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ABSTRACT

Objective To evaluate the effectiveness and cost-
effectiveness of the National PReCePT Programme (NPP)

in increasing use of magnesium sulfate (MgS0,) in preterm
births.

Design Before-and-after study.

Setting Maternity units (N=137) within NHS England and
the Academic Health Science Network (AHSN) in 2018.
Participants Babies born <30 weeks’ gestation
admitted to neonatal units in England.

Interventions The NPP was a quality improvement (Ql)
intervention including the PReCePT (Preventing Cerebral
Palsy in Pre Term labour) QI toolkit and materials
(preterm labour proforma, staff training presentations,
parent leaflet, posters for the unit and learning log),
regional AHSN-level support, and up to 90 hours funded
backfill for a midwife ‘champion’ to lead implementation.
Main outcome measures MgSO, uptake post
implementation was compared with pre-NPP implementation
uptake. Implementation and lifetime costs were estimated.
Results Compared with pre-implementation estimates,
the average MgSO, uptake for babies born <30 weeks’
gestation, in 137 maternity units in England, increased
by 6.3 percentage points (95% Cl 2.6 to 10.0 percentage
points) to 83.1% post implementation, accounting for
unit size, maternal, baby and maternity unit factors,

time trends, and AHSN. Further adjustment for early/

late initiation of NPP activities increased the estimate to
9.5 percentage points (95% Cl 4.3 to 14.7 percentage
points). From a societal and lifetime perspective, the
health gains and cost savings associated with the NPP
effectiveness generated a net monetary benefit of £866
per preterm baby and the probability of the NPP being
cost-effective was greater than 95%.

Conclusion This national QI programme was effective
and cost-effective. National programmes delivered via
coordinated regional clinical networks can accelerate
uptake of evidence-based therapies in perinatal care.

INTRODUCTION

Since 2015, the UK National Institute for Health
and Care Excellence (NICE) has recommended
administration of magnesium sulfate (MgSO,) to
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Since 2015, the UK National Institute for Health
and Care Excellence (NICE) has recommended
administration of magnesium sulfate (MgSO,)
for fetal neuroprotection in very preterm
deliveries (24-30 weeks' gestation).

= By 2017, only two-thirds of eligible women in
England were given MgSO,, with wide regional
variations.

= The PReCePT (Preventing Cerebral Palsy in Pre
Term labour) pilot study increased uptake from
21% to 88% (2015).

= The National PReCePT Programme (NPP) aimed
to increase MgSO0, uptake to 85% by 2020.

WHAT THIS STUDY ADDS

= The NPP, providing a quality improvement
(Ql) toolkit, regional Academic Health Science
Network support and clinical backfill funding,
was effective in increasing MgSO, uptake in
preterm deliveries.

= The NPP was highly cost-effective, generating a
net monetary benefit of £866 per preterm baby
and ~£3 million over the 12 months following
implementation.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Research evidence can take decades to become
embedded in perinatal clinical practice, as was
the case for antenatal steroids.

= This study shows that national, network-
supported QI programmes can accelerate
uptake of evidence-based therapies and
promote improvements in perinatal care.

= The PReCePT model may serve as a blueprint
for future interventions to improve perinatal

care.

women at risk of preterm birth as a core part of
maternity care.! MgSO , 1S a neuroprotective treat-
ment that reduces the risk of cerebral palsy (CP)
in preterm babies,” and is a highly cost-effective
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intervention at approximately £1 per dose and an estimated £1
million of lifetime societal savings per case of CP avoided.® *
However, by 2017, only 64% of eligible women received it.’
High regional variations in uptake (range 49%-78%) also indi-
cated inequalities in perinatal care.’

