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Objective To compare the long-term effects of tocolysis with

nifedipine or atosiban on child outcome at age 2.5–5.5 years.

Design The APOSTEL III trial was a multicentre randomised

controlled trial that compared tocolysis with nifedipine or

atosiban in 503 women with threatened preterm birth. Neonatal

outcomes did not differ between both treatment arms, except for

a higher incidence of intubation in the atosiban group.

Methods Parents were asked to complete four questionnaires

regarding neurodevelopment, executive function, behaviour

problems and general health.

Main outcome measures The main long-term outcome measure

was a composite of abnormal development at the age of 2.5–
5.5 years.

Results Of the 426 women eligible for follow-up, 196 (46%)

parents returned the questionnaires for 115 children in the

nifedipine group and 110 children in the atosiban group.

Abnormal development occurred in 32 children (30%) in the

nifedipine group and in 38 children (38%) in the atosiban group

(OR 0.74, 95% CI 0.41–1.34). The separate outcomes for

neurodevelopment, executive function, behaviour and general

health showed no significant differences between the groups.

Sensitivity analysis for all children of the APOSTEL III trial,

including a comparison of deceased children, resulted in a higher

rate of healthy survival in the nifedipine group (64 versus 54%),

but there was no significant difference in the overall mortality rate

(5.4 versus 2.7%). There were no significant subgroup effects.

Conclusion Outcomes on broad child neurodevelopment,

executive function, behaviour and general health were comparable

in both groups. Neither nifedipine nor atosiban can be considered

as the preferred treatment for women with threatened preterm

birth.

Keywords Atosiban, behaviour, child, development, executive

function, follow-up, health, infant, neurodevelopment, nifedipine,

preterm birth, preterm labour, tocolysis.

Tweetable abstract Nifedipine- and atosiban-exposed children had

comparable long-term outcomes, including neurodevelopment,

executive function and behaviour.

Linked article This article is commented on by JG Thornton,

p. 1138 in this issue. To view this mini commentary visit https://

doi.org/10.1111/1471-0528.16230.

Please cite this paper as: van Winden TMS, Klumper J, Kleinrouweler CE, Tichelaar MA, Naaktgeboren CA, Nijman TA, van Baar AL,

van Wassenaer-Leemhuis AG, Roseboom TJ, van’t Hooft J, Roos C, Mol BW, Pajkrt E, Oudijk MA. Effects of tocolysis with nifedipine or atosiban

on child outcome: follow-up of the APOSTEL III trial. BJOG 2020;127:1129–1137.

Trial registration: This follow-up study was announced in the original trial

protocol, registered under NTR2947.

1129ª 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd on behalf of
Royal College of Obstetricians and Gynaecologists.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.

DOI: 10.1111/1471-0528.16186

www.bjog.org
General obstetrics

https://orcid.org/0000-0002-5357-8872
https://orcid.org/0000-0002-5357-8872
https://orcid.org/0000-0002-5357-8872
https://orcid.org/0000-0002-0685-9989
https://orcid.org/0000-0002-0685-9989
https://orcid.org/0000-0002-0685-9989
https://orcid.org/0000-0002-2620-8884
https://orcid.org/0000-0002-2620-8884
https://orcid.org/0000-0002-2620-8884
https://orcid.org/0000-0002-3498-9019
https://orcid.org/0000-0002-3498-9019
https://orcid.org/0000-0002-3498-9019
https://orcid.org/0000-0002-4414-9451
https://orcid.org/0000-0002-4414-9451
https://orcid.org/0000-0002-4414-9451
https://orcid.org/0000-0001-5303-1503
https://orcid.org/0000-0001-5303-1503
https://orcid.org/0000-0001-5303-1503
https://orcid.org/0000-0001-8337-550X
https://orcid.org/0000-0001-8337-550X
https://orcid.org/0000-0001-8337-550X
https://orcid.org/0000-0002-4432-3691
https://orcid.org/0000-0002-4432-3691
https://orcid.org/0000-0002-4432-3691
https://orcid.org/0000-0001-8672-4365
https://orcid.org/0000-0001-8672-4365
https://orcid.org/0000-0001-8672-4365
mailto:
https://doi.org/10.1111/1471-0528.16230
https://doi.org/10.1111/1471-0528.16230
https://doi.org/10.1111/1471-0528.16186
https://doi.org/10.1111/1471-0528.16186


Introduction

The effect of prenatal interventions, such as the use of

tocolytics, on long-term morbidity is largely unknown as

follow-up data, especially for older children, are scarce.1

Ultimately, the aim of treatment for threatened preterm

birth should not be to increase gestational age at the time

of birth, but to improve neonatal survival and healthy

development.

