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Objective To evaluate long-term effects of maintenance tocolysis

with nifedipine on neurodevelopmental outcome of the infant.

Design, Setting and Population Follow up of infants of women

who participated in a multicentre randomised controlled trial on

maintenance tocolysis with nifedipine versus placebo.

Methods Two years after the APOSTEL II trial on maintenance

tocolysis with nifedipine versus placebo, we asked participants to

complete the Ages and Stages Questionnaire.

Main outcome measures Infant development was measured in five

domains. Developmental delay was defined as a score of ≤1 SD in one

or more developmental domains. We performed exploratory subgroup

analysis in women with preterm prolonged rupture of the membranes,

and in women with a cervical length <10 mm at study entry.

Results Of the 276 women eligible for follow up, 135 (52.5%)

returned the questionnaire, encompassing data of 170 infants. At

2 years of age, infants of women with nifedipine maintenance

tocolysis compared with placebo had a higher overall incidence of

fine motor problems (22.2 versus 7.6%, OR 3.43, 95% CI 1.29–
9.14, P = 0.01), and a lower incidence of poor problem-solving

(21.1 versus 29.1%, OR 0.27, 95% CI 0.08-0.95, P = 0.04).

Conclusions This follow-up study revealed no clear benefit of

nifedipine maintenance tocolysis at 2 years of age. As short-term

adverse perinatal outcome was not reduced in the original

APOSTEL II trial, we conclude that maintenance tocolysis does

not appear to be beneficial at this time.

Keywords Maintenance tocolysis, nifedipine, outcome, preterm

birth.
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Introduction

Early preterm birth is a major health care problem. In

very premature infants it may cause long-term physical

and developmental impairment and has a substantial

impact on parents and families.1,2 Perinatal morbidity

and mortality is strongly inversely related to gestational

age.3

1107ª 2015 Royal College of Obstetricians and Gynaecologists

DOI: 10.1111/1471-0528.13586

www.bjog.org
General obstetrics

http://dx.doi.org/10.1111/1471-0528.13732
http://dx.doi.org/10.1111/1471-0528.13732


In threatened preterm labour before 34 weeks of gesta-

tion, antenatal corticosteroids enhance fetal lung matura-

tion and thereby improve outcome in these infants.4 To

allow optimal effect of maternal steroid administration,

the simultaneous use of tocolytic drugs for 48 hours is

common practice in most perinatal centres. As perinatal

morbidity and mortality are strongly related to gestational

age,3 further postponement of delivery through mainte-

nance tocolysis was long thought to improve neonatal out-

come. However, recent randomised controlled trials have

failed to show any effect of nifedipine maintenance tocoly-

sis on prolongation of pregnancy and perinatal outcome.5–8

Although, nifedipine maintenance tocolysis does not have

an effect on short-term outcome, it might have an effect

on long-term infant outcome. Nifedipine crosses the pla-

centa easily,9,10 thereby exposing the fetus to medication

with unknown effects on fetal brain development. Previous

studies have shown a decline in uterine artery and middle

cerebral artery flow11 and resistance12 after nifedipine

tocolysis, but other studies did not find such an effect.13 In

vitro studies have shown a potential neuroprotective effect

of nifedipine.14,15 In light of potential effects on fetal brain

development, it is important to determine the effect of

nifedipine maintenance tocolysis on long-term infant

outcome.

The APOSTEL II (Assessment of Perinatal Outcome with

Sustained Tocolysis in Early Labour) trial7 included women

with threatened preterm labour between 26+0/7 weeks and

32+2/7 weeks of gestation who had not delivered after

48 hours of tocolysis and a completed course of corticos-

teroids. Women were randomly assigned to maintenance

tocolysis with nifedipine or placebo for a maximum of

12 days. The objective of the current study was to deter-

mine the extent to which maintenance tocolysis with

nifedipine was associated with long-term neurodevelop-

mental outcome, assessed at 2 years of age in infants of

women who participated in the APOSTEL II trial. We anal-

ysed neurodevelopmental outcome for the group as a

whole, and for subgroups with and without preterm pro-

longed rupture of the membranes (PPROM), and with and

without a cervical length <10 mm at study entry.

