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perinatal outcomes in twin pregnancies:
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Abstract

Background Velamentous cord insertion (VCl) and marginal cord insertion (MCl) are well-known risk factors

for adverse perinatal outcomes in singleton pregnancies. However, the potential links between VCl or MCl and
perinatal outcomes in twin pregnancies have yet to be systematically evaluated. This study aimed to investigate the
relationships between VCl or MCl and perinatal outcomes in twin pregnancies.

Methods This retrospective single-center cohort study included women with twin pregnancies who gave birth in
a tertiary hospital in Southwest, China between January 2017 and December 2022.VCl and MCl were identified by
abdominal ultrasound and confirmed after placental delivery. Logistic regression, multinomial logit regression and
generalized estimation equation models were used to evaluate the association between VCl or MCl and perinatal
outcomes.

Results A total of 3682 twin pregnancies were included, including 100 (2.7%) pregnancies with VCl and 149 (4.0%)
pregnancies with MCl. Compared to pregnancies with normal cord insertion, both monochorionic and dichorionic
pregnancies with VCl were associated with an increased risk of preterm delivery 32-34 weeks (aRRR 2.94, 95% Cl 1.03-
8.39; aRRR 2.55, 95% Cl 1.19-5.46, respectively), while pregnancies with MCl were not associated with preterm delivery.
VCl was associated with a higher incidence of placental previa (@aOR 6.36, 95% Cl 1.92-21.04) in monochorionic
pregnancies and placental accreta (@OR 1.85, 95% Cl 1.06-3.23) in dichorionic pregnancies. MCl was associated with
an increased risk of preeclampsia (aOR 3.07, 95% Cl 1.49-6.32), intertwin birthweight discordance > 20% (aOR 2.40,
95% Cl 1.08-5.60) and selective fetal growth restriction (aOR 2.46, 95% Cl 1.08-5.60) in monochorionic pregnancies
and small-for-gestational age neonates (aOR 1.97, 95% Cl 1.24-3.14) in dichorionic pregnancies.

fLi Wen and Qimei Zhong contributed equally to this work and share
first authorship.

*Correspondence:
Lan Wang
Wanglan120@outlook.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-023-05963-1&domain=pdf&date_stamp=2023-9-7

Wen et al. BMC Pregnancy and Childbirth (2023) 23:648

Page 2 of 9

Conclusions VCl was associated with an increased risk of preterm delivery in twin pregnancies irrespective of
chorionicity, whereas MCl was associated with an increased preeclampsia risk, significant intertwin birthweight
discordance in monochorionic pregnancies and small-for-gestational age neonates in dichorionic pregnancies.

Keywords Velamentous cord insertion, Marginal cord insertion, Selective fetal growth restriction, Small-for-

gestational age, Preeclampsia, Twin pregnancies

Background

The placenta is an essential temporary organ during
pregnancy. As the link between the mother and the fetus,
the placenta plays an important role in the transmission
of nutrients and gases, endocrine synthesis, and immune
barriers, is the primary regulatory element in the adap-
tation of the mother to pregnancy and maintains the
intrauterine environment [1]. Hence, the development of
placental structure and function is crucial for maternal
and fetal health. Impairment of the placental structure
or function may result in adverse short- and/or long-
term outcomes, which include placental abnormalities
(placental previa, accreta, abruption and abnormal mor-
phogenesis) [2], placental-related diseases (preeclamp-
sia (PE), preterm delivery (PTD), intrauterine growth
restriction, fetal distress) [3—5] and increased risk for
placenta-related chronic diseases in adulthood (diabetes,
obesity and cardiovascular disease) [6].

Cord insertion abnormalities are common morpho-
logical abnormalities of the placenta where the umbili-
cal cord does not insert into the center or the central
neighborhood of the placental disk. The two main types
of abnormal cord insertion are velamentous cord inser-
tion (VCI) and marginal cord insertion (MCI), with a
reported prevalence of 1.4% and 6.15%, respectively,
in singleton pregnancies [7, 8]. Previous studies have
revealed that VCI and MCI was associated with and
increased risk of vasa previa, small-for-gestational age
(SGA), PE, PTD, stillbirth and emergency cesarean deliv-
ery in singleton pregnancy [9-12]. Nevertheless, investi-
gations on the impact of abnormal cord insertion in twin
pregnancies have been primarily concerned with the
associations between VCI and the occurrence of twin-to-
twin transfusion syndrome (TTTS) and intertwin birth-
weight discordance (BWD) [13-15]. As abnormal cord
insertion is more prevalent in twin pregnancies than in
singleton pregnancies [12], it is essential to compare the
influence of VCI and MCI on perinatal outcomes in twin
pregnancies.

