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Introduction

The incidence of twin pregnancies has shown a significant in-
crease over the last several decades due to advanced maternal 
age and the development of assisted reproduction techniques [1]. 
Although twins occur in approximately 1 of 80 pregnancies, cor-
responding to 2.6% of all newborns, they account for 12.2% of 
preterm births and 15.4% of neonatal deaths (NNDs) [2,3].

The major causes of perinatal complications in twin pregnan-
cies are related to preterm delivery, fetal growth restriction, 
and low birth weight [4]. Preterm delivery is observed in ap-
proximately 54% of all twin pregnancies. Half of these twin 
births are resulted from iatrogenic origin, which may cause ma-

ternal or fetal complications. Other half consists of the cases of 
spontaneous premature labor or premature membrane rupture 
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[3]. The risk of growth restriction is three times higher in twin 
pregnancies than those in singleton pregnancies [5]. Because 
of these risks, it is difficult to decide the timing of delivery for 
twins. Some of previous reports have recommended to offer 
the elective preterm birth for the apparently uncomplicated 
twins at 34 to 35 weeks’ gestation following administration of 
antenatal corticosteroid [5,6]. However, another report showed 
that, in regard to the risk of intrauterine fetal death (IUFD), 
there is no indication of preterm elective delivery in twins [7]. 
Unfortunately, reliable guideline of optimal gestational age for 
twin delivery has not been established, and also there is no 
international agreement for delivery timing [8]. Therefore, we 
investigate the clinical factors that affect timing of delivery in 
twin pregnancies to reduce the perinatal complications.

Materials and methods 

A retrospective review of 163 twin pregnancies, and 319 ba-
bies delivered at our institution between January 2006 and 

September 2011 was conducted. Seven babies were excluded 
due to co-twin deaths. Maternal and perinatal data was ob-
tained from medical records to evaluate the relation between 
the timing of deliveries of twins and complication occurred. We 
divided total cases into three groups according to the period 
of delivery timing: less than 32 weeks’ gestation (group A), 
between 32 and 35+6 weeks’ gestation (group B), and over 
36 weeks’ gestation (group C). The maternal age, parity, pres-
ence of premature uterine contraction, presence of premature 
rupture of membrane (PROM), white blood cell (WBC) and high 
sensitive C-reactive protein (hsCRP) levels, cervical length and 
cervical dilatation, maternal complications (pregnancy hyper-
tension, gestational diabetes), and chorionicity were analyzed 
among these three groups. The birth weight, Apgar score at 5 
minutes after birth, neonatal intensive care unit admission rate, 
presence of jaundice, respiratory distress syndrome, congenital 
heart disease, and perinatal death were reviewed based on the 
gestational age at birth. Expected twin specific complications 
were twin-twin transfusion syndrome (TTTS), severe discordant 
growth, NND, co-twin death, and still birth. The diagnosis of 

Table 1. Baseline characteristics of twin pregnancy

<32 wk (n=52) 32–35.6 wk (n=72) ≥36 wk (n=39) P-valuea)

Age (yr) 30.5±4.8 31.9±4.8 30.9±2.6 0.175

Multi-parity 15 (28.8) 23 (31.9) 12 (30.7) 0.241

Monochorionic monoamniotic 21 (40.3) 33 (45.8) 13 (33.3) 0.361

Method of delivery

Vaginal delivery 14 (26.9) 3 (4.1) 4 (10.2)

Cesarean section 36 (69.2) 69 (95,9) 33 (84.6)

Cesarean section for second twin 2 (3.9) 0 2 (5.2)

