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ABSTRACT

OBJECTIVE: To estimate costs of preterm birth in singleton and multiple pregnancies.

STUDY DESIGN: Cost analysis based on data from a prospective cohort study and three multicentre 

randomised controlled trials (2006-2012) in a Dutch nationwide consortium for women’s health 

research. Women with preterm birth before 37 completed weeks were included for analysis. 

Direct costs were estimated from a health care perspective, from delivery until discharge 

or decease of the neonates. Costs and adverse perinatal outcomes were measured. Adverse 

perinatal outcomes were defined as perinatal mortality, chronic lung disease, intraventricular 

haemorrhage ≥ grade 2, periventricular leukomalacia ≥ grade 1, proven sepsis or necrotizing 

enterocolitis. Using a moving average technique covering three weeks per measurement, costs 

and adverse perinatal outcomes per woman delivering for every week between 24 and 37 weeks 

are reported.

RESULTS: Data of 2,802 women were available of whom 1,503 (53.6%) had a preterm birth; 501 

in 1090 singleton (46%) and 1,002 in 1,712 multiple pregnancies (58.5%). The most frequent 

adverse perinatal outcomes were perinatal mortality, chronic lung disease and sepsis. For 

singleton pregnancies the peak of total costs was at 25 weeks (€88,052 per delivery), compared 

to 27 weeks for multiple pregnancies (€169,571 per delivery). The total costs declined rapidly 

with increasing duration of pregnancy. Major cost drivers were length of stay on the NICU and 

airway treatments. The peaks seen in costs paralleled with the prevalence of adverse perinatal 

outcomes.

CONCLUSIONS:  These data can be used to elaborate on the impact of preterm birth in case only 

data are available on duration of pregnancy.



6

Chapter

Neonatal costs and outcomes of preterm birth in the Netherlands   |    87

INTRODUCTION

Preterm birth is the most important issue in obstetric care in the developed world. Of all 

perinatal mortality, 50-70% occurs after preterm birth and it is a major cause of neonatal 

morbidity.1;2 Many developed countries have reported increasing preterm birth rates for the 

last two decades.3 Results from the Global Burden of Disease (GBD) Study 2010 show that 

preterm birth complications attributed for 3.1% to all DALYs (disability-adjusted life years). As a 

result, preterm birth was 8th on the GBD ranking in 2010, despite the improvement in neonatal 

treatment of preterm infants in the last decades4. Interventions that may delay preterm birth, 

like administration of progestagens or use of a cervical pessary, are currently focus of research.5-9

Preterm birth is important because of its adverse perinatal outcomes and of its associated health 

care costs. The annual financial burden of preterm birth in the USA was estimated to be $26 

billion in 2005.10 Phibbs et al. reported population-based data that can be applied to clinical 

trials to assess the impact on costs of potential interventions that delay preterm birth.11 They 

calculated (hospital) costs based on length of stay until discharge or neonatal death only, and 

found that potential savings were quite large; costs decreased from a median of $216,814 for 

infants born at 24 weeks to $591 for infants born at 37 weeks. They did not differentiate between 

singleton and multiple pregnancies, which is important as the risk of preterm birth and other 

pregnancy complications in multiple pregnancies is higher with inherent consequences on 

perinatal mortality and morbidity. 

 Reliable estimates of both neonatal mortality and morbidity as well as financial cost are 

needed, as these data could be used to compute neonatal outcomes and costs in studies that 

only have data available on duration of pregnancy.  In this study, we calculated costs of preterm 

birth using various perinatal outcomes in a large number of singleton and multiple pregnancies 

to indicate potential savings in managing preterm birth.

MATERIAL AND METHODS

Population

For our study we used data from one prospective cohort study and three multicentre randomised 

controlled trials (RCTs) on preterm birth performed in the Dutch consortium for women’s health 

research between 2006 and 2012. The prospective cohort study was the APOSTEL-I (NTR 1857), 

which evaluated the use of fetal fibronectin testing and cervical length in 714 women with 

threatened preterm labour.12 The APOSTEL-II trial (NTR 1336) compared maintenance tocolysis 

with nifedipine to placebo in 406 women with threatened preterm labour.13 The AMPHIA-trial 

(ISRCTN 40512715) compared weekly intramuscular injections of 17-alpha-hydroxyprogesterone 

caproate to placebo in 671 multiple pregnancies.14 The ProTWIN-trial (NTR 1858) compared a 

cervical pessary to expectant management in 813 multiple pregnancies.9 The full design and 

results of these studies have been described elsewhere.9;12-14
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For this study, we included all women from whom complete data was available for perinatal 

outcomes and costs. We extracted data on 2802 women. Of these women, 1090 (39%) had a 

singleton pregnancy and 1712 (61%) had a multiple pregnancy resulting in the overall birth 

of 4552 infants (Figure 1). All women were followed until final discharge and the children were 

followed until death or discharge from the neonatal unit. 

