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Abstract
Aim There is currently limited evidence on the costs associated with late preterm pre-eclampsia beyond antenatal care and 
post-natal discharge from hospital. The aim of this analysis is to evaluate the 24-month cost-utility of planned delivery for 
women with late preterm pre-eclampsia at  34+0–36+6 weeks’ gestation compared to expectant management from an English 
National Health Service perspective using participant-level data from the PHOENIX trial.
Methods Women between  34+0 and  36+6 weeks’ gestation in 46 maternity units in England and Wales were individually 
randomised to planned delivery or expectant management. Resource use was collected from hospital records between ran-
domisation and primary hospital discharge following birth. Women were followed up at 6 months and 24 months following 
birth and self-reported resource use for themselves and their infant(s) covering the previous 6 months. Women completed 
the EQ-5D 5L at randomisation and follow-up.
Results A total of 450 women were randomised to planned delivery, 451 to expectant management: 187 and 170 women, 
respectively, had complete data at 24 months. Planned delivery resulted in a significantly lower mean cost per woman and 
infant(s) over 24 months (− £2711, 95% confidence interval (CI) − 4840 to − 637), with a mean incremental difference in 
QALYs of 0.019 (95% CI − 0.039 to 0.063). Short-term and 24-month infant costs were not significantly different between 
the intervention arms. There is a 99% probability that planned delivery is cost-effective at all thresholds below £37,000 per 
QALY gained.
Conclusion There is a high probability that planned delivery is cost-effective compared to expectant management. These 
results need to be considered alongside clinical outcomes and in the wider context of maternity care.
Trial registration: ISRCTN registry ISRCTN01879376. Registered 25 November 2013.

 * Rachael Hunter 
 r.hunter@ucl.ac.uk

Extended author information available on the last page of the article

Key Points for Decision Makers 

For women who are at least 34 weeks’ and fewer than 37 
weeks’ gestation with a diagnosis of pre-eclampsia, at 24 
months there is no evidence that planned delivery, initia-
tion of delivery within 48 h, results in additional costs to 
the health service compared to expectant management. 
There is no difference in health-related quality of life for 
the women.

Given the evidence that planned delivery results in cost-
savings to the health service for antenatal care, there is 
a high-probability that planned delivery is cost-effective 
compared to expectant management.

1 Introduction

Pre-eclampsia complicates 2.8% of singleton pregnancies 
in high-income countries [1], and can be associated with 
severe complications for the woman and infant; the disease 
is still a major cause of maternal death worldwide [2]. In the 
USA in 2012, pre-eclampsia cost US$2.18 billion within 
the first 12 months of birth [3]. A large proportion of the 
cost is to the healthcare system; this is partially due to the 
high cost of antenatal care as a result of frequent foetal and 
maternal surveillance [4] in addition to the costs associated 
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with increased rates of neonatal admission (compared to 
pregnancies uncomplicated by pre-eclampsia), due to the 
lower gestational age and a greater number of maternal and 
infant adverse events [5, 6].

For women with pre-eclampsia, delivery is currently rec-
ommended at 37 weeks’ gestation or sooner if clinical need 
should arise [7]. For women with pre-eclampsia between 
 34+0 and  36+6 weeks’ gestation, there is limited evidence 
to guide decisions around delivery, with a need to balance 
any short- and long-term benefits and risks. Earlier delivery 
may benefit both woman and infant, particularly by halting 
the disease process itself that can result in foetal growth 
restriction, but may have an uncertain impact on neurodevel-
opmental outcomes. Results from the analysis of short-term 
outcomes from the PHOENIX trial showed that planned 
delivery at  34+0 to  36+6 weeks’ gestation significantly 
reduced maternal adverse outcomes, but was accompanied 
by an increase in admissions to a neonatal unit (NNU) [8]. 
However, the increase in neonatal admissions did not over-
ride the additional costs associated with the increased ante-
natal care (and complications) for women randomised to 
expectant management, with planned delivery resulting in 
overall cost savings. This analysis though did not account 
for potential longer-term impact of earlier delivery on costs 
and did not include any assessment of health-related quality 
of life for the woman or infant.

