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CONTRIBUTION

What does this work add to what is already known?
Our study shows a significant positive change in
obstetric outcome in the Dutch pregnant population
after a nationwide randomized controlled trial (RCT),
the HYPITAT-I trial, which was published in 2009. We
observed a 13.1 percentage-point increase in induction
of labor in the period after the trial and a marked
decrease in maternal complications. Meanwhile, there was
a significant decrease in perinatal mortality in women with
hypertensive disorders of pregnancy, mostly due to lower
fetal mortality. The short period between the publication
of the trial results and the onset of the increase in induction
rates, in 2010, is suggestive of a direct association.

What are the clinical implications of this work?
We were able to evaluate the impact of this RCT and
whether expected results could be reflected in daily care.
This type of study is the only way to reveal unintended
collateral damage resulting from widespread adoption of
such intervention.

ABSTRACT

Objective The Hypertension and Preeclampsia Interven-
tion Trial At near Term-I (HYPITAT-I) randomized
controlled trial showed that, in women with gestational
hypertension or mild pre-eclampsia at term, induction
of labor, compared with expectant management, was
associated with improved maternal outcome without com-
promising neonatal outcome. The aim of the current study
was to evaluate the impact of these findings on obstetric
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management and maternal and perinatal outcomes in The
Netherlands.

Methods We retrieved data for the period 2000–2014
from the Dutch National Perinatal Registry, including
143 749 women with gestational hypertension or pre-
eclampsia and a singleton fetus in cephalic presentation,
delivered between 36 + 0 and 40 + 6 weeks of gestation
(hypertensive disorder of pregnancy (HDP) group). Preg-
nant women without HDP were used as the reference
group (n = 1 649 510). The HYPITAT-I trial was con-
ducted between 2005 and 2008. To study the impact of
HYPITAT-I, we compared rate of induction of labor,
mode of delivery and maternal and perinatal outcomes
in the periods before (2000–2005) and after (2008–
2014) the trial. We also differentiated between hospitals
that participated in HYPITAT-I and those that did not.

Results In the HDP group, the rate of induction of
labor increased from 51.1% before the HYPITAT-I trial
to 64.2% after it (relative risk (RR), 1.26; 95% CI,
1.24–1.27). Maternal mortality decreased from 0.022%
before the trial to 0.004% after it (RR, 0.20; 95% CI,
0.06–0.70) and perinatal death decreased from 0.49%
to 0.27% (RR, 0.54; 95% CI, 0.45–0.65), which was
attributable mostly to a decrease in fetal death. Both
the increase in induction rate and the reduction in
hypertensive complications were more pronounced in
hospitals that participated in the HYPITAT-I trial than
in those that did not. Following HYPITAT-I, the rate
of induction of labor also increased (by 4.6 percentage
points) in the reference group; however, the relative
increase in the HDP group (13.1 percentage points)
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was significantly greater (P < 0.001 for the interaction).
The reduction in maternal and perinatal deaths did not
differ significantly between the HDP and reference groups.
There was a decreased incidence of placental abruption in
both HDP and reference groups, which was significantly
greater in the HDP than in the reference group (P < 0.001
for the interaction). There was also an increased incidence
of emergency Cesarean section in both HDP and reference
groups; however, this change was significantly greater in
the reference than in the HDP group (P < 0.001 for the
interaction).

Conclusion Following the HYPITAT-I trial, there was a
higher rate of induction of labor and improved obstetric
outcome in term pregnancies complicated by HDP in The
Netherlands. Copyright © 2019 ISUOG. Published by
John Wiley & Sons Ltd.

INTRODUCTION

Hypertensive disorders of pregnancy (HDP), such as
gestational hypertension and pre-eclampsia, complicate
about 10% of gestations and are major contributors
to maternal and neonatal morbidity and mortality1–4.
Despite extensive research efforts, the best treatment for
HDP currently available is delivery of the placenta1.

The Hypertension and Preeclampsia Intervention Trial
At near Term-I (HYPITAT-I) randomized clinical trial,
carried out from October 2005 to March 2008, showed
that, compared to expectant management, induction
of labor in women with gestational hypertension or
mild pre-eclampsia at term is associated with improved
maternal outcome, without affecting Cesarean-section
rate and without compromising neonatal outcome or
maternal quality of life5. An economic analysis performed
alongside the trial showed that induction of labor for this
indication reduces medical costs by 10%5–7. Induction
of labor in women with gestational hypertension or
pre-eclampsia at term has, therefore, been recommended
in many guidelines8,9.

In The Netherlands, the HYPITAT-I trial results were
followed almost immediately by an increase in induction
rate in women with HDP, from 58.3% before the trial
(January 2001–October 2005) to 67.1% after it (April
2008–December 2009), and a significant decrease in
eclampsia, from 0.85% before the trial to 0.19% after
it10. This phenomenon was more pronounced in hospitals
that had participated in the trial10.

