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A treatment strategy with nifedipine 
versus labetalol for women with pregnancy 
hypertension: study protocol for a randomised 
controlled trial (Giant PANDA)
Danielle Ashworth1, Cheryl Battersby2, Debra Bick3, Marcus Green4, Pollyanna Hardy5, Lisa Leighton6, 
Laura A. Magee7, Alisha Maher6, Richard J. McManus8, Catherine Moakes6, R. Katie Morris6, 
Catherine Nelson‑Piercy9, Jenie Sparkes1, Oliver Rivero‑Arias5, Andrew Webb10, Hannah Wilson1, 
Jenny Myers11 and Lucy C. Chappell1*    

Abstract 

Background  Approximately one in ten women have high blood pressure during pregnancy. Hypertension is associ‑
ated with adverse maternal and perinatal outcomes, and as treatment improves maternal outcomes, antihypertensive 
treatment is recommended. Previous trials have been unable to provide a definitive answer on which antihyperten‑
sive treatment is associated with optimal maternal and neonatal outcomes and the need for robust evidence evalu‑
ating maternal and infant benefits and risks remains an important, unanswered question for research and clinical 
communities.

Methods  The Giant PANDA study is a pragmatic, open-label, multicentre, randomised controlled trial of a treatment 
initiation strategy with nifedipine (calcium channel blocker), versus labetalol (mixed alpha/beta blocker) in 2300 
women with pregnancy hypertension. The primary objective is to evaluate if treatment with nifedipine compared 
to labetalol in women with pregnancy hypertension reduces severe maternal hypertension without increasing fetal 
or neonatal death or neonatal unit admission. Subgroup analyses will be undertaken by hypertension type (chronic, 
gestational, pre-eclampsia), diabetes (yes, no), singleton (yes, no), self-reported ethnicity (Black, all other), and gesta‑
tional age at randomisation categories (11 + 0 to 19 + 6, 20 + 0 to 27 + 6, 28 + 0 to 34 + 6 weeks). A cost-effectiveness 
analysis using an NHS perspective will be undertaken using a cost-consequence analysis up to postnatal hospital 
discharge and an extrapolation exercise with a lifetime horizon conditional on the results of the cost-consequence 
analysis.

Discussion  This trial aims to address the uncertainty of which antihypertensive treatment is associated with optimal 
maternal and neonatal outcomes. The trial results are intended to provide definitive evidence to inform guidelines 
and linked, shared decision-making tools, thus influencing clinical practice.

Trial registration  EudraCT number: 2020–003410-12, ISRCTN: 12,792,616 registered on 18 November 2020.

Keywords  Hypertension, Pregnancy, Randomised controlled trial, Antihypertensives, Blood pressure
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Introduction
Background and rationale {6a}
Approximately 1 in 10 women have hypertension or high 
blood pressure in pregnancy. This includes chronic (pre-
existing, typically essential) and gestational (new from 
20  weeks’ gestation) hypertension and pre-eclampsia 
(hypertension with additional features of maternal multi-
organ or uteroplacental involvement). Hypertensive dis-
orders of pregnancy, in particular pre-eclampsia, are 
associated with substantial maternal and perinatal mor-
bidity [1–3] and mortality [4].

Treatment with antihypertensives is typically offered 
to pregnant women to lower blood pressure and prevent 
progression to severe hypertension, known to be associ-
ated with adverse maternal and perinatal outcomes.

The 2018 Cochrane systematic review of antihyper-
tensive trials in pregnancy included data from 58 trials 
and 5909 women. It concluded that treatment benefit 
is such that no further research is needed on treatment 
versus no treatment, noting that the use of any antihy-
pertensive drug (versus placebo or no antihypertensive 
drug) halves the risk of developing severe hypertension 
(20 trials, 2558 women; risk ratio (RR) 0.49; 95% confi-
dence interval (CI) 0.40–0.60) [5]. A trial published since 
this systematic review demonstrated a significant reduc-
tion in pre-eclampsia (RR, 0.79; 95% CI, 0.69 to 0.89) and 
preterm birth (RR, 0.87; 95% CI, 0.77 to 0.99) in women 
actively treated for mild chronic hypertension compared 
to the control group [6]. It further concluded that future 
research should be high-quality, large-sized, randomised 
controlled trials focused on the head-to-head assessment 
of antihypertensive drugs. Only two trials [7, 8], with a 
total of 354 women, compared the top two antihyper-
tensive treatments recommended across international 
guidelines, namely labetalol (a mixed alpha/beta-adreno-
ceptor blocker) and nifedipine (calcium channel blocker) 
[5, 7, 8]. A network meta-analysis, published since the 
commencement of recruitment to this trial, confirmed 
the reduction in severe hypertension with both agents 
versus no therapy and recommended that further infor-
mation from a variety of sources should be obtained 
[9]. A feasibility study (not powered for clinical out-
comes) found a 7.4  mmHg (− 0.4 to − 14.4) reduction 
in central aortic pressure with nifedipine (vs. labetalol), 

http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
http://www.equator-network.org/reporting-guidelines/spirit-2013-statement-defining-standard-protocol-items-for-clinical-trials/
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but definitive evidence for superiority of one agent over 
another remains to be established [7, 8].

First-line therapy across international guidelines is typ-
ically labetalol or nifedipine [10], with no advice on tai-
loring of drug therapy for ethnicity, as recommended out 
of pregnancy [11]. The UK National Institute for Health 
and Care Excellence (NICE) pregnancy Hypertension 
guideline advises labetalol as first-line treatment based 
on its license for use in pregnancy, with a research rec-
ommendation to evaluate the effectiveness and safety of 
antihypertensives (in head-to-head trials) in improving 
maternal and perinatal outcomes [12].

