Zhi et al. BMC Pregnancy and Childbirth (2023) 23:659 BMC Preg nancy and Ch”db'rth
https://doi.org/10.1186/512884-023-05968-w

.. ) ) )]
Association between transabdominal uterine =

artery Doppler and small-for-gestational-age:
a systematic review and meta-analysis

Ruijuan Zhi'f, Xiangping Tao?!, Qingtao Li%, Ming Yu' and Honge Li""

Abstract

Background The association between uterine artery Doppler (UtA) measurements and small for gestational age
(SGA) has not been quantitatively analyzed throughout the whole pregnancy. This systematic review and meta-
analysis aims to comprehensively explore the association between UtA measurements and SGA in the first, second,
and third trimesters.

Methods Studies were searched from Pubmed, Embase, Cochrane Library, and Web of Science. Weighted mean
difference (WMD), odds ratio (OR), and relative risk (RR) with 95% confidence interval (Cl) were used as the effect size.
Heterogeneity of all effect sizes was tested and quantified using | statistics. Sensitivity analysis was conducted for all
outcomes, and publication bias was evaluated using Begg’s test.

Results A total of 41 studies were finally included in our meta-analysis. In the first trimester, mean Pl was signifi-
cantly higher in the SGA group than the non-SGA group (WMD: 0.31, 95%Cl: 0.19-0.44). In the second trimes-

ter, odds of notch presence (OR: 2.54, 95%Cl: 2.10-3.08), mean Pl (WMD: 0.21, 95%Cl: 0.12-0.30), and mean Rl
(WMD: 0.05, 95%Cl: 0.05-0.06) were higher in the SGA group. Also, abnormal UtA measurements were associated
with the increased odds of SGA (all P<0.05). In the third trimester, Pl z-score (WMD: 0.62, 95%Cl: 0.33-0.91) and P!
MoM (WMD: 0.08, 95%Cl: 0.06-0.09) showed a significant increase in the SGA group. The odds of SGA were higher
in the women with mean PI>95% (OR: 6.03, 95%Cl: 3.24-11.24).

Conclusions Abnormal UtA measurements were associated with high odds of SGA, suggesting that UtA might be
an adjunctive screening method for SGA in the whole pregnancy.
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previously reported. He et al. have found that mean
UtA-pulsatility index (UtA-PI) and UtA-resistance index
(UtA-RI) were higher in the SGA fetuses compared to
non-SGA fetuses [4]. Obican et al. have reported that
abnormal UtA indices were significantly correlated with
an increased risk of SGA [5]. Left uterine artery notching
and PI>95th percentile increased 1.76-fold and 1.83-fold
risk of SGA, respectively [5]. However, several limitations
existed in the separate original studies, including insuf-
ficient sample size or being limited to one region.

Meta-analysis is a powerful tool to combine results
from two or more separate studies, which shows a good
evidence strength and facilitates healthcare decision-
making [6, 7]. A systematic review by Meler et al. have
already reported the association between UtA and SGA,
while the results are not quantitatively analyzed [8].
Cnossen et al. performed a meta-analysis to explore the
predictive accuracy of UtA for SGA in the first and sec-
ond trimesters, while they did not focus on the third tri-
mester [9]. The persistent increase in the uterine artery
impedance in the third trimesters increased the risk of
SGA [8]. UtA examination can be conducted in trans-
vaginal and transabdominal approaches, and transab-
dominal approach is recommended because most of the
studies evaluating the UtA in the third trimester used a
transabdominal approach [10]. Therefore, we performed
a systematic review and meta-analysis based on the pre-
viously published studies to comprehensively explore
the association between transabdominal UtA measure-
ments and the risk of SGA in the first, second, and third
trimesters.

Methods

Literature search strategy

This meta-analysis was performed based on the Preferred
Reporting Items for Systemic Reviews and Meta-Analyses
(PRISMA) guideline [11]. Pubmed, Embase, Cochrane
Library, and Web of Science were searched by two
researchers (RJZ and XPT) for relevant studies up to July
28, 2022. The search terms used were “Uterine Artery”
OR “Arteries, Uterine” OR “Artery, Uterine” OR “Uterine
Arteries” AND “Ultrasonography, Doppler” OR “Doppler
Ultrasound” OR “Doppler Ultrasounds” OR “Ultrasound,
Doppler” OR “Ultrasounds, Doppler” OR “Doppler
Ultrasonography” OR “Doppler Ultrasound Imaging” OR
“Doppler Ultrasound Imagings” OR “Imaging, Doppler
Ultrasound” OR “Imagings, Doppler Ultrasound” OR
“Ultrasound Imaging, Doppler” OR “Ultrasound Imag-
ings, Doppler” OR “PI” OR “pulsatility index” OR “RI”
OR “resistance index” OR “blood flow index” OR “dias-
tolic notch” OR “blood flow score” OR “ratio of systolic
and diastolic blood flow velocity” OR “the ratio of systolic
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peak value and end diastolic velocity of blood flow” OR
“S/D” OR “systolic maximum flow velocity” OR “Systolic
low velocity” OR “diastolic minimum flow velocity” OR
“Diastolic flow velocity” AND “Infant, Small for Gesta-
tional Age” OR “Small for Gestational Age” OR “SGA”
OR “Fetal Growth Retardation” OR “Intrauterine Growth
Retardation” OR “Growth Retardation, Intrauterine” OR
“Intrauterine Growth Restriction” OR “Fetal Growth
Restriction”. We have registered this systematic review
and meta-analysis with PROSPERO (registration num-
ber: CRD42023447101).

Inclusion and exclusion criteria

Only studies meeting the following criteria were
included: (1) patients: women with single pregnancy; (2)
intervention and control: abnormal UtA group vs. nor-
mal UtA group or SGA group vs. non-SGA group; (3)
outcome: SGA; (4) study design: case—control studies and
cohort studies.

