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Abstract: Objective: This meta-analysis aims to quantitatively summarize current data on various
potential risk factors of velamentous cord insertion (VCI). A better understanding of these risk factors
could enhance prenatal identification both in settings with routine screening and in those where
universal screening for cord insertion anomalies is not yet recommended. Methods: A system-
atic search was conducted in MEDLINE, Cochrane Library, and Scopus from their inception until
7 February 2024. Eligible studies included observational studies of singleton pregnancies with VCI,
identified either prenatally or postnatally, compared with pregnancies with central or eccentric cord
insertion. Analyses were performed using DerSimonian and Laird random-effects models, with
outcomes reported as risk ratios (RR) or mean differences with 95% confidence intervals (CI). Results:
In total, 14 cohort and 4 case-control studies were included, reporting on 952,163 singleton preg-
nancies. Based on the cohort studies, the overall prevalence of VCI among singleton pregnancies
was calculated to be 1.54%. The risk of VCI was significantly higher among pregnancies conceived
using assisted reproductive technology (RR, 2.32; 95% CI: 1.77-3.05), nulliparous women (RR, 1.21;
95% CI: 1.15-1.28), women who smoked (RR, 1.14; 95% CI: 1.08-1.19), and pregnancies diagnosed
with placenta previa (RR, 3.60; 95% CI: 3.04-4.28). Conclusions: This meta-analysis identified assisted
reproductive technology, nulliparity, smoking, and placenta previa as significant risk factors of VCI
among singleton pregnancies. These findings could inform screening policies in settings where
universal screening for cord insertion is not routinely performed, suggesting a targeted approach for
women with these specific risk factors.

Keywords: assisted reproductive technology; nulliparity; placenta previa; smoking; chronic hypertension;
abnormal cord insertion

1. Introduction

In a velamentous cord insertion (VCI), the umbilical cord inserts into the fetal mem-
branes (between the amnion and the chorion) away from the placental margin, and the
vessels traverse between these membranes before reaching the placenta, as depicted in
Figure 1 [1]. In cases of VCI, there may be an absence of the protective effect of Wharton's
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jelly, normally present around the vessels [2]. Placentas with non-central insertions may be
less effective in supporting fetal growth despite their normal or even increased size. This
decreased placental efficiency may be explained by a relative reduction in the chorionic
vascular density of the placenta, as the cord is displaced from the center [3]. The reported
occurrence of VCI among singleton pregnancies is 1.4%, and it was associated with several
adverse perinatal outcomes including stillbirth, pre-eclampsia, placental abruption, small-
for-gestational-age neonates, preterm delivery, emergency cesarean section (CS), reduced
Apgar score and higher admission rate to the neonatal intensive care unit [4].

Figure 1. Ultrasound image depicting a velamentous cord insertion.

These findings, along with the feasibility of antenatal recognition of VCI, underscore
the importance of a more systematic diagnostic approach; studies have shown that second-
trimester sonographic identification of VCl is accurate, with an exceptionally high specificity
of close to 100% but a lower sensitivity of about 70% [5]. Current recommendations
vary regarding the need to identify a VCI antenatally. Thus, the American Institute of
Ultrasound in Medicine recommends documenting abnormal cord insertions [6], whereas
the International Society of Ultrasound in Obstetrics and Gynecology advises that an
umbilical cord insertion assessment during mid-trimester scan is optional; however, an
incidental finding of VCI should be documented [7].

A comprehensive understanding of risk factors for VCI may improve prenatal identifi-
cation in settings with routine screening but also in settings where universal screening for
cord insertion anomalies is not yet recommended and a targeted approach for women with
specific risk factors should at least be considered. Published data have identified a variety
of potential risk factors for VCI in singleton pregnancies, i.e., advanced maternal age,
previous history of CS, Caucasian ethnicity, use of assisted reproductive technology (ART),
smoking, placenta previa, nulliparity and chronic hypertension [8-10]. This meta-analysis
aimed to conduct a rigorous evaluation and statistical analysis of the current evidence on
possible risk factors for VCI.

2. Methods
This meta-analysis adhered to the Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) [11] and Meta-analysis Of Observational Studies in Epi-

demiology (MOOSE) guidelines [12] and was registered with the International Prospective
Register of Systematic Reviews (PROSPERO) with the protocol number: CRD42024512296.
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Given its nature of synthesizing data from previously published literature, the study was
exempt from the need for ethical approval and patient consent.

2.1. Search Strategy

The research question guiding this systematic search was, “Which population charac-
teristics could serve as indicators of increased risk for VCI in singleton pregnancies”. We

a7

crafted a search strategy employing keywords such as “umbilical cord insertion”, “cord
insertion”, “insertion of the cord”, “placental cord insertion”, “velamentous”, “abnormal”
and “aberrant”. The details of the search strategy can be found in the Supplementary Mate-
rials. We searched MEDLINE, Scopus and Cochrane databases from their inception until
7 February 2024. The identified records were managed using Rayyan (Rayyan Systems Inc.,
Cambridge, MA, USA), a web-based reference management tool. Further, we examined ref-
erences from relevant articles and conducted manual searches online to identify additional
studies. After removing duplicates, we screened titles and abstracts to exclude studies not
pertinent to our question and then thoroughly reviewed the full texts of the remaining
articles to determine their inclusion. This process was independently carried out by two
reviewers (A.S. and A.G, both doctors) blind to each other’s selections, with disagreements
resolved through discussion or, if necessary, by a third reviewer (L.T., biostatistician).

