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Abstract
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Background: Twin pregnancy is an iatrogenic complication following in vitro
fertilization (IVF) that can be decreased using elective single‑embryo transfer.
However, the risks associated with twin pregnancy following IVF as compared
to singleton IVF pregnancy need to be further evaluated. Aim: This study aims
to compare the maternal, perinatal, and neonatal complications in singleton
and twin pregnancies following IVF‑intracytoplasmic sperm injection (ICSI).
Settings and Design: Retrospective observational cohort study using previously
collected routine patient data. Materials and Methods: Singleton and twin
deliveries following IVF/ICSI from January 2014 to August 2015 were included.
Data were collected from patient records and the obstetricians of the patients.
Statistical Analysis Used: SPSS was used for analysis. Student’s t‑test and Fisher’s
exact test were used for continuous and categorical data, respectively. Significance
was kept at 0.05. Results: There were 897 singleton and 382 twin deliveries
(total of 1661 babies). The mean gestational age at delivery was lower in twin
deliveries (34.9 ± 3.1 weeks) as compared to singleton deliveries (36.8 ± 3.2 weeks,
P < 0.001). The overall incidence of maternal complications was higher
in twin pregnancies (29.3% vs. 21.3%, odds ratio = 1.53, 95% confidence
interval = 1.17–2.01; P = 0.003). The mean birth weight of babies was significantly
lower (2.02 ± 0.58 kg vs. 2.71 ± 0.68 kg; P < 0.001) and the incidence of stillbirth
plus neonatal death was higher (7.5% vs. 4.6%, P = 0.01) in the twin group as
compared to the singleton group. Conclusion: Twin deliveries, following IVF/ICSI
deliver at lower gestational age, have lower birth weight and have higher odds of
stillbirth plus neonatal death as compared to singleton deliveries following IVF/ICSI.
Keywords: In vitro fertilization, maternal complications, neonatal complications,
singleton delivery, twin delivery

Introduction

D

uring the past four decades, the incidence of
twin pregnancies has increased worldwide.[1]
This increase is mainly attributable to increased use of
fertility drugs and assisted reproductive technology
(ART).[2,3] European registries have reported the
incidence of multiple deliveries after ART to be
18%.[4] In the US, this incidence was even higher at
over 39.4% of all infants delivered with ART, compared
to only 3.5% among the total birth population.[5] This
increased prevalence of twin (or multiple) gestation
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in in vitro fertilization (IVF)/intracytoplasmic sperm
injection (ICSI) cycles is a result of multiple embryo
transfer to improve the chances of a pregnancy.
Twin pregnancies are known to be at a significantly
higher risk of maternal as well as perinatal complications
after natural conception,[6‑9] and it is expected that
these would be associated with increased risk in
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ART‑associated pregnancies as well. Twin pregnancy
following ART is considered an iatrogenic complication
that can be prevented by limiting the number of
embryo transfer. Many countries now promote elective
single‑embryo transfer (eSET) since the odds of a
multiple live birth with eSET are 2% as compared to
29% with double embryo transfer (DET).[10]

Materials and Methods

Although singleton IVF pregnancy has been proven to
carry more risk than a singleton naturally conceived
pregnancy, the evidence is limited to derive the same
conclusion in the case of twin pregnancies; in fact, the
risks from IVF twin pregnancies have been shown by
at least some of the studies to be comparable to (or
not significantly different from) that of a naturally
conceived twin pregnancy.[11‑16] Another study comparing
the ultrasonographic findings in twin and singleton
pregnancies following assisted reproduction found
larger placental volume in twins, suggesting a higher
production of placental hormones that would better
support an early twin pregnancy, compared with a
singleton pregnancy.[17]