Gestational age at admission (wk) 25.4±3.6 31.8±2.7 35.9±2.3 0.001

Hospital stay before delivery (day) 9.5±13.4 14.2±19.4 6.6±14.1 0.057

Uterine contrction for 30 min (no.) 6.5±3.4 6.3±3.6 2.8±3.1 <0.001

Cervical dilatation (cm) 1.5±1.7 0.6±0.9 0.5±0.9 <0.001

White blood cell (/µL) 11,466±3,861 9,564±2,913 9,305±3,124 0.002

hsCRP (mg/dL) 1.12±1.69 0.49±0.58 0.75±1.10 <0.001

Apgar score <7 at 5 min 40 (38.5) 3 (2.1) 4 (5.1) <0.001

Admission to NICU 84 (80.8) 129 (89.5) 34 (43.6) <0.001

Birth weight (g) 1st 1,005.7±411.6 1,986.8±351.2 2,512.8±333.4 <0.001

Birth weight (g) 2nd 992.7±442.1 1,991.9±331.0 2,440.2±486.5 <0.001

Values are presented as mean±standard deviation or number (%).
hsCRP, high sensitive C-reactive protein; NICU, neonatal intensive care unit.
 a)Statistical significance were tested by one way analysis of variances among group; b)Interval means the duration of keeping pregnancy from ad-
mission to delivery.
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TTTS was made by the standard prenatal ultrasound criteria 
[9]. Birth weight discordancy was calculated according to the 
following formula: (weight of larger twin–weight of smaller 
twin)×100/weight of larger twin. With ≥25% rate of birth 
weight discordancy, excluding the cases of IUFD, we defined 
them as the severe discordant growth. The optimal timing for 
twin deliveries was investigated to minimize the maternal and 
perinatal adverse influences.

Tocolytics were used to prolong the pregnancy so that the 
perinatal morbidity and mortality can be decreased. Two types 
of tocolytics including ritodrine and atosiban were used in this 
study for arresting of preterm labor before 34 weeks of gesta-
tion. Postnatally, chorionicity was established by the examina-
tion of placental membrane after birth. After macroscopic ex-
aminations, microscopic sections of membranes were analyzed 
for determination of chorionic and amniotic types, which can 
be classified as dichorionic diamniotic placenta (DCDA), mono-
chorionic diamniotic placenta (MCDA), and monochorionic 
monoamniotic placenta (MCMA).

The collected data were analyzed using the statistical program 
IBM SPSS ver. 20.0 (IBM Corp., Armonk, NY, USA). Statistical 
significances were tested by one way ANOVA among groups 
(Table 1). Maternal complication, twin specific complication, 
perinatal complication were analyzed with chi-squared test or 
Fisher’s exact test among groups. A value of P<0.05 was con-
sidered significant.

Results 

Among 163 twin deliveries, 31.9% (52/163) were in group A, 
44.2% (72/163) in group B, and 23.9% (39/163) in group C. 
Baseline characteristics of theses pregnancies are shown in Ta-
ble 1. The mean maternal age was 30.5 years. DCDA, MCDA 
and MCMA twin pregnancies were 94 (57.6%), 67 (41.1%), 
and 2 (1.3%), respectively.

The mean gestational age of admission was 30.8 weeks; 
25.4 weeks in group A, 31.8 weeks in group B, and 35.9 
weeks in group C. The intervals between admission and de-
livery represented 9.5 days in group A, 14.2 days in group B, 
and 6.7 days in group C, respectively (P=0.057). 

The uterine contractions occurred more frequently in group 
A (6.5 times/30 min) and B (6.3 times/30 min) compared with 
in group C (2.8 times/30 min) (P<0.001). The cervical dilata-
tion at admission in group A was statistically significant com-
pared with the other two groups (P<0.001). WBC and hsCRP 
level before delivery were also higher in group A than in the 
other two groups (P<0.05). 

Ritodrine and atosiban were used in 74 (45.4%) and 23 
(14.1%) cases, respectively. For the use of atosiban, 20 cases 
were primary use, but the other 3 cases were used secondary 
due to adverse events occurred after administration of ritodrine. 
Sixty-six cases (66/163, 40.5%) did not apply tocolytics because 
of the rapid progression of labor before use of tocolytics. There 
was no difference in the extension of pregnancy between two 

Table 2. Effectiveness of tocolytics in twin pregnancy

Tocolytics <32 wk 32–35.6 wk ≥36 wk

Atosiban (n=23) n (%) 9 (17.3) 11 (15.3) 3 (7.6)

Hospital stay before delivery (day) 10.8±22.4 22.0±19.6 23.7±20.0

Ritodrine (n=74) n (%) 28 (53.8) 41 (56.9) 5 (12.8)

Hospital stay before delivery (day) 12.2±11.1 17.6±21.6 32.7±18.8

No use (n=66) n (%) 15 (28.9) 20 (27.8) 31 (79.6)

Hospital stay before delivery (day) 3.7 2.5 0.7

Table 3. Maternal complications in twin pregnancy   

<32 wk (n=52) 32–35.6 wk (n=72) ≥36 wk (n=39) P-value

Pregnancy induced hypertension 2 (3.8) 7 (9.7) 1 (2.6) 0.232

Gestational diabetes mellitus 2 (3.8) 4 (5.6) 2 (5.1) 0.909

Premature rupture of membrane 15 (28.8) 17 (23.6) 2 (5.1) 0.016

Incompetent internal os of cervix 8 (15.4) 0 0 <0.001

Values are presented as number (%).
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groups of ritodrine used and atosiban used. Regardless of the 
use of tocolytics, the extension of pregnancy was more effec-
tive in group B than in group A (Table 2).