2.2. Selection Criteria

Observational studies written in English, examining possible risk factors and pop-
ulation characteristics in singleton pregnancies identified with VCI either prenatally or
following delivery, were considered eligible. The comparison group included pregnancies
with central /eccentric cord insertion (CCI). In studies where the control groups included
pregnancies with all types of non-velamentous umbilical cord insertions, adjustments were
made, when possible, to ensure comparisons were exclusively with pregnancies having CCIL
If such adjustments were not feasible, the studies were excluded. When the same database
was utilized across two or more studies covering overlapping periods, we exclusively
utilized data from the study encompassing the largest population. Raw data on perinatal
outcomes were required. Abstracts and unpublished studies were not included.

2.3. Data Extraction

A standardized data collection template was prepared ahead of the study selection.
This template captured study characteristics such as author, publication year, journal, study
location, methodology, criteria for inclusion and exclusion, timing and definition of VCI
diagnosis, study demographics and investigated risk factors. A second part of the template
was dedicated to collecting data on predetermined outcomes, including raw data and,
where available, adjusted odds ratios or adjusted risk ratios. Our protocol specified that
outcomes reported in at least three studies would be considered for analysis, even if not
initially outlined. We reached out to authors for missing data or clarifications and selected
the most comprehensive report for studies with multiple publications on the same cohort.

2.4. Outcomes of Interest

Outcomes of interest included every risk factor reported by three or more studies,
including ART, maternal age, prior CS, smoking, placenta previa, nulliparity, chronic hyper-
tension and any other possible risk factor with adequate data as stipulated by our protocol.

2.5. Quality and Bias Assessment

The quality of the included studies was independently assessed by two researchers
(A.S. and A.G) using the Newcastle—Ottawa scale [13], which evaluates the selection of
the study groups, comparability of the groups, and ascertainment of the outcome/risk
factor, employing a star system that assigns up to 9 points for high quality. Additionally,
the Quality In Prognosis Studies (QUIPS) tool [14] was used to evaluate the risk of bias
across six domains: study participation, attrition, prognostic factor measurement, outcome
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measurement, study confounding and statistical analysis/reporting, with studies rated on
a three-point scale (low, moderate, high). Discrepancies in the assessment of quality or bias
were reviewed and resolved by a third reviewer (L.T.).

2.6. Statistical Analysis

In our primary analysis, the cumulative raw data were analyzed to calculate the vari-
ous risk factors’ effect on the VCI prevalence. This data synthesis involved computing effect
sizes and their 95% confidence intervals (Cl) via Review Manager software, version 5.4.1.
We determined risk ratios (RR) for binary outcomes using the Mantel-Haenszel technique
and mean differences (MD) for continuous variables through the inverse variance method.
Due to the significant variability in observational studies, we followed the Cochrane Hand-
book’s recommendation to employ the DerSimonian and Laird random-effects model as
the default analytical method. To evaluate the heterogeneity of the included studies, we
utilized two approaches. The I? statistic was employed to quantify the proportion of the
total variance in the observed effect sizes that was due to differences between studies rather
than chance. 1? values of up to 40% might be unimportant, 30-60% moderate, 50-90%
substantial and 75-100% considerable [15]. Additionally, we applied the Cochran Q test
to examine the homogeneity of the effect sizes across studies, with a p-value threshold of
0.10 for statistical significance. In R version 2.15.1 (R Foundation for Statistical Computing,
Vienna, Austria) [16], the package meta [17] was employed to generate the funnel plot and
the package dmetar [18] to perform the Egger’s test. These methods were used to assess
publication bias only for the outcome with the higher number of published studies.

2.7. Sensitivity Analysis

As per our established methodology, we carried out a sensitivity analysis that only
included cases identified prenatally. This was based upon the premise that our end goal is
a better and more focused prenatal diagnosis of VCI. Furthermore, we conducted another
sensitivity review that considered only those studies deemed as having a low or moderate
risk of bias, as per the QUIPS tool criteria. The objective here was to filter the data less
likely to be affected by bias and verify if these refined results would align with our initial
findings. Notably, a sensitivity analysis was only deemed feasible if data from three or
more studies were available for evaluation.

3. Results

Initially, 1559 records were identified from the Medline, Scopus, and Cochrane databases,
while other methods like Web search and citation searching contributed nine additional
records. After removing 69 duplicates, we screened 1490 records and excluded 1311 for
various reasons. Upon assessing for eligibility, we evaluated 175 full texts, and 18 studies
met the eligibility criteria for the review. The other search methods resulted in nine
relevant reports, none of which was eligible (Figure 2). The two reviewers achieved an
excellent coefficient of agreement on article selection (Cohen’s kappa, 0.932), resulting
in the retention of 14 cohort [8-10,19-29] and 4 case-control studies [30-33] for the final
analysis. The characteristics of the included studies are presented in Table 1.
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Table 1. Characteristics of the included studies.

