiHKu, HUPOK,
iAEeHTUIKYIOTb OpraHu, K yBIMWNW [0 CKNagy Kunu.
Y cTaHgapTHOMY nonepeyHoMy 3pisi Ha piBHi KnanaHis
cepus (YOTMPbOXKAMEPHUIA 3pi3 cepLsi) OLHIOTb NO3ULL0

US examinations were performed on systems HDI 4000,
ACCUVIX V20EX-EXP, ACCUVIX V10LV-EX.

Ultrasound exam was performed according to an exten-
ded protocol, which exceeded the standard, recommended
by the Ministry of Health of Ukraine. It included step by
step segmental evaluation of anatomical structures of the
fetus; standard biometrics (biparietal diameter, fronto-
occipital diameter, head circumference, abdominal
circumference, femur diaphysis length) with estimated
fetal weight calculation according to Hadlock et al. 1985.
Visual assessment and extended biometrics of fetal
organs were performed; echo structure of the provisional
organs (chorion, placenta, umbilical cord, amniotic fluid)
was evaluated; color Doppler mapping was used to
qualitatively assess the blood flow of various fetal struct-
ures and organs, and of provisional organs, as well as
Doppler velocimetry of maternal and fetal blood flow.
Diagnosis and detailed description of anatomical ano-
malies and markers of chromosomal pathology were
performed. Classification of identified fetal associated
structural malformations was done in accordance with
coding of International Classification of Diseases (ICD)
of the 10th revision.

In fetuses with CDH detailed evaluation of abdominal,
retroperitoneal and thoracic organs’ location was perfor-
med, and features of their US visualization in different
terms of pregnancy were determined.

Isolated CDH was present in 192 (72.5 %) cases,
associated congenital malformations were detected in
65 (245 %) fetuses, chromosomal pathology was
diagnosed in 8 (3.0 %). In the majority of cases hernia
was left-sided (85.7 %, n = 227). Right-sided CDH was
diagnosed in 32 fetuses (12.1 %), central in 3 (1.1 %),
bilateral in 3 (1.1 %).

The study was conducted in accordance with Decla-
ration of Helsinki principles. Materials of the research were
approved by the Ethics Committee of the State Institution
«Institute of Pediatrics, Obstetrics and Gynecology named
after Academician O.M. Lukyanova of National Academy
of Medical Sciences of Ukraine», at the planning stage.

RESULTS AND DISCUSSION

The key anatomical areas involved into pathological
process in CDH, and require detailed examination for
assessment of severity and prognosis are thorax and
abdomen. For segmental evaluation of their anatomical
structure, a slow dynamic scan is performed in three
standard planes - transverse, sagittal, frontal. The first step
is to identify the right and left sides of the fetus according
to its position, presentation and fetal spine position.
Hemitorax in which abdominal organs are located is
identified, and the side of diaphragmatic defect is deter-
mined. Additional signs that help to figure out the side of
the defect are position of the heart in the thorax and
direction of cardiac apex. In the majority of CDH cases,
there is dislocation of the heart in the direction opposite
to the defect: dextrocardia, extradextrocardia in left-sided
hernias, extrasinstrocardia in right-sided.

Next step is to determine location of stomach, intestine,
liver, gallbladder, spleen, kidneys, and to identify organs
that are present in the chest. At the standard cross-
section plane at the level of the atrio-ventricular valves
of the heart (four-chamber view of the heart) position
of abdominal organs is evaluated in relation to the main
anatomical landmarks: spine and sternum (anterior and
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abaomiHanbHUX OpraHiB BiAHOCHO OCHOBHWUX aHaTOMiy-
HUX opieHTUpiB: xpebeT i rpyaHuHa (nepeaHs i 3agHs ce-
peavHHi niHiT), NpaBa i niBa cepeaHbOKIIOYMYHI, napacTe-
pHanbHi Ta ckanynapHi MiHil, npasa i niea 3agHs, cepeavH-
Ha i nepegHs akcunApHi NiHii. 3pyyHum ons opieHTauii
i onMCy € yMOBHWIA pO3Moin MonepeYHoro 306pakeHHs
'K Ha 4 kKBagpaHTK — NpaBuii Ta NiBUA BEHTPanbHi, NpaBuin
Ta niBun gopcaneHi (puc. 1).

Left ventral
quadrant
JliBnii BeHTPAJILHHH

KBAJIPAHT =

posterior midline), right and left midclavicular, paras-
ternal and scapular lines, right and left posterior, medial
and anterior axillary lines. For better orientation and
description standard transverse thoracic plane can be
divided into four quadrants — right and left ventral, right
and left dorsal (Fig. 1).

Ji 10 ca1b Huii

%KB‘(]H]}‘(]HT
&+ Right dorsal
i': - quadrant

Left dorsal

quadrant

* SJliBuii jaopcasnumii
KBAaJIPAHT

Puc. 1. KBagpaHTu rpygHoi knitkn nnoga i3 BOK y crangapTHoMy 3pisi Ha piBHi knanaHis cepus
Fig. 1. Quadrants of the thorax of fetus with CDH in the standard four chamber view of the heart

LUnyHoK nnopa, WO 3anoBHEHWMW PIAWHOK, Mae Han-
OinblLUy eXOKOHTPACTHICTL cepen opraHie YI1, noro nokani-
3alis BU3HA4YaEeTbCA Nerko B OinbLIOCTi BUNaakiB. laeHTu-
dikauis wnyHka Oyna HEMOXIMBO Y 6 CNOCTEPEXEHHSX:
WnyHok He BisyanidyBaBcsa B Ul 1a K y 4 nnoagis 3
niBoGiyHoto BLK Ta y 2 — i3 npaBobiyHot0. MpuymHa Takoro
deHOMEHY HanvacTiwe nonarae y HeHanexHoMmy Wnoro
HaMoBHEHHI (MikporacTpis), Wwo moxe OyTn obymoBrEeHO
MOPYLUEHHAM KOBTaHHA Ta MOBHMM abo 4acTKOBWM MoO-
pyLIEHHAM MpPOXigHOCTI cTpaBoxody. 3rigHO 3 MoJaHok
paHille MEeTOAOoNOorield BU3HAYAETLCA MNO3ULA  LUMyHKA:
iHTpaabpoomiHanbHa, iHTpaTopakanbHa MegianbHa i Koca
MedianbHa, LeHTpanbHO-BEHTpanbHa, LeHTpanbHo-40p-
canbHa, nonepeyHa, peTpokapgianbHa, napaseptebpanb-
Ha, nceBgoaHaToMiyHa Ta niBobiYHa mapakocTtanbHa [12].
OcTaHHi ABi NO3uLii LWyHKa acouilolTbCsa i3 HEKOMYHi-
Kytoumm gedektamu giadparmm [6].

