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Abstract

Purpose To prevent perinatal morbidity and mortality of high-order multiple pregnancy (HOMP), multifetal pregnancy
reduction (MPR) is offered to some patients. In this study, we investigated whether twin pregnancies derived from MPRs
carry a higher adverse obstetrical outcome compared to non-reduced control group of twins.

Methods We retrospectively analyzed the data from HOMPs on which transvaginal ER (n=153) at a mean gestational age
of 7.6 weeks or transabdominal FR (n=159) at a mean gestational age of 12.4 weeks was performed between December
2006 and January 2018. The risk of each procedure was evaluated by comparing obstetrical outcome with that of a control
population of 157 non-reduced twins conceived by infertility treatment.

Results The mean gestational ages at delivery were 35.2 weeks in the ER group, 35.7 weeks in the FR group, and 34.1 weeks
in the control group (P = NS). Compared with those in the control group, the ER group had higher miscarriage (1.3% vs.
6.5%; P=0.047; OR 0.21; 95% CI 0.45-0.898) and higher overall fetal loss (3.8% vs. 14.4%; P=0.003; OR 0.24; 95% CI
0.09-0.60) rates. Differently compared with those in the control group, the FR group had no statistical difference in miscar-
riage (2.5% vs. 1.7%; P=NS) and overall fetal loss (3.8% vs. 6.8%; P=NS) rates.

Conclusions Compared with the control group, ER in twins had a higher miscarriage and fetal loss rate, whereas FR in twins
was similar to the control group. So, the FR procedure is overall a better and safer approach of MPR in reducing morbidity
and mortality in HOMPs.

Keywords High-order multiple pregnancies - Multifetal pregnancy reduction - Twin pregnancy - Miscarriage rate - Preterm
delivery

Introduction data suggests that risks of preterm delivery under 32 weeks’

gestation and of birth weight at delivery under 1500 g were

The incidence of high-order multifetal pregnancies
(HOMPs, i.e., more than twins) has risen over the years
due to increased likelihood of infertility and the need for
artificial reproductive technology (ART) use due to delayed
childbearing [1]. We are aware that HOMPs increase peri-
natal morbidity and mortality due to prematurity. Recent
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shown to be threefold higher for triplet pregnancies com-
pared with twins [2, 3]. To prevent fetal loss, preterm deliv-
ery, and perinatal morbidity in HOMPs, multifetal preg-
nancy reduction (MPR) is offered to some patients [4].
MPR is defined as a first-trimester or early second-tri-
mester procedure for reducing the total number of fetuses
in HOMPs by one or more [1]. Two different MPR methods
performed under ultrasonographic guidance are practiced,
namely, transvaginal ultrasound-guided embryo reduction
(ER), which is performed at between 6 and 8 weeks of gesta-
tion, and transabdominal ultrasound-guided fetal reduction
(FR), which is performed after 11 weeks of gestation [5].
The safety of MPR is a crucial issue for both the parents
and physicians, and especially for those couples that have
achieved a pregnancy following ART. While studies have
investigated the obstetrical outcomes associated with each
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procedure individually or MPR as whole [6], insufficient
data, however, are only available on comparing the two tech-
niques with the control group.

It has been shown that twin pregnancies conceived by
ART resulted in an increased risk of some neonatal compli-
cations, compared to spontaneously conceived twins [7-9].
Because all ER and FR cases were conceived by ART, it
was thought to be clearer to compare the outcomes with the
ART-conceived twins. Therefore, in this study, we excluded
spontaneously conceived pregnancies.

The aim of the present study was to compare the obstetri-
cal outcomes that followed transvaginal ER or transabdomi-
nal FR in twin pregnancy and to compare with non-reduced
twins.

Methods

From December 2006 to January 2018, MPRs in twins were
performed at the Fertility Center and at the Department of
Obstetrics and Gynecology, CHA Bundang Medical Center,
CHA University, Seongnam, Republic of Korea. The exclu-
sion criteria were undergoing MPR twice, or a remaining
fetus with a known chromosome anomaly or lethal anatomi-
cal defect. After exclusion, 212 patients were included in
the study. ER was performed by two of the authors at the
Fertility Center on 153 patients whose gestational ages were
between 6 and 8 weeks (Group 1). FR was performed after
sonographic fetal anomaly scans according to the guidelines
[10] and, if needed, chorionic villus sampling (CVS), by one
of the authors at the Department of Obstetrics and Gynecol-
ogy on 59 patients whose gestational ages were between 11
and 17 weeks (Group 2). To evaluate effects of ER and FR
on clinical outcomes, cases were compared with 157 control
series of dichorionic-diamniotic twins conceived by infertil-
ity treatment (Group 3).