The UtA parameters we observed in this study were
mean UtA-PI, mean UtA-RI, multiple of median (MoM)
values of UtA-PI (UtA-PI MoM), UtA-PI z-score, and
notch presence. PI was calculated as (peak systolic
velocity-end diastolic velocity)/average velocity, and RI
was calculated as (peak systolic velocity-end diastolic
velocity)/peak systolic velocity. Mean PI and RI were
the average from the left and right uterine arteries [12].
Notch presence meant the unilateral or bilateral notch
in the diastolic notch [13]. Abnormal UtA includes: the
presence of diastolic notch, high RI (RI>95%, RI>75%,
RI>90%), or high PI (PI>95%) [13—16]. SGA was defined
as the fetal birth weight<10th percentile according to
local standards [1].

The following exclusion criteria were adopted: (1)
animal studies; (2) studies irrelevant to the topic (stud-
ies not on transabdominal UtA or SGA definition not
conformed); (3) reviews, meta-analyses, case reports,
protocols, conference abstracts, guidelines, and expert
consensus; (4) not published in English.

Data extraction

Two researchers (RJZ and XPT) independently evaluated
the data suitable for this meta-analysis, and extracted the
following information: the first author, publication year,
country, study design, group, sample size, age, body mass
index (BMI), birth weight, gestational age, complications,
smoking, and Doppler time. If conflicts existed, a third
researcher (HEL) provided the consultation.

Methodological quality appraisal
The quality of case—control studies and cohort studies
was assessed using Newcastle—Ottawa Scale (NOS) [17].
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For case—control studies, three items (selection, compa-
rability, and exposure) were assessed. For cohort stud-
ies, three items (selection, comparability, and outcome)
were evaluated. The total score of this scale was 9 points,
and study quality was regarded as poor (0—3 points), fair
(4—6 points), and good (7-9 points).

Statistical analysis

Weighted mean difference (WMD) with 95% confidence
interval (CI) was used as the effect size for measurement
data, and odds ratio (OR) with 95%CI was used as effect
size for counting data. If relative risk (RR) was provided
in the publications, RR was combined for analysis. Het-
erogeneity was tested for all effect sizes and quanti-
fied using the I? statistics. If the heterogeneity statistic
I>>50%, random effect model was used for analysis;
otherwise, fixed effect model was used for analysis. Sen-
sitivity analysis was performed to assess the effect of a
single study on the whole estimate by removing studies
one by one. Publication bias was assessed using Begg’s
test for the outcomes included in more than nine stud-
ies [18]. All statistical analysis was performed using
Statal5.1 software (StataCorp, College Station, TX,
USA), and P<0.05 was considered to be statistically
significant.

Studies identified from English
database (n=7079)
Pubmed (n=1651)

Web of science (n=3395)
Embase (n=2016)
Cochrane Library (n=17)
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Certainty of evidence

The certainty of the evidence was assessed using the
Grading of Recommendations Assessment, Develop-
ment, and Evaluation (GRADE). The GRADE system
categorized the certainty of the pooled estimate of effect
as high, moderate, low, or very low according to the fol-
lowing criteria: study design, risk of bias, inconsistency,
indirectness, imprecision, and other considerations. An
evidence profile was produced to summarize the results
using the GRADEpro GDT (https://gdt.gradepro.org/).

Results

Study selection and study characteristics

A total of 7,079 studies were identified from the above-
mentioned databases. After removing 2,513 dupli-
cates, 4,566 studies remained. After screening title and
abstract, animal studies (n=258), studies irrelevant to
the topic (n=3,234), and reviews, meta-analyses, case
reports, protocols, conference abstracts, guidelines and
expert consensus (nz=856) were eliminated. After screen-
ing the full texts, 179 studies were removed due to irrel-
evant to the topic (#=153) or not published in English
(n=24). Finally, 41 studies were included in our meta-
analysis (Fig. 1) [1, 4, 5, 12-16, 19-51]. Table 1 displays
the characteristics of the included studies. There were 38

v

Studies after duplicates removed (n=4566)

=I Exclude duplicates (n=2513)

Studies excluded (n=4346)

Animal studies (n=258)

Studies irrelevant to the topic (n=3234)
Reviews, meta-analyses, case reports,
protocols, conference abstracts, guidelines
and expert consensus (n=856)

Studies assessed for eligibility (n=218)

v

Studies included in meta-analysis (n=41)

Fig. 1 The flowchart of selecting studies

Studies excluded (n=179)
Studies irrelevant to the topic (n=153)
Studies not published in English (n=24)



