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Abstract

Background: Observational studies have reported varying results about the association of 

velamentous cord insertion (VCI) with adverse pregnancy outcomes.

Objectives: To evaluate the risk of preterm delivery among singleton pregnancies complicated 

by VCI.

Search strategy: Various databases were searched for English-language articles published up 

to February, 28, 2017, using keywords including VCI; abnormal placentation; abnormal cord 

insertions; adverse perinatal outcomes; and preterm birth. Outcome measures included preterm 

delivery; pre-eclampsia; cesarean delivery; fetal demise in utero (FDIU); and small for gestational 

age (SGA).

Selection criteria: Only studies involving VCI were included in the meta-analysis.

Data collection and analysis: Analyses were performed using RevMan version 5.3.5 (The 

Nordic Cochrane Centre, Copenhagen, Denmark).

Main results: There were six studies included in the analysis. The VCI and control groups 

comprised 16 295 and 1 366 485 women, respectively. An increased incidence of preterm 

delivery was found for the VCI group compared with the control group (11.8% vs 7.0%; adjusted 

odds ratio [aOR] 1.95, 95% confidence interval [CI] 1.85–2.04). A diagnosis of VCI was also 
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associated with cesarean delivery (aOR 1.17, 95% CI 1.12–1.23), SGA (aOR 1.93, 95% CI 1.83–

2.04), and FDIU (aOR 3.96, 95% CI 3.21–4.89).

Conclusion: The presence of VCI was associated with adverse pregnancy outcomes.
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1 ∣ INTRODUCTION

Velamentous cord insertion (VCI) is an abnormal insertion of the umbilical cord that occurs 

when the umbilical vessels migrate between the placental membranes before reaching 

the placental mass. The overall incidence of VCI among singleton pregnancies is 0.4%–

2.4%.1,2 This complication has been associated with adverse pregnancy outcomes, including 

preterm delivery, fetal growth restriction, low Apgar scores, and placental abruption. The 

pathophysiology of such outcomes is likely secondary to a lack of protective Wharton jelly 

surrounding the fetal vessels, which in turn leads to abnormal compression or shearing of 

umbilical vessels during contractions, fetal head descent, or fetal movement.3

The association between VCI and preterm delivery is particularly important as preterm 

delivery is one of the key contributors to fetal and neonatal death.4 An analysis of preterm 

delivery among singleton pregnancies with isolated VCI is currently lacking. Some small 

studies have evaluated preterm delivery as an outcome measure; however, these studies 

either included other abnormal cord insertions and placental anomalies, or else the findings 

did not reach statistical significance.3,5-11 A meta-analysis has not yet been conducted to 

assess the relationship between VCI and preterm delivery in the absence of other cord 

anomalies. Likewise, no data are available from large controlled studies on which to base 

clinical management recommendations.

The aim of the present meta-analysis was to evaluate the association between VCI and 

preterm delivery.

2 ∣ MATERIALS AND METHODS

The present study followed the Preferred Reporting Items for Systematic Reviews and 

Meta-Analysis guidelines.12 Searches were conducted in the Cochrane Central Register of 

Controlled Trials and other online databases, including the National library of Medicine 

database (PubMed), excerpta medica database (Embase), Medical Literature Analysis and 

Retrieval System (MEDLINE), Latin American and Caribbean Health Science (LILACS) 

database, Cumulative Index of Nursing and Allied Health Literature (CINAHL), ISI 

Web of Science, and registers of continuing trials, all from inception to February 28, 

2017. A composite of keywords associated with velamentous cord insertions, atypical 

placentation, anomalous cord insertions, deleterious perinatal outcomes, and preterm 

delivery was used throughout the search process. Supplementary publications were found 

by scrutinizing proceedings of global society conferences in maternal–fetal medicine, as 

well as international summits on preterm delivery and anti-contraction medications, and 
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bibliographies of identified papers and review articles. For trials or observational studies 

with multiple publications, the data from the best and finished report were used.

The present analysis incorporated observational studies—including case–control, 

retrospective, and prospective cohort studies—if the outcome of VCI during pregnancy 

was compared with a control group. As shown in Figure 1, exclusions included studies 

that involved multiple pregnancies; studies that included participants with other types of 

abnormal cord insertions; case reports or series; and published abstracts lacking the required 

information on methodology and data.

All suitable published studies were retrieved and independently reviewed by two 

investigators (SdlR and ACE) to determine their eligibility for inclusion in the present 

analysis; any disagreements were resolved through joint discussion. Authors of selected 

studies were contacted by email to provide further information regarding the methods and/or 

outcome measures.