First Author, Year Country Study Period Study Type Inclusion Criteria Exclusion Criteria Cord Insertion Site Diagnosis  Risk Factors
marginal cord insertion, placenta
specimens without intact
Aragie et al., Ethiopia 2021 retrospective singleton umbilical cord, placenta with postnatally (inspection of cord  chronic
2022 [28] P cohort pregnancies externally identifiable pathology, insertion during the delivery)  hypertension
and bifurcated umbilical cord
before its insertion
Curtin et al retrospective singleton postnatally (identification of r?tlflrll;’ I;lfi:emal e
v USA 2002-2015 P & . multiple pregnancies cord insertion through partty
2019 [30] case-control pregnancies smoking,
pathology reports) h .
ypertension
singleton postnatally (form completed Sﬁ?:;ri;gtin
Ebbing et al., Norwa 1999-2009 retrospective pregnancies multiple preenancies by the attending midwife or giabe tes %acen ta
2013 [8] y cohort delivered at plepreg physician shortly after rovia c’hli‘)onic
16-45 wk delivery) P L
hypertension
singleton
Ebbing et al., g retrospective pregnancies . . postnatally (inspection of cord .
2015 [19] Norway 1999-2011 cohort delivered at multiple pregnancies insertion during the delivery) prior CS
1645 wk
singleton
Ebbing et al., retrospective pregnancies . . postnatally (inspection of cord S
2016 [20] Norway 1999-2013 cohort delivered at multiple pregnancies insertion during the delivery) ART, nulliparity
1645 wk
Intrauterine fetal death, multiple
pregnancies, unknown method of
Fukuda et al., retrospective singleton conception, multiple-lobed postnatally (inspection of cord
2023 [29] Japan 2020-2022 cohort pregnancies and/or accessory placentas, insertion during the delivery) ART
undelivered placentas due to
adhesion, and incomplete entry
ART and includes twin pregnancies but
Gavriil et al., Belgium retrospective intrauterine reports separate raw data for postnatally through pathologic ART

1993 [33]

case-control

embryo transfer
pregnancies

singleton pregnancies

examination
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Table 1. Cont.
First Author, Year  Country Study Period Study Type Inclusion Criteria  Exclusion Criteria Cord Insertion Site Diagnosis  Risk Factors
. . women who first visited the . .
Hasegawa et al., Japan 2002-2004 retrospective smgleton. hospital after 20 weeks of Postnfitally (1pspect1on (,)f cord maternal age
2006 [22] cohort pregnancies . insertion during the delivery)
gestation
singleton

Hasegawa et al., g retrospective pregnancies . . postnatally (inspection of cord

2009 [21] Japan 2005-2006 cohort delivered at multiple pregnancies insertion during the delivery) maternal age
22-41 wk
singletons multiple pregnancies and . .

. . . ' . . . prior CS, smoking,
Heinonen et al.,, . retrospective pregnancies pregnancies with fetal postnatally (inspection of cord .

Finland 1989-1993 : . : . . . unmarried,
1996 [23] cohort delivered after chromosomal abnormalities or insertion during the delivery) .
. placenta previa
24 wk structural malformations
singleton
. . pregnancies multiple pregnancies and .

Jauniauxetal, Belgium 1985-1988 retrospective conceived and pregnancies with early vanishing postn.a tallmacroscoplc ART

1990 [32] case-control . . . examination
delivered at term in  twin phenomenon
ART clinic

. : . prenatally (transvagi-
Larcher ctal, Ttal 2019-2021 rospective cohort  Sin8leton P delvery at gostatort - nal/transabdominal) US ART
2023 [27] y prosp pregnancies yats examination at 11-14, 19-22
age <32 weeks
and 32-35 weeks
singleton ART, maternal age,
pregnancies with multiple pregnancies, placenta nulliparity,

O’Quinn et al., Canada 2012-2015 retrospective completed previa, vasa previa, no prenatally (at the 18-21-week ~ smoking,

2020 [25] cohort anatomic survey, documented cord insertion type,  anatomy ultrasound scan) pre-existing
delivered or fetal anomalies diabetes, chronic
>24%0 wk, hypertension
singleton
pregnancies, ART, prior CS,

. retrospective live-born and . . pre-existing
Raisanen et al., Finland 20002011 population-based  stillborn infants multiple pregnancies Postngtally (I?SP ection (.)f cord diabetes, smoking,
2012 [24] . . insertion during the delivery) .

registerstudy delivered afterthe placenta previa,

22 wk or weighing
500 g or more

nulliparity
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Table 1. Cont.