The Giant Pregnancy ANtihypertensive Drugs: which 
Agent is best? (PANDA) https://​fundi​ngawa​rds.​nihr.​ac.​
uk/​award/​NIHR1​28721 study aims to compare a treat-
ment strategy of nifedipine versus labetalol in women 
with pregnancy hypertension. It addresses a research 
recommendation first published by NICE in 2010 and 
reiterated in the 2019 update [12]. Our study is also 
informed by the findings of a four-centre feasibility study 
(ISRCTN40973936) and developed by a multidiscipli-
nary team with outcomes chosen by patient and public 
involvement. This study is funded by the National Insti-
tute for Health and Care Research Health Technology 
Assessment programme and has been approved by the 
Health Research Authority and Medicines and Health-
care products Regulatory Agency, together with NHS 
Trust Research and Development Offices for each site.

Objectives {7}
The objective of this study is to address the research 
question: “In women with pregnancy hypertension (Pop-
ulation), what is the effect of treatment with nifedipine 
(Intervention) versus labetalol (Comparator) on severe 
maternal hypertension (Outcome) and a composite of 
fetal or neonatal death, or neonatal unit admissions 
(Outcome)?”.

Objectives
The primary objective is to evaluate if treatment with 
nifedipine (calcium channel blocker), compared to 
labetalol (mixed alpha/beta blocker) in women with 
pregnancy hypertension, reduces severe maternal hyper-
tension without increasing fetal or neonatal death or 
neonatal unit admission.

The secondary objectives are as follows:

•	 To investigate the effect of treatment with nifedi-
pine versus labetalol on other maternal and fetal/
neonatal outcomes including patient-reported out-
come measures.

•	 To evaluate the cost-effectiveness of nifedipine versus  
labetalol as antihypertensive drugs from an NHS  
perspective.

Trial design {8}
The Giant PANDA study is a pragmatic, parallel-group, 
open-label, multicentre, two-arm randomised controlled 
trial of treatment with nifedipine versus labetalol by ran-
dom allocation (1:1) in women with pregnancy hyperten-
sion, with two co-primary outcomes: a maternal outcome 
assessing superiority and a fetal/neonatal outcome 
assessing non-inferiority. Women who decline randomi-
sation or are unable to be randomised (meeting any of 
the exclusion criteria detailed below) are offered partici-
pation in an observational study, involving data collec-
tion only.

The study is anticipated to take around 48  months to 
complete. This timeline accounts for study set-up, inter-
nal pilot, main trial recruitment, follow-up for all women 
and babies, data analysis, and write-up. An embedded 
internal pilot is expected to be run in approximately 17 
sites over 10  months to assess recruitment and reten-
tion rates, acceptability, and implementation. Provided 
the pre-specified progression criteria are satisfactorily 
met, recruitment to the main trial would proceed with no 
break (or interim data analysis) and data from the pilot 
and main trial analysed together.

Methods: participants, interventions, 
and outcomes
Study setting {9}
The study is being conducted in around 50 consultant-
led maternity units (sites) across the UK with a focus on 
gaining a geographical breadth of sites (across clinical 
research networks) and a variety of site sizes and types 
including academic teaching hospitals and hospitals serv-
ing peripheral geographic locations. Study site selection 
is focussing on ensuring that the research follows patient 
need, particularly with regard to the ethnic diversity of 
eligible participants. A full list of study sites can be found 
on the Giant PANDA website https://​www.​birmi​ngham.​
ac.​uk/​resea​rch/​bctu/​trials/​womens/​giant-​panda/​index.​
aspx.

Eligibility criteria {10}
Inclusion criteria
Women who meet all the following criteria are eligible 
for enrolment in the randomised trial:

•	 Pregnancy of between 11 + 0 and 34 + 6 weeks’ gesta-
tion inclusive

https://fundingawards.nihr.ac.uk/award/NIHR128721
https://fundingawards.nihr.ac.uk/award/NIHR128721
https://www.birmingham.ac.uk/research/bctu/trials/womens/giant-panda/index.aspx
https://www.birmingham.ac.uk/research/bctu/trials/womens/giant-panda/index.aspx
https://www.birmingham.ac.uk/research/bctu/trials/womens/giant-panda/index.aspx
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•	 Diagnosis of pregnancy hypertension (chronic/
gestational hypertension or pre-eclampsia) as 
defined by the NICE 2019 criteria as systolic 
blood pressure ≥ 140 and/or diastolic blood pres-
sure ≥ 90 mmHg [12]

•	 Clinician’s decision to initiate or continue the use of 
antihypertensive drugs

•	 Aged 18 years or over
•	 Able to give informed consent

Exclusion criteria
Women will be excluded from participation in the 
randomised trial if they meet either of the following 
criteria:

•	 Contraindication to either labetalol or nifedipine
•	 Already taking both labetalol and nifedipine and not 

able to be randomised to a single drug

Women who meet either of the exclusion criteria 
under, are under 11 weeks’ gestation, or decline randomi-
sation will be offered participation in an observational 
study, involving data collection only.