The aim of this paper is to report on the 2-year mean 
incremental cost per quality-adjusted life year (QALY) 
gained of planned delivery at  34+0–36+6 weeks’ gestation 
compared to expectant management for women with late 
preterm pre-eclampsia recruited to the PHOENIX trial, from 
an English National Health Service (NHS) perspective.

2  Methods

2.1  Trial Summary

Forty-six maternity units across England and Wales enrolled 
pregnant women over 18 years of age between  34+0 and 
 36+6 weeks’ gestation with a diagnosis of pre-eclampsia or 
superimposed pre-eclampsia (women with chronic hyper-
tension who go on to develop pre-eclampsia) to a parallel-
group, non-masked, multicentre, randomised controlled 
trial. Women between  34+0 and  36+6 weeks’ gestation were 
randomised with a 1:1 allocation to planned initiation of 
delivery within 48 h of randomisation or to expectant man-
agement (usual care), with delivery at 37 weeks’ gestation or 
sooner as clinical needs dictated in accordance with the UK 
national guidelines [9]. The only trial exclusion criterion was 
a prior decision to deliver within the subsequent 48 h or that 
the woman was unable to provide informed consent. Preg-
nancies may have been singleton or dichorionic diamniotic 

twins and could include any foetal position. Women with 
co-morbidities including pre-existing hypertension and dia-
betes were not excluded. Women with a previous caesarean 
section were also eligible.

The aim of the study was to evaluate if planned deliv-
ery in women with pre-eclampsia between  34+0 and  36+6 
weeks’ gestation reduces maternal adverse outcomes without 
substantial worsening of neonatal or infant outcomes, com-
pared to the current practice of expectant management until 
37 weeks’ gestation. The co-primary short-term maternal 
outcome was a composite of maternal morbidity at primary 
hospital discharge. The co-primary perinatal outcome was 
perinatal deaths (antenatal/intrapartum stillbirths or deaths 
within 7 days of delivery) or NNU admissions (physical sep-
aration of baby from the mother) prior to infant hospital dis-
charge. The primary long-term infant outcome was neurode-
velopmental assessment at 2 years of age (adjusted), using 
the Parent Report of Children’s Abilities-Revised (PARCA-
R) parent report composite score. Full details of the primary 
clinical analyses are available in the trial protocol [10] and 
the paper describing the short-term clinical outcomes up to 
hospital discharge [8]. The trial was approved by the South 
Central-Hampshire B Research Ethics Committee (no. 13/
SC/0645).

2.2  Procedures

Planned delivery consisted of initiation of delivery within 
48 h of randomisation, to allow for administration of ante-
natal corticosteroids if deemed necessary by local clini-
cians. Induction of labour was commenced according to 
local protocol, with caesarean section undertaken only if 
an additional obstetric indication was present. Expectant 
management consisted of usual care, with close monitoring 
of the maternal and foetal condition until either 37 weeks’ 
gestation, or the development of severe features necessitat-
ing delivery. The management of pregnant women whilst 
in hospital and postnatal care was in accordance with the 
national guidelines for the management of hypertension in 
pregnancy [9].

2.3  Outcome Measures

Outcomes for the economic evaluation include short-term 
outcomes from randomisation until the primary maternal 
and infant discharge from hospital following birth (hereafter 
called ‘postnatal discharge’) and were collected from hos-
pital clinical records and recorded on the web-based trial 
database. Women also completed the EQ-5D-5L [11] at ran-
domisation. For 24-month outcomes, healthcare resource use 
including inpatient stays, emergency and outpatient attend-
ances for the woman and infant(s) and health-related quality 
of life were collected from self-completed questionnaires at 
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6 months post-delivery and when the infant was 2 years of 
age (corrected for prematurity). The healthcare resource use 
questionnaire was a bespoke questionnaire, adapted from the 
Client Service Receipt Inventory [12].