Inclusion criteria

Keeping these studies into consideration, it is difficult
to infer indirectly how much higher the risk in twin
IVF pregnancies is, compared to singleton IVF
pregnancies. Further, it is also important to note that
eSET is shown to have a lower pregnancy rate (odds
ratio [OR] = 0.5) than DET, particularly in women
older than 33 years.[10] Since a large proportion of
women that seek IVF treatment are older, this assumes
significance. Thus, it becomes important to have data
on the extent by which the twin IVF gestation increases
the maternal and perinatal risk as compared to a
singleton IVF delivery. This information is required for
prognostication of patients since the patient would want
to know the reduction in maternal and perinatal risks
expected from a singleton IVF pregnancy in place of a
twin IVF pregnancy when she chooses the less effective
eSET over DET.
Globally, there are very few studies that have directly
compared the outcomes from singleton and twin
pregnancies following ART,[5,18] and none on Indian
population. Most authors reporting on IVF deliveries
have stopped just short of directly comparing these two
groups.[15,19]
The objective of this study was to compare the maternal,
perinatal, and neonatal complications in singleton versus
twin pregnancies conceived following IVF/ICSI. The
hypothesis that was tested was that these complications
are higher in IVF twin pregnancies as compared to IVF
singleton pregnancies.

Study design and setting

This was a retrospective observational cohort study
conducted at an infertility center located in Ahmedabad,
India. It was conducted on previously collected (archival)
routine patient data, i.e. the data had been collected prior
to the conception of the study.
All patients who underwent IVF/ICSI at our center
between January 1, 2014, and August 31, 2015 (the
study period), who subsequently had a singleton or a
twin pregnancy (more than 20 weeks of gestation).
Exclusion criteria

Exclusion criteria were nonavailability of follow‑up data
till 1 month age of the newborn, or till the end result of
pregnancy in case of stillbirth, and patients with abortion
before 20 weeks of gestation.
Data collection

Archival patient data, including follow‑up data that
had already been collected routinely in the center, was
used for performing this study. These data had been
collected previously using two approaches: (a) Post‑ART
treatment and detection of clinical pregnancy, at the time
of referral of the patient to the obstetrician, the latter was
provided with a pregnancy monitoring pro forma which
included maternal, perinatal, and neonatal outcomes,
and this pro forma was to be sent to the center within a
month of delivery and (b) the patients were also directly
contacted for the follow‑up information. This dual data
collection strategy is followed in our center to ensure
the availability of complete data as well as reduction of
related biases for any future studies.
Assisted reproductive technology protocol and
ovarian stimulation used in the patients

All the patients underwent controlled ovarian
hyperstimulation with the flexible antagonist protocol.
Ovarian stimulation was started from day 2 or 3 of the
menstrual cycle, after confirming the baseline scan, i.e.,
when there is no follicular cyst >10 mm and endometrial
thickness <6 mm. Gonadotropins were started in a dose
between 150 IU and 450 IU according to age, antral
follicle count, anti‑Mullerian hormone, body mass
index, and previous cycle response. Antagonist 0.25 mg
cetrorelix was added once the leading follicle attained a
size of 14 mm as per flexible antagonist protocol. When
two or more follicles reached 17 mm, the final oocyte
maturation was triggered with 250 mcg of recombinant
human chorionic gonadotropin (hCG). If there was a
risk of ovarian hyperstimulation syndrome, suggested
by the presence of more than 15 follicles of size larger
than 15 mm, or when the serum progesterone was more
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than 1.5 ng/ml, then 0.2 mg of triptorelin was used as
a trigger instead of hCG. Ovum pick up was planned
35 h after the trigger. A maximum of two embryos were
transferred either on day 3 or day 5. Luteal support
was given vaginally with 400 mg vaginal micronized
progesterone twice daily for 14 days after embryo
transfer. Surplus good quality embryos were vitrified.
For fresh oocyte/embryo recipient cycles and vitrified
and warmed embryo transfer cycles, hormone
replacement therapy was started with estradiol valerate
from day 2 of the menstrual cycle in escalating dose
of 4 mg to 8 mg after a normal baseline sonography.
Once the endometrium reached 7 mm or more with
triple‑layer echogenicity, serum progesterone was
measured. Transvaginal micronized progesterone 400 mg
was administered twice daily if the serum progesterone
was < 0.5 ng/ml. A maximum of two embryos were
transferred either on days 3 or 5 post progesterone
treatment.
Serum beta‑hCG was measured 14 days after embryo
transfer and if it was found to be >20 mIU/ml,
transvaginal sonography was carried out 1 week later
to confirm the pregnancy and the number of gestational
sacs. Once the gestational sac was visible on sonography,
all the patients were referred to an obstetrician of their
own choice for further antenatal care and delivery, as
obstetric care is not provided at the center. Patients
were provided with a format of standard antenatal
care (frequency of monitoring, medications, ultrasound
monitoring, etc.).
Outcomes assessed