In 2017, Cluver et al.11 published a Cochrane review
studying the effect of induction of labor for pregnancy
complicated by hypertension after 34 weeks. Aggregated
data from five studies showed a decrease in maternal
hypertensive complications in the immediate-delivery
group. However, due to a high level of heterogeneity,
data on neonatal outcome could not be pooled. A recently
published meta-analysis12 also showed that immediate
delivery reduces the risk of maternal complications in
HDP, whilst the effect on the neonate depends on
gestational age; immediate delivery in the 35th week
of gestation was associated with an increased risk of

respiratory distress syndrome, but immediate delivery in
the 36th week was not.

The aim of this study was to examine further the
impact of the HYPITAT-I study findings on obstetric
management and subsequent maternal and perinatal
outcome in women with HDP in The Netherlands.

PATIENTS AND METHODS

Study design

For this cohort study, we used aggregated data from
the Dutch National Perinatal Registry (Perined13, a
population-based cohort) from the period 2000–2014.
The Perinatal Registry comprises three different reg-
istries of hospital admissions of newborn infants: a
midwife-led-care registry (LVR1, Landelijke Verloskunde
Registratie), an obstetrician-led-care registry (LVR2) and
a neonatology registry (LNR, Landelijke Neonatologie
Registratie). According to Dutch regulations, use of data
from this type of registry study does not require review
by an institutional review board or ethics committee. We
obtained approval from the Dutch Perinatal Registry to
analyze and report data.

The inclusion period of the HYPITAT-I trial was from
October 2005 to March 20085. To study the impact
of HYPITAT-I on perinatal outcome, we distinguished
periods before (2000–2005, inclusive), during (2006–
2007) and after (2008–2014) the trial. Our analysis was
limited to women ≥ 18 years of age, with a singleton
pregnancy in cephalic presentation, who delivered
between 36 + 0 and 40 + 6 weeks’ gestation.

We analyzed two different groups. The HDP group
included 143 749 pregnant women with gestational
hypertension (diastolic blood pressure ≥ 95 mmHg after
20 weeks’ gestation) or pre-eclampsia (diastolic blood
pressure ≥ 90 mmHg with proteinuria). The reference
group included 1 649 510 pregnant women with neither
gestational hypertension nor pre-eclampsia. Within the
HDP group, we differentiated between patients from
hospitals which had participated in HYPITAT-I and those
from hospitals which had not participated in the trial.

Outcome measures

As outcome measures, we studied type of onset of labor,
mode of delivery, maternal complications and perinatal
complications5. Onset of labor was classified as sponta-
neous onset of labor, induction of labor (Foley balloon
catheter, oral or vaginal prostaglandins, or amniotomy
followed by oxytocin) or elective Cesarean section. Mode
of delivery was reported as spontaneous vaginal delivery,
instrumental vaginal delivery (vacuum or forceps extrac-
tion), elective Cesarean section or emergency Cesarean
section. Maternal morbidity included diastolic blood pres-
sure ≥ 110 mmHg, eclampsia, hemolysis, elevated liver
enzymes and low platelets syndrome (HELLP syndrome),
postpartum hemorrhage (PPH) ≥ 1 L, placental abruption
and infection. Maternal mortality was registered by
the Dutch Maternal Mortality Committee. Perinatal
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complications included infection, 5-min Apgar score < 7
and perinatal death, which was subdivided into fetal death
(stillbirth and intrapartum death ≥ 22 + 0 weeks’ gesta-
tion) and neonatal death (mortality ≤ 7 days after birth).
Neonatal infection was defined as a suspected infection
of the neonate or requirement for antibiotic treatment
of the neonate in the first week postpartum, as recorded
in one of the three different registries (LVR1, LVR2 and
LNR) of hospital admissions of newborn infants.

Statistical analysis

We compared the rates of the outcomes in the period
before, with those in the period after, HYPITAT-I using
the chi-square test and Fisher’s exact test. For onset of
labor and mode of delivery, we analyzed all categories
separately, comparing them with the remaining categories
combined (excluding missing data). We calculated the
‘3-year moving average’ for graphical presentations
where indicated. In the HDP group, we performed
a subgroup analysis, comparing data from hospitals
which participated in HYPITAT-I with data from those
which did not participate in the trial. We examined
differences in the changes in the HDP group with those
in the reference group by logistic regression analysis.
P < 0.05 was considered to indicate statistical significance.
Statistical analysis was performed using OpenEpi® (Open
Source Epidemiologic Statistics for Public Health, Version
3.01; www.OpenEpi.com) and SPSS (IBM SPSS Statistics
version 22 for Windows, IBM Corp., Armonk, NY, USA).