Questionnaires were posted to all participants at these 
time points (or a link sent electronically), and participants 
were able to complete and return a paper copy via FREE-
POST to the co-ordinating centre, or to complete an online 
version captured by the MedSciNet study database. For the 
EQ-5D-5L, women were directed to the EuroQoL online 
portal to complete the questionnaire, in line with EuroQoL 
requirements.

2.4  Economic Analysis

Analyses were pre-specified in a health economics analysis 
plan signed off prior to database lock (see the Electronic 
Supplementary Material [ESM]).

We calculated complete-case (women that were followed-
up at that time point and completed the questionnaire for 
themselves and their infant) descriptive statistics for the per-
centage of women and infants and mean number of contacts 
for each type of resource use. Complete case means and 
standard deviations for costs were also calculated at each 
time point. Negative binomial regression, adjusting for mini-
misation factors (see below) was used to calculate the differ-
ence between arms and 95% confidence intervals (CIs) for 
maternal and infant bed days at 6 and 24 months.

Resource use was costed from the most recent version of 
NHS Reference Costs (2018/2019) [13] and the Personal and 
Social Service Resource Unit (PSSRU) [14] (see Table 1). 
Where possible a pre-eclampsia healthcare resource use 
group (HRG) was used. When this was not possible, costs 
across HRGs were combined by weighting for frequency. 
Given the importance of length of stay for this analysis, all 
costs were calculated based on bed days or the minimum 
total cost for that HRG, whichever was greater. All costs 
are in 2018/2019 British Pounds. Costs are from an English 
NHS perspective.

QALYs were calculated as the area under the curve[15] 
using the EQ-5D-5L and the crosswalk to the EQ-5D-3L 
tariff [16] in line with National Institute for Health and 
Care Excellence (NICE) guidance to allow for compara-
bility across disease areas [17]. Women that died before 
they reached a specific follow-up point were included as 0 
for each follow-up point after they died, assuming a linear 
decline from their last complete questionnaire until death. 
The EQ-5D does not have a proxy reported version for chil-
dren under 2 years of age and when the trial was designed 
there was no preference-based measure of health-related 
quality of life for children under 2 years of age. As we cur-
rently do not have sufficient information on infant health to 
base the calculation of a utility tariff, we assumed infants 

were in full health (utility of 1.0 at X, where X is any fol-
low-up time point) for each infant. A utility tariff of 0 was 
applied for any infants that died based on the month of death. 
For example, if an infant had a date of death 3 months after 
birth, their total QALYs would be 1 ×  3

12
 = 0.25. Infant death 

was included alongside maternal QALYs as a decrement 
(maternal QALYs minus infant QALYs lost due to death) to 
obtain total QALYs. A secondary analysis was conducted 
where a disutility of 0.00753 was applied per infant inpatient 
bed day at 6 and 24 months [18].

Women also completed the Short Form 12 version 2 
(SF-12v2®) Health Survey SF-12 at 6 months and 2 years 
post-delivery, which was converted to QALYs using the 
Short Form 6 dimension (SF-6D) algorithm [19]. This was 
included in a secondary analysis.

The mean differences in costs and QALYs, 95% CIs and 
p values were calculated using regression analysis adjusting 
for the minimisation factors of centre, singleton/twin preg-
nancy, severity of hypertension in 48 h prior to enrolment, 
parity, previous caesarean section and gestational age at ran-
domisation. 95% CIs for adjusted differences were calculated 
using bootstrap with bias corrected and accelerated (BCA) 
CIs and 1000 repeated samples with replacement.

Costs and QALYs after 12 months were discounted at a 
rate of 3.5% [17].

2.4.1  Missing Data

For missing health and social care resource use items, it was 
assumed that if the questionnaire was returned or started 
online but the item was missing, they did not use that item, 
and hence, it was imputed as 0. Total 2-year costs were cal-
culated for women and infants with data at both 6 months 
and 2 years.