Pregnancy outcomes and frequency of maternal,
perinatal, and neonatal complications were compared
between singleton and twin groups (the two study
arms). The maternal complications that were specifically
assessed included preeclampsia, premature rupture
of membranes (PROM), preterm labor, gestational
diabetes mellitus (GDM), antepartum hemorrhage,
postpartum hemorrhage, and liquor abnormalities
including oligohydramnios and polyhydramnios. The
perinatal outcomes that were recorded were prematurity,
birth weight, stillbirths, neonatal deaths, and congenital
anomalies. For maternal outcomes, the denominator was
the number of pregnancies, and for perinatal outcomes,
the denominator was the number of babies.
Subgroup analysis

Patients were divided into four subgroups based on the
treatment: fresh embryo transfer using self‑oocytes, fresh
embryo transfer using donor oocytes, vitrified warmed
cycles using self‑oocytes, and vitrified warmed cycles
using donor oocytes. The outcomes following singleton
58

deliveries were then compared with twin deliveries in
each of these four subgroups.
Statistical analysis

Continuous
variables
were
expressed
as
means ± standard deviation, and Student’s t‑test was
used for between‑group comparisons. The incidences and
categorical data were analyzed using the Fisher’s exact
test and ORs along with 95% confidence intervals (CIs).
Two‑tailed P < 0.05 was considered to be statistically
significant. SPSS (IBM, New York, United States) was
used for all analysis.
STROBE statement was followed for reporting of this
manuscript.

Results
Baseline characteristics

Out of a total of 3637 embryo transfers conducted
during the study, there were 1279 pregnancies that
extended beyond 20 weeks’ gestation (35.2%). These
1279 pregnancies formed the sample size for this
study. The follow‑up period was as chosen in the study
design and was available for all these patients in the
datasheet. Of these, there were 897 singleton deliveries
and 382 multiple‑birth deliveries. None of the patients
had a transfer of more than two embryos. There were
11 patients with dichorionic triamniotic pregnancies,
out of which three had missed abortion and rest eight
underwent fetal reduction. As a result, all multiple‑birth
deliveries were twin deliveries (764 babies) only. Thus,
in total, there were 1661 babies.
There were 1760 embryo transfers with fresh self‑cycles,
of which a total of 394 pregnancies extended beyond
20 weeks. Of these, 28.9% were twin pregnancies. There
were 1033 embryo transfers with fresh recipient cycle,
and 37.5% of these had pregnancy extending beyond
20 weeks. There were 272 singletons and 103 twin
deliveries with thaw self‑cycle, and 91 singleton and 32
twin deliveries with thaw recipient cycles.
The distribution of maternal age, gestational age,
lower segment cesarean section (LSCS), and maternal
complications are represented in Table 1. Patients were
also stratified with respect to the treatment groups.
The mean maternal age was comparable between the
singleton and twin groups, overall as well as in each
of the four treatment subgroups. The vast majority of
deliveries were through LSCS.
Gestational age

The mean gestational age at delivery was significantly
lower by 2 weeks in twin deliveries (34.9 ± 3.1 weeks)
as compared to singleton deliveries [36.8 ± 3.2 weeks,
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P < 0.001; Table 1]. The majority of deliveries (64.1%)
in the singleton group were term deliveries
(37–42 weeks). On the other hand, the majority of
deliveries in the twin group (64.7%) were between 32
and 37 weeks [Figure 1]. The percentages of deliveries
with gestational age of 28–32 weeks (9.2% vs. 3.3%)
and 20–28 weeks (5.2% vs. 3.6%) were also higher

Figure 1: The distribution of singleton and twin pregnancies with respect
to the gestational age groups

in the twin group as compared to the singleton group
(P < 0.001). This pattern was the same across all
treatment groups.
Maternal complications

The most common maternal complications were
preeclampsia (12.8% in twins vs. 9.8% in singletons),
PROM (10.5% in twins vs. 4.8% in singleton), and
oligohydramnios (3.7% in twin vs. 3.9% in singleton).
Other complications were less common. PROM had
significantly higher incidence in twin deliveries as
compared to singleton deliveries (OR = 2.32, 95%
CI = 1.48–3.64; P < 0.001). This also resulted in an
overall higher incidence of maternal complications
in twin pregnancies compared with singleton
deliveries [29.3% vs. 21.3%, OR = 1.53, 95%
CI = 1.17–2.01, P = 0.003; Table 2].
The same pattern was also seen in each of the four
subgroups, with PROM being the only maternal
complication that was significantly higher in twin
deliveries in fresh self, fresh recipient, and thaw
self‑cycles. The incidence of preeclampsia was
higher in twin deliveries in the thaw recipient