https://gdt.gradepro.org/

Page 4 of 16

659

(2023) 23

Zhi et al. BMC Pregnancy and Childbirth

YEE eisdweanld ey '9'57) 96€ 2(0S€S5'0£8) 0S¥E VN 297 "€1) 9T €SleE VOS-UON
8 SHIIM G7-¢C SS eisdweaald o617 ¥'L7) €6€ 2(0£0€ '055) 0££¢ VN (9 'S1) ¥ 96¢€ VoS uoyod vsn 0L0c ezou\ds3
19159W VN VN VN VN VN [454 VAN [eWIoN
S -1} puosss VN VN VYN VN VYN VN 86 ViN [ewouqy Hoyoo N S00C  IpawenH-|3
VAN [ewlioN
1A SHIFM 7 1-01 19 VN (F88¢ VN 0vF¢eeC SFEE 8001 ViN [ewuouqy Hoyod vsn S00C Hobng
EN:EN[efellel]
-eunayJ ‘snyjjjaw
$3130eIp ‘UoIS
-uaLadAy JluoIYd (£ 0% ‘0'6€) 6'6€ o(Pv9€ ‘8L 1LE) 89€€E JlLz'r1oeee q€'L€1°97) £'8C 6vly V5S-UON
95e3sIp PO}
-ewINayJ 'sniljlsw
$9130BIP ‘UOIS
9 SEIM EL-LL YN -UsuadAyduoiyd  4(90r '6'8€) L6€ o(¥68C 'TvS0) 8vLT L9 V1O TeT o(S'LE'S9T) 6'8C 981 VOS Hoyod epeued 810¢ uinoig
zadky
SN1I|[oW s12qelp
‘| 9dA1 snyjjlpw
$912qeIp ‘UoIS q(79e
-uauadAy duoiyd '6'5€) 1'9€ VN VN qolLse18n) Tee 658 VHS-UON
zadAy
SN1|[oW sa12qelp
| 2dA1 smijjew
$9190RIP ‘UOIS
9 SHIIM 9€-G¢ YN -usuadAy dluoiy)  o(#'9€ '6'5€) L'9E VN VN WWSETLD LLE clot VoS Hoyod AN 610¢ nueqord
SN1lj[ow sa1aqelp
Jeuoneisabaid
‘uoisuanadAy
luoiyd ‘ersdwiel
->2a1d Ajea VI [BUWION
/ DEENSARN] VN ‘eisduiepaaigd N YN o(£9£9°05°51) ¥'9C o(6-£1) GLE 6Ll ViN [eWlouqy  1oyod VSN S10T 121e)
uolsuaLIadAy
2J9A35-UOU UOIS L6 VOS-UON
9 SfOOM -8l VN -UsuadAy a1onss VYN (001l '00Z1) 88'690€ VN (€7 '21)8C Ll VoS 1oyod uelj 610C eulog
CTFS8E L'689F LEEE0E SYFvve 6EFLCE 9 Vin [ewiouqy
8 Jo1sawil) pliy | VN VN V1F56E O'leyF8e6Ce L'EFEOEC 9r+9le G8¢ VN [PWION uoyod ueds /10T anly
POMLY
Hid  'PYM¥2) pemee o(€8YF 'L€L) TEOE o(8EV ¥'SL) 10T o(CS'81) ¥E Loct V5S-UON
o(PYMLY
Hid  'POMEE) Prmee o(EV6T €0/ 1) €6¥T o£1T'8S1) 961 oI 70 ¥E 14 (19suo-21e)) YOS5
(PSMOY
L SIIM E =L | VN Hid  'PYM8T) POM8E o(££97'508) 86CC 062'€91) 661 o[V '00) ¥E 8¢  (19su0-Ajes) yos Hoyod ueder 0¢0c pexely
(s¥99m) (1aquinu) azis ubisap
YO swn J9jddog Bunjows suonedidwod (s)@9m) yO (6) yb1om yag (zw/6) INg (s1eak) aby s|dwes dnoip Apnis Anuno> 1e3) Joyiny

SoIpNis poapn|dUl JO Soiislisldeley) | ojqelL



Page 5 of 16

659

(2023) 23

Zhi et al. BMC Pregnancy and Childbirth

ViN [euouqy

YA SHIOM CT-LL VN VN VN 8'069F980¢ VN L'SFLLL €0l VN [BWION uoyod VSN 5661 JEeYdUO)
SNso}
-ewYlAIe sndn|
JIWRISAS ‘UoIS
¥YN  -usladAy diuoiyd LTF98¢E 070t +9'880¢ YTF6'TC 0SF¥¥e 90¢€ VDS-UON
snsoy
-ewsyAla sndnj
DIWISAS ‘UOIS
6 SI9IM G781 YN -usuadAy suoiyd 8EF99¢ 1’647 F9'88CC LIFEC '/ +85¢ (014 LB 1oyod Auewian 910C 1SeuUaly
(BRI
VN eisdwie|dasaig (07 '£0) S€ #(019€ '878)7681 VN VN [44 Vi [ewiouqy
[(EEEN)
VN eisduieaalg o(S6€ 'TE) L€ (078€ '7871)00£T VN VN Ll ViN [ewiouqy
VA YoM ¢-0C VN eisduiepaalg o(CV'20) 6€ «(09% '878)080€ VN VN SS V3N [BWION 1oyod AN S00C  ZUNOMYSIsH
eisdwepdaaid
‘snyijjaw sa1agelp
[BUONRISID) (0" LF-0'9€) 0'6€E (0Y9F—0/£7) 00€€ LLF LV 6e+S50¢ ocLL VOS-UON
eisdwepdaaid
‘snyijjaw sa1agelp
6 SRIM gL L VN [BUONRISID)  (1'6E-0'87) OFE (066¢-0C6) 081 SLF8TC YEFI6L 9/ \BN 1oyod eulyd Leoe oH
VDS-UON
6 DEEUS a4 VN VN VN VYN 9V FL€C SFT6C 68T ABN uoyod esny 900t JsujeH
vin jew
-Jou + [ewiouqy
(foueu vinew
Baid ul) /77 -Jouge + [ewlioN
(USIAM-G | puejeaz
9 SSOM ¢-0C 1) 6lC VN 6'LF66€E LOGFE0ve CSFCST L'SFY8C 681¢ VI [BWION Hoyod MIN 600C wooin
uolsuanadAy
JjuoIyd ‘sereqgelp
oSl |euoneisabaig 6'LFS6¢E 60CSF¥8lee 6CSFE9C 8LSFILLLE 56/ VOS-UON
uojsuauadAy
DIUOIYD ‘s312qEIP 73|pZUOD)
YA SRIM gL L 79 |euonelsabaig €EF88E 96CSF LT LSFYIC LE9FSYOE €6l ABN 1oyoo ureds 10T -Z9lezuoD
VN 9/’ ¥658€ €O Folle L6 FS8LC SLSFY9CE [a4 VN [BWION
9 SOOM 8C-9¢ VN VN SY'eE+0C9¢ €9/ F801¢C 0L 1F99'1LC 4 RARSS a9 ViN [ewiouqy 1oyod ey 0l0¢ Y5
(s)9am) (4aquinu) azls ubisap
VO awn Jajddog bunjows suonedidwod (s)@9Mm) YO (6) 3yb1am yag (zw/6) INg (s1eak) aby s|dwes dnoip Apms Anuno) FLETY Joyiny