Two investigators (SdlR and ACE) independently abstracted the data from each eligible 

study, without modification of the original findings, using customized forms. Any 

differences were resolved through joint discussion to reach a consensus. Crude and adjusted 

estimates evaluating for confounding variables were extracted from individual studies when 

available. Risk of bias was assessed using the Methodological Index for Non-Randomized 

Studies.12 Seven domains related to risk of bias were evaluated for each study included in 

the present analysis: aim (i.e. provision of an unambiguous objective); rate (i.e. response rate 

of patients following inclusion into studies); data (i.e. prospective collection of information); 

bias (i.e. unbiased evaluation of the stated outcome measures); time (i.e. an appropriate 

duration of follow-up); loss (i.e. the number of participants lost to follow-up); and size (i.e. 

a clear statement of the minimum number of participants required for statistical power). 

Judgments were categorized (by SdlR and ACE) as low, high, or unclear risk of bias, with 

any discrepancies resolved through joint discussion.

The primary outcome measure was preterm delivery (<37 weeks). Secondary outcome 

measures included pre-eclampsia, fetal demise in utero (FDIU), small for gestational age 

(SGA) neonates, and the need for cesarean delivery.

The statistical analyses were performed according to the Cochrane Collaboration 

guidelines.13 The data were analyzed using RevMan version 5.3.5 (The Nordic Cochrane 

Centre, Copenhagen, Denmark). Meta-analysis was performed if no evidence of marked 

differences in study populations, interventions, or outcome measures were found. For studies 

that reported statistically proven unadjusted and adjusted risk for confounders, the meta-

analysis was performed using a generic inverse variance method to obtain the adjusted risk 

estimate of the primary outcome measure.14

The summary adjusted odds ratio (aOR) and 95% confidence interval (CI) were calculated 

for all dichotomous data. Heterogeneity of the data was assessed using I2, defined as 

the total variation due to between-study differences rather than chance; I2 values range 

from 0% (no heterogeneity) to 50% or higher (substantial heterogeneity).14 A fixed-effects 

model was used to pool data where substantial heterogeneity between studies was not 
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detected. By contrast, a random-effects model was used when the causes of substantial 

heterogeneity could not be determined or if the mean treatment effect was considered to be 

clinically meaningful. Publication and related biases were assessed visually by examining 

the symmetry of funnel plots and statistically with the Egger test (data not shown).14 A P 
value of less than 0.1 indicated statistically significant asymmetry.

3 ∣ RESULTS

The six studies included in the present meta-analysis6-11 are summarized in Table 1. The 

studies were conducted in Austria9; Finland6,11; Norway8,10; and the USA.7 All six studies 

included placentas with normal umbilical cord insertions as a control group. The study 

designs were prospective cohort8,10; retrospective cohort7,11; retrospective hospital-based 

registry6; and retrospective case–control.9

Four studies determined the diagnosis of VCI during postnatal examination,6,8,10,11 whereas 

another study7 reviewed medical records coded for VCI in the prenatal and postnatal 

periods. Yerlikaya et al.9 conducted both prenatal diagnosis and postnatal examination; 

however, of the 15 cases diagnosed during the prenatal period, 12 had occurred in the setting 

of other placental anomalies and so were excluded from the present analysis.

Two studies evaluated emergent or elective cesarean delivery.6,10 Given the clinical 

implication of VCI, if there was a stratification between emergent and scheduled cesarean 

deliveries, only emergent procedures were included in the present analysis as, in theory, VCI 

would not affect the number of scheduled cesarean deliveries. If there was no stratification, 

all cesarean deliveries were included so as to include procedures performed for urgent or 

emergent reasons.8,11 Esakoff et al.7 reported only primary cesarean deliveries; their data 

were included as this approach excluded repeat cesarean delivery as an indication.

The incidence of preterm delivery was 11.8% in the VCI group versus 7.0% in the control 

group (aOR 1.95, 95% CI 1.85–2.04) (Fig. 2). The 2017 study by Ebbing et al.8 was used 

to analyze the primary outcome measure (preterm delivery) as it had been evaluated in both 

of the studies conducted by these investigators. Accounting for the overlapping data, a total 

of 1 383 092 cases were included in the present meta-analysis. In all, 16 295 patients were 

diagnosed with VCI and 1 366 485 comprised the non-VCI control group. The incidence of 

VCI was 1.1%.

The risk of cesarean delivery was higher in the VCI group than in the control group (15.8% 

vs 13.6%; aOR 1.17, 95% CI 1.12–1.23). Furthermore, there was an increased risk of SGA 

neonates in the VCI group when compared to the control group (15.4% vs 9.1%; aOR 

1.93, 95% CI 1.83–2.04). Figures 3 and 4 outline the risks of cesarean delivery and SGA, 

respectively. The incidence of FDIU was 3.4% in the VCI group and 0.4% in the control 

group (aOR 3.96, 95% CI 3.21–4.89) (Fig. S1). By contrast, a diagnosis of VCI was not 

associated with an increased risk of pre-eclampsia (Fig. S2); the incidence was 5.3% in the 

VCI group and 6.0% in the control group (aOR 0.94, 95% CI 0.37–2.40).

