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PAT VAN PE

Thai chdm tang truong duoc dinh nghia la sy tang truong cua

thai nhi khong dap tmg dugc tiém ning cia thai do yeu tb bénh ly.
Thai cham ting trudng chiém ty 1& tir 3% - 7% trong tong sd thai ky
va ciing 1 nguyén nhan hang diu giy ra thai chét luu, tir vong so
sinh va cac bénh 1y. Trong 3 nam gan day, lién doan va cac hiép hoi
san phu khoa c6 uy tin di cong bd cac khuyén nghi méi nhat cho
thyc hanh 1am sang ddi véi thai cham ting trudng. Tuan hoan phdi
thai nhi chi chiém 21% cung lugng tim nhung nhitng thay d6i ctia cac
chi s6 Doppler ¢ tinh mach phdi va dong mach phéi da duoc quan sat
thiy khi thai chdm tang truong. Trong do, chi s6 xung tinh mach phdi
va dong mach phdi cia thai chdm ting trudng ting cao so véi thai ting
truong binh thudng. Tuy nhién, vai trd ciia Doppler hé tuan hoan phdi
thai nhi trong quan 1y thai chdm ting truéng van chua duge dé cap
trong cac khuyén nghi vira néu. Pong thoi, cac bién doi ciia Doppler
hé tuan hoan phdi & thai cham ting trudng liéu c6 dong gop thém
nhirng gia tri tién luong d6i véi stc khoe thai nhi hodc két cuc so
sinh hay khong van con chua duoc cong bd. Vi vay, chiung t6i thuc
hién: “Nghién ciru gia tri tién lwong cia chi s6 xung tinh mach
phoi va cac chi so Doppler d{)ng mach phdi chinh & nhirng thai
cham tang tru’6’ng trong tir cung”, v4i hai muc tiéu sau:
1. Khdo sdt chi so xung tinh mach phéi va cdc chi sé Doppler déng
mach phoi cia thai tiang trieong binh thuong va thai chdm tang truéng.
2. Nghién ciru gid tri tién luong ciia chi s6 xung tinh mach phéi va cdc
chi s6 Doppler ddng mach phéi doi véi sirc khde thai va tré so sinh &
thai chdm tang truong.



PONG GOP MOI CUA LUAN AN

Hién nay, chua c6 nghién ctru nao tai Viét Nam duoc thuc hién dé
thiét 1ap khoang tham chiéu cho cac chi so Doppler tinh mach ph01 va
dong mach phdi thai nhi. Trén thé gidi, s6 luong nghién ctru vé vai tro
ctia chi s6 xung tinh mach phdi va cac chi sé Doppler dong mach phoi
& thai cham ting trudng do6i véi tién lugng stc khoe thai nhi va tré so
sinh van con rat hiém. Két qua ciia nghién ctru nay da thiét 1ap duoc
khoang tham chiéu cho cac chi sé Doppler tinh mach phéi va dong
mach phoi ctia thai ting trudng binh thuong. Thém vao d6, chi s6 xung
tinh mach phéi c6 gia tri tién luong pH méau dong mach ron va két cuc
so sinh bét lgi ¢ thai cham tang truong. Dong thoi, ty s AT/ET dong
mach phoi c6 gia tri tién lwong suy hd hip so sinh & thai cham ting
truong. Nghién ctru di xac dinh duoc gia tri chan doan va tién luong
theo diém cit ciing nhu theo bach phan vi cua céac chi s Doppler vira
néu d6i véi sirc khoe thai nhi va tré so sinh & thai cham ting truong.

CAU TRUC LUAN AN

Luan 4n bao gdm 123 trang, trong d6: Dat vin dé: 2 trang; Tong
quan tai liéu: 25 trang; Pdi tuong va phuong phap nghién ctu: 23
trang; Két qua nghién ctru: 34 trang; Ban luan: 36 trang; Két luan: 2
trang; Kién nghi: 1 trang. Ludn 4n c6: 35 bang, 30 biéu do va 17 hinh
minh hoa va 187 tai liéu tham khao (13 tai liéu tleng Viét, 174 tai liéu
tiéng Anh). Phu lyc: 8 trang. Nghién ciru d c6 10 cong trinh di duoc
cong bd trén tap chi va hoi nghi ¢ uy tin cia nganh Y trong nudc va
ngoai nuoc.



) Chuong 1
TONG QUAN TAI LIEU

1.1 PINH NGHIA VA PHAN LOAI THAI CHAM TANG TRUONG

Thai cham tang trudng duoc dinh nghia la tinh trang thai nhi
khong dap g duoc tiém nang ting truéng do yéu tb bénh 1y, thuong gip
nhat 1 do réi loan chirc ning banh nhau. Trong thyc hanh 14m sang, trong
luong thai nhi udc tinh hodc chu vi bung thai nhi dudi mot ngudng nhat
dinh nhu bach phan vi thir 10 hodc thtr 3 thuong duoc sir dung nhat dé
phén loai thai c6 nguy co chém tang truong.

Nhiéu nghién ctru cho ring nén mo rong phan loai thai cham ting
truong dua trén tudi thai tai thoi diém chan doan, bao gom thai cham
tang truong khoi phat som (<32 tuan) va thai cham ting truong khoi
phat mudn (>32 tuin).

1.2 BENH NGUYEN THAI CHAM TANG TRUONG

Phén loai bénh nguyén din dén thai cham ting truéng bao
gdm cac nhém nguyén nhan do thai nhi, ngudi me, banh nhau.
1.3. SINH BENH HQC

Sinh bénh hoc chura hoan toan rd rang, nhung dudng nhu giam
tudi mau cho banh nhau c6 anh huéng dén viée van chuyén chét dinh
dudng dén thai nhi va gay ra thai chim ting trudng.
1.4. CACNGUY CO CUA THAIKY CO THAI CHAM TANG TRUONG

Céc nguy co dbi véi thai cham ting trudng bao gdbm cac van dé
lién quan dén thai nhi va cac bién ching san khoa. Nhiing truong hop thai
cham ting truong c6 bét thuong kém theo sé gia tang ty 1é cac két cuc chu
sinh bat 1oi, nhu can dugc hd tro ho hip gip 3 1an va tho may gip 10 lan
s0 voi cac truong hop khong co bét thuong.
1.5. DU'BAO SOM THAI CHAM TANG TRUONG

DPdi véi du bao thai cham tang trudng, hién tai chua co xét
nghiém nao du kha ning cho két qua du bio & mirc mong mudn. Chinh
vi thé, su 4p dung thudng quy cac mé hinh du bao thai chdm ting
truong vao thuc hanh nén dugc xem xét mdt cach than trong.
1.6. PHAT HIEN THAI CHAM TANG TRUONG

baénh gia sy phat trién cua thai nhi bang do sinh tric hoc thai nhi
trong mot 1an siéu 4m 1a tiéu chuan thyc hanh 1am sang, mic du siéu
am thai nhi duy nhat mot 1an thi chi c6 thé xac dinh kich thuéc chir
khong phai khao sat sy tang trudng. Hién nay, phuong phap chinh xac
nhit dé xac dinh kich thudc thai nhi 13 u6c lugng can nang thai nhi.
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Trong thuc hanh lam sang thi dinh nghia thai cham tang trudng thudong
dua trén sy két hop cua sinh tric hoc thai nhi phbi hop véi cac két qua
bét thudng vé Doppler ctia dong mau.

1.7. QUAN LY THAI CHAM TANG TRUONG

1.7.1 Quan ly thai cham tang trwéng khéi phat sém

Ddéi voi thai cham tang truong khoi phét som, di co sy dong thuan
dua trén cac bang chimg co lién quan dén quy trinh dé chan doan, theo
ddi va xac dinh thoi diém dé sinh. Ngoai cac chi dinh sinh tir ngudi me,
thi chi dinh sinh con duoc xét dén dya vao CTG, CTG vi tinh hoa, chi
s tric dd sinh vt ly, Doppler cua dng tinh mach va dong mach rén.
1.7.2 Quan ly thai cham tang truwéng khéi phat mugn

Thai chdm tang truong khoi phat mudn la nguyén nhan gay ra 50%
trurong hop thai tir lwu. Thoi diém chi dinh sinh khong con dya vao ong tinh
mach ma phai cin ctr vao Doppler dong mach ron, CTG va CTG vi tinh hoa.
1.7.3 Théi diém sinh

Thoi diém sinh di vai thai cham tang truong dugc quyét dinh
dwa trén tudi thai, muc d6 ning va cac dau hiéu xuat hién trong qua
trinh theo ddi thai cham tang trudng, cling nhu cac tri¢u ching cua
nguoi me.

1.8. CAC CAN THIEP NQI KHOA

Trudng thanh phdi thai nhi bang corticosteroid dwgc dit ra khi
thai nhi ¢6 nguy co sinh non. Sy ti wu ctia phuwong phap du phong
nay dat duoc khi liéu trinh diéu tri duoc thuc hién trong khoang 2-7
ngay trudc sinh.

Diéu tri magnesium sulfate cho cac thai phu c6 nguy co sinh non da
duoc chimg minh ¢d vai trd bao vé than kinh cho tré, bai vi s& 1am giam bot
nguy co tir vong chu sinh, bai ndo va cac réi loan van dong tho.

Mot sb thir nghiém dang duoc tién hanh dé khao st kha ning
cai thién cho su thiéu hut tuéi mau giira tir cung va nhau thai. Tuy
nhién, hién tai chua c6 phuong phéap can thiép nao chirng minh c6 hiéu
qua cho céc truong hop thai cham tang truong
1.9. PAC PIEM CUA TIM VA PHOI O THAI CHAM TANG TRUONG

Tang chi sb hiéu suat co tim dugc tim thiy tir tuan thai thir 24
O nhitng truong hop thai cham tang trudng khoi phat sém. Tuy nhién,
diéu nay khong thé hién su cai thién vé hiéu suit co tim ma do thoi
gian thu gidn tdm thu bi kéo. Réi loan chirc ning tim thai ciing ting
1én tir tudi thai 35 tudn & nhimng trudng hop thai cham ting truong khoi
phat mudn vé6i cac biéu hién nhu tim 16n va chuyén dang hinh cau
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nhiéu hon. Ddng thoi cac chi sd vé rdi loan chirc ning tim cling xuét
hién, trong d6 bao gdm bét thuong cua giai doan tim thu thu gian.

Cac bién chimg & phdi do thai cham tang trudng gay ra van
chwa dong nhat trong sy md ta, didu nay c6 thé xuét phat tir sy khac
biét giira cac c4 thé bi cham ting truong trong tir cung do cac nguyén
nhan gay bénh khac nhau. Tuy nhién, cac bang ching rd rang tir nhiéu
nghién ctru da cho thay tinh trang thiéu oxy mén tinh c6 lién quan dén syr
gian doan cua qua trinh phat trién phodi o thai chdm tang truong. Pong
thoi nhitng thuong ton hé hd hap ciing dé xay ra ¢ giai doan sau sinh.
1.10. MQT SO NGHIEN CUU A CONG BO VE MOI LIEN QUAN
GIUA CAC CHI SO DOPPLER CUA HE TUAN HOAN PHOI
THAI CHAM TANG TRUONG VOI KET CUC THAI KY
1.10.1 Péng mach phdi thai cham ting truéng

Nghién ctru cia Sun L. va cong sy di ching minh c6 méi
twong quan gitra oxy trong mau thai nhi khi vira sinh ra v&i dong chay
trong DPMP thai nhi ¢ nhitng thai chdm tang truéng ¢ giai doan mudn.
Giam luu luogng va thay dbi cac hinh dang séng ctia véan toe dong chay
& cac nhanh ctia PMP c¢6 thé 1a cac d4u hiéu sém cua thai suy. Thém
vao dé, nd xay ra trudce khi c6 su thay d6i chi sé xung cia DMNG.

Nghién ciru tién ctru cia Hosseinzadeh R. va cong su cho thay chi

s6 xung cia dong mach phéi & nhom thai chdm ting trudng cao hon
so v6i nhom thai phat trién binh thuong. P6i véi nhom thai cham ting
truong, chi sé xung dong mach phdi trén bach phan vi tha 95 c6 lién
quan v6i tré so sinh can duoc diéu tri tai NICU do gip phai cac van dé
vé ho hap. Ngoai ra, 100% tré so sinh trong nhom nay déu can ligu
phap oxy. Si€u am Doppler dong mach ph01 ¢6 thé dua ra nhimg du
béo can thiét dé giam ty 1é tir vong va méc bénh & nhimng tré so sinh c6
thai ky cham tang trudng.
1.10.2 Tinh mach phai thai chim ting truéng

Nghién ctru cia Bravo-Valenzuela va cong su cho thdy chi sb
xung tinh mach phdi ctia thai chim ting truedng ting cao va phan anh su
giam gidn nd cta thét trai ciing nhu sy thay doi hoat dong ctia nhi trai.