The PReCePT (Preventing Cerebral Palsy in Pre Term labour)
quality improvement (QI) toolkit was developed to improve
maternity staff awareness and increase the use of MgSO, in
mothers at risk of giving birth <30 weeks’ gestation. The pilot
study (five maternity units) found an increase in uptake from
21% to 88% associated with the PReCePT approach.® In 2018,
NHS England funded the National PReCePT Programme (NPP),
which scaled up this QI intervention for national roll-out. Mater-
nity units received regional implementation support through the
15 Academic Health Science Networks (AHSNs), with the aim
of increasing MgSO, use to 85% by 2020. The NPP provided
the PReCePT QI toolkit (preterm labour proforma, staff training
presentations, parent information leaflet, posters for the unit and
a learning log)’ to each unit (‘National PReCePT Programme
Provisions’ in online supplemental file 1). Each unit had a lead
‘PReCePT champion’ midwife with 90 hours funded backfill.
AHSN-level coaching and support from a regional clinical lead
(obstetrician and/or neonatologist) and NPP manager were avail-
able to each unit. The NPP was launched in two tranches (May
and September 2018). A nested cluster randomised trial to deter-
mine the effectiveness of standard versus enhanced support was
conducted alongside the NPP?

This study was an effectiveness and cost-effectiveness evalua-
tion of the NPP QI intervention in increasing MgSO, uptake in
mothers at risk of giving birth <30 weeks’ gestational age. We
hypothesised that it would help increase MgSO, uptake beyond
the expected increase due to the underlying trend rate.

METHODS

The intervention evaluated was a QI programme as described
in the previous section. The method used to evaluate the inter-
vention followed a quasi-experimental before-and-after design,
comparing absolute difference in mean MgSO, uptake between
12 months pre-implementation and 12 months post implemen-
tation, adjusted for possible confounders. A quasi-experimental
approach was appropriate as the PReCePT intervention had been
widely implemented in maternity units in England, making a
standard randomised controlled trial (RCT) infeasible.”'! Addi-
tionally, as there was already indication that the intervention
was effective from the pilot study, sufficient clinical equipoise
for an RCT with a no-intervention control group was arguably
not present.

Data
Pseudonymised patient-level data from the UK National
Neonatal Research Database (NNRD) were used. This collates
information from neonatal units and includes clinical data and
mother and baby sociodemographic characteristics. All NNRD
data undergo multiple quality assurance procedures and are
considered to have high accuracy and completeness.'* 3
Estimated NPP adoption dates for each unit, demarcating the
two periods, were provided by the AHSNs. Adoption date was
defined as the month when the unit had initiated an implementa-
tion plan. The total period pre-implementation and post imple-
mentation across all units covered the months between October
2017 and June 2020. The month of initiation of the NPP in the
maternity unit was excluded from the analysis.

Outcome

For consistency with nationally reported audit data, MgSO,
uptake was defined as the number of mothers receiving MgSO,
divided by the total number of eligible mothers, excluding
missing values from the denominator. This was expressed as
a percentage and computed per month per unit. For the cost-
effectiveness analysis only, missing MgSO, uptake was consid-
ered as ‘not given’ and included in the denominator.

The analysis included data on babies born <30 weeks’ gesta-
tional age. Singletons and one baby (the first born) from each
multiple birth were included, for consistency with nationally
reported figures. All multiples were included in the description
of baby-level demographics. In cases where only one baby had
a record for MgSO,, we recoded the missing MgSO, status of
the other multiples to match that for their twin/triplet who did
have a record. For multiples with conflicting records (eg, Baby
1=given, Baby 2=not given), we recorded MgSO, as given.

The secondary outcomes were trends in MgSO, uptake,
missing MgSO, data, reasons MgSO, was not given, cost of the
NPP per preterm baby and the incremental net monetary benefit
of the NPP per preterm baby from a lifetime societal perspective.

Possible confounders and other model terms

Possible confounding factors adjusted for included baby birth
weight (grams) adjusted for gestational age (weeks) and sex
expressed as a z-score, whether the baby was part of a multiple
birth, maternal age, ethnicity, level of deprivation (Index of
Multiple Deprivation decile), hypertension during pregnancy,
type of unit (high dependency unit or special care unit (HDU/
SCU) vs neonatal intensive care unit (NICU)), time and clus-
tering by AHSN. The cost-effectiveness analysis also adjusted for
type of birth (imminent or threatened).

Mother and baby characteristics were aggregated to the
maternity unit level (using non-missing information) per study
month, for example, mean maternal age and proportion with
pregnancy hypertension. Missing information was minimal,
except for mother’s ethnicity (online supplemental table S1).
The cost-effectiveness analysis used baby-level data, and missing
data on possible confounders were imputed through chained
equations.'*

Statistical analyses
Effectiveness analysis
To compare the difference in mean monthly MgSO, uptake
pre-implementation and post implementation, we conducted a
multilevel mixed-effects linear regression using the maternity
unit as the primary level of analysis. The model was weighted on
unit size (number of eligible mothers at each unit) and adjusted
for clustering by AHSN and potential confounders as listed in
the previous section.