First Author, Year  Country Study Period Study Type Inclusion Criteria  Exclusion Criteria Cord Insertion Site Diagnosis  Risk Factors
singleton
pregnancies and at maternal age,

Sinkin et al retrospective least one fetal anomalies, gestational age at ostnatally (according to maternal BMI,

v USA 2005-2015 P ultrasound delivery <23 weeks, and vasa P Y & prior CS,

2017 [31] case-control o . placenta pathology records) L .
examination by the  previa. nulliparity, chronic
maternal-fetal hypertension
medicine service
singleton

s . pregnancies with a o\ . ART, maternal age,

Tsakiridis et al., Greece 2016-2020 retrospective cecond trimester fetal abnormalities, vasa previa,  prenatally (anomaly scan at nullivarit

2021 [9] cohort and single umbilical artery 2070-23%0 wk) parity
anomaly scan at smoking
20%0-23%6 wk

Visentin et al., retrospective smgleton. mgltlpl? pregnancies, postnatally (according to ART’ ma.ternal age

2021 [10] Italy 2016-2017 cohort pregnancies miscarriages and voluntary placenta pathology records) nulliparity,
delivered >24 wk abortions. placenta previa

ART, maternal age,

Yang et al., . N retrospective singleton . . prenatally (color Doppler nulliparity,

2020 [26] China 20042014 cohort pregnancies multiple pregnancies ultrasonography) smoking, prior CS,

placenta previa

Abbreviations: ART, assisted reproductive technology; CS, cesarean section; wk, gestational week.
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Tdentification of studies via databases and registers ] [ Identification of studies via other methods
g I
= RRecos gdentlﬁed from: 2 Records 1dentified from:
= Medline (n = 898) o| Records removed before screening: Web search (n=5)
E Scopus (n=616) Duplicate records removed (n = 69) Citation searchf.n_ (n=4)
2 Cochrane (n=45) g
Ll
N’

I

Records screened Records excluded
(n=1490) (n=1311)

! I

]

Reports sought for retrieval | Reports not retrieved Reports sought for retrieval »| Reports not retrieved
%‘ (n=179) |l m=a n=9) (n=0)
z I |
Reports assessed for eligibility 5| Reports excluded: Reports assessed for eligibility | Reports axc._lud.edi ]
(n=175) o Not eligible study design (n = 34) (n=9) 2 Not eligible study desien (n=9)
Irelevant study population (n=45) Irrelevant study population (n=0)
Not in English (n=4) l
Case report or review (n=68)
__ Wrong study group (n=6) Reports assessed as eligible
v (n=0)
=
'§ Studies mncluded 1n review ‘
S (n=18) «
Figure 2. Study selection flow diagram.
3.1. Quality and Risk of Bias Assessment of the Studies
The quality of the studies assessed using the Newcastle-Ottawa Scale varied, with
six achieving the top score of nine stars [8,9,19,20,24,26], indicating excellent methodology.
Five studies earned eight stars [23,25,27,29,32] and five received seven stars [10,21,22,28,33],
reflecting solid research approaches, while two studies scored six stars [30,31], suggesting
some methodological concerns. The commonest weakness of the studies was the compara-
bility category. No other significant deficits were noted (Table 2). A risk of bias visualization
according to QUIPS was constructed for each study next to every forest plot. The QUIPS
tool’s domains were each assigned a corresponding letter, ranging from A for study partici-
pation, B for study attrition, C for the measurement of prognostic factors, D for outcome
measurement, E for study confound, and F for statistical analysis and reporting. This
systematic approach facilitated a comprehensive evaluation of each study’s methodological
quality and potential biases.
Table 2. Quality assessment of the included studies according to the Newcastle.

First Author, Year Study Type S1 S2 S3 S4 C 01 02 03 Total
Aragie et al., 2022 [28] retrospective cohort b* a* b* a* - b* a* a* 7
Curtin et al., 2019 [30]  retrospective case-control b a* ax ax* - a* ax* a* 6

*
Ebbing et al., 2013 [8] retrospective cohort a* a* a* a¥ a . b b* a* a* 9
. . a*b
Ebbing et al., 2015 [19] retrospective cohort a* a* a¥ a* . b* a* a¥ 9
Ebbing et al., 2016 [20] retrospective cohort a* a* a* a* a . b b* a* a* 9

Fukuda et al., 2023 [29] retrospective cohort b* a* a* a* a* b* a* a* 8
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Table 2. Cont.
First Author, Year Study Type S1 S2 S3 S4 C 01 02 03 Total
Gavriil et al., 1993 [33]  retrospective case control a* b a* a* a* b* a* a* 7
Hasegawa et al., . . . " " * " "
2006 [22] retrospective cohort b a a a - b a a 7
Hasegawa et al., . " " " " “ " "
2009 [21] retrospective cohort b a a a b a a 7
Heinonen et al., retrospective cohort b* a* a* a* a* b* a* a* 8
1996 [23] P
Jauniaux et al., . . " " " " * " "
1990 [32] retrospective case control b a a a a a a a 8
Larcher et al., 2023 [27] prospective cohort b* a* a* a* a¥ b* ax ax 8
O’Quinn et al., . . . " " " " " "
2020 [25] retrospective cohort a a a a b b a a 8
Raisanen et al., . N . . . a*b . . "
2012 [24] retrospective cohort b a a a . b a a 9
Sinkin et al., 2017 [31] retrospective case-control b a* a* a* - a* a* a* 6
Tsakiridis et al., 2021 [9] retrospective cohort b* a* a* a* a . b b* ax ax 9
Visentin et al., 2021 [10] retrospective cohort C a* a* a* a* b* a* a* 7
Yang et al., 2020 [26] retrospective cohort a* a* a* a* a . b b* a* a* 9

Abbreviations: a, first answer according to NOS; b, second answer according to NOS; ¢, third answer according to
NOS; S, selection; C, comparability; O, outcome; *, attribution of a star according to NOS.