Nghién ciru cua Lee va Cho xac dinh tai diém cit 1,13; chi $6
xung tinh mach phdi c6 gié tri tién doan thai nhé so tudi thai v6i do nhay
70,27% va d¢ dic hiéu 92,3%, gia tri du bao duong 78,79% va gia tri
du bao am 88,54%. Thém vao d6, dién tich dudi duong cong ROC cua
chi s6 xung tinh mach phdi dbi véi du doan thai nhé so tudi thai khong
c6 su khéc biét véi chi sb bach phan vi ctia trong lugng udc tinh thai nhi.
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) Chuong 2
POI TUQNG VA PHUONG PHAP NGHIEN CUU

2.1 POI TUQNG NGHIEN CUU

2.1.1 Poi twong, dia diém, thoi gian nghién ciru: 420 thai ky don
thai (210 thai chdm tang trudng va 210 thai tang trudng binh thudng)
dén kham va diéu trj tai Bénh vién Phu san Nhi Pa Ning, tir thang
6/2017 dén thang 12/2021

2.1.2 Tiéu chuén chon bénh:

2.1.2.1 Tiéu chudn chung ciia 02 nhém (nhém thai chdm tang trucng
va nhom thai chdm tang trwcng): tudi thai trong khoang 28 tuan — 40
tuan, thai nhi khong c6 bét thuong hinh théi, trong lwong thai nhi udc
tinh bang siéu 4m dugc tinh theo cong thirc Hadlock — 4, bach phan vi
cua trong lugng udc thai nhi udce tinh trén siéu am va trong luong tré
ngay sau sinh dugc so sanh v4i bang tham chiéu Hadlock — 4, gia tri
ctia cac chi s6 vé Doppler dong mach rén, ty s6 ndo — rén dugc phan
loai bét thuong hodc binh thuong theo Hudng dan Doppler san khoa
ctia TO chirc Y hoc thai nhi New Zealand, nhiing thai nhi c6 két qua
siéu 4m 2 chiéu va siéu am 1 Doppler xung trong vong 48 gio trude khi
sinh méi dugc chon vao miu nghién ctru, dong ¥ tham gia nghién ciru.
2.1.2.2 Tiéu chudn riéng cia nhém thai chdm tang trudng (nhém
bénh): Trong lugng thai nhi ugc tinh trén siéu &m dudi BPV 3™; hodc
TLTN uéc tinh trén siéu am tir BPV 3" dén dudi BPV 10" kém theo
chi s6 xung DMR trén BPV 95®; hodc TLTN wdc tinh trén siéu am tir
BPV 3™ dén dudi BPV 10" két hop véi ty s ndo — banh nhau dudi
BPV 5", Trong lugng cua thai sau khi sinh dung theo phan loai véi
giai doan trude khi sinh

2.1.2.3 Tiéu chudn riéng cia nhém thai ting truong binh thuong
(nhom chirng): San phu khoe manh, khong co6 tlen sit vé bénh ly
chuyén hoa —tu mlen tim mach, khong bi bénh ly vé& ho hip, tim mach,
tang huyet ap, tiét niéu va ty mién trong subt qua trinh mang thai, trong
lugng udc tinh cta thai nhi trén si€u am trudc sinh va can nang thai nhi
sau khi sinh trong khoang tir BPV 10" dén BPV 90™, Doppler dong mach
ron binh thuong va ty sé ndo — banh nhau binh thuong.

2.1.3 Tiéu chudn loai trir: khong c6 sinh dy doan dya vao thoi diém
thai 8 tudn — 10 tuan, khong thu thap dugc diy du cac bién sb can
nghién ctru (do thanh bung ngudi me qua day, da 6i hodc khong co du
dir lidu cac bién sb can thu thap & giai doan sau sinh).
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2.2 PHUONG PHAP NGHIEN CUU
2.2.1 Thiét ké nghién ciru: nghién ciru duoc thiét ké theo phurong phép
thuan tap ghep cap, tién ctru. Tién trinh ghép cip dugc thyc hién khi co
chi dinh chdm durt thai ky, trong d6 su ghép cap duoc chon lva gitra tudi
thai ciia nhdm bénh va tudi thai ciia nhom chimg.
2.2.2 C& miu:
- C& méu woc tinh cho myc tiéu 1: theo quy udc thi can tbi thiéu 120
thai ky khoe manh dé xay dung cac khoang gié tri tham chiéu cho cac
chi s6 Doppler tinh mach phoi va dong mach phdi thai nhi. Béi vi ¢6 su
ghép cap tuong tng véi s lugng 210 thai cham ting truong & muc tiéu
2, nghién ctru nay c6 210 thai ting trudng binh thuong thoa man cac
tiéu chuén chon bénh d3 dugc chon lya dé khao sat va thiét 1ap khoang
tham chiéu cho céac chi sb Doppler tinh mach phéi, dong mach phéi cua
thai nhi.
- C& mau udc tinh cho myc tiéu 2: cong thic tinh ¢& mau cho nghiém
phép chan doan d3 duoc lua chon:
TN + FP Z,_a* + Spex (1= Spe)
n(spe) = __—p va TN + FP = 7

Trong d6, n (spe): sb luong co mau tinh theo do dic hiéu; TN:
s6 4m tinh that; FP: s6 duong tinh gia; Spe: do dac hiéu (Spec = 93%);
d: dao dong ctia do dac hi€u vdi 95% khoang tin cay (d = 0,05); Z1-w2:
mtic y nghia théng ké 5% (Zi-w2= 1,96), P: ty 1é mac bénh (P = 0,32).
Nhu vay, ¢& mau téi thiéu cho muc tiéu 2 1a 142 thai cham tang trudng.
Nghién ctru nay c6 210 thai cham ting truong thoa man cac tiéu chuan
chon bénh va cac tiéu chuan loai tru.
2.2.3 Phuong tién nghién ctru: phiéu thu thap sb liéu in sin, bénh an
san khoa, can nguoi 16n TANTA, céan tré so sinh INFANT SCALE,
bang tham chiéu cin ning udc lwong cua thai nhi trén siéu 4m theo
Hadlock, méy siéu 4m GE Voluson S6 (ddu do bung convex c6 tan sb 3.5
—6 MHz), may Monitoring BT-350, may xét nghiém khi mau GASTAT
1835 (s6 Serial 0128202).
2.2.4 Cac buée tlén hanh
2.2.4.1 Phong vin cdc dac dzem Chung
2.2.4.2 Khai théc cac yéu té tién sir, bénh sir: ¢6 lién quan dén tiéu
chuén chon bénh va tiéu chuén loai trur
2.2.4.3 Khai théc cac déc diém ciia thai phu 6 thoi diém truéc mang
thai: chidu cao, cAn ning, BMI, phan loai BMI.
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2.2.4.4 Kham lam sang thai phu o lan mang thai hién tgi: xac dinh
tudi thai, do mach nhiét huyét ap, tinh sb can da tang trong thai ky,
phén loai tang can

2.2.4.5 Siéu am 2 chiéu: do cac chi s sinh tric hoc ctia phan dau, phan
bung va chidu dai xuwong dui dé udc tinh trong lugng thai nhi, danh gia
cac dc diém cua banh nhau va nude 6i, khdo sat hinh thai thai nhi dé
loai trir cac truong hop co bat thuong bam sinh vé cau tric.

2.2.4.6 Sieu am Doppler xung: khao sat va phan loai chi s6 Xung cua
dong mach ron, dong mach ndo gitra, 6ng tinh mach, tinh ty s6 ndo —
banh nhau va ty s6 rén — ndo. Khao sat cac chi so Doppler cia dong
mau ¢ tinh mach phoi thai nhi, bao gdm: vén tdc dinh tdm thu, van
the dinh tdm truong, van toc cu01 tam truong, chi sé van tdc dinh,

chi s6 xung. Khao sat cac chi s6 Doppler ctua dong mau ¢ dong
mach chinh thai nhi, bao gom van toc dinh tam thu, chi s6 xung,
thoi gian tang tdc, thot gian tong xuét, ty sb gitra thoi gian ting toc
vé6i thoi gian tong xuat.

2.2.4.7 Ghi nhdan va phan loai CTG: theo ti€u chuin cta Hiép hoi san
phu khoa thé giéi dé xuit vao nam 2015.

2.2.4.8 Theo d6i va xu tri thai ky: Nhom thai tang truong binh thuong
dugc theo ddi chuyén da tu nhién hodc cham dut thai ky theo cac chi
dinh tir nguoi me, thai nhi. Nhdm thai cham tang trudng dugc theo di
va X tri theo phac do cu thé. Nhiing trudng hop ¢6 tudi thai trudc 34
tuin dwoc bd sung mot liéu trinh truong thanh phdi bang
Corticosteroid néu trudc do thai ky chua duoc diéu tri. Thém vao do,
liéu trinh Magne Sulfate ciing durgc bd sung cho nhiing thai ky c6 tudi
thai nho hon 32 tuan.

2.2.4.9 Thu thdp céc da liéu khi thai ky két thic: Tat ca cac két qua
ctia 2 nhém nghién ctru déu dugc thu thap, dic biét cac di lidu trén
siéu am duoc lay tir 1an thuc hién cudi cling va phai trong vong 48 gio
truée sinh. Cac dit ligu dugc thu thap bao gom: tudi thai Itc sinh,

phuong phép sinh, pH mau dong mach rén, gigi tinh tré sinh ra, diém
sb Apgar & phat thir nhat va phat thi nam, trong lugng thai nhi ltc
méi sinh ra, tinh trang tré so sinh phai chuyén dén diéu tri tai don vi
cham soc so sinh tich cuc, tinh trang suy hd hap so sinh, nguyén nhan
dan dén suy ho hap so sinh, két cuc so sinh bét loi

2.3 THU THAP VA XU LY SO LIEU: dit liéu thu thap dugc ghi vao
phiéu thu thap s6 liéu, phan tich dir li€u dugc thyc hién béng SPSS
phién ban 20 va Medcalc phién ban 20.1. Cac thuat toan dugc sur dung
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trong thong ké & nghién ctru nay bao goém tinh toan ty 1& phan tram,
udc lugng thong ké, kiém dinh gia thuyét c6 y nghia thong ké véi
p<0,05, ty s6 Odds, hé sb tuong quan Pearson (1), 0 nhay, do dac
hiéu, ty s6 kha di duong, ty s6 kha di 4m, gia tri du bao duong, gia tri
du bao am. Panh gia tinh hitu ich cia mot phuong phap chan doan
bang phan tich duong biéu dién ROC. So sanh dién tich dudi dudong
cong (AUC) cua cac phuong phap chan doan dé kiém dinh sy khac
biét vé gia tri chan doan. Thiét 1ap khoang gia tri tham chiéu cho cac
chi s6 Doppler tinh mach phoi va dong mach phoi ciia thai ting truong
binh thudng theo tudi thai, kém theo ngudng gidi han cia cac gia tri
tuong (mg ¢ mic BPV thir 95 va BPV thtr 5. M6 hinh hdi quy tuyén
tinh boi duoc str dung dé udc tinh gia tri cua mot bién phu thudc, va
dé xay dung mé hinh du bao pH mau dong mach rén ¢ thai chdm ting
truong. Phén tich hdi quy logistic nhi phan (Binary logistic) dugc 4p dung
dé xay dung mé hinh du bao kha ning xay ra suy ho hap so sinh d6i véi
thai chadm tang trudng.

2.4 PAO PUC NGHIEN CU'U: Nghién ctru duge Hoi dong dao dirc
trong nghién ciru Y sinh hoc cta Truong dai hoc Y Duoc Hué chap
thuan theo quyét dinh sé H2017/15, ky ngay 28/4/2017. Pong thoi,
nghién ctru ciing da dugc Hoi déng Khoa hoc k¥ thuat cua Bénh vién
Phu san Nhi Da Néng dong ¥ cho phép tién hanh theo Bién ban da ky
vao ngay 02/05/2017



) Chwong 3 .
KET QUA NGHIEN CUU

3.1 PAC PIEM CHUNG CUA MAU NGHIEN CUU
3.1.1 Pic diém chung cia hai nhém nghién ciu

Tudi trung binh cia me & nhém thai cham ting truong 14 30,01
+ 5,75, va nhom thai tdng truéng binh thuong la: 29,72 + 5,69 (p >
0,05). Su khac biét khong c6 ¥ nghia thong ké (p > 0,05) khi xét dén
phén loai BMI, tang can cua me gitta nhom bénh va nhém ching. Khac
biét vé s6 luong thai phu c6 vét mo cii ciing khong c6 y nghia thong
ké giita hai nhom (p > 0,05). Tudi thai trung binh khi két thuc thai ky
cuia nhoém bénh la: 35,71 £2,35 (tuén) va nhom ching la: 35,47 £ 2,60
(tuan), su khac biét khong c6 y nghia thong ké (p > 0,05).

3.1.2 Pic diém ciia thai ky c6 thai chim ting truwéng

Ty I¢ thai cham tang trudng mirc d0 nang & trong nghién ctru
nay chiém 65,7% s6 lugng nhom bénh. Ty 1¢ thai chdm ting trudng
sau 32 tuan chiém ty 1¢ 91,4% cua nhém bénh. Nguy co mé lay thai &
nhom thai chdm tiang trudng cao hon nhom thai ting trudng binh
thuong vai OR: 3,76; 95% CI: 2,32 — 6,09; p < 0,0001.

3.1.3 Pic diém ciia két cuc thai ky theo phén loai ting trudng thai nhi

- Can nang tré Iuc sinh cua nhom bénh 1a 1959 + 410 gram va
ctia nhém ching 13 2493 + 651 gram. Diém sd Apgar trung binh &
thoi diém 1 phut va 5 phat 1an luot 14 7,12+ 1,20 va 7,84 + 1,21; con
0 nhom chung lan luot 1a 7,53 + 1,01 va 8,39 + 0,93. pH mau dong
mach ron & thoi diém ngay sau sinh ctia nhom thai cham ting truong
la 7,22 £ 0,04 va nhom thai tdng trudng binh thuong la 7,26 + 0,02.
Céc chi s6 vira néu & nhom thai cham ting trudng déu thap hon so
voi nhom thai tang trudng binh thuong, va sy khac biét cd y nghia
théng ké (p < 0,001).