Who will take informed consent? {26a}
Women who meet the inclusion criteria are identified 
and approached by members of the direct clinical care 
team or the local maternity research team (who are 
integrated within the direct clinical care team) through 
referral letters and/or at antenatal clinics (including at 
antenatal booking, Early Pregnancy Assessment Unit 
attendances and Maternity Assessment Unit attend-
ances). Potential participants are provided with informa-
tion on the study, both verbally from a member of the 
research team and written via the participant information 
leaflet. They are given the opportunity to ask any ques-
tions they may have and then provided with appropriate 
time to decide whether they wish to participate. Pro-
vided the woman is happy to participate, an appropriately 
trained healthcare professional (who is Good Clinical 
Practice (GCP) trained and designated to take consent by 
the site principal investigator) obtains informed consent 
before performing any study-related procedures. For trial 
participants, this follows confirmation of eligibility by a 
medically qualified individual. Study participation and 
information on the prescription of the study antihyper-
tensive drug is documented in the handheld paper or 
electronic maternity record as in usual clinical care, as 
the standard way of communicating with general practi-
tioners and other relevant healthcare professionals.

Additional consent provisions for collection and use 
of participant data and biological specimens {26b}
The consent form includes a statement explaining that direct 
access to maternal and infant medical records is required for 
participation. Consent for electronic data linkage between 
routinely collated electronic data records (for the woman 
and the baby) is also requested to ascertain future outcomes 
without participant recall, with women free to decline with-
out any impact on their study participation.

Consent for biological specimens is not applicable as 
no samples are being collected.

Interventions
Explanation for the choice of comparators {6b}
The comparator is oral labetalol (no brand specified) 
which is currently recommended as the first-choice 
treatment for pregnancy hypertension by NICE guid-
ance in England.

Intervention description {11a}
The intervention is nifedipine modified-release prep-
arations (no brand specified), which is listed as an 
acceptable alternative in NICE guidance.

The starting dose for both the intervention and com-
parator is left to the discretion of the responsible health-
care professional. Sites are asked to follow standard 
NICE care pathways, for the management of pregnancy 
hypertension [12]. Apart from the trial treatment allo-
cated at randomisation, all other aspects of clinical 
management are entirely at the discretion of the local 
healthcare team. This includes any up- or down-titration, 
switching, or adding to the randomised antihyperten-
sive drug ensuring that women are effectively and safely 
treated. All aspects of both interventions are open label.

Criteria for discontinuing or modifying allocated 
interventions {11b}
Discontinuation of allocated treatment (stopping or 
switching antihypertensive treatment) is a common 
part of usual clinical care during pregnancy (either 
at the request of the woman, or the clinician), and a 
woman can continue in the study, for collection of peri-
natal and maternal outcome data, after discontinuation 
of treatment. Women are able to withdraw consent for 
further contact at any time without giving a reason and 
with no effect on their (or their baby’s) ongoing care. 
Women continue to receive usual clinical care if they 
withdraw from the study.

Strategies to improve adherence to interventions {11c}
As a pragmatic trial, standard clinical advice on adher-
ence to antihypertensives is provided by the prescribing 
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healthcare professional with no additional specific trial 
advice given. Information on women’s adherence to the 
antihypertensive medication is captured via partici-
pant-completed online surveys at 2 weeks after consent 
and monthly thereafter.

Relevant concomitant care permitted or prohibited 
during the trial {11d}
The Giant PANDA study is embedded in usual clinical 
care and thus woman can receive concomitant care as 
clinically required and participate in any other observa-
tional study. Co-enrolment in other trials is considered, 
discussed, and agreed upon by the trial management 
group.

Provisions for post‑trial care {30}
As antihypertensive treatment is commonly switched 
immediately after birth, outcomes are collected up 
to primary hospital discharge or 28  days post-birth, 
whichever occurs soonest. The decision to continue or 
switch antihypertensive drugs after birth sits entirely 
with the clinicians within the woman’s usual care team.

Outcomes {12}
Outcomes are recorded on the web-based trial-specific 
database through a review of case notes by trained 
researchers. Outcomes are collected from randomisa-
tion (or consent for women in the observational study 
only) up to primary hospital discharge for each woman 
or baby post-birth or 28  days post-birth, whichever 
occurs soonest.

Co‑primary outcomes
Primary maternal outcome
The primary maternal outcome is severe hypertension 
(proportion of days with healthcare professional meas-
ured systolic blood pressure reading ≥ 160  mmHg, out 
of the total number of days with healthcare professional 
measured blood pressure readings between randomisa-
tion and birth).

Primary fetal/neonatal outcome
The primary fetal/neonatal outcome is composite out-
come of fetal loss before birth or known neonatal death 
or neonatal unit admission involving separation of the 
baby from the mother. This outcome includes all babies 
born to a randomised mother, the denominator being 
the number of fetuses/infants.

Secondary outcomes
Secondary maternal outcomes
Outcomes indicated by an asterisk (*) will be presented 
with a treatment effect and confidence intervals (CI). All 
other outcomes will be presented with summary statis-
tics only.