Methods

The APOSTEL II trial is a double-blind placebo controlled

trial conducted in all 10 perinatal centres and one large

teaching hospital in the Netherlands. The study protocol

and the main results of the APOSTEL II trial have been

published elsewhere.7,16 In all, 406 women participated in

the APOSTEL II trial between June 2008 and February

2010. Women with threatened preterm labour and a gesta-

tional age between 26+0/7 and 32+2/7 weeks who had not

delivered after a completed 48-hour course of tocolytics

and corticosteroids, were allocated to maintenance tocolysis

with nifedipine (n = 201) or placebo (n = 205). Study

medication was 20 mg nifedipine slow-release tablets every

6 hours, or placebo tablets. The APOSTEL II trial included

women with singleton and multiple pregnancies with and

without ruptured membranes.

The intention to follow up the children was described in

the study protocol.16 The follow-up study was approved by

the institutional review board of all the participating

centres as part of the APOSTEL II trial.

Participants
The follow up of the APOSTEL II study started in 2009

and sought information about infants born to the 406

women who were randomised in the APOSTEL II trial. Fig-

ure 1 shows that after exclusion of 130 women (not eligible

because infants died, who were not traceable or whose

infants were older than 24 months at start of follow up),

follow-up data were available on 170 infants of 145 women,

a response rate of 52.5% (145/276 women). One infant had

West syndrome and was excluded from analysis. Parents

were contacted by mail, and if there was no response,

trained research midwifes sought contact by phone. Data

on demographic and clinical characteristics were collected

as described in the original trial.16

Follow-up measures
Parents were contacted and asked to fill out the Dutch

translation of the parent-rated Ages and Stages Question-

naire (ASQ) at the corrected age of 24 months. The ASQ

consists of five subscales, each with six items, on communi-

cation, gross motor performance, fine motor performance,

problem-solving and personal–social functioning. Parents

indicated whether their child did, did not or sometimes/a

little showed the behaviour as described in an item. Poor

outcome on a subscale was defined as a score lower than 1

standard deviation below the mean of the norm group.17

Developmental delay was defined as a score of ≤1 SD in

one or more developmental domains. A score ≤1 SD

indicates that this infant is at risk of poor outcome, and

warrants targeted interventions and close follow up of the

infant. The ASQ is a valuable screening instrument for the

study of developmental delay in ex-premature infants,18

and outcome is not influenced by the socio-economic sta-

tus of the parents.19 Parents were unaware of the treatment

allocation at the time of follow up.

Statistical analysis
The size and power of the study was limited by the num-

ber of participants in the APOSTEL II trial. To determine

how representative our sample was, we tested for differ-

ences in demographic and clinical data between partici-

pants and non-participants in the follow-up trial.
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Furthermore, we tested for differences in baseline charac-

teristics between the nifedipine group and the placebo

group. Baseline characteristics were compared using

ANOVA for continuous data, chi-square tests for dichoto-

mous data and Mann–Whitney U-tests for non-normal

distributed data. For outcome at infant level, we used a

generalised estimated equation model to test for differences

in outcome between infants exposed to nifedipine mainte-

nance tocolysis compared with placebo, accounting for

interdependence of scores in siblings. Odds ratios (OR)

and 95% CI are reported. We tested for possible subgroup

effects for women with and without PPROM, and women

with a cervical length <10 and ≥10 mm at study entry.

Subgroup effects were studied using an interaction term

between the subgroup and treatment, corrected for gesta-

tional age at delivery. When the interaction was found to

be statistically significant (P < 0.05), we performed strati-

fied analysis to investigate the effect of treatment in the

different subgroups.

In a cohort of preterm infants, there is a risk for bias

because deceased and very disabled infants are not able to

participate in follow up. We therefore performed post hoc

sensitivity analyses using a composite of death (n = 9), sev-

ere disabilities (n = 1) or ASQ score <1 SD. Because not

all parents filled out the questionnaire within the preferred

time frame (24 months corrected age �1 month), we com-

pared the incidence of poor outcome between infants that

were assessed too early, on time or too late, and we per-

formed sensitivity analysis excluding these cases if there

were any differential effects.