Based on a large-scale, single-center retrospective
cohort of twin pregnancies in China, this study aims to
estimate the associations of VCI and MCI with perinatal
outcomes to provide evidence for obstetricians to make
optimal decisions in clinical management.

Methods

Study population

This was a retrospective cohort study conducted in the
Women and Children’s Hospital of Chongqing Medi-
cal University between January, 1 2017 and December
31, 2022. Twin pregnancies were identified by searching
the Inpatient Electronic Medical Record (EMR) system,
and all data were extracted and input into our database
constructed by using Epidata 3.1. Twin pregnant women
with any of the following conditions were excluded from
the current study: delivery<26”7 weeks of gestation;
congenital anomalies of one or both fetuses; preexisting
chronic diseases, such as diabetes and hypertension and
incomplete electronic medical records. Informed con-
sent was obtained from all participants. The study was
approved by the Ethics Committee of the Women and
Children’s Hospital of Chongqing Medical University
(No. 2022-011).

Definition of abnormal cord insertion

Abnormal cord insertion was identified by abdominal
ultrasound (captured from the admission diagnosis in
EMR system) and confirmed after placental delivery
(captured from the postpartum diagnosis in EMR sys-
tem). VCI is characterized by the attachment of the
umbilical cord to the amniotic membrane before reach-
ing the placental disk, and the fetal blood vessels stretch
along the membrane between the insertion site and the
placenta [15]. MCI is characterized by an umbilical cord
attachment site was <2.0 cm to the nearest placental
disk edge [15]. Twin pregnancies were grouped accord-
ing to the cord insertion types. The VCI group included
pregnancies complicated with velamentous insertion in
one or both of the fetuses irrespective of the marginal
cord insertion, and the MCI group included pregnan-
cies complicated with marginal insertion in one or both
of the fetuses. Twin pregnancies with all other umbilical
cord insertion sites>2.0 cm from the nearest placental
disk edge were categorized as the normal cord insertion
(NCI) group.

Study variables and outcomes

The following general data were collected: maternal
prepregnancy age, height, weight, nulliparity, mode of
conception (spontaneous conception or assisted repro-
ductive technology (ART) use), chorionicity (monochori-
onic or dichorionic), hypertensive diseases of pregnancy
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(HDP), gestational diabetes mellitus (GDM), intrahepatic
cholestasis of pregnancy (ICP) status, TTTS, selective
fetal growth restriction (sSFGR), gestational age (GA), pre-
mature rupture of membranes (PROM), placental previa,
placental abruption, placental accreta, neonatal birth-
weight, fetal distress, fetal death and neonatal intensive
care unit (NICU) admission.

Body mass index (BMI) was calculated as body weight/
the square of height. GDM was diagnosed according to
the International Association of the Diabetes and Preg-
nancy Study Groups criteria via a 75 g oral glucose tol-
erance test (OGTT) [16]. ICP was defined as elevated
serum total bile acid level 210 umol/L with pruritus [17].
GA was determined by the larger fetus’s crown—rump
length (before 14 weeks gestation) or head circumfer-
ence (after 14 weeks of gestation) in the spontaneous
conception cases, and by the timing of in vitro fertiliza-
tion in the ART cases. Gestational weight gain (GWGQG)
was calculated as the maternal weight prior to delivery
minus the prepregnancy weight. Intertwin BWD was
calculated as (larger twin birthweight-smaller twin birth-
weight)/larger twin birthweight X 100%, and intertwin
BWD greater than 20% was consider as significant. Ges-
tational hypertension (GHP) was defined as a systolic
blood pressure>140 mmHg and/or diastolic blood pres-
sure>90 mmHg after 20 weeks of gestation [18]. PE was
defined as new onset of hypertension and proteinuria or
significant end-organ dysfunction after 20 weeks of ges-
tation [18]. PTD was defined as gestational age 34-37
weeks, 32—-34 weeks and <32 weeks. SGA was defined as
a birthweight <10th percentile corrected for GA and sex

Page 3 of 9

based on a Chinese twin-specific growth chart [19]. sFGR
was defined as an intertwin BWD greater than 20%, with
one of the neonates being SGA in monochorionic twin
pregnancies.