Up to birth:

•	 Mean antenatal systolic blood pressure (using the 
highest systolic blood pressure per day as collected 
for the primary outcome)*

•	 Severe maternal hypertension* (defined as any epi-
sode of severe maternal hypertension (systolic blood 
pressure ≥ 160  mmHg between randomisation and 
birth))

•	 Mean antenatal diastolic blood pressure (using the 
highest diastolic blood pressure per day)

•	 Proportion of days with an antenatal systolic hyper-
tension blood pressure reading ≥ 140 mmHg

•	 Proportion of days with an antenatal diastolic hyper-
tension blood pressure reading ≥ 90 mmHg

•	 New diagnosis of pre-eclampsia*
•	 Diagnosis of eclampsia
•	 Diagnosis of haemolysis, elevated liver enzymes, low 

platelet syndrome
•	 Placental abruption
•	 Severe maternal morbidity (fullPIERS consensus def-

inition [13])*
•	 Components of severe maternal morbidity
•	 Maternal death
•	 Maternal stroke
•	 Prescription of additional antihypertensive drug(s)
•	 Prescription of alternative antihypertensive drug(s)
•	 Persistence with allocated antihypertensive (time 

from randomisation to the first discontinuation)
•	 Discontinued allocated antihypertensive drug*
•	 Undesirable effects of allocated (and other) antihy-

pertensive drug(s) (number of women* and number 
of undesirable effects)

•	 Total number of antenatal hospital inpatient days

Medication-related self-reported outcomes (measured 
at 2 weeks post-randomisation, if before birth) using vali-
dated tools:

•	 Treatment satisfaction with the allocated antihyper-
tensive drug.

•	 Beliefs about allocated antihypertensive drug.
•	 Adherence to allocated (and other) antihypertensive 

drug(s).
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At delivery/birth:

•	 Indicated delivery (induction of labour or prelabour 
rupture of membranes with stimulation of labour or 
pre-labour caesarean section)*

◦ Indication for the onset of birth
•	 Mode of onset of birth (spontaneous, induction of 

labour, prelabour rupture of membranes with stimu-
lation of labour, pre-labour caesarean section).

Between birth and primary hospital discharge or 
28 days post-birth, whichever occurs sooner:

•	 New episodes of severe maternal morbidity (fullPI-
ERS consensus definition [13])).

◦ Components of severe maternal morbidity
•	 Maternal death.

Secondary fetal and neonatal outcomes
Between birth and primary hospital discharge or 28 days 
post-birth, whichever occurs sooner, unless otherwise 
specified, using the denominator of all fetuses/ infants:

•	 Fetal loss before 24 + 0 weeks’ gestation.
•	 Fetal loss ≥ 24 + 0 weeks’ gestation (stillbirth).
•	 Known early neonatal death (up to 7  days from 

birth).
•	 Known late neonatal death (between 7 and up to 

28 days from birth).
•	 Neonatal unit admission (separation of baby from 

mother)*

◦ Principal recorded indication for neonatal unit 
admission
◦ Length of stay in the neonatal unit (and level of 
care)

•	 Major congenital abnormality as defined by EURO-
CAT*

•	 Mode of birth (spontaneous vaginal,* assisted vagi-
nal, caesarean section).

◦ Indication for the mode of birth
•	 Gestational age at birth*
•	 Preterm birth (< 37 completed weeks’ gestation).
•	 Preterm birth (< 32 completed weeks’ gestation).
•	 Birthweight.
•	 Birthweight centile*
•	 Birthweight small for gestational age (< 10th centile 

for gestational age).
•	 Umbilical arterial pH < 7 at birth.
•	 Apgar score at 5 min after delivery.

•	 Need for additional resuscitation at birth: intubation 
in the delivery room, resuscitation drugs, or chest 
compressions.

•	 Need for respiratory support.
◦ Type of respiratory support needed

•	 Need for treatment for neonatal hypoglycaemia (in 
those having blood glucose monitoring) [14]*

◦ Type of treatment for hypoglycaemia
•	 Lowest blood glucose measurement within the first 

48 h after birth.
•	 Intracranial haemorrhage.
•	 Neonatal seizures.
•	 Necrotising enterocolitis.

Process outcomes

•	 Number of babies in whom blood glucose monitor-
ing was indicated at birth.

•	 Indication for blood glucose monitoring.
•	 Blood glucose test performed.
•	 Acceptability of digital data capture method: pro-

portion of completed responses over expected total 
number (adjusted for the time between enrolment 
and delivery).

Adverse events

•	 Adverse event recorded (number of women and 
number of adverse events)

•	 Adverse event recorded (number of fetuses/neonates 
and number of adverse events)

Health economic maternal outcomes
Up to birth:

•	 Health-related quality of life (EQ-5D-5L).
•	 Number of outpatient contacts.
•	 Hospital inpatient length of stay by the level of care 

(intensive care unit, high dependency unit, or ward).

Between birth and primary hospital discharge or 
28 days post-birth, whichever occurs sooner:

•	 Hospital inpatient length of stay by the level of care 
(intensive care unit, high dependency unit, or ward).

Health economic neonatal outcomes
Between birth and primary hospital discharge or 28 days 
post-birth, whichever occurs sooner:
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•	 Hospital inpatient days by the level of care (neona-
tal intensive care unit, high dependency unit, special 
care baby unit, and postnatal ward).

Participant timeline {13}
The participant timeline is presented in Fig.  1 and 
Table  1. As a pragmatic trial, no trial-specific visits are 
required.

Sample size {14}
Non‑inferiority hypothesis for the fetal/neonatal co‑primary 
outcome
The sample size calculation was driven by the fetal/neo-
natal co-primary outcome. Using data from the Control 
of Hypertension In Pregnancy Study (CHIPS) trial and 
the PANDA feasibility study [8, 15], the control group 
event rate for fetal or neonatal death or neonatal unit 
admission was 25%. A sample size of 2190 babies would 

Fig. 1  Trial flow diagram

Table 1  Schedule of participant enrolment, allocation, and assessment in the trial

Enrolment Allocation (trial 
participants 
only)

Antenatal 
period

At 
hospital 
discharge

Eligibility screen x

Informed e-consent x

Baseline EQ-5D x

Randomisation and prescription of antihypertensive drug (trial participants only) X

Two weeks post enrolment contact (participant completed) x

Six weeks post enrolment contact (four weekly thereafter) (participant completed) x

Safety reporting (as needed) x x

Case note review (safety and outcome data collection) x (demographic 
and clinical baseline 
data)

x x
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have 90% power to detect a non-inferiority margin of 
6%, with a 2.5% one-sided significance level. Assuming 
approximately 1.5% of pregnancies are multi-fetal (Office 
for National Statistics), a sample size of 2190 women 
would provide a conservative estimate for the number of 
babies required to address the hypothesis for the fetal/
neonatal co-primary outcome. Due to the anticipated 
small proportion of multi-fetal pregnancies, this sample 
size would also allow for the dependence between out-
comes for infants from the same pregnancy [16].