Y Bumagky npaBobiYHUX KU MOXe BUSABNSTUCH
TpaHcnokauis MiNopuYHOro BigAiny LWAyHKa npaBopyy,
Yy HanpsiMKy MnpaBoi akCcUnapHOi MiHii. B TakMx Bunagkax
opraH Mae BUTArHYTY BepeTeHonofibHy dopmy i 3Haxo-
ONTbCS Ha MexXi MK BEeHTpanbHOK Ta [JOopcanbHO
nonosvHammn Yll. B ogHOMYy cnocTepexeHHi y Bunagky
OBOGIYHOI AiadhparmManbHOi kuni y nnoga LWAyHoOK OyB
po3TalLoBaHUI iHTpaabaoMiHarbHO aHaTOMIYHO.

Y pasi niBo6iyHnx BOK Ta repHiauii go 'K nnoga Tinb-
KM KMLLEeYHMKa BidyanisyBanu AUcnokadito ninopuyHoi Yactum-
HK, abo BCbOrO LMyHKa B HAMpPsSMKy Marnoro Tasa, poTadito
nedviHkM y OpOHTanbHIM NNOLWWMHI Ta i YacTKOBY AMCTONIHO.
Y nopibHMx Bunagkax cnoctepirany heHOMeH Bisyanisauii
YKOBYHOrO Mixypa Ta LUfyHKa nopyd i3 ce4oBuM Mixypom [19].

BaxnvBow 4aCTUHOK YNbTPa3BYKOBOTO OGCTEXEHHS
nnogis i3 BOK € niaTBepaxeHHs abo BUKITOYEHHS repHiauii
nediHkn go MNK. Y Il TpymecTpi MOXYTb BUHUKATU TEXHIiYHI
TPYOHOLLi, MOB’A3aHi 3 HW3bKOK EXOKOHTPACTHICTIO,

Fluid-filled fetal stomach has the uttermost echo
contrast among other abdominal organs, and its location
was easily determined in most cases. Identification of
stomach was impossible in 6 observations: it was not visua-
lized neither in abdomen nor in in the chest in 4 fetuses
with left sided CDH and in 2 with right sided. Background
for this phenomenon can be insufficient stomach filling
(microgastria) — due to impaired swallowing or complete/
partial esophageal obstruction. According to the previously
described classification system, position of the stomach
is determined: intra-abdominal, intra-thoracic medial or
medial oblique, mid-ventral, mid-dorsal, transverse, retro-
cardiac, paravertebral, pseudoanatomical and left
paracostal [12]. The last two positions of the stomach
are associated with non-communicating defects of the
diaphragm [6].

In right-sided defects dislocation of the pyloric part
of the stomach to the right, in the direction of the right
axillary line may be detected; in such cases, it has elon-
gated spindle-shaped form and is located on the border
between the ventral and dorsal halves of the abdomen
cross section. In one case of bilateral diaphragmatic
hernia, stomach was located intra-abdominally, in its
anatomical position.

In left-sided CDH with herniation of fetal bowel into
the thorax, dislocation of the pyloric part, or the entire
stomach in the direction of the pelvis was observed,
as well as rotation of the liver in the frontal plane and
its partial dystopia. In such cases, the phenomenon of
visualization of the gallbladder and stomach near the
bladder was noticed [19].

An important part of ultrasound examination of fetuses
with CDH is confirmation or exclusion of liver herniation
into the chest. In early second trimester there may be
technical difficulties caused by low echo-contrast and
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Ta BIACYTHICTIO XapakTepHOro aHaTOMIYHOro MaroHKy
CTPYKTYpW nediHkn. [NpoBedeHi OOCNIMXEHHS nokasanu,
wo y pasi niBobiyHmx BOK 3 repHiauieto 4acTku nediHku oo
'K, BOHa B ycix BMnagkax nokanisysanacb y nepegHboMy
KBaZpaHTi niBOro remitopakcy, abo 3avmana BecCb
remiTopakc. LUnyHOK wWpu LbOMYy pO3TallOBaHWiA Mno3agy
Bi4 4YacTkm nediHkn (puc. 2). OTxe, NpuUUINbHUA ormsaa
UMX OINAHOK, 3 ypaxyBaHHAM MNO3uLii LWyHKa, 003BONse
KOPEKTHO iaeHTudikysatu neviHky y k.

a)

lack of characteristic anatomical pattern of the hepatic
structures. Our study has shown that in left-sided CDH
with liver herniation to the chest, it was in all cases localized
in the anterior quadrant of the left hemithorax, or occupied
the entire hemithorax. The stomach was located behind
the the liver (Fig. 2). Therefore, a targeted examination
of these areas, taking into account the position of the
stomach, allows one to correctly affirm liver presence
in the chest.

b)

Puc. 2. ¥Y3-Bisyanisauis nereHb (CTpinka) Ta neviHku (MOpoXHs cTpinka)
y nnogis i3 BOK B 21 Tux. (a), Ta 33—-34 Tvx. BaritHocTi (b)
Fig. 2. US visualization of the lungs (arrow) and liver (empty arrow) in fetuses with CDH
at 21 weeks (a), and 33—-34 weeks (b) of pregnancy

Mig yac ckaHyBaHHA Yy cariTanbHin MNNOWMHI MOXe
BizyanisyBatucb «b6opo3Ha» Mix iHTpaabgomiHanbHOW Ta
FEpHIOBaHOK YacTKaMu MEeYiHKM, sika MOMWMKOBO MOXeE
OyTn po3uiHeHa K piacdpparma (puc. 3). 3a gonomoroto
KOK igeHTudikyoTb CyaMHUM MNediHkM Ta 3MiHeHun Xig
BEHO3HOI NPOTOKK [14].