Statistical analysis
Data for continuous variables are presented as the mean
(standard deviation) and those from categorical variables
are presented as frequencies (percentages). Comparisons
among the NCI, VCI and MCI groups were performed by
one-way ANOVA for continuous variables and the chi-
square test for categorical variables. The Bonferroni’s test
was utilized as a post hoc analysis for one-way ANOVA.

We applied binary logistic regression models to exam-
ine the association between VCI and MCI and maternal
outcomes. We used multinomial logit regression models
to assess the association between VCI and MCI and PTD.
Associations between VCI and MCI and neonatal out-
comes were assessed by a generalized estimating equa-
tions (GEE) model to address the intertwin correlation.
The effect estimates are reported as odds ratios (ORs) for
binary logistic regression and GEE models and as rela-
tive risk ratios (RRRs) for multinomial logit regression
models.

All statistical analyses were performed using Stata 15.0
(StataCorp, College Station, TX, USA).

Results

A total of 3682 twin pregnancies were included in
the current study, including 100 (2.7%) with VCI and
149 (4.0%) with MCI (Fig. 1). Table 1 presents the

Total twin pregnancies between
2017-2022 (n = 3,845)

Exclusion Criteria
Delivery < 26 gestational weeks, n = 67

Congentital anomlies of one or both fetuses, n =70
Pre-existing chorion diseases, n =26

Final subjects
(n=3,682)

v

Monochorionic twin
pregnancies
(n=676)

v w v

Normal cord Velamentous Marginal
insertion cord insertion cord insertion
(n=598) (n=29) (n=49)

Fig. 1 Flowchart showing selection of participants in final analysis

v

Dichorionic twin
pregnancies

(n=3,0006)
v ‘ v
Normal cord Velamentous Marginal
insertion cord insertion cord insertion
(n=2.835) n=71) (n=100)
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Table 1 Comparison of baseline characteristics, perinatal outcomes and neonatal outcomes in twin pregnancies with or without

abnormal cord insertion

Characteristics NCI group VCl group MCI group p' p? p?
(N=3433) (N=100) (N=149)
Baseline characteristics
Age at delivery, years 30.90+3.86 30.68+4.33 30.49+3.68 1.000 0.562 1.000
Prepregnancy BM, kg/mZ 21.64+2.88 21.35+297 21324221 0.953 0574 1.000
Nulliparity, n(9%) 2814 (82.0) 77 (77.0) 125 (83.9) 0.134 0.504
Chorionicity, n(%) 0.003 <0.001 0517
Monochorionic 598 (17.4) 29 (29.0) 49 (32.9)
Dichorionic 2835 (82.6) 71(71.0) 100 (67.1)
Mode of conception, n(%) <0.001 0.001 0.293
Spontaneous 960 (28.0) 47 (47.0) 60 (40.3)
ART use 2473 (72.0) 53(53.0) 89 (59.7)
GWG, kg 16.74+541 1542+6.23 16.87£5.63 0.051 1.000 0.118
Perinatal outcomes
GDM, n(%) 957/3324 (288)  27/96 (28.1) 29/146 (19.9) 0910 0.024 0.161
GHP, n(%) 88 (2.3) 3(3.0) 3(20) 0.743 1.000 0.687
PE, n(%) 439 (12.8) 11 (11.0) 27(18.1) 0.652 0.062 0.151
ICP, n(%) 533 (15.5) 18 (18.0) 21 (14.1) 0576 0.648 0477
GA at delivery, wks 3580+2.12 3489+2.68 35.34+2.58 <0.001 0.033 0333
34-37 wks, n(%) 1469 (42.8) 36 (36.0) 57(383) 0.184 0310 0.790
32-34 wks, n(%) 283(8.2) 18 (18.0) 17 (11.4) 0.002 0173 0.192
<32 wks, n(%) 206 (6.0) 14 (14.0) 16 (10.7) 0.003 0.024 0552
PROM, n(%) 682 (19.9) 29 (29.0) 33(22.2) 0.031  0.530 0.234
Placenta previa, n(%) 106 (3.1) 7 (7.0) 6 (4.0) 0.039 0.468 0.386
Placenta abruption, n(%) 52(1.5) 0(0.0) 4(2.7) 0.403 0.293 0.151
Placenta accreta, n(%) 563 (16.4) 22 (22.0) 19(12.8) 0.171 0.258 0.058
Postpartum hemorrhage, n(%) 157 (4.6) 5(5.0) 8 (5.4) 0.806 0.687 1.000
Neonatal outcomes
TTTS, n(%) 25(0.7) 3(3.0) 0(0.0) 0.043 0.624 0.064
SFGR, n(%) 46 (1.3) 3(3.0) 8(54) 0.160 0.002 0533
Intertwin BWD, % 10.52+854 12.55+9.25 11.60+£10.07 0.063 0423 1.000
Intertwin BWD >20%, n(%) 444 (12.9) 18 (18.0) 26 (17.5) 0173 0.135 1.000
Birthweight, g 239231+467.56 2217.07+538.38 2269.78+515.72 <0.001 <0.001 0.676
SGA, n(%) 460/6866 (6.7) 18/200 (9.0) 38/298 (12.8) 0.251 <0.001 0.194
Fetal distress, n(%) 218/6866 (3.2) 9/200 (4.5) 14/298 (4.7) 0.304 0177 1.000
Fetal death, n(%) 66/6866 (1.0) 2/200 (1.0) 8/298 (2.7) 0.719 0.011 0329
NICU admission, n(%) 1982/6866 (28.9) 98/200 (49.0) 136/298 (45.6) <0.001 <0.001 0465