A transvaginal approach was used for ER. Under ultra-
sound visualization, a 17-gauge needle was inserted through
the internal cervical os and directed towards the sac. Hand
suction was used to aspirate the fluid and fetus from the sac.
The criteria for the selection of the fetus (es) were ranked as
follows: monochorionic twins, a fetus with a weak heartbeat,
a shorter than expected crown-rump length or a smaller than
expected gestational sac, and if all of these were normal, the
easiest fetus to approach.

FR was performed transabdominally. Under the guidance
of an abdominal ultrasound transducer, a 22-gauge needle
was inserted into the uterine cavity and into the fetal heart or
thoracic cavity, an intracardiac or intrathoracic injection of
potassium chloride was administered, and the fetal heart was
monitored visually for asystole. The criteria for the selection
of the fetus (es) were ranked as follows: those with ana-
tomical defects, including an enlarged nuchal translucency,

@ Springer

chromosomal anomalies detected by chronic villus sampling,
and if these were normal, the easiest fetus to approach. No
hormonal supports or antibiotics were used during ER and
FR.

The data were collected retrospectively at the Fertility
Center and the Department of Obstetrics and Gynecol-
ogy following CHA Bundang Medical Center institutional
review board approval (2018-03-017). The baseline char-
acteristics were analyzed, including the conception mode,
gestational age at the time of MPR, history of miscarriage
(< 24 weeks’ gestation) or preterm delivery (< 34 weeks’
gestation), and history of loop electrosurgical excision pro-
cedure (LEEP) or myomectomy. The conception modes
were defined as achieved through ART, or through intrau-
terine insemination. The indications for MPR were HOMPs
which include triplets and above. The obstetrical outcomes
assessed in this study included the miscarriage rate, which
was defined as a delivery at > 12 and < 24 weeks’ gestation,
early and late preterm deliveries, defined as a delivery at >
24 weeks and < 34, > 34 and < 37 weeks, term delivery,
maternal complications, and fetal loss, which was defined as
the loss of one or two fetuses during pregnancy. The mean
birth weight and the need for neonatal intensive care unit
(NICU) admission were also recorded.

The statistical analyses were performed using the
IBM®SPSS® software, version 24 (IBM Corporation,
Armonk, NY, USA). The statistical significance of the dif-
ferences between the ER group, FR group and control group
was analyzed using the one-way ANOVA and 4 test, and a
two-tailed unpaired Student’s 7 test, as appropriate. Logistic
regression analysis was used for the multivariate analysis
while controlling for the effects of the potential confounders,
which included the maternal age, body mass index, parity,
mode of conception, and maternal histories. Kaplan—-Meier
curves were generated for GA at delivery by different MPR
procedures with control group and compared using the log-
rank test. A value of P <0.05 was considered significant.

Results

A total of 287 patients who underwent MPR in twins were
evaluated. Excluding 72 patients of incomplete follow-up,
one case with anatomical anomaly (suspected Ebstein anom-
aly after ER), and two cases which underwent MPR twice
(suspected with pentalogy of Cantrell at 11-15 gestational
weeks after ER and underwent FR), a total of 212 patients
were included in this study (Fig. 1), i.e., 153 patients who
underwent ER (Group 1), 59 patients who underwent FR
(Group 2), and 157 patients in the control group. Table 1 pre-
sents the study population’s characteristics. Significant dif-
ferences were noted in maternal age and history of preterm
delivery. No clinical or statistical significance was found
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Fig. 1 Flow chart of the study ]
287
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Table 1 Baseline characteristics Group 1, embryo Group 2, fetal Group 3, control  p value
reduction (n=153) reduction (n=59) twins (n=157)
Age (years) 33.0+3.5 32.5+3.7 339+3.0 0.011
Weight (kg) 57.4+10.6 56.2+10.5 59.1+9.7 0.131
Body mass index (kg/mz) 21.9+3.7 21.6+3.6 22.2+4.0 0.550
Nulliparity 132 (86.3%) 50 (84.7%) 142 (90.4%) 0.392
Multiparity 21 (13.7%) 9 (15.3%) 15 (9.6%) 0.392
Conception mode, TUI 16 (10.5%) 6(10.2%) 20 (12.7%) 0.778
Conception mode, IVF/ICSI 137 (89.5%) 53 (89.8%) 136 (86.6%) 0.673
Hx. of miscarriage 0 (0%) 1(1.7%) 1 (0.6%) 0.314
Hx. of preterm delivery 0 (0%) 2 (3.4%) 0 (0%) 0.005
Hx. of LEEP 0(0%) 2 (3.4%) 53.2%) 0.080
Hx. of myomectomy 6 (3.9%) 2 (3.4%) 5(3.2%) 0.938
Mean gestational age at the time ~ 7.6+0.4 12.4+0.9 - < 0.001
of the procedure (weeks)
Mean number of embryos, initial ~ 3.2+0.6 33+05 - 0.883

Data are represented as mean value + standard deviation or n (%)

IUI intrauterine insemination, /VF/ICSI in vitro fertilization by intracytoplasmic sperm injection, Hx his-
tory, LEEP loop electrosurgical excision procedure

regarding other backgrounds. The mean gestational ages at
which the procedures were undertaken were 7.6 weeks for
Group 1 and 12.4 weeks for Group 2 (P <0.001). Group 1
and Group 2 had a similar proportion of MPR indication of
triplets (81% vs. 78%, P = NS) and above triplets (19% vs.
22%, P = NS).

