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Abstract
Objectives: To evaluate the prevalence of extraplacental anas-
tomoses (EPA) and the factors associated. Methods: A retro-
spective study including 144 placentas from monochorionic 
diamniotic (MCDA) twins delivering at one institution was per-
formed. EPA were defined as any intertwin anastomosis locat-
ed outside the chorionic plate on macroscopic inspection. The 
association with perinatal factors and with umbilical cord in-
sertion site was analyzed. Results: The prevalence of EPA was 
4.9% (7/144). Velamentous cord insertion of both twins was 
significantly associated with the presence of EPA in the multi-
variate logistic regression model (p = 0.045). Discussion: EPA 
was found in ≈5% of MCDA twin pregnancies.

© 2020 S. Karger AG, Basel

Introduction

Twin-twin transfusion syndrome (TTTS) is the most 
critical complication during the perinatal course of 
monochorionic (MC) twin pregnancies, particularly in 

severe cases that show high mortality and morbidity in 
the second trimester, if prenatal surgical treatment is 
not provided [1, 2]. Fetoscopic laser photocoagulation 
(FLP) of the chorionic communicating vessels between 
both twins is an alternative for management of TTTS, 
as it markedly improves the prognosis in both twins [3, 
4].

In the FLP procedure, the coagulation of intertwin 
anastomoses is performed under direct visualization 
via the intrauterine fetoscope using a laser fiber. For 
most cases, the vascular equator, that is, the hemody-
namic border between MC twins, is located on the pla-
cental parenchyma. Therefore, inspection of the pla-
cental surface and coagulation using a laser is sufficient. 
However, in rare cases, some of the chorionic vessels 
branching from the cord insertion run partly or entire-
ly on the fetal membrane and form anastomoses outside 
the placental parenchyma. Based on the principle that 
the extent of laser coagulation required during feto-
scopic procedure is determined according to the edge 
of the placental parenchyma, anastomoses located on 
the outside of the placental parenchyma could contrib-
ute to the residual anastomoses after FLP owing to dif-
ficulty in detection. Residual anastomoses might result 
in postoperative complications, including persistent 
TTTS and iatrogenic twin anemia-polycythemia se-
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quence, which increase the mortality and morbidity in 
twins [5, 6]. The objective of this study was to elucidate 
the prevalence of and examine the relative factors of ex-
traplacental anastomoses (EPA).

Materials and Methods

We conducted a retrospective study on monochorionic diam-
niotic (MCDA) twins who were delivered at Osaka Women’s and 
Children’s Hospital, a tertiary perinatal care center in Japan, and 
whose placentas were inspected prospectively during the postnatal 
period between April 2015 and September 2019. Cases that under-
went FLP or underwent either fetal demise or twin reversed arte-
rial perfusion sequence were excluded owing to the difficulty in 
macroscopic inspection of the anastomoses. In our center, FLP was 
performed in patients with TTTS that occurred between 16 and 27 
weeks of gestation and selective intrauterine growth restriction 
(sIUGR) accompanied by oligohydramnios and abnormal umbili-
cal artery Doppler waveforms, as previously described [7]. All 
mothers provided written informed consent for data usage. The 
research was conducted ethically in accordance with the World 
Medical Association Declaration of Helsinki.

All placentas of MCDA twins were macroscopically inspected 
by maternal fetal medicine specialists, including at least 1 well-
experienced FLP surgeon (R.Y. or K.I.). Placentas were stored in 
the refrigerator until they were inspected within a few days after 
the delivery. The type of cord insertions was observed and classi-
fied as velamentous cord insertion (VCI), marginal cord insertion 
(MCI), and central cord insertion (CCI). These were defined as 
follows: VCI, when the vessels of the umbilical cord were inserted 
completely on the fetal membrane outside the placental parenchy-
ma; MCI, when the umbilical vessels were inserted at the edge of 
the placental parenchyma with no chorionic vessels coursing to-

ward the placental edge from the area of cord insertion; and CCI, 
cord insertion that was not classified as either VCI or MCI. Inter-
twin anastomoses and vascular equators were grossly examined; 
subsequently, as little as 10–20 mL of air was injected into the cho-
rionic arteries of each twin to confirm the anastomoses. As neces-
sary, the placental dye injection test was performed for the arteries 
and veins of each twin [8], and the anastomoses were classified as 
arterioarterial, arteriovenous, and venovenous.