Superiority hypothesis for the co‑primary maternal outcome
For the maternal co-primary outcome, using the PANDA 
feasibility study data (Webster, Myers et  al. 2017), a 
sample size of 2190 would enable us to detect a 2.3% 
superiority difference between the mean proportions, 
equivalent to an effect size of 0.14 of a standard devia-
tion, based on a two-sample t-test (5% two-sided alpha, 
90% power).

Allowing for up to 5% loss to follow-up, a total sam-
ple size of approximately 2300 women, 1150 women per 
group, will be recruited.

Recruitment {15}
Women are identified in the antenatal care setting of 
participating sites, confirmed as eligible to participate 
(by a medically qualified individual) and provided with 
information on the study and given appropriate time to 
decide to participate. An appropriately trained healthcare 
professional on the delegation log obtains informed elec-
tronic consent for participation.

Assignment of interventions: allocation
Sequence generation {16a}
Randomisation is managed by a secure online randomi-
sation system, at the Birmingham Clinical Trials Unit. 
Women are randomised at a 1:1 ratio to either nifedipine 
or labetalol. A minimisation algorithm is used to ensure 
balance in the treatment allocation with respect to the 
recruiting maternity unit, hypertension type (chronic, 
gestational, pre-eclampsia), diabetic status (yes/no), sin-
gleton pregnancy (yes/no), self-reported ethnicity (black, 
all other), and gestational age at randomisation (11 + 0 to 
19 + 6, 20 + 0 to 27 + 6, 28 + 0 to 34 + 6 weeks’). A ‘random 
element’ is included in the minimisation algorithm, so 
that each woman has a probability of being randomised 
to the opposite treatment that they would have otherwise 
received.

Concealment mechanism {16b}
As randomisation is performed by a central secure 
online randomisation system, the allocation sequence is 
concealed.

Implementation {16c}
Women are enrolled by an appropriately trained health-
care professional and assigned to either labetalol or 
nifedipine by the online randomisation system, RED-
Cap. Details of the minimisation algorithm to be used are 
detailed in the ‘Sequence generation {16a}’ section.

Assignment of interventions: blinding
Who will be blinded {17a}
To ensure women are effectively and safely treated, this 
is an open-label trial with all trial participants, care pro-
viders, and outcome assessors unmasked to allocation 
and therefore aware of allocation to either nifedipine 
(intervention) or labetalol (comparator). Data analysts 
are masked to allocation unless required by the data 
monitoring committee (DMC) for analysis and/or data 
cleaning.

Procedure for unblinding if needed {17b}
Unblinding is not needed due to the open-label study 
design.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Trial outcomes are presented in the ‘Outcomes {12}’ sec-
tion. Before commencing recruitment, each site receives 
training on the study design, protocol procedures (within 
the Site Initiation Visit) and data collection procedures 
(REDCap database training). All members of the site 
research team are expected to be appropriately trained 
and work in accordance with the GCP guideline and 
are required to provide proof of their GCP training and 
relevant experience. Outcome data are captured from 
standard maternity notes, by case note review, where 
clinical data are routinely collected in maternity care dur-
ing the antenatal period, at birth and up to hospital dis-
charge. Outcomes are captured for each woman or baby 
up to primary hospital discharge post-birth or at 28 days 
post-birth, whichever occurs sooner. Data monitoring 
procedures are covered in the ‘Frequency and plans for 
auditing trial conduct’ {23} section.

Table 1 described the participant timeline through the 
study. The participant-reported outcomes are captured 
within online questionnaires sent to women. The 2-week 
post consent questionnaire captures the antihyperten-
sive medication prescribed, medication side effects, 
and four validated questionnaires to capture the health-
related quality of life (EuroQol-5 Dimension, EQ-5D-5L 
[17]), treatment satisfaction (Treatment Satisfaction 
Questionnaire for Medication, TSQM Version II [18]), 
cognitive representations of medication (Beliefs about 
Medicines Questionnaire, BMQ-Specific [19]), and medi-
cation adherence (Medication Adherence Report Scale, 
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MARS-5 [20]). At subsequent contact points (6  weeks 
post consent and four weekly thereafter), antihyperten-
sive medication prescribed and health-related quality of 
life (EuroQol-5 Dimension, EQ-5D-5L) are captured.

Plans to promote participant retention and complete 
follow‑up {18b}
Participants are automatically sent a text message inviting 
them to complete online questionnaires, with an option 
for telephone completion, at the relevant contact points 
(Table 1). The site research team monitors the complete-
ness of the 2-week contact questionnaire and contacts 
participants if questionnaires are missing or incomplete. 
Women are encouraged to return data even if they stop 
their allocated treatment.

