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Abstract: Abnormal cord insertion (ACI) is associated with adverse obstetric outcomes; however, the relationship between ACI
and assisted reproductive technology (ART) has not been examined in a meta-analysis. This study examines the association
between ACI and ART, and delivery outcomes of women with ACI. A systematic review was conducted, and 16 studies (1990—
2021) met the inclusion criteria. In the unadjusted pooled analysis (n= 10), ART was correlated with a higher rate of velamen-
tous cord insertion (VCI) (odds ratio (OR) 2.14, 95% confidence interval (CI) 1.64-2.79), marginal cord insertion (2= 6; OR 1.58,
95%CI 1.26-1.99), and vasa previa (n=1; OR 10.96, 95%CI 2.94-40.89). Nev- ertheless, the VCI rate was similar among the
different ART types (blastocyst versus cleavage-stage transfer and frozen versus fresh embryo transfer). Regarding the cesarean
delivery (CD) rate, women with VCI were more likely to have elective (n=3; OR 1.13, 95%CI 1.04—1.22) and emergent CD (n=5;
OR 1.93, 95%CI 1.82—2.03). In conclusion, ART may be correlated with an increased prevalence of ACI. However, most studies
could not exclude confounding factors; thus, further studies are warranted to characterize ART as a risk factor for ACI. In women
with ACI, elective and emergent CD rates are high.
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Figure 2. Effect of ART on the prevalence of ACI. Pooled odds ratios (ORs) were calculated using
RevMan version 5.4.1 (Cochrane Collaboration, Copenhagen, Denmark); thus, some values may be
slightly different from their original state. The posmon of the colomd box is a point of the estimated
OR. The effects of ART on the following were d d through d or adjusted
analyses: (A) VCI, (B) VCI (adlusted), (C) MCI, and (D) VP. Forest plots were ordered according
to the year of publi ity was observed in the unadjusted analyses ((A),
12 75%, (C), I2 = 78%) whereas no heterogeneity was observed in the adjusted analysis ((B), I? = 0%).

ACI, ab 1 cord i ion; VCI, vel cord i ion; MCI, inal cord
insertion; VP, vasa previa; ART, assisted reproductive technology; OR, odds ratio; CI, confidence
interval; SE, standard error.
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Figure 3. Risk of VCl according to ART type. Pooled odds ratios (ORs) were calculated using RevMan
version 5.4.1 (Cochrane Collaboration, Copenhagen, Denmark) Thus, some values may be slightly
different from their original state. The were p to v
risk: (A,B) blastocyst transfer versus cleavage stage transfer (A, unadjusted; B, adjusted), (C) frozen
ET versus fresh ET, and (D) frozen ET with versus without PGT. Forest plots were arranged according

to the year of publi ob: ed in the analysis of (A,B) (A, I? = 87%;
B, I2 = 94%), wheleas no heterogeneity was observed in analysxs of (C) (C, I? = 0%). Abbreviations:
VCI, velamentous cord insertion; ART, assisted
transfer; cleavage stage transfer; frozen ET, frozen embryo transfer; fresh ET, fresh embryo transfer;
PGT, preimplantation genetic testing; OR, odds ratio; CI, confidence interval; SE, standard error.
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Figure 4. Effect of VCI on the rate of CD. Pooled odds ratios (ORs) were calculated using RevMan
version 5.4.1 (Cochrane Collaboration, Copenhagen, Denmark). Thus, some values may be slightly
different from their original state. The effect of VCI on the rate of CD was examined. No hetero-
geneity was observed during the unadjusted analysis (A-D, I = 0%), and fixed-effect analyses were
performed. (A) Comparison of CD rates between women with and without VCI, (B) comparison
of elective CD rates between women with and without VCI, (C) comparison of emergent CD rates
between women with and without VCI, and (D) companson of instrumental delivery rates between
women with and without VCI. Abbrevi vCl, cord insertion; ART, assisted re-
productive technology; CD, cesarean delivery; el CD, elective cesarean delivery; em CD, emergent
cesarean delivery; OR, odds ratio; CI, confidence interval; SE, standard error.
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3.6.3. Indications for Elective CD
VCIT —_— No studies have clarified an indication for elective CD through a comparison of
women with and without VCI. As the major indications for elective CD except for abnormal
LLP?T / placentation are prior CD, fetal ion, and multiple gestation, these factors

Figure 7. Our hypothesis behind the possible mechanism of the increased rate of vasa previa in ART
(A) The of VCI and LLP is a high-risk condition of vasa previa. (B) ART

is i with i rate of VCI and LLP to non-ART The

increased rate of VCI and LLP may lead to increased rate of type I vasa previa. Abbreviations: ART,

were explored. The rates of prior CD and fetal malpresentation were determined to assess

assisted vcr, cord i ; VP, vasa previa; LLP, low-lying
T, increase.
Table 1. The association between ART and ACI.
Author Year ART ART Cont Cont Crude OR Adjusted OR
No. ACI No. ACI (95%CI) (95%CI)