While scanning in sagittal plane, a «fissure» can be
visualized between intra-abdominal and herniated parts
of the liver, which can be mistaken for a diaphragm (Fig. 3).
Color Doppler helps to identify hepatic vessels and altered
course of the ductus venosus [14].

Puc. 3. Y3-Bisyanisauis «6opo3Hu» (cTpinka) Mix iHTpaabgoMiHanbHO (MOPOXHS CTpinka)
Ta repHiioBaHoo (MyHKTMPHA CTpifka) YacTkaMmm nediHku
Fig. 3. US imaging of the «fissure» (arrow) between intra-abdominal (empty arrow)
and herniated (dotted arrow) parts of the liver
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OcKinbkn po3mipy repHiioBaHOI YaCTKM NEYIHKM 3HAYHO
BapitolTh, CNif NPOBOAUTYM ii BUMIPIOBAHHA — BU3HAYEHHS
nnoLwi y ctTaH4apTHOMY nonepeyHoMy 3pisi yHKUiEo Ma-
HyanbHOro obBefeHHs KOHTYpIB (trace) Ans noganbLioro
pO3paxyHKy TepMiH-HEe3arnexHoro mneviHKOBO-NEereHeBoro
ingekcy (MJ). BumiptoaHHsa nnowi neviHkm B K y nnogis
i3 BOK kpawe npoBoguMTn npu MiHiMansHOMy Hamnos-
HEHHI LWNyHKa.

Y pasi ABOGIYHMX Knn BapiaHTW po3TallyBaHHS FepHi-
MOBaHOI YacTkn neviHkn 6ynu Takumu. B ogHoMy Bunagky
nediHka s3avmana niBun BeHTpanbHW KBagpaHT, Ao K
TakoX Oyny TPaHCNOKOBaHi LUMYHOK, KWLUEYHWK Ta cene-
3iHKa; B APYromy CnocTepexXeHHi repHinoBaHi YacTKW neYiH-
Ky 3ariManu npasuii Ta NiBUA reMiTopakc NOBHICTHO, LLMYHOK
Ta netni Kuwe4vyHuMKa BM3Hadanucs iHTpaabgomiHamnbHO.
Y TpeTboMy BWMaAKy ofdHa repHioBaHa 4acTka MeydiHKu
Oyna posTawoBaHa y NiBOMY BeHTpanbHOMY KBagpaHTi,
a gpyra — y npaBoMy gopcarnbHOMY KBaapaHTi, B NpoeKu;ii
TMNOBOI fokKanisauii npasBoi nereHi, i, Npu MNepBUHHOMY
OrnsAi 3a MicLuem npoxuBaHHSA, Gyna NMOMUIIKOBO iOEHTU-
dikoBaHa sk npaBa nereHs.

Bisyanisauia cenesiHku Ha novatky Il TpumecTtpy vy
nnogis i3 BOK € yTpygHeHolo yepes ii mani po3mipn Ta
HU3bKY Y3-KOHTpacTHiCTb. B Oinbw ni3Hi TepMiHM npak-
TUYHO 3aBXAW MOXHa BidyanidyBaTu Ta BU3HAYUTU foKa-
nizaujto cenesiHkn (puc. 4). Y pasi nisobiyHux BOK vy
6inbl, HiX monoBuHi BunagkiB (67,8 % cnoctepexeHb
390 Y3[ Il TpumecTpy), cenesiHka po3TalloBaHa y npaBux
Bigainax K, BnpuTyn [o MedianbHOI MOBEPXHi Npasoi
nereHi, iX CTPyKTypa Bifpi3HSAETbCS He3HayHo (puc. 4, a, b).
3a TakMx yMOB MOXNMBa HeBipHa igeHTudikauisa opraHis,
Te HEKOpEeKTHe BMMIiploBaHHA nereHb. [oaidHi gaHi Gynu
HaBedeHi iHWnMK gocnigHukamu [16].

As the size of herniated part of the liver varies
considerably, it should be measured: area in the standard
cross section view by manual tracing function for further
calculation of term-independent indices, such as liver-
to-lung area ratio (Li/L R). Measurement of the liver area
in the chest of fetuses with CDH is best performed
while minimal filling of the stomach.

In bilateral defects, variants of herniated liver location
in the chest were following. In one case it occupied left
ventral quadrant, and stomach, intestine, and spleen
were also translocated into the chest; in the second
observation, herniated parts of the liver occupied right
and left hemithoraces completely, stomach and intestine
were located intra-abdominally. In the third case, one part
of the liver was located in left ventral quadrant and the
other — in right dorsal quadrant, in the typical location
of the right lung, and was mistakenly identified as the
right lung at primary examination.

Imaging of the spleen in fetuses with CDH at the
beginning of second trimester was very difficult due to its
small size and low ultrasound contrast. At later terms,
it's almost always possible to visualize the spleen and
to determine its location (Fig. 4). In in more than half
left-sided CDH cases (67.8 % observations from 90 ultra-
sound exams in the 3rd trimester), spleen was located
in the right part of the thorax, close to the medial
surface of the right lung, their echo-structure differed
only slightly (Fig. 4, a, b). Under such conditions, false
identification of organs and incorrect lung measure-
ment are highly probable. Similar data were presented
by other authors [16]

b)

Puc. 4. Y3-306paxeHHsi cenesiHku (CTpinka), po3TalloBaHol
6ina megianbHOI NOBEPXHi MPaBOi NereHi (MOPOXHA CTpinka) y nnoaa i3 nisobiyHo AiadparmansHO KUMo:
B MornepeYyHoOMy 3pi3i rpyAHOI KMiTKM Ha PiBHI aTpiOBEHTPUKYNSPHMX KranaHiB cepus (a)
Ta B HWXKHIX BigAinax rpyAHol KIiTKM Ha MeXi i3 YepeBHOI MOPOXHMHOLO (b)
Fig.4. US image of the spleen (arrow), located near the medial surface of the right lung (empty arrow)
in a fetus with left sided diaphragmatic hernia: in cross section of the thorax at the level of atrio-ventricular valves of the heart (a)
and in the lower parts of the thorax on the border with the abdominal cavity (b)