 We measured adverse perinatal outcomes as follows. The composite adverse perinatal 

outcome consisted of perinatal mortality, chronic lung disease (in need of oxygen at 28 days 

after birth or clinically determined bronchopulmonary dysplasia), intraventricular haemorrhage 

≥ grade 2, periventricular leukomalacia  ≥ grade 1, proven sepsis or necrotizing enterocolitis. A 

combination of these diagnoses was also possible.

 We measured all neonatal resources uses in the postpartum period. Each resource use 

was multiplied by its unit price; e.g. the total days of admission on the neonatal care unit were 

multiplied by the daily costs of admission. Finally, all costs per women were summed leading 

to total neonatal costs per woman. For multiple pregnancies the costs of the neonates were 

summed, as this reflects the accurate costs of a multiple pregnancy as a whole. Resource use 

was collected from original case record forms. Days of admissions were determined separately 

for the neonatal care units (intensive, high, medium), maternity ward and home care to allow 

differentiation in associated costs. Costs of additional care, e.g. neonatal surfactant, days of 

intubation, continuous positive airway pressure (CPAP) and radiologic procedures, were taken 

into account. 

 Unit costs were estimated according to recent guidelines on costing of health care services.15 

Unit cost estimates were retrieved from the financial department of one academic hospital and 

one non-academic hospital. We subtracted the costs that did not apply for our population (top-

down approach). For medication costs we used the Dutch pharmacotherapeutical register.16 All 

costs were expressed in 2011 Euros and inflated where appropriate using the consumer pricing 

index.17 Annual discounting was not relevant because the costs were made within one year.18;19

 

Analysis

The unit of analysis for all perinatal outcomes and costs was the woman delivering. We 

differentiated between singleton and multiple pregnancies. We investigated the course 

of perinatal outcomes and costs per week of gestation. We reported resource uses with the 

associated costs in women who delivered at 24-28 weeks, 28-32 weeks, 32-36 weeks and >36 

weeks, respectively.20 Furthermore, we summed the costs per week of gestation, of which we 

reported the mean, median and interquartile (25th and 75th) ranges since costs are often skewed. 

A moving average technique was used for perinatal outcomes and costs covering a range of 

three weeks of gestation to address the small number in each stratum. Calculating the mean 

prevalence of perinatal outcomes or costs for a specific week included the mean of that week 

and the preceding and following week. The moving average technique smooths fluctuations 



90    |    Chapter 6

caused by the small numbers in each stratum, thus resulting in a more reliable reflection of 

the mean outcomes over time.21 Statistical and economic analyses were performed using SPSS 

version 18.0 (Chicago, IL, USA) and Microsoft Excel 2003.

RESULTS

Population

Of 2,802 women, 1503 (53.6%) had a preterm birth before 37 weeks of gestation; 501 in 1090 

singleton (46%) and 1,002 in 1712 multiple pregnancies (58.5%). Thirtysix multiple pregnancies 

(2%) ended in preterm birth <24 weeks. For singleton pregnancies these numbers were not 

available because the trials only included women with a singleton pregnancy ≥24 weeks.

Perinatal outcomes

In singletons, perinatal mortality and neonatal morbidity rates were high in extremely preterm 

infants (<28 weeks) 20. The rates for perinatal mortality rapidly decreased from 50% at 24 weeks 

to 24% at 26 weeks and to percentages <10% at higher gestational ages. The same statement 

holds for neonatal morbidity; these rates rapidly decreased from 58% at 26 weeks to 2% at 34 

weeks (Figure 2a).

 Infants born from multiple pregnancies had higher rates for perinatal mortality compared 

to singletons and remained high until 29 weeks of gestation. Multiples also had higher rates for 

neonatal morbidity, except for infants born between 24-26 weeks, which is probably explained 

by the small numbers of infants born in this pregnancy time frame. A peak of 60% was seen at 27 

weeks, with a rapid decrease to 10% at 34 weeks (Figure 2b).