It is therefore crucial to assess long-term outcomes,

because even if a randomised controlled trial (RCT) shows

no difference between interventions on short-term out-

comes, the long-term development of the children may still

be affected. In the ORACLE II trial, in which antibiotic

therapy was compared with placebo for threatened preterm

labour with intact membranes, short-term outcomes were

similar between groups.2 At the 7-year follow-up, however,

a significant increase in functional impairment and cerebral

palsy was found in the group given antibiotics.3

The effect of two frequently used tocolytics, i.e. nifedip-

ine and atosiban, on the long-term health and development

of children is largely unknown. Long-term effects of

nifedipine have only been investigated in three smaller

studies.4-6 Only one retrospective cohort study on the long-

term effects of atosiban has been published, but this study

was limited to autism spectrum disorders in children

exposed to nifedipine alone or to nifedipine and atosiban

in combination.7

The APOSTEL III study was a multicentre randomised

trial that compared neonatal outcomes of tocolysis with

nifedipine or atosiban in threatened preterm birth.8,9 The

primary outcome, a composite of neonatal morbidity and

mortality, was comparable between the two arms (14% in

the nifedipine group and 15% in the atosiban group, RR

0.91, 95% CI 0.61–1.37), although a non-significant higher

mortality rate was observed in the nifedipine group (5.4%

in the nifedipine group and 2.4% in the atosiban group,

RR 2.20, 95% CI 0.91–5.33).
The aim of this study was to determine the long-term

effects of tocolysis with nifedipine or atosiban during

threatened preterm birth on neurodevelopment, executive

function, behavioural problems and the general health of

children.

Methods

Trial design and participants
The APOSTEL III study was a multicentre randomised

controlled trial that analysed 503 women with threatened

preterm birth and gestational age between 25+0 and

34+0 weeks of gestation, who were randomised to treatment

with nifedipine (n = 248) or atosiban (n = 255). Both sin-

gleton and twin pregnancies were included.

The sample size of this follow-up study was predefined

by the number of participants of the APOSTEL III trial. In

total, 503 mothers gave birth to 591 children (n = 297 trea-

ted with nifedipine and n = 294 treated with atosiban).

There were 23 perinatal deaths: 16 in the nifedipine group

and seven in the atosiban group.

In the design phase of the study, two patient organisa-

tions supported the study, and participated in the applica-

tion for funding. Both Vereniging van Ouders van

Couveusekinderen (VOC, a patient organisation for parents

of children that were admitted to the neonatal intensive

care unit) and Nederlandse Vereniging voor Ouders van

Meerlingen (NVOM, the Dutch society of parents of multi-

ples) were involved.

At the time that we applied for the funding of the fol-

low-up study, the methods were composed to the best of

our knowledge at that moment. Before the actual analyses

were performed, however, a number of changes were made

in consultation with methodologists and experts. Those

changes are marked and explained point by point in

Appendix S1.

Five years after the start of the original trial, we asked all

participants with a surviving child for written informed

consent to send four questionnaires. Women with children

older than 66 months were excluded, as the Ages & Stages

Questionnaires�, Third Edition (ASQ-3TM) is not validated

above that age. Data on mortality after finalisation of the

RCT was gathered for all contactable participants.

Questionnaires
Four parent-reported questionnaires were used, three of

which are validated developmental questionnaires and one

is aimed at gathering data about general health and health-

care use.