Table 1: Comparison of maternal age, gestational age at delivery, rate of lower segment cesarean section, and
incidence of maternal complications between singleton and twin pregnancies

Maternal age
(years)
Gestational
age at delivery
(weeks)
LSCS

Statistics

Fresh self

Fresh recipient

Mean±SD
P
Mean±SD
P

Single
Twins
(n=280) (n=114)
30.2±3.3 29.7±3.2
0.26
37.2±2.5 35.0±3.3
<0.001*

Single
Twins
(n=254) (n=133)
36.7±5.4 35.6±5.4
0.04*
36.5±3.0 35.0±2.9
<0.001*

Thaw self

Thaw recipient

All treatment
groups combined
Single
Twins
Single
Twins
Single
Twins
(n=272) (n=103) (n=91) (n=32) (n=897) (n=382)
30.0±3.5 29.8±3.3 36.1±4.9 34.1±5.5 32.6±5.3 32.1±5.1
0.65
0.05
0.17
36.7±3.7 34.8±3.2 36.4±3.6 34.3±3.0 36.8±3.2 34.9±3.1
<0.001*
<0.001*
<0.001*

253 (90.4) 107 (93.9) 240 (94.5) 132 (99.3) 256 (94.1) 97 (94.2) 85 (93.4) 32 (100) 834 (93.0) 368 (96.3)
n (%)
0.26
0.02*
0.98
0.34
0.02*
P
Maternal
53 (18.9) 26 (22.8) 65 (25.6) 41 (30.8) 57 (20.9) 32 (31.0) 16 (17.6) 13 (40.6) 191 (21.3) 112 (29.3)
n (%)
complications OR (95% CI)
1.27 (0.75-2.17)
1.30 (0.82-2.08)
1.72 (1.03-2.86)
3.23 (1.33-8.33)
1.53 (1.17-2.01)
0.41
0.28
0.04*
0.01*
0.003*
P
*P<0.05; Statistically significant. n=Number of pregnancies, SD=Standard deviation, CI=Confidence interval, OR=Odds ratio,
LSCS=Lower segment caesarean section

Table 2: Comparison of maternal complications between singleton and twin deliveries

Maternal complication
Singleton delivery (n=897), n (%)
Twin delivery (n=382), n (%)
OR (95% CI)
P
Preeclampsia
88 (9.8)
49 (12.8)
1.35 (0.93-1.96)
0.12
PROM
43 (4.8)
40 (10.5)
2.32 (1.48-3.64)
<0.001*
Oligohydraminos
35 (3.9)
14 (3.7)
0.94 (0.50-1.76)
1.00
APH
11 (1.2)
9 (2.4)
1.94 (0.80-4.73)
0.14
GDM
16 (1.8)
6 (1.6)
0.88 (0.34-2.26)
1.00
PPH
5 (0.6)
1 (0.3)
0.47 (0.05-4.02)
0.68
Polyhydraminos
2 (0.2)
1 (0.3)
1.17 (0.11-12.99)
1.00
All complications combined
191 (21.3)
112 (29.3)
1.53 (1.17-2.01)
0.003*
*Significant P value in Fisher’s exact test. PROM=Premature rupture of membranes, APH=Antepartum hemorrhage, GDM=Gestational
diabetes mellitus, PPH=Postpartum hemorrhage, n=Total number of subjects, CI=Confidence interval, OR=Odds ratio
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of “stillbirth plus neonatal death,” as compared to
singleton deliveries following ART. The overall maternal
complication rates were also significantly higher,
primarily because of higher incidence of PROM in twin
pregnancies.

