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Abstract

Objectives: To investigate the incidence and risk factors of
bilobate placenta, aswell as to assess its impact onpreeclampsia
(PE), preterm delivery (PTD) and small-for-gestational age
(SGA) neonates.
Methods: A prospective study of singleton pregnancies,
undergoing routine anomaly scan at 20+0–23+6 gestational
weeks, was conducted, between 2018 and 2022. The impact of
prenatally diagnosed bilobate placenta on PE, PTD and SGA
was assessed. Multivariate logistic regression models were
employed to assess the independent association between
bilobate placenta and the main pregnancy outcomes, using
specific confounders. Additionally, a risk factor analysis was
performed.
Results: The study population included 6,454 pregnancies;
the incidence of prenatally diagnosed bilobate placenta
was 2.0 % (n=129). Bilobate placenta was associated with PE
(aOR: 1.721; 95 % CI: 1.014–2.922), while no statistically sig-
nificant association was found between this anatomical
variation and SGA (aOR: 1.059; 95 % CI: 0.665–1.686) or PTD
(aOR: 1.317; 95 % CI: 0.773–2.246). Furthermore, pregnancies
with prenatally diagnosed bilobate placenta had an
increased prevalence of abnormal cord insertion (marginal
or velamentous) (9.8 vs. 27.1 %; p<0.001) and increased

mean UtA PI z-score (0.03 vs. 0.23; p=0.039). Conception via
ART (aOR: 3.669; 95 % CI: 2.248–5.989), previous history of 1st
trimester miscarriage (aOR: 1.814; 95 % CI: 1.218–2.700) and
advancing maternal age (aOR: 1.069; 95 % CI: 1.031–1.110)
were identified as major risk factors for bilobate placenta.
Conclusions: Bilobate placenta, excluding cases of co-existing
vasaprevia, is associatedwithhigher incidenceofPE, increased
mean UtA PI z-score and higher probability of abnormal
cord insertion, but not with increased risk for SGA or PTD. It is
more common in pregnancies following ART and in women
with a previous 1st trimester miscarriage.

Keywords: bilobate placenta; outcomes; preeclampsia; pre-
term delivery; small-for-gestational-age neonates

Introduction

The bilobate placenta is a structural variant of the typical
placenta where two placental lobes are present, with a
reported incidence of up to 4 % [1]. In case of a noticeable
size discrepancy between the two lobes, the term succen-
turiate is used to describe the small accessory placental lobe
that develops inside the fetal membranes apart from the
main placental body and is typically connected with a vessel
of fetal origin [2]. Advanced maternal age, previous history
of cesarean delivery and conception via assisted reproduc-
tion technology (ART) have been reported as possible risk
factors for these structural variants of the placenta [3].

The placenta plays a crucial role in regulating fetal
development; as a mediator of oxygen, nutrients and meta-
bolic waste exchange and as an immunological and endo-
crinological regulator, this organ is essential for fetal growth
and the maintenance of pregnancy [4]. Consequently,
anatomical variants such as the bilobate placenta may be
associated with pregnancy complications and adverse out-
comes hypothesizing that abnormal placental development
is the underlying etiology. Of note, vasa previa is strongly
associated with succenturiate placenta, while complications
associated with it are non-reassuring fetal heart rate and
postpartum hemorrhage, both linked to vasa previa [3, 5]. To
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date, there is limited research regarding adverse pregnancy
outcomes i.e., preeclampsia (PE), small for gestational age
neonates (SGA) and preterm delivery (PTD) in pregnancies
diagnosed with structural variants of placenta [3]. Due to the
gap in the current literature on the bilobate placenta, it is a
matter of debate whether such variations should be regar-
ded as pathological or normal. In current practice, in high
resource settings, the routine use of sonographic assess-
ment, including color Doppler, enables the differential
diagnosis from other placental anomalies and increases the
rate of prenatal diagnosis of bilobate placenta, however, the
clinical usefulness of this prenatal diagnosis remains largely
unknown [6].

Therefore, the objective of this study was to investigate
the incidence, associated risk factors and possible adverse
pregnancy outcomes of cases prenatally diagnosed with
bilobate placenta, in a systematic approach and offer exact
and trustworthy effect estimates for hitherto uninvestigated
associations.