FIGURE 2a - Perinatal outcomes in weeks of gestation for singleton pregnancies by using moving average 
technique
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FIGURE 2b - Perinatal outcome in weeks of gestation for multiple pregnancies by using moving average 
technique
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FIGURE 3a - Adverse perinatal outcomes in weeks of gestation for singleton pregnancies
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FIGURE 3b - Adverse perinatal outcomes in weeks of gestation for multiple pregnancies
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For singletons, adverse perinatal outcomes rates rapidly decreased as gestation increased, from 

100% at 24 weeks to 3% at 34 weeks (Figure 3a). Sepsis was a frequent diagnosis with rates 

between 46% at 25 weeks and 25% at 28 weeks of gestation. Chronic lung disease peaked 

with 36% at 26 weeks of gestation, thereafter rates decreased in parallel with rates of sepsis. 

Periventricular leukomalacia and necrotizing enterocolitis were less prevalent with rates of <10%. 

In multiple pregnancies, all derivatives of neonatal morbidity showed higher rates compared 

to singletons (Figure 3b). Moreover, adverse perinatal outcome rates remained high further 

into the pregnancy and the slope was less steep. Again sepsis and chronic lung disease were 

the most frequent diagnoses with a peak at 26 weeks and rates of 47% and 48%, respectively. 

Periventricular leukomalacia was nearly 10% up to 28 weeks and necrotizing enterocolitis was 

20% at 25-26 weeks.

Costs

The mean resource uses, for women who deliver at 24-28 weeks, 28-32 weeks, 32-36 weeks and 

above 36 weeks, are shown in Supplements 1 and 2 for singleton and multiple pregnancies 

respectively. The main cost driver (for both singletons and multiples) was the length of stay at 

a neonatology ward, especially the neonatal intensive and medium care unit. Additional cost 

drivers were airway treatments (CPAP, intubation and treatment with surfactant). 

TABLE 1- Distribution of costs of neonatal care by weeks of gestation for singleton pregnancies by using 
moving average technique

 Costs (€)  

GA N Mean Median IQR
25th

IQR
75th Total

<24 x x x x x x

24 2 88,052 91,397 2,228 103,442 226,864

25 8 83,774 86,781 19,837 102,084 501,377

26 18 71,821 73,619 36,981 92,734 1,353,915

27 26 70,984 65,972 49,717 81,955 2,016,949

28 32 60,783 53,611 41,851 66,291 1,925,056

29 41 45,444 38,279 29,515 50,503 1,829,223

30 42 34,510 31,513 21,846 41,962 1,325,488

31 68 26,296 23,070 14,101 32,314 1,860,270

32 41 21,157 17,898 11,370 28,258 828,892

33 43 15,912 12,254 7,273 21,179 694,085

34 56 11,222 8,339 5,093 16,383 650,822

35 51 6,492 4,459 2,079 8,709 301,052

36 73 2,924 1,395 561 3,956 142,510

>=37 589 1,434 397 0 1,412 539,860

Total 1090

GA, gestational age (weeks); IQR, interquartile ranges
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Data on the distribution of costs by week of gestation are reported for singletons in Table 1 and 

for multiples in Table 2. Costs rapidly decreased as gestation increased. A peak of the mean costs 

for singletons was seen at 24 weeks (€88,052 per delivery) and for multiples at 27 weeks (€169,571 

per delivery) (Figures 4a&b). This peak coincided with the peak rates of neonatal morbidity. When 

a singleton pregnancy of 24 weeks could be delayed to 26 weeks, costs decreased with €16,231. 

With a delay from 26 weeks to 28 weeks and 32 to 34 weeks the postpartum costs decreased 

by €11,039 and €9,935 respectively. When a multiple pregnancy could be delayed, a different 

pattern was seen; first a sharp increase in costs if a pregnancy could be delayed from 24 to 26 

weeks (€89,529). Hereafter, a steep decrease of costs of €34,016 for a delay from 26 to 28 weeks 

and €12,534 for a delay from 32 to 34 weeks of gestation. 

TABLE 2 - Distribution of costs of neonatal care by weeks of gestation for multiple pregnancies by using 
moving average technique

 Costs (€)  

GA N Mean Median
IQR
25th

IQR
75th

Total

<24 36 41,700 407 0 57,391 204,231

24 10 79,572 54,522 28,532 110,578 777,261

25 11 141,598 117,982 61,830 192,214 1,708,469

26 13 169,100 168,151 97,536 220,326 2,492,793

27 20 169,571 148,327 92,261 201,877 3,204,630

28 38 135,084 117,578 81,533 164,762 5,955,708

29 30 102,048 86,813 55,226 126,665 2,648,770

30 45 60,013 67,871 42,647 93,657 2,750,459

31 53 44,405 45,321 26,586 70,169 1,623,105

32 71 33,991 32,715 21,484 55,420 2,944,226

33 115 30,129 22,542 13,837 42,950 3,436,251

34 137 21,457 15,636 9,285 28,373 2,608,420

35 177 14,306 9,624 4,987 17,549 2,734,840

36 246 8,618 4,313 1,957 9,687 2,072,860

>=37 710 5,201 1,587 0 4,833 1,402,989

Total 1712

GA, gestational age (weeks); IQR, interquartile ranges
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FIGURE 4a - Course of costs in weeks of gestation for singleton pregnancies
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FIGURE 4b - Course of costs in weeks of gestation for multiple pregnancies