For the EQ-5D-5L and SF-6D, if there were missing 
responses to any item required for calculating a utility tariff, 
the utility tariff for that individual was missing for that time 
point. Complete-case QALYs were calculated for individuals 
with utility tariffs at randomisation, 6 months and 2 years for 
the EQ-5D-5L and at 6 months and 2 years for the SF-6D.

The Statistical Analysis Plan for the primary long-term 
infant outcome, PARCA-R, was prespecified as a complete-
case analysis. Given that missing data for the health eco-
nomic evaluation is likely to follow the same pattern as for 
the primary long-term infant outcome, to align the two anal-
yses, the primary analysis for the health economic analysis 
was also a complete-case analysis, testing for the assumption 
that data is missing at random. Published guidance on han-
dling missing data in randomised controlled trials [20] and 
specifically in cost-effectiveness analysis alongside a ran-
domised controlled trial [21] was used as guiding principles 
and to design sensitivity analyses of the results. Total costs 
and QALYs were adjusted for predictors of missingness in 



726 R. Hunter et al.

the primary analysis, in addition to minimisation factors and 
baseline utilities in the case of QALYs.

A sensitivity analysis was conducted where missing data 
was imputed using multiple imputation using chained equa-
tions (MICE).

2.4.2  ICER, CEAC and CEP

For the incremental cost-effectiveness ratio (ICER), seem-
ingly unrelated regression (SUR Stata command SUREG) 
was used to account for the correlation between costs and 
outcomes to calculate the incremental mean cost per QALY 
gained of planned delivery compared to expectant manage-
ment. The results were adjusted for minimisation factors 
(as specified above) and predictors of missingness. 95% CIs 
were calculated using bootstrap with BCA CIs and 5000 
draws. The bootstrapped data were also used to calculate 
the cost-effectiveness plane (CEP) and cost-effectiveness 
acceptability curve (CEAC), the probability that planned 
initiation is cost-effective compared to usual care (expectant 
management) for a range of cost-effectiveness thresholds.

Sensitivity and secondary analyses are specified in the 
ESM. All analyses were conducted in STATA version 16.

3  Results

3.1  Trial Summary

Between 29 September 2014 and 10 December 2018, 
901 women were enrolled to the trial, with 450 allocated 
to planned delivery and 451 allocated to expectant man-
agement (Fig. 1). Hospital clinical records for calculating 
short-term maternal and infant resource use and costs were 
available for 448 women (471 infants) allocated to planned 
delivery (as two of the allocated women withdrew con-
sent) and 451 women (475 infants) allocated to expectant 
management. Baseline characteristics for the 899 women 
with complete short-term healthcare resource use data are 
reported in Table 2. At 24 months of follow-up, 355 women 
had complete QALYs calculated using the EQ-5D-5L: 186 
(41%) allocated to planned delivery and 169 (38%) allocated 

Table 1  Unit costs for resource 
use in 2018/2019 British 
Pounds

HDU high dependency unit, ICU intensive care unit, NHS National Health Service

Resource Unit Unit cost (£)

NHS reference costs [13]
Antenatal inpatient stay Bed day 773
Obstetric outpatient Attendance 135
Spontaneous vaginal delivery Labour ward bed day 1203
Assisted delivery Labour ward bed day 1243
Caesarean section delivery Labour ward bed day 1245
Post-natal maternal inpatient stay following delivery Bed day 780
Maternal HDU and ICU Bed day 1120
Spontaneous vaginal delivery no induction Minimum total cost 1640
Spontaneous vaginal delivery induced Minimum total cost 1930
Vaginal assisted delivery no induction Minimum total cost 1727
Vaginal assisted delivery induced Minimum total cost 2255
Caesarean section delivery Minimum total cost 2900
Maternal transfer Bed day 1018
Infant neonatal ICU Bed day 1531
Infant HDU Bed day 1007
Infant special care Bed day 622
Infant normal care Bed day 514
Infant transitional care Bed day 633
Infant inpatient stay following first discharge Bed day 844
Hernia repair Per admission 2627
Personal social services research unit [14]
Maternal postnatal inpatient Bed day 631
Emergency attendance (infant and maternal) Attendance 166
Outpatient attendance Attendance 135
Paediatric outpatient attendance Attendance 198
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to expectant management, and 400 women and their infants 
had complete resource use: 206 (46%) allocated to planned 
delivery and 194 (43%) allocated to expectant management. 
Women with complete data were more likely to be white, be 
older, have a lower deprivation of index score, and be less 
likely to smoke at baseline assessment compared to women 
who had missing data (see the ESM Table SM2). This was 
the same for both costs and QALYs.

