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Novelty and Significance

What Is New?
Labetalol and nifedipine are both effective at lowering brachial blood
pressure in pregnancy complicated by chronic hypertension.
Labetalol reduces brachial diastolic blood pressure more than nifedipine
in non-black women.
Nifedipine reduces central aortic blood pressure significantly more than
labetalol in women of varying ethnicities.

What Is Relevant?

Chronic hypertension in pregnancy is associated with adverse maternal
and perinatal outcome.

e The optimal antihypertensive agent(s) is yet to be identified.
e Ethnic variation in antihypertensive treatment effect in women with

o |abetalol and nifedipine demonstrate differing mechanistic treatment ef-

This study provides support for a larger definitive trial scrutinizing
the benefits and side effects of first-line antihypertensive treatment
in pregnant women with chronic hypertension.

chronic hypertension in pregnancy is evident and warrants further ex-
ploration.

fects, and the clinical importance of these requires investigation.
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Supplemental methods:
Randomisation, Intervention and Outcome Measures

Women were randomly assigned antihypertensive treatment via a MedSciNet online
minimisation protocol with stratification for: gestation at randomisation (divided into four
week groups: 12*0-15%, 16*9-19%¢, 20*°-23*¢ and 24*°-27*¢), maternity centre, systolic BP at
randomisation (<140 mm Hg (on treatment at study enrolment), 140-149 mm Hg and 2150
mm Hg), and ethnicity (Black (determined by self-report of whether the woman had a
parent or grandparent who was African or Caribbean) versus non-Black (all other
ethnicities)). Minimum divided daily doses of labetalol (combined alpha and beta-blocker)
were 200 mg (100 mg twice per day) and maximum 1800 mg (600 mg three times per day)
and for nifedipine modified release (a calcium channel) 20 mg (10 mg twice per day) and
maximum 80 mg (40 mg twice per day). Starting doses were decided by the attending
clinician. Treatment was open-label as it was considered clinically not feasible to mask
allocation to clinicians and women in view of the differing recommended dosing frequency,
need to escalate treatment and add a second agent where required at clinicians’ discretion.
Allocated treatment was taken as first-line antihypertensive agent until delivery (or
discontinuation at clinician or woman’s request) and women were followed-up until six
weeks’ post-partum wherever feasible. If additional antihypertensive agents were required
or women opted to discontinue their assigned intervention, treatment was prescribed at
their clinician’s preference. Diastolic BP treatment target was 85 mm Hg in accordance with
recommendations from the outcomes of the Control of Hypertension In Pregnancy Study
(Magee LA, Dadelszen P, Rey E, et al. Less-tight versus tight control of hypertension in
pregnancy. The New England journal of medicine. 2015;372(5):407-417.). All other antenatal
care was as standard UK practice in accordance with NICE guidelines for the management of
chronic hypertension in pregnancy (National Institute for Health and Clinical Excellence.
Hypertension in pregnancy: The management of hypertensive disorders during pregnancy.
2010;(Clinical Guideline 107), including standard administration of aspirin (75 mg/day) for
prevention of pre-eclampsia.

Baseline demographic and antenatal booking data were collected at enrolment. BP readings
taken at all subsequent antenatal visits in the routine clinical environment (using manual
and automated devices validated for use in pregnancy) and daily during hospital admissions
(highest of that day) were recorded in addition to maternal and neonatal outcome data. The
primary process outcome was recruitment per maternity centre per month and the primary
clinical outcome was maximum systolic BP post-randomisation until delivery (mean highest
systolic and corresponding diastolic in each treatment group). Secondary clinical outcomes
with effect size calculated included: mean systolic and mean diastolic BP post-
randomisation until delivery (measured using the trapezium method analysing the area
under the curve), proportion of days with BP recordings of systolic BP >=160 mm Hg, >=150
mm Hg, or diastolic BP <80 mm Hg between randomisation and delivery, proportion of
women diagnosed with superimposed pre-eclampsia (defined as new-onset proteinuria
(protein: creatinine ratio >30 mg/mmol), a sudden increase in proteinuria if already present
in early gestation, and an increase in hypertension (ACOG practice bulletin. Diagnosis and
management of preeclampsia and eclampsia. Number 33, January 2002;77(1):67)), median
gestation at delivery, mean birthweight, and proportion of infants admitted to the neonatal