RESULTS

In total, we studied 1 793 259 women with a singleton
pregnancy delivered between 36 + 0 and 40 + 6 weeks.
Of these women, 143 749 (8.0%) had HDP (including

55 780 delivered before, 17 079 during and 70 890 after
the trial) and 1 649 510 (92.0%) did not (reference
group, including 658 580 delivered before, 212 588
during and 778 342 after the trial). Of the women with
HDP, 68 163 (47%) were from one of the 38 hospitals
that participated in HYPITAT-I and 75 586 (53%) were
from one of the 81 hospitals that did not participate
in the trial. Before HYPITAT-I (2000–2005), 7.8% of
the women had a diagnosis of gestational hypertension
or pre-eclampsia, compared with 8.3% in the period
after the trial (2008–2014) (P < 0.001). Outcomes of the
HDP group are presented in Tables 1–4, and those of the
reference group in Table 5.

Onset of labor

In the HDP group, the rate of induction of labor increased
by 13.1% after HYPITAT-I (51.1% before vs 64.2% after
the trial; relative risk (RR), 1.26; 95% CI, 1.24–1.27)
(Table 1, Figure 1). There was a corresponding decrease
in gestational age at delivery in pregnancies with HDP
after the trial (Figure 2). The proportion of deliveries
increased mainly between 37 + 0 and 37 + 6 weeks of
gestation, probably because of an increased induction
rate in this group in the period after the trial (Figure 3).
The induction rate in this group increased from 60.6%
in the period before to 77.7% in the period after
the trial (RR, 1.28; 95% CI, 1.26–1.31). In the group
delivered at 36–37 weeks’ gestation, the induction rate
increased from 43.4% before to 59.8% after the trial
(RR, 1.38; 95% CI, 1.32–1.44). However, from 2010,
a significant decline in induction rate was observed
in this group (P = 0.02). The 16.0 percentage-point
increase in induction rate in hospitals participating
in HYPITAT-I was significantly higher compared to

Table 1 Distribution of type of onset of labor in women with hypertensive disorder of pregnancy, in period before (2000–2005) and period
after (2008–2014) HYPITAT-I trial

Onset of labor Before HYPITAT-I After HYPITAT-I RR* (95% CI) P

All women
n 55 780 70 890
Spontaneous 24 002 (43.1) 20 639 (29.8) 0.69 (0.68–0.70) < 0.001
Induced 28 451 (51.1) 44 447 (64.2) 1.26 (1.24–1.27) < 0.001
Elective CS 3214 (5.8) 4135 (6.0) 1.02 (0.99–1.08) 0.136
Unknown 113 1669

Women delivered in HYPITAT-I hospital†
n 26 291 33 751
Spontaneous 12 153 (46.3) 2774 (30.0) 0.64 (0.63–0.66) < 0.001
Induced 12 725 (48.5) 21 146 (64.5) 1.33 (1.31–1.35) < 0.001
Elective CS 1363 (5.2) 1797 (5.5) 1.06 (0.99–1.13) 0.120
Unknown 50 985

Women delivered in non-HYPITAT-I hospital†
n 29 489 37 139
Spontaneous 11 849 (40.3) 10 816 (29.7) 0.74 (0.72–0.75) < 0.001
Induced 15 726 (53.4) 23 301 (63.9) 1.20 (1.18–1.21) < 0.001
Elective CS 1851 (6.3) 2338 (6.4) 1.02 (0.96–1.08) 0.520
Unknown 63 684

Unless stated otherwise, data are given as n or n (%), with percents calculated excluding missing data. *Comparison between period
before and period after trial. †Thirty-eight hospitals participated in HYPITAT-I trial and 81 hospitals did not. CS, Cesarean section;
RR, relative risk.
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Figure 1 Type of onset of labor in women with singleton pregnancy
affected by gestational hypertension or pre-eclampsia, delivering
between 36 + 0 and 40 + 6 weeks, according to year of delivery
(2000–2014). Red dashed rectangle indicates inclusion period of
HYPITAT-I trial and red dashed line indicates timing of
publication of HYPITAT-I trial in The Lancet (September 2009).

, Induction of labor; , spontaneous onset of labor;
, elective Cesarean section.

100

90

80

70

60

50

40

30

R
at

e 
of

 in
du

ct
io

n 
of

 la
bo

r 
(%

)

20

10

0

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

Year of delivery

Figure 3 Rate of induction of labor in women with singleton
pregnancy affected by gestational hypertension or pre-eclampsia,
delivering at different gestational ages between 36 + 0 and
40 + 6 weeks, according to year of delivery (2000–2014). Red
dashed rectangle indicates inclusion period of HYPITAT-I trial.
Induction of labor at: 36 + 0 to 36 + 6 weeks ( ); 37 + 0 to
37 + 6 weeks ( ); 38 + 0 to 38 + 6 weeks ( ); 39 + 0 to
39 + 6 weeks ( ); 40 + 0 to 40 + 6 weeks ( ).
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Table 2 Distribution of mode of delivery in women with hypertensive disorder of pregnancy, in period before (2000–2005) and period after
(2008–2014) HYPITAT-I trial