Bisyanisauisa kuwevHuka cyTTeBO Bigpi3HaeTbea B I
Ta lll TpumecTpax. He3anoBHEHWUI KULLEYHMK (Ha Mo4vaTky
Il TpyumecTpy BariTHOCTI), MOXe MaTu HU3bKy Y3-KOHT-
pacTHicTb. Y Bunagky niBobiyHnx BOK i3 TpaHcnokauieto
po TK nuwe netenb kuweyHuka (+/— cenesiHka) BOHU

Imaging of fetal intestine differed significantly in the
2nd and 3rd trimesters. Unfilled intestine (at the beginning
of 2nd trimester of pregnancy) may have low ultrasound
«contrasty». In fetuses with left sided CDH with herniation
only of intestines (+/— spleen) into the chest, it occupied
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3aiManu Becb fiBUA remiTopakc; npu TpaHcrokauii
LWMAYHKa Ta KULIEYHUKA OCTaHHIN 3ariMaB BCHO BiflbHY Bif
WwnyHKka ainsHky nisoi nonosuHu MK. 3a HassHocTi y MK
WIYHKa | MEeYiHKM, KWLWEYHWK 3a3BuM4Yall 3HaxXO4uTbCH
y niBoMy gopcanbHOMY KBagpaHTi.

Y nnogis i3 BOK B rpygHin KniTui Ta YepeBHin NOpoX-
HWUHI MOXe BidyanidyBaTuCb BinbHa pignMHa. HasaBHICTb
HeiMyHHOro HabpsiKy acoUuileETbCA 3 HECTNpPUATIIMBUMMU
nepuHatanbHUMK Hacnigkamu [20].

Y 3B’A3Ky i3 BMpaxkeHo aucnokauieto opratis npu BOK
iCHYIOTb nepegymoBWU Ans XWOHOI igeHTudikaLii nereHb,
ocob6numeo y |l TpumecTpi BariTHOCTI. [Nepen BUMiptoBaHHAM
nereHb y nnogis i3 BAK nig yac ckaHyBaHHS B nonepeYHin
Ta cariTanbHin NnoLwmHax crig NpoBecTy ixX BidyanbHy ifeH-
Tudpikauito (Bepudpikauis «opraHHOi HanexHocTi») (puc. 5).
[ns onTumaneHoi Bidyanisauii obvMpaeTbca no3uuisi nnoga
3 MakcMManbHUM HabnKeHHsIM nereHi 4o TpaHcalcepa.

Y Bunagaky niBobiyHnx BOK y ctaHgapTHIN nnoLwymHi Ha pis-
Hi YOTMPMKaMepHOro 3pidy cepus KOHTpanarteparnbHa nereHs
B YCiX NnoAiB BidyanisyeTbCs B AopcanbHil AinsgHui npaBoro
remiTopakcy. ¥ pasi aHaToMiYyHMX BapiaHTiB niBobGiyHoi BOK
i3 peTpokapgianbHO No3uuieto LWnyHKa igeHTudikadisa
KOHTpanarteparnbHOi NpaBoi nereHi yTpyaHeHa (puc. 6).

Puc. 5. Y3-Bidyanisauisi npaBoi nerexi y nnoga
i3 NiBOGIYHO KMIOO B cariTarnbHil NNOLLMHI
y lll TpumecTpi BariTHOCTI
Fig. 5. US visualization of the right lung (arrow)
in the sagittal plane of the fetus with left side hernia
in the 3rd trimester of pregnancy

IncunatepansHa nereHs Ha piBHi YOTUPUKaAMEPHOro
3pi3y cepusa BidyanidyBanacsa y Bunagkax niBobiyHMX
BOK y 6 cnoctepexeHHsax (puc. 7), y pasi npaBobivyHnx —
B )XOOHOMY.

B ogHoMy BuMagky BUSIBNEHO aHaTOMIYHWI BapiaHT
npasobivyHoi BAK, npu skomy cepue 6yno makcMmansHO
3MillleHo niBOpyY OO0 cepedHiX Ta AopcanbHux Bigadinis
niBOro remitTopakcy, BNpUTYN A0 BHYTPIWHLOI MNOBEPXHI
pebep (puc. 8). Y npoekuii odvikyBaHOi nokanisauii nisa
nereHs B3arani He BidyanisyBanacs.

Y pasi ABOGIMHMX KM Ha PiBHI 4OTMPUKaMEPHOro
3pi3y cepusq XodHa 3 nereHb He BidyanidyBanacb, CTaH-
AapTHy iX GiomMeTpito 34INCHUTU HEMOXIMBO. Y PiaKICHWX
Bunagkax GinatepanbHux BOK 3 gBobGivHol repHiauieto
neviHkW, rino/isoexoreHHi oaHOPIAHI CTPYKTYpu npasopyy
Ta niBopyd Bif cepus MOXyTb OyTM MOMWIKOBO iOEHTU-

all left hemithorax; in cases of stomach and intestine
translocation, the latter occupied the entire free from
stomach area of the left half of the chest. In cases
when stomach and liver also were present in the thorax,
intestine was usually located in the left dorsal quadrant.

In the chest and abdomen of fetuses with CDH free
fluid is sometimes visualized. The presence of hydrops
fetalis is associated with adverse perinatal outcome [20].

Due to the significant dislocation of internal organs in
CDH, there are preconditions for incorrect identification
of the lungs, especially in the 2nd trimester of pregnancy.
Before measuring the lungs in fetuses with CDH, they
should be visually «verified» by scanning in the transverse
and sagittal planes, (Fig. 5). For optimal visualization,
transducer should be positioned with the maximal proxi-
mity to fetal lung.

In left-sided CDH in the standard 4-chamber view
of the heart contralateral lung in all fetuses was visuali-
zed in a dorsal part of right hemithorax. In anatomical
variants of left-sided CDH with retrocardiac stomach
position, identification of the contralateral right lung
was complicated (Fig. 6).