care unit in each group. Other secondary clinical outcomes recorded included: additional
antihypertensive agent use (oral and parenteral), mode of delivery, estimated blood loss,
other adverse maternal outcome, condition of the fetus at birth (including Apgar score and
umbilical cord gas analysis), customised birthweight centiles, and other adverse neonatal
outcomes. Customised birthweight centiles were calculated using the GROW formula with
adjustment for maternal height, maternal weight, maternal ethnicity, parity, infant sex,
infant birthweight and gestation at birth (Gardosi J. New definition of small for gestational
age based on fetal growth potential. Hormone Research in Paediatrics. 2006;65(Suppl.
3):15-18. version 6.7.5.1 (2014)). Secondary process outcomes included: proportion of
women withdrawing from the study, proportion of women able to adhere to the assigned
intervention, and proportion and range of adverse events reported in each treatment arm.
Health resource use was captured as antenatal outpatient visits (including scans, antenatal
clinic and maternity assessment unit visits), antenatal and postnatal maternal ward nights,
maternal intensive care and high dependency unit nights, neonatal intensive care and high
dependency care unit nights, neonatal special care and transitional care nights, and
neonatal postnatal ward nights. Women were asked to complete a questionnaire regarding
their views on trial participation at the six-week follow-up. Planned collection of data from
home BP readings was not feasible as few women monitored their BP at home in this
cohort. Assessment of adherence through pill count was planned, but not implemented to
reduce the time commitment involved in study participation.

Pre-specified mechanistic analyses included: collection of urine samples for protein:
creatinine ratio (PCR) quantification, and pulse wave analyses that were obtained using the
Arteriograph® (Tensiomed, Budapest, Hungary) at randomisation, 20 weeks, 28 weeks, 34
weeks’ gestation. PCR was defined as the ratio of urinary protein excretion to urinary
creatinine excretion and hence renal function. PCR values were considered normal below 30
mg/mmol. Pulse wave analyses were performed to assess if parameters of arterial stiffness
(central aortic pressure, augmentation index and pulse wave velocity) could offer additional
insight into treatment effects beyond the scope of brachial blood pressure alone. All pulse
wave measurements were performed with participants in the sitting position. The
Arteriograph® cuff was then applied to the left arm over the brachial artery for estimation
of central aortic pressure (the estimated peak systolic pressure in the aorta, measured in
mm Hg), pulse wave velocity (speed of travel of the pulse along an arterial segment,
measured in m/s) and augmentation index (increase in aortic pressure after the peak of
blood flow in the vessel, measured as a percentage) as previously described by Khalil and
colleagues (Khalil A, Akolekar R, Syngelaki A, Elkhouli M, Nicolaides KH. Maternal
hemodynamics in normal pregnancies at 11-13 weeks’ gestation. Fetal diagnosis and
therapy. 2012;32(3):179-185). All recordings were made by researchers who had received
appropriate training on the use of the Arteriograph®. The results of the pulse wave analyses
were not given to the women or their doctors and did not influence the subsequent
management of the pregnancies.



Supplemental Results:

Supplemental Table S1: Details of adverse maternal outcomes

Randomised to

Randomised to

Outcome labetalol nifedipine
n=55 n=57
Any maternal complication 6 (11%) 8 (14%)
Maternal death 0 0
Central Nervous System
Eclampsia 0 0
Glasgow coma score <13 0 0
Intracranial haemorrhage or infarct 0 0
Transient ischaemic attack 0 0
Cortical blindness or retinal detachment 0 0
Posterior reversible encephalopathy 0 0
Cardiorespiratory
Positive inotropic support required 0 0
Myocardial ischaemia or infarction 0 0
Oxygen saturations <90% >2 hours 0 0
250% Oxygen therapy required for >1 h 0 0
Intubation 0 0
Pulmonary oedema 0 0
Haematological
Transfusion of any blood product 2 (4%) 5 (9%)
Platelet count <50x10°/L (no transfusion) 1(2%) 0
Hepatic
Dysfunction 0 0
Haematoma or rupture 0 0
Renal
> :
o pre.cxstingrenal dsease) | 1w 0
> :
R el I R N
Dialysis 0 0
Obstetric
Placental abruption 0 1(2%)
HELLP syndrome 1(2%) 0
Postpartum haemorrhage, >1.5L 4 (7%) 4 (7%)