3.2. Raw Data Analysis

We included 14 relevant cohort studies and, based on their data (951,343 singleton
pregnancies), the prevalence of VCI was calculated to be 1.54% (95% CI 1.52% to 1.57%).

3.3. Risk Factors” Analyses

In a composite analysis of eight cohort [9,10,20,24-27,29] and three case-control [30,32,33]
studies, 692 cases of VCI were reported among the ART group, accounting for approxi-
mately 3.48% of the pregnancies, while the control group had 13,800 VCI cases, representing
approximately 1.52% of the pregnancies. The occurrence of VCI in pregnancies with ART
was significantly higher than those in the control group, with an RR of 2.32 (95% CI 1.77
to 3.05). Substantial heterogeneity was observed across the studies (p = 0.007; I? = 59%)
(Figure 3).

In a composite analysis of six cohort [9,10,21,22,25,26] and two case-control [30,31]
studies, the mean maternal age was assessed. The mean difference in maternal age between
the VCI and CCI groups was +0.40 (95% CI —0.09 to 0.90)—not significantly different.
There was low-to-moderate heterogeneity observed across the studies (p = 0.18; I2 = 31%)
(Figure 4).

In a composite analysis of six cohort [9,10,20,24-26] and two case-control [30,31]
studies, 6682 cases of VCI were reported among the pregnancies of nulliparous women,
accounting for approximately 1.73% of the pregnancies, while the control group had
7818 cases, representing approximately 1.44% of the pregnancies. The occurrence of VCI
among nulliparous women was significantly higher compared to those in the multiparous
group, with an RR of 1.21 (95% CI 1.15 to 1.28). There was low heterogeneity observed
across the studies (p = 0.39; I? = 6%) (Figure 5).
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ART Spontaneous conception Risk Ratio Risk Ratio Risk of Bias

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI ABCDEF
Curtin 2019 11 16 111 453 16.2% 2.811[1.94, 4.09] = @®
Ebbing 2016 89 15459 12422 7A5844 22 6% 244 [2.25 2.69] u @®
Fukuda 2023 11 1486 14 738 8.3% 347 [1.62,7.41] — 7 @
Gavriil 1993 B a1 1 B2 1.6% 7290091, 58.64] 7 1 @
Jauniaux 1950 B av 1 45 1.6% T7.30[0492, 57.94] 1 @®
Larcher 2023 12 240 1 262 1.7% 12.58 [1.65, 86.01] @®
Q'Guinn 2020 g5 1408 83 23926 6.5% 1.02 0,42, 2.52] — @
Raisanen 2012 22 677 611 26172 14.9% 1.39 (0,92, 2.12] = ? @
Teakiridis 2021 ] 178 47 3881 §.2% 42510212, 8.53] I ? @
Wisentin 2021 2 22 26 Ta6 3.4% 264 [067,10.44] I — .
Yang 2020 19 1625 432 53351 14.0% 1.42[0.590,2.23] ™ . .
Total (95% Cl) 19876 910490 100.0% 2.32[1.77,3.05] L 3
Total events 692 13800
Heteraogeneity: Tau®= 0.08; Chi*= 2428 df=10 (P =0.007); F=59% oo 01 o 100

Testfor averall effect: Z= 6.06 (F < 0.00001) Decreased riskfor VC| Increased risk for ViCI

Figure 3. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to the use
of ART. Abbreviations: ART, assisted reproductive technology; CI, confidence interval; M—H,
Mantel —Haenszel method; VCI, velamentous cord insertion.

VCI CCl Mean Difference Mean Difference Risk of Bias
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Curtin 2018 2908 B.23 122 283485 628 347 1M12% 050 [F0.79,1.79] —
Hasegawa 2006 31 54 40 315 48 3367 T3%  -050[218,1.18] —
Hasegawsa 2004 331 34 13 328 52 487 548% 030 [F1.61,2.21] . Ee—
O'Ginn 2020 322 48 107 #4477 30953 1TA% 080011, 1.71] T
Sinkin 2017 305 g 53 294 &7 103 &56% 1.10 [-0.85, 3.09] N
Tsakiridis 2021 33 581 56 32 449 4000 1048% 1.00[0.34, 2.34] T
Yisentin 2021 35.57 6.24 28 3338 55 a0l 41% 218016, 4.52]
Yang 2020 3173 385 501 382 456 59475 3TS8%  -0.09[043 028 -
Total (95% CI) 920 99482 100.0% 0.40 [-0.09, 0.90] o
Heterogeneity: Tau?=0.14; ChiF=10.07, df= 7 (P =018 F= 3% 54 52 3 é j‘

Testfor overall efiect 2=1.58 (F = 0.11) Reduced maternal age Increased maternal age

Figure 4. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to mean maternal
age. Abbreviations: CCI, central/eccentric cord insertion; CI, confidence interval; IV, weighted mean
difference; SD, standard deviation; VCI, velamentous cord insertion.

Nulliparity Multiparity Risk Ratio Risk Ratio Risk of Bias
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Figure 5. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to parity. Abbre-
viations: CI, confidence interval; M—H, Mantel—Haenszel method; VCI, velamentous cord insertion.