VCI
Yang M [29] 2020 1625 19 58,351 482 1.41 (0.89—2.23) -
Cochrane E [30] 2020 120 14 240 7 4.40 (1.72-11.21) —
O’Quinn C [7] 2020 1524 5 24,992 83 0.99 (0.40—2.44) -
Yanaihara A # [31] 2018 157 32 1453 145 2.31 (1.51-3.53) 1.72 (1.08-2.72)
Kalafat E * [32] 2018 159 18 338 32 1.22 (0.66—2.25) —
Ebbing C [33] 2017 16,934 589 843,531 12,422 2.41 (2.22-2.62) 2.16 (1.94-2.41)
Suzuki S [34] 2015 936 36 16,029 132 4.82 (3.31-7.01) -
Raisdanen S [36] 2012 677 22 26,172 611 1.41 (0.91-2.17) —
Delbaere I * [37] 2007 880 65 2119 76 2.14 (1.52-3.01) 1.96 (1.47-2.61)
Jauniaux E [39] 1990 50 6 50 1 6.68 (0.77-57.70) —
MCI
Cochrane E [30] 2020 120 34 240 35 2.32 (1.36—3.95) -
O’Quinn C [7] 2020 1524 116 24,992 1066 1.85 (1.52-2.26) -
Kalafat E * [32] 2018 159 45 338 125 0.67 (0.45-1.01) -
Ebbing C [33] 2017 16,934 1475 843,531 47,686 1.59 (1.51-1.68) 1.43 (1.34-1.53)
Delbaere I * [37] 2007 880 125 2119 184 1.74 (1.37-2.22) 1.29 (1.05-1.59)
Jauniaux E [39] 1990 50 13 50 5 3.16 (1.03-9.69) —
vP
Baulies S [38] 2007 824 4 11,239 5 10.96 (2.94—40.89) -

* All cases were twin pregnancies. ¥ All embryos were frozen and transferred on day 5 (blastocyst stage). We

calculated ORs using RevMan version 5.4.1 (Cochrane Collaboration, Copenhagen, Denmark), an

some values

were inferred by the authors; thus, certain values in the table were slightly different from the original values.
Abbreviations: No., number of included cases; ART, assisted reproductive technology; ACI, abnormal cord
insertion; ART ACI, the number of women with ACI in ART group; Cont ACI, the number of women with ACI in
control group; VCI, velamentous cord insertion; MCI, marginal cord insertion; VP, vasa previa; Cont No., number

of women in control group; OR, odds ratio; CI, confidence interval;

Table 2. Risk of VCI according to ART type.

—, not applicable.

E Ex Cont Cont Crude OR Adjusted OR

Author Year No, Events No. Events (95%CD ©5%CD
Blastocyst versus Cleavage
Furuya S [25] 2021 662 50 244 5 3.91 (1.54-9.91) 4.86 (1.86-12.68)
Volodarsky A [27] 2021 425 26 252 28 0.52 (0.30—0.91) 0.5 (0.3-0.9)
Sacha CR [28] 2020 650 55 490 31 1.37 (0.87-2.16) -
Frozen ET versus Fresh ET
Furuya S [25] 2021 708 46 198 9 1.46 (0.70-3.04) 1.58 (0.79-3.55)
Sacha CR [28] 2020 211 17 929 69 1.09 (0.63—1.90) -
Frozen ET with versus without PGT
Swanson K [26] 2021 158 10 153 4 2.52 (0.77-8.20) —

‘We calculated ORs using RevMan version 5.4.1 (Cochrane Collaboration, Copenhagen, Denmark), and some values
were inferred by the authors; thus, certain numbers in the table may be slightly different from the original values.
Abbreviations: ART, assisted reproductive technology; VCI, velamentous cord insertion; Exp No., number of
experimental groups; Exp events, number of events in experimental group; Cont number, number of women in the
control group; Cont events, number of events in control group; Crude OR, crude odds ratio; Adjusted OR, adjusted
odds ratio; CI, confidence interval; Blastocyst, blastocyst transfer; Cleavage, cleavage-stage transfer; Frozen ET,
frozen embryo transfer; Fresh ET, fresh embryo transfer; PGT, preimplantation genetic testing; —, not applicable.



Table 3. Effect of VCI on delivery outcomes.