Data management {19}
Trial data are collected and stored according to GCP 
guidelines [21]. Processes to facilitate the accuracy of 
the trial data are detailed in the data management plan. 
Coding and validation are agreed upon between the trial 
manager, statistician, and programmer, and the study 
database is signed off once the implementation of these 
has been assured.

Confidentiality {27}
Personal information recorded is regarded as strictly con-
fidential and handled and stored following the Data Pro-
tection Act 2018 (and subsequent amendments). Women 
are always identified using their unique study number. 
No information by which a woman may be identified 
is disclosed to any third party other than those directly 
involved in the treatment of the woman and organisa-
tions for which the woman has given explicit consent for 
data transfer.

Plans for collection, laboratory evaluation, and storage 
of biological specimens for genetic or molecular analysis 
in this trial/future use {33}
No biological samples are being collected.

Statistical methods
Statistical methods for primary and secondary outcomes 
{20a}
A separate statistical analysis plan (see Supplemen-
tary material) for the quantitative analysis of the Giant 
PANDA study will provide a detailed description of the 
planned statistical analyses. A brief outline is given below. 
To maintain the rigour of randomisation, the primary 
analyses will be based on the intention to treat principle 

for both the maternal co-primary outcome (on a superi-
ority hypothesis) and the fetal/neonatal co-primary out-
come (on a non-inferiority hypothesis) and all secondary 
and safety outcomes. The final analysis will include data 
items up to and including the primary hospital discharge 
or 28  days post-birth (whichever occurs sooner) assess-
ment and no further.

All estimates of differences between groups will be pre-
sented with two-sided 95% CIs adjusting for the minimi-
sation variables. For fetal/neonatal outcomes, correlation 
between multiples will be further accounted for in the 
model. No adjustment for multiple comparisons will be 
made.

Co‑primary outcomes
The maternal co-primary outcome (defined in the ‘Out-
comes{12}’ section) will be summarised by treatment 
group using means and standard deviations. A fractional 
regression model will be used to generate adjusted mean 
differences (and 95% CIs). The p-value relating to the 
treatment group parameter as generated by the model 
will be presented.

The fetal/neonatal co-primary outcome (defined in the 
‘Outcomes {12}’ section) will be summarised by treat-
ment group using frequencies and percentages. A log-
binomial model will be used to generate risk ratios (and 
95% CIs). Adjusted risk differences will also be presented 
(and 95% CIs). A p-value will not be presented for this 
co-primary outcome, as non-inferiority will be assessed 
based on the upper limit of the 95% CI.

Secondary outcomes
The outcomes indicated with an asterisk in the ‘Out-
comes {12}’ section will be analysed as described below. 
Binary secondary outcomes will be analysed as per the 
fetal/neonatal co-primary outcome. Continuous out-
comes which are deemed to be normally distributed will 
be summarised using means and standard deviations and 
a linear model will be fitted to generate adjusted mean 
differences (and 95% CIs). Continuous outcomes which 
are not deemed to be normally distributed will be sum-
marised using medians and interquartile ranges and 
unadjusted differences in medians will be produced with 
95% CIs. Undesirable effects of allocated antihyperten-
sive drug(s) will be summarised using frequencies and 
percentages only, unless they occur with a frequency 
of > 5% in at least one of the treatment groups, whereby 
they will then be formally analysed as per the binary sec-
ondary outcomes described above.

All other secondary outcomes (not indicated with an 
asterisk in the ‘Outcomes {12}’ section) will be summa-
rised using descriptive statistics only. A separate health 
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economics analysis plan will be produced and will pro-
vide a comprehensive description of the planned health 
economic analyses.

Interim analyses {21b}
Interim analyses of safety and efficacy outcomes for pres-
entation to the independent DMC will take place during 
the study. This is likely to include the analysis of the pri-
mary and major secondary outcomes and a full assess-
ment of safety (serious adverse events) at least annually. 
Criteria for stopping or modifying the study based on 
this information will be ratified by the DMC and docu-
mented in the DMC Charter.

Methods for additional analyses (e.g. subgroup analyses) 
{20b}
Subgroup analyses will be undertaken on variables used 
in the minimisation algorithm (detailed in the ‘Sequence 
generation {16a}’ section) with the exception of the 
maternity unit and will be limited to the co-primary 
outcomes only. Tests for statistical heterogeneity (for 
example by including the treatment group by subgroup 
interaction parameter in the regression model) will 
be presented alongside the effect estimate and 95% CI 
within each subgroup. The results of subgroup analyses 
will be treated with caution and will be used for hypoth-
esis generation only.

Methods in analysis to handle protocol non‑adherence 
and any statistical methods to handle missing data {20c}
Every attempt will be made to collect full follow-up data 
on all participating women and their babies; it is thus 
anticipated that missing data will be minimal. Women 
or babies with missing co-primary outcome data will not 
be included in the primary analysis in the first instance. 
This presents a risk of bias, and sensitivity analyses will 
be undertaken to assess the possible impact of this risk.

Since the intention to treat analysis could provide 
results which are biased towards non-inferiority, for the 
co-primary outcomes only, sensitivity analyses based on 
the per-protocol and on-treatment populations will also 
be performed.

To explore the influence, if any, of blood pressure meas-
urement setting on the maternal co-primary outcomes, 
an additional sensitivity analysis will include an analysis 
of all blood pressure readings (in clinic and self-meas-
ured, reported in a telephone consultation). A further 
analysis which only includes women who self-monitor 
their blood pressure will also be considered.