Mode of delivery Before HYPITAT-I After HYPITAT-I RR* (95% CI) P

All women
n 55 780 70 890
Spontaneous vaginal 36 197 (65.0) 47 124 (66.7) 1.03 (1.02–1.04) < 0.001
Instrumental vaginal 9184 (16.5) 9218 (13.0) 0.79 (0.77–0.81) < 0.001
Elective CS 3214 (5.8) 4135 (5.9) 1.02 (0.97–1.06) 0.514
Emergency CS 7133 (12.8) 10 161 (14.4) 1.12 (1.09–1.16) < 0.001
Unknown 52 252

Women delivered in HYPITAT-I hospital†
n 26 291 33 751
Spontaneous vaginal 17 372 (66.2) 22 619 (67.2) 1.02 (1.00–1.03) 0.006
Instrumental vaginal 4273 (16.3) 4393 (13.1) 0.80 (0.77–0.83) < 0.001
Elective CS 1363 (5.2) 1797 (5.3) 1.03 (0.96–1.10) 0.417
Emergency CS 3248 (12.4) 4838 (14.4) 1.16 (1.12–1.21) < 0.001
Unknown 35 104

Women delivered in non-HYPITAT-I hospital†
n 29 489 37 139
Spontaneous vaginal 18 825 (63.9) 24 505 (66.2) 1.04 (1.02–1.05) < 0.001
Instrumental vaginal 4911 (16.7) 4825 (13.0) 0.78 (0.75–0.81) < 0.001
Elective CS 1851 (6.3) 2338 (6.3) 1.01 (0.95–1.07) 0.833
Emergency CS 3885 (13.2) 5323 (14.4) 1.09 (1.05–1.12) < 0.001
Unknown 17 148

Unless stated otherwise, data are given as n or n (%), with percents calculated excluding missing data. *Comparison between period
before and period after trial. †Thirty-eight hospitals participated in HYPITAT-I trial and 81 hospitals did not. CS, Cesarean section;
RR, relative risk.

Table 3 Incidence of maternal complications in women with hypertensive disorder of pregnancy, in period before (2000–2005) and period
after (2008–2014) HYPITAT-I trial

Maternal complication Before HYPITAT-I After HYPITAT-I RR* (95% CI) P

All women
n 55 780 70 890
DBP ≥ 110 mmHg 11 484 (20.6)a 8528 (12.1)b 0.59 (0.57–0.60) < 0.001
Eclampsia 193 (0.35) 34 (0.05) 0.14 (0.10–0.20) < 0.001
HELLP syndrome 805 (1.4) 706 (1.0) 0.69 (0.62–0.76) < 0.001
PPH ≥ 1 L 2888 (5.3)c 5652 (8.1)d 1.52 (1.46–1.59) < 0.001
Placental abruption 106 (0.19) 47 (0.07) 0.35 (0.25–0.49) < 0.001
Maternal infection 86 (0.15) 115 (0.16) 1.05 (0.80–1.39) 0.721
Maternal death 12 (0.022) 3 (0.004) 0.20 (0.06–0.70) 0.010

Women delivered in HYPITAT-I hospital†
n 26 291 33 751
DBP ≥ 110 mmHg 5690 (21.7)e 3945 (11.8)f 0.54 (0.52–0.57) < 0.001
Eclampsia 114 (0.43) 11 (0.03) 0.08 (0.04–0.14) < 0.001
HELLP syndrome 406 (1.5) 320 (0.95) 0.61 (0.53–0.71) < 0.001
PPH ≥ 1 L 1487 (5.9)g 2820 (8.6)h 1.45 (1.36–1.54) < 0.001
Placental abruption 49 (0.19) 16 (0.05) 0.25 (0.14–0.45) < 0.001
Maternal infection 47 (0.18) 55 (0.16) 0.91 (0.62–1.34) 0.641
Maternal death 5 (0.019) 3 (0.009) 0.47 (0.11–1.96) 0.475

Women delivered in non-HYPITAT-I hospital†
n 29 489 37 139
DBP ≥ 110 mmHg 5794 (19.7)i 4583 (12.4)j 0.63 (0.61–0.65) < 0.001
Eclampsia 79 (0.27) 23 (0.06) 0.23 (0.15–0.37) < 0.001
HELLP syndrome 399 (1.4) 386 (1.0) 0.77 (0.67–0.88) < 0.001
PPH ≥ 1 L 1401 (4.8)k 2832 (7.7)l 1.60 (1.50–1.70) < 0.001
Placental abruption 57 (0.19) 31 (0.08) 0.43 (0.28–0.67) < 0.001
Maternal infection 39 (0.13) 60 (0.16) 1.22 (0.82–1.83) 0.329
Maternal death 7 (0.024) 0 (0.00) Not applicable 0.007