(panunuod) L ajqey



Page 6 of 16

659

(2023) 23

Zhi et al. BMC Pregnancy and Childbirth

¥9¢ VN [BWION
S $499M 87T WN eisdwepaaid WN VN WN 8¥FH9C 85 VINfewuouqy  Moyod  puejeyl €00z Buodnygd
$919qeIp [PUOL
-eysabaud ‘uols
8y -usladAy dluoIyd D?.om ‘0L LLE %m 197 'Se61) L£€C D?.mm ‘861) 91T D?.om '060) €€ 78l VoS
$919qeIp [PUON
-e159baud ‘uols q(loy |013U0D
VA SfOOM LE-GE €¢  -uanadAy ouoiyd '1'5€) 06€ q (0zvE '0150) 0zZoE QAm,mN 'S00) 8T nﬂm.om 'S0€) 9€e [4V4 VOS-UON —958) ureds 610C S9|ned
VN VN CeFlee v/ FS0LE VN 0¥+2'8C ¥9¢ VOS-UON
8 SedM €7-91 VN VN SLF96¢ 9/TF8EVT VN LEF 18T Sl VoS Hoyod ueder 000¢ 1Yamiyo
\Co_m YN [eWION
9 Jersswin pliyl 07 -uduadAy duoIyD VN VN qW'LE'600) ST q(LE€'€0) LT 00¢ ViN [ewiouqy Hoyod VSN 0ot uedIqo
Lee VAN [eWION
8 M ¥C-1C VN HId 81F68¢ CLIVFYE6T VN 9lyF+9¢CE 8¢ VN [ewliouqy Hoyod ueder L00C 1ysoxeAiy
19159W VN Hid 9LFE6E 99/5F086¢ Y9F L'6C 9GFEYE €l VN [BWION
/ -l puodss VN Hid I'€EF9LE 1'89/F¥'05¥C 8GFEYC C9F€ee 174 Vin [ewiouqy 1ioyo) ueder 9107 INSUA
VDS 4o Alosiy
snolaaid ‘aseasip
aunwiwioine ‘uols
G/ -usuadAy ojuoiyd €lF/L6E 96€F 18¢EE L'y +8¢C SFIE S/8 VOS-UON
VYOS JO AI01SIY
snoinaid ‘asessip
auNwWwione ‘uols |011u0D
8 SHIOM 9€-C€ 9z -usuadAy duoIyD 8CFV¥8E 0/SF Leve LEFYTL GFCE SLL VoS —95eD) uteds £10C epuelliy
Sle VN 0CcF+96¢e V1GF/87¢ I'SF¥'SC 85F1'8C LELE VOS-UON
puejeaz
6 SH39M 0 44 VN 8EFL8E S09F€/SC 09+¢9C 6'GFE8C 9/€ VOS Hoyod MaN 0L0C  UeMoDdWN
eisdueds
VN -21d 19su0-01e] €LF68¢ 69% F0vE 8ETFIEEC LY FCLYE 99 VN [eWION
eisdweda
L SHOOM 1€ VN -21d 135u0-21e1 Y9l +C8¢ €8S F CI6C 8CF18¢C Yy F v ve 99 Vi [ewiouqy Hoyod Ay L10C Iucieiy
8l LY LFSELE L'90€ F#5'99¢C SLTFSYT SOEFFSBL 4 VoS
8 SeeM -8l 34 VN 86'l +18'8¢ 90 e +L0LLC€E Y0 CF6vve 99e+LE/LC 16T VOS-UON 1oyod 1dAB3 £10C pabepy
VS JO 10351y
'95eas|p aunwl
14 -wioine ‘Jd/Hid CLFL8E 69¢ F887¢ LTF0CC EVYFCCE el VOS-UON
VDS JO 10351y
'35835Ip AUNW
VA Joisswill paly | 4 -wioine ‘3d/Hlid ClLFe6e 09€+0£9¢ CEFGTC SYFLlce el VoS 1oyod Auewnson L¢0C JolewqoT
(s)9am) (4aquinu) azls ubisap
VO awn Jajddog bunjows suonedidwod (s)@9Mm) YO (6) 3yb1am yag (zw/6) INg (s1eak) aby s|dwes dnoip Apms Anuno) FLETY Joyiny

(panunuod) L ajqey



Page 7 of 16

659

(2023) 23

Zhi et al. BMC Pregnancy and Childbirth

don!

Joud ‘uoisuar
-12dAy Jo Aioisiy
‘eisduwie|daaud Jo
AI01SIY ‘9199

VN -elp jo Aloisiy VN VN qOTETYO 91T q(S€ V0 0 ol8l VOS-UON
don!
Jopd ‘uoisuay
-19dAy Jo A1o1s1y
‘eisduwe|daaid Jo
A101s1Y 's219q
L S{99M 77-81L WN -elp 4o A1oisIH N YN qFrESED) ST 4(5€'70) 8¢ 41 vOS  Hoyod VSN vlog Iljeresas
uols
8y -usuadAy duoiyd WN WN 89F /T 85FQ0E 443 VDS-UON
uols
6 SIFM p =L | 6 -usuadAyduoiyd VN VN LLFT9C 8S+96¢ 9 VoS Hoyod VSN ¥10C ZHeMyds
VN VN l'c¥Cee 5SSy +9/0¢€ SYFLEC I's¥/6C LLe VOS-UON
SHOIM 7781 us0
8 SeaM |- L VN VN 8TFELE LSS+95¢C EYFYEC SFS6L ¥C VOS uoyod puejieyl lzoz  -lefbuesny
sa19geIp
|euoneisabaid
‘Yyon|Joud
‘uolsuanadAy
Suoyd ‘eisdue| ve Vi [PWIouqy
9 SIIM 9T—1C VN -293.d Joud VN VN o812 TYT [ Eads 801 VN [BWION Hoyod VSN ¥10C 1opa0y
Z-9dAy snijjow
$912qeIp ‘SNSO}
-ewayika sndnj
DIWRISAS ‘UOIS
€ -udauadAyooiyd  (1'8€'0LE) 8E 6'LyyF LTTE [YSTFLTE ¥0'LF09C €S VAN [eWioN
Z-9dA1 snyjlsw
$313eIp ‘SNSO}
-ewsyakle sndnj
DIWRISAS ‘UOIS
L SOOM 1€ (0)0 -usuadAy dluoiyD oL LE"L5E) ¥ oE €199 FEESC C0SFSYE LY [FT8C 123 ViN [ewiouqy Hoyod 9lIYyd 8107 zanbupoy
454 snojaaid
6/  '9SE3SIp [eUIDIB ELFOoY Y8EF ECHE Y+ YSFve G/8 VOS-UON
454 snonaud o[a1591D)
6 SHIFIM pE-CE G '95eas|p [euslely €LFoY 0SCFEELT 9EFEC I'SFyE Gsi VoS uoyod uteds 610C -lely
uols 1339 VOS-UON
L SOOM -8l VN -usnadAy duoayd VN VN L0ZF09¢C q(SE-L0) L€ (014 VoS 1oyod vsn 910¢ uenp
(s)9am) (4aquinu) azls ubisap
VO awn Jajddog bunjows suonedidwod (s)@9Mm) YO (6) 3yb1am yag (zw/6) INg (saeak) aby s|dwes dnoip Apms Anuno> Je3a) Joyiny
(penupuod) | 3jqeL