In addition, since there is a risk of measurement bias 
for the secondary outcome assessing neonatal hypogly-
caemia, we will perform a sensitivity analysis on the neo-
natal hypoglycaemia outcome restricted to babies where 

testing has been performed as indicated by the British 
Association of Perinatal Medicine (BAPM) criteria [14] 
(i.e. excluding babies tested but not satisfying the BAPM 
criteria).

Plans to give access to the full protocol, participant‑level 
data, and statistical code {31c}
Requests for access to the trial protocol, anonymised 
trial dataset, and statistical codes will be considered by 
the chief investigator following the data-sharing policies 
of King’s College London and Birmingham Clinical Tri-
als Unit, with input from the co-investigator group where 
applicable.

Health economics analysis plan
A separate health economics analysis plan will be pro-
duced and will provide a more comprehensive descrip-
tion of the planned health economic analyses. A brief 
outline of these analyses is given below.

An economic evaluation will be conducted to deter-
mine the cost-effectiveness of nifedipine compared to 
labetalol from the perspective of the National Health Ser-
vice (NHS). Our clinical hypothesis is that nifedipine will 
outperform labetalol in terms of reducing the incidence 
of severe systolic hypertension among pregnant women. 
Additionally, we hypothesise that the co-primary fetal/
neonatal outcome will be non-inferior in the nifedipine 
group. Hence, we also anticipate no significant difference 
in costs for neonatal care between the two groups, but 
potential variations in costs and maternal health-related 
quality of life in favour of nifedipine due to better systolic 
blood pressure control throughout the trial period.

To demonstrate these hypotheses, we will collect data 
on healthcare resource utilisation for mothers during the 
trial period and for babies after delivery. For mothers, we 
will review case notes to gather information on antena-
tal care (including outpatient visits and hospital admis-
sions prior to delivery), care received during delivery, 
and the duration of hospital stay post-delivery. Regarding 
babies, we will record the number of inpatient days cat-
egorised by the level of care required (high, medium, or 
low) after delivery. Unit costs for valuing the healthcare 
provided will be obtained from national references. We 
will assess maternal health-related quality of life at vari-
ous time points using the EQ-5D-5L instrument: at trial 
entry, 2  weeks after randomisation, and every 4  weeks 
until the expected delivery date. The utility scores for 
EQ-5D-5L states will be derived from value sets currently 
being evaluated by the NICE [22], with the expectation 
of a final value set being available when the economic 
evaluation is analysed. To provide initial insights into the 
need for further extrapolation, we will initially present a 
cost-consequence analysis of the primary and secondary 



Page 11 of 14Ashworth et al. Trials          (2023) 24:584 	

clinical outcomes, along with maternal quality of life and 
the costs associated with mother-baby pairs until the pri-
mary hospital discharge or 28 days post-birth.

Complications (e.g. pre-eclampsia) associated with 
hypertension during pregnancy are known to increase 
the risk of cardiovascular disease and affect long-term 
life expectancy, health-related quality of life, and costs 
[1]. Therefore, if the trial demonstrates that nifedipine 
can better control hypertension during pregnancy, there 
is potential to reduce associated complications and miti-
gate the long-term risks of cardiovascular disease, either 
for all women or specific sub-groups. In such a scenario, 
we will consider employing decision analytic modelling 
to examine costs and maternal quality-adjusted life years 
(QALYs) over a lifetime horizon, enabling a cost-utility 
analysis. This model will depict the disease progression of 
women with elevated blood pressure following delivery, 
incorporating cardiovascular events over time. Observed 
risk factors, quality of life estimates, and healthcare 
resource utilisation data from our trial will inform the 
characteristics of a hypothetical cohort for each drug 
therapy within the model. The model will be adapted 
from an existing economic model developed as part of 
the BUMP studies [23, 24]. To inform health states over 
time, we will extract information on maternal quality 
of life and costs from relevant literature sources. Costs 
and outcomes will be synthesised using an incremental 
cost-effectiveness ratio, expressed as the cost per QALY 
gained between the two therapies.

When interpreting and reporting this economic evalu-
ation, we will adhere to current guidelines, giving special 
attention to addressing uncertainty in the within-trial 
and the decision analytical model [25, 26].

Oversight and monitoring
Composition of the coordinating centre and trial steering 
committee {5d}
The trial is coordinated by the Birmingham Clinical Tri-
als Unit. All aspects of the conduct and progress of the 
trial and the day-to-day running of the trial are moni-
tored by the trial management group (TMG). The TMG 
meets monthly and includes the chief investigator, sen-
ior statistician, senior trials manager, coordinating mid-
wife, and other TMG members, with oversight from the 
clinical trials unit director as required. Each participat-
ing centre has a local principal investigator (PI) who will 
report to the TMG. The TMG reports to the trial steer-
ing committee (TSC). The TSC meets at least annually 
and as required depending on the needs of the trial and 
is responsible for providing overall oversight of the trial, 
including practical aspects of the trial and ensuring the 
trial is run safely for the participants in addition to pro-
viding appropriate data to the sponsor and funder. TSC 

members include an independent chair, three other inde-
pendent members, a PPI representative, and the chief 
investigator. The TSC considers and acts, as appropriate, 
upon the recommendations of the DMC, and is respon-
sible for deciding whether a trial needs to be stopped on 
grounds of safety or efficacy.

Composition of the data monitoring committee, its role 
and reporting structure {21a}
The independent DMC was established for the sponsor 
to assess the progress of the trial and review safety data 
and critical efficacy endpoints and make recommenda-
tions to the sponsor on whether to continue or modify 
the trial.