Materials and methods

Study design, participants

A prospective observational study took place between June 2018 and
June 2022, at the Third Department of Obstetrics and Gynecology, School
of Medicine, Faculty of Health Sciences, Aristotle University of Thessa-
loniki, Greece. The study was conducted according to the STROBE
statement [7].

All pregnant women with a singleton pregnancy, undergoing
both a routine first trimester scan at 11+0–13+6 and an anomaly scan at
20+0–24+0 gestational weeks were eligible to participate in the study.
Exclusion criteria were missing data, miscarriage between the two
scans, termination of pregnancy and vasa previa. All the scans were
performed by maternal-fetal medicine consultants. Fetal scanning,
including measurement of uterine artery pulsatility index (UtA PI),
was performed transabdominally, according to the ISUOG guidelines
[8]. Pregnancies diagnosed with a bilobate placenta (including those
with succenturiate) were considered as the study group. Effort was
taken for the postnatal confirmation of the finding. No false positive or
false negative cases were recognized; however, confirmation was not
always feasible, especially in cases of cesarean section. All pregnancies
were dated according to the fetal crown-rump length at the first-
trimester scan or the date of embryo-transfer in ART cases. A dedicated
database (Astraia Software GmbH, Munich, Germany) was used for
the storage of the patient data, including demographic and obstetric
parameters.

It should be noted that the finding of a bilobate placenta did not
affect the obstetric management as there currently is no guideline rec-
ommendingmodification of standard practice in such cases. The finding
was mentioned in the ultrasound report with the only intention to
increase awareness following a vaginal delivery for the complete
removal of the placenta.

All the participants consented that their anonymized files may be
used for research. The study protocol was approved by the Bioethics
Committee of the School of Medicine, the Aristotle University of
Thessaloniki, Greece (3.188/2-5-2018). Of note, no incentives were pro-
vided for participation in the study.

Measurements

With regards to the variables of interest, maternalmedical and obstetric
parameters were collected. Height and weight were measured during
the first visit for the body mass index (BMI) calculation. Sociodemo-
graphic characteristics (age, parity, smoking, conception via ART) were
collected through our database or directly during the recording of the
maternal history.

The primary outcome under investigation was PE, defined as
gestational hypertension accompanied by end-organ involvement [9].
Secondary outcomes were SGA, defined as birthweight below the 10th
percentile [10], PTD, defined as the delivery between 22+0 and 36+6 weeks
of gestation [11] and gestational age at delivery. Additionally, we studied
all the available risk factors for possible correlationwith the presence of
bilobate placenta.

Statistical analysis

The continuous variables are represented as means (standard devia-
tion), if normally distributed, otherwise as the medians (interquartile
ranges). Categorical variables are expressed as numbers and per-
centages. Based on the type of statistical distribution, comparisons
between groups were made using the parameterized Student’s T-test
or nonparametric Mann–Whitney U test (continuous variables) and
chi-square test (categorical variables).

Associations with the three main outcomes (PE, SGA and PTD),
were assessed using multivariable logistic regression to adjust for the
known and available confounders, while multivariable linear regres-
sionwas conducted for gestational age at delivery. According to themost
recent suggestions, a regression model forcing in all the existing factors
is needed to calculate the unbiased prognostic effect of the new factor
under investigation [12]. Thus, all the available variables that are known
or expected to be confounders for PE, SGA and PTD according to pub-
lished data were selected [13, 14]. Correlation analysis using Spearman’s
rank correlation coefficient was performed among the continuous
variables to assess multicollinearity.

A risk factor analysis was also conducted by employing a multi-
variable logistic regression model with the bilobate placenta as the
dependent variable to consider possible confounders and offer more
exact effect estimates; backward stepwise selection, based onp-value≤0.1,
was employed, in order to differentiate among the risk factors that had a
significant prognostic value for bilobate placenta.