To account for early and late start of NPP activities in many
units (as reported by AHSNs), we excluded records within
three months either side of the NPP adoption month as a sensi-
tivity analysis.

As additional sensitivity analyses, we evaluated the effect of
(1) including the 13 maternity units receiving enhanced support
in the PReCePT trial intervention arm and (2) excluding units
in one AHSN that started adoption significantly later than other
AHSNE.

Cost-effectiveness analysis
The mean implementation cost per maternity unit was esti-
mated from data supplied by the national programme team. This
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included NPP management, AHSN support, and clinical backfill
for midwives and clinical leads. The mean implementation cost
per baby was calculated as the cost per unit divided by the total
number of eligible babies per unit delivered during the follow-up
period.

A decision tree analysis estimated the net monetary benefit
of the NPP using a lifetime horizon and societal perspective.'’
Model parameters were based on NNRD data for MgSO, uptake,
and reported estimates for lifetime gains in quality-adjusted life-
years (QALYs) and societal cost savings relating to healthcare,
education, housing and work productivity from preventing CP
via MgSO, treatment.* Cost estimates were converted to pounds
sterling and inflated to 2019 prices (online supplemental table
S2). Babies delivered by caesarean section were defined as ‘immi-
nent’ births (certain to occur within 24 hours) and all others
as ‘threatened’. Deterministic analysis used a willingness-to-pay
threshold of £20000 per QALY gained, in line with the NICE
guidance.'®

The difference in uptake between the baseline and follow-up
periods was estimated using a multilevel mixed-effects linear
logistic regression at the baby level, adjusted for clustering by
AHSN and unit, listed confounders, and interaction between
type of birth and time period.

Probabilistic analysis to characterise parameter uncertainty
and to estimate cost-effectiveness used Monte Carlo simulation
with 10000 samples drawn from the parameter distributions."
For lifetime costs and health utilities estimates, we used the incre-
mental differences. Point estimates, distribution assumptions and
parameter source estimates are reported in online supplemental
table S3. Incremental costs and effects were plotted on the cost-
effectiveness plane and a cost-effectiveness acceptability curve
plotted for willingness-to-pay thresholds from 0 to £100000
per QALY gained. Subgroup analysis explored differences in
cost-effectiveness between types of maternity unit (SCU/HDU
or NICU).

RESULTS

Of the 155 maternity units in England, 150 participated in the
NPP (the five units not participating were study pilot sites).® The
13 units comprising the nested cluster RCT intervention group
were also excluded, leaving 137 maternity units for evaluation.

The NPP adoption dates of the participating units ranged
from October 2018 to October 2020, with almost all starting
by April 2019. On average, there were 2.9 preterm births per
unit per month. Maternal and baby characteristics were similar
pre-implementation and post implementation (table 1). The
average MgSO, uptake across all units in the 12months pre-
implementation was 70.9%, increasing to 83.1% across the 12
months post implementation (table 2). The average amount of
missing MgSO, data reduced from 2.9% to 1.4%.

Imminent delivery was the most common reason why MgSO,
was not given. Pre-implementation, MgSO, was ‘not offered” in
16.19% of cases, and post implementation this reduced to 11.4%
(table 2).

Overall, the trend in MgSO, uptake increased steadily
(figure 1, online supplemental figures S1-S3). The average
uptake varied by AHSN, and within each AHSN there was high
monthly variation (online supplemental figure S3). The lowest
average uptake was around 65% at the end of 2017 and the
highest was around 94% around May 2020.