Kaplan—Meier curves were generated for GA at deliv-
ery by MPR procedures and compared using the log-rank
test showing significant difference between Groups 1 and 3
(P=0.003) (Fig. 2) and between Groups 2 and 3 (P=0.046)
(Fig. 3). The obstetrical outcomes are presented in Table 2
and Fig. 1. After adjusting for the potential confounders
described previously, the overall fetal loss rate was sig-
nificantly higher in Group 1 (14.4%) compared with that
in Group 3 (3.8%) (P=0.003) [odds ratio (OR), 0.24; 95%

confidence interval (CI) 0.09-0.60] and the miscarriage rate
was also significantly higher in Group 1 (6.5%) compared
with that in Group 3 (1.3%) (P=0.047) (OR 0.21; 95% CI
0.45-0.98). However, Group 2 and 3 did not differ with
respect to overall fetal loss and the miscarriage rate. The
mean gestational age of delivery was 34.1 + 6.4 weeks in
Group 1, 35.7 +2.5 weeks in Group 2, and 35.2 +4.0 weeks
in Group 3 without significant difference. After adjustment,
frequencies of incompetence of internal os (IIOC) was
higher in Group 3 (30.6%) compared with that in Group 1
(14.4%) (P=0.001) (OR 2.58; 95% CI 1.46—4.57) and in
Group 2 (20.3%) (P=0.024) (OR 2.61; 95% CI 1.14-5.97).
Rate of late preterm delivery was higher in Group 3 (69.4%)
compared with that in Group 1 (39.2%) (P=0.001) (OR
3.78; 95% CI 2.34-6.09) but no difference compared with
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Fig.2 Survival curves of twin pregnancies that remained undelivered
across gestation with embryo reduction
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Fig.3 Survival curves of twin pregnancies that remained undelivered
across gestation with fetal reduction

that in Group 2. The groups did not differ with respect to the
mean birth weights, and NICU admission rate.
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Discussion

To the best of our knowledge, this is the first study to com-
pare both the outcome of ER or FR with the control group.
After adjustment, the fetal loss rate, which was defined as
the loss of one or two fetuses during pregnancy, was com-
parable between FR group (6.8%) and the control group
(3.8%), whereas a higher fetal loss rate was observed in the
ER group (14.4%). The loss rate in this study is in line with
reported literature values, varying between approximately
3% and 8% [11-13]. In the same manner, miscarriage rate
was comparable between FR group (1.7%) and the con-
trol group (1.3%), whereas a higher miscarriage rate was
observed in the ER group (6.5%). The mean gestational
age of delivery had no significant difference between the
groups. Overall, pregnancy outcomes following FR were
better than ER when comparing with the control group.

A fetal loss of 6.5-16% has been reported in literature
after MPR, although this incidence depends not only on
operator’s experience but also on gestational age at reduc-
tion, number of fetuses reduced, and the patient factors
[12, 14, 15]

Transvaginal ER is more acceptable from both reli-
gious and ethical perspectives because it is performed
earlier than FR, and toxic substances are not necessary
[16]. The higher rate of overall fetal loss in ER group is
to be expected, owing to the timing of reduction. The pos-
sibility of spontaneous demise of one of the fetuses may
occur after the ER procedure [17, 18]. Spontaneous fetal
abortion rate is 12-30% in ART cycles and even as high
as 50-80% in triplet or higher-order gestation, and occurs
within 12 weeks in 50% of cases [19-21]. Two studies
have described pregnancy outcome in ER in twin preg-
nancies and compared with non-reduced twins [22, 23].
Mansour et al. concluded that the spontaneous abortion
rate, fetal loss rate, gestational age at delivery, and birth
weight of twin pregnancies after ER were similar to non-
reduced twins [22]. In a prospective cohort study of Hass
et al., they concluded the ER in triplets to twins seems to
be comparable to the outcome of non-reduced twins. How-
ever, the perinatal outcome of ER in above quadruplets to
twins was not as favorable as ER in triplets for birth weight
and preterm delivery rate. They mentioned the advantages
of FR and suggested that bER is also safe, and for some
patients ER is seen to be psychologically advantageous
over FR [23]. On the contrary, in our study, the ER group
had a higher fetal loss and miscarriage rate compared to
the control group.