Unless stated otherwise, data are given as n or n (%), with percents calculated excluding missing data: an = 18, bn = 456, cn = 1741,
dn = 1339, en = 13, fn = 305, gn = 1260, hn = 967, in = 5, jn = 151, kn = 481 and ln = 372 cases missing. *Comparison between period
before and period after trial. †Thirty-eight hospitals participated in HYPITAT-I trial and 81 hospitals did not. DBP, diastolic blood pressure;
HELLP, hemolysis, elevated liver enzymes and low platelet count; PPH, postpartum hemorrhage; RR, relative risk.
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the 10.5 percentage-point increase in non-participating
hospitals (Table 1) (P < 0.001 for the interaction). In
the period before the trial, there were many more
inductions in the non-participating hospitals (P < 0.001),
while after the trial, this difference was greatly reduced
(P = 0.09).

The proportion of inductions in the reference group also
increased after HYPITAT-I, from 9.6% before to 14.2%
after the trial (RR, 1.48; 95% CI, 1.47–1.50) (Table 5).
This increase of 4.6 percentage points was significantly

less than the 13.1 percentage-point increase in the HDP
group (P < 0.001 for the interaction).

Mode of delivery

In the HDP group, the rate of elective Cesarean section
was similar between the two periods, while that of
instrumental vaginal delivery reduced from 16.5% before
HYPITAT-I to 13.0% after the trial (RR, 0.79; 95% CI,
0.77–0.81) (Table 2). The rate of spontaneous vaginal

Table 4 Incidence of perinatal complications in women with hypertensive disorder of pregnancy, in period before (2000–2005) and period
after (2008–2014) HYPITAT-I trial

Perinatal complication Before HYPITAT-I After HYPITAT-I RR* (95% CI) P

All women
n 55 780 70 890
Neonatal infection 430 (0.77) 529 (0.75) 0.97 (0.85–1.10) 0.615
5-min Apgar score < 7 1045 (1.9)a 1291 (1.8)b 0.97 (0.90–1.05) 0.491
Perinatal death 276 (0.49) 190 (0.27) 0.54 (0.45–0.65) < 0.001
Fetal death 203 (0.36) 128 (0.18) 0.50 (0.40–0.62) < 0.001
Neonatal death 73 (0.13) 62 (0.09) 0.67 (0.48–0.94) 0.019

Women delivered in HYPITAT-I hospital†
n 26 291 33 751
Neonatal infection 210 (0.80) 293 (0.87) 1.09 (0.91–1.30) 0.355
5-min Apgar score < 7 527 (2.0)c 667 (2.0)d 0.99 (0.88–1.10) 0.805
Perinatal death 138 (0.52) 94 (0.28) 0.53 (0.41–0.69) < 0.001
Fetal death 99 (0.38) 62 (0.18) 0.49 (0.36–0.67) < 0.001
Neonatal death 39 (0.15) 32 (0.09) 0.64 (0.40–1.02) 0.058

Women delivered in non-HYPITAT-I hospital†
n 29 489 37 139
Neonatal infection 220 (0.75) 236 (0.64) 0.85 (0.71–1.02) 0.086
5-min Apgar score < 7 518 (1.8)e 624 (1.7)f 0.96 (0.85–1.07) 0.449
Perinatal death 138 (0.47) 96 (0.26) 0.55 (0.43–0.72) < 0.001
Fetal death 104 (0.35) 66 (0.18) 0.50 (0.37–0.69) < 0.001
Neonatal death 34 (0.12) 30 (0.08) 0.70 (0.43–1.14) 0.153

Unless stated otherwise, data are given as n or n (%), with percents calculated excluding missing data: an = 16, bn = 15, cn = 8, dn = 9, en = 6
and fn = 6 cases missing. *Comparison between period before and period after trial. †Thirty-eight hospitals participated in HYPITAT-I trial
and 81 hospitals did not.

Table 5 Outcomes in reference group of women without hypertensive disorder of pregnancy, in period before (2000–2005) and period after
(2008–2014) HYPITAT-I trial

Outcome
Before HYPITAT-I

(n = 658 580)
After HYPITAT-I

(n = 778 342) RR* (95% CI) P

All women
Onset of labora

Spontaneous 570 331 (86.7) 624 045 (80.7) 0.93 (0.93–0.93) < 0.001
Induced 62 850 (9.6) 109 687 (14.2) 1.48 (1.47–1.50) < 0.001
Elective CS 24 417 (3.7) 39 155 (5.1) 1.36 (1.34–1.39) < 0.001