The unadjusted average increase in uptake from pre-
implementation to post implementation was 12.2percentage
points. After adjusting for confounding factors, this reduced to

Table 1  Sociodemographic and clinical characteristics of mothers
and babies born at <30 weeks' gestation in NPP maternity units in
England, October 2017—June 2020

Post

Variable Pre-implementation* implementation*

Sociodemographic characteristics of babiest

Babies (n) 3630 3441
Gestational age (weeks), median 27.9 (25.9-29.0) 27.9 (26.0-29.1)
(IQR)

Birth weight (g), median (IQR)
Birth weight adjusted for
gestational age (z-score), median

(IQR)

982 (770-1210)
0.1 (-0.6 t0 0.7)

980 (769-1205)
0.1(-0.6 t0 0.7)

Male sex, n (%) 1960 (54.0) 1851 (53.8)
Multiple births, n (%) 871 (24.0) 817 (23.7)
Sociodemographic and clinical characteristics of mothers
Mothers (n) 3189 3016
Maternal age (years), mean (SD) 31 (6) 31 (6)
White ethnicity, n (%) 1711 (60.2) 1610 (61.2)
Level of deprivation (IMD quintile), n (%)
1 (most deprived) 1108 (31.0) 1112 (32.9)
2 912 (25.6) 773 (22.9)
3 643 (18.0) 621 (18.4)
4 485 (14.0) 454 (13.4)
5 (least deprived) 422 (11.82) 418 (12.4)
Hypertension in pregnancy, n (%) 128 (3.5) 157 (4.6)
Antenatal steroids given, n (%) 3340 (92.1) 3220 (93.9)
Maternity unit characteristics
Special care unit/high dependency 1336 (36) 1226 (35.6)
unit, n (%)
Neonatal intensive care unit, n (%) 2294 (63.2) 2215 (64.4)
Average number of eligible births 2.9(2.1) 2.9(2.1)

per hospital per month, mean (SD)

*Figures cover the 12 months prior to, and 12 months following the recorded NPP
adoption date at each unit, excluding the month of adoption itself.

tAll babies in the dataset including multiples

IMD, Index of Multiple Deprivation; NPP, National PReCePT Programme; PReCePT,
Preventing Cerebral Palsy in Pre Term labour.

6.3 percentage points (95%CI 2.6 to 10.0percentage points,
p<0.001). Sensitivity analysis excluding data three months
either side of the adoption month changed the estimate to 9.5%
(95% CI 4.3 to 14.7, p<0.001) (table 3). Neither including the
nested RCT intervention units nor excluding units from one
late-starting AHSN had any substantial effect on the estimate.

The proportion of missing MgSO, data fluctuated between
0% and 7%, but overall decreased over time (online supple-
mental figures S4 and S5). Around April 2020, the time of the
first: COVID-19 lockdown in England, missing MgSO, data
appeared to increase and uptake decrease.

Costs and cost-effectiveness analyses
The mean implementation cost of the NPP was £6044 per unit:
£738 for NPP management, £2764 for AHSN funding and
£2500 for clinical backfill funding. The mean implementation
cost per eligible preterm baby (<30 weeks’ gestation) was £267.
The NPP was associated with a mean increase of 0.01 QALYs
per preterm baby and £649 total incremental savings over a
baby’s lifetime (table 4). This equates to a net monetary benefit
of £886 per eligible preterm baby at a willingness-to-pay
threshold of £20000 per QALY gained (table 4). Applying this
finding across all the preterm babies delivered during the year
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Table 2 MgSO, uptake in babies born at <30 weeks' gestation in
NPP maternity units in England, October 2017-June 2020*

Post
Variable Pre-implementationt  implementationt
Total number of eligible births 3172 3014
Total number of mothers given 2279 (71.9) 2527 (83.8)
Mgs0,, n (%)
Total number of mothers not given 803 (25.3) 447 (14.8)
Mgs0,, n (%)
Total number with MgSO, data 90 (2.8) 40 (1.3)
missing, n (%)
Mean MgS0, uptake across all 70.9 (3.6) 83.1 (3.5)

units, % (SD)
Mean MgSO, missing data across
all units, % (SD) (% range)

Reason MgSO0, not given, n (%)

2.9(1.3) (1.1-5.6) 1.4 (1.0) (0-3.1)

Contraindicated 9(1.2) 6(1.3)
Declined 7(0.7) 3(0.7)
Delivery imminent 499 (62.1) 337 (75.4)
Not appropriate 69 (8.6) 24 (5.4)
Not offered 129 (16.1) 51(11.4)
Data missing 90 (11.2) 26 (5.8)

*MgsSO0, data from records on singleton births and the first born of multiples with
records in the data set.

tFigures cover the 12 months prior to, and 12 months following the recorded NPP
adoption date at each unit, excluding the month of adoption itself.