Puc. 6. YTpyaHeHa ineHTudikauig npaBoi nerexi
(nopoxHsi cTpinka) npuw niBobiuHin BAK i3 peTpokapaiansHoto
nosuuieto LWyHKa (CTpinka)

Fig. 6. Complicated identification of the right lung (empty arrow)
in the fetus with left-sided CDH and retrocardiac position
of the stomach (arrow)

The ipsilateral lung at the level of four-chambered
view of the heart was visualized in 6 observations among
fetuses with left sided CDH (Figure 7), and in none among
right sided group.

In one case there was an anatomical variant of right-
sided CDH, in which the heart was maximally shifted to
the left — to the middle and dorsal part of left hemithorax,
close to the inner surface of the ribs (Figure 8). In the
projection of the expected location, the left lung was
not visualized at all.

In bilateral hernias at the level of the 4-chamber
view of the heart none of the lungs were present,
their standard measurements could not be performed.
In a rare case of bilateral CDH with two-sided herniation
of the liver, hypolisoechoic homogeneous structures
to the right and to the left of the heart cay be mistaken
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a)

b)

Puc. 7. Bisyanisauisi incunatepanbsHoi niBoi nerexi (cTpinka) y nepegHix sigginax MK y nnogis i3 niso6ivHnmm BOK:
npv NnceBgoaHaToOMIYHIN NO3uuii WyHKa (a); Npu repHiauii nuwe cenesiHky (MOpoxHs cTpinka) (b)
Fig. 7. Visualization of the ipsilateral left lung (arrow) in the anterior part of the thorax in fetuses with left-sided CDH:
in case of pseudoanatomical stomach (asterisk) position (a); in case of spleen herniation only (empty arrow) (b)

Puc. 8. MNMpaeo6iyHa BAK y nnoga: koHTpanaTtepanbHa nisa fiereHs B TUNOBOMY MicCLii He BidyanisyeTbcs (CTpinka),
cepLie po3TalloBaHO BMNPUTYN A0 BHYTPILLHLOT MOBEpXHi pebep. TpaHcnokoBaHa YacTMHa neviHku (o6BefeHa dyHKUieko trace)
3ariMae BeCb MiBUI reMiTopakc Ta BeHTparnbHi Big4iny NnpasBoro reMitopakcy
Fig. 8. Right-sided CDH in the fetus: the contralateral left lung is not visualized in a typical place (arrow),
the heart is located close to the inner surface of the ribs. The herniated part of the liver (traced by dots)
occupies entire left hemithorax and ventral part of right hemithorax

dhikoBaHi Ak nereHi (puc. 9, a). CkaHyBaHHSA B caritanbHin
NIOLLMHI OEeMOHCTPYE, O rinonnasoBaHi nereHi Bidyani-
3yBanuchk nuiue y BepxHix Bigginax K nnoaa (pwc. 9, 6).
Micna ipeHTudikauii nereHi npoBoauTbca ornag i
30BHILLHIX KOHTYpiB, 0COBNMBO MeAdianbHUX — B MNPOeKLji
YacToro po3TallyBaHHA CenesiHkW, eXOCTPYKTypa sKoi
He3Ha4YHo BiAPI3HAETHCA Bif €XOCTPYKTYpW nerexi (puc. 4).
[iBoBuMipHa ouiHka po3amipiB nereHb npu BOK npo-
BOOUTBCS B MOMEPEYHIN NnowmHi rpyaHoi knitku. Mig yac
CkaHyBaHHS 0OMpaloTb MOMOXEHHHA TpaHCAlcepa MaKcu-
ManbHO HabnwkeHe [0 nereHi nnoga, Aani NPOTAroM
OuHaMmiyHoro ckaHyBaHHa [K oTpumyeTbca 3pi3  Ha
piBHI aTPIOBEHTPUKYNSAPHUX KnanaHiB cepus. KoHTponb

for lungs (Fig. 9, a). Scanning in the sagittal plane shows
that hypoplastic lungs are visualized only in the upper part
of the fetal thorax (Fig. 9, b).

After identification of the lung, thorough examination
of its external contours should be performed, especially of
the medial surface — in the projection of possible location
of herniated spleen; the echo structure of the latter can be
only slightly different from echo structure of the lung (Fig. 4).

Two-dimensional assessment of lung size in fetuses
with CDH is performed in the transverse section of the chest.
During the scan, probe’s position should be aimed with the
closest proximity to fetal lung; then, during dynamic scan of
the thorax, plane at the level of the atrio-ventricular valves
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a)

b)

Puc. 9. ¥Y3-306paxeHHs asobiyHoi BOK y nnoga:
y nonepeyHin NNOoLWUHI NoMipHa AeKCTpokapais, repHiauis neviHku y K npasopyy Ta nisopyu Bif cepus
(npw obcTexeHHi BariTHOI y NONiKMiHiLi 3a MicLieM NPoXWBaHHSA NOMUIIKOBO BM3HaHa 3a nereHi) (a),
y cariTanbHiv NNoLMHi 3MeHLLIEHa NiBa nereHs (CTpinka) BisyanisyeTbCs y BEpXHiX Bigginax rpygHoi knitku (b)
Fig. 9. US image of bilateral CDH in the fetus:
in the transverse plane moderate dextrocardia, herniation parts of liver are located to the right and to the left of the heart
(at the initial exam in primary-level clinic were erroneously recognized as lungs) (a),
in the sagittal plane hypoplastic left lung (arrow) is visualized in the upper part of the thorax (b)

SIKOCTi MOMEPEYHOro BUBEAEHHSI NPOBOAMBCS  OLHKO
306paxxeHHss pebepHoi ayrn (Bidyanisauis nuwe ogHOro
pebpa). MakcumanbHUA nepeaHbO3afHIn po3Mip BUMI-
pIOOTb BCTAHOBMEHHSIM MiHIHMX Kaninepis: B 3agHix Bia-
Ainax nereHi — B NpoekKLii ckanynapHoi NiHii, B nepeaHix —
Ha MakcMManbHO BigganeHu Kpam nereHeBol napeHximu,
nicns Lboro BUMIPIOIOTL HanbinbLwWin giameTp, nepneHamn-
KynsapHUn 00 nepefHbo3agHboro. lnowa nereHi BU3Ha-
YaeTbCH 3a AONOMOro PYHKLUIT MaHyanbHOro o6BeaeHHs!
KoHTypiB (trace). OkpyxHicTb Ta nnowa MK BumiptoeTbea
3a J0NoMoro yHKLii eninca, No 30BHILLHLOMY KOHTYpY
pebep, xpebTa Ta rpyaHuHmn (puc. 10).