3.2  Resource Use and Costs

Descriptive statistics for 24-month resource use are reported 
in the ESM, Tables SM2 and SM3. Neonatal resource 
use was a component of the perinatal co-primary out-
come, so has been reported elsewhere, with an increase in 
the proportion admitted to an NNU for planned delivery 
(196/471 [42%] vs 159/475 [33%], odds ratio 1.26, 95% CI 
1.08–1.47), but no significant difference in overall neonatal 
length of stay between groups [22]. Women in the planned 
delivery group spent significantly fewer nights on perinatal 
inpatient wards (adjusted difference − 3.52, 95% CI − 4.82 
to − 2.22) and had significantly fewer obstetric outpatient 
appointments (adjusted difference − 1.78, 95% CI − 2.17 to 
− 1.49). There was evidence of a significant difference in 
short-term costs (updated for 2018/2019 costs) with planned 
delivery, on average, costing significantly less than expectant 
management (mean difference − £1988, 95% CI − 2887 to 
− 1089), the majority of which is accounted for in maternal 
care (mean difference − £2138, 95% CI − 2688 to − 1589), 
particularly antenatal inpatient stays (see Table 3). There 
were no significant differences in 6- or 24-month inpatient 
nights for infants (adjusted difference 0.02, 95% CI − 2.36 to 
2.41; 2.47, 95% CI − 3.89 to 8.82, respectively) or costs for 
women or infants, but a significant difference when short-
term and 24-month costs were combined (mean difference 
− £2280, 95% CI − 4437 to − 246).

3.3  QALYs

Descriptive statistics for EQ-5D-5L and the crosswalk algo-
rithm are reported in Table 4. There were two infant deaths 
in the trial which were added to maternal QALYs as a decre-
ment. There were no significant differences between the two 
groups in maternal QALYs (see Table 4). QALYs calculated 
using the SF-6D are reported in Table SM10 as part of sec-
ondary analysis 2.

3.4  ICER, CEAC and CEP

Using SUR to account for the correlation between costs and 
QALYs, and adjusting for minimisation factors and predic-
tors of missingness, the mean discounted incremental cost 
per woman over 24 months for planned delivery compared 

to expectant management is − £2711 (BCA 95% CI − 4840 
to − 637), with a mean incremental difference in QALYs 
(discounted) of 0.019 (BCA 95% CI − 0.039 to 0.063). 
Planned delivery dominates expectant management in that 
it costs less (significant difference) for more QALYs (non-
significant difference). The CEP is reported in Fig. 2. There 
is a 99% probability that planned delivery is cost-effective 
compared to expectant management for all cost-effectiveness 
thresholds below £37,000 (see the ESM, Figure SM1), with 
£37,000 being the point at which the probability decreases 
below 99%.

The results remain consistent for all sensitivity and sec-
ondary analyses (see the ESM).

4  Discussion

4.1  Main Findings

There is a high probability that planned delivery is cost-
effective compared to expectant management in pregnant 
women with a diagnosis of pre-eclampsia between  34+0 
and  36+6 weeks’ gestation. This is predominately driven by 
cost-savings in antenatal maternal care. This is alongside 
clear maternal benefit with planned delivery (compared to 
expectant management), together with no short-term neo-
natal morbidity (although there is an increased proportion 
of NNU admissions). However, these increased admissions 
were not associated with greater costs, and there was no sig-
nificant difference in neonatal costs, either on a short-term 
or 24-month time horizon.

