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Introduction

Current guidelines are restrictive about life-supporting
management at 20 to 24 weeks gestation [1], however this
is based on limited data.

In twins, a five-fold higher risk of cerebral palsy has been
described compared with singletons [2]. Term twins simi-
larly showed to have a higher morbidity and mortality [3].
Controversy exists regarding more adverse outcomes
among second-born twins [4-7]. In the same birth weight
category, very low birth weight twins (birth weight < 1,500
g) had similar short-term outcomes compared to singleton
infants [8, 9]. Growth-restricted twins and singletons were
similar in the two groups, although worse compared with
non-growth-restricted infants [10]. 

At 18 to 22 months, corrected age, extremely low birth
weight twins were associated with an independent in-
creased risk of death or neurodevelopmental impairment
compared with singleton infants [11]. First- and second-
born twins were at increased risk [10].

To the authors’ knowledge, there has been no report on
the outcome of infants at the border of life (20 to 24 weeks
gestation). This retrospective cohort study was designed to
compare the short-term neonatal outcomes of twin in com-
parison with singleton infants for whom life support is con-
troversial.

Materials and Methods

This is a retrospective cohort study of all live newborns at 20 to
24 weeks gestation at the Frankfurt University Hospital from Jan-
uary 1, 2000 to December 31, 2009. 

In total there were 106 infants born from 81 mothers. Of these
infants, 60 were singletons and 34 were twins and 12 were triplets
(no higher-order multiples).

Infants with a birth weight between 350 and 820 g were in-
cluded in the study. The cohort consisted of 57 singleton and twin
infants admitted to the neonatal intensive care unit (NICU), who
were inborn and met the criteria.

Twenty-six singletons (13 intrauterine fetal transfusion
(IUFT) and 13 deaths in delivery room) and 11 twins (six IUFT
and five deaths in delivery room) had an intra-uterine death or
died in the delivery room and were excluded from further eval-
uation (Figure 1). A total of nine newborns were excluded from
the study because of death before 12 hours of life. Of these, six
were twins and three were singletons. If one of the sets of twins
died before 12 hours of age (n = 2), the second twin was in-
cluded in further analysis. Higher-order multiple births (triplets =
12 and quadruplets = 0) were excluded from the study.

Newborns were analyzed as singleton and twin cohorts, which
were further analyzed as first-born twins (twin A) vs singletons,
second-born twins (twin B) vs singleton and first-born twins (twin
A) vs second-born twins (twin B). Same-gender twins and unlike-
gender twins were not evaluated due to the low-study numbers. 

All data (outcome, demographic, and clinical characteristics)
were analyzed using medical records. Death was the primary
outcome. 

Separately, for singleton and multiple newborns, possible pre-
dictors for perinatal outcome was evaluated: birth weight, gesta-
tional age, mode of delivery (spontaneous vaginal delivery,
primary or secondary lower segment cesarean section), birth arte-
rial pH value, length, first temperature at NICU, infant infection
markers, intra-uterine steroid ripening, retinopathy, severe intra-
venticular (intracranial) hemorrhage (IVH, grade 3 or 4), periven-
tricular leukomalacia (PVL), bacterial infection on admission at
NICU, and hospital-acquired infection in NICU.

Statistical analysis 
For statistical analyses, the Mann-Whitney test and Mantel-Revised manuscript accepted for publication May 18, 2012
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Haenszel test were used. The analyses were carried out using the
SPSS Statistics 17.0 software. The means and standard deviation
(SD) were processed. A p < 0.05 for a two-tailed test was con-
sidered statistically significant.

Results

In the study group, there was no difference in gestation
age between singleton and twin pregnancies (Table 1). In
33.3% of singletons (n = 60), they were discharged from
hospital, however twins were only discharged in 17.6%
(n = 17). This difference did not reach statistical signifi-
cance difference (p > 0.05; Table 2). In singletons, 48.3%
of newborns’ deaths occurred before 12 hours of life,
whereas 52.9% of twins died before 12 hours of life (twin
A = 35.3%, twin B = 64.7%) (p > 0.05).

Between these two groups, there was no difference in
age, body mass index (BMI), fetal birth weight, and length,
however in the singleton study group, there were more mul-
tiparas (p = 0.001; Table 1). There was a trend of higher
numbers of in-vitro fertilization (IVF) in the twin cohort,
however statistical significance was not reached (p = 0.08).
Since both groups had similar clinical and socio-demo-
graphic risk factors, no logistic regression adjustment was
needed.

Between singleton and twin births, there was no signifi-
cant difference with regards to: fetal presentation, mode of
delivery, meconium staining, amniotic fluid, gender, venti-
lation, PVL, IVH, severe IVH (grade 3 or 4), necrotizing
enterocolitis (NEC), bacterial culture positive on admission
to NICU, nocosomial infections, histopathological chori-
onamnionitis, contractions, premature rupture of mem-
branes, anhydramnion, vaginal bleeding, antepartum
betamethasone administration, tocolysis, or no cerclage (p
> 0.05; Table 2).