Mode of deliveryb

Spontaneous vaginal 532 916 (81.0) 620 278 (80.0) 0.987 (0.986–0.989) < 0.001
Instrumental vaginal 66 995 (10.2) 67 757 (8.7) 0.86 (0.85–0.87) < 0.001
Elective CS 24 417 (3.7) 39 155 (5.0) 1.36 (1.34–1.38) < 0.001
Emergency CS 33 660 (5.1) 48 418 (6.2) 1.22 (1.20–1.24) < 0.001

Maternal complication
PPH ≥ 1 L 22 470 (3.5)c 42 401 (5.5)d 1.59 (1.56–1.61) < 0.001
Placental abruption 477 (0.07)e 363 (0.05)f 0.64 (0.56–0.74) < 0.001
Maternal death 45 (0.007) 34 (0.004) 0.64 (0.41–0.99) 0.047

Perinatal complication
Perinatal death 2273 (0.35) 1679 (0.22) 0.63 (0.59–0.67) < 0.001

Fetal death 1643 (0.25) 1182 (0.15) 0.67 (0.59–0.75) < 0.001
Neonatal death 630 (0.10) 497 (0.06) 0.61 (0.56–0.66) < 0.001

Unless stated otherwise, data are given as n or n (%), with percents calculated excluding missing data: an = 982 cases before and 5455 after
trial, bn = 592 cases before and 2734 after trial, cn = 11 145, dn = 9666, en = 8 and fn = 1 case missing. *Comparison between period before
and period after trial. CS, Cesarean section; PPH, postpartum hemorrhage; RR, relative risk.
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delivery increased from 65.0% before to 66.7% after
the trial (RR, 1.03; 95% CI, 1.02–1.04) and that of
emergency Cesarean section increased from 12.8% before
to 14.4% after the trial (RR, 1.12; 95% CI, 1.09–1.16)
(Table 2). These outcomes were similar between
participating and non-participating hospitals (Table 2).

In the reference group, the rates of spontaneous vaginal
delivery and instrumental vaginal delivery decreased
in the period following HYPITAT-I (Table 5), while
there was an increase in the percentage of both elective
Cesarean section, from 3.7% before to 5.1% after the
trial (RR, 1.36; 95% CI, 1.34–1.38), and emergency
Cesarean section, from 5.1% before to 6.2% after the trial
(RR, 1.22; 95% CI, 1.20–1.24). The reduction in the rate
of instrumental vaginal delivery was more pronounced
in the HDP group compared to the reference group
(P < 0.001 for the interaction). The increase in emergency
Cesarean-section rate was significantly lower in the HDP
group compared to the reference group (P < 0.001 for the
interaction).

Maternal complications

In the HDP group, almost all complications reduced
significantly after HYPITAT-I (Table 3). The rate of dias-
tolic blood pressure ≥ 110 mmHg reduced from 20.6% to
12.1% (RR, 0.59; 95% CI, 0.57–0.60), that of eclampsia
reduced from 0.35% to 0.05% (RR, 0.14; 95% CI,
0.10–0.20) and that of HELLP syndrome reduced from
1.4% to 1.0% (RR, 0.69; 95% CI, 0.62–0.76). The
occurrence of placental abruption decreased from 0.19%
to 0.07% (RR, 0.35; 95% CI, 0.25–0.49). Maternal
mortality decreased significantly from 0.022% before to
0.004% after the trial (RR, 0.20; 95% CI, 0.06–0.70).

Only the incidence of PPH increased significantly, from
5.3% to 8.1% (RR, 1.52; 95% CI, 1.46–1.59).

The reductions were significantly greater in
hospitals participating in HYPITAT-I compared to
non-participating hospitals for eclampsia (P = 0.004 for
the interaction) and HELLP syndrome (P = 0.029 for
the interaction) (Table 3). It is interesting to note that,
before the trial, participating hospitals had a higher
rate of eclampsia compared to that in non-participating
hospitals, while, after the trial, the rates were comparable
(Table 3).

In the reference group, we also found a decrease in the
rate of placental abruption (Table 5), but this reduction
was significantly smaller than that in the HDP group
(P < 0.001 for the interaction). Maternal mortality caused
by non-hypertensive complications (e.g. PPH, venous
thromboembolism, sepsis) decreased from 0.007% before
to 0.004% after the trial (RR, 0.64; 95% CI, 0.41–0.99).
This reduction did not differ significantly from the reduc-
tion in maternal death rate in the HDP group (P = 0.085
for the interaction), though it is notable that the rates
of mortality in the two groups were similar in the period
after the trial, while the rate was significantly higher in
the HDP group before the trial (P < 0.01). Moreover, the
observed rise in occurrence of PPH, from 3.5% to 5.5%
(P < 0.001), did not differ significantly from the rise in
the HDP group (P = 0.077 for the interaction).