MgS0,, magnesium sulfate; NPP, National PReCePT Programme; PReCePT,
Preventing Cerebral Palsy in Pre Term labour.

post implementation, the NPP was associated with savings to
the society accruing over their lifetime totalling £3 million (£886
multiplied by 3441). The probability of the NPP being cost-
effective was greater than 95% (table 4, online supplemental
figures S6-S8).

Although the cost per baby was higher in smaller (SCU/HDU)
units than in NICUs (table 4), the probability of cost-effectiveness
in small units was still high at about 85% (online supplemental
figures S6-S8).

DISCUSSION
This is the first evaluation of a UK universally implemented
national perinatal QI programme to increase administration of
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Figure 1 Magnesium sulfate (MgS0,) uptake pre-implementation and

post implementation.

Table 3  Difference in MgSO, uptake in babies born at <30 weeks'
gestation after implementation of the NPP in maternity units in
Englandtt

Difference in
MgSO, uptake  95%¢Cl

(percentage (percentage
Models points)* points) P value
1 Unadjustedt 12.2 9.5t015.0 <0.001
2 Adjusted for unit sizet 11.0 8910 13.1 <0.001
3 Adjusted for unit size and 11.0 8410135 <0.001
clustering by AHSN§
4 Adjusted for unit size, clustering 6.7 2.8t010.5 0.001
by AHSN and NPP monthq|
5 Fully adjusted** 6.3 2.6t010.0 0.001
6 Fully adjusted model** and 9.5 43t014.7 <0.001
excluding records within 3
months either side of the start
month
Additional analyses
7 Model 6 and includingthe 13 9.6 44t014.8 <0.001
PReCePT trial intervention units
8 Model 6 and excluding 10.0 3.9t016.0 0.001

units in one AHSN where
implementation was delayed

*Percentage point changes, post implementation minus pre-implementation.
tCrude regression of uptake post implementation compared with pre-
implementation.

$As per model 1, plus additionally weighted on the number of eligible records per
unit, with robust SEs.

§As per model 2, plus additionally accounting for clustering by AHSN, with robust
SEs.

91As per model 3, plus additionally adjusted for recorded start month.

**As per model 4, plus additionally adjusted for birth weight adjusted for
gestational age and sex, maternal age, IMD, ethnicity, multiple birth, maternal
hypertension (all unit-level aggregates), level of unit and study month.

1tMgS0, data from records on singleton births and the first born of multiples with
records in the data set.

AHSN, Academic Health Science Network; IMD, Index of Multiple Deprivation;
MgSO0,, magnesium sulfate; NPP, National PReCePT Programme; PReCePT,
Preventing Cerebral Palsy in Pre Term labour.

an evidence-based drug. We found that the NPP increased the
uptake of MgSO, in babies born at <30 weeks’ gestation and was
cost-effective. It generated an estimated net monetary benefit to
the society of £3 million over the lifetime of the preterm babies
delivered during the 12 months following implementation. The
reduction in the amount of missing MgSO, data indicates an
improvement in record-keeping and is likely an indirect benefi-
cial effect of the NPP

MgSO, uptake varies across countries, with estimates of
0%-12.3% in Europe (2011-2015)" and 43.0% in Canada
(2011-2015)."® We found one similar QI strategy (MAG-CP
(MAGnesium sulphate for fetal neuroprotection to prevent
Cerebral Palsy) in Canada) which included educational rounds,
focus groups and surveys of barriers/facilitators, and online
training in addition to national guidelines.'® This was associated
with an absolute increase in uptake of 44.3%, from 2.0% pre-
implementation (2005-2010) to 46.3% post implementation
(2011-2015)." For context, UK uptake was 38% in 2014."