ASQ-3 – neurodevelopment
The ASQ-3 questionnaire is used as a screening tool for

delay in six domains of development.10 Scores were com-

pared with a reference score file validated for the Dutch

population.11 A questionnaire was marked abnormal if the

score in at least one developmental field was ≥2 SD below

the mean.10

BRIEF-P – executive function
The Behaviour Rating Inventory of Executive Function –
Preschool (BRIEF-P) is a standardised questionnaire to

assess executive function, i.e. cognitive development and

attention, in children aged between 2 and 5 years.12 The

separate items describe different behavioural areas of execu-

tive functioning that together form the total score. Raw

scores were converted into T-scores and percentiles to cor-

rect for age and sex. Mean scores were compared with a

norm score file validated for the Dutch population. A T-
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score of 65 or higher (equivalent to 1.5 SD above the

mean) on the scales, indices and total score was considered

abnormal.13

CBCL – behaviour
The Child Behaviour Check List (CBCL) questionnaire

records behaviour and emotion in children aged between

1.5 and 5 years.14 The questions can be grouped into syn-

drome scales that inform on internalising and externalising

behaviour. The syndrome scales form a total problem

score. Scores were compared with the publisher’s reference

file.15 T-scores and percentiles were calculated. A T-score

of 64 or higher was considered abnormal.14

General health
Data regarding medical history – i.e. hospital admissions;

surgeries; visits to a general practitioner, medical specialist

or developmental specialist; and past and present medica-

tion use – were collected.

Outcome measures
The main outcome was a composite of abnormal develop-

ment at the age of 2.5–5.5 years. The proportion of chil-

dren with abnormal scores on at least one of the

development questionnaires and their subscales was com-

pared between the nifedipine and atosiban groups. Second-

ary outcomes included general health outcomes, as

described above.

Statistical analysis
For participants of follow-up, we compared characteristics

and outcomes between the nifedipine group and the atosi-

ban group. The Mann–Whitney U-test for continuous data,

Fisher’s exact test for dichotomous data and v2 test for cat-
egorical data were used, as appropriate.

For outcomes on the neonatal or child level, we

accounted for interdependence between outcomes of babies

from the same mother in multiple pregnancies.16,17 We

assessed binary outcomes with a generalised estimating

equations (GEE) model for binomial data with an unstruc-

tured correlation matrix, considering the mother as a clus-

ter variable. Odds ratios (ORs), 95% confidence intervals

(95% CIs) and P values are reported.

Likewise, we evaluated continuous outcomes on the

neonatal or child level with linear quantile mixed models

with the mother as a grouping variable, resulting in a med-

ian difference with 95% CI.18 All long-term child outcome

analyses were adjusted for gestational age at birth.

We examined possible subgroup effects for women with

and without intact membranes, singleton and multiple

pregnancies, gestational age at delivery <32+0 versus

≥32+0 weeks of gestation and <35+0 versus ≥35+0 weeks of

gestation. Subgroup effects were studied by including an

interaction term between the subgrouping variable and

treatment allocation in the regression model and were

adjusted for gestational age at birth.

We performed a sensitivity analysis in which we included

all children of the original APOSTEL III trial (n = 591).

For all children who did not participate in the follow-up,

outcomes were estimated based on the results (rates of

healthy survival and abnormal questionnaire score) of chil-

dren who did participate, stratified for singleton and multi-

ple pregnancies, and taking any deaths after the original

trial into account.

We compared rates of healthy survival, i.e. all normal

questionnaire scores and survival until the end of the fol-

low-up period, and all mortality between the nifedipine

and atosiban group.

Data preparation and statistical analyses were performed

using SPSS 25.0 (IBM Corp, Armonk, NY, USA) and R 3.5.1

(R Core Team, Vienna, Austria).

Results

Study population
Out of 486 women and 568 surviving children, 426 women

were eligible for follow-up and 281 (66%) agreed to partic-

ipate. Eventually, 196 (46%) of the eligible families

returned the questionnaires, encompassing data for 115

infants randomised to the nifedipine group (51%) and 110

infants randomised to the atosiban group (49%), 33 (29%)

and 26 (24%) of whom, respectively, were from a twin

pregnancy (Figure 1). The median age of the children at

the time of follow-up was 53 months (interquartile range

46–57 months), with a slightly higher percentage of boys

(58%). No differences were seen in these characteristics

between both groups (Table S1).

Baseline maternal characteristics did not differ between

both treatment arms in the participating group (Table 1).