Other studies that have evaluated placental growth factor 
testing as a diagnostic adjunct in the management of sus-
pected pre-eclampsia have found that a majority of the cost 
in care comes from frequent maternal and foetal monitoring 
to detect adverse events [4]. In this trial, it is likely that the 
cost difference is due to planned delivery reducing the time 
to delivery (by around 5 days) and, hence, the duration dur-
ing which costs associated with antenatal monitoring and 
adverse maternal outcomes can occur. This is alongside no 
significant difference in neonatal care costs.

4.2  Strengths and Limitations

The PHOENIX trial is the largest, randomised controlled 
trial in the literature to date evaluating planned delivery in 
late pre-term pre-eclampsia. We were able to collect com-
plete resource use data for the majority of women and their 
infants from randomisation until postnatal discharge, the 
analysis of which shows significant cost savings associated 
with planned delivery compared to expectant management. 
We also have a relatively long follow-up of women and 
their infants to allow us to evaluate the 24-month impact of 
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planned delivery at  34+0 and  36+6 weeks’ gestation, to ascer-
tain whether planned delivery (increasing preterm delivery) 
or expectant management (increasing foetal growth restric-
tion and need for emergency delivery) increases the risks 
of poor health outcomes and, hence, increased costs. There 
was no difference in costs for infants of mothers allocated to 
planned delivery compared to expectant management. There 

was no significant difference in infant costs at 24 months, 
although the degree of loss to follow-up limited certainty 
in this finding. This retention to follow-up is not uncom-
mon for similar maternity trials with long-term follow-up 
of women and their infants, with follow-up rates varying 
from 14 to 61% [23–25]. The loss to follow-up though does 
reduce the strength of these findings and increases the risk 

Fig. 1  CONSORT flow diagram for the economic evaluation. CONSORT Consolidated Standards Of Reporting Trials, QALY quality-adjusted 
life year, SUR seemingly unrelated regression
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Table 2  Baseline characteristics 
for women with complete 
hospital records

IQR interquartile range, SD standard deviation

Baseline characteristics Planned delivery (n = 448) Expectant 
management (n 
= 451)

Maternal age: mean (SD) 30.6 (6.4) 30.8 (6.3)
Ethnicity: n (%)
 White 313 (70%) 311 (69%)
 Mixed 10 (2%) 23 (5%)
 Asian 60 (13%) 51 (11%)
 Black 58 (13%) 52 (12%)
 Other 5 (1%) 13 (3%)
 Unknown 2 (< 1%) 1 (< 1%)

Deprivation index quintiles: n (%)
 Quintile 1 (least deprived) 39 (9%) 25 (6%)
 Quintile 2 59 (13%) 49 (11%)
 Quintile 3 61 (14%) 71 (16%)
 Quintile 4 137 (31%) 147 (33%)
 Quintile 5 (most deprived) 152 (34%) 159 (35%)

Smoking at booking: n (%) 53 (12%) 50 (11%)
Gestational age: median (IQR) 35.6 (34.7–36.3) 35.6 (34.7–36.3)
Number of live foetuses at booking: n (%)
 Singleton 425 (95%) 427 (95%)
 Dichorionic diamniotic twin 23 (5%) 24 (5%)

Inpatient at randomisation: n (%) 362 (81%) 371 (82%)
EQ-5D-5L: mean (SD) 0.761 (0.227) 0.746 (0.223)

Table 3  Mean maternal and infant cost per woman for short-term and 24 months. Costs are reported in 2018/2019 GB Pounds

CI confidence interval, GB Pound British Pound, SD standard deviation
* Adjusted for centre, singleton/twin pregnancies, severity of hypertension in 48 h prior to enrolment, parity, previous caesarean section, gesta-
tional age at randomisation and predictors of missingness (age, ethnicity, deprivation and smoking). Calculated using bootstrap, 1000 draws, 
with bias corrected and accelerated CIs
ǂ Discount rate of 3.5%