A complete-case analysiswas employed in our studywhereby cases
with missing data were excluded from the analysis. This decision was
based on the relatively small proportion of affected cases (approxi-
mately 2 % of the total population) and the absence of missing values in
the study group, thereby not compromising the statistical efficiency by
excluding any of our limited study cases [15]. A 5 % critical level of
significance was used in every analysis. All analyses were conducted
using R 2.15.1 (R foundation, Vienna, Austria).
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Results

The study population consisted of 6,454 singleton pregnan-
cies after exclusion from a total population of 6,651 cases
undergoing a first trimester scan. Reasons for exclusion
were missing data (n=131), miscarriage (n=33), termination
of pregnancy (n=28), vasa previa (n=5) (Figure 1). The inci-
dence of the prenatal diagnosis of bilobate in the study
population was 2.0 % (129/6,454). The mean maternal age
(31.6 vs. 34.5; p<0.001) and UtA PI z-score (0.03 vs. 0.23;
p=0.039) were found to be higher in the study group, while
the median values of gestational age at delivery (39.0 vs.
38.4; p<0.001) and birthweight (3,250 vs. 3,100; p<0.001)
were lower compared to the control group (non-bilobate
placenta). Furthermore, ART (4.4 vs. 20.9 %; p<0.001), history
of miscarriage (15.4 vs. 30.2 %; p<0.001) and abnormal cord
insertion (marginal or velamentous – 9.8 vs. 27.1 %; p<0.001)
had a higher incidence in the study group. PE (7.3 vs. 14.7 %,
p=0.003) and PTD (8.2 vs. 14 %, p=0.029) had higher incidence
in the bilobate placenta group, while no association was
found with SGA (Table 1).

Bilobate placenta was associated with PE in the uni-
variate analysis; an almost double probability was calcu-
lated compared to singleton pregnancies with non-bilobate
placenta (OR: 1.922; 95 % CI: 1.144–3.229). The association
persisted in the multivariable analysis, which pointed to 1.7
times higher odds of PE among pregnancies with bilobate
placenta compared to the control group (aOR: 1.721; 95 % CI:
1.014–2.922). Conversely, bilobate placenta was not associ-
ated with SGA, neither in the univariate (OR: 1.234; 95 % CI:
0.794–1.919) nor in the multivariable analyses (aOR: 1.059;

95 % CI: 0.665–1.686). As for PTD, it was associated with
bilobate placenta in the univariate analysis (OR: 1.814; 95 %
CI: 1.094–3.009), but the associationwas eliminatedwhen the
confounders were included in themodel (aOR: 1.317; 95 % CI:
0.773–2.246). However, diagnosis of a bilobate placenta was
associated with a reduction in the mean gestational age at
delivery of 5 (β=−0.712) and 3 days (β=−0.460), in the uni-
variate and multivariable linear regression models, respec-
tively (Table 2, Supplementary Tables 1–4).

Following multivariable risk factor analysis, conception
via ART appears to be the most important risk factor for
bilobate placenta as it increases the probability almost 4
times (aOR: 3.669; 95 % CI: 2.248–5.989), while previous his-
tory of 1st trimester miscarriage almost doubles the proba-
bility of bilobate placenta (aOR: 1.814; 95 % CI: 1.218–2.700).
Advancing maternal age was also associated with a minimal
rise of about 7 % in the probability of the bilobate placenta
(aOR: 1.069; 95 % CI: 1.031–1.110) (Table 3).

Notably, the assumptions of both the logistic and linear
regressions were respected and no multicollinearity was
detected among the study variables.

Discussion

Principal findings

The main findings of this study were: 1) the incidence of
prenatally diagnosed bilobate placenta in singleton preg-
nancies is 2 %, 2) bilobate placenta is associated with an
increased prevalence of abnormal cord insertion and

Figure 1: Study population.
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Table : Characteristics of the study population

Variables Overall (n=,) Non-bilobate
placenta (n=,)

Bilobate placenta
(n=)

p-Value

Maternal age, years, mean (SD) . (.) . (.) . (.) <.
No smoking, n (%) , (.) , (.)  (.) .
Quit smoking , (.) , (.)  (.)
Current smoking  (.)  (.)  (.)