In a composite analysis of six cohort [8,9,23-26] and one case-control [30] study,
1941 cases of VCI were reported among the group of smokers, accounting for approx-
imately 1.87% of the pregnancies, while the control group had 7878 cases, representing
approximately 1.57% of the pregnancies. The occurrence of VCI among women who
smoked was significantly different from those in the non-smoking group, with an RR of
1.14 (95% CI 1.08 to 1.19). No heterogeneity was observed across the studies (p = 0.50;
12 = 0%) (Figure 6).
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Figure 6. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to smok-
ing. Abbreviations: CI, confidence interval; M—H, Mantel —-Haenszel method; VCI, velamentous

cord insertion.

In a composite analysis of four cohort [19,23,24,26] and one case-control study [31],
2635 cases with VCI were reported among the group with prior CS, accounting for approxi-
mately 2.39% of the pregnancies, while the control group had 10,175 cases, representing
approximately 1.51% of the pregnancies. The occurrence of VCI in pregnancies with prior
CS was not significantly different from those in the control group, with an RR of 0.92
(95% CI 0.58 to 1.47). There was considerable heterogeneity observed across the studies
(p < 0.001; I? = 92%) (Figure 7).

In a composite analysis of five cohort studies [8,10,23,24,26], 125 cases of VCI were
reported among the pregnancies complicated by placenta previa, accounting for approxi-
mately 5.59% of the pregnancies, while the control group had 10,753 cases of VCI, repre-
senting approximately 1.60% of the pregnancies. The occurrence of VCI in pregnancies
with placenta previa was significantly different from those in the control group, with an RR
of 3.60 (95% CI 3.04 to 4.28). No heterogeneity was observed across the studies (p = 0.54;
12 = 0%) (Figure 8).
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Figure 7. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to having a
prior cesarean section. Abbreviations: CI, confidence interval; M—H, Mantel —Haenszel method; VCI,

velamentous cord insertion.
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Figure 8. Forest plot of risk for VCI in singleton pregnancies relative to placenta previa. Abbreviations:

Decreased risk for VCI

Increased risk for VCI

CI, confidence interval; M—H, Mantel —Haenszel method; VCI, velamentous cord insertion.
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In a composite analysis of three cohort [8,25,28] and one case-control study [31],
78 cases of VCI were reported among the women diagnosed with chronic hypertension,
accounting for approximately 2.23% of the pregnancies, while the control group had
9594 cases, representing approximately 1.59% of the pregnancies. The occurrence of VCI
in pregnancies with chronic hypertension was not significantly different from those in the
control group, with an RR of 1.488 (95% CI 0.998 to 2.219). There was low heterogeneity
observed across the studies (p = 0.29; I? = 20%) (Figure 9).
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Figure 9. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to chronic hyper-
tension. Abbreviations: CI, confidence interval; M—H, Mante—Haenszel method; VCI, velamentous
cord insertion.

In a composite analysis of three cohort studies [8,24,25], 91 cases of VCI were reported
among pregnancies with pre-existing diabetes mellitus, accounting for approximately 2.03%
of the pregnancies, while the control group had 10,137 cases, representing approximately
1.61% of the pregnancies. The occurrence of VCI in pregnancies of women with a diagnosis
of diabetes was not significantly different from those in the control group, with an RR
of 1.23 (95% CI1 0.84 to 1.79). There was low heterogeneity observed across the studies
(p = 0.31; 12 = 14%) (Figure 10).
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Figure 10. Forest plot demonstrating the risk for VCI in singleton pregnancies relative to pre-existing
diabetes. Abbreviations: CI, confidence interval; M—H, Mante—Haenszel method; VCI, velamentous
cord insertion.

The cumulative results of our primary analysis are compiled and displayed in Table 3.

Table 3. Results of the meta-analysis regarding risk factors of velamentous cord insertion in single-
ton pregnancies.