Results

Study population
Baseline characteristics of the mothers in the placebo group

(n = 66), nifedipine group (n = 78) and the non-partici-

pants (n = 262) are displayed in Table 1. There was a

higher percentage of white Europeans in the group who

participated in the follow-up study than in the non-partici-

pants (P < 0.01) and a lower percentage of lower maternal

education (P < 0.01). These characteristics did not differ

between the nifedipine group and the placebo group. Other

baseline characteristics were comparable between the par-

ticipants and nonparticipants, and between the nifedipine

group and the placebo group. Median corrected age (range;

interquartile range, IQR) at time of completion of the

questionnaire was 22.9 (range 21.3–29.1; IQR 22.1–24.0)
for the nifedipine group and 22.7 (range 21.1–30.2; IQR

22.2–23.7) for the placebo group (P = 0.52).

Main outcome
Developmental outcome as measured by ASQ at 2 years of

age is shown in Table 2. Overall, infants of women who

received nifedipine maintenance tocolysis had a higher inci-

dence of poor outcome on the fine motor scale (22.2 ver-

sus 7.6%, OR 3.43, 95% CI 1.29–9.14, P = 0.01) but did

better on the problem-solving scale (21.1 versus 29.1%, OR

0.27, 95% CI 0.08–0.95, P = 0.04).

Subgroup analysis
The subgroup analysis for possible interaction between the

intervention and PPROM at inclusion, corrected for differ-

ences in gestational age at delivery (mean gestational age

32.4 weeks for PPROM versus 34.5 without PPROM,

P = 0.002) showed that there was a significant interaction

effect for gross motor performance (P = 0.02) and develop-

mental delay (P = 0.02; Table 3).

Infants with PPROM born after nifedipine maintenance

tocolysis had a non-significant higher incidence of poor

gross motor outcomes than those on placebo (44.4 versus

28.6%, OR 2.34, 95% CI 0.64–8.59). Poor gross motor

outcomes were less common in infants exposed to

nifedipine maintenance compared with placebo in the

absence of PPROM (31.9 versus 43.1%, OR 0.23, 95% CI

0.07–0.79).
Infants with PPROM born after nifedipine maintenance

tocolysis more often had developmental delay compared

with those on placebo (77.8 versus 57.1%, OR 2.67, 95%

CI 0.66–10.82), although this difference was not significant.

Developmental delay was less common in infants without

PPROM and nifedipine maintenance tocolysis than those

on placebo (54.2 versus 68.6%, OR 0.31, 95% CI 0.13–
0.74). There was no significant interaction effect between

treatment group and time interval to delivery (data not

406 women participating in the APOSTEL II 
trial

130 women excluded
6 women, no surviving infant*
35 women, not traceable 
89 women, not eligible because infants were 
older than 24 months at start of follow up 

276 women eligible for follow-up (68%)

145 women completed follow up (52.5%) 
encompassing data on 170 infants

1 infant excluded due to major handicap (West 
syndrome) 

169 infants included in follow-up study

131 women did not respond on our request to fill out the 
ASQ 

Figure 1. Flow chart. *9 infants died in the APOSTEL II trial. However,

three of them had a surviving twin sibling.

1109ª 2015 Royal College of Obstetricians and Gynaecologists

Nifedipine maintenance tocolysis: 2-year follow up



shown, P = 0.99), i.e. there was no difference in the effect

of nifedipine maintenance therapy on time interval to

delivery between women with and without PPROM.

Interaction tests of the intervention and cervical length

<10 mm at randomisation were based on limited numbers

(n = 63 for nifedipine and n = 46 for placebo) because cer-

vical length measurement was not performed in all women.

We observed a significant interaction effect on the prob-

lem-solving scale (P = 0.03, Table 4). In both the group of

women with a cervix <10 mm and those with a cervix

≥10 mm at study entry, infants of the nifedipine group had

a lower incidence of poor problem-solving compared with

infants of the placebo group, but this difference was not

significant (22.2 versus 50%, OR 0.05, 95% CI 0.00–0.58
18.5 versus 27.8%, OR 0.66, 95% CI 0.22–1.96, respec-

tively).

Sensitivity analysis
Sensitivity analysis using a composite of poor outcome and

perinatal death revealed comparable results, except that the

lower incidence of poor outcome on the problem-solving

scale in the nifedipine group was no longer significant (OR

0.33, 95% CI 0.11–1.02, P = 0.06).