Multiparous, n (%) , (.) , (.)  (.) .
ART, n (%)  (.)  (.)  (.) <.
BMI, median [IQR] . [., .] . [., .] . [., .] .
Bleeding in st trimester, n (%)  (.)  (.)  (.) .
Previous history of st trim miscarriage, n (%) , (.)  (.)  (.) <.
Previous history of PTD, n (%)  (.)  (.)  (.) .
Abnormal cord insertion, n (%)  (.)  (.)  (.) <.
UtA PI z-score, mean, SD . (.) . (.) . (.) .
PE, n (%)  (.)  (.)  (.) .
PTD, n (%)  (.)  (.)  (.) .
SGA, n (%) , (.) , (.)  (.) .
GA at delivery, median [IQR] . [., .] . [., .] . [., .] <.
BW, median [IQR] , [,, ,] , [,, ,] , [,, ,] <.

ART, assisted reproductive technology; BW, birthweight; GA US, gestational age during the ultrasound; IQR, interquartile range; PE, preeclampsia; PTD,
preterm delivery; SGA, small for gestational age; SD, standard deviation; UtA PI, uterine artery pulsatility index. Bold values stand for statistically significant
results.

Table : Multivariable logistic regression models regarding the investigated outcomes.

PE SGA PTD Gestational age at delivery,
weeks

Variables aOR % CI p-Value aOR % CI p-Value aOR % CI p-Value β % CI p-Value

Maternal age, years . .,
.

.a . .,
.

. . .,
.

. −. −., . .

ΒΜΙ, kg/m
. .,

.
.a . .,

.
.a . .,

.
.a −. −., −. .a

No smoking Ref Ref Ref
Quit smoking . .,

.
.a . .,

.
. . .,

.
. −. −., −. .a

Current smoking . .,
.

.a . .,
.

.a . .,
.

.a −. −., −. .a

Multiparity . .,
.

. . .,
.

.a . .,
.

. −. −., −. .a

ART . .,
.

.a . .,
.

. . .,
.

.a −. −., −. .a

UtA PI z-score . .,
.

.a . .,
.

.a . .,
.

.a −. −., −. .a

Bleeding in st trimester . .,
.

.a . .,
.

. . .,
.

. −. −., −. .a

Previous history of st trim
miscarriage

. .,
.

. . .,
.

. . .,
.

.a −. −., −. .a

Previous history of PTD . .,
.

. . .,
.

.a . .,
.

.a −. −., −. .a

Abnormal cord insertion . .,
.

. . .,
.

. . .,
.

. −. −., . .

Bilobate placenta . .,
.

.a . .,
.

. . .,
.

. −. −., −. .a

β, regression coefficient; aOR, adjusted odds ratio; ART, assisted reproductive technology; CI, confidence intervals; PE, preeclampsia; PTD, pretermdelivery;
SGA, small for gestational age; UtA PI, uterine artery pulsatility index. aDenotes statistical significance. All the depicted variables were included in each
multivariate model.
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increased mean UtA PI z-score, 3) a statistically significant
association between bilobate placenta and PEwas identified,
while no association was found with SGA and PTD and 4)
conception via ART and history of 1st trimester miscarriage
are the main risk factors for bilobate placenta.

Interpretation of the findings

Based on the findings of the present study, prenatally diag-
nosed bilobate placenta involves about 1 in 50 singleton
pregnancies and these women have an almost two-fold
increased risk for PE, compared to the control group. Given
that bilobate placentas are typically regarded as benign
anatomical variations, this finding is intriguing and implies
that bilobate placenta and PE may share the same patho-
physiological procedure of abnormal placentation. Our
findings are consistent with a clinicopathological analysis of
130 abnormally shaped placentas, including 48 succenturiate
and 12 bilobed, which found an association between the
abnormal placental shape and insufficient maternal-fetal
perfusion [16]. A systematic review by Schiffer et al. showed
that pregnancies complicated by placental syndromes, such
as PE and SGA have higher placental thickness and greater
presence of placental lakes and calcifications compared to
the uncomplicated ones, however, bilobate placenta was not
examined individually [17]. This is further supported by the
significant association noted between the existence of bilo-
bate placenta and a higher mean UtA PI z-score in our study,
indicating a potential indirect mechanism where bilobate
placentas may cause PE through abnormally high UtA PI;
abnormal UtA PI is a well-studied predictor of PE [18].
Additionally, we found that bilobate placenta was linked to a
higher prevalence of abnormal cord insertion (9.8 vs. 27.1 %).