Page 8 of 16

659

(2023) 23

Zhi et al. BMC Pregnancy and Childbirth

4on| Joud
‘eisduwiepdaaud
Jopd ‘uoisuay

6l JedAysareqelq o0k '€8E) €6E  o(H09E 'SPOE) OTEE o(Te1€0) 99¢ 4(5€'50) 0€ 9.0C VDS-UON
¥on| Joud
‘eisdwedaaid
Jond ‘uoisusay
8 SPIM p =L | 8¢ -ladAy 'saxeqeiq q(0F ‘v'LE) 6€ q(9€£2'1820) S09¢C qL'€E'6'T0) 19T q(S€'T0) 8T L6l VoS 1oyod vsn ¥10C JOIA
SnYIjaW s319GeIp (0¥ '8€) 6€ 4(00¥€ '56£7) 060€ Y/l VAN [eWioN
8 SI99M 87 143 ‘uolsusIadAH q(0v '£€) 6€ 4(0Z€€ '0££7) 08T WN 4(9€ '80) €€ L6 VIN [ewiouqy  1oyoD nied  S1L0T RINYUSA
Sdv/31S ‘snuljjew
$319GeIp ‘UoIS 605¢ V5S-UON
8 SI9IM £E-GE §9¢  -uamadAyduoIyd (601 1'6E) 007 VN VN o(€SE'6'90) LLE 6/¢ vOS 1oyod N 9l0c OuljeA
sIapiosip
|e2160]0ULDOPUS
'SI9PIOSIp [e2160|
-0INau ‘sIapIosip
(965°9)9 :Aep uope|nbeod
/san21e610 '358351p 2UNW
0L (%,'8)8  -wioine ‘sa1eqelp
:Aep/sanas [euopelsab ‘uols
-eBbpL>  -usuadAy dluoIyD CLFL6E YOV FCvLEE SEFOVC 8YFL1E 6 VOS-UON
SISpIosIp
|ed1bojould0pUS
‘SI9pIosIp [ed160]
-0JNaU ‘SI9pIosIp
(Aep/senal uone|nbeod
19159 -ebd 01 ) '95e35Ip 2UNW
pay] sasawl Z1(kep  -wione ‘sa1aqelp
puodas  /seneiebp  [euonelssb ‘uols |0J3U0D
8 “19153WlL 15114 0L>) €z -usuadAy ouoiyd L'EFyLE 69/SFL'Slce I'EF6€EC LYFYCE Sl VoS —o5eD) ureds £10¢ ojunup
SI9pPIOSIp (swuoganem d160|
SAISUS1ISdAY -ouaed |ei1e|iq)
VYN ‘snujjw sa1eqelq 0L €FECHE N WN €SFCL0E Al ViN [ewouqy
sIapiosip (swioganem 160]
anIsULRdAY -oyied |eiaie|iun)
VYN ‘snijjaw sa19gelq 08'C+80Y¢E VYN VN Y 9F0E LC L€ ViN [ewiouqy
SIspiosip
SAIsURLIRdAY
8 IR £E~E YN ‘snjjauw salagelq 66T FEEVE N WN 8GFSE6T iad! VIN[BWION  1OYyoD [9BIS| €107 uewziemys
(s)9am) (4aquinu) azls ubisap
VO awn Jajddog bunjows suonedidwod (s)@9Mm) YO (6) 3yb1am yag (zw/6) INg (saeak) aby s|dwes dnoip Apms Anuno> Je3a) Joyiny

(panunuod) L ajqey



Page 9 of 16

(2023) 23:659

Zhi et al. BMC Pregnancy and Childbirth

(401) uelpaw ay) se pajuasaid ale eleq
(2bue) ueipaw ay) se pajuasaid aie eleq ,

eisdwe|da-aid 34 ‘uoisuanadAy
Jeuonelsab Ho “sjddoq A1s1ie duLRIN I ‘B1qedijdde Jou  ‘uoisusriadAy padnpul-Aoueubaid Hd ‘obe jeuonelsab-ioj-|jews oS ‘uswssasse Ajenb v ‘abe jeuoineisab o ‘xapul ssew Apoq jNg :UOHDIAIGQY

eisdweppaaid yum

uolsuapadAy
'UoISUS1IadAY ‘s91
-3qeIp |euolieisab

VN isdwe|2aa1g LSCF6¥9¢ S6'ELYFSL TV VN €09+058¢C (014 ViN [ewiouqy

eisdweppaaid yum
uolsusnadAy
'UoIsUaLIadAY ‘s91
-3Qelp |euoneisshb

L HIPIM 1E-0€ WN isduiepaalg 96 L FE6LE Y9765 F0S9ETE vN ISSFESOE 09 VIN [EWION  HOYoD ues  8loz uealez

(s)99m) (49qwinu) azis ubisap
VO awn Jajddog bunjows suonedidwod (s3@aMm) YO (6) yb1am yag (zw/6Y) INg (saeak) aby 9|dwes dnoip Apms Anuno> FLEETN Joyiny

(panunuod) L ajqey



Zhi et al. BMC Pregnancy and Childbirth (2023) 23:659 Page 10 of 16

Comparison of UtA measurements between SGA group
and non-SGA group

In the first trimester, mean PI and PI z-score were sig-
nificantly higher in the SGA group than in the non-SGA

cohort studies and 3 case—control studies. According to
the Newcastle Ottawa scale, 32 studies were assessed as
good quality and 9 studies were assessed as fair quality
(Supplementary table S1-S2).