ART, assisted reproductive technology; BMI, body mass index; BWD, birthweight discordance; GA, gestational age; GDM, gestational diabetes mellitus; GHP,
gestational hypertension; GWG, gestational weight gain; ICP, intrahepatic cholestasis of pregnancy; MCl, marginal cord insertion; NCI, normal cord insertion; NICU,
neonatal intensive care unit; PE, preeclampsia; PROM, premature rupture of membranes; sFGR, selective fetal growth restriction; SGA, small-for-gestational age;

TTTS, twin-to-twin transfusion syndrome; VCI, velamentous cord insertion
Post-hoc (Bonferroni test): comparison between NCl and VCI group
2Post-hoc (Bonferroni test): comparison between NCl and MCI group

3Post-hoc (Bonferroni test): comparison between VCl and MCI group

comparisons of baseline characteristics, perinatal out-
comes and neonatal outcomes among the groups. Com-
pared to pregnancies with NCI, pregnancies with VCI
or MCI accounted for significantly higher proportion
of monochorionic twin pregnancies (29.0% vs. 17.4%,
p=0.003 and 32.9% vs. 17.4%, p<0.001), spontane-
ous conception (47.0% vs. 28.0%, p<0.001 and 40.3%
vs. 28.0%, p=0.001), PTD<32 weeks (14.0% vs. 6.0%,
p=0.003 and 10.7% vs. 6.0%, p=0.024), delivered at an

earlier GA (34.89+2.68 vs. 35.80%+2.12, p<0.001 and
35.34+2.58 vs. 35.80%£2.12, p=0.033), lower birthweight
(2217.07+538.38 vs. 2392.31%£467.56, p<0.001 and
2269.78+515.72 vs. 2392.31+£467.56, p<0.001) and a
higher rate of NICU admission (49.0% vs. 28.9%, p<0.001
and 45.6% vs. 28.9%, p<0.001). Moreover, PTD was clas-
sified into two subcategories: spontaneous PTD and iat-
rogenic PTD. The majority cases of PTD were attributed
to spontaneous PTD. Only in the VCI group, the rates
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of spontaneous PTD in the 32-34 week (14.0% vs. 6.1%,
p=0.004) and the <32 week (12.0% vs. 4.6%, p=0.003)
were significantly higher than those in the NCI group
(Supplementary Table 1).

Compared to pregnancies with NCI, pregnancies with
VCI had a higher proportion of PROM (29.0% vs. 19.9%,
p=0.031), placenta previa (7.0% vs. 3.1%, p=0.039) and
TTTS (3.0% vs. 0.7%, p=0.043). Compared to pregnan-
cies with NCI, pregnancies with MCI had a lower pro-
portion of GDM (19.9% vs. 28.8%, p=0.024), a higher
proportion of sFGR (5.4% vs. 1.3%, p=0.002), SGA
(12.8% vs. 6.7%, p<0.001) and fetal death (2.7% vs. 1.0%,
p=0.011).

There were no differences between twin pregnan-
cies with VCI and those with MCI in terms of in base-
line characteristics, perinatal outcomes and neonatal
outcomes.