VCI Cases/Total VCI Cases/Total Cases
. Number Cases o s
Risk Factor . (Not Exposed to RR 95% CI I*; p-Value
of Studies (Exposed to Risk Factor)
Risk Factor)
Assisted
reproductive 11 692/19,876 (3.48%) 13,800/910,490 (1.52%) 2.32 1.77-3.05 59%; 0.007
technology
Maternal age 8 920 (VCI cases) 99,482 (CCI cases) 0.40 (MD) —0.09 to 0.90 31%; 0.18
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Table 3. Cont.
Number vl CCT;SS/TOtaI VCI Cases/Total Cases
Risk Factor . (Not Exposed to RR 95% CI I?; p-Value
of Studies (Exposed to Risk Factor)
Risk Factor)
Nulliparity 6682 /386,370 (1.73%) 7818/543,731 (1.44%) 1.21 1.15-1.28 6%; 0.39
Smoking 7 1941/103,550 (1.87%) 7878/502,427 (1.57%) 1.14 1.08-1.19 0%, 0.50
P“";E;soa;ean 5 2635/110,301 (2.39%)  10,175/675,832 (1.51%) 0.2 0.58-1.47 92%; <0.001
Placenta previa 5 125/2234 (5.59%) 10,753/672,194 (1.60%) 3.60 3.04-4.28 0%, 0.54
Chronic 4 78/3502 (2.23%) 9594,/603,085 (1.59%) 1.488 0.998-2.219 20%; 0.29
hypertension
Pre-existing 3 91/4468 (2.03%)  10,137/627,835 (1.61%) 1.23 0.84-1.79 14%; 0.31
diabetes
Abbreviations: CI, confidence interval; 12 (Heterogeneity in meta-analysis); MD, mean difference; p-value, Cochran
Q test’s p-value; RR, relative risk; VCI, velamentous cord insertion.
3.4. Sensitivity Analyses Regarding Prenatal Diagnosis and Risk of Bias
Limiting our analysis to studies that provided data on prenatal diagnosis of umbilical
cord insertion, we examined 18 studies, with 4 involving prenatal identification of VCI,
and we could sufficiently assess three risk factors: ART, mean maternal age and nulliparity.
The updated findings were consistent with the main results (Table 4 and Supplementary
Figures S1-53).
Subsequently, the studies identified as a high risk of bias were removed. Within
the scope of ten analyses, seven were affected by the presence of high-risk bias studies.
Following their exclusion, six out of seven analyses maintained comparable results to the
initial findings. The updated findings were consistent with the main results (Table 4 and
Supplementary Figures 54-510).
Table 4. Confidence intervals from all the analyses performed.
Risk Factor Overall Analysis Prenatally Diagnosed RoB Sensitivity Analysis
RR 95% CI RR 95% CI RR 95% CI
Assisted reproductive technology 2.32 1.77-3.05 3.18 1.10-9.21 2.14 1.49-3.08
Maternal age 0.40 —0.09 to 0.90 0.40 —0.35t0 1.15 0.40 —0.35t01.15
Nulliparity 1.21 1.15-1.28 1.33 1.14-1.55 1.21 1.17-1.25
Smoking 1.14 1.08-1.19 1.15 1.05-1.26
Prior cesarean section 0.92 0.58-1.47 091 0.53-1.55
Placenta previa 3.60 3.04-4.28 3.56 2.94-4.30
Chronic hypertension 1.488 0.998-2.219 1.73 0.81-3.70

Abbreviations: CI, confidence interval; RR, relative risk; RoB, risk of bias.

3.5. Publication Bias

The risk factor with the most included studies was ART, which was tested for publi-
cation bias. Neither the funnel plot nor the Egger’s test demonstrated any indication of
publication bias (Figure 11).



J. Clin. Med. 2024, 13, 5551

14 of 19

Standard Error

0o

02

04

08

08

1.0

Egger'stest: t =0.281, p=0.785

8

Ebbing 2016 &

Curtin 2019 @ A

Rasysn R o

Tsakiridis 2021 © ™,
Fukuda 2023 @

O'Quinn 2026 ©

Visentin 2021 @

_ Gauril 1993-cher 2023 ©
Jauniaux 1990 @

T T T T T \
0.5 10 20 50 100 20.0

Risk Ratio

Figure 11. Funnel plot and Egger’s test regarding our most investigated outcome—assisted reproduc-
tive technology.

4. Discussion
4.1. Principal Findings

Our analysis found that first, the reported prevalence of VCI in singleton pregnancies
is 1.54%, and second, the factors associated with an increased risk of VCI include ART,
nulliparity, smoking and placenta previa.

4.2. Interpretation of the Findings

The largest investigated population was in the ART-VCI analysis, which incorporated
11 studies. The analysis demonstrated that ART is associated with a two-fold higher risk for
VCI among singleton pregnancies and this association persisted in cases prenatally diag-
nosed with VCI and after excluding studies at high risk of bias. Our findings are consistent
with those of a recent meta-analysis, which reported an OR of 2.14; however, this study
included twin gestations in the analysis and the control group was broadly defined [34].
Our results support earlier epidemiological findings that pregnancies conceived via ART
are associated with a higher incidence of umbilico-placental abnormalities [35-37]. The
mechanism that ART could disrupt placentation has not been established; nevertheless,
interventions such as controlled ovarian hyperstimulation, intrauterine insemination, ga-
mete or embryo freezing, in-vitro fertilization, embryo culture, cell biopsy and blastocyst or
embryo transfer may exercise oxidative, thermal, and mechanical stresses, and changes in
DNA methylation that could alter the natural biological processes of reproduction [38,39].
Finally, related surgical procedures, such as septum excision, myomectomy, and other
surgical treatments of uterine anomalies, may also contribute to the elevated risk of VCI,
underscoring the need for further investigation in this area.

The analysis of maternal age in relation to the risk of VCI encompassed eight studies
and revealed no significant increase in risk; only one study that categorized maternal
age found that women aged over 35 years exhibited a higher risk of developing VCI (RR,
1.61) [23]. Moreover, two additional studies that were excluded from our meta-analysis
due to the inclusion of cases with marginal cord insertion in the control group similarly
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identified maternal age above 35 years as a risk factor for VCI [40,41]. These findings
suggest that the relationship between maternal age and VCI may be more nuanced, with
significant risks manifesting particularly after the age of 35. This association could be
partially attributed to the increased utilization of ART among this age group.

Nulliparity was identified as a significant risk factor for VCI, even when focusing
on prenatally diagnosed pregnancies and studies with low risk of bias. While most
small studies did not report a statistically significant association between nulliparity and
VCI[9,10,25,30,31], the three larger studies [20,24,26], which made up over 90% of the
pooled data, showed a strong association. No relevant studies explaining the patho-
physiological cause were found, but we hypothesize that the lack of physiological adap-
tations that occur in the uterus and placenta during subsequent pregnancies may be a
plausible explanation.