Given that the most recently published relevant meta-
analyses [19, 20] demonstrated that both marginal and vela-
mentous cord insertions have been linked to an increased risk
of PE, this could be another pathophysiological mechanism
explaining the association between bilobate placenta and
PE. Of note, abnormal cord insertion has been previously
found to be associated with higher mean UtA PI as well [21].

With regards to SGA, no association with bilobate
placenta was identified; this is in accordance with the
findings by Suzuki et al. who analyzed succenturiate pla-
centas and found no statistically significant difference in
the incidence of SGA compared to the controls [3]. We
additionally investigated PTD, which was also not associ-
ated with the bilobate placenta. Of note, bilobate placenta
was associated with a 3 days’ decrease in the mean gesta-
tional age at delivery; this is of minor clinical importance,
since prematurity rates were not affected.

Following a risk factor analysis, conception via ART,
history of previous miscarriage in the first trimester and
advancing maternal age were identified as independent risk
factors for bilobate placenta. These findings are in accor-
dance with those by Suzuki et al., who identified maternal
age above 35 years and the use of in vitro fertilization as
possible risk factors [3]. The underlying increasing arterial
endothelial damage brought on by aging may be the cause of
placental anatomical variations like the bilobate placenta
in older women [22, 23]. A systematic review assessed the
association between ART and bilobate or succenturiate
placenta and found an increased rate of succenturiate lobes
in ART vs. non-ART pregnancies (OR: 6.97) [24]. The most
plausible theory explaining why ART is an important risk
factor, is based on the in vitro formation of the chorion that
could affect the formation of the placenta and predispose to
morphological variations such as bilobate placenta [25].

Table : Risk factor analysis on the incidence of bilobate placenta.

Univariate analysis Multivariable analysis

Variables OR % CI p-Value aOR % CI p-Value

Maternal age, years . ., . .a . ., . .a

ΒΜΙ, kg/m
. ., . . – – –

Smoking (reference: no smoking)
Quit smoking . ., . . – – –

Current smoking . ., . . – – –

Multiparity . ., . . – – –

ART . ., . .a . ., . .a

Bleeding in st trimester . ., . . – – –

Previous history of st trim miscarriage . ., . .a . ., . .a

Previous history of PTD . ., . . – – –

Male fetus . ., . . – – –

aOR, adjusted odds ratio; ART, assisted reproductive technology; OR, odds ratio; PTD, preterm delivery. aDenotes statistical significance.
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To our knowledge, this is the first study investigating the
risk factors for bilobate placenta, as well as its associations
with pregnancy outcomes. We consider the design and
methodology of the present study as its major strength;
excluding cases of vasa previa eliminated the possible bias of
its coexistence with the bilobate placenta and by including
only prenatally diagnosed cases, our study is rendered
clinically relevant. The main weakness of the study stems
from the limited study sample and statistical power. Thus,
our results should be interpreted with caution until larger
population studies are conducted to enable the extraction of
safer and more robust conclusions. Furthermore, the inclu-
sion of succenturiate placenta cases in the study group may
have affected the results. Although conducting a complete-
case analysis may be perceived as a weakness of our study,
it is worth noting that the proportion of cases with
missing valueswas limited (about 2 %) and no study case had
missing values. Additionally, the data were missing due to
no reporting of some values or due to loss in follow-up,
considering both as missing at random; according to the
literature complete-case analysis does not introduce any
bias [15]. We should also state that statistical significance
level was not adjusted for multiple testing, thus p-value is
of no confirmatory value. Finally, the substantial inter-
observer and intra-observer variability in the sonographic
assessment of the placenta should not be disregarded.

Conclusions

Bilobate placenta, excluding vasa previa, was associated
with an increased mean UtA PI z-score, higher rates of
abnormal cord insertion and higher incidence of PE, sug-
gesting that these women may benefit from closer antenatal
care. Significant individual risk factors of bilobate placenta
are conception via ART, previous history of miscarriage in
the first trimester and advancing maternal age. More high-
quality prospective cohorts are needed and future research
on the association of bilobate placenta with other adverse
pregnancy outcomes may be of clinical importance.
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