Supplemental Table S2: Details of adverse neonatal outcomes

Randomised to

Randomised to

Outcome labetalol nifedipine
n=51 n=52

Any neonatal complication 11 (22%) 17 (33%)
Neonatal Death 0 0
Infant death >28 days post delivery 0 1(2%)
Central nervous system
Interventricular Haemorrhage 0 0
Seizures 0 0
Encephalopathy 0 0
Retinopathy of prematurity 0 0
Respiratory
Respiratory Distress Syndrome 7 (14%) 11 (21%)
Need for additional respiratory support 6 (12%) 12 (23%)
Gastrointestinal
Necrotising enterocolitis 3 (6%) 2 (4%)
Hypoglycaemia 6 (12%) 8 (15%)
Sepsis 1(2%) 5(10%)
Congenital anomalies* 1(2%) 4 (8%)
Chromosomal abnormalities* 0 1(2%)

Neonatal outcome data is only presented for the livebirths.

*Congenital anomalies by treatment group included; labetalol: one infant with hypospadias;
nifedipine: one infant with jejunal atresia and a deletion on the short arm of chromosome
16, one infant with trachea-oesophageal fistula, and one infant with tetralogy of fallot. All of

these women were randomised after 16 weeks’ gestation.




Supplemental Table S3: Health resource use category by randomised treatment group
(mean and standard deviation)

Randomised | Randomised
to to
Health resource labetalol nifedipine

n=55 n=57
Number of anten_a?al Fllnlcs, antenatal day unit visits 19 (8) 20 (8)
and ultrasound visits in pregnancy
N.umber of maternal antenatal and postnatal ward 4(3) 7(7)
nights
Number of matfern.al intensive care unit and/or high 0.4 (1.1) 0.9 (1.9)
dependency unit nights
Number of neonatafl intensive care unit and/or high 2 (10) 6 (23)
dependency care nights
Numbf.er of neonatal special care and/or transitional 2(6) 3(12)
care nights
Number of neonatal postnatal ward nights 2(2) 2(2)




Supplemental Table S4: Summary of adverse events reported in each treatment arm

Randomised to Randomised to
Adverse event labetalol nifedipine
n=55 n=57
Total 21 (38%) 15 (26%)
Headache 10 (18%) 11 (19%)
Dizziness 5 (9%) 2 (4%)
Lethargy 2 (4%) 0
Epistaxis 1(2%) 1(2%)
Scalp tingling 2 (4%) 0
Shortness of breath 5(9%) 1(2%)
Abdominal pain/nausea 2 (4%) 2 (4%)
Peripheral oedema 2 (4%) 1(2%)
Hot flashes 1(2%) 1(2%)

In addition, nipple pain, nasal congestion, eye spasm and chest pain were experienced by
one woman each in the labetalol group




Supplemental Figure S1

20 —
- = Nifedipine

. — | abetalol

=

£ e

£ 15+ 7

& e

E 7

2 -

=

@

E

£

8 T

o 1

z

2

o

U -
1 1 1 I I 1
12 to 15+° 16 to 19+° 20 to 23+¢ 24 to 27+ 28 to 31+ 32to 35%°
Gestation (weeks)

Number of samples
Nifedipine 12 14 23 18 17 28
Labetalcl E 10 23 22 22 25

Treatment effects on urinary protein: creatinine ratio across gestation post-randomisation
Number of participants sampled at each time point is detailed in the table below the graph
and the standard error bars are included at each time point.