of the heart should be obtained. Quality control of the
transverse section is performed by evaluating imaging
of the ribs (only one rib must be visible). The longest
anterior-posterior diameter is measured by placement
of linear calipers: in the posterior part of the lung, near
the scapular line, and in the anterior part — on the farthest
edge of the lung parenchyma; then the longest diameter,
perpendicular to anterior-posterior, is measured. Area of
the lung is determined by manual tracing of its contour.
Circumference and area of the thorax are measured
using the ellipse function, along the outer contour of
the ribs, spine and sternum (Fig. 10).

a)

Puc. 10. BiomeTpisi KOHTpanaTepanbHOI nereHi (a) Ta rpygHoi Knitku (b)
Ha piBHi YoTMpUKaMepPHOro 3pi3y cepLs nroaa i3 nisobiyHot AiadparmanbHoo kunoto B 33 TK. BariTHOCTI
Fig. 10. Biometry of contralateral lung (a) and thorax (b)
at the level of four-chamber view of the heart in a fetus with left sided diaphragmatic hernia at 33 weeks of pregnancy
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Y nepeBaxHii GiNbLWIOCTI BUNAAKIB Y CTAaHAAPTHIN MNro-
WMHI Bi3yanisyeTbCsl mNWLIE KOHTpanaTeparbHa nereHs,
OiNbLWICTb MPOrHOCTUYHMX IHAEKCIB pO3paxoBYylOTb BigMno-
BioHO [0 i po3mipiB. 3a ymoBuM Bi3yanisauii incunarte-
panbHOl nereHi Ha piBHI YOTMPUKaMEPHOro 3pi3y cepus
BUMIPIOETLCA 11 MnoLwia 3a A0NOMOro QyHKUii MaHyarb-
HOro o6BeeHHs1 KOHTYpIB.

3 ornspy Ha cknagHy o6’eMHy opmy nereHb, ix avc-
TOMil0O Ta KOMMPECit0, PEKOMEHAYIOTbCA NPOBOAUTM [Le-
Kinbka BMMIiploBaHb (Big TpbOX OO0 M'ATM) 3 ModanbLunM
po3paxyHKOM cepefHiX NokasHuKiB, SiKi Hagani BUKOPUCTO-
BYIOTbCA A5 PO3paxyHKY NPOrHOCTUYHUX iHAEKCIB.

[Ons TepMiH-He3anexHo! OUiHKM po3MipiB  fereHb
pPEeKOMeHOYETbCA pO3paxoByBaTh Taki iHOEKCK:

— BIACOTOK MMoOLWi KOHTpanateparnbHOl fereHi Big
O4ikyBaHoOIl B JaHOMY TepMiHi;

— nereHeBo-hemopanbHuii iHgekc (J101);

— nereHeBO-KpaHianbHWi iHaekc (lung area to head cir-
cumference ratio, LHR);

— nereHeBo-TopakanbHui iHaekc (lung-to-thorax trans-
verse area ratio, L/T R);

— ONg TepMiH-He3anexHoi OUiHKM CTyneHs repHiauii
nediHkm go MK pekomeHOyeTbCA PO3paxyHOK MeYviHKOBO-
nereneBoro iHaekcy (MJ11).

Bigcotok nnouwli koHTpanatepanbHOi rnereHi Bif
OYiKyBaHOi B [aHOMy TepMiHi — BiJHOLWEHHA NMOLLi
KOHTpanartepanbHoi nereHi 4o nokasHuka 50-ro npoueHTmns
AN OaHoro TepMiHy BariTHOCTi nomHoxeHe Ha 100 %:

% S = Skn/ Soy* 100 %,

ne % S — BiAHOWEHHSA Nnowi KOoHTpanatepanbHoi 4o
nedekTy nereHi Ao nokasHwka 50-ro mpoueHTuns, Sk —
nrolia KoHTpanatepanbHoi nerexi, S,; — nokasHuk 50-ro
npoueHTUNA nnouli BiANoBiAHOI nereHi (npasoi abo nisoi)
B JaHoOMy TepMiHi BariTHoCTi. BignosigHo 0O po3spaxoBa-
HOro MOKa3HWKa BW3HA4YaeTbCA CTYMiHb rinonnasii nereHi:
> 60 % rinonnasia nerkoro ctyneHs, 30-59 % cepegHbLOro
ctyneHs, < 30 % rinonnasis TsHKKOro ctyneHs. [23].

NereHeBo-hemopanbHun iHgekc (JIPl) — BigHO-
LWEHH MaKCUmanbHOro nepeaHb03a4HbOro  AiameTpa
KOHTpanarteparbHOi fiereHi 4o OBXWHN CTErHa nnopa:

Nol =d,/ac,
ne JIol — nereHeBo-hemoparbHUiA iHaeKc, d, — Makcu-
ManbHUI NepeaHbo3afHin giametp neredi, OC — poBXuHa
ndiacpizy cterHa [24].

NereHeBo-kpaHianbHuM iHaekc (lung area to head
circumference ratio, LHR) € BigHOweHHAM nnoLli
KOHTpanaTteparnbHoi rnereHi (B MM2?) [0 MOKasHWKa
OKPY>KHOCTI ronisku nnoga [21]:

LHR=S/Or.

OnybnikoBaHo Tpu Mogudikauii aaHoro iHoekcy
BiOMOBIAHO [0 cnocoby BM3HAYEHHS MIIOLLi: MHOXEHHS
nepegHb03adHbLOr0 Ta MOMEpPeYHoro AiameTpiB, MHO-
KEHHS1 HaWbINbLMX NepenHbO3aAHbOrO Ta MOMEPEYHOro
fdiameTpiB, Ta cnoci6b MaHyanbHoro ob6BegeHHs [21].
OKpYXHICTb TOMiBKM Mroga BUMIPIETBCA CTaHOAPTHUM
cnocobom, B MM.