Perinatal complications

In the HDP group, perinatal death decreased significantly,
from 0.49% before HYPITAT-I to 0.27% after the trial
(RR, 0.54; 95% CI, 0.45–0.65) (Figure 4a, Table 4). This
was due mostly to a decrease in fetal death, from 0.36%
before to 0.18% after the trial (RR, 0.50; 95% CI,
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Figure 4 Rates of perinatal complications (a) and perinatal death at different gestational ages (b) in women with singleton pregnancy affected
by gestational hypertension or pre-eclampsia, delivered between 36 + 0 and 40 + 6 weeks, according to year of delivery (2000–2014) (3-year
moving average). Red dashed rectangle indicates inclusion period of HYPITAT-I trial. (a) Complications: 5-min Apgar score < 7 ( ); neo-
natal infection ( ); perinatal death ( ); fetal death ( ); neonatal death ( ). (b) Perinatal death at: 36 + 0 to 36 + 6 weeks ( );
37 + 0 to 37 + 6 weeks ( ); 38 + 0 to 38 + 6 weeks ( ); 39 + 0 to 39 + 6 weeks ( ); 40 + 0 to 40 + 6 weeks ( ).
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0.40–0.62), while neonatal death decreased from 0.13%
before to 0.09% after the trial (RR, 0.67; 95% CI,
0.48–0.94). The reductions in perinatal complications
were comparable between participating hospitals and
non-participating hospitals.

A subgroup analysis of perinatal death in different
gestational-age groups revealed an initial decrease in the
36 + 0 to 36 + 6-week group during and immediately
after the trial, followed by an increase from 2010 onwards
(Figure 4b; four perinatal deaths per 709 births (0.56%)
in 2010, up to six deaths per 584 births (1.03%) in 2013).
This increase was due to a rise in fetal death. This trend
within this late preterm group was more pronounced in
participating hospitals than in non-participating hospitals
(Figure S1).

In the reference group, perinatal death also decreased
following HYPITAT-I, from 0.35% before to 0.22%
after the trial (RR, 0.63; 95% CI, 0.59–0.67, Table 5).
This was caused by a decrease in both fetal death (from
0.25% before to 0.15% after the trial; RR, 0.67; 95% CI,
0.59–0.75) and neonatal death (from 0.10% before to
0.06% after the trial; RR, 0.61; 95% CI, 0.56–0.66).
There was no significant difference in the decrease in
perinatal-death rate between the HDP group and the
reference group (P = 0.149 for the interaction).

Figure 5 illustrates the trends in perinatal complications
in the group of women with HDP compared with the
reference group between 36 and 41 weeks’ gestation. It
seems that the reduction in perinatal deaths was more pro-
nounced from 2006 onwards in the HDP group compared
to the steadily decreasing trend in the reference group.
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Figure 5 Rates of perinatal death (blue lines), neonatal death (green
lines) and fetal death (orange lines) in women with singleton
pregnancy affected by gestational hypertension or pre-eclampsia
(solid lines), compared to those without hypertensive disorder of
pregnancy (reference group; dotted lines), according to year of
delivery (2000–2014) (3-year moving average). Red dashed
rectangle indicates inclusion period of HYPITAT-I trial.

DISCUSSION

Principal findings

We found a significant positive change in obstetric
outcome following the nationwide randomized controlled
trial, HYPITAT-I. Among women with HDP, there was
an increase of 13.1 percentage points in the rate of
induction of labor after compared to before the trial,
and a marked decrease in the rates of maternal death,
eclampsia and placental abruption. These outcomes were
more pronounced in hospitals participating in the trial
compared to non-participating hospitals. There was also
a significant decrease in perinatal mortality, due mostly
to a decrease in fetal mortality. The short period between
the publication of the trial results, in September 2009,
and the onset of the increase in induction rates, in 2010,
are suggestive of a direct association.

Strengths and limitations

The main strength of this study is its large size and that the
data were nationwide; we were able to assess the impact
of the HYPITAT-I results and the level of implementation
on the whole Dutch pregnant population. A limitation
is the amount of information captured in the national
database; we were able to analyze data not from the
moment that a HDP occurred (as in an intention-to-treat
analysis), but only according to the gestational age at
delivery. Nevertheless, the results of this study reflect the
outcome of clinical management on a daily basis and
therefore provide important information.

Interpretation of results

The increased incidence of HDP, from 7.8% before
to 8.3% after the trial, could be related to patient
characteristics such as ethnicity, or body mass index and
maternal age, both of which have increased over time in
the Dutch population. Another explanation might be the
rise in awareness of care providers regarding HDP, due to
national and international publications.

We observed a greater increase in the rate of induction
of labor and a greater reduction in the rates of many
adverse maternal outcomes in women delivering in
hospitals participating in HYPITAT-I compared with
those delivering in non-participating hospitals. This is
likely to be due to the fact that hospitals that were already
inducing relatively large numbers of women (53.4% in
non-participating hospitals vs 48.5% in participating
hospitals) were less willing to participate, and thus could
expect less improvement from its implementation.