- Thai cham ting trudng lam ting nguy co két cuc so sinh bt
loi 1én 1,97 1an (95% CI: 1,33 — 2.91; p < 0,001). Trong dé, nguy co
Apgar & thoi diém 1 phit < 7 diém 14 2,45 1an (95% CI: 1,46 — 4,10;
p < 0,001), nguy co Apgar ¢ thoi diém 5 phat < 7 diém 1a 5,76 lan
(95% CI: 2,62 — 12,65; p < 0,001); nguy co chuyén diéu tri don vi
cham soc so sinh tich cuc 1a 1,55 lan (95% CI: 1,05 — 2,30; p < 0,05)
va nguy co pH mau dong mach ron < 7,20 14 153,95 lan (p < 0,001).
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- Khi so sanh véi nhém thai chdm tang trudng cé trong
lugng trén bach phan vi thu 3, thi nhém thai cham tang trudng
murc d§ nang co6 nhiéu nguy co bi chi s Apgar thip, chuyén tré so
sinh dén diéu tri tai NICU (p < 0,01).

3.1.4 Piac dlem caa chi s6 xung dong mach ron

- Chi s6 xung dong mach rén ctia thai cham ting trudng cao
hon so voi thai tang trudng binh thuong (1,13 £ 0,27 so voi 0,91 +
0,13). Trong ca hai nhom nghién ctru, thai c6 két cuc so sinh bat 1oi c6
chi s6 xung dong mach rén cao hon. Cac sy khac biét nay co ¥ nghia
thdng ké vi p < 0,001.

- Sy tuong quan nghich mirc d6 yéu gitta chi s6 xung dong mach
ron voi pH mau dong mach rén & thai ting truong binh thuong (r=-0,17;
p <0,05). Sy tuong quan nghich mirc d6 manh gitra chi s6 xung dong
mach rén véi pH mau dong mach rén ¢ thai cham ting truéng (r = -
0,53; p<0,001).

- Gia tri du béao cua chi sd xung dong mach rbn d6i voi két cuc
so sinh bat loi ¢ thai chdm ting truéng & mirc trung binh (AUC =
0,768; p <0,001).

3.1.5 Pic diém ciia ty s6 nio - banh nhau va ty s6 rén — nio

- So v&i nhém thai tang trudng binh thuong thi nhém thai
cham tang trudng cé ty s6 ndo — banh nhau thap hon (1,22 + 0,22 so
véi 1,90 + 0,28) va ty s6 ron - ndo cao hon (0,85 £ 0,20 so véi 0,54 +
0,07), cac su khac biét nay c6 ¥ nghia thong ké voi p < 0,001.

- Ty sb ndo - banh nhau khéng c6 y nghia vé gia tri du bao dbi véi
két cuc so sinh bat 101 ¢ thai cham tang truong (AUC = 0,525; p > 0,05).

- Ty sb ron — ndo khong ¢ y nghia vé gia tri du bao dbi véi két
cuc so sinh bét loi & thai chdm ting truong (AUC =0,522; p>0,05).

3.2 CAC CHI SO DOPPLER CUA TiNH MACH PHOI VA
PONG MACH PHOI O THAI TANG TRUONG BINH
THUONG VA THAI CHAM TANG TRUONG

3.2.1 Khoang gia tri tham chiéu ciia cac chi s6 Doppler tinh mach
phéi & thai ting truwéng binh thwong
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Bang 3.10: Cong thikc hdi quy cia céc chi sé6 Doppler cia tinh
mach phéi theo tudi thai
Chuyén d6i Giao diém  Dp dbc
Logarit (o) B)

Chi s6 Doppler

Van toc dinh tam thu : 26420 1,749 <0001
(cmis)

Vdn téc dinh tam

rrong (cms) - -26,01 1,64 <0,001
Vdn tac cusi tm

irwomg (cmls) - -17,149 0,829 <0,001
Chi s6 védn toc dinh LN 0,101 -0,0064 < 0,001
Chi' s6:xung LN 036 00123 <0001
tinh mach

Ghi chu: LN (logarit tw nhién)
3.2.2 Khoing gi4 tri tham chiéu cia cac chi s6 Doppler dong mach
phdi & thai ting trwéng binh thwong
Bang 3.11: Cac cong thic hdi quy cho céc chi sé Doppler cia
ddng mach phai thai nhi theo tuéi thai
Chuyén d6i  Giao diém

Chi s6 Doppler Podéc(B) p

Logarit (a)

Van toc dinh tam LN 1441 00132 <0,001
thu (cm/s)

That gian ting toc i 16292 1630 <0001
(ms)

Thai gian tong - 02,478 2331 <0,001
mau (ms)

Ty s6 AT/ET - 00244 0006 <0001
Chi sé xung LN 0,742  -0,00928 < 0,001

Ghi chii: LN (logarit tw nhién); AT: (thoi gian tang toc); ET (thoi gian tong
mdu)
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3.2.3 So sanh mot s6 chi sé Doppler ciia tinh mach phoi va dong
mach phéi thai nhi giira thai ting truéng binh thuwong va thai
cham tang truéng
- So véi thai tang truong binh thudng, chi s6 xung tinh mach
phéi cua thai cham tang truéng cao hon (1,13 + 0,21 so voi 0,85 +
0,15), su khac biét nay c6 y nghia théng ké voi p < 0,001.
- So v&i thai tang truong binh thudng, ty s AT/ET dong mach
phéi cua thai cham tang truéng cao hon (0,237 £ 0,024 so véi 0,220 +
0,032), p <0,001.
- So v6i thai tang truong binh thudng, chi sb xung dong mach
phdi cta thai chdm ting trudng cao hon (2,73 £ 0,26 so v6i 2,60 +
0,29), p<0,001.
3.3 GIA TRI TIEN LUQNG CUA CHI SO XUNG TiNH MACH
PHOI VA CAC CHI SO DOPPLER PONG MACH PHOI THAI
NHI POI VOI SUC KHOE THAI VA TRE SO SINH O THAI
CHAM TANG TRUONG
3.3.1 Gia tri tién lwong ciia chi s6 xung tinh mach phéi ddi véi sirc
khde thai va tré so sinh & thai chim ting truéng
3.3.1.1 Moéi twong quan giita chi sé xung tinh mach phoi véi mét sé
chi s6 & thai chdm tang trucng
- Su tuong quan thuan mic d6 manh gitra chi ) xung tinh mach
phdi véi chi s6 xung dong mach rén (r = 0,59; p < 0,001).
- Su tuong quan nghich mirc d6 trung binh gitra chi sO xung
tinh mach phdi véi ty s6 ndo — banh nhau (r = - 0,34; p<0,001).
- Su trong quan nghich mirc 6 manh gitra chi s6 xung tinh mach
phdi thai nhi véi pH méau dong mach ron (r=-0,61; p<0,001).
3.3.1.2 Giatri tien lrong cua chi s6 xung tinh mach phéi doi véi pH
mdu déng mach ron cua thai chdm tang trirong
Gi4 tri chan doan va tién lugng cua chi b xung tinh mach phdi
trén bach phan vi thir 95 di véi pH méau dong mach rén < 7,20 ¢ thai cham
tang truong:
- Bd nhay: 87,5% (95% CI: 75,9% — 94,8%)
- Bg dac hi¢u: 70,1% (95% CI: 62,2% - 77,2%)
- Gia tri du bao duong: 51,6 % (95% CI: 45,0% - 58,0%)
- Gia tri dy bao am: 93,9 % (95% CI: 88,5% - 96,8%)
- AUC: 0,78 (95% CI: 0,72 — 0,84)
3.3.1.3 M6 hinh tién lwong pH mdu ddng mach rén cia thai chdm ting
truong
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- Mo hinh hdi quy tuyén tinh da bién két hop cac dic diém vé
tudi thai, CTG, chi sb xung dong mach rén va chi sb xung tinh mach
phoi thai nhi c¢6 hé¢ s6 R? hiéu chinh cao nhat dbi véi tién luong pH
mau déng mach rén cta thai chdm ting truong (R?=0,615;p<0 ,001).
Bang 3.16: Phan tich vai trd cua cac bién s6 trong c4c md hinh hoi

quy da bién dé tién lwong pH mau dong mach rén ¢ thai cham ting
truong (trich mot phan bang 3.16)

M6 hinh  Bién doc Hé sé (B) Hé so (B) t Y Thong
du bao lap chua  chuan hoa nghia ké da
chuan cong

hoa tuyén

Tuoi thai Tuoi thai - 0,004 -0,228 -4550 <0,001 1,365
-CTG- CTG -0,026 -0,458 -9,665 <0,001 1,225
PIPDMR - PIDPMR -0,059 -0,371 -6,776 <0,001 1,632

PITMP PITMP -0,064 -0,312 -5,173 <0,001 1,988

Hang sé 7,524 184,8 <0,001

(Ghi chii: DMR — dong mach ron; TMP — tinh mach phéi; PI — chi
s6 xung; CTG: biéu do ghi tim thai — con go tir cung)

3.3.1.4 Gi& trj tién lwong cua chi sé xung tinh mach phéi déi véi két
cuc so sinh bat loi ¢ thai chdm tdang trirong

- Gia tri du bao cua chi sd xung TMP ddi voi két cuc so sinh
bét lgi ¢ thai chdm ting truéng & muc trung binh (AUC = 0,783; p <
0,001).

- Sy khac biét vé AUC cua chi s6 xung tinh mach phéi vaAUC
ctia chi s6 xung dong mach ron trong tién lwong két cuc thai ky bt loi
& thai chdm ting trudong khong co y nghia théng ké (0,783 so véi
0,768; p > 0,05).

3.3.2 GiA tri tién lrgng ciia cAc chi s6 Doppler dong mach phéi ddi
v@éi sirc khée thai va tré so sinh ¢ thai chim ting truéng

3.3.2.1 Gid tri tién lwong ciia cdc chi sé6 Doppler dong mach phéi doi
véi pH mdu dong mach rén ciia thai chdm tang trucng

- Gia tri tién luong cua ty 50 AT/ET dong mach phdi déi véi pH
mau dong mach rén < 7,20 & mirc khong t6t (AUC = 0,620; p < 0,001).

- Chi s6 xung dong mach phoi khong c6 gid tri tién lugng doi
v6i pH méu ddng mach ron < 7,20 (AUC = 0,571; p > 0,05).
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3.3.2.2 Gia tri chdan dodn va tién lwong cua ty sé AT/ET dong mach
phoi thai nhi doi véi suy hd hdp so sinh

Gi4 tri chan doan va tién luong cua ty s6 AT/ET dong mach
phdi dudi bach phéan vi thir 5 ddi voi suy ho hip ¢ thai chdm ting
truéng:

- b6 nhay: 68,8% (95% CI: 57,2% — 78,9%)

- B¢ dac hiéu: 84,9% (95% CI: 77,7% - 90,6%)

- Gia tri du béo duong: 72,6 % (95% CI: 63,3% - 80,3%)

- Gia tri du bao am: 82,5 % (95% CI: 77,0% - 86,8%)

~ AUC: 0,77 (95% CI: 0,70 — 0,82)
3.3.2.3 M6 hinh tién lwong suy hé hdp so sinh ¢ thai chdm tang truéng
Bang 3.19: C4c bién sé trong md hinh hdi quy logistic ddi vai tién
lwong suy hd hap so sinh & thai chdm ting truéng

Bién s6 Hésohoiquy OR  95%Cl p
Tudi thai 0672 os 03 <
: ' 0,65 0,0001
Phan logi ty s6 3,35 — <
AT/ET theo BPV 5 1,979 72 1561 0,0001
Hang so 22,637
Chuong 4
BAN LUAN

4.1 PAC PIEM CHUNG CUA MAU NGHIEN CUU
4.1.1 Pic diém chung caa hai nhém nghién ciru
4.1.1.1 Tudi cua thai phu
Tudi cta phy nit mang thai cia nhém nghién ctru 113 30,01 +
5,75 (tu01) va ctia nhdm nghién ctru 2 1 29,72 + 5,69 (tudi). Su khac
biét vé tudi me giita hai nhém nghién ciru khong c6 ¥ nghia thong ké
(p = 0,603; bang 3.1). Két qua nay ciing khong khac biét co ¥ nghia
thong ké Véi cac nghién ctru ¢ trong nudc va ngoai nudce.
4.1.1.2 Chi s6 BMI tru6c khi mang thai va tang can trong thai ky ciia me
Su khac biét khong c6 y nghia thong ké giita nhém bénh vai
nhém chimg vé phéan loai BMI ciia me truéc mang thai va phéan loai
ting can dung chuidn cua me trong thai ky. Theo nghién ctru cia
Nguyén Tran Thao Nguyén va cs (2020), mtc ting can trung binh ctia
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ngudi me & nhom thai cham ting truong 14 9,52 + 4,35 (kg) va thap
hon so v6i nhdm thai tang trudng binh thuong 1a 13,58 + 4,19 (kg).
4.1.1.3 Tuéi thai 6 thoi diém sinh

Nghién ctru cua chung t1 dugce thiét ké theo phuong phap
ghép cip theo tudi thai giita nhom bénh va nhom chimg ¢ thoi diém
tré dugc két thic thai ky. Trong d6, tudi thai trung binh ctia nhém bénh
1a 35,71 + 2,35 (tun) va nhoém ching 13 35,47 + 2,60 (tuan). Quyét
dinh cham dut thai ky trong bbi canh thai chdm tang trudng phu thudc
vao nhiéu yéu t6, trong d6 tudi thai dong vai tro quan trong.

4.1.2 Mai lién quan giira phwrong phap sinh véi phan loai ting truéng
thai nhi

Két qua cia nghién ctru ctia chiing t6i cho thay thai cham ting
truong 1a mot yéu td nguy co dan dén mo lay thai voi OR: 3,76; 95%
Cl: 2,32 - 6,09; p < 0,0001. Nghién ctru cua Wilk C. va cs cho thay
két qua nguy co md sinh do thai cham ting truong ting 1én gap doi
(v6i OR: 2,00; 95% CI: 1,78 —2,25).