Strengths

Routinely collected maternal, neonatal and cost data from
the NNRD and the NPP provided robust, high-quality data
for evaluation. Almost all maternity units in England were
included, making the results generalisable. Mixed-effects models
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Table 4  Probabilistic analysis results of the NPP cost-effectiveness

Combined SCU/HDU NICU
Lower Upper 95% Point Lower Upper 95% Point Lower Upper

NPP Point estimate 95% limit  limit estimate  95% limit limit estimate  95% limit  95% limit
Incremental implementation costs, £ 294 32 808 553 134 1277 98 57 149
Incremental lifetime costs, £ -943 —-1486 —469 -909 -1514 -362 -867 -1443 -357
Incremental total costs, £ —649 —-1284 35 -356 -1131 539 —-769 —-1344 258
Incremental QALYs 0.01 0.01 0.02 0.01 0.01 0.02 0.01 0.01 0.02

Net monetary benefit*, £ 886 130 1621 586 =372 1475 987 355 1675

*We used a willingness-to-pay threshold of £20000 per QALY gained.

HDU, high dependency unit; NICU, neonatal intensive care unit; NPP, National PReCePT Programme; PReCePT, Preventing Cerebral Palsy in Pre Term labour; QALYs, quality-

adjusted life-years; SCU, special care unit.

enabled the effect estimates to be adjusted for known potential
confounders and clustering by AHSN. As NPP implementation
was directed by AHSNs, unmeasured similarities and differences
between units within AHSNs need to be taken into account as
we have done here.

The National Neonatal Audit Programme report on 2020 data
concurred with our conclusions.” They found uptake in Scot-
land and Wales was comparable with the national average pre-
NPP, but below afterwards. This is suggestive that English units’
exposure to the NPP was associated with their higher average
uptake. Their data on improvements in other audit measures
are also illuminating. Their audit shows the increase in uptake
of antenatal steroids from 75.6% to 85.8% took 5—6 years,
where the comparable increase in the uptake of MgSO, from
72% to 85.7% took place over just 2years. A key difference in
the journey of these treatments was the dedicated national QI
programme for MgSO,. Again this is suggestive of the NPP’s role
in the relatively rapid improvement in uptake of MgSO,.

Limitations

In a pragmatic before-and-after observational evaluation of
this kind, it is impossible to conclusively attribute the observed
increase in uptake to the NPP alone. For example, some of
the observed improvements in uptake could be explained by
improvements in record-keeping. However, the reduction in
missing data was much smaller than the observed improve-
ment in uptake, so it is unlikely to be a significant explana-
tory factor. Historically, uptake has been increasing since 2014
(online supplemental figure S2). This historical trend has been
accounted for in the analysis. The estimate is the increased slope
(increased improvement in uptake) over and above the pre-
implementation slope. The statistical methods used minimised
the impact of known biases and confounders, giving reason to
believe that the NPP did have a positive impact on uptake. Anal-
yses were limited to the available data (to June 2020), but it is
expected that NPP benefits will persist. Sustainability needs to
be addressed in future studies. Adoption dates used to demarcate
the exposure periods were not firmly defined, and NPP activi-
ties were reported to have started before or after the stated start
dates in some units, possibly diluting the observable effects of
the NPP on uptake. Despite this, the various sensitivity analyses
did not alter the main findings.

The adjusted effect estimate was smaller than expected from
previous audit figures.”! This suggests that other factors (eg,
organisational context®?) could have also contributed to the
observed increase in uptake. From our 4-year experience post
implementation in the five pilot sites, the improved uptake is
likely to be sustained, meaning that longer-term analyses may

show the NPP to be even more cost-effective than estimated here
as implementation costs are non-recurring.

The observed decrease in uptake and increase in missing
MgSO, data around April 2020 may be a random fluctua-
tion, but is consistent with a possible impact of the first wave
of COVID-19 in England. Staffing pressures of a pandemic
are likely to affect the quality of care. Also, women may have
presented to hospital later during this time due to caution about
contact, meaning missed opportunities to give MgSO, due to
imminent delivery. Further analysis of future data would be valu-
able to identify clearer trends in uptake or missing data associ-
ated with the course of the pandemic.

Implications for clinical practice

Uptake of new evidence or guidelines is often slow due to prac-
tical barriers, lack of knowledge, and need for behaviour change,
as illustrated by the case of antenatal steroids which took decades
to become embedded in routine practice. This comes at a high
clinical and economic cost. The NPP demonstrates that active
implementation of national initiatives using QI toolkits, clinical
leadership and regional QI support can have a substantial effect
on accelerating uptake of evidence-based therapies.
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