Not all parents filled out the questionnaires within the

preferred timeframe, therefore we performed additional

analyses to test to what extent this might have influenced

our results. For fine motor problems, there was a signifi-

cantly lower incidence of delay in the infants who were

tested too late than in those who were tested within the

correct time frame (0.0% versus 18%). After exclusion of

these infants (n = 11), the effect of the intervention on fine

motor problems remained comparable (OR 3.23, 95% CI

1.21–9.09, P = 0.02). For all other outcome measures there

was no significant difference in the incidence of poor out-

come between infants that were assessed too early, on time

or too late.

Discussion

Main findings
To the best of our knowledge, this is the first study to

examine the long-term outcome of infants exposed to

nifedipine maintenance tocolysis compared with a placebo

group. We observed that at 2 years of age these infants

have a higher incidence of fine motor problems but a lower

incidence of poor problem-solving. In a specific subgroup

of women without PPROM, there was a lower incidence of

gross motor problems and developmental delay in infants

of the treatment group than the placebo group.

Strengths and limitations
Several methodological issues deserve discussion. First, this

study used questionnaire data to measure developmental

outcome. Although questionnaire data have their inherent

limitations, the ASQ is regarded as a validated screening

tool for developmental problems.19 There is some evidence

to suggest that the ASQ underestimates the incidence of

motor delay in premature infants;20 however, it is indepen-

dent of socio-economic status or maternal education.19 The

ASQ has excellent psychometric properties for use as a

screening instrument for abnormal development.18,19 How-

ever, the ASQ is not a diagnostic test and abnormal scores

require further examination. In addition, the ASQ does not

substitute for clinical examination and sensory screening.18

Secondly, selection bias cannot be excluded. Of the 406

women enrolled in the APOSTEL II trial, infants of 145

Table 1. Baseline demographics and clinical characteristics

Number of women Placebo

(n = 66)

Nifedipine

(n = 78)

No

follow-up

(n = 262)

At entry to APOSTEL II

Age, years 30.9 (4.6) 30.9 (4.6) 29.8 (5.3)

Body mass index* 22.4 (3.2) 24.1 (5.7) 23.3 (4.3)

White European 59 (92.2) 74 (98.7) 188 (74.6)**

Lower maternal education 5 (12.2) 3 (7.1) 40 (26.1)***

Nulliparous 32 (48.5) 32 (41.0) 111 (42.4)

Prior preterm birth 16 (24.2) 17 (21.8) 60 (22.9)

Gestational age, week 29.1 (1.8) 29.1 (1.7) 29.3 (1.7)

Multiple gestation

Twins 12 (18.1) 12 (15.4) 58 (22.1)

Triplets 1 (1.5) 0 (0) 5 (1.9)

PPROM 21 (31.8) 17 (21.8) 63 (24.1)

Cervix <10 mm**** 8 (21.6) 7 (13.0) 22 (12.6)

Short-term outcomes of APOSTEL II

Adverse perinatal

outcome*****

10 (15.2) 10 (12.8) 32 (12.2)

Perinatal death 1 (1.5) 0 (0.0) 8 (3.1)

Number of infants Placebo

(n = 79)

Nifedipine

(n = 90)

No follow

up (n = 333)

Birthweight, g 2152.7 (100.3) 2304.2 (98.0) 2251.6 (50.4)

NICU admittance 36 (45.6) 37 (41.1) 129 (38.7)

Ventilation support 7 (8.9) 16 (17.8) 69 (13.7)

Data are in mean (SD) or n (%). None of the other characteristics

differed between placebo and nifedipine group, or between the

follow-up and no follow-up group.

*Body mass index is calculated as weight in kilograms divided by

height in meters squared.

**P < 0.01 compared with women who participated in follow up.

***Based on n = 236 due to missing data on maternal education.

****Based on n = 266 women who had cervical length

measurement.

*****Adverse perinatal outcome is a composite of perinatal death,

chronic lung disease, neonatal sepsis, IVH > grade 2, PVL > grade 1,

and necrotising enterocolitis, measured per pregnancy.
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women could be included in this follow-up study. This

may have caused unknown effects. Women participating

in the follow-up study more often were white Europeans

and less often had a low educational level compared with

women who did not participate in the follow-up study.