4.1.3 So sanh cac dic diém két cuc thai ky giira hai nhém nghién ciru

Trong lugng trung binh cua tré ngay sau sinh ¢ nhom thai
cham tang truong (1959 + 410 gr) thap hon c6 y nghia théng ké (p
<0,001) so v&i nhom thai tang trudng binh thuong (2493 + 651 gr).
Vi tudi thai trung binh khi cham dit thai ky 16n hon thi trong luong
thai nhi s& nang hon. Thai cham ting trudng c6 nguy co bi két cuc
so sinh bat loi gap 1,97 lan so vdi thai ting truong binh thudng
(OR: 1,97; 95% CI: 1,33 — 2,91). Trong nghién ctru nay, gié tri trung
binh cua pH mau dong mach rdn thai ting truong binh thuong (7,26 +
0,02) 16n hon thai cham tang truong (7,22 + 0,04), va sy khac biét co
¥ nghia théng ke.

Nhitng két qua cua nghién ctru nay da cung cip thém cac
bang chimg cho sy déng thuan vé& ngudng cat bach phan vi cua
can nang dugc lya chon dé chan doén thai chAm tang trudng trong
céc khuyén nghi hién nay.

4.1.4 Gié tri tién hrgng ciia chi s6 xung déng mach rén, ty sé néo
— banh nhau, ty s6 rén — niio ddi véi két cuc so sinh bit lgi

Nghién ctu cta ching t6i cho thay chi s6 xung PMR c6 gia tri
tién lwong & mic trung binh ddi voi céc két cuc chu sinh bét loi d6i voi
thai cham ting truong. Chan doan két cuc so sinh bét lgi bang chi s6 xung
DMR tai diém cit 1,08 c6 do nhay 68,9% va do dac hiéu 73,1%. Nguyén
Tran Thao Nguyén va cs da chon diém cit 1,43 cho chi s6 xung PMR dé
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tién luong két cuc so sinh bat loi véi do nhay 56,67% va do dac hiéu
89,74%. Nghién cau cua Yilmaz C. trén céc thai cham tang truong khoi
phat muon c6 tudi thai trung binh 1uc sinh 37 tuan, véi diém cat 1,23 cua
PMR cho két qua dy bao két cuc so sinh bat loi c6 AUC = 0,853 (p <
0,001) va d6 nhay 75%, d¢ dac hi¢u 97,4%.

Két qua trong nghién ctru cua chung toi cho thay ty s6 néo -
banh nhau va ty s rén — nio déu cé gia trj du béo thap véi két cuc chu
sinh bét loi. Nghién cau trén thai cham ting truang ciia Coenen H. cho
thiy kha nang tién luong cua ty sé ndo — banh nhau d6i véi pH méu
PMR < 7,20 ¢6 AUC 14 0,461. Nghién ciru tién ciru cua Rizzo G. trén
don thai bi cham ting truong khai phat muon, AUC cua ty s6 néo -
banh nhau trong du bao két cuc chu sinh bt loi ciing & mirc thap.

4.2 CAC CHI SO DOPPLER CUA TINH MACH PHOI VA
PONG MACH PHOI CHINH O THAI TANG TRUONG BINH
THUONG VA THAI CHAM TANG TRUONG

4.2.1 Khoang gia tri tham chiéu ciia cic chi s6 Doppler tinh mach
phdi & thai ting truwéng binh thwong

Trong nghién ciru nay, van toc ctia dinh tdm thu va dinh tam
truong c6 su gia ting dang ké tir tudi thai 28 tuan. Van tdc dinh cua
tam thu va tam truong cé sy twong quan thuan véi mic d6 manh so voi
tuéi thai. Chi s6 van tdc dinh va chi s6 xung tinh mach phdi giam dan theo
tudi thai, co nghia la xung dong song cua dong chay giam theo thai ky.
Pham vi gié trji tham chiéu ctia cac chi s6 Doppler tinh mach phéi dwoc
chung t61 xac 14p cling phu hop véi nhiing nghién ciru cla cac tac gia
Lenz F., Laudy JAM., Dong FQ., Hong Y., Bahlmann F..

4.2.2 Khoang gi4 tri tham chiéu ciia cac chi so Doppler dong mach
phdi & thai ting truwéng binh thwong

Trong nghién ctru nay, cac chi s6 Doppler cua dong mach ph01
nhu van tdc dinh tdm thu, thoi gian ting tdc, thoi gian tong mau, ty s0
AT/ET déu tang dan va trong quan thuin voi tu01 thai. Chi s6 xung
d6ng mach phdi c6 su tuong quan nghich véi tudi thai. Pham vi gia tri
tham chiéu cta cac chi sé Doppler dong mach phdi ciing pht hop véi
nhiing nghién cuu cua céac tac gia Chaoui R., Guan Y., Mielke G.,
Sosa-Olavarria A., Yamamoto Y..

4.2.3 Pic diém chi s6 xung tinh mach phéi thai nhi theo phan loai
tang trudng thai nhi

Két qua nghién ciru ctia ching t6i da cho thay gia tri trung binh
cua chi s xung tinh mach phdi thai nhi & nhém thai cham ting truong (1,13
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+0,21) cao hon so voi nhom thai tang trudng binh thudng (0,85 +0,15), su
khac biét c6 ndy ¥ nghia théng ké vai p < 0,001. Nghién ciru ctia Bravo -
Valenzuela va cs ciing di cho thy chi s6 xung TMP & nhom thai chim ting
truong (1,27 £ 0,39) cao hon nhom thai tang trudng binh thuong (0,75 +
0,12) v6ip < 0,001.
4.2.4 Pic diém ty s6 AT/ET va chi s6 xung dong mach phoi ciia thai
theo phin loai ting trudéng thai nhi

Nghién ctru ndy da cho thiy ty so AT/ET ¢ nhom thai chdm
tang truong (0,220 £ 0,032) thap hon c6 y nghia thdng ké (p < 0,001)
s0 voi nhom thai tang trudng binh thuong (0,237 £ 0,024). Mot nghién
ctru ciia Sahin ciing da cho két qua Vé su khac biét co y nghia thong
ké (p <0,001) gitta nhom thai phat trién binh thuong va nhom thai nho
so tudi thai, trong do6 ty s6 AT/ET cua hai nhoém lan luot 14 0,348 +
0,213 va 0,309 = 0,18. Gia tri trung binh cua ty s AT/ET & nghién ciru
ctia Sahin 16n hon so v&i nghién ctru cia ching t6i bai vi mau nghién
ctru ctia Sahin ¢6 tudi thai lic sinh 16n hon.

Nghién ctru ctia chung t6i cho thiy chi sé xung dong mach phéi
0 nhom thai chdm tang trudng (2,73 + 0,26) tang cao so vdi nhom thai
tang trudng binh thuong (2,60 + 0,29), sy khac biét nay c6 y nghia
thong ké. Két qua nghién ciru ciia Cynober E. cho thiy chi s6 xung
dong mach phoi & nhom thai chdm tang truong 1a 2,71 + 0,33, gia tri
nay cao hon so véi nhom thai tang truéng binh thuong (p < 0,01).
43 GIA TRI TIEN LUQNG CUA CHI SO XUNG TINH MACH
PHOI VA CAC CHI SO DOPPLER DPONG MACH PHOI THAI
NHI POI VOI SUC KHOE THAI VA TRE SO SINH O THAI
CHAM TANG TRUONG
4.3.1 Gia tri tién lugng ciia chi s6 xung tinh mach phdi ddi véi strc khée
thai va tré so sinh ¢ thai chim ting truéng

- Trong nghién ciru ndy, chiing toi tim thdy c6 su twong quan
thuan giita chi s xung PMR véi chi sb xung TMP (r = 0,59; p <
0,0001) & nhém thai cham tang truong. Thém vao do, cd sy tuong
quan nghich mirc d6 trung binh giita chi sé xung tinh mach phdi véi
ty s6 ndo — banh nhau ¢ thai cham ting truong (r=- 0,34 va p <0,01).
Khi tim kiém trén y vén, chiing t6i nhén thdy rang day 1a nghién ctru
dau tién xét dén cac mdi twong quan nay.

- Két qua nghién ciru ctia ching t6i cho thay c6 sy twong quan
nghich gitta chi s xung TMP va pH mau PMR véir = - 0,61 & thai
cham ting truong (p < 0,001). Nam 2021, Suekane T. di cong bd co
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su twong quan nghich (r=- 0,677) giita chi s6 xung dng tinh mach véi
pH mau dong mach ron ciia thai chdm ting trudng.

- Gia tri chan doan va tién luong ciia chi s6 xung tinh mach
phéi cua thai cham ting truong dbi voi pH mau dong mach rén dudi
7,20 (bang 3.14) c6 d6 nhay: 87,5% (95% CI: 75,9% - 94,8%), d¢ dac
hi¢u: 70,1% (95% CI: 62,2% - 77,2%, AUC = 0,78 (95% CI: 0,72 —
0,84), gia tri tién lugng duong: 51,6% (95% CI: 45% - 58%) va gia tri
tién lugng am: 93,9% (95% CI: 88,5% - 96,8%). Tim kiém trong y
van, dy 1a nghién ctru dau tién khao sat vai tro cia chi s6 xung tinh
mach phéi trong chan doan va tién luong pH mau dong mach rén &
thai cham tang trudng.

- Két qua cua nghién ctru nay di din dén dé xuét nén thém
Doppler TMP vao trong theo doi thai chm tang truéng. Boi vi su tich
g0p chi sb xung vao trong m6 hinh dy bao pH DMR chi bao gbm: tudi
thai, CTG va chi s6 xung DMR, s& lam ting do chinh xac hon cta két
qué (R? tir 0,569 tang 1én 0,615).

- M6 hinh du bao pH mau déng mach rén < 7,20 ¢ thai cham
tang truong di duoc thiét 1ap dwa vao két qua phan tich hdi quy da
bién (bang 3.16):

(a) Phuong trinh hdi quy chua chuin héa: pH mau PMR = (-
,004) * Tubi thai + (-0,026) * CTG + (-0,059) * PI DMR + (-0,064) * PI
TMP + 7,524.

(b) Phuong trinh hdi quy chuan hoéa: pH mau DMR = (-0,228)

* Tudi thai + (-0,458) * CTG + (-0,371) * P DMR + (-0,312)

* PI TMP + 7,524.

(Ghi chu: PMR — dong mach ron; TMP — tinh mach ph(fi; Pl
— chi s6 xung; CTG: biéu do ghi tim thai — con go tir cung)

- Phuong trinh hoi quy tuyén tinh méi duge thiét 1ap s& cho
biét thém mot sd dic dlem vé pH mau dong mach ron cua thai cham
tang truong nhu sau: tudi thai ting thém 1 tuan thi pH mau giam bot
0,004; két qua CTG nghi ngd hodc bit thuong thi pH mau giam bt
lan luot 12 0,026 va 0,052; chi sb xung dong mach rén tang thém 1 don
vi thi pH mau PMR giam bét 0,059, chi s6 xung tinh mach phdi ting
thém 1 don vi thi pH mau giam bét 0,064. Dong thoi, mire do tac dong
clia cac yéu to anh huong dén dy bao pH mau dong mach ron cua thai
chim tang truong dugc sap xép theo thur tu tir cao dén thap nhu sau:
ket qua CTG, chi sb xung dong mach rén, chi s6 xung tinh mach phdi,
tudi thai.
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- Gia tri chan doan két cuc so sinh bét 1oi tai diém cat chi sb
xung phoi 1a 1,09 s& c6 do nhay 62,9%; d6 dac hiéu 83,3% va co thé
ap dung trong thyc hanh 1am sang boi vi AUC = 0,783 (p < 0,001).
Pong thoi, sy khac biét khong c6 y nghia théng ké (p > 0,05) khi so
sanh gia tri chan doan két cuc so sinh bat loi gitra chi sb xung dong
mach ron (AUC = 0,768) va chi sd xung tinh mach phoi (AUC =
0,783) d6i voi két cuc so sinh bét lgi ¢ thai cham tang trudng). Tim
kiém trén y vin, chiing t6i nhan thay day 1a mot huéng nghién ciru
mai dugc thuc hién va cong bo két qua dAu tién.

4.3.2 Gia tri tién lwgng ciia cac chi so Doppler dong mach phdi ddi véi
stre khoe thai va tré so sinh ¢ thai chim ting truwéng

- Mic du sy thay doi cua ty sé AT/ET va chi s6 xung dong
mach phdi thai nhi & nhém thai cham ting truéng c6 y nghia thong ké
nhung nghién ciru cta chiing t6i nhan thiy nhitng thay ddi nay chi 1a
nhitng bién dong ctia huyét dong o thai cham ting truong. Ty s6 AT/ET
c¢6 kha ning dy bao pH méau dong mach rén & thai cham ting truong
nhung & muc khong t6t (AUC = 0,620 va p = 0,006). Thém vao do,
chi s6 xung dong mach phdi cua thai cham tang truong khong co gia
tri du bao pH méau dong mach rén < 7,20 (AUC = 0,571; p > 0,05).
Trong kha nang tim kiém cac cong bd lién quan thi dy la nghién ctru
dau tién tim kiém méi lién quan gitta ty s0 AT/ET, chi s6 xung cua
dong mach phdi voi pH mau dong mach ron.

- Trong nghién ctru cta ching t6i, diém cat 0,219 cia ty s6
AT/ET DMP dé chan doan suy ho hip so sinh & nhém thai chdm ting
truong voi do nhay 72,7%; do dac hiéu 85,0%; AUC = 0,849 va p <
0,001. Diém cit tdi wu cua ty sd AT/ET dé chan doan suy hé hap so
sinh & trong nghién ctru ctia chung t6i thip hon so véi cac nghién ctru
da cong bd trudc diy. C6 hai diém khac biét chinh din dén két qua
nay. Trude hét, tudi thai trung binh ctia mau nghién ciru cua chung toi
thap hon so véi cac nghién ctru trude ddy. Thém vao do, cac nghién
ctru trude ddy chi tip trung vao gid tri tién lwong cua ty s6 AT/ET d6i
v6i hoi ching suy hd hap, trong khi d6 hoi ching suy ho hap chi 1a
mot trong nhitng nguyén nhan ciia suy ho hip so sinh.