A B

%

Author (Year) WMD (95% CI) Weight
: %
Arakaki (2020) —— 0.18 (0.07, 0.29) 17.63
Drouin (2018) - 023(0.18,0.28) 19.63 Author (Year) WMD (95% Cl) Weight
Gonzalez-Gonzalez (2017) — 0.28(0.18, 0.38) 18.04
He 2021) L —— 0:69,(0.54,0:54) 1590 Arakaki (2020) ———————— 0.30(0.10,0.50) 3757
Rueangjaroen (2021) —_——— 0.35(0.15, 0.55) 13.61 ]
: Viola (2014) ——%——  0.30(0.15,045) 62.43
Schwartz (2014) — 0.19(0.03, 0.35) 1520 :
BT S — <> SR i Overall, IV (1" = 0.0%, p = 1.000) <> o104 1000
T T T T T
= { -5 0 5
NOTE: Weights arefomrandom efecs macel
0Odds Ratio %
Author (Year) (95% ClI) Weight
El-Hamedi (2005) — 3.26 (1.71,6.20) 9.16
Konchak (1995) —_— s 263(059, 11.71) 1.70
Maged (2017) ——— 3.79(1.99, 7.25) 7.49
Borna (2019) — e 434(121,1569) 1.89 %
i P
Ohkuchi (2000) ; 1.30 (0.28, 6.04) 254 Author (vear) WMD (95% CI) Weight
Groom a (2009) —— 1.75 (0.88, 3.47) 9.84
Groom b (2009) —= 2.34(153,359) 20.92 Hafner (2006) = 0.18 (0.12, 0.24) 39.59
Seravalli (2014) —— 269 (1.54,4.68) 1080 Kienast (2016) — 026 (0.10,0.42) 1892
Espinoza (2010) —‘l— 242(1.73,337) 3375 Quant (2016) — 0.14 (0.04, 0.24) 3114
Ohkuchi (2000) — r 1.78 (0.38, 8.42) 1.90 Rueangjaroen (2021) ———————— 0.46(0.22,0.70) 1035
Overall, MH (I* = 0.0%, p = 0.827) <> 2.54(2.10, 3.08) 100.00 Overall, DL (I° = 54.8%, p = 0.085) 0 021(0.12,0.30)  100.00
T T T
0625 1 -5 5
NOTE: Weights are from Mantel-Haenszel model NOTE: \Waights are focn randoca effects modsl
%
Author (Year) 'WMD (95% Cl) ‘Weight
%
Author (Year) WMD (95% Cl) Weight Lobmaier (2021) — 0.48 (0.19, 0.77) 20.00
Miranda (2017) | ——— 1.01(074.129) 20.58
Maged (2017) e 0.06 (0.05, 0.08) 38.12 Paules (2019) e 090(058,122) 1917
McCowan (2010) = 0.05 (0.04, 0.06) 60.49 Rial-Crestelo (2019) —_— 0.32(0.10, 0.54) 2194
Onkuchi (2000) - 0.00 (-0.08, 0.08) 138 Triunfo (2016) —_— 0.40 (0.05, 0.75) 1831
Overall, IV (I’ = 47.1%, p = 0.151) <> 0.05 (0.05, 0.06) 100.00 Overall, DL (I = 80.6%, p = 0.000) O 0.62(0.33,0.91) 100.00
T T T
-1 0 -1 0 1
NOTE: Weights are from random-effects model
%
Author (Year) WMD (95% ClI) Weight
Ciobanu (2019) —_— 0.07 (0.05, 0.09) 73.82
Valifio (2016) ——s——— 0.09(0.06,0.12) 26.18
Overall, IV (I = 2.9%, p = 0.310) <> 0.08 (0.06, 0.09) 100.00
T T T
-1 0 1

Fig. 2 Forest plots regarding to mean PI (A) and Pl Z-score (B) in the first trimester; notch presence (C), mean PI (D), and mean RI (E) in the second
trimester; Pl z-score (F) and Pl MoM (G) in the third trimester
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group (WMD: 0.31, 95%CIL: 0.19-0.44; WMD: 0.30,
95%CI: 0.18—0.42) (Fig. 2A-B). There was no significant
difference in mean RI between the SGA group and non-
SGA group (WMD: 0.06, 95%CI: -0.04—0.16). A study by
Arakaki et al. reported that RI z-score was significantly
higher in the SGA group compared to non-SGA group
[12]. In the second-trimester, we found that the risk of
notch presence in the SGA group was higher than in the
non-SGA group (OR: 2.54, 95%CI: 2.10-3.08) (Fig. 2C).
Compared to non-SGA group, SGA group showed
higher values of mean PI (WMD: 0.21, 95%CI: 0.12—0.30)
(Fig. 2D) and mean RI (WMD: 0.05, 95%CI: 0.05—0.06)
(Fig. 2E). Seravalli et al. reported that PI z-score of SGA
group was higher than that of non-SGA group [46]. Espi-
noza et al. had reported the risk of PI>95% and RI>95%
in SGA group was higher than in the non-SGA group
[24]. In the third-trimester, PI z-score and PI MoM
showed a significant increase in the SGA group com-
pared with non-SGA group, with WMD value of 0.62
(95%CI: 0.33—0.91) (Fig. 2F) and 0.08 (95%CI: 0.06—0.09)
(Fig. 2G), respectively. Rial-Crestelo et al. reported that
SGA group showed a higher risk of PI>95% compared
to non-SGA group [41]. The results were summarized in
Table 2.