Yet, there was no difference between these baseline char-

acteristics between the nifedipine and placebo groups, and

a previous study has shown that the ASQ scores are not

significantly associated with socio-economic status or

maternal education.19 Furthermore, other baseline charac-

teristics were comparable between the participants and

non-participants of this follow-up study. Therefore, we

feel that selection bias may not have greatly affected the

results.

Nine infants in this cohort died and one was too dis-

abled to participate in the follow-up study. As this could

lead to bias, we re-ran all analyses including deceased and

severely disabled infants in the poor outcome group. The

results were still comparable.

Thirdly, some of the parents participating in this follow-

up study did not fill out the questionnaire within the cor-

rect time frame; however, follow-up time was equal in both

treatment groups and it is therefore unlikely that this ad a

great influence on the results. Besides, sensitivity analyses

revealed comparable results after exclusion of infants who

were assessed too late.

The subgroup analyses should be interpreted with caution

because the study was not powered to conduct long-term

Table 2. Follow up at age 2

Nifedipine (n = 90) Placebo (n = 79) OR 95% CI P-value

Communication scale 14 (15.6) 20 (25.3) 0.56 0.25–1.26 0.16

Gross motor scale 31 (34.4) 30 (38.0) 0.41 0.15–1.14 0.09

Fine motor scale 20 (22.2) 6 (7.6) 3.43 1.29–9.14 0.01

Problem solving scale 19 (21.1) 23 (29.1) 0.27 0.08–0.95 0.04

Personal social scale 25 (27.8) 26 (32.9) 0.88 0.43–1.78 0.72

Developmental delay 53 (58.9) 51 (64.6) 0.50 0.22–1.13 0.10

CI, confidence interval; OR, odds ratio.

Delayed development is defined as performance <1 SD below the mean score. Developmental delay is defined as performance <1 SD below the

mean score at 1 or more subscales. Data presented as n (%).

Table 3. Developmental outcome, interaction with PPROM

Subgroup effect

Nifedipine (n = 90) Placebo (n = 79) OR 95% CI P-value for interaction

Communication scale

PPROM 4/18 (22.2) 8/28 (28.6) 0.60

No PPROM 10/72 (13.9) 12/51 (23.5)

Gross motor scale

PPROM 8/18 (44.4) 8/28 (28.6) 2.34 0.64– 8.59 0.02

No PPROM 23/27 (31.9) 22/51 (43.1) 0.23 0.07–0.79

Fine motor scale

PPROM 7/18 (38.9) 3/28 (10.7) 0.70

No PPROM 13/72 (18.1) 3/51 (5.9)

Problem-solving scale

PPROM 4/18 (22.2) 7/28 (25.0) 0.22

No PPROM 15/72 (20.8) 16/51 (31.4)

Personal social scale

PPROM 10/18 (55.6) 11/28 (39.3) 0.10

No PPROM 15/72 (20.8) 15/51 (29.4)

Developmental delay

PPROM 14/18 (77.8) 16/28 (57.1) 2.67 0.66–10.82 0.02

No PPROM 39/72 (54.2) 35/51 (68.6) 0.31 0.13–0.74

Data presented as (n performing –1 SD)/total (%), corrected for gestational age.

1111ª 2015 Royal College of Obstetricians and Gynaecologists

Nifedipine maintenance tocolysis: 2-year follow up



follow up within subgroups. Especially the number of

women with a cervical length ≤10 mm (n = 19) is small.

Nonetheless, the results of our subgroup analyses underscore

the fact that prematurity is heterogeneous in origin and

interventions may well elicit differential effects in subgroups,

which should be taken into account when evaluating neona-

tal outcome.

Interpretation
To the best of our knowledge, no previous trials have stud-

ied the effect of nifedipine maintenance tocolysis on neu-

rodevelopmental outcome compared with placebo. A

previous randomised controlled trial21 on maintenance

tocolysis with nifedipine versus ritodrine found no differ-

ences in long-term behaviour–emotional outcome or motor

functioning between the groups.22 Despite the lack of effect

on short-term outcome, as found in the APOSTEL II trial,7

maintenance tocolysis may have an effect on long-term

development. We found a higher incidence of fine motor

problems but better problem-solving abilities in infants in

the nifedipine group. A possible explanation for the differ-

ential effect on motor skills and problem-solving skills

might be that structures that play important roles in motor

functioning may be more vulnerable to injury. For exam-

ple, the cerebellum undergoes the most rapid growth in the

third trimester23 and might therefore be more vulnerable to

adverse effects of medication. Besides, disturbance of the

myelination process is one of the hallmarks of hypoxic–
ischaemic brain injury,24 and contributes to poorer corti-

cospinal tract functioning and motor development. Some

studies have shown that nifedipine is associated with a

decline in uterine artery and middle cerebral artery flow,11

leading to the speculation that nifedipine may contribute

to poor motor functioning.