- Nhim han ché nhiing sai sb trong chin doan suy ho hép so
sinh do diém cit AT/ET DBMP phu thude tudi thai trung binh ctia mau
nghién ciru, chung toi dé xudt sir dung phén loai bach phan vi cta ty

s6 AT/ET DMP dé thay thé cho diém cit. Do vy, nghién ctru cua
chang t6i cho thdy ty s6 AT/ET dudi BPV thtt 5 theo tudi thai co y
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nghia tién lugng suy ho hap so sinh ¢ thai cham tang truong, véi do
nhay 68,8% (95%Cl: 57,2% — 79,9%) va d¢ dac hi¢u 84,9% (95% CI:
77,7% - 90,6%); AUC: 0,77 (95% CI: 0,70 — 0,82); gia tri du bao duong;:
72,6% (95% CI: 63,3% - 80,3%) va gia tri du bao am: 82,5% (95% CIL:
77% - 86,8%) (bang 3.18). Tim kiém trong y van, nghién ctru niy c6 thé
1a nghién ctru dau tién thyuc hién dé danh gia vai tro cua ty s AT/ET d6i
v6i tién luong suy ho hap & thai chim ting trudng. Cong b ciia Guan Y.
vao nam 2015 da cho thay néu str dung phan loai ty s6 AT/ET duéi BPV
5™ thi s& ¢6 thé chan doan hoi chimg suy ho hip so'sinh 6 thai ting truong
binh thuong véi d6 nhay 71,4% va d6 dac hiéu 93,1%.
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KET LUAN

1. CHI SO XUNG TINH MACH PHOI VA CAC CHI SO
DOPPLER PONG MACH PHOI O THAI TANG TRUONG
BINH THUONG VA THAI CHAM TANG TRUONG

- Khoang gia tri tham chiéu cac chi s6 Doppler ctia tinh mach
phéi thai nhi va dong mach phdi thai nhi da dugc thiét 1ap cho cac thai
tang truong binh thuong 6 tudi thai tir 28 tuan dén 40 tuan.

- Chi s6 xung tinh mach phoi ciia thai chdm ting trudng ting
cao so voi thai tang trudng binh thuong (p < 0,001).

- Ty s6 AT/ET dong mach phoi & thai cham ting truong thap
hon so voi thai tang truéng binh thuong (p < 0,001).

- Chi s6 xung dong mach phdi ctia thai cham ting truong ting
cao 5o voi thai tang truong binh thuong (p < 0,001).
2. GIA TRI TIEN LUQNG CUA CHI SO XUNG TINH MACH
PHOI VA CAC CHI SO DOPPLER PONG MACH PHOI POI
VOI SUC KHOE THAI VA TRE SO SINH O THAI CHAM
TANG TRUONG
2.1 Gia tri tién lwong ciia chi sé xung tinh mach phdi ddi véi sirc
khde thai va tré so sinh & thai chim ting truéng

- Méi tuong quan nghich giira chi s6 xung tinh mach phdi véi pH
mau dong mach ron ¢ thai chdm tang truong: r =- 0,61(p < 0,001).

- Gi4 tri chan doan va tién luong cua chi s6 xung tinh mach phoi trén
bach phan vi thir 95 déi voi pH méau dong mach ron < 7,20 & thai cham
tang truong:

+ D9 nhay: 87,5% (95% CI: 75,9% — 94,8%)

+ D9 dac hiéu: 70,1% (95% CI: 62,2% - 77,2%)

+ Gia tri du bao duong: 51,6 % (95% CI: 45,0% - 58%)

+ Gia tri du bao am: 93,9 % (95% CI: 88,5% - 96,8%)

+ AUC: 0,78 (95% CI: 0,72 — 0,84)

- M6 hinh dy bao pH mau dong mach 1on < 7,20 & thai chdm tang trudng:

(a) Phuong trinh hdi quy chua chuin hoa: pH mau PMR = (-,004) *
Tudi thai + (-0,026) * CTG + (-0,059) * PI BMR + (-0,064) * PI TMP +
7,524.

(b) Phuong trinh héi quy chuan hoa: pH mau DMR = (-0,228) * Tudi
thai + (-0,458) * CTG + (-0,371) * PI DMR + (-0,312) * PI TMP + 7,524.
(Ghi chu: PMR — dong mach ron; TMP — tinh mach ph(fi,' PI — chi sé

xung; CTG: biéu do ghi tim thai — con go tir cung)
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- Piém cét 1,09 cua chi sb xung tinh mach phéi co gia tri chan doan
két cuc so sinh bét lgi ¢ thai cham tang truéng véi do nhay 62,9%; do
dac hiéu 83,3% (AUC = 0,783; p < 0,001).

2.2 Gia tri tién lrgng ciia cac chi s6 Doppler dong mach phoi ddi
vaéi sirc khée thai va tré so sinh & thai cham ting truéng

- Ty s6 AT/ET dong mach phdi ciia thai cham ting truong it co gia
trj du bao pH mau dong mach rén < 7,20.

- Chi sb xung d6ng mach phdi cua thai chdm ting truong khong co
gia tri du bao pH mau dong mach rén < 7,20.

- Piém cit 0,219 ctia ty s AT/ET dong mach phdi c6 gia tri chan
doan suy ho hap so sinh ¢ thai chdm ting truong v6i d6 nhay 72,7%;
do dac hiéu 85,0% (AUC = 0,849; p < 0,001).

- Gia trj chan doan va tién luong cta ty so AT/ET dong mach phoi
dudi bach phan vi tht 5 dbi véi suy ho hap & thai chdm ting trudng:

+ Do nhay: 68,8% (95% CI: 57,2% — 78,9%)

+ D9 dac hi¢u: 84,9% (95% CI: 77,7% - 90,6%)

+ Gia tri du bao duong: 72,6% (95%Cl: 63,3% - 80,3%)
+ Gia tri du bao am: 82,5 % (95% CI: 77,0% - 86,8%)
+ AUC: 0,77 (95% CI: 0,70 — 0,82)

- Cong thitc dy béo x4c suit suy hd hip sinh so sinh & thai chdm ting
truong;

e<22 637 + (—0,672 x Tudi thai) + (1 979 x Phan loai tj so theo BPV Sth))

P=

<22,637 + (-0,672 x Tuéi thai)+ (1,979 x Phan loai ty sﬁ%theo BPV 5th)>
1+e

KIEN NGHI

- Ap dung khoang gié tri tham chiéu céac chi sé Doppler cua
tinh mach phdi va dong mach phdi thai nhi mai duoc thiét lap dé tim
ra cac bat thuong Doppler cua hé tuan hoan phdi thai nhi.

- Phéi hop thém chi s6 xung tinh mach phdi dé nang cao kha
nang du doan chinh xac pH mau dong mach rén bﬁng mo hinh dy bao
méi duoc thiét 1ap va tién lugng két cuc so sinh bt loi trong quan ly
thai cham tang trudng.

- Khao sét ty s6 AT/ET ciia d6ng mach phoi thai nhi dé du bao
kha ning suy ho hap so sinh bang md hinh du bao suy hé hip méi
duoc thiét lap.
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INTRODUCTION

Fetal growth restriction is the term used to describe fetal
growth that falls below the fetal potential because of
pathological reasons. Fetal growth restriction, which occurs in
3% - 7% of pregnancies, is the leading cause of stillbirth,
neonatal mortality, and diseases. Over the last three years,
prestigious federations and obstetric-gynecological societies
have released the most up-to-date guidelines for clinical practice
regarding fetal growth restriction. The fetal pulmonary
circulation constitutes just 21% of the whole cardiac output.
However, changes in Doppler indices have been detected in both
the pulmonary veins and pulmonary arteries when the fetus has
restricted growth. Specifically, the pulsatility indices of the
pulmonary venous and pulmonary artery in fetuses with growth
retardation exhibited an increase as compared to fetuses with
normal growth.

Nevertheless, the guidelines stated earlier do not include
any information about the significance of Doppler in fetal
pulmonary circulation for managing fetal growth restriction.
There is no published information about whether Doppler
changes in the pulmonary circulation of growth-restricted
fetuses have extra predictive value for fetal health or newborn
outcomes. Hence, we conducted a study titled “Research on the
predictive value of pulmonary vein pulsatility index and main
pulmonary artery Doppler indices in fetal growth restriction”
with the dual objectives:

1. Evaluate the pulmonary vein pulsatility index and
pulmonary artery Doppler indices in fetuses with normal growth
and restricted growth fetuses.

2. Investigate the predictive significance of the
pulmonary vein pulsatility index and the pulmonary artery
Doppler indices for the health of growth-restricted fetuses at
both the fetal and newborn stages.



NEW CONTRIBUTION OF THE THESIS

No studies in Vietnam have established reference
intervals for the fetal pulmonary vein and pulmonary artery
Doppler indices. Research on the influence of pulmonary vein
pulsatility index and pulmonary artery Doppler indices in
growth-restricted fetuses on fetal and neonatal health prediction
remains relatively rare worldwide. The findings of this research
provided a reference range for pulmonary vein and pulmonary
artery Doppler indices in adequately growing fetuses.
Furthermore, the pulmonary vein pulsatility index has predictive
relevance for fetal umbilical artery blood pH and adverse
neonatal outcomes in growth-restricted fetuses. At the same
time, the pulmonary artery AT/ET ratio predicts neonatal
respiratory distress in growth-restricted fetuses. The research
used the cutoff point and percentile to determine the Doppler
indices’s diagnostic and predictive significance, as mentioned
above, for fetal and neonatal health in growth-restricted fetuses.

THESIS STRUCTURE

The thesis is structured 123 pages as follows:
Introduction (02 pages), Literature Review (25 pages), Subjects
and Methodology of the research (23 pages), Research results
(34 pages), Discussion (36 pages), Conclusion (02 pages), and
Proposal (1 page). The thesis incorporates various visual aids
such as 35 tables, 30 charts, and 17 drawings, along with 187
reference papers in Vietnamese (13 articles) and English (174
articles). An appendix (8 pages) is also included. The study has
yielded ten projects published in major medical publications and
conferences, both locally and abroad.



CHAPTER 1: LITERATURE REVIEW

1.1 DEFINITION AND CLASSIFICATION OF FETAL
GROWTH RESTRICTION
Fetal growth restriction is a medical condition in which
a fetus does not reach all of its growth potential owing to
pathological causes, which typically involve placental
malfunction. In clinical practice, estimated fetal weight or
abdominal circumference below a given threshold, such as the
10th or 3rd percentile, is often used to identify fetuses at risk of
growth restriction.
Studies recommend expanding the categorization of fetal growth
restriction based on gestational age at diagnosis to include early-
onset (<32 weeks) and late-onset (>32 weeks).
1.2 ETIOLOGY OF FETAL GROWTH RESTRICTION
Causes of fetal growth restriction are classified into three
groups: fetus, mother, and placenta-related.
1.3.PATHOGENESIS OF FETAL GROWTH RESTRICTION
The  pathophysiology is  unclear. =~ However,
hypoperfusion of the placenta impairs nutrition transfer to the
fetus and induces fetal growth restriction.
1.4. RISKS OF PREGNANCY WITH FETAL GROWTH
RESTRICTION
Risks for fetal growth restriction include fetal problems
and obstetric complications. Fetal growth restriction with
accompanying abnormalities increases the risk of adverse
perinatal outcomes, such as needing three times more respiratory
assistance and ten times more mechanical ventilation than in
instances without abnormalities.
1.5. EARLY PREDICTION OF FETAL GROWTH
RESTRICTION
There is presently no test that can accurately predict fetal
growth restriction. As a result, the routine application of fetal
growth restriction prediction models should be considered with
caution.



1.6. DETECTING FETAL GROWTH RESTRICTION

Assessing fetal growth through measuring fetal
biometrics during a single ultrasound is routine clinical practice,
even though a single fetal ultrasound can only identify size and
can not inspect the fetus. Currently, the most precise approach
for evaluating fetal size is to estimate fetal weight. In clinical
practice, fetal growth restriction is often defined as a
combination of fetal biometrics and aberrant blood flow Doppler
findings.
1.7. MANAGEMENT OF FETAL GROWTH RESTRICTION
1.7.1 Management of early-onset fetal growth restriction

An evidence-based agreement exists on diagnostic,
monitoring, and delivery timing for early-onset fetal growth
restriction. In addition to maternal birth indications, delivery
indications are examined based on CTG, computerized CTG,
biophysical profile, and Doppler of the ductus venous and
umbilical artery.
1.7.2 Management of late-onset fetal growth restriction

Late-onset fetal growth restriction is responsible for 50%
of stillbirths. The wumbilical artery Doppler, CTG, and
computerized CTG are now used to determine the delivery time
rather than the ductus venosus.
1.7.3 Time of delivery

The gestational age, severity, and signals detected during
monitoring of the growth-restricted fetus and the mother’s
symptoms are used to determine the delivery timing.
1.8 MEDICAL INTERVENTIONS

When a fetus is at risk of premature delivery, corticosteroids
are administered to mature the fetal lung. The optimality of this
prophylactic method is achieved when the treatment course is carried
out between 2-7 days before giving birth.

Magnesium sulfate treatment in pregnant women at risk
of preterm delivery has been demonstrated to have



neuroprotective effects on the newborn, lowering the risk of
perinatal mortality, cerebral palsy, and gross motor impairments.

Several trials are being conducted to evaluate the
potential of resolving perfusion deficiencies between the uterus
and the placenta. However, no intervention method has been
successful for instances of fetal growth restriction.