Figure 2: The distribution of singleton and twin babies with respect to
the weighted grade at birth

subgroup (OR = 3.45, P = 0.04), but was similar in all
other subgroups as well as overall.
Perinatal complications

The distribution of singleton and twin deliveries by
weight grade of the baby is represented in Figure 2. The
majority of singleton babies (69.1%) were in weight
Grade D (2.51–4 kg) whereas a higher percentage of
twins was in the lower grades, i.e., C (1.51–2.50 kg),
B (1.1–1.5 kg) and A (<1 kg). The mean birth
weight of babies was significantly lower in the twin
group (2.02 ± 0.58 kg) as compared to the singleton
group (2.71 ± 0.68 kg; P < 0.001), and this was seen
consistently in all the four subgroups also [Table 3].
Overall, the child mortality characterized by
either stillbirth, early or late neonatal death was
5.9% (98 deaths out of 1661 births). A significant
difference was observed in this between singleton
babies and twin babies (4.6% vs. 7.5%, P = 0.01). This
significant difference was also observed in fresh self
(7% vs. 2.9% P = 0.03) and thaw recipient (14.1% vs.
3.3%, P = 0.03) groups. However, other indicators of
perinatal complications were comparable between the
groups [Table 3]. The incidence of congenital anomalies
was also comparable (2% in twin vs. 2.2% in singleton;
P = 0.71).
Post hoc power analysis

Post hoc power analysis was performed with
alpha = 0.05 for “all maternal complications combined”
(dichotomous variable), “gestational age at delivery”
(continuous variable), and “weight of the baby”
(continuous variable). The power for these three outcome
variables was 85.9%, 100%, and 100%, respectively.

Discussion
In the present study, twin deliveries following ART had
significantly lower mean gestational age at delivery,
lower mean birth weight, and higher incidences
60

Studies directly comparing singleton IVF pregnancies
with multiple birth (or twin) IVF pregnancies are limited.
In the ART surveillance report from the United States
for the year 2014, the authors compared the percentage
of low birth weight babies and preterm babies among
ART‑singleton and ART‑twin pregnancies.[5] They
reported the percentages to be much higher in twin
pregnancies (55.2% incidence of low birth weight in
twins vs. 8.9% among singletons; 62.2% preterm babies
among ART‑twins vs. 13.2% among singletons). These
percentages were found to be equally higher in twin
infants born with spontaneous pregnancy also (55.2%
low birth weight babies and 56.6% preterm babies).[5]
In other studies, which included both singleton IVF and
twin IVF pregnancies, the authors stopped short of
comparing these two groups directly.[15,19,20]
In the present study, the findings of lower gestational
age at delivery (by about 2 weeks), lower birth
weights (by 25.5%), and higher odds of stillbirth plus
neonatal death (1.68 times), stand on par with the
existing literature. Individually, the differences in risks
of stillbirth, early neonatal death, and late neonatal death
were not significantly different. It could be because of
the beta error. The risk of congenital anomalies was also
similar.
The most surprising finding in our study was that,
apart from PROM, no other maternal complication had
significantly increased risk in twins. It was because
of the increased risk of PROM that the overall odds
of maternal complications in twins were higher by
1.53 times.
In addition, the complication rates for single and twin
pregnancies found in the present study were also
compared with historical population‑based data for
single and twin pregnancies obtained from literature.[21]
The incidences of maternal complications, low birth
weight (<2500 g), and preterm delivery were available
for comparison and were found to be significantly
higher for IVF singleton pregnancies from the current
data as compared to population‑based historical data
for singleton pregnancies from the literature, with
OR of 3.69, 3.72, and 7.16, respectively (P < 0.001
for all; data not included). Similarly, the ORs for
these three complications were 2.31, 4.63, and 6.40,
respectively, for IVF twin pregnancies from the current
data versus population‑based historical data for twin
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Table 3: Comparison of perinatal complications in babies between singleton and twin deliveries