The secondary outcomes were assessed using the 2013 study by Ebbing et al.10 because 

the 2017 study by the same investigators8 did not examine pre-eclampsia, SGA or cesarean 
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delivery. A total of 2 006 270 cases were analyzed across all six studies. The studies 

by Ebbing et el.8,10 included overlapping datasets; however, the analysis of independent 

outcomes in the 2013 study10 did not overlap with that of the 2017 study.8

4 ∣ DISCUSSION

The present study found that VCI was associated with an increased risk of preterm delivery, 

SGA neonates, cesarean delivery, and FDIU.

A key strength of the current meta-analysis was the large number of patients included from 

the most up-to-date published literature in the field. Indeed, to the best of our knowledge, 

the present study represents the largest analysis of VCI conducted thus far. Consequently, 

statistically significant relationships (rather than trends) could be identified between VCI 

and the various outcome measures. By excluding confounding placental and cord diagnoses, 

an isolated analysis of preterm delivery and VCI was also possible. A further strength 

of the present study was stratification of the data for clinical implications. The exclusion 

of elective cesarean deliveries and neonates with intrauterine growth restriction (IUGR) 

provided an accurate picture of the in utero environment among women diagnosed with 

VCI. Five of the six studies included in the present meta-analysis determined VCI by 

postnatal evaluation6-8,10,11; therefore, the apparent flaw noted above also represented a 

potential strength of the present study. Diagnosis after delivery protected against observer 

bias as the management of labor management could not be altered on the basis of prior 

knowledge of VCI.

Limitations reflected the individual studies included in the present meta-analysis. Sample 

sizes varied from 2049 to 860 465.8 In addition, the diagnosis of VCI required the relevant 

healthcare personnel to correctly identify VCI and include the diagnosis in the patient’s 

delivery record. Consequently, VCI might not have been identified if the cord avulsed, the 

placenta required manual extraction, or the delivery personnel did not attempt to identify 

the nature of the cord insertion. These data points might not have been represented in the 

original studies. None of the six studies stratified preterm delivery by etiology; thus, the data 

included both spontaneous and iatrogenic deliveries before term. The present meta-analysis 

was therefore unable to delineate the association of VCI with spontaneous preterm delivery. 

Potential confounding factors influencing the indication and rate of preterm delivery could 

not be controlled for in the current study.

The published literature suggested an increased risk of cesarean delivery among women with 

VCI; however, this association did not reach statistical significance within the respective 

studies.7,9 Performing a comprehensive review of the literature, with a large sample size, 

allowed the present study to provide a global view of the relationship between these two 

variables.

The present finding of an increased risk of SGA was supported by the literature6,7; however, 

the meta-analysis specifically examined SGA neonates and excluded those with IUGR. The 

literature is inconsistent regarding the measurement of growth restriction with respect to 

VCI, with some studies using SGA7,9,10 as a parameter and others using IUGR.6,11 The 
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present meta-analysis specifically examined SGA rather than including IUGR as the weight 

at time of delivery is more accurate and more reflective of the true in utero environment than 

a sonographic estimation.

An increased risk of FDIU has been associated with VCI.6,7,9,11 The present findings 

supported that conclusion. Studies in the literature are mixed with regard to the relationship 

between pre-eclampsia and VCI. Negative associations have been reported but the data did 

not reach statistical significance owing to small sample sizes.9,11 Esakoff et al.7 noted an 

increased risk but this finding was also not statistically significant. By contrast, the present 

meta-analysis found a non-significant deceased risk of pre-eclampsia in the VCI group 

versus the control group.

In conclusion, although preterm delivery has numerous etiologies, a relationship was found 

in the present study between VCI and delivery before 37 weeks. By evaluating VCI in 

the absence of other placental anomalies, elucidation of the association between VCI and 

preterm delivery was enhanced. Although a direct causal link cannot yet be established 

between these two variables, the present study strengthened the evidence supporting such an 

association.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Flow diagram of study selection.
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FIGURE 2. 
Forest plot for the risk of preterm delivery among patients with VCI. Abbreviations: CI, 

confidence interval; M-H, Mantel-Haenszel test; VCI, velamentous cord insertion.
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FIGURE 3. 
Forest plot for the risk of cesarean delivery among patients with VCI. Abbreviations: CI, 

confidence interval; M-H, Mantel-Haenszel test; VCI, velamentous cord insertion.
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FIGURE 4. 
Forest plot for the risk of small for gestational age neonates among patients with VCI. 

Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel test; VCI, velamentous cord 

insertion.
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