Author Year Control Control VCI VCI Crude OR Adjusted OR
No. Events No. Events (95%CI) (95%CI)
CD (all)
Yang M [29] 2020 59,475 9456 501 116 1.59 (1.29-1.96) -
O’Quinn C [7] 2020 30,953 8367 107 40 1.61 (1.09-2.39) -
Ebbing C [35] 2013 613,978 82,949 9500 1946 1.65 (1.57-1.73) 1.54 (1.47-1.62)
Réisdnen S [36] 2012 26,216 4064 633 140 1.55 (1.28-1.87) -
Elective CD
Yang M [29] 2020 59,475 4163 501 35 1.00 (0.71-1.41) -
Ebbing C [35] 2013 613,978 34,119 9500 600 1.15 (1.05-1.25) 1.11 (1.02-1.22)
Riisdnen S [36] 2012 26,216 1783 633 43 1.00 (0.73-1.37) -
Emergent CD
Furuya S [25] 2021 851 174 55 23 2.80 (1.60-4.90) -
Yang M [29] 2020 59,475 5293 501 81 1.97 (1.55-2.51) -
Suzuki S [34] 2015 16,797 1439 168 29 2.23 (1.49-3.33) -
Ebbing C [35] 2013 613,978 48,830 9500 1346 1.91 (1.80-2.03) 1.80 (1.69-1.91)
Riisdnen S [36] 2012 26,216 2281 633 97 1.90 (1.52-2.37) -
Instrumental delivery
Furuya S [25] 2021 851 158 55 8 0.75 (0.35-1.61) -
O’Quinn C [7] 2020 30,953 4871 107 16 0.94 (0.55-1.60) -
Ebbing C [35] 2013 613,978 50,778 9500 783 1.00 (0.93-1.07) 0.90 (0.83-0.97)
Réisdnen S [36] 2012 26,216 2124 633 56 1.10 (0.83-1.45) -
ORs were calculated using RevMan version 5.4.1, and some values were inferred by the authors. Thus, certain
values in the table were slightly different from the original values. Abbreviations: CD, cesarean delivery; Control
No., number of women in the control group; Control events, number of events in the control group; VCI
No., number of women with velamentous cord insertion; VCI events, number of events in the velamentous
cord insertion group; Crude OR, crude odds ratio; Adjusted OR, adjusted odds ratio; CI, confidence interval;
—, not applicable.
Table 4. Effect of VCI on the rate of abnormal placentation and malpresentation.
Author Year Cont Cont VI VcCI Crude OR Adjusted OR
No. Events No. Events (95% CI) (95% CI)
Previa
Yang M [29] 2020 59,475 357 501 8 2.69 (1.33-5.45) 4.58 (3.34-6.27)
Suzuki S [34] 2015 16,797 164 168 5 3.11 (1.26-7.68) 3.24 (0.91-5.5)
Ebbing C [35] 2013 613,978 1713 9500 102 3.88 (3.17-4.74) 3.71 (3.03-4.55)
Réisdnen S [36] 2012 26,216 184 633 11 2.50 (1.35-4.62) 2.24 (1.17-4.27)
PASD
Furuya S [25] 2021 851 16 55 4 4.09 (1.32-12.69) -
Suzuki S [34] 2015 16,797 97 168 3 3.13 (0.98-9.98) -
We calculated ORs using RevMan version 5.4.1, and some values were inferred by the authors; thus, certain values
in the table were slightly different from the original values. Abbreviations: Cont No., number of women in the
control group; Cont events, number of events in the control group; VCI No., number of women with velamentous
cord insertion; VCI events, number of events in the velamentous cord insertion group; Crude OR, crude odds
ratio; Adjusted OR, adjusted odds ratio; CI, confidence interval; PASD, placenta accreta spectrum of disorder;
—, not applicable.
Table 5. Effect of VCI on the rate of adverse obstetric outcomes.
Author Year Cont VCI Cont VCI Cont VCI Control Vi Control VCI
No. No. Age Age Nuli Nuli mal mal Prior CD Prior CD
Furuya S [25] 2021 851 55 359 + 3.6 358 +3.9 596 42 - - - -
Yang M [29] 2020 59,475 501 31.82 +4.56 3173+ 3.85 23,968 238 - - 4818 36
O’Quinn C [7] 2020 30,953 107 314 +47 322+48 13,173 54 - - - -
Kalafat E * [32] 2018 277 50 33+1.06°€ 3434+4.73€ - - - - - -
Ebbing C t[33] 2017 860,464 13,011 - - 356,447 5950 - - - -
Suzuki S [34] 2015 16,797 168 - - 8655 114 - - - -
Ebbing C t[35] 2013 613,978 9500 - - 256,136 4292 23,382 759 A B
Riéisdnen S [36] 2012 26,216 633 29.1 £ 5.6 293+ 57 10,591 299 - - 43 2045

* All cases were twin pregnancies. T Used the same database. We calculated ORs using RevMan version 5.4.1
(Cochrane Collaboration, Copenhagen, Denmark), and some values were inferred by the authors, meaning that
they may be different from their original state. A, 51,123/36,7342; B, 802/5208; C, converted median values to
mean values with standard deviation using the statistical algorithms reported by Hozo et al. [40]. Abbreviations:
No., number of included cases; VCI, velamentous cord insertion; Cont, control; Cont Nuli. The number of
nulliparous women in the control group; VCI Nuli, the number of nulliparous women in the velamentous cord
insertion group; Control mal, the number of malpresentations in the control group; VCI mal, the number of
malpresentations in the velamentous cord insertion group; —, not applicable.