The primary study outcome was the prevalence of cases with 
EPA. An anastomosis located outside the placental parenchyma on 
postnatal inspection was defined as EPA (Fig. 1). This meant that 
chorionic vessels that comprised the EPA could be located com-
pletely outside the placental parenchyma or partly on the placental 
parenchyma. Although the data on the characteristics of pregnan-
cy were collected retrospectively, data regarding the gross exami-
nation of the placenta were collected prospectively.

The association between EPA and perinatal factors, including 
the site of placental cord insertion, was examined using univariate 
analysis. Nominal variables were compared using Fisher’s exact 
test, while continuous variables were compared using the Wil-
coxon rank-sum test. Perinatal factors associated with EPA were 
analyzed using a multivariate logistic regression model. p < 0.05 
was considered as statistically significant. All statistical analyses 
were performed using JMP version 12 (SAS Institute, Cary, NC, 
USA).

Results

One-hundred and eighty-two MCDA twin pregnan-
cies met the inclusion criteria. Thirty-three cases that 
underwent FLP and 5 cases of fetal demise were exclud-
ed, and eventually 144 cases were included in the study 
analysis.

Pregnancy characteristics are listed in Table 1. The 
prevalence of blastocyst transfer was significantly higher 
among patients with EPA. The prevalence of EPA was 
4.9% (7 cases). In terms of placental cord insertion site, 
the number of cases with EPA was 3 in 59 cases with CCI 
of both twins, 1 in 47 cases with CCI – MCI, 1 in 23 cas-
es with CCI – VCI, and 2 in 6 cases with VCI of both 
twins, respectively. No EPA was found in 5 cases with 
MCI of both twins and in 4 cases with MCI – VCI. In 2 
cases with VCI of both twins, each chorionic vessel that 
branched from the umbilical cord vessel of each twin ran 
entirely outside the placental parenchyma and consti-
tuted EPA.

Regarding the association between EPA and perinatal 
factors, blastocyst transfer and presence of VCI in both 
twins were related to the development of EPA (p = 0.048 
and 0.027, respectively). In the multivariate logistic  
regression model, only VCI in both twins was related  
to the development of EPA (p = 0.045, adjusted odds ra-
tio = 8.25).

Fig. 1. Extraplacental anastomoses. Placental cord insertion sites 
of both twins were velamentous insertions. Each chorionic vessel 
that branched from the umbilical cord vessel of each twin ran en-
tirely outside of the placental parenchyma and composed extrapla-
cental anastomoses (arrow).
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Discussion

The present study demonstrated that EPA showed a 
prevalence of 4.9% among MCDA twin pregnancies. The 
related factor of EPA was VCI of both twins.

In singleton pregnancies, chorionic vessels might 
course along the outside of the placental parenchyma. 
These are termed membranous fetal vessels, such as vasa 
previa, which might be vulnerable to injuries; however, 
the course of development of membranous fetal vessels is 
not clearly understood. While the prevalence of the mem-
branous fetal vessels is unknown, it is estimated to be 
higher than that of vasa previa (0.60 per 1,000 pregnan-
cies) [9]. This was because some membranous fetal ves-
sels that were not associated with vasa previa could be 
located distantly from the internal cervical os. To the best 
of our knowledge, the present study is the first to reveal 
the prevalence of EPA in MCDA twins.