PROMs (P=0.017) and incompetent internal os of cervix (IIOC, 
P<0.001) were represented as major clinical factors affecting for 
timing of delivery in twins before 36 weeks of gestation. And 
all IIOC had occurred before 32 weeks of gestation. However, 
pregnancy induced hypertension and gestational diabetes did 
not affect the timing of delivery in twins in this study (Table 3).

There were 13 cases of TTTS (13/67, 19.4%); 9 cases in 
group A and 4 cases in group B. All of them were delivered 
before 36 weeks of gestation. Severe growth-discordant neo-
nates, defined as more than 25% of intertwine birth weight 
differences, were found in 36 cases (36/163, 22.1%). All cases 
were delivered before 36 weeks of gestation. Co-twin deaths 
in group B (2 cases) and group C (3 cases) were all in dicho-
rionic twins and continuing pregnancy from early gestation. 
There was one NND in group B which was diagnosed with 
tetralogy of fallot and none in group C. In group A, 15 cases 
of NNDs were occurred. Seven of them were presented with 
various complications related to prematurity. Other 7 neonates 
were associated with TTTS, and 1 neonate died of congenital 
anomaly (Table 4).

The most common neonatal complication in group A was 
neonatal respiratory distress syndrome. But after 32 weeks of 
gestation, jaundice was often occurred in neonates on admis-

sion. There were 7 congenital heart diseases, such as atrial 
septal defect, ventricular septal defect, and coarctation of 
aorta in group B, and 2 of them in group C (Table 5).

Discussion

Twins are at higher risk for adverse perinatal outcomes com-
pared to singleton gestation, predominantly due to increased 
risks for preterm delivery [10]. The incidence of preterm deliv-
ery and prematurity towards neonatal morbidity in twin preg-
nancies is significantly reduced as a result of improved neona-
tal care facilities [11]. Therefore, the ideal time for delivery of a 
pregnancy would be when the risk for perinatal morbidity and 
mortality is lowest, but before the risk for stillbirth begins to 
significantly rise.

We reviewed 163 cases of twin pregnancies delivered at a 
single tertiary center for 6 years. Mean duration of pregnancy 
for twin gestations was 29.5 weeks, and deliveries at less 
than 36 weeks were 124/163 (76.1%). In addition, low birth 
weight (<2,500 g) infants were 274/326 (84.0%), and very 
low birth weight (<1,500 g) infants were 99/326 (30.4%). The 
US National Vital Statistics reviewed 138,660 cases of twins 
delivered in 2008 and revealed that 58.9% were delivered as 
preterm (<37 weeks’ gestation), 11.6% were as very preterm 
(<32 weeks’ gestation). Also, 57% were of low birth weight 

Table 4. The incidence of twin specific complications based on gestational age at birth

<32 wk (n=52) 32–35.6 wk (n=72) ≥36 wk (n=39) P-value

Twin-twin transfusion syndrome 9 (17.3) 4 (5.5) 0 0.06

Severe discordant growth (>25%) 15 (28.8) 15 (20.8) 6 (15.4) 0.14

Co-twin death 2 (3.8) 2 (2.7) 3 (7.6) 0.51

Stillbirth 9 (17.3) 0 0 <0.001

Neonatal death (one) 5 (6.9) 1 (1.4) 0 0.624

Neonatal death (both) 5 (6.9) 0 0 0.038

Values are presented as number (%).

Table 5. Perinatal complications in twin pregnancy

<32 wk (n=52) 32–35.6 wk (n=72) ≥36 wk (n=39) P-value

Respiratory distress syndrome 41 (40.2) 11 (7.7) 0 <0.001

Jaundice 16 (15.7) 22 (15.5) 9 (12.0) 0.474

Patent ductus arteriosus 21 (20.6) 1 (0.7) 0 <0.001

Congenital heart disease 0 7 (4.9) 2 (2.6) 0.093

Necrotizing entero-colitis 7 (6.8) 0 0 <0.001

Values are presented as number (%).
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(<2,500 g), and 10.1% very low birth weight (<1,500 g) [12]. 
Compare to the result of US National Vital Statistics, our study 
group showed higher rate of preterm and low birth weight 
deliveries.