3 ornsAgy Ha paHi npo 36inbweHHs LHR y guHamiui
BariTHOCTi, B Cy4aCHWX [OCHiOXEHHSIX MPOBOAUTLCA
pO3paxyHOK BiQHOLUEHHS OTPMMAHOrO [0 O4iKyBaHOro
LHR (observed to expected LHR, o/e LHR) — BigHOLWwEHHSA
nokasHuka, o6G4YMCNEeHOro B KOHKPETHOMY BUMagKy Q.o
HOPMAaTUBHOrO ANs AaHoro rectauiHoro Biky [11, 21]:

o/e LHR = oLHR/ eLHR.

In the vast majority of cases, only contralateral lung
is visualized in the standard plane, and most prognostic
indices are calculated according to its size only. If the ipsi-
lateral lung is visualized at the level of the 4-chamber
view of the heart, its area is measured by manual tracing.

Given the complex volumetric shape of the lungs,
as well as their dystopia and compression, it is recommen-
ded to perform several measurements (from three to five)
with the subsequent calculation of corresponding ave-
rages, which are then used to obtain prognostic indices.

For term-independent evaluation of lung size, it is
recommended to calculate the following indices:

— percentage of the contralateral lung area from the
expected in this term;

— lung-to-femur index (LFI);

— lung area to head circumference ratio;

— lung-to-thorax transverse area ratio (L/T R);

— for a term-independent assessment of the degree
of liver herniation, it is recommended to calculate liver-to-
lung area ratio (Li/L R).

Percentage of the contralateral lung area from the
expected in this term — the ratio of obtained contralateral
lung area to the 50th percentile’s value for gestational
age of pregnancy multiplied by 100 %:

% S =S8CL/S50 * 100 %,

where % S is the ratio of the contralateral to the defect
lung’s area to the 50th percentile value, Scl is measured
area of the contralateral lung, S 50 is the value of 50th
percentile of the corresponding lung area (right or left)
for the given term of pregnancy. According to calculated
indices, the degree of pulmonary hypoplasia is determined:
2 60 % - mild hypoplasia, 30-59 % - moderate,
<30 % — severe hypoplasia. [23].

Lung-to-femur index (LFI) — the ratio of the maximum
anterior-posterior diameter of contralateral lung to the
femur diaphysis length of the fetus;

LFI=d, /FL,
where LFI — lung-to-femur index, d, — maximum anterior-
posterior diameter of the lung, FL — femur diaphysis
length [24].

Lung area to head circumference ratio, (LHR) is the
ratio of the area of the contralateral lung (in mm2 ) to the
fetal head circumference (in mm?) [21]:

LHR = SCL/HC.

Tree modifications of this ratio were published —
according to the method of obtaining the value of contra-
lateral lung area: multiplication of its anterior-posterior and
transverse diameters, multiplication of the longest and
transverse diameters, and method of manual tracing [21].
The circumference of the fetal head is measured by
standard method, value is taken in mm.

In consideration of the fact, that LHR increases
exponentially during gestation, current studies recom-
mend to calculate observed to expected LHR ratio
(o/e LHR) — which is the ratio of LHR value calculated in
a particular case (oLHR) to the appropriate expected
mean for gestational age (eLHR), expressed as a per-
centage [11, 21]:

o/e LHR = oLHR / eLHR.
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3anexHo Big cnocoby BM3HAYeHHS MIOLLi KOHTpa-
narepanbHOI nereHi BUKOPUCTOBYOTb Pi3Hi HOpMorpamm —
Ons metoay AiaMeTpiB Ta AN Metody o6BeeHHS.

AnbTepHaTUBHMM CNOCOBOM TepPMiH-He3aneXHoi OLiHKM
nereHeBO-KpaHianbHOro iHOEKCY € po3paxyHOK KinbKiCHOro
nereHesoro iHaekcy (quantitative lung index, QLI) [22].

HopmaTuBHi Ans rectauiiHoro TepMiHy MOKa3HUKK
LHR, 3HaveHHsa o/e LHR ta QLI moxHa po3paxyBaTtu 3a
BignosigHMMK dopmMynammu, abo ckopucTaTUCh OH-NanH

KanbkynsaTtopoM  Ha  canmTti  http://perinatology.com/
calculators/LHR.htm.
NereHeBo-TopakanbHunM  iHgekc  (lung-to-thorax

transverse area ratio, L/T R) € BigHOLWEHHSIM CymapHOro
nokasHuKa Mol KoHTpanaTteparnbHoI Ta incunatepanbHoi
nereHb 00 NOKa3HWKa NMoLi rpygHol KniTku nnoaa [S]:

L/T R = (Skn+ Sin)/ Srk.

Llen iHoekc gossonse Kpaiie OUiHUTKM cuTyauilo npu
Bidyanisauii y craHgapTHOMy 3pi3i 060x nereHb AKWo
Ha piBHI YOoTMpUKaAMepHOro 3pi3y cepus Bidyanisyetbcs
NnVlIe KOHTpanaTtepanbHa IereHsi, po3paxyHOK iHAEKCY
NPOBOAMTLCA TifbKK 3a i NAoLLElO.

Onsa TepMmiH-He3anexHoi OLiHKW CTyneHsi repHiadii
neviHku no NK pekoMeHAYy€ETHLCA po3paxyHOK Ne4iHKOBO-
nereHeBoro iHgekcy (M), skuin € BigHOWEHHSAM NNoLLi
repHiNnoBaHOI YacTKM MEYiHKM OO MOKa3HWKa NiioLi fiereHb,
BM3HaYeHNX (DYHKLiE MaHyanbHOro 06BeEeHHS KOHTYPIB
(puc. 11) [25].

Depending on the method of obtaining the value of cont-
ralateral lung area, different normograms are used — for the
method of diameters and for the method of traced area.

An alternative method of term-independent assess-
ment of LHR is calculation of the quantitative lung
index (QLI) [22].

Normal for gestational age LHR, o/e LHR and QLI
can be calculated by corresponding formulas, or with
the help of online calculator at the site http://perinatology.
com/calculators/LHR.htm.

Lung-to-thorax transverse area ratio (L/T R) is the
ratio of the total (contralateral and ipsilateral) lungs area
to the value of fetal thorax area:

L/TR=(SCL+SIL)/STh][5].