The association between VCI of both twins and the 
presence of EPA was described for the first time in our 
study. According to our results, the prevalence of VCI in 
at least 1 cord and of VCI in both cords was 23% (33/144) 
and 4.2% (6/144), respectively, which was comparable to 
the findings of a previous report from our center [10]. In 
the case of an MCDA twin with VCI of both fetuses, both 
chorionic vessels were composed of the EPA that origi-
nated outside the placental parenchyma; thereafter, the 
complete vessels were located outside the placental pa-
renchyma. It was theoretically convincing that EPA was 
readily formed. However, EPA was also found in 5 cases 

with CCI of at least 1 fetus. In these 5 cases, the large part 
of the chorionic vessel of at least 1 fetus that developed 
EPA was located on the placental parenchyma. These 
types of EPA might not be difficult to identify during FLP 
because it seemed possible to find the vessels encompass-
ing the EPA on the placental parenchyma during vascular 
equator inspection and to follow the course to detect 
EPA. However, in cases with VCI in both twins, all the 
chorionic vessels that constructed the EPA were located 
outside the placental parenchyma; therefore, it was pos-
sible to miss the anastomosis that lay outside the placenta 
if the usual fetoscopic inspection was performed from the 
placental edge to edge. In short, this type of EPA had the 
risk of clinical significance in MC twins with disorders 
that FLP could be adapted.

Considering the association between VCI of both 
twins and EPA, preoperative detailed ultrasonographic 
examination of placental cord insertion site could be 
valuable for prediction of EPA that was difficult to be 
found. If chorionic vessels that extended for a long dis-
tance outside of the placental parenchyma were observed 
by color Doppler imaging, it might be desirable to care-
fully inspect the outside of the placental parenchymal 
edge during FLP.

The strength of the present study was that the inspec-
tion of EPA was performed prospectively by experienced 
maternal fetal medicine specialists. A limitation of the 
present study was that the prevalence of EPA was eluci-
dated only in cases without TTTS; therefore, the preva-
lence of EPA in cases of TTTS that required FLP, which 

Table 1. Characteristics and perinatal outcomes of cases with and without EPA

Cases with EPA 
(n = 7)

Cases without EPA 
(n = 137)

p value

Maternal age ≥35 years 5 (71) 55 (40) 0.12
Primiparity 4 (57) 70 (51) 1.00
In vitro fertilization 3 (42) 25 (18) 0.13

Intracytoplasmic sperm injection 0 8 (5.8) 1.00
Frozen embryo transfer 2 (28) 20 (14) 0.29
Blastocyst transfer 3 (42) 16 (11) 0.048

Uterine myoma 1 (14) 6 (4.3) 0.29
sIUGR 2 (28) 53 (38) 0.70
Gestational age at birth, weeks 34 (33–38) 37 (24–39) 0.13
Cesarean section 6 (85) 70 (51) 0.11
Birth weight, g 2.138 (1.474–2.880) 2.270 (456–3.542) 0.39
Birth weight discordance, % 12 (3–25) 12 (0–67) 0.83

Data are shown in n (%) or median (range). EPA, extraplacental anastomoses; sIUGR, selective intrauterine 
growth restriction.
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seemed to be important clinically, is still unclear. How-
ever, the incidence of TTTS was reported to not be influ-
enced by the type of cord insertion [10, 11] and the asso-
ciation between VCI of both twins, and the existence of 
EPA would be expected to be adapted to TTTS cases as 
well. In a recent large series, it was reported that the oc-
currence of VCI in 1 or both twins increased the risk of 
TTTS [12]. In this study, placental cord insertion was de-
termined prenatally, in contrast to that in previous stud-
ies. This could have been an advantage as it reduced the 
selection bias because cases of fetal demise that were inap-
propriate for postnatal examination would have been ex-
cluded in previous studies. However, prenatal determina-
tion of placental cord insertion is likely to be different 
from postnatal confirmation by gross examination of pla-
centa. Although the prevalence of EPA might be higher 
in TTTS cases, we believe that the association between 
VCI and TTTS is inconclusive. Second, this study was 
performed in a tertiary care center, where cases of com-
plicated MC twin gestation would be encountered more 
frequently than those in the general population. The 
prevalence of cases with VCI in both twins was reported 
as 1% [12]; however, the prevalence in our study was 4%. 
Furthermore, the prevalence of sIUGR (38%) was higher 
than that of the MC twin cohort.

In conclusion, inspection of the placenta during FLP 
is recommended owing to the presence of anastomoses 
that are located outside the placental parenchyma and are 

hard to detect, considering EPA have been found in ≈5% 
of MCDA twin pregnancies. Moreover, it might be useful 
for prediction of the presence of EPA to understand um-
bilical cord insertion of both twins preoperatively.
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