1.9. CHARACTERISTICS OF HEART AND LUNGS IN
FETAL GROWTH RESTRICTION

Increased myocardial performance index was found in
early-onset fetal growth restriction cases from the 24th week of
pregnancy. However, this does not represent an improvement in
myocardial performance due to prolonged systolic relaxation
time. Fetal cardiac dysfunction also increases from 35 weeks
gestation in cases of late-onset fetal growth restriction with
manifestations such as an enlarged heart and more spherical
shape. At the same time, signs of cardiac dysfunction also
appear, which include abnormalities of the systolic relaxation
phase.

Pulmonary complications caused by intrauterine growth

restriction have not been uniformly described. This may stem
from differences between individuals with intrauterine growth
restriction due to different etiologies. However, clear evidence
from many studies has shown that chronic hypoxia is associated
with disruption of lung development in growth-restricted
fetuses. At the same time, respiratory system injuries are also
likely to occur in the postpartum period.
1.10. SEVERAL STUDIES INVESTIGATING THE
CORRELATION BETWEEN DOPPLER INDICES OF
THE FETAL PULMONARY CIRCULATORY SYSTEM
AND PREGNANCY OUTCOMES IN FETAL GROWTH
RESTRICTION HAVE BEEN PUBLISHED

1.10.1 Fetal main pulmonary artery pulsatility index
Research by Sun L. and colleagues has demonstrated a
correlation between oxygen in the fetal blood at birth and flow
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in the fetal pulmonary artery in late-stage fetuses with growth
retardation. Reduced flow and changes in the flow velocity
waveforms in pulmonary artery branches can be early signs of
fetal distress. In addition, it occurs before the change in the
pulsatility index of the middle cerebral artery.

Prospective research by Hosseinzadeh R. and colleagues
showed that the pulmonary artery pulsatility index in fetuses
with growth restriction was higher than in the group of fetuses
with appropriate growth. For the fetal growth restriction group,
a pulmonary artery pulsatility index above the 95" percentile
was associated with infants needing treatment in the NICU due
to respiratory problems. Additionally, 100% of newborns in this
group required oxygen therapy. Pulmonary artery Doppler
ultrasound can provide the necessary predictions to reduce
mortality and morbidity in infants with growth-restricted
pregnancies.

1.10.2 Fetal pulmonary veins pulsatility index

Bravo-Valenzuela and colleagues’ research shows that
the pulmonary venous pulsatility index of growth-restricted
fetuses 1s increased and reflects a decrease in left ventricular
compliance and a change in left atrial activity.

Lee and Cho’s research determined the cutoff point to be
1.13 of the pulmonary vein pulsatility index, which has a
predictive value for small gestational age fetuses with a
sensitivity of 70.27% and a specificity of 92.3%, a positive
predictive value of 78.79% and a negative predictive value of
88.54 %. In addition, the area under the ROC curve of the
pulmonary vein pulsatility index for predicting small gestational
age fetuses had no difference from the estimated fetal weight
percentile index.



CHAPTER 2
SUBJECTS AND METHODS OF RESEARCH

2.1 RESEARCH SUBJECTS

2.1.1 Subjects, location, and time of study: 420 singleton
pregnancies (210 fetuses with restricted growth and 210 fetuses
with appropriate growth) came for examination and treatment at
Da Nang Hospital for Women and Children from June 2017 to
December 2021

2.1.2 Disease selection criteria

2.1.2.1 General criteria of two groups (fetal growth restriction
group and fetal appropriate growth group): gestational age
between 28 weeks - 40 weeks, the fetus has no morphological
abnormalities, estimated fetal weights were calculated using the
Hadlock-4 formula on fetal ultrasound, the percentile of the
estimated fetal weight on ultrasound and the baby’s weight
immediately after birth are compared with the Hadlock-4
reference table, the values of Doppler index of the umbilical
artery, cerebro-placental ratio are classified as abnormal or
normal according to the New-Zealand Obstetric Ultrasound
Guidelines, fetuses with two-dimensional ultrasound and pulsed
Doppler ultrasound results within only 48 hours before birth
were selected for the research sample and agreed to participate
in the study.

2.1.2.2 Specific criteria for the fetal growth restriction group
(case group): estimated fetal weight on ultrasound below 3™
percentile; or estimated fetal weight between 3™ percentile to
below 10" percentile combined umbilical artery pulsatility index
above 95th percentile; or estimated birth weight between 3™
percentile to below 10™ percentile combined with cerebro-
placental ratio below 5" percentile. Fetal weight after birth is in
accordance with the classification of the prenatal period.

2.1.2.3 Specific criteria for the fetal appropriate growth group
(control group): Healthy pregnant women, no history of



metabolic - autoimmune - cardiovascular diseases, no
respiratory or cardiovascular diseases, no hypertension, urinary,
and autoimmune during pregnancy, estimated fetal weight on
prenatal ultrasound and postnatal fetal weight ranged from 10™
percentile to 90" percentile, normal umbilical artery Doppler
and cerebro-placental ratio values.

2.1.3 Exclusion criteria: It is crucial to note that participants
were excluded if there was no estimated date of delivery based
on the gestational age of 8 weeks - 10 weeks or if it was
impossible to collect all the variables that needed to be
researched. This could be due to factors such as the mother’s
abdominal wall being too thick, polyhydramnios, or insufficient
data on variables that need to be collected postpartum.

2.2 RESEARCH METHODS

2.2.1 Research design: The study used a prospective, paired
cohort method. The matching process is performed when there
is an indication for delivery, in which the matching is selected
between the gestational age of the disease group and the
gestational age of the control group.

2.2.2 Sample size:

- Estimated sample size for the first objective: As per
convention, at least 120 healthy pregnancies are required to
establish reference value ranges for fetal pulmonary vein and
pulmonary artery Doppler indices. For the second objective,
there were 210 fetuses with growth restriction. Hence, this study
included 210 fetuses with appropriate growth that met the
disease selection criteria. This was to ensure a robust
investigation and establishment of the reference range of the
fetal pulmonary vein and pulmonary artery Doppler indices.

- Estimated sample size for the second objective: formula
to calculate sample size for selected diagnostic test:

TN + FP Z, "+ Spe x (1 - Spe)

n(spe) = ﬁ and TN+ FP = a2




In which n(spe) represents the number of sample sizes
calculated by specificity; TN is the number of true negatives; FP
is the number of false positives; Spe is the specificity (Spec =
93%); d is the variation of specificity with 95% confidence
interval (d =0.05); Z1-0/2 is the statistical significance level 5%
(Z1-0/2 = 1.96), and P is the disease incidence (P = 0.32).
Applying this formula, the minimum sample size for the second
objective is 142 fetuses with growth restriction. This study had
210 growth-restricted fetuses that met the inclusion and
exclusion criteria.

2.2.3 Research tools: printed data collection form, obstetric
medical records, TANTA adult scale, INFANT SCALE newborn
scale, reference table for estimated fetal weight on ultrasound
according to Hadlock, machine GE Volusion S6 ultrasound
(convex abdominal probe with frequency 3.5 - 6 MHz),
Monitoring BT-350 machine, GASTAT 1835 blood gas testing
machine (Serial number 0128202).

2.2.4 Procedures

2.2.4.1 Interviewing common characteristics

2.2.4.2 Exploiting historical and medical history factors related
to disease selection criteria and exclusion criteria

2.2.4.3 Exploiting characteristics of pregnant women before
pregnancy: height, weight, BMI, BMI classification.

2.2.4.4 Clinical examination of pregnant women in the current
pregnancy: determine gestational age, measure pulse and blood
pressure, calculate weight gained during pregnancy, classify
weight gain

2.24.5 Two-dimensional ultrasound: Collect biometric
measurements of the head, abdomen, and femur length to
estimate fetal weight, evaluate the characteristics of the placenta
and amniotic fluid, and survey the morphology of the fetus to
rule out cases of congenital structural abnormalities.

2.2.4.6 Pulsed Doppler ultrasound: Step 1-Survey and classify
the umbilical artery, middle cerebral artery, and ductus venosus



pulsatility index. Step 2-Calculate the cerebro-placental ratio.
Step 3-Investigating Doppler blood flow indices in the fetal
pulmonary veins, including peak systolic velocity, peak diastolic
velocity, end-diastolic velocity, peak velocity index, and pulse
index. Step 4-Investigating Doppler blood flow indices in the
fetal pulmonary main artery, including peak systolic velocity,
pulse index, acceleration time, ejection time, and the ratio
between acceleration time and ejection time.
2.2.4.7 Recording and classifying CTG: according to the criteria
proposed by the International Federation of Gynecology and
Obstetrics in 2015.
2.2.4.8 Pregnancy monitoring and management. The group of
fetuses with appropriate growth are monitored for labor or
delivery according to indications from the mother and fetus. The
group of fetuses with restricted growth was monitored and
treated according to a specific protocol. Cases with a gestational
age before 34 weeks are supplemented with a course of lung
maturation with Corticosteroids if the pregnancy has not been
treated before. In addition, Magne Sulfate treatment is also
added for pregnancies with a gestational age of less than 32
weeks.
2.2.4.9 Collecting data at the end of pregnancy: All results of
the two groups are collected, especially ultrasound data taken
from the last time performed, and must be within 48 hours before
birth. Collected data include gestational age at delivery, birth
method, umbilical artery blood pH, newborn’s sex, Apgar scores
at the first and fifth minutes, fetal weight at birth, neonatal
transfer to a neonatal intensive care unit, neonatal respiratory
distress, causes of neonatal respiratory distress, adverse neonatal
outcomes.
2.3 DATA COLLECTION AND PROCESSING

The collected data are meticulously recorded on data
collection sheets, and the analysis is performed using SPSS
version 20 and Medcalc version 20.1. The statistical algorithms
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used in this study, including percentage calculation, statistical
estimation, and testing of statistically significant hypotheses
with p<0.05, are all crucial components of our robust
methodology. These techniques, along with others such as
relative risk, correlation coefficient, Pearson correlation (r),
sensitivity, specificity, positive likelihood ratio, negative
likelihood ratio, positive predictive value, and negative
predictive value, are all instrumental in our research. We also
evaluate the usefulness of a diagnostic method using ROC curve
analysis and compare the area under the curve (AUC) of
diagnostic methods to test for differences in diagnostic value.

Establishing the reference value range for pulmonary
veins and pulmonary artery Doppler indices of fetuses growing
normally according to gestational age and the limit values of the
corresponding values at the 95 percentile and 5™ percentile is a
significant part of our study.

The multiple linear regression model estimates a
dependent variable’s value and builds a prediction model for
umbilical artery blood pH in growth-restricted fetuses. Binary
logistic regression analysis is applied to create a model to predict
the likelihood of neonatal respiratory failure in fetal growth
restriction.

2.4 RESEARCH ETHICS:

The research was approved by the Ethics Council in
Biomedical Research of Hue University of Medicine and
Pharmacy according to decision No. H2017/15, signed on April
28, 2017. The research was also approved by the Scientific and
Technical Council of Da Nang Hospital for Women and
Children, according to the Minutes signed on May 2, 2017.
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CHAPTER 3
RESEARCH RESULTS

3.1 GENERAL CHARACTERISTICS OF THE RESEARCH
SAMPLE
3.1.1 Common characteristics of the two research groups

The average age of mothers in the fetal growth restriction
group was 30.01 + 5.75, and the normal fetal growth group was
29.72 + 5.69 (p > 0.05). The difference between the case and
control groups was insignificant (p > 0.05) when considering
BMI classification and maternal weight gain. The difference in
the number of pregnant women with C-sections was also not
statistically significant between the two groups (p > 0.05). The
average gestational age at the end of pregnancy in the case group
is 35.71 + 2.35 (weeks), and the control group is 35.47 + 2.60
(weeks); the difference is not statistically significant (p > 0.05).
3.1.2 Characteristics of pregnancy with fetal growth
restriction

This study’s severe fetal growth restriction rate
accounted for 65.7% of the disease group. The rate of fetal
growth restriction after 32 weeks accounts for 91.4% of the
disease group. The risk of cesarean section in the group with
restricted growth is higher than the group with normal growth
with OR: 3.76; 95% CI: 2.32 — 6.09; p < 0.0001.
3.1.3 Characteristics of pregnancy outcomes according to
fetal growth classification

The neonatal weight of the disease group at birth was
1959 £ 410 grams, and that of the control group was 2493 + 651
grams. Mean Apgar scores at 1 minute and 5 minutes were 7.12
+ 1.20 and 7.84 + 1.21, respectively; and in the control group, it
was 7.53 + 1.01 and 8.39 + 0.93, respectively. The umbilical
artery blood pH immediately after the group’s birth with
restricted growth was 7.22 + 0.04, and the group with normal
growth was 7.26 + 0.02. The indicators mentioned above in the
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group of fetuses with restricted growth were all lower than those
with normal growth, and the difference was statistically
significant (p < 0.001).

Fetal growth restriction increases the risk of adverse
neonatal outcomes by 1.97 times (95% CI: 1.33 - 2.91; p <
0.001). In particular, the risk of Apgar at 1 minute < 7 points is
2.45 times (95% ClI: 1.46 - 4.10; p < 0.001), the risk of Apgar at
5 minutes < 7 points is 5 .76 times (95% CI: 2.62 — 12.65; p <
0.001); The risk of transfer to a neonatal intensive care unit is
1.55 times (95% CI: 1.05 - 2.30; p < 0.05) and the risk of
umbilical artery blood pH < 7.20 is 153.95 times (p < 0.001).

When compared with the group with fetal growth restriction
with weight above the 3rd percentile, the group with severe fetal
growth restriction is more likely to have a low Apgar score and
transfer the newborn to the NICU for treatment (p < 0.01).