Table 2 displays the associations between pregnancies
with VCI or MCI and perinatal, and neonatal outcomes.
After adjusting for maternal age, prepregnancy BMI, nul-
liparity, chorionicity, mode of conception, HDP, GDM
and ICP, twin pregnancies with VCI were associated with
an increased risk of PTD at 32—34 weeks (aRRR 2.68, 95%
CI 1.42-5.05, p=0.002), PTD at <32 weeks (aRRR 3.27,
95% CI 1.64-6.51, p=0.001), PROM (aOR 1.72, 95% CI
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1.09-2.73, p=0.020) and NICU admission (aOR 2.35,
95% CI 1.60-3.46, p<0.001). Twin pregnancies with
VCI were also associated with an increased risk of pla-
centa previa (aOR 2.54, 95% CI 1.14-5.67, p=0.022) after
adjusting for maternal age, prepregnancy BMI, nullipar-
ity, chorionicity and mode of conception.

After adjusting for maternal age, prepregnancy BMI,
nulliparity, chorionicity, mode of conception, HDP, GDM
and ICP, twin pregnancies with MCI were associated
with an increased risk of SGA neonates (aOR 1.87, 95%
CI 1.30-2.70, p=0.001) and NICU admission (aOR 2.00,
95% CI 1.46-2.75, p<0.001). Additionally, in the adjusted
model, twin pregnancies with MCI were less likely to
be complicated by GDM (aOR 0.64, 95% CI 0.41-0.97,
p=0.038) and more likely to be complicated by PE (aOR
1.56, 95% CI 1.01-2.42, p=0.049) and sFGR (aOR 2.46,
95% CI 1.08—5.60, p=0.001).

As shown in Table 3, monochorionic twin pregnancies
with VCI were associated with an increased risk of PTD
at 32—34 weeks (aRRR 2.94, 95% CI 1.03-8.39, p=0.044),
NICU admission (aOR 2.00, 95% CI 1.06—4.19, p=0.035)
and placenta previa (aOR 6.36, 95% CI 1.92-21.04,
p=0.002) after adjustment. Monochorionic twin preg-
nancies with MCI were associated with an increased risk
of PE (aOR 3.07, 95% CI 1.49-6.32, p=0.002), intertwin

Table 2 Binary logistic regression analysis of association between different types of abnormal cord insertion and perinatal outcomes

Variables VCl group MCI group
aOR/aRRR (95% CI)* p aOR/aRRR (95% Cl)* p
Perinatal outcomes
GDM, n(%)" 1.03 (0.65-1.64) 0.889 0.64 (041-0.97) 0.038
PE, n(%)? 092 (0.48-1.74) 0.795 1.56 (1.01-2.42) 0.049
PTD
34-37 weeks, n(%)° 1.01 (0.61-1.70) 0.960 0.89(0.61-1.31) 0.554
32-34 weeks, n(%)* 2.68 (1.42-5.05) 0.002 1.52 (0.87-2. 65) 0.143
<32 weeks, n(%)* 3.27 (1.64-6.51) 0.001 1.78 (0.95-3.34) 0.071
PROM, n(%)> 1.72(1.09-2.73) 0.020 1.20 (0.80-1.81) 0.383
Placenta previa, n(%)’ 2.54 (1.14-5.67) 0.022 1.37(0.59-3. 19) 0.468
Placenta accreta, n(%)’ 1.59(0.97-2.60) 0.066 0.81(0.49-1.33) 0402
Neonatal outcomes
TTTS, n(%)' 3.05(0.85-11.01) 0.088 N/A N/A
sFGR, n(%)’ 4 (0.38-4. 64) 0.649 2.46 (1.08-5.60) 0.032
Intertwin BWD > 20%, n(%)* 7(0.79-237) 0.265 147 (0.94-2.28) 0.088
SGA, n(%)? (O 76-2.08) 0.380 1.87 (1.30-2.70) 0.001
Fetal death, n(%)* 0.94 (0.13-6.76) 0.949 2.18(0.84-5.67) 0.108
NICU admission, n(%)* 2.35(1.60-3.46) <0.001 2.00 (1.46-2.75) <0.001

BWD, birthweight discordance; GDM, gestational diabetes mellitus; MCl, marginal cord insertion; NICU, neonatal intensive care unit; N/A, not applicable; PE,
preeclampsia; PROM, premature rupture of membranes; PTD, preterm delivery; sFGR, selective fetal growth restriction; SGA, small-for-gestational age; TTTS, twin-

to-twin transfusion syndrome; VCl, velamentous cord insertion

'Adjusted for maternal age, prepregnancy BMI, nulliparity, chorionicity and mode of conception