Page 11 of 16

Comparison of SGA incidence between abnormal UtA
group and normal UtA group

In the first trimester, there was no significant association
between SGA and RI>75% (RR: 2.61, 95%CI: 0.68—10.08)
or RI>95% (RR: 1.55, 95%CI: 0.73-3.26). Dugoff et al.
reported that the risk of SGA incidence was higher in
RI>90% group compared to RI<90% group [22]. In the
second trimester, we found that the odds of SGA inci-
dence were significantly higher in women with mean
RI>90% (OR: 2.14, 95%CI: 1.48-3.10) (Fig. 3A), mean
PI>95% (OR: 3.15, 95%CI: 1.94-5.12) (Fig. 3B), notch
presence (OR: 8.83, 95%CI: 1.76-44.29) (Fig. 3C), and
mean PI>95% or notch presence (OR: 6.74, 95%CI: 3.44—
13.18) (Fig. 3D). In the third trimester, women with mean
PI>95% had higher odds of SGA than women with mean
PI<95% (OR: 6.03, 95%CI: 3.24-11.24) (Fig. 3E). Obican
et al. have found that the risk of SGA was higher in case
of mean PI>95% or notch presence [5]. The results were
shown in Table 3.

Sensitivity analysis and publication bias

Sensitivity analysis showed that no study displayed
an important effect on the final pooled UtA measure-
ments and SGA incidence (Tables 1 and 2). There was

Table 2 Comparison of UtA parameters between SGA groups and non-SGA groups

Outcomes Number of studies =~ Number of participants WMD/OR (95%Cl) P 12
The first trimester
Mean Rl 2 3158 0.06 (-0.04,0.16) 0.233 97.40%
Sensitivity analysis 0.06 (-0.04,0.16)
Mean PI 6 9694 1(0.19,044)° <0.001 86.50%
Sensitivity analysis 1(0.19,0.44)
Pl Z-score 2 3629 0.30(0.18,042)° <0.001 0.00%
Sensitivity analysis 0.30(0.18,042)
The second trimester
Notch presence 9 10974 2.54(2.10,3.08)° <0.001 0.00%
Sensitivity analysis 2.54(2.10,3.08)
Publication bias 7=036 0974
Mean Pl 4 3543 21(0.12,0.30) ¢ <0.001 54.80%
Sensitivity analysis .21 (0.12,0.30)
Mean RI 3 4141 .05 (0.05,0.06) ° <0.001 47.10%
Sensitivity analysis .05 (0.05, 0.06)
The third trimester
Pl z-score 5 2918 0.62(0.33,091)° <0.001 80.60%
Sensitivity analysis 0.62 (0.33,0.91)
Pl MoM 2 13492 0.08 (0.06, 0.09) @ <0.001 2.90%
Sensitivity analysis 0.08 (0.06, 0.09)

Abbreviation: UtA uterine artery Doppler, SGA small for gestational age, P/ pulsatility index, Rl resistance index, MoM multiple of median, WMD weighted mean

difference, RR relative risk, OR odds ratio, C/ confidence interval
@ presented WMD
b presented OR
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Odds Ratio % Odds Ratio %
Author (Year) (95% ClI) Weight Author (Year) (95% CI) Weight
Groom a (2009) —o—ﬁ— 1.76 (1.00, 3.11) 4941 Roeder (2014) —t—— 525(1.99,13.85) 17.16
Groom b (2009) —‘—0— 2.51(1.54,4.10) 50.59 Ventura (2015) —_— 2.72(1.56,4.76) 8284
Overall, MH (I = 0.0%, p = 0.354) <> 214(1.48,3.10) 100.00 Overall, MH (I” = 24.4%, p = 0.250) <> 3.15(1.94,5.12) 100.00
T T T T T
25 1 4 0625 1 16

NOTE: Weights are from Mantel-Haenszel model NOTE: Weights are from Martel-Haenszel model

% 0dds Ratio %
Author (Year) Odds Ratio (95% Cl) Weight Author (Year) (95% CI) Weight
Mitsui (2016) ——0—— 4.94(0.54, 45.58) 73.26 Miyakoshi (2001) —_—— 5.38(2.28, 12.67) 58.76
Phupong (2003) —-—o— 19.48 (2.14,177.73) 26.74 Hershkovitz (2005) —-—0— 8.68(2.92,25.77) 4124
Overall, MH (I = 0.0%, p = 0.385) <> 8.83(1.76, 44.29) 100.00 Overall, MH (I* = 0.0%, p = 0.491) <> 6.74 (3.44,13.18) 100.00

T T T T T
0078125 1 128 03125 1 32

NOTE: Weights are from Mantel-Haenszel model NOTE: Weights are from Mantel-Haenszel model

%
Author (Year) 0Odds Ratio (95% CI) Weight
Arrue (2017) - 1.75(0.73,4.22) 19.97
Ghi (2010) —_— 4.52(1.42,14.43) 15.41
Maroni (2011) —t— 15.94(2.02, 125.85) 713
Miranda (2017) —— 7.61(4.38,13.22) 26.28
Rodriguez (2018) ——— 12.28 (3.17, 47.57) 12.90
Zarean (2018) —— 8.79(3.32,23.27) 18.31
Overall, DL (I" = 54.6%, p = 0.051) O 6.03(3.24, 11.24) 100.00

T T
0078125 1 128

NOTE: Weights are from random-effects model

Fig. 3 Forest plots regarding to mean RI>90% (A), mean PI>95% (B) notch presence (C), and mean PI>95% or notch presence (D) in the second

trimester; mean Pl >95% (E) in the third trimester

no evidence of publication bias in the reporting of notch
presence in the second-trimester across studies (Z=0.36,
P=0.974).

Certainty of evidence

We used GRADE to assess the level of evidence. The
results showed very low level of evidence for all outcomes
(Supplementary table S3).

Discussion

In this systematic review and meta-analysis, we explored
the association between transabdominal UtA and SGA in
the first, second, and third trimesters. The results showed
that UtA measurements in the SGA group were signifi-
cantly higher than the non-SGA group during the whole
pregnancy. Also, SGA group had a higher odds of notch
presence than the non-SGA group. In addition, we found
that abnormal UtA was associated with the higher odds

of SGA compared to normal UtA in the second and third
trimesters.