3.1.4 Characteristics of the umbilical artery pulsatility index

The umbilical artery pulse index of fetuses with growth
retardation is higher than that of fetuses with normal growth
(1.13 £ 0.27 compared to 0.91 £+ 0.13). In both study groups,
fetuses with adverse neonatal outcomes had higher umbilical
artery pulsatility index. These differences are statistically
significant with p < 0.001.

Weak negative correlation between umbilical artery
pulsatility index and umbilical artery blood pH in appropriate
growing fetuses (r = - 0.17; p < 0.05). A strong negative
correlation exists between the umbilical artery pulsatility index
and umbilical artery blood pH in growth-restricted fetuses (r = -
0.53; p <0.001).

The predictive value of the umbilical artery pulse index
for adverse neonatal outcomes in growth-restricted fetuses is
moderate (AUC = 0.768; p < 0.001).

3.1.5 Characteristics of cerebro-placental ratio and
umbilico-cerebral ratio
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Compared to the group with normal growth, the group
with slow growth had a lower cerebro-placental ratio (1.22 +
0.22 compared to 1.90 £ 0.28) and a higher umbilico-cerebral
ratio (0.85 £ 0.20 vs. 0.54 + 0.07), these differences are
statistically significant with p < 0.001.

The cerebro-placental ratio has no significant predictive
value for adverse neonatal outcomes in growth-restricted fetuses
(AUC = 0.525; p > 0.05).

The umbilico-cerebral ratio has no significant predictive
value for adverse neonatal outcomes in growth-restricted fetuses
(AUC =0.522; p > 0.05).

3.2 DOPPLER INDICES OF PULMONARY VEINS AND
PULMONARY ARTERY IN FETAL APPROPRIATE
GROWTH AND FETAL GROWTH RESTRICTION

3.2.1 Reference value range of pulmonary veins Doppler

indices in normally growing fetuses
Table 3.10: Regression formula of Doppler indices of
pulmonary veins according to gestational age

Constant  Slope

Parameter Transformation Significance
_ @ @

Peak systolic ] 26420 1749  <0,001
velocity (cm/s)

Peak _dlastollc i 126,01 1,64 <0001
velocity (cm/s)

End-diastolic ] 17149 0829  <0,001
velocity (cm/s)

Peak velocity NL 001 -00064 <0,001
index

Pulsatility NL 036 00123 <0001
index

(NL: Natural Logarithm)
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3.2.2 Reference value range of the main pulmonary artery’s

Doppler indices in normally growing fetuses

Table 3.11: Regression formulas for Doppler indices of fetal
pulmonary main artery according to gestational age

Parameter Transformation Cor(1;§ant Slope () Significance
Peak systolic

velocity NL 1,441 0,0132 <0,001
(cm/s)

Acceleration i 116292 1,630  <0,001
time (ms)

Ejection time i 92,478 2331  <0,001
(ms)

AT/ET ratio - 0,0244 0,006 < 0,001
Pulsatility NL 0,742 -0,00928 < 0,001
index

(NL: Natural Logarithm; AT: Acceleration Time; ET: Ejection Time)
3.2.3 Comparison of some Doppler indices of fetal
pulmonary veins and main pulmonary artery between
fetuses with normal growth and fetuses with growth
retardation

Compared with fetuses with normal growth, the
pulmonary vein pulsatility index of fetuses with restricted
growth is higher (1.13 + 0.21 compared to 0.85 % 0.15); this
difference is statistically significant with p < 0.001.

Compared with fetuses with normal growth, the
pulmonary main artery’s AT/ET ratio of fetuses with restricted
growth was higher (0.237 £ 0.024 vs. 0.220 + 0.032), p < 0.001.

Compared with fetuses with normal growth, the pulmonary
main artery pulsatility index of fetuses with restricted growth was
higher (2.73 + 0.26 compared to 2.60 + 0.29), p < 0.001.
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33 PREDICTIVE VALUE OF PULMONARY VEIN
PULSATILITY INDEX AND FETAL MAIN PULMONARY
ARTERY DOPPLER INDICES FOR FETAL AND
NEONATAL HEALTH IN FETAL GROWTH RESTRICTION
3.3.1 Predictive value of pulmonary vein pulsatility index for
fetal and neonatal health in fetal growth restriction

3.3.1.1 Correlation between pulmonary vein pulsatility index
and some parameters in fetal growth restriction

A strong positive correlation exists between the fetal
pulmonary veins pulsatility index and the umbilical artery
pulsatility index (r = 0.59; p < 0.001).

A moderate negative correlation exists between the fetal
pulmonary vein pulsatility index and cerebro-placental ratio (r =
-0.34; p <0.001).

A strong negative correlation exists between the fetal
pulmonary vein pulsatility index and umbilical artery blood pH
(r=-0.61; p<0.001).
3.3.1.2 Predictive value of fetal pulmonary vein pulsatility index
for umbilical artery blood pH of fetal growth restriction

Diagnostic and predictive value of fetal pulmonary
venous pulsatility index above the 95" percentile for umbilical
artery blood pH < 7.20 in fetal growth restriction:

- Sensitivity: 87.5% (95% CI: 75.9% — 94.8%)

- Specificity: 70.1% (95% CI: 62.2% - 77.2%)

- Positive predictive value: 51.6 % (95% CI: 45.0% - 58.0%)

- Negative predictive value: 93.9 % (95% CI: 88.5% - 96.8%)

- AUC: 0.78 (95% CI: 0.72 - 0.84)
3.3.1.3 Predictive Model of umbilical artery blood pH in fetal
growth restriction

Multivariable linear regression model combining
characteristics of gestational age, CTG, umbilical artery pulse
index, and fetal pulmonary vein pulsatility index has the highest
adjusted R? coefficient for predicting umbilical artery pH blood
of fetuses with restricted growth (R? = 0.615; p < 0.001).
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Table 3.16: Analysis of the role of variables in multivariable
regression models to predict umbilical artery blood pH in fetal
growth restriction (excerpt from part of table 3.16)

Mod Depende Unstandardi Standardi  t  Signific Collinear

el nt zed zed ance ity
Variable Coefficient Coefficien Statistics
®) t() VIF
GA- GA - 0,004 -0,228 -4550 <0,001 1,365
CTG CTG - 0,026 -0,458 -9,665 <0,001 1,225
— UAPI - 0,059 -0,371 -6,776 <0,001 1,632
UAP  PVPI - 0,064 -0,312 -5,173 <0,001 1,988
|- Constant 7,524 184,8 < 0,001
PVPI

(GA: Gestation Age; CTG: Cardio Toco Graphy; UAPI:
Umbilical Artery Pulsatility Index; PVPI: Pulmonary Vein
Pulsatility Index)
3.3.1.4 Predictive value of pulmonary vein pulsatility index for

adverse neonatal outcomes in fetal growth restriction

The predictive value of the pulmonary vein pulsatility
index for adverse neonatal outcomes in growth-restricted fetuses
is moderate (AUC =0.783; p < 0.001).

The AUC values of the pulmonary vein pulsatility index
and the umbilical artery pulsatility index, 0.783 and 0.768
respectively, show no statistically significant difference in
predicting adverse pregnancy outcomes in growth-restricted
fetuses (p > 0.05).
3.3.2 Predictive value of pulmonary main artery Doppler
indices for fetal and neonatal health in fetal growth
restriction
3.3.2.1 Predictive value of pulmonary main artery Doppler
indices for umbilical artery blood pH of fetal growth restriction

The predictive value of the pulmonary main artery’s
AT/ET ratio for umbilical artery blood pH < 7.20 is not good
(AUC = 0.620; p < 0.001).
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The pulmonary main artery pulsatility index has no
predictive value for umbilical artery blood pH < 7.20 (AUC =
0.571; p > 0.05).
3.3.2.2 Diagnostic and predictive value of fetal pulmonary main
artery’s AT/ET ratio for neonatal respiratory distress

Diagnostic and predictive value of pulmonary main
artery’s AT/ET ratio below the 5" percentile for neonatal
respiratory distress in fetal growth restriction:

- Sensitivity: 68.8% (95% CI: 57.2% — 78.9%)

- Specificity: 84.9% (95% CI: 77.7% - 90.6%)

- Positive predictive value: 72.6 % (95% CI: 63.3% - 80.3%)

- Negative predictive value: 82.5 % (95% CI: 77.0% - 86.8%)

- AUC: 0.77 (95% CI: 0.70 — 0.82)
3.3.2.3 Predictive model for neonatal respiratory distress in
fetal growth restriction

Table 3.19: Variables in the logistic regression model for
predicting neonatal

respiratory distress in fetal growth restriction

Variable Regre_sglon OR 95% CI Significance
Coefficient
Gestation Age - 0,672 0,51 06335_ < 0,0001
AT 3,35—
C ET 1,979 7,24 15 61 <0,0001
Constant 22,637

(C g : Classify the ratio of Acceleration time / Ejection time
according to the 5" percentile)
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CHAPTER 4
DISCUSSION

4.1 GENERAL CHARACTERISTICS OF THE STUDY SAMPLE
4.1.1 Common characteristics of the two study groups
4.1.1.1 Maternal age

The age of pregnant women in both the case and control
groups was similar, with the case group averaging 30.01 £ 5.75
(years) and the control group at 29.72 + 5.69 (years). This
similarity in maternal age between the two study groups, as
indicated by a non-statistically significant difference (p = 0.603;
table 3.1), aligns with findings from both domestic and foreign
studies, providing a solid baseline for our research.
4.1.1.2 mother’s pre-pregnancy BMI and weight gain during
pregnancy

The difference was not statistically significant between the
case and control groups regarding the Mother’s BMI classification
before pregnancy and the mother’s standard weight gain
classification during pregnancy. According to research by Nguyen
Tran Thao Nguyen and colleagues (2020), the average weight gain
of the mother in the case group was 9.52 + 4.35 (kg), which was
lower than the control group’s 13.58 + 4.19 (kg).
4.1.1.3 Gestational age at the time of birth

Our study was designed using the method of matching
according to gestational age between the case group and the
control group at the time of delivery. In particular, the average
gestational age of the case group is 35.71 + 2.35 (weeks), and
the control group is 35.47 + 2.60 (weeks). The decision to
deliver in the context of fetal growth restriction depends on
many factors, of which gestational age plays an important role.
4.1.2 Relationship between delivery method with fetal
growth classification

The results of our study show that fetal growth restriction
is a risk factor for cesarean section with OR: 3.76; 95% ClI: 2.32
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—6.09; p <0.0001. The study by Wilk C. et al. showed that the
risk of cesarean section due to fetal growth restriction doubled
(with OR: 2.00; 95% CI: 1.78 - 2.25).

4.1.3 Compare pregnancy outcome characteristics between
the two study groups

The average weight of children immediately after birth
in the fetal growth restriction group (1959 + 410 grams) was
statistically significantly lower (p < 0.001) than in the normal
growth group (2493 * 651 grams). The fetus’s weight will be
heavier if it has a higher average gestational age at birth. Fetal
growth restriction is 1.97 times more likely to have adverse
neonatal outcomes than fetuses with normal growth (OR: 1.97,;
95% ClI: 1.33 - 2.91). In this study, the average umbilical arterial
blood pH of normally growing fetuses (7.26 = 0.02) was greater
than that of restricted growing fetuses (7.22 + 0.04), and the
difference was significant statistically.

The results of this study, which align with current
recommendations, underscore the crucial role of the weight
percentile cutoff in diagnosing fetal growth restriction. This
finding is of significant importance, providing further evidence
for the consensus in the field.

4.1.4 Predictive value of umbilical artery pulsatility index,
cerebro-placental ratio, umbilico-cerebral ratio for adverse
neonatal outcomes

Our study shows that the umbilical pulsatility index has
moderate predictive value for adverse perinatal outcomes in fetal
growth restriction. Diagnosing adverse neonatal outcomes using
the umbilical artery pulsatility index at the cutoff point of 1.08
has a sensitivity of 68.9% and specificity of 73.1%. Nguyen Tran
Thao Nguyen and colleagues chose a cutoff point of 1.43 for the
umbilical artery pulsatility index to predict adverse neonatal
outcomes with a sensitivity of 56.67% and specificity of
89.74%. Yilmaz C.’s study on late-onset growth restriction
fetuses with an average gestational age at birth of 37 weeks, with
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a cutoff point of 1.23 of the umbilical artery pulsatility index,
showed results in predicting adverse neonatal outcomes with
AUC =0.853 (p < 0.001) and sensitivity 75%, specificity 97.4%.

The results of our study show that the cerebro-placental
ratio and the umbilico-cerabral ratio both have low predictive
value for adverse perinatal outcomes. Research on growth-
restricted fetuses by Coenen H. showed that the predictive
ability of the cerebro-placental ratio for umbilical artery blood
pH < 7.20 has an AUC of 0.461. Rizzo G.’s prospective study
on single fetuses with late-onset growth restriction, the AUC of
the cerebro-placental ratio in predicting adverse perinatal
outcomes was also low.
4.2 DOPPLER INDICES OF PULMONARY VEINS AND
MAIN PULMONARY ARTERY IN FETAL NORMAL
GROWTH AND FETAL GROWTH RESTRICTION
4.2.1 Reference value range of pulmonary vein Doppler
indices in normally growing fetuses

In this study, peak systolic and diastolic velocities
increased significantly from 28 weeks gestation. Peak systolic
and diastolic velocities strongly correlate with gestational age.
The peak velocity index and pulmonary vein pulsatility index
gradually decrease with gestational age, meaning the wave
pulsation of flow decreases with pregnancy. The reference value
range of pulmonary vein Doppler indices we established is also
consistent with the studies of authors Lenz F., Laudy JAM.,
Dong FQ., Hong Y., Bahlmann F.
4.2.2 Reference value range of main pulmonary artery
Doppler indices in normally growing fetuses

In this study, Doppler indices of the main pulmonary
artery, such as peak systolic velocity, acceleration time, ejection
time, and AT/ET ratio, gradually increased and correlated
positively with gestational age. The pulmonary artery pulsatility
index has a negative correlation with gestational age. The range
of reference values of pulmonary artery Doppler indices is also
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consistent with the studies of authors Chaoui R., Guan Y.,
Mielke G., Sosa-Olavarria A., Yamamoto Y.