Nifedipine maintenance therapy has a differential effect

on infants with and without PPROM. We observed that

infants of women with PPROM receiving maintenance tocol-

ysis had a non-significant higher incidence of poor gross

motor development and developmental delay compared with

the placebo group, whereas infants of women with nifedipine

maintenance without PPROM had a lower incidence of poor

gross motor development and developmental delay. This did

not result from a difference in prolongation of pregnancy or

in time interval to delivery. One may speculate that nifedip-

ine maintenance therapy in women with PPROM may actu-

ally have an adverse effect through an association with

subclinical infection. A possible explanation of the specific

effects on motor development might be that the white matter

myelination process, which is essential for corticospinal tract

functioning and motor development might be the most vul-

nerable to adverse effect of medication or perinatal inflam-

mation.25,26 There is on-going debate whether any tocolysis

should be administered in PPROM. A Cochrane review indi-

cates that tocolysis in women with PPROM before 34 weeks’

Table 4. Developmental outcome, interaction with cervical length <10 mm at inclusion

Subgroup effect

Nifedipine (n = 63) Placebo (n = 46) OR 95% CI P-value for interaction

Communication scale

Cervix <10 mm 2/9 (22.2) 2/10 (20.0) 0.36

Cervix ≥10 mm 9/54 (16.7) 10/36 (27.8)

Gross motor scale

Cervix <10 mm 5/9 (55.6) 2/10 (20.0) 0.43

Cervix ≥10 mm 17/54 (31.5) 15/36 (27.8)

Fine motor scale

Cervix <10 mm 0/9 (0.0) 0/10 (0.0) NA

Cervix ≥10 mm 11/54 (20.4) 2/36 (5.6)

Problem-solving scale

Cervix <10 mm 2/9 (22.2) 5/10 (50.0) 0.05 0.00–0.58 0.03

Cervix ≥10 mm 10/54 (18.5) 10/36 (27.8) 0.66 0.22–1.96

Personal social scale

Cervix <10 mm 1/9 (11.1) 1/10 (10.0) 0.98

Cervix ≥10 mm 16/54 (29.6) 12/36 (33.3)

Developmental delay

Cervix <10 mm 7/9 (77.8) 6/10 (60.0) 0.86

Cervix ≥10 mm 27/54 (50.0) 22/36 (61.1)

NA, not applicable.

Data presented as (n performing �1 SD)/total (%), corrected for gestational age. Analysis based on n = 46 for placebo and n = 63 for nifedipine

because cervical length measurement was not performed in all women.
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gestation is associated with a higher risk of chorioamnionitis,

which is in turn associated with poor neonatal and neurode-

velopmental outcome.27 Although we observed fewer gross

motor problems and developmental delay in infants after

nifedipine maintenance in the absence of PPROM, given the

limited number of women in this study, the loss to follow

up, the resultant low power and the lack of short-term

neonatal benefit, we feel that the results of the study should

not be used as a basis for maintenance tocolysis in women

with threatened preterm labour without PPROM.

Conclusion

Our 2-year follow-up study of the APOSTEL II trial showed

that maintenance tocolysis with nifedipine is associated with

a higher incidence of fine motor problems and a lower

incidence of poor problem-solving. These findings stress the

importance of long-term follow up of intervention studies

designed to optimise outcome in preterm infants. As stated

by the authors of the follow-up study of ORACLE II trial on

antibiotics in spontaneous preterm labour,28 the current

study underscores the need for caution with interfering in

systems that are poorly understood without clear evidence

of the benefit of our intervention in the short- and long-

term. Therefore, long-term follow-up studies of clinical

interventions remain of utmost importance.

As the APOSTEL II trial found no reduction in adverse

perinatal outcome, and this follow-up study revealed no

clear benefit of nifedipine maintenance tocolysis at age 2,

we maintain our conclusion that its use does not appear

beneficial.
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