Fresh self
Fresh recipient
Thaw self
Thaw recipient
Combined
Single
Twins
Single
Twins
Single
Twins
Single
Twins
Single
Twins
(n=280)
(n=228)
(n=254)
(n=266)
(n=272)
(n=206)
(n=91)
(n=64)
(n=897)
(n=764)
Weight of baby
Mean±SD
2.76±0.54
2.03±0.55
2.61±0.68
2.01±0.56
2.78±0.75
2.06±0.63
2.63±0.79
1.84±0.57
2.71±0.68
2.02±0.58
(kg)
<0.001*
<0.001*
<0.001*
<0.001*
<0.001*
P
Death of child (still n (%)
8 (2.9)
16 (7.0)
14 (5.5)
11 (4.1)
16 (5.9)
21 (10.2)
3 (3.3)
9 (14.1)
41 (4.6)
57 (7.5)
birth + early + late
OR (95% CI)
2.57 (1.08-6.11)
0.74 (0.33-1.66)
1.82 (0.92-3.58)
4.80 (1.25-18.5)
1.68 (1.11-2.55)
neonatal death)
0.03*
0.46
0.08
0.03*
0.01*
P
Still birth
6 (2.1)
8 (3.5)
12 (4.7)
5 (1.9)
7 (2.6)
14 (6.8)
2 (2.2)
3 (4.7)
27 (3.0)
30 (3.9)
n (%)
OR (95% CI)
1.66 (0.57-4.86)
0.39 (0.13-1.11)
2.76 (1.09-6.97)
2.19 (0.36-13.49)
1.32 (0.78-2.24)
0.35
0.07
0.03*
0.41
0.31
P
Early neonatal
2 (0.7)
7 (3.1)
2 (0.8)
3 (1.1)
8 (2.9)
7 (3.4)
1 (1.1)
4 (6.3)
13 (1.5)
21 (2.8)
n (%)
death
OR (95% CI)
4.40 (0.91-21.4)
1.44 (0.24-8.67)
1.16 (0.41-3.25)
6.00 (0.65-55.0)
1.92 (0.96-3.86)
0.09
1
0.78
0.16
0.06
P
Late neonatal death n (%)
0 (0.0)
1 (0.4)
0 (0.0)
3 (1.1)
1 (0.4)
0 (0.0)
0 (0.0)
2 (3.1)
1 (0.1)
6 (0.8)
OR (95% CI)
NC
NC
NC
NC
7.09 (0.85-59.04)
0.45
0.25
1
0.17
0.05
P
Congenital
4 (1.4)
3 (1.3)
8 (3.2)
4 (1.5)
6 (2.2)
8 (3.9)
2 (2.2)
0 (0.0)
20 (2.2)
15 (2.0)
n (%)
anomalies
OR (95% CI)
0.92 (0.2-4.15)
0.47 (0.14-1.58)
1.79 (0.61-5.25)
NC
0.88 (0.45-1.73)
1
0.25
0.28
0.51
0.71
P
*P<0.05; Statistically significant. n=Number of babies, SD=Standard deviation, OR=Odds ratio, CI=Confidence interval, NC=Not calculable due to presence of zero in outcome