Planned delivery Expectant man-
agement

Adjusted 
difference*

Lower 95% CI Upper 95% CI P value

Mean SD Mean SD

Short-term costs
Maternal N N = 448 N = 451
Total maternal 7952 3482 10,111 5073 − 2138 − 2688 − 1589 < 0.001
Total infant cost 3816 3663 3680 5469 150 − 438 739 0.616
Total infant and maternal cost 11,768 5890 13,791 8034 − 1988 − 2887 − 1089 < 0.001
24-month costs
Maternal N N = 206 N = 194
Total maternal 828 2221 1111 4663 − 327 − 1090 436 0.401
Total infant cost 2108 9115 1931 5702 118 − 1260 1497 0.866
Total infant and maternal cost 2944 9461 3133 7557 − 273 − 1898 1351 0.741
Total infant and maternal costs (discounted)ǂ 2922 9445 3102 7498 − 264 − 1883 1355 0.749
Short-term plus 24-month costs
Total infant and maternal costs (discounted)ǂ 14,150 738 16,460 756 − 2280 − 4137 − 246 0.023
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of bias in the results. This is particularly true if the reasons 
for not responding were not by chance, for example, if there 
were more infants with severe illness in the non-responder 
group. However, in our study population, short-term infant 
outcomes between responders and non-responders at 2-year 
follow-up were similar with regards to NNU admission, birth 
of a small-for-gestational age (< 10th centile) infant and 
short-term morbidity such as the need for respiratory sup-
port (shown in the ESM and in linked paper). Given that we 
had a higher proportion of women and infants with complete 
data in the planned delivery group, this further reduces the 
chance that any imbalance would have a significant impact 

on the results. It is still of some concern that there is a higher 
proportion of missing data for women from more disadvan-
taged areas, even if this is adjusted for in the analysis.

Future trials should consider following up infants using 
routine data to improve retention rates, although our own 
experience is that it comes with substantial additional cost 
and complexity given that women and infants are reported 
separately in routine data.

A complete-case analysis was chosen prior to data anal-
ysis as our primary analysis. As discussed elsewhere [20, 
21], stepping through from least to most complex analysis 
allows an evaluation of the impact of difference models on 

Table 4  Maternal EQ-5D-5L crosswalk [16] and QALYs including mortality

CI confidence interval, QALY quality adjusted life years, SD standard deviation
* Adjusted for minimisation factors (centre, singleton/twin pregnancies, severity of hypertension in 48 h prior to enrolment, parity, previous 
caesarean section and gestational age at randomisation) and predictors of missingness (ethnicity, age, deprivation index and smoking) and EQ-
5D-5L tariff at randomisation. Calculated using bootstrap, 1000 draws
ǂ Discount rate of 3.5%

EQ-5D-5L crosswalk [16] Planned delivery Expectant management Adjusted 
difference*

Lower 95% CI Upper 95% CI P value

N Mean SD N Mean SD

Randomisation 431 0.761 0.227 428 0.746 0.223
6 months 257 0.879 0.17 238 0.877 0.157
24 months 266 0.861 0.185 241 0.848 0.193
QALYs 186 1.74 0.28 170 1.702 0.311 0.041 − 0.016 0.097 0.158
QALYs (discounted)ǂ 186 1.713 0.281 169 1.692 0.271 0.021 − 0.027 0.069 0.390
Infant QALY decrement 1 − 0.553 1 − 1.400
Maternal QALYs minus 

decrement (discounted)ǂ
187 1.701 0.325 170 1.674 0.360 0.026 − 0.042 0.094 0.447

Fig. 2  Cost-effectiveness plane 
of planned delivery compared 
to expectant management over 
24 months (discounted). QALY 
quality-adjusted life year
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the results. The sensitivity analyses suggest that the results 
and interpretation of the analysis are robust to more complex 
models.