2Adjusted for maternal age, prepregnancy BMI, nulliparity, chorionicity, mode of conception and gestational diabetes

3Adjusted for maternal age, prepregnancy BMI, nulliparity, chorionicity, mode of conception, hypertensive diseases of pregnancy, gestational diabetes and
intrahepatic cholestasis of pregnancy

“4Associations between abnormal cord insertion and preterm delivery subgroups were assessed by multinomial logist regression model, reported as RRR (95% Cl).
Associations between abnormal cord insertion and SGA, fetal death and NICU admission were assessed by generalized estimating equations model, reported as OR
(95% Cl). Associations between abnormal cord insertion and other outcomes were assessed by logistics model, reported as OR (95% Cl)
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Table 3 Binary logistic regression analysis of association between abnormal cord insertion and perinatal outcomes in monochorionic

twin pregnancies

Variables VCl group MCI group
aOR/aRRR (95% CI)* aOR/aRRR (95% CI)* p
Perinatal outcomes
GDM, n(%)" 0.75 (0.27-2.08) 0.586 067 (0.31-1.44) 0.307
PE, n(%)? 1.38(0.40-4.83) 0.610 3.07 (1.49-6.32) 0.002
PTD
34-37 weeks, (%) 0.85(0.31-2.34) 0.754 0.77 (0.36-1.67) 0.510
32-34 weeks, n(%)* 2.94(1.03-8.39) 0.044 0(0.88-4. 99) 0.093
<32 weeks, n(%)* 2.31(0.59-9.08) 0.231 2.20 (O 82-5.88) 0.116
PROM, n(%)? 2.15(0.90-5.15) 0.085 8(0.59-2.76) 0532
Placenta previa, n()' 6.36 (1.92-21.04) 0.002 0.72 (O 10-5.52) 0.748
Placenta accreta, n(%)' 1.07 (0.36-3.18) 0.909 0.55(0.19-1.57) 0.260
Neonatal outcomes
TTTS, n(%)' 349 (0.95-12.88) 0.061 N/A N/A
sFGR, n(%)' 1.34(0.38-4.64) 0.649 2.46 (1.08-5.60) 0.032
Intertwin BWD >209%, n 1.29 (0.42-3.89) 0.657 240 (1.18-4.86) 0.016
SGA, n(%)? 0.53(0.16-1.75) 0.295 1.65 (0.91-3.00) 0.100
Fetal death, n(%)* N/A N/A 3.31(0.99-10.72) 0.056
NICU admission, n(%)* 2.00(1.06-4.19) 0.035 2.66 (1.50-4.72) 0.001

BWD, birthweight discordance; GDM, gestational diabetes mellitus; MCI, marginal cord insertion; NICU, neonatal intensive care unit; N/A, not applicable; PE,
preeclampsia; PROM, premature rupture of membranes; PTD, preterm delivery; sFGR, selective fetal growth restriction; SGA, small-for-gestational age; TTTS, twin-

to-twin transfusion syndrome; VCI, velamentous cord insertion

'adjusted for maternal age, prepregnancy BMI, nulliparity and mode of conception. 2adjusted for maternal age, prepregnancy BMI, nulliparity, mode of conception

and gestational diabetes

3adjusted for maternal age, prepregnancy BMI, nulliparity, mode of conception, hypertensive diseases of pregnancy, gestational diabetes and intrahepatic

cholestasis of pregnancy

“4Associations between abnormal cord insertion and preterm delivery subgroups were assessed by multinomial logist regression model, reported as RRR (95% Cl).
Associations between abnormal cord insertion and SGA, fetal death and NICU admission were assessed by generalized estimating equations model, reported as OR
(95% Cl). Associations between abnormal cord insertion and other outcomes were assessed by logistics model, reported as OR (95% Cl)

BWD=>20% (aOR 2.40, 95% CI 1.18-4.86, p=0.016) and
NICU admission (aOR 2.66, 95% CI 1.50-4.72, p=0.035).
There was no association between abnormal cord inser-
tion and TTTS in monochorionic twin pregnancies, and
only pregnancies with MCI were associated with higher
risk of SFGR (aOR 2.46, 95% CI 1.08-5.60, p=0.001).