Short-term neonatal outcomes for children up to a cor-

rected age of 3 months in this follow-up study showed a

higher incidence of intubation in the atosiban group,

whereas the median ventilation duration for nifedipine was

non-significantly longer (Table 2). Mothers in the partici-

pating group were older and were more often white, highly

educated and nulliparous, compared with mothers in the

non-participating group (Table S2). There were no differ-

ences in short-term neonatal outcomes when comparing

children who did and did not participate in the follow-up

(Table S3).

Main outcome

Developmental questionnaires
We received and included 225 ASQ-3 questionnaires. We

excluded any subscales that were filled in erroneously.10 In
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the BRIEF-P analysis, 11 completed questionnaires were

discarded for inconsistent and/or high negativity score (i.e.

negative bias of the parent) and two questionnaires because

of too many missing items. Ten CBCL questionnaires had

too many missing items and were therefore excluded from

the analysis. Developmental outcomes are shown in

Table 3.

Neurodevelopmental delay (ASQ-3) did not differ

between the nifedipine and atosiban groups (25 versus 28%

abnormal score, OR 0.92, 95% CI 0.50–1.71).
Executive function disorders (BRIEF-P) were also similar

in both groups (8.3 versus 9.8% abnormal score, OR 0.81,

95% CI 0.32–2.04). Behavioural problems (CBCL) were

also comparable between the nifedipine and atosiban

groups (9.0 versus 6.7% abnormal score, OR 1.32, 95% CI

0.47–3.72). Summarising the outcomes of the ASQ-3,

BRIEF-P and CBCL questionnaires, there were no signifi-

cant differences between the nifedipine and atosiban

exposed groups (30 versus 38% with any abnormal ques-

tionnaire score, OR 0.74, 95% CI 0.41–1.34). Only for the

ASQ-3 problem-solving scale was there a significantly lower

incidence of abnormal scores in the nifedipine group (4.4

versus 12.0%, OR 0.34, 95% CI 0.12–0.99).

General health questionnaire
No differences in general health were found between the

nifedipine and atosiban groups with respect to hospital

admissions, surgery, specialist visits (divided into general

practitioner, developmental specialist and medical special-

ist) and medication use. Given that no differences were

found for different subtypes (e.g. antibiotics or anti-epilep-

tics), we only reported on total medication use (Table 4).

Subgroup analysis
There were no significant interactions (P < 0.05) between

treatment allocation and subgroups of women with and

without intact membranes, singleton and multiple pregnan-

cies, gestational age at delivery <32+0 versus ≥32+0 weeks of

gestation and <35+0 versus ≥35+0 weeks of gestation

(Table S4).

Sensitivity analysis
A total of 24 children died during the study: 23 in the peri-

natal period and one during follow-up. In a sensitivity

analysis, the overall neonatal and childhood mortality from

randomisation until follow-up was 16/297 in the nifedipine

group and 8/294 in the atosiban group (5.4 versus 2.7%,

510 women randomised

254 nifedipine

5 withdrew consent 1 lost to follow-up
248 women analysed

297 children 
analysed

53 children excluded
36: child > 66 months

16: perinatal death
1: maternal psych. disorder

206 women
244 children eligible

107 women lost to 
follow-up

81: no response
17: refusal

5: emigra�on
4: no address

99 women completed 
ques�onnaires 

encompassing data of 
115 children (33 part of 

twin)

256 atosiban

0 withdrew consent 1 lost to follow-up
255 women analysed

294 children 
analysed

45 children excluded
36: child > 66 months

7: perinatal death
1: deceased during FU

1: maternal psych. disorder

220 women
249 children eligible

123 women lost to 
follow-up

100: no response
15: refusal

5: emigra�on
3: no address

97 women completed 
ques�onnaires 

encompassing data of 
110 children (26 part of 

twin)

Figure 1. CONSORT flow diagram of the APOSTEL III trial and its follow-up.19 , APOSTEL III RCT; , APOSTEL III Follow-up.
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OR 2.06, 95% CI 0.86–4.95). There were 190/297 healthy

survivors in the nifedipine group versus 159/294 healthy

survivors in the atosiban group (64 versus 54%, OR 1.50,

95% CI 1.06–2.12), and there were 91/297 children with

any abnormal questionnaire score in the nifedipine group

versus 127/294 children in the atosiban group (31 versus

43%, OR 0.58, 95% CI 0.41–0.83).