There remain questions regarding the suitability of the 
EQ-5D in maternity trials as it is unlikely to reflect maternal 
preferences for care. Preference based measures of health-
related quality of life for infants under 12 months are also 
a challenging area of research, with measures that could be 
used to calculate QALYs in infants only recently published 
[26, 27] and, hence, could not be incorporated into this 
study. Other clinical outcomes used in the PHOENIX trial, 
such as the fullPIERS [28] for morbidity in pre-eclampsia 
and the PARCA-R for neurodevelopment at 2 years of age 
[29], may represent a fuller picture of the impact on clinical 
outcomes. These results are reported in the main clinical 
papers [8, 30], with no evidence of a clinically significant 
detriment in the planned delivery group at 2 years on the 
PARCA-R.

4.3  Interpretation

There are a limited number of economic evaluations of 
planned delivery versus expectant management in women 
with pre-eclampsia. The largest and most notable, the HYP-
ITAT-II trial, found a non-significant higher cost for planned 
delivery compared to expectant management of €682 (95% 
CI − 618 to 2126) [31]. This was potentially driven by high 
NNU admissions (alongside low steroid use) in the planned 
delivery group. Although we also saw a high level of NNU 
admissions in the planned delivery group in the PHOENIX 
trial as the infants were delivered at less than 37 weeks, 
these infant admissions had a shorter length of stay, which 
meant that there was no significant difference in costs for the 
two groups. Steroid use was markedly higher in the PHOE-
NIX trial (60%) compared to the HYPITAT-II trial (8%), 
likely influencing length of stay and neonatal morbidity in 
the trials.

Although 24 months is a longer follow-up than many 
pregnancy trials, it is possible that additional costs may 
occur beyond this time horizon, and a longer time horizon 
may be more appropriate. Although there is evidence for 
very pre-term birth (< 32 weeks’ gestation) health-related 
quality of life consequences into adolescence [32], there is 
less evidence for moderate to late pre-term birth. A recent 
systematic review found limited evidence available for the 
economic costs of pre-term birth beyond 24 months [33]. 
Studies that have looked beyond the 24-month time hori-
zon, though, find that the hospitalisation costs associated 
with delivery still account for the majority of the costs, with 
reductions in the cost difference between pre-term and term 
births over time [33, 34]. Although studies have found an 
economic impact of late pre-term birth [35], these studies 
use general population > 37 weeks as controls, which do 

not take into account the potential impact of higher rates 
of foetal growth restriction in the expectant management 
group, an outcome that is also likely to result in long-term 
economic consequences [33]. These studies also do not find 
any difference in costs between pre-term and term births 
beyond the neonatal hospitalisation [35]. The impact on 
women’s health of an earlier delivery beyond 24 months 
is also not captured, as it is possible that this could reduce 
the long-term risk to cardiovascular health, although further 
evidence is needed [36].

We did not ask about wider societal costs, such as impact 
on employment and out-of-pocket costs, which are poten-
tially large for this population group [5, 33], to keep our 
resource use questionnaire as brief as possible given the 
challenges associated with following up women in maternity 
trials. However, given no evidence of a difference between 
planned delivery and expectant management for any of the 
outcomes at 24 months, it is unlikely that we would have 
seen any difference between the two groups on wider soci-
etal cost outcomes, which is in keeping with other evidence 
[35].

5  Conclusions

This analysis provides evidence to decision makers that 
planned delivery is likely to be cost-effective compared 
to expectant management for women with pre-eclampsia 
between  34+0 and  36+6 weeks’ gestation. These findings 
need to be considered in the wider context of patient prefer-
ences and individual circumstances within maternity care. 
In conjunction with results around clinical outcomes, the 
demonstration of cost-effectiveness points towards the con-
clusion that patient/clinician conversations highlighting the 
benefits and risks of planned delivery are likely to be valu-
able to the healthcare service.
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