As shown in Table 4, pregnancies with VCI were asso-
ciated with an increased risk of PTD at 32-34 weeks
(aRRR 2.55, 95% CI 1.19-5.46, p=0.016), PTD at <32
weeks (aRRR 3.67, 95% CI 1.67-8.06, p=0.001), NICU
admission (aOR 2.51, 95% CI 1.59-3.95, p<0.001) and
placenta accreta (aOR 1.85, 95% CI 1.06-3.23, p=0.032)
after adjustment. Dichorionic twin pregnancies with
MCI were associated with an increased risk of SGA neo-
nates (aOR 1.97, 95% CI 1.24-3.14, p=0.004) and NICU
admission (aOR 1.93, 95% CI 1.31-2.84, p=0.001).

Discussion

On the basis of a retrospective analysis of twin preg-
nancies cohort from a single-center, we discovered that
VCI were associated with an elevated risk of PTD in
both monochorionic pregnancies and dichorionic preg-
nancies, and a higher risk of placenta previa and pla-
centa accreta in monochorionic and dichorionic twin

pregnancies, respectively. In addition, twin pregnancies
with MCI were associated with an elevated risk of PE,
significant intertwin BWD and sFGR in monochorionic
pregnancies, and an elevated risk of SGA neonates in
dichorionic pregnancies.

It has been consistently reported that VCI was a risk
factor for intertwin BWD>20% or >25% in monochori-
onic twin pregnancies [15, 20-23], while was not associ-
ated with significant intertwin BWD in dichorionic twin
pregnancies [15, 22]. Only Lee et al. reported that the
incidence of significant intertwin BWD was not distinct
in twin pregnancies with or without VCI [24]. Regarding
the association between MCI and significant intertwin
BWD, conflicting findings had been reported [15, 20, 21].
Only Cambiaso et al. demonstrated that MCI was asso-
ciated with an increased risk of intertwin BWD>25%
in monochorionic twin pregnancies [20]. In the present
study, we discovered that MCI but not VCI was associ-
ated with intertwin BWD2>20% in monochorionic twin
pregnancies, which contradicted the aforementioned
studies. The heterogeneity of the study population could
provide an explanation for this. The low rate of VCI
(4.3% in monochorionic twin pregnancies) in our popu-
lation may have resulted in an insufficient number of
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Table 4 Binary logistic regression analysis of association between abnormal cord insertion and perinatal outcomes in dichorionic twin

pregnancies

Variables VCl group MCI group
aOR/aRRR (95% Cl)* p aOR/aRRR (95% CI)* p
Perinatal outcomes
GDM, n(%)" 1.17 (0.69-1.99) 0.556 0.62(0.37-1.04) 0.068
PE, n(%)? 0.86 (0.41-1.82) 0.694 1.12 (0.63-1.99) 0.712
PTD
34-37 weeks, n(%)° 0.97 (0.53-1.77) 0919 0.82 (0.52-1.29) 0.387
32-34 weeks, n(%)* 2.55(1.19-5.46) 0.016 1.10 (0.51-2.38) 0.802
<32 weeks, n(%)* 3.67 (1.67-8.06) 0.001 1.50 (0.67-3.37) 0327
PROM, n(%)? 1.58 (0.92-2.73) 0.099 1.17(0.72-1.91) 0.526
Placenta previa, n()' 1.51 (0.46-4.93) 0.495 1.74 (0.69-4.40) 0.243
Placenta accreta, (%)’ 1.85(1.06-3.23) 0.032 0.94 (0.53-1.65) 0.820
Neonatal outcomes
Intertwin BWD = 20%, n(%)> 146 (0.77-2.76) 0.244 1.14 (0.64-2.04) 0.658
SGA, n(%)> 1.59 (0.88-2.89) 0.124 1.97 (1.24-3.14) 0.004
Fetal death, n(%)* N/A N/A 0.86 (0.11-6.54) 0.887
NICU admission, n(%)> 2.51(1.59-3.95) <0.001 1.93 (1.31-2.84) 0.001

BWD, birthweight discordance; GDM, gestational diabetes mellitus; MCl, marginal cord insertion; NICU, neonatal intensive care unit; N/A, not applicable; PE,
preeclampsia; PROM, premature rupture of membranes; PTD, preterm delivery; SGA, small-for-gestational age; VCl, velamentous cord insertion

'adjusted for maternal age, prepregnancy BMI, nulliparity and mode of conception. 2adjusted for maternal age, prepregnancy BMI, nulliparity, mode of conception,

and gestational diabetes

3adjusted for maternal age, prepregnancy BMI, nulliparity, mode of conception, hypertensive diseases of pregnancy, gestational diabetes and intrahepatic

cholestasis of pregnancy

“Associations between abnormal cord insertion and preterm delivery subgroups were assessed by multinomial logist regression model, reported as RRR (95% Cl).
Associations between abnormal cord insertion and SGA, fetal death and NICU admission were assessed by generalized estimating equations model, reported as OR
(95% Cl). Associations between abnormal cord insertion and other outcomes were assessed by logistics model, reported as OR (95% Cl)

pregnancies with VCI, which could have led to our study
being underpowered to detect this association.