Discussion

Main findings
In this long-term follow-up study, we found comparable

outcomes in children exposed in utero to nifedipine or

atosiban in the composite broad developmental scores, as

well as in individual neurodevelopmental, executive func-

tional, behavioural and health outcomes. We did find a sig-

nificant difference in the ASQ-3 problem-solving scale in

favour of nifedipine. No additional interactions could be

found between treatment allocation and subgroups with

respect to intact or ruptured membranes, singleton and

multiple pregnancies and gestational age at delivery.

Strengths and limitations
There are several strengths of this study. First, this is the

first published follow-up study of an RCT describing the

Table 1. Baseline maternal characteristics according to treatment

arm

Nifedipine

(n = 99)

Atosiban

(n = 97)

P

Age (years) 31.1

(28.3–34.2)

30.6

(27.9–33.1)

0.34

Body mass index

(kg/m2)a
23.6

(21.5–26.0)

23.1

(21.2–25.7)

0.66

Whiteb 82 (89%) 82 (89%) 1.00

Educational levelc

Primary school 1 (2.6%) 2 (5.4%) 0.51

Secondary school 0 (0.0%) 0 (0.0%)

Lower professional

education

2 (5.1%) 2 (5.4%)

Medium professional

education

13 (33%) 11 (30%)

Higher professional

education

18 (46%) 12 (32%)

University 5 (13%) 10 (27%)

Nulliparous 73 (74%) 75 (77%) 0.62

History of preterm birth 9 (9.1%) 8 (8.2%) 1.00

Gestational age at

randomisation

30.6

(28.5–32.6)

30.6

(28.4–31.9)

0.47

Multiple gestation 17 (17%) 13 (13%) 0.55

PPROM 38 (38%) 31 (32%) 0.37

Cervical length (mm)d 17.0 (9.0–22.2) 13.0 (7.0–17.5) 0.12

Dilatatione 1.0 (1.0–2.0) 1.0 (0.0–2.5) 0.48

Outcome data are n (%) or median (IQR).
aNifedipine, n = 82; atosiban, n = 83.
bNifedipine, n = 92; atosiban, n = 92.
cNifedipine, n = 39; atosiban, n = 37.
dNifedipine, n = 64; atosiban, n = 55.
eNifedipine, n = 46; atosiban, n = 51.

Table 2. Short-term neonatal outcomes of children participating in

the follow-up study9

Nifedipine

(n = 115)

Atosiban

(n = 110)

P

Gestational age at

birth

33+0 (30+3–35+2) 31+6 (29+4–34+5) 0.16

Gestational age at birth

<28 weeks 10 (8.7%) 13 (11%) 0.44

28–32 weeks 38 (33%) 42 (38%)

>32 weeks 67 (58%) 55 (50%)

Adverse perinatal

composite

outcomea

13 (11%) 15 (14%) 0.60

Bronchopulmonary

dysplasia

4 (3.5%) 7 (6.4%) 0.33

Culture-proven

sepsis

11 (9.6%) 8 (7.3%) 0.54

Intraventricular

haemorrhage

(grade ≥3)

2 (1.7%) 0 (0.0%) —

Periventricular

leukomalacia

(grade ≥2)

0 (0.0%) 1 (0.9%) —

Necrotising

enterocolitis

(stage ≥2)

4 (3.5%) 1 (0.9%) 0.22

NICU admissionb 66 (57%) 71 (65%) 0.26

Length (days)d 14.5 (6.0–38.5) 18.0 (7.0–43.5) 0.75

Intubationc 11 (9.6%) 24 (23%) 0.017

Length (days)d 6.0 (2.0–13.5) 2.5 (1.0–5.2) 0.082

Any hospital

admission

103 (90%) 102 (93%) 0.41

Days in hospital 32.0 (18.5–54.0) 34.0 (21.0–62.0) 0.85

Apnoea 8 (7.0%) 13 (12%) 0.12

Asphyxia 0 (0.0%) 1 (0.9%) —

Proven meningitis 2 (1.7%) 0 (0.0%) —

Birthweight (g) 1920 (1553–2629) 1805 (1368–2419) 0.15

Outcome data are n (%) or median (IQR). Data are reported until

the corrected age of 3 months.
aComposed of perinatal in-hospital mortality and the following