Regarding smoking, although most individual studies did not establish a significant
relationship with VCI, the aggregated analysis indicated a 14% increased risk of VCI among
smokers. Maternal smoking has been documented to adversely impact both the local
immune response and microcirculation within decidual tissues [42]. It is conceivable that
these alterations in the decidual environment during the implantation and the embryoge-
nesis phase may play a role in the formation of VCI. A study of 83,708 women utilizing
multiple regression models observed that exposure to fine particulate matter was positively
associated with VCI and described two possible mechanisms: ischemia of the endometrium
and intrauterine inflammation [43].

Prior CS was not associated with VCI in our meta-analysis. It seems that contrary
to the low placental implantation, which is strongly associated with prior CS, abnormal
cord insertion is not associated with them. However, placenta previa was identified as a
significant risk factor for VCI, increasing its incidence fourfold [44].

Finally, no association was detected with chronic hypertension or pre-existing diabetes
and VCI. However, it is noteworthy that chronic hypertension had a high RR of 1.49,
indicating a potential 50% increase in the risk of VCI. The marginal lack of statistical
significance is likely due to the sample size and the use of random effect models. Therefore,
additional data are required to make a definitive conclusion about this matter.

4.3. Clinical and Research Implications

Currently, there is no consensus on the usefulness of universal screening for cord
insertion anomalies. Therefore, our findings on the risk factors for VCI may inform the
development of a more targeted screening approach for women exhibiting these risk factors.
Given that isolated VCl is a primary risk factor for various adverse perinatal outcomes, in-
cluding stillbirth [4], while also being the main risk factor for vasa previa [45]—a condition
associated with significant perinatal mortality if prenatally undiagnosed [46] but pre-
ventable if diagnosed [47]—the importance of identifying VCI cannot be overstated [1,48].
Furthermore, recent studies have linked VCI with a twofold increased risk of cerebral palsy,
suggesting that early detection of VCI could be crucial in identifying fetuses at a higher
risk for this condition [49].

4.4. Strengths and Limitations

Our study’s main strength lies in its comprehensive design, which allowed us to
include numerous studies and explore a wide array of possible risk factors. We main-
tained strict selection criteria, which led to more reliable estimates of effects and potentially
reduced variability among the included studies. Our focus was to provide additional infor-
mation on the prenatal diagnosis of VCI. To this end, our sensitivity analysis specifically
targeting pregnancies with prenatal diagnosis of VCI may enhance the broader applicability
of our findings.

The primary limitation of our meta-analysis stems from the nature of the included
studies, all of which were observational, including case-control designs. Additionally, most
of these studies focused primarily on the perinatal outcomes of VCI rather than investi-
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gating risk factors, making them susceptible to selection and recall biases. Furthermore,
we were unable to examine the association between prenatally diagnosed VCI and all
its risk factors, as not every study provided the necessary data. A further limitation is
that in the studies with prenatally diagnosed cases, there was no systematic postnatal
confirmation. Finally, none of the studies reported adjusted effect measures, preventing us
from accounting for significant confounding variables.

5. Conclusions

This meta-analysis identified ART, nulliparity, smoking and placenta previa as sig-
nificant risk factors for VCI. These findings may assist the screening policy in settings
where cord insertion is not universally offered. Additionally, this may enhance the ante-
natal detection of vasa previa, a condition that poses significant risks to pregnancies, as
VCl is the primary risk factor for its development. Furthermore, the findings may also
induce further high-quality research that addresses potential confounding variables to
substantiate these associations. The exploration into the pathophysiological mechanisms
underlying these relationships is imperative to enhance our understanding and further
guide obstetric policies.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13185551/s1, Figure S1: Forest plot demonstrating the risk
for prenatally diagnosed VCI in singleton pregnancies relative to the use of ART; Figure S2: Forest
plot demonstrating the risk for prenatally diagnosed VCI in singleton pregnancies relative to mean
maternal age; Figure S3: Forest plot demonstrating the risk for prenatally diagnosed VCI in singleton
pregnancies relative to parity; Figure S4: Risk of bias sensitivity analysis regarding ART—VCI
association in singleton pregnancies; Figure S5: Risk of bias sensitivity analysis regarding mean
maternal age—VCI association in singleton pregnancies; Figure S6: Risk of bias sensitivity analysis
regarding nulliparity—VCI association in singleton pregnancies; Figure S7: Risk of bias sensitivity
analysis regarding smoking—VCI association in singleton pregnancies; Figure S8: Risk of bias
sensitivity analysis regarding prior cesarean section—VCI association in singleton pregnancies;
Figure S9: Risk of bias sensitivity analysis regarding placenta previa—VCI association in singleton
pregnancies; Figure S10: Risk of bias sensitivity analysis regarding chronic hypertension—VCI
association in singleton pregnancies.
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ART assisted reproductive technology
CCI central /eccentric cord insertion
CI confidence interval

CS cesarean section

MD mean difference

QUIPS  Quality In Prognosis Studies

RR risk ratio

VCI velamentous cord insertion
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