Perinatal
indicators
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pregnancies. While the information on the proportion
of IVF deliveries in this population‑based data was not
available, this proportion is generally only about 2%,[22]
and hence, these population‑based data can be taken as
control data.
Naturally conceived twin pregnancies are known to be at
a significantly higher risk of both maternal and neonatal
complications as compared to singleton pregnancies.[6‑9]
Singleton pregnancies following ART have also been
shown to be associated with increased complications
as compared to naturally conceived singleton
pregnancies.[18,19,23,24] Subfertility along with preexisting
metabolic or vascular abnormalities, advanced maternal
age, and hormonal therapy used in women undergoing
ART are considered to be major factors for lower birth
weight and adverse outcomes in ART pregnancies.[16,23,25]
However, studies comparing naturally conceived versus
IVF/ICSI conceived twins have shown conflicting
results. There are many individual studies that suggested
that twin ICSI pregnancies may carry similar or even
less risk of complications as compared to naturally
conceived twins.[11,16] Various meta‑analyses comparing
ART twins with naturally conceived twins have reported
similar perinatal mortality.[26,27] Some studies have
reported a lower risk of perinatal death for twins among
ART births than naturally conceived twins.[28,29] One of
the hypotheses put forward to explain this phenomenon
is that the number of monochorionic (MC) twins may
be less in IVF than in spontaneous twin pregnancies.[25]
It is a known fact that MC monozygotic twins have a
lesser mean birth weight and higher perinatal mortality
compared to dizygotic (DZ) twins.[30‑32] The vast majority
of assisted‑reproduction twins are DZ following DET,
and the rate of monozygotic twinning has been reported
to be lower in ART pregnancies than in spontaneous
pregnancies in various studies.[33]
Studies also exist that report higher obstetric and
perinatal complications in twins conceived through
ART as compared to spontaneous twins.[16,20,34‑36] In
a systematic review, Palomba et al.[19] found that
in multiple‑birth pregnancies in ART, compared to
spontaneously conceived multiple‑birth deliveries;
there was an increased risk of PROM (Relative Risk,
RR 1.20), preeclampsia (RR 1.11), GDM (RR 1.78),
preterm birth (RR 1.08), and low birth weight (RR 1.04).
They did not find any difference in perinatal mortality.
Another review in 2013 concluded that while some
antenatal complications were more frequent in ART
twin pregnancies than in spontaneous twin pregnancies,
their prevalence was low, and thus, their impact on the
morbidity and mortality of ART‑twin pregnancies was
considered by the authors to be limited.[16]
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The patient profile seen in our center is like any other
infertility center, and the outcomes analyzed do not
depend on the IVF protocols used. Hence, the results
are generalizable. The findings of our study will help
in prognosticating the patients who are carrying a twin
pregnancy after IVF. This will also help the medical
practitioners in counseling the patients to take an
informed decision on whether to transfer one or more
embryos at a time. In some countries, a large proportion
of patients undergoing IVF have two or more embryos
transferred in one transfer. For example, as per the
data from a National ART Registry, 43.4% of patients
undergoing self‑cycles had two embryos transferred
and 44.8% had three or more embryos transferred,
resulting in 25.1% twin and high order pregnancies.[37]
In egg donation cycles, 38% had two and 54.6% had
three or more embryos transferred at one time, resulting
in 38.4% multiple pregnancies. On the other hand,
many centers across the world are now increasing
their proportion of eSET. For example, the Australian
and New Zealand Assisted Reproduction Database has
shown a considerable reduction in the proportion of
DET, from 29.6% in 2010 to only 14% in 2015.[38,39] The
benefit of higher pregnancy rate with DET or multiple
embryo transfer needs to be weighed against the higher
risks associated with a subsequent twin or higher‑order
pregnancy, as found in the present study as well as
other existing literature. The results of the present study
suggest that for the majority of patients, twin pregnancies
should be avoided if possible. Twin pregnancy following
IVF/ICSI is an iatrogenic complication and can be
easily prevented by limiting the number of embryos to
be transferred. Thus, this study will help in encouraging
eSET and changing the practice of transferring two or
more embryos at a time.
A single eSET cycle may have a lower success rate
as compared to a single DET cycle. However, patients
failing to achieve a live birth after first elective SET
undergo a second embryo transfer with frozen embryo
and hence do not require repeat stimulation. A recently
published study comparing the cumulative outcomes
after two eSET cycles versus a single DET cycle
reported similar or better live birth rates with two eSET
cycles, with significantly lower incidence of neonatal
complications.[40] As expected, the incidence of multiple
gestations was drastically lower in two eSET cycles
as compared to one DET cycle: 4.2% versus 45% in
self‑oocyte group and 4% versus 51.2% in donor oocyte
group.[40] Another study comparing the cost‑effectiveness
of SET and DET reported that eSET followed by
an additional frozen‑thawed single‑embryo transfer
if available, was less costly as compared to DET.[41]
Further, in women under 32 years, eSET followed by
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an additional frozen–thawed SET if available was more
effective than DET, although DET was more effective
in women aged 32 or older.[41] Thus, there might be a
subset of patients in whom DET to increase pregnancy
rates may be justifiable in spite of increased risks, and
more studies need to be performed to define this subset.
Adequate sample size with required follow‑up data
is one of the strengths of this study. The power of the
study was found to be more than 80%, and even close to
100% for some variables in post hoc analysis. Further,
all data is from a single institution, and all patients were
managed with the same IVF protocol, thus reducing
confounding due to variations in the treatment protocol.
However, the study has all the limitations that exist
in any study based on the precollected archival data.
Further, since our center does not provide obstetric care
beyond 12 weeks of pregnancy, hence much of these
data were based on patient reporting or reporting by
their concerned obstetricians, and this may be a source
of bias or error.

Conclusion
Multiple‑birth deliveries following IVF, as compared
to singleton deliveries following IVF, have lower
gestational age, lower birth weight, higher odds of
stillbirth plus neonatal death, and slightly higher
incidence of LSCS. The overall maternal complication
rate is higher due to a higher incidence of PROM.
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