perinatal morbidities: bronchopulmonary dysplasia, culture-proven

sepsis, intraventricular haemorrhage higher than grade 2,

periventricular leukomalacia higher than grade 1 and necrotising

enterocolitis higher than Bell’s stage 1.
bNifedipine, n = 115; atosiban, n = 109.
cNifedipine, n = 114; atosiban, n = 106.
dOnly reported for neonates who were admitted to the neonatal

intensive care unit (NICU) or who underwent intubation.
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long-term effects of atosiban on children’s development.

This study contributes to the available knowledge about the

long-term effects of two widely used tocolytics.

Second, responses to the questionnaires were scrutinised

and were not used if there were any doubts about the

veracity of the responses.

Third, the response rate of 46% in our study is reason-

able, considering that follow-up studies in the same field

yielded similar rates,6,20,21 and the extensive effort leading

to this result.

Several limitations require comment. First, the sample

size was limited by the number of participants of the

APOSTEL III trial willing to participate in the follow-up.

To investigate the representativeness of the sample, baseline

maternal and short-term neonatal outcomes (i.e. up until

discharge) were compared between participants and non-

Table 3. Abnormal outcomes by treatment arm

Domain Nifedipine (n = 115) Atosiban (n = 110) OR 95% CI P

No. abnormal No. abnormal

Abnormal total score on any

questionnaire

ASQ and/or BRIEF-P and/or CBCL

abnormal score

32/107 (30%) 38/100 (38%) 0.71 0.39–1.29 0.26

Neurodevelopment: ASQ-3

abnormala
Communication scale 9/113 (8.0%) 9/107 (8.4%) 0.79 0.28–2.17 0.64

Gross motor scale 8/110 (7.3%) 7/106 (6.6%) 1.07 0.37–3.13 0.89

Fine motor scale 18/112 (16%) 14/106 (13%) 1.46 0.65–3.29 0.36

Problem solving scale 5/113 (4.4%) 13/107 (12%) 0.33 0.11–0.98 0.047

Personal social scale 10/113 (8.8%) 10/107 (9.3%) 0.98 0.37–2.57 0.97

Total neurodevelopmental delay 28/111 (25%) 30/107 (28%) 0.92 0.49–1.73 0.79

Executive function: BRIEF-P

abnormalb
Inhibitory self-control index: inhibit

and emotional control scales

9/108 (8.3%) 9/103 (8.7%) 0.94 0.36–2.47 0.90

Flexibility index: shift and emotional

control scales

10/108 (9.3%) 12/104 (12%) 0.73 0.30–1.77 0.48

Emergent metacognition index:

working memory and plan/organise

scale

6/108 (5.6%) 10/103 (9.7%) 0.66 0.23–1.94 0.45

Total executive function disorders 9/108 (8.3%) 10/102 (9.8%) 0.79 0.31–2.01 0.62

Behaviour: CBCL abnormalc Internalising scale 10/111 (9.0%) 7/104 (6.7%) 1.32 0.48–3.62 0.59

Externalising scale 9/111 (8.1%) 5/104 (4.8%) 1.67 0.55–5.08 0.36

Total behavioural problems 10/111 (9.0%) 7/104 (6.7%) 1.31 0.46–3.74 0.62

According to the respective manuals, the cut-off values for defining an abnormal score are:
aAt least one developmental field scoring ≥2 SD below the mean.
bT-score of 65 or higher.
cT-score of 64 or higher.

Table 4. General health outcomes

Nifedipine (n = 115) Atosiban (n = 110) OR 95% CI P

Hospital admissions (any) 61/108 (57%) 53/108 (49%) 1.45 0.84–2.51 0.18

Hospital admissions (≥3) 14/108 (13%) 6/108 (5.6%) 3.18 1.05–9.66 0.041

Surgery (any) 38/110 (35%) 38/109 (35%) 1.03 0.58–1.84 0.92

Surgery (≥3) 8/110 (7.3%) 6/109 (5.6%) 1.54 0.48–4.90 0.47

Any specialist visits 91/112 (81%) 84/108 (78%) 1.47 0.72–3.00 0.29

General practitioner 65/112 (58%) 64/107 (60%) 0.98 0.55–1.76 0.96

Developmental specialist 55/110 (50 %) 48/107 (50%) 1.41 0.78–2.55 0.26

Medical specialist 79/112 (71%) 70/108 (65%) 1.43 0.76–2.68 0.27

Medication use (ever) 84/110 (76%) 75/109 (69%) 1.55 0.80–3.00 0.19

Medication use (current) 26/110 (24%) 25/109 (23%) 1.06 0.55–2.04 0.85
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participants of the follow-up study. We found small differ-