Transabdominal UtA is a noninvasive test of the uter-
oplacental circulation, and has been applied to predict
the risk of SGA in the clinical practice [4, 5, 44]. PI and
RI are common observation indices in the UtA [52].
UtA-PI reflects total resistance distal to the measure-
ment point, and UtA-RI reflects the vascular resistance
at the measurement point [52]. A study showed a stable
decrease in UtA-PI values until the late stages of preg-
nancy [53], whereas Cavoretto et al. found that UtA-PI
showed a progressive non-linear decrease throughout
the pregnancy by using fractional polynomial [54].
In this meta-analysis, we observed higher levels of
UtA-PI and UtA-RI in women with SGA compared to
those without SGA during the whole pregnancy. Previ-
ous studies have reported the similar findings [13, 31].
Borna et al. performed a study to identify patients at the
risk of SGA using UtA, and they observed that mean



Zhi et al. BMC Pregnancy and Childbirth (2023) 23:659

Page 13 of 16

Table 3 Comparison of SGA incidence between abnormal and normal UtA groups

SGA incidence Number of studies

The first trimester

Mean RI>75% 2 2200
Sensitivity analysis
Mean RI>95% 2 2200
Sensitivity analysis
The second trimester
Mean RI>90% 1 3968
Sensitivity analysis
Mean Pl >95% 2 397
Sensitivity analysis
Notch 2 359
Sensitivity analysis
Mean PI>95% or Notch 2 447
Sensitivity analysis
The third trimester
Mean PI>95% 6 1913

Sensitivity analysis

Number of participants RR/OR (95%Cl) P 12
2.61(0.68,10.08)° 0.163 79.10%
261 (0.68,10.08)

55(0.73,3.26) ° 0.254 43.70%
55(0.73, 3.26)
2.14(148,3.10)2 <0.007 0.00%
2.14(148,3.10)
3.15(1.94,5.12)2 <0.001 24.40%
15(1.94,5.12)
883 (1.76,44.29) 2 0.008 0.00%
883 (1.76,44.29)
6.74 (344,13.18) <0.001 0.00%
6.74 (3.44,13.18)
6.03(3.24,11.24)° <0.001 54.60%

6.03 (3.24,11.24)

Abbreviation: UtA uterine artery Doppler, SGA small for gestational age, P/ pulsatility index, Rl resistance index, WMD weighted mean difference, RR relative risk, OR

odds ratio, C/ confidence interval
@ presented OR
b presented RR

UtA-PI in women with SGA newborns was significantly
higher than those without SGA newborns [13]. Simi-
larly, Maged et al. showed that UtA-RI was significantly
higher in women who developed SGA compared to con-
trols [31]. Also, we found that the odds of SGA were
higher in the abnormal UtA group compared to normal
UtA in the second and third trimesters. This finding was
consisted with the studies by Obican et al. and Groom
et al. [5, 15] Obican et al. suggested that the risk of
SGA was significantly higher when PI>95% [5]. Groom
et al. indicated that the incidence of SGA was higher
in women with UtA-RI>90% than those with normal
UtA-RI in the second trimester [15]. Evidence showed
that trophoblastic invasion may be the reason for the
increase of uterine vascular impedance; subsequently,
changes in the uteroplacental circulation was detected
by UtA [55, 56].

Diastolic notch is the characteristic of vessels with
resistance, and depends on the compliance of ves-
sel wall [57]. Dugoff et al. reported that 34.2% of 1067
American pregnant women had diastolic notches in the
uterine artery; however, there was no significant asso-
ciation between diastolic notch and SGA [22]. He et al.
also reported no significant association between notch
and SGA although they found notching in the SGA
fetuses was 40% higher than in the non-SGA fetuses [4].
One potential reason for this is that diastolic notch is

dichotomous rather than numeric variables, which might
introduce misclassification bias [4]. In this meta-analysis,
we found a significant association between the notch
presence and SGA and that notch presence was signifi-
cantly associated with the increased odds of SGA. The
similar finding was reported in former studies [5, 13, 35].
Borna et al. found that the incidence of SGA in women
with notch was significantly greater than women with-
out notch in ultrasonography [13]. In the study by Mitsui
et al,, a higher incidence of SGA was found in pregnant
women with notch than those without (29.2% vs. 7.7%)
[35]. This was consistent with the finding from the study
of Obican et al. that UtA notch was significantly associ-
ated with SGA [5].

This meta-analysis explored the association between
transabdominal UtA measurements and SGA in the
first, second, and third trimesters, and found that
abnormal UtA measurements were significantly associ-
ated with the high odds of SGA in the whole pregnancy.
However, there are some limitations in this meta-anal-
ysis. First, judgement of normality or abnormality and
classification of centiles in UtA measurements relies
upon different curves and charts for uterine arteries,
which may affect the reliability of the pooled results.
In the future, a uniform judgement for abnormal-
ity needs to be explored. Second, there is heterogene-
ity in some results. Pregnancy complications (such as
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gestational hypertension, preeclampsia, gestational dia-
betes), maternal smoking, and history of SGA may be
the sources of heterogeneity. However, we were unable
to perform the subgroup analysis to explore the sources
of heterogeneity because the above factors could not
be analyzed based on the included studies. Third, SGA
is defined as fetal birth weight <10th percentile of the
standard weight of the fetus at the same gestational age.
In included studies, standard weight varies from region
to region, which may cause some bias on the results.
Fourth, the method of conception of the included
pregnancies is likely heterogeneous. UtA-PI values are
significantly different in pregnancies after different con-
ception method [58]. Fifth, due to the limitation of the
included studies, we failed to explore the influence of
the changes of UtA measurements on SGA in different
pregnancy periods.

Conclusion

In conclusion, our meta-analysis found a significant
association between abnormal UtA measurements and
increased odds of SGA in the whole pregnancy, indicat-
ing that UtA might be an adjunctive screening method
for SGA in the whole pregnancy.

Abbreviations

SGA Small for gestational age
NNU Neonatal unit

UtA Uterine artery Doppler

Pl Pulsatility index
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PRISMA  Preferred Reporting Items for Systemic Reviews and Meta-Analyses
BMI Body mass index

MoM Multiple of median

WMD Weighted mean difference
OR Odds ratio

cl Confidence interval

RR Relative risk
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