COMMENT

Main findings

This study is a cost analysis based on prospectively obtained data and gives insight in various 

perinatal outcomes in singleton and multiple pregnancies that ended in a preterm birth before 

37 weeks and associated costs. For singletons a peak of total costs was seen at 24 weeks (€88,052 

per delivery), whereas for multiples this peak was seen at 27 weeks (€169,571 per delivery). 

Thereafter, costs rapidly decreased by increase of duration of pregnancy; this decrease was 

sharper for multiples than for singletons. The difference in peak of costs for singletons and 

multiples is explained by the fact that multiple pregnancies more often resulted in perinatal 
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mortality of at least one child, thus limiting the costs up to 27 weeks. Hereafter, when most 

infants survived, costs rapidly increased because of high rates of neonatal morbidity. The peaks 

seen in costs were in parallel with the prevalence of adverse perinatal outcomes. 

Strengths and Limitations

A major strength of our study is that our data were derived from prospective studies. By 

merging data from the individual studies larger sample sizes were available for more reliable 

data on outcome measures. Furthermore, we have differentiated between singleton and 

multiple pregnancies and our study has a high external validity as a result of a large diversity 

of participating hospitals. A limitation is that, even by merging data, the extremely premature 

infants are still small in number, but by using a moving average technique we reduced the 

influence of variation caused by small numbers. Given the small percentage of missing data on 

perinatal outcomes and costs (1.8%) we have not performed a multiple imputation analysis, since 

it is highly unlikely this would have altered our findings. Furthermore, we had to extrapolate unit 

cost estimates based on data retrieved from two hospitals, thereby reducing diversity in costs. 

However, we believe these costs are representative for the other hospitals in the Netherlands. 

 We only reported on short-term outcomes and direct health care costs. Mangham et al. 

analysed costs after a preterm birth surviving up to 18 years of age. They found that the largest 

contribution to the economic implications of preterm birth are hospital inpatient costs directly 

after birth, which are responsible for 92% of the incremental costs per preterm survivor.22 A 

different perspective to evaluate health care costs is to use a societal perspective where not 

only costs on health services are included but also costs on other public sector budgets as well 

on patients and carers themselves.23 This includes for example travel expenses by parents to 

visit the hospital and lost earnings for not being able to work. Although this approach would 

have been more comprehensive and recommended by a recent review, these data were not 

available for our cohort.24 On the other hand, Tommiska et al. have shown in their cost analyses 

for extremely low birth weight infants parents’ costs were only 4% compared to the hospital 

costs in the initial hospitalisation period.25 Therefore, we think our study still largely reflects the 

economic implications of preterm birth for singletons and multiples.

Interpretation 

Our study reported higher rates of perinatal mortality and neonatal morbidity in infants born 

at 24-25 weeks in comparison with other countries.26-28 During the study period of 2006-2012, 

there was a change in clinical practice regarding the management of extremely premature 

infants. In 2010, a national multidisciplinary guideline was implemented by the obstetricians 

and neonatologists to allow active management of premature infants born between 240/7-250/7 

weeks.29 Before 2010, infants born <250/7 weeks were not actively managed unless their clinical 
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condition at birth was optimal. This policy was in contrast with more progressive management in 

neighbouring countries and the USA. Recent results from de Kluiver et al. showed that survival in 

the first 28 days after birth among infants born at 24-25 weeks of gestation drastically improved 

from 11% in 2010 to 43% in 2011 after implementation of the guideline.30

 In a comparable study by Phibbs et al.11, although having a larger sample size, the authors had 

to exclude large numbers of infants (14%) due to doubt about the quality of the data registries. 

Our study is the first to report costs for singleton and multiple pregnancies separately. Costs 

reported by Phibbs et al. were much higher compared to our study, even taking inflation into 

account; the difference in costs at 24 weeks varies between $116,733-144,490. The difference 

became smaller with an increase in gestation but still remain evident between $909 –17,978 at 

32 weeks. A possible explanation for this difference is the length of neonatal care stay. The total 

length of stay for 24-28 weeks was 80 days, whereas this was 64 days for singletons in our study. 

For 28-32 weeks this was 52 days compared to 43 days, respectively. Hereafter the differences 

disappear.