There are major differences in the reporting of rates
of labor induction worldwide, comparable to the large
differences in Cesarean-section rates between countries. A
publication from Iceland14, evaluating data from 1995
to 2014, showed a significant increase in induction
rates for nulliparas (12.0% in 1995 vs 26.3% in 2014;
P < 0.001) and similar trends among parous women and
in women with HDP. In a study using data from the USA
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across all gestational-age groups in both complicated and
uncomplicated pregnancies, the rate of induction of labor
more than doubled between 1990 and 2010, from 9.6%
to 23.8%15. In comparison, the increase between 2000
and 2014 in our trial was 12.8% to 18.1%. This large
variation in induction rates makes it difficult to assess
similarities and trends. We found no similar publication
evaluating induction rates over time for pregnancies
complicated by HDP, in relation to maternal and perinatal
outcomes.

Besides the HYPITAT-I study effect, more general
changes might have influenced outcome within our study
group, such as the publications of the Dutch Maternal
Mortality Committee and LEMMoN cohort study16,17.
The latter authors recommended auditing of maternal
mortality to improve the quality of obstetric care, which
might be another factor positively influencing maternal
outcome. The effect of induction of labor on perinatal
complications might be less ambiguous. Improvement of
neonatal care over time might be a confounding factor.

It is important to consider whether an increase in
induction rate might lead to unintended side effects in
the mother or child. Within HYPITAT-I, there was no
significant difference in overall Cesarean-section rate or
in emergency Cesarean-section rate5. However, our data
indicate an increased emergency Cesarean-section rate in
both the reference group and HDP group (increase of
1.1% and 1.6%, respectively). The question arises as to
whether the increased emergency Cesarean-section rate is
an unintended side effect of the increase in inductions,
highlighting the fact that a clear indication for induction
is necessary at all times.

PPH increased significantly after HYPITAT-I in the
HDP group as well as in the reference group. Van
Stralen et al.18 reported a significant increase in The
Netherlands in the rate of PPH, from 4.1% in 2000
to 6.4% in 2013 (P < 0.001), and found that induction
of labor was associated with PPH (odds ratio (OR),
1.48; 95% CI, 1.46–1.50), as was hypertension (OR,
1.45; 95% CI, 1.43–1.47). However, not a single risk
factor could explain the increase in PPH and, even after
adjustment for confounders, the increase of PPH was
observed. Therefore, it remains important to include
PPH (quantified by volume of blood loss) in core clinical
outcome sets, in order to evaluate both intended and
unintended effects of changes in obstetric practice; the
risk of potential unintended side effects needs to be
balanced against the risk of hypertensive complications.

Research implications

Implementation of trial results is challenging, in all
medical fields worldwide19. As clinicians and researchers,
it is our responsibility to ensure the translation of research
into practice, in order to optimize care and outcomes for
all20. Evaluating current levels of implementation is an
important step in detecting suboptimal care and refining
best practice.

Our analyses revealed an unexpected change over
time in perinatal mortality among pregnancies deliv-
ered between 36 and 37 weeks’ gestation. The
induction-of-labor rate decreased after 2010, while peri-
natal death increased, due to an increase in fetal death.
The absolute increase in perinatal death was two cases. A
Cochrane review published in 2017 shows that there are
insufficient data, from only two trials, to advise women
with gestational hypertension or pre-eclampsia in the late
preterm period21. Further studies on the optimal timing
of delivery for these late-preterm complicated pregnancies
is needed. The use of core-outcome sets in these trials is
essential to enable meta-analyses to combine study results
and enable us to formulate recommendations for the care
of pregnant women22.

Our results show the importance of such national
cohort studies. First, we were able to evaluate whether
expected results based on a randomized controlled trial
could be reflected in daily care. Second, we revealed
the degree of implementation which can accelerate
the discussion on whether maximum benefit has been
achieved. Third, these studies are the only way to reveal
unintended collateral damage (rare but severe events)
resulting from widespread adoption of such interventions.

Conclusions

This study has shown an improvement in the quality
of obstetric healthcare in The Netherlands between 2000
and 2014 for term pregnancies complicated by HDP. After
HYPITAT-I, induction of labor increased in this group
of pregnant women, which might have contributed to the
observed reductions in maternal morbidity and mortality
and perinatal mortality. This effect was more pronounced
in hospitals participating in HYPITAT-I than in hospitals
not participating in the trial.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Figure S1 Perinatal-death rate in all hospitals and according to whether hospital participated in Hypertension
and Preeclampsia Intervention Trial At near Term-I (HYPITAT-I) trial (a) and perinatal, neonatal and fetal
death rates overall (b), in women with singleton pregnancy affected by gestational hypertension or
pre-eclampsia who delivered between 36 and 37 weeks’ gestation, according to year of delivery (2000–2014)
(3-year moving average). Dashed rectangle indicates inclusion period of HYPITAT-I trial.
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