ences in maternal baseline characteristics and short-term

neonatal outcomes between both groups. This is consistent

with the phenomenon that participants of follow-up

research are generally older, more often white, higher edu-

cated and nulliparous than non-participants.22

Second, because of the non-significantly higher mortality

rate in the nifedipine group of the APOSTEL III trial, there

is a risk of bias because deceased and very disabled infants

are not able to participate in the follow-up. We investi-

gated this in a sensitivity analysis encompassing all children

of the original trial, including cases of perinatal and child

mortality. This showed no significant differences in overall

mortality. For surviving children, the rate of healthy sur-

vival was significantly higher in the nifedipine group. This

can only be regarded as an exploratory analysis, however,

and the result should be interpreted with caution. Out-

comes of children who did not participate could only be

estimated based on those of children who did participate in

the follow-up, thereby assuming that these groups are simi-

lar, whereas it is more likely that they are not. When data

are not missing at random, as is probably the case in this

study according to the follow-up baseline characteristics, all

imputation techniques may lead to inappropriate conclu-

sions.

Third, the choice of measuring the outcome by using

questionnaires requires comment. Obviously, objective data

from a professional observer in addition to the use of par-

ent-reported questionnaire data would be preferable,

although with large numbers of children this is difficult

and costly. Bringing children in for testing would have no

doubt further dwindled the numbers recruited to the study

groups. The questionnaires that we used are regarded as

validated screening tools for broad developmental prob-

lems. Moreover, our aim was not to make exact clinical

diagnoses but purely to demonstrate a potential difference

between the groups.

Interpretation (in light of other evidence)
Long-term follow-up of children exposed to tocolytics is

scarce. Only 16% of the large perinatal RCTs, including

tocolysis studies, report a follow-up of children, whereas

the development of the child is, besides child mortality, the

most important outcome.23

We believe that for making a proper assessment of the

superiority of either tocolytic, one should consider both

short-term and long-term outcomes, and stress that long-

term follow-up should become standard practice in all

obstetric intervention trials.

The previous APOSTEL II follow-up study compared the

long-term outcomes of maintenance treatment with

nifedipine versus placebo, using the ASQ-3 questionnaire.6

Overall, nifedipine-exposed children scored more poorly on

the fine-motor scale, but did better on the problem-solving

scale. Two other studies compared the long-term outcome

of children exposed to ritodrine and nifedipine. No differ-

ences between the groups were found.4,5 This study, there-

fore, contributes important information on the broad

development of children exposed to tocolytics.

Clinically, preterm birth is strongly associated with long-

term developmental problems. In our study, the nifedipine

group had both a non-significant higher healthy survival

and a higher mortality rate. In vitro studies have demon-

strated a potential neuroprotective effect of nifedipine,

which could be a pathophysiological explanation for the

better scores on the problem-solving scale in the nifedipine

group.24 Atosiban could have had a direct effect on the

fetal brain, although only a small portion of the peptide

reaches the child’s brain after placental transfer.25

There were small differences in short-term neonatal out-

comes among follow-up participants, where atosiban-ex-

posed children more often required intubation and

nifedipine-exposed children had a non-significantly longer

duration of intubation.

Based on our study, there seems to be a trade-off in the

outcome. This can be taken into consideration when coun-

selling a patient, although there is no compelling evidence

to favour one tocolytic over the other.

Conclusion

The APOSTEL III RCT found no differences in adverse

perinatal outcomes in infants exposed to nifedipine or

atosiban, and neither did this follow-up study in long-term

outcomes. Based on this evidence, there is no preference

for either nifedipine or atosiban in threatened preterm

birth.
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