Similar to the above reason, no association was found
between pregnancies with VCI and SGA neonates, but
MCI was found to be associated with SGA neonates in
dichorionic pregnancies in this study. There are sev-
eral possible mechanisms to explain this finding. One is
that abnormal cord insertion compromises fetal blood
flow, resulting in decreased nutrient and oxygen supply.
Another is that abnormal cord insertion can lead to pla-
cental insufficiency, which may impact the development
of the placenta.

The association between abnormal cord insertion
and the incidence of TTTS has been extensively stud-
ied in monochorionic twin pregnancies. In two studies,
researchers noted that twin pregnancies complicated
with TTTS had a significantly higher proportion of VCI
than control twin pregnancies [25, 26]. However, recent
studies have shown that VCI is not a risk factor for the
development of TTTS [13, 15, 23, 24, 27]. In this study,
we found that the incidence of TTTS was higher in the
group with VCI than in the group with NCI. However,
after adjusting for multiple variables, we did not find a
correlation between VCI and the occurrence of TTTS.
Surprisingly, none of the pregnancies with MCI were
complicated by TTTS in this study, and to our knowl-
edge, there have been very limited studies exploring the

association between MCI and TTTS. Taken together,
these findings suggest that there is a minimal correlation
between abnormal cord insertion and the development of
TTTS in monochorionic twins.

Limited studies have been conducted to elucidate the
association between abnormal cord insertion and the
onset of PE. Investigations based on singleton pregnan-
cies have reported conflicting data on this association
[10, 12, 28]. To our knowledge, this was the first study
to report that pregnancies with MCI had a higher likeli-
hood of developing PE in monochorionic twin pregnan-
cies. This association can be explained by the fact that
insufficient utero-placental blood perfusion is one of the
pathogeneses of PE, and MCI can cause placental insuf-
ficiency, thus resulting in an increased risk of PE. Regard-
ing the lack of association between VCI and the onset of
PE, we speculated that it may be attributed to the twin
pregnancies with VCI giving birth prior to PE onset, and
these women were prone to delivery before 34 gestational
weeks supporting this point.

We also found a relationship between VCI and placenta
previa existed in monochorionic twin pregnancies and
a relationship between VCI and placenta accreta existed
in dichorionic twin pregnancies. Only Lee et al. reported
that the prevalence of placenta accreta was higher in
dichorionic twin pregnancies with VCI, but they did not
adjust for covariates in their analysis [24]. However, we
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cannot explain the underlying connection between VCI
and placenta previa or placenta accreta, which seemed to
be a coincidental event.

The main strength of our study was that it is the first
study to evaluate the impact of different types of abnor-
mal cord insertion on the perinatal outcomes and
neonatal outcomes in twin pregnancies stratified by cho-
rionicity. In addition, a single-center design reduced the
bias in reports of abnormal placental pathology.

The main limitation of the study was that over 70% of
the twin pregnant women conceived with the aid of ART
in our center, and the proportion of monochorionic twin
pregnancies was far below that of dichorionic twin preg-
nancies. Another limitation was that the proportion of
twin pregnancies with VCI and MCI in our study was
lower than that in previous studies [22, 24]. The gener-
alizability of the findings was limited due to the hetero-
geneity of the study population, but the findings still
hold some reference value for subsequent investigations.
Last, there was a lack of data on cervical length during
pregnancy, which is an important risk factor for preterm
delivery. This lack of data could potentially serve as a
confounding factor impacting the association between
abnormal cord insertion and preterm delivery.

Conclusions

In conclusion, our study demonstrated that both vela-
mentous cord insertion and marginal cord insertion have
a negative impact on perinatal and neonatal outcomes
in twin pregnancies, with a more pronounced effect in
monochorionic twin pregnancies. Prospective studies are
needed to explore prevention strategies and to improve
the perinatal and neonatal outcomes of twin pregnancies
with abnormal cord insertion.
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