This index allows for better assessment in cases
when ipsilateral lung is also visualized at the 4-chamber
view. If only contralateral lung is visualized at the standard
plane, the ratio is calculated with its area value.

For a term-independent assessment of the degree
of liver herniation, it is recommended to calculate
liver-to-lung area ratio (Li/L R), which is the ratio of
herniated liver area to the lung(s) area measured by
manual tracing (Fig. 11) [25].

Puc. 11. BumiptoBaHHS KOHTpanatepanbHoi fnereHi (a) Ta TpaHCNoKOBaHOT YacTKM neviHkuy (6)
Ha piBHI YOTMPMKaAMEPHOro 3pidy cepLsa nroaa i3 niBobivHO AiacdhparmanbHOK KUMOK AN po3paxyHKy NEYiHKOBO-NEreHeBoro iHaeKcy
Fig. 11. Measurement of contralateral lung area (a) and herniated part of the liver area (b)
at the four-chamber view of the heart for calculation of liver-to-lung area ratio in a fetus with left-sided CDH

Y BignosigHocti oo BenuuuH TMJ1I ouUiHOTE CTyNiHb
repHiaudii neviHkm go rpygHoi knitkm: < 1,0 — repHiauis
nerkoro ctynens, Big 1 0o 1,5 — cepeaHbOro CTyneHs,
> 1,5 — repHiauis TAXKKOro CTyneHs.

Pesynbratv npoBefeHnx [OCNiMKEHb | po3paxyHKiB
peKkoMeHOYyETbCA [oAaBaTV A0 OCTaTOYHOrO  AiarHo3y.
Hanpwknag: «BpogxeHa Baga po3sBuTKy y nroga: niBo-
6iyHa giadpparmanbHa kuna (annasis kynona giadparmu).
lepHiauia neviHKW, WNyHKa, KULWEeYHUKA, CenesiHku Ao
rpyoHoi knitkn. PeTpokapgianbHa nosuuis wnyHka. lep-

According to Li/L R value a degree of liver herniation
into the chest can be determined as following: < 1.0 — mild
herniation, from 1 to 1.5 — moderate, > 1.5 — severe
herniation.

It is recommended to include the results of exami-
nation and calculations to the final diagnosis. For example:
«Congenital anomaly of the fetus: left diaphragmatic
hernia (aplasia of the left hemidiaphragm highly
probable). Herniation of the liver, stomach, intestine
and spleen into the thorax. Retrocardiac stomach position.
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Hiauis neyviHkW TspkKoro cTyneHs. inonnasisa npasoi nerexi
TSXKKOro cTyneHs. Annasia niBoi nereHi. EkcTtpagekc-
Tpokapgisi» (puc. 12).

Severe herniation of the liver. Severe hypoplasia
of the right lung. Aplasia of the left lung. Extradextro-
cardia». (Fig. 12).

a)

b)

Puc. 12. Y3-306pakeHHs rpyAHOI KMiTKM y NnoAa 3 isonboBaHot niBobiyHow BAK B 37 Tuxk. BariTHOCTI.
EkcTpapekcTpokappis, peTpokapaianbHa no3uuis WwiyHka (CTpinka),
rinonnasisi NpaBoi NereHi TSXKKOro CTyneHs (MopoXHs cTpinka) (a);
B MiBOMY remiTopakci NeTni KULWeYHWKa, repHiauisi MeYiHKu TSHXKKOTo CTyneHs (NyHKTUpHa cTpinka) (b)
Fig. 12. US image of fetal thorax in the case of isolated left sided CDH at 37 weeks of gestation.
Extradextrocardia, retrocardiac position of stomach (arrow), severe hypoplasia of right lung (empty arrow) (a);
intestine in the left hemitorax, severe liver herniation (dotted arrow) into left hemitorax (b)

BUCHOBKMU

1. MNpeHaTtanbHa ynsTpa3BykoBa CEMIOTUKA BPOMXKEHUX
fiacdparManbHUX KU XapaKTepusyeTbCs 3HaAYHOK Bapia-
OenbHiCTIO BHaAcMigok aHaToMo-TonorpadiyHoi HeogHo-
piAHOCTI naTonorii, Ta CyTTEBUX 3MiH Y AMHaMILi BariTHOCTI.
OcobnumBocTi Bidyanisauii Ta BupasHi 3miH1 TonorpadiyHoi
aHaToMil rpyaHOT KMiTKX | YepeBHOI NOPOXXHUHW CTBOPIOKOTb
nepenyMoBu ANst AiarHOCTUYHMX MOMUIIOK, @ caMe Hernpa-
BUIbHOI igeHTUdikauii Ta 6ioMeTpii opraHiB, WO 3anyyeHi
[0 NaTonoriYyHoro npoLecy.

2. Pos3pobrneHa meTtogonoris YyHiikoBaHUX npeHa-
TanbHUX YNbTPa3BYKOBUX BUMIPIOBaHb Ta OLHKM KITHOYO-
BMX aHaTOMIYHUX CTPYKTYP Y BUNAAKY BPOAXeEHOI Aiadpar-
MarnbHOi KWMW y nnoga [AO3BOMSIE BCTAHOBWUTU MOBHUNA
KOPEKTHUN MpeHaTanbHUM AiarHo3, BU3HAYUTWU CTYMiHb
TSKKOCTi MaTornoriYHoro npowecy Ta NporHosy ansi Bubopy
TaKTUKN BeAEHHS BariTHOCTI Ta MOoriB.
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CONCLUSIONS

1. Prenatal ultrasound semiotics of fetal congenital
diaphragmatic hernia is characterized by significant
variability due to anatomical heterogeneity of pathology,
and significant changes during pregnancy. Features of US
imaging and significant changes of thoracic and abdominal
topographic anatomy create preconditions for diagnostic
errors, namely incorrect identification and measurement
of organs involved in the pathological process.

2. The developed methodology of unified prenatal
ultrasound measurements and assessment of key anato-
mical structures in fetal congenital diaphragmatic hernia
is recommended for use in specialized tertiary institutions;
it allows one to establish complete correct prenatal diag-
nosis, and to determine the severity of the pathological
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Prospects for further research

IValidation of the developed methodology in tertiary institutions.
Assessment of prognostic value of US exam data for the prediction
of perinatal outcomes.
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