 Cost estimates together with results from RCTs are important for policy makers to define the 

strategies in daily clinical practice. A dilemma in clinical studies on preterm birth is the choice 

of the correct primary outcome measure. Whereas the aim of interventions for preterm birth is 

to improve long-term outcome for children, the most important pathway through which this 

is achieved is through an increase in duration of pregnancy. Although long-term outcomes are 

definitely the most relevant ones, clinicians experience two major shortcomings. First, long-term 

outcomes take time and money to collect. Second, long-term outcomes are at risk to be affected 

by lack of power. Sample sizes required for long-term outcomes are higher as not all preterm 

born children are suffering short or long-term morbidity and not all children delivered at term 

are free of suffering poor outcomes. Thus, the large majority of studies does not report long-

term outcomes.31 An alternative would be to determine the duration of pregnancy at birth and 

to assess short-term neonatal morbidity and further model the course of disease based on little 

existing data from cohort studies. To do so, there is a need to know the outcome of pregnancies 

ending in preterm birth in terms of short and long-term morbidity as well as costs. In this light 

our study gives useful information.

 Our results give perspective for interventions that could delay or prevent preterm birth and 

thereby lower costs and improve perinatal outcomes in singleton and multiple pregnancies. If 

promising interventions such as the administration of progestagens or use of a cervical pessary 

could delay preterm birth, even by one week, this has major consequences for both costs and, 

more importantly, perinatal outcomes.8;9;32;33 Our results could be used to estimate impact of 

delaying preterm delivery thereby enhancing duration of pregnancy and reducing costs. 
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SUPPLEMENTAL MATERIAL

SUPPLEMENT 1 - The average volumes of resource uses in neonatal care for singleton pregnancies (2011 €)

Volumes* Costs (€)**

GA < 24 24-28 28-32 32-36 > 36 < 24 24-28 28-32 32-36 > 36

 N 0 54 183 191 662 0 54 183 191 662

Neonatal admission IC days x 35.04 11.46 1.53 0.18 x 54,247 17,842 2,384 282

Neonatal admission HC days x 5.17 3.235 1.95 0.01 x 7,826 4,900 2,950 21

Neonatal admission MC days x 22.83 27.82 13.52 1.35 x 11,897 14,419 7,384 675

Neonatal admission Ward days x 1.07 0.81 0.56 0.70 x 0 0 0 0

Neonatal Home Care days x 0 0 0 0 x 0 0 0 0

Surfactant treatment x 0.43 0.31 0.09 0.04 x 439 315 92 45

Intubation days x 5.07 1.01 0.34 0.01 x 545 108 36 1

CPAP days x 16.74 4.86 0.36 0.05 x 570 166 12 2

CT scan unit x 0 0.02 0 0 x 0 3 0 0

Utrasound post partum unit x 4.30 3.17 0.69 0.04 x 134 99 21 1

X ray unit x 4.72 1.24 0.48 0.07 x 227 60 23 3

MRI unit x 0.09 0.05 0.01 0 x 23 12 3 0

GA, gestational age (weeks); *, mean volumes per woman; **,  per woman

SUPPLEMENT 2 - The average volumes of resource uses in neonatal care for multiple pregnancies (2011 €)

Volumes* Costs (€)**

GA < 24 24-28 28-32 32-36 > 36 < 24 24-28 28-32 32-36 > 36

 N 36 54 166 500 956 36 54 166 500 956

Neonatal admission IC days 0 75.72 34.17 3.42 0.24 0 118,155 53,236 5,340 360

Neonatal admission HC days 3.56 12.81 6.03 3.38 0.81 5,511 19,413 9,129 5,162 1,286

Neonatal admission MC days 0 17.56 29.64 26.07 3.79 0 10,230 14,334 12,732 1,895

Neonatal admission Ward days 0 1.24 4.03 1.93 2.28 0 0 0 0 0

Neonatal Home Care days 0 0 0 0 0.05 0 0 0 0 2

Surfactant treatment 0.06 1.37 0.69 0.07 0.25 57 1,413 714 74 1

Intubation days 0.14 11.91 1.79 0.38 1.07 15 1,280 192 41 27

CPAP days 1.67 18.50 9.58 1.19 0.01 57 630 326 41 36

CT scan unit 0.00 0.07 0.04 0.03 0.46 0 14 7 5 1

Utrasound post partum unit 0.50 4.98 4.54 1.10 0.29 16 156 142 34 14

X ray unit 0.36 5.07 2.01 0.38 0 17 244 97 18 14

MRI unit 0 0.02 0.02 0 0 0 5 4 0 0

GA, gestational age (weeks; *, mean volumes per woman; **,  per woman