In this study, clinical factors influencing the timing of delivery 
in twins were the frequency of uterine contraction, dilatation 
of cervix, WBC count, and hsCRP level. Also, we found out 
that PROM (P=0.017) and IIOC (P<0.001) among maternal 
complications were closely related to timing of delivery. Most 
importantly, the frequency of uterine contraction and dilata-
tion of cervix are related with preterm labor. These factors 
should be considered treating twin pregnancies, specially at 
an admission and delivery. Monochorionic twins have an ap-
proximately 15% of increased risk of TTTS, which can induce 
perinatal mortality and morbidity in spite of the proper treat-
ment [13]. The rate of TTTS was 13/67 (19.4%), which was 
higher than the incidence of 8% to 9%, reported previously 
[9]. We found the cases of TTTS in the group of babies born 
at less than 36 weeks’ gestation. In Assuncao et al. [14], the 
proportion of twins delivered before 32 weeks was 2.5 fold 
higher in monochorionic than in dichorionic and was statisti-
cally significant. Gestational age is lower in the presence of 
complications such as fetal malformations or TTTS. And the 
prematurity increases perinatal mortality [14]. In Table 4, the 
incidence of twin-specific complications were high in the 
group of delivered at less than 32 weeks’ gestation, but both 
still birth and NND were statistically significant (P<0.05).

The most common perinatal complication was neonatal re-
spiratory distress syndrome which is highly presented in group 
A (P<0.05). Cleary-Goldman and D’Alton [8] suggested that 
after 32 weeks’ gestation, the prospective risk for fetal death 
in these pregnancies might be eliminated by elective preterm 
delivery. Therefore, the optimal delivery time of twin preg-
nancies is at least after 32 weeks’ gestation. To prolong the 
pregnancy, antibiotics are necessary for preventing infection, 
steroid therapy may require for lung maturation, and regular 
follow-up of ultrasonography is essential. 

In group B, we observed that using tocolytics is the impor-
tant management to delay the delivery for decreasing of peri-
natal complications. The tocolytics used group, compared to 
the not used group, showed the prolongation of pregnancy 
more than two weeks. A 1999 meta-analysis of the largest 
randomized controlled trials investigating the use of tocolytics 
for the arrest of active preterm labor concluded that tocolytics 
reduced the risk of delivery within 7 days but was not associ-
ated with improved perinatal outcomes [15,16]. Atosiban, an 

oxytocin derivative and competitive antagonist, has been used 
in the treatment of preterm labor. Atosiban has been shown 
to completely inhibit the uterotonic action of oxytocin in a 
competitive and dose-dependent form, as well as to down-
regulate oxytocin receptors [17]. We used atosiban as the first 
line treatment agent among tocolytics treating twin pregnan-
cies (20/163). More recently, a randomized study performed 
in Korea demonstrated that atosiban was superior to ritodrine 
in both safety and efficacy [18]. Effectiveness of tocolytic 
agents in twin pregnancies is still controversial. However, our 
study carefully suggests that tocolytic agents can improve the 
perinatal outcomes by postponing preterm labor before 32 
weeks’ gestation at admission, and extend the gestation. 

The twin specific complications observed in group C were 
severe discordant growth (15.4%) and co-twin death (7.6%). 
However, there was no IUFD case in this group. Perinatal mor-
tality of singletons is increased significantly after 42 weeks 
whereas perinatal mortality in twins starts to increase signifi-
cantly after 37 weeks [19]. Prospective risk of fetal death in 
twin pregnancies, however, rises with advancing gestation, 
and it ranges between 0.2% and 0.4% per gestational week 
between 32 and 38 weeks’ gestation [20]. Robinson et al. [21] 
suggested that for women with uncomplicated monochori-
onic twins, the preferred timing of delivery is between 36 and 
38 weeks’ gestation to decrease fetal loss.

In conclusion, we found out that the clinical factors affect-
ing the timing of delivery in twins are the frequency of uter-
ine contraction, dilatation of cervix, WBC, and hsCRP. Other 
distributing factors for timing of delivery are PROM and IIOC 
among maternal complications. The statistical results showed 
that the role of these clinical factors was more significant in 
the group with early gestational age. An appropriate use of 
tocolytics could help improving perinatal outcomes in a vari-
ety of maternal and fetal complications in twin pregnancies. 
Therefore, physicians should regard these factors during ex-
aminations and effectively use tocolytic agents to prolong the 
pregnancy up to at least 32 weeks of gestation and attempt 
to reduce perinatal complications.
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