With the singletons, there was a correlation of survival
with betamethasone (0.55, p = 0.001), birth weight (0.52, p
= 0.002), mode of delivery (0.37, p = 0.03), and nosoco-
mial infection (0.88, p < 0.001), as well as the number of
nosocomial infections (0.79, p < 0.001). Similarly, there
was a negative correlation with positive bacterial culture
on admission to NICU (- 0.35, p = 0.04), high
C-reactive protein (CRP) (- 0.45, p = 0.02) and worse grade
of IVH (- 0.48, p = 0.005). No correlation was demon-
strated for gestational age, maternal age, BMI, birth arterial
pH value, length, first temperature at NICU, infant leuco-
cytes, retinopathy, intracranial hemorrhage, PVL,
histopathological chorionamnionitis, contractions, prema-
ture rupture of membranes, amniotic prolapse, IVF, anhy-
dramnion, vaginal bleeding, tocolysis, cerclage, and fetal
presentation (cephalic, breech etc.) (p > 0.05). There was
also a correlation between gestation age and mode of de-
livery in singletons (0.68, p < 0.001).

Only twin A demonstrated a correlation of survival with
nosocomial infection (0.75, p = 0.03) and the number of
nosocomial infection (0.80, p = 0.02). All other parame-
ters showed no correlation with survival (p > 0.05). Sim-
ilarly, twin B showed no correlation at all (p > 0.05).
Singletons had an overall discharge rate of 33.3%. Twin

A and twin B had a discharge rate of 17.6% and 17.6%, re-
spectively.

Discussion

In the last decade there has been an increase in multiple
births [12], with an increasing concern that twin gestation
may be associated with a higher mortality rate [13, 14]. No
differences of neonatal birth weight and gestation age were
detected in the two study cohorts, although neonatal mor-
tality was higher in the twin cohort. 

When adjusted for birth weight, very low birth weight
twin and singleton infants controversy still exists whether
in twins there is a higher adverse outcome rate [11] or not
[9]. In the present study, in agreement with the study of
Wadhawan et al. [11], the authors did find a higher mortal-
ity rate in twins compared with singletons. Similarly, twin
B had slightly higher mortality rate, which adds to the con-

Table 1. — Maternal and fetal demographics (mean ± standard
deviation).
Variable Singleton Twin Mann-Whitney test

(n = 59) (n = 17) p value

Age (years) 30.5 ± 5.7 31.0 ± 5.2 n. s.
Parity 1.2 ± 1.1 0.3 ± 0.5 0.001
BMI 24.7 ± 5.6 24.7 ± 5.4 n.s.
Gestation age (weeks) 23.5 ± 1.1 23.9 ± 1.0 n.s.
Fetal weight (g) 603.5 ± 126.3 584.4 ± 152.1 n.s.
Fetal length (cm) 30.6 ± 2.3 30.7 ± 1.9 n.s.

Table 2. — Parameters assessed to predict neonatal outcome
(percentage).

Singleton Twin p value
(n = 60) (n = 17)

Discharge 33.3% 17.6% n.s. 
Presentation:
– Cephalic? (1) 17.9% 43.7% n.s.
– Breech? (2) 53.5% 31.3% n.s.
– Other? (3) 25.0% 25.0% n.s.
Mode of delivery
– vaginal delivery 72.4% 76.% n.s.
– 1° C-Section 8.6% 5.9% n.s.
– 2° C-Section 19.0% 17.6% n.s.
Meconium-stained amniotic fluid 29.8% 11.8% n. s.
Male Infant 37.1% 44.4% n. s.
IVF 5.7% 44.4% n. s. 
Ventilation 100.0% 100.0% n. s.
PVL 11.8% 11.1% n. s.
IVH 50.0% 55.6% n.s.
– Grade 3 or 4 27.3% 55.5% n.s.
NEC 11.8% 28.6% n.s.
Bacterial culture positive on admission 47.1% 57.1% n.s.
Nosocomial infection 67.6% 44.4% n.s.
Histopathological chorionamnionitis 34.2% 18.8% n.s.
Contractions 46.3% 47.1% n.s.
Premature rupture of membranes 31.5% 41.2% n.s.
Amnion prolapse 40.7% 23.5% n.s.
Anhydramnion 7.4% 0.0% n.s.
Vaginal bleeding 22.2% 5.9% n.s.
Betamethasone 57.9% 58.8% n.s.
Tocolysis 65.5% 76.5% n.s.
No cerclage 65.5% 47.1% n.s. 
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troversy regarding the outcomes of twins with reference to
birth order [4-7, 11]. 

To achieve a more homogenous group of study infants
and to exclude the varying resuscitation practices in refer-
ring institutions, the authors only evaluated inborn new-
borns. 

In singletons, the mode of delivery was correlated with
survival rate, i.e. secondary lower segment Cesarean sec-
tion had the highest survival rate, however the study num-
bers were very small. A current larger study described no
effect of the mode of delivery on survival, however lower
morbidity and better prognosis for neurodevelopment out-
come by Cesarean section [15]. 

Limitations of this study are: retrospective analysis, no
long-term follow up data, and important variables that
might affect outcomes, such as zygosity and twin-twin
transfusion syndrome [16, 17], which were not available.

The present data indicate a higher risk of death in ex-
tremely low birth weight infants, independent of the influ-
ence of prematurity and birth weight. Further prospective
studies, which also examine long-term outcome, are re-
quired.
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