Comprehensive anomaly scans using ultrasound, chori-
onic villus sampling, and non-invasive prenatal screening
can be done before FR, which may allow the selection of
which fetus to reduce [24]. Several studies in literature
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Table 3 Reported outcomes of embryo reduction (ER) in twin and control twin (CT) pregnancies

Year published Number (ER vs. CT) Miscarriage (12— Total fetal loss rate  Mean gestational
24 weeks) (ER vs. CT)  (ER vs. CT) age (ER vs. CT)
Mansour et al. [22] 1999 45 vs. 40 8.8% vs. 10% 36.9 vs. 36.5 weeks
Hass et al. [23]* 2014 77 vs. 78 3.9% vs. 0% 6.5% vs. 5.1% 35.6 vs. 36.3 weeks
Present study 2018 153 vs. 157 6.5% vs. 1.3% 14.4% vs. 3.8% 34.1 vs. 35.2 weeks

*Prospective cohort study

that describe obstetric outcomes after reduction from
HOMPs in twins between 11 and 14 weeks of gestation
showed that FR was not associated with an increased risk
of adverse pregnancy outcome compared to non-reduced
dichorionic twins [25-29] (Table 3). Similarly, our study
showed no difference in obstetrical outcomes in the non-
reduced control group and FR group. The proportion of
miscarriage rate throughout the published literature was
heterogeneous, and this might be due to differently defined
gestational age of miscarriage and some studies had a con-
trol group that included spontaneously conceived twins.
However, most studies showed no statistical difference
between the FR group and the control group in obstetrical
outcomes. As mentioned above, ART twins had a greater
risk of adverse perinatal outcome including preterm birth,
low birth weight and death compared with spontaneously
conceived twins [8, 9]. On the contrary, Cheang et al.,
showed that 353 cases of FR was associated with a higher
incidence of extreme prematurity, prematurity, and low
birth weight compared with the group of 389 cases of non-
reduced twins and these findings were more pronounced
among patients with a higher initial number of fetuses [25]
(Table 4).

To our knowledge, a direct comparison of the obstetri-
cal outcome between non-reduced twins with ER or SF
twins has limited data in literature. The control group in
our study had a higher rate of IIOC and this might be

explained due to the fact that, our institution is a tertiary
center hospital that includes a high-risk pregnancy center.
A higher rate of IIOC may have contributed to a higher
proportion of late preterm delivery compared to MPR
groups. Also, the patients in MPR group had the tendency
of getting more comprehensive prenatal care because of
undergoing the invasive procedure in the first or second
trimester.

Our study’s limitations include its retrospective nature.
The study’s tertiary university hospital setting may have
led to more adverse outcomes. This study’s strengths are
associated with it being a single center study with a rela-
tively large sample size, and the adequate follow-up inter-
val between the procedure and the delivery. The data were
not influenced by performance variability, because FR was
performed by a single physician, and ER was performed
by two highly skilled physicians.

In conclusion, at the present time, we regard MPR as
a clinically necessary procedure to prevent the compli-
cations of HOMPs. This study which included patients
with similar obstetric care has clearly demonstrated that in
comparing with non-reduced twin, FR compared to ER has
advantages in reducing risk of spontaneous miscarriage,
availability of nuchal translucency screening, and anatomy
scan to rule out major anomalies before reduction. This
information should be taken into account when counseling
couples with HOMPs who considers MPR.

Table 4 Reported outcomes of fetal reduction (FR) in twin and control twin (CT) pregnancies

Year published Number (FR vs. CT) Miscarriage (12-24 weeks) Total fetal loss rate  Mean gestational
(FR vs. CT) (FR vs. CT) age (FR vs. CT)

Lipitz et al. [29] 1996 43 vs. 134 2.3% vs. 0.7% (25-30 wks) 36.0 vs. 36.9 wks
Antasklis et al. [26] 1998 158 vs. 135 10.6% vs. 9.5% (28 wks) 35.7 vs. 35.1 wks
Selam et al. [28] 1999 77 vs. 140 5.2% vs. 2.9% (24-28 wks) 35.4 vs. 35.5 wks
Hwang et al. [27] 2002 54 vs. 406 3.9% vs. 4% (< 24 wks) - 35.4 vs. 36 wks
Cheang et al. [25] 2007 353 vs. 389 4.5% vs. 1.8% (28 wks)* 1.4% vs. 2.3% 35.2 vs. 35.8 wks*
Present study 2018 59 vs. 157 1.7% vs. 1.3% 6.8% vs. 3.8% 35.7 vs. 35.2 wks
wks weeks

*Statistically significant (P <0.05); total fetal loss, defined as one or two fetal losses throughout the pregnancy
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