4.2.3 Characteristics of fetal pulmonary venous pulse index
according to fetal growth classification

Our study results showed that the average value of the
fetal pulmonary venous pulse index in the group of fetuses with
growth restriction (1.13 + 0.21) was higher than in the group of
fetuses with normal growth (0 .85 = 0.15); this difference is
statistically significant with p < 0.001. The study of Bravo-
Valenzuela et al. also showed that the pulmonary vein pulsatility
index in the fetal growth restriction group (1.27 = 0.39) was
higher than the normal growth fetus group (0.75 + 0.12) with p
< 0.001.

4.2.4 Characteristics of AT/ET ratio and main pulmonary
artery pulsatility index of the fetus according to fetal growth
classification

This study showed that the AT/ET ratio in the group of
fetuses with growth restriction (0.220 + 0.032) was statistically
significantly lower (p < 0.001) than in the group of fetuses with
normal growth (0.237 + 0.024). A study by Sahin also showed a
statistically significant difference (p < 0.001) between the group of
fetuses with normal growth and the group of fetuses small for
gestational age, in which the AT/ET ratio of the two groups was
0.348 £0.213 and 0.309 + 0.18, respectively. The average value of
the AT/ET ratio in Sahin’s study is higher than in our study because
Sahin’s study sample had a higher gestational age at birth.

Our study shows that the pulmonary artery pulsatility
index in the group of fetal growth restriction (2.73 + 0.26) is
higher than the group of fetuses with normal growth (2.60 *
0.29); the difference is statistically significant. Cynober E.’s
research showed that the pulmonary artery pulsatility index in
the group of fetuses with growth restriction was 2.71 £ 0.33; this
value was higher than that in the group of fetuses with normal
growth (p < 0.01).
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43 PREDICTIVE VALUE OF PULMONARY VEIN
PULSATILITY INDEX AND FETAL MAIN PULMONARY
ARTERY DOPPLER INDEX FOR FETAL AND NEONATAL
HEALTH IN FETAL GROWTH RESTRICTION

4.3.1 Predictive value of main pulmonary vein pulsatility
index for fetal and neonatal health in fetal growth restriction

In this study, we found a positive correlation between the
umbilical artery pulsatility index and the pulmonary vein
pulsatility index (r = 0.59; p < 0.0001) in the group of fetuses
with growth restriction. In addition, there was a moderate
negative correlation between the pulmonary venous pulse index
and the brain-placental ratio in growth-restricted fetuses (r = -
0.34 and p < 0.01). When we searched the literature, we found
this was the first study to consider these correlations.

Our study results show a negative correlation between
the pulmonary vein pulsatility index and the umbilical artery
blood pH with r =- 0.61 in growth-restricted fetuses (p < 0.001).
In 2021, Suekane T. announced a negative correlation (r = -
0.677) between the ductus venosus pulsatility index and
umbilical artery blood pH of fetal growth restriction.

The diagnostic and predictive value of the pulmonary
vein pulsatility index of fetal growth restriction for umbilical
artery blood pH below 7.20 (table 3.14) has sensitivity: 87.5%
(95% CI: 75, 9% - 94.8%), specificity: 70.1% (95% CI: 62.2% -
77.2%, AUC = 0.78 (95% CI: 0.72 — 0.84), positive predictive
value: 51.6% (95% CI: 45% - 58%) and negative predictive
value: 93.9% (95% CI: 88.5% - 96.8%). Searching the literature,
this is the first study to investigate the role of the pulmonary vein
pulsatility index in the diagnosis and predict the pH of umbilical
artery blood in fetal growth restriction.

Our study’sresults have practical implications,
suggesting that pulmonary vein Doppler should be incorporated
into the monitoring of fetal growth restriction. By integrating the
pulmonary vein pulsatility index into the pH of the umbilical
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blood prediction model, which currently includes only
gestational age, CTG, and the umbilical artery pulsatility index,
we can enhance the accuracy of the results (R2 increasing from
0.569 to 0.615), thereby improving the management of fetal
growth restriction in clinical settings.

A prediction model for umbilical artery blood pH < 7.20
in fetal growth restriction has been established based on the
results of multivariate regression analysis (table 3.16):

(@) Unstandardized regression equation: UA pH = (-.004) *
GA +(-0.026) * CTG + (-0.059) * UAPI + (-0.064) * PVPI + 7.524.

(b) Standardized regression equation: UA pH = (-0.228) *
GA + (-0.458) * CTG + (-0.371) * UAPI + (-0.312) * PVPI + 7.524.

(UA: Umbilical Artery; CTG: Cardio Toco Graphy;
UAPI: Umbilical Artery Pulsatility Index; PVPI: Pulmonary
Vein Pulsatility Index)

The newly established linear regression equation will
reveal some additional characteristics of umbilical artery blood
pH of growth-restricted fetuses as follows: one week increase in
gestational age reduces blood pH by 0.004; If CTG results are
suspicious or abnormal, blood pH decreases to 0.026 and 0.052,
respectively; The umbilical artery pulsatility index increases by
1 unit, the blood pH decreases by 0.059, the pulmonary vein
pulsatility index increases by 1 unit, the blood pH decreases by
0.064. At the same time, the impact level of factors affecting the
prediction of umbilical artery blood pH in growth-restricted
fetuses is arranged from high to low as follows: CTG results,
umbilical artery pulse index, pulmonary vein pulsatility index,
and gestational age.

The diagnostic value of adverse neonatal outcomes at the
pulmonary vein pulsatility index’s cutoff point of 1.09, with a
sensitivity of 62.9% and specificity of 83.3%, can be applied in
clinical practice because AUC =0.783 (p <0.001). Interestingly,
the difference was not statistically significant (p > 0.05) when
comparing the diagnostic value of the umbilical artery pulsatility
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index (AUC = 0.768) with the pulmonary vein pulsatility index
(AUC = 0.783) for adverse neonatal outcomes in growth-
restricted fetuses. Searching the medical literature, we found that
this research direction was newly conducted, and the first results
were published.

4.3.2 Predictive value of main pulmonary artery Doppler
indices for fetal and neonatal health in fetal growth
restriction

Although the changes in the AT/ET ratio and fetal
pulmonary artery pulsatility index in the fetal growth restriction
group were statistically significant, our study found that these
were only hemodynamic fluctuations. The AT/ET ratio can
predict umbilical artery blood pH in fetal growth restriction but
at a poor level (AUC = 0.620 and p = 0.006). In addition, the
pulmonary artery pulsatility index of growth-restricted fetuses
had no predictive value for umbilical artery blood pH < 7.20
(AUC = 0.571; p > 0.05). Regarding the ability to search for
related publications, this is the first study to examine the
relationship between AT/ET ratio, pulmonary artery pulse
index, and umbilical artery blood pH.

In our study, the cutoff point of 0.219 of the pulmonary
artery’s AT/ET ratio was used to diagnose neonatal respiratory
distress in the group of fetuses with growth restriction with a
sensitivity of 72.7%; Specificity 85.0%; AUC = 0.849 and p <
0.001. The optimal cutoff point of the AT/ET ratio to diagnose
neonatal respiratory distress in our study is lower than in
previously published studies. Two main differences lead to this
result. First, our study sample’s average gestational age was
lower than in previous studies. In addition, previous studies only
focused on the predictive value of the AT/ET ratio for
respiratory distress syndrome, while respiratory distress
syndrome is only one of the causes of respiratory distress in
newborns.
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To limit errors of the main pulmonary artery’s AT/ET
cutoff point in predicting neonatal respiratory distress because it
depends on the average gestational age of the study sample, we
propose to use the percentile classification of the AT/ET ratio to
replace the cutoff point. Therefore, our study shows that the
AT/ET ratio below the 5th percentile according to gestational
age is meaningful in predicting neonatal respiratory distress in
growth-restricted fetuses, with a sensitivity of 68.8% (95%ClI:
57.2% - 79.9%); specificity of 84.9% (95% CI: 77.7% - 90.6%);
AUC: 0.77 (95% CI: 0.70 — 0.82); positive predictive value:
72.6% (95% CI: 63.3% - 80.3%) and negative predictive value:
82.5% (95% CI: 77% - 86.8%) (table 3.18). After searching the
literature, this study may be the first to evaluate the role of the
AT/ET ratio in predicting respiratory distress in fetal growth
restriction. Guan Y.’s publication in 2015 showed that if using
the AT/ET ratio classification below the 5th percentile, it would
be possible to diagnose neonatal respiratory distress syndrome
in normally growing fetuses with a sensitivity of 71.4. % and
specificity 93.1%.
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CONCLUSION
1. PULMONARY VEIN PULSATILITY INDEX AND
PULMONARY ARTERY DOPPLER INDICES IN FETAL
APPROPRIATE GROWTH AND FETAL GROWTH
RESTRICTION

Reference value ranges for Doppler indices of fetal
pulmonary veins and fetal main pulmonary artery have been
established for normally growing fetuses with gestational ages
from 28 weeks to 40 weeks.

The pulmonary venous pulse index of growth-restricted
fetuses is higher than that of fetuses with normal growth (p <
0.001).

The pulmonary main artery’s AT/ET ratio in fetuses with
growth restriction is lower than in fetuses with normal growth (p
< 0.001).

The pulmonary artery pulsatility index of growth-
restricted fetuses was higher than that of fetuses with normal
growth (p < 0.001).

2. PREDICTIVE VALUE OF PULMONARY VENOUS
PULSE INDEX AND PULMONARY ARTERY DOPPLER
INDICES FOR FETAL AND NEONATAL HEALTH IN
FETAL GROWTH RESTRICTION

2.1 Predictive value of pulmonary vein pulsatility index for
fetal and neonatal health in fetal growth restriction

Negative correlation between pulmonary venous pulse
index and umbilical artery blood pH in growth-restricted fetuses:
r=-0.61 (p <0.001).

Diagnostic and prognostic value of pulmonary venous
pulse index above the 95th percentile for umbilical artery blood
pH < 7.20 in growth-restricted fetuses:

+ Sensitivity: 87.5% (95% CI: 75.9% — 94.8%)

+ Specificity: 70.1% (95% CI: 62.2% - 77.2%)

+ Positive predictive value: 51.6 % (95% CI: 45.0% - 58%)

+ Negative predictive value: 93.9 % (95% CI: 88.5% - 96.8%)
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+ AUC: 0.78 (95% CI: 0.72 — 0.84)

Model to predict umbilical artery blood pH < 7.20 in fetal
growth restriction:

(@) Unstandardized regression equation: UA pH = (-.004) *
GA +(-0.026) * CTG + (-0.059) * UAPI + (-0.064) * PVPI + 7.524.

(b) Standardized regression equation: UA pH = (-0.228) *
GA +(-0.458) * CTG + (-0.371) * UAPI + (-0.312) * PVPI + 7.524.

(UA: Umbilical Artery; CTG: Cardio Toco Graphy;
UAPI: Umbilical Artery Pulsatility Index; PVPI: Pulmonary
Vein Pulsatility Index)

The cutoff point of 1.09 of the pulmonary vein pulsatility
index is valuable for diagnosing adverse neonatal outcomes in
growth-restricted fetuses with a sensitivity of 62.9% and
specificity of 83.3% (AUC =0.783; p < 0.001).

2.2 Predictive value of the main pulmonary artery Doppler
indices for fetal and neonatal health in fetal growth
restriction

The pulmonary artery AT/ET ratio of growth-restricted
fetuses has little predictive value in umbilical artery blood pH < 7.20.

The pulmonary artery pulsatility index of growth-
restricted fetuses has no predictive value in umbilical artery
blood pH < 7.20.

The cutoff point of 0.219 of the main pulmonary artery
AT/ET ratio is valuable for diagnosing neonatal respiratory
distress in fetal growth restriction with a sensitivity of 72.7%
and specificity of 85.0% (AUC = 0.849; p < 0.001).

Diagnostic and predictive value of the main pulmonary
artery’s AT/ET ratio below the 5th percentile for neonatal
respiratory distress in fetal growth restriction:

+ Sensitivity: 68.8% (95% CI: 57.2% — 78.9%)

+ Specificity: 84.9% (95% CI: 77.7% - 90.6%)

+ Positive predictive value: 72.6% (95%CI: 63.3% -
80.3%)

+ Negative predictive value: 82.5 % (95% CI: 77.0% - 86.8%)
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+ AUC: 0.77 (95% CI: 0.70 - 0.82)
Formulato predict the probability of neonatal respiratory
distress in fetal growth restriction:

22,637 + (~0,672 X AG)+ (1,979 xC ﬂ)
. ET

P= AT
22,637 + (~0,672 X AG)+ (1,979 xC ﬁ)
1+e

GA: Gestational Age;, C AL . Classi fy the ratio o
ET

Acceleration time / Ejection time according to the 5" percentile)

PROPOSAL

(1) Apply the newly established reference range of
Doppler indices of the fetal pulmonary veins and the main
pulmonary artery to find Doppler abnormalities in the fetal
pulmonary circulatory system.

(2) Coordinate with the pulmonary vein pulsatility index
to improve the ability to accurately predict umbilical artery
blood pH using a newly established prediction model and predict
adverse neonatal outcomes in managing fetal growth restriction.

(3) Survey the AT/ET ratio of the fetal main pulmonary
artery to predict the possibility of neonatal respiratory distress
using a newly established respiratory failure prediction model.
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