Data analyses will be supplied in confidence to the 
independent DMC, who will be asked to advise on 
whether the accumulated data from the trial, together 
with the results from other relevant research, justify con-
tinuing recruitment of further women to the trial. The 
DMC meets at least annually as agreed by the DMC and 
documented in the DMC Charter unless there is a spe-
cific reason to amend the schedule. The DMC will report 
directly to the TSC who conveys the recommendations of 
the DMC to the funder.

Adverse event reporting and harms {22}
Adverse events are collected for Giant PANDA study 
participants, and their babies, from consent (from birth 
for babies) up to primary discharge after birth or 28 days 
post-birth, whichever occurs sooner. The collection and 
reporting of adverse events are in accordance with the 
Medicines for Human Use Clinical Trials Regulations 
2004 and its subsequent amendments. Adverse events are 
commonly encountered in this population of pregnant 
women as a part of the clinical condition of pregnancy 
and hypertension in pregnancy. As the safety profiles of 
labetalol and nifedipine are well-characterised, a strat-
egy of targeted reporting of adverse events is used with-
out affecting the safety of participants. Adverse events 
are separated into expected adverse events, which are 
recorded on the case note review but not reported, and 
those that are reportable.

Expected maternal (serious) adverse events:

•	 Admission in active labour
•	 Admission for cervical ripening or induction of 

labour
•	 Admission for caesarean section
•	 Admission for assessment for suspected fetal com-

promise, including poor growth, or reduced fetal 
movements
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•	 Admission for monitoring for hypertension or pre-
eclampsia, antepartum haemorrhage, suspected pre-
term labour, pre-labour rupture of the membranes or 
other reasons for monitoring

•	 Admission for psychiatric or social reasons
•	 Admission for unstable lie or external cephalic ver-

sion
•	 Admission for postpartum complications
•	 Known complications of pregnancy and pregnancy 

hypertension that are collected for every woman as 
part of outcome collection

Expected fetal and neonatal (serious) adverse events:
Known fetal and neonatal complications of pregnancy 

that are collected for every infant as part of outcome col-
lection include, but are not limited to:

•	 Neonatal unit admission
•	 Stillbirth after 24 weeks’ gestation
•	 Neonatal death up to 28 days
•	 Preterm delivery (< 37 completed weeks’ gestation)
•	 Neonatal complications (including but not limited to 

hypoglycaemia, seizures, encephalopathy, need for 
respiratory support, sepsis, intraventricular haemor-
rhage, confirmed infection, necrotising enterocol-
itis, retinopathy of prematurity, congenital anomaly, 
intraventricular haemorrhage)

Reportable serious adverse event:

–	 Maternal death
–	 Maternal stroke
–	 Stillbirth after 24 weeks’ gestation
–	 Neonatal death up to 28 days

Adverse events are recorded in the study database and 
assessed for severity, seriousness, and causality. Serious 
adverse events are required to be signed off by the site PI 
and CI and the coordinating centre ensures appropriate 
reporting to appropriate regulatory bodies in the appro-
priate timeframe. All reported serious adverse events are 
reviewed by the DMC.

Frequency and plans for auditing trial conduct {23}
The central trial team monitors recruitment, provides 
study-related training, and monitors the quality of the 
data collected. The site research team is responsible for 
undertaking all trial-related activities at their recruit-
ing site. The Giant PANDA study has been classed as a 
type A, low-risk, trial. This is comparable to the risk of 
standard medical care as both treatments are routinely 
used in clinical practice.

Given the low-risk nature of this study, central moni-
toring is routine, and onsite monitoring is triggered, 
or as required, as documented in the sponsor/quality 
management group-approved monitoring plan. The 
central trial team are in regular contact with the site 
research team to check on progress and address any 
queries. Trial staff regularly check the quality of the 
data collected for compliance with the protocol, data 
consistency, and completeness. The study data manager 
sends sites data clarification queries requesting miss-
ing data or clarification of inconsistencies or discrep-
ancies. Additional on-site monitoring visits would be 
triggered, for example by poor electronic case report 
forms return. The PI must permit trial-related monitor-
ing, audits, ethical review, and regulatory inspection(s) 
at their site, providing direct access to source data and 
documents.

Plans for communicating important protocol amendments 
to relevant parties (e.g. trial participants, ethical 
committees) {25}
Protocol modifications would be communicated to the 
appropriate regulatory bodies (Research Ethics Com-
mittee (REC), the Medicines & Healthcare products 
Regulatory Agency (MHRA), and Health Research 
Authority (HRA)) and following approval commu-
nicated by the sponsor to each site (inclusive of the 
research management office and local research team). 
Monthly newsletters and site teleconferences provide a 
platform to communicate across sites, with discussions 
inclusive of recruitment progress and sharing chal-
lenges and good practices.

Dissemination plans {31a}
Trial results will be communicated to healthcare pro-
viders and the scientific community via peer-reviewed 
journals, presentations at national and international 
conferences, and via the Royal College of Obstetricians 
and Gynaecologists. Furthermore, dissemination to the 
relevant community will be via pregnancy hypertension 
support groups and charities. Study findings will also 
be communicated to participants via a lay summary 
emailed to those who indicate they want this on their 
consent form.

Discussion
As detailed above (in the ‘Trial design {8}’ section), the 
Giant PANDA study was initiated at the beginning of the 
COVID-19 pandemic. The trial design had already been 
streamlined for efficient delivery, including a pragmatic 
design, electronic case report forms, electronic partici-
pant completed questionnaires, electronic consent with 
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a remote option, no additional study visits, usual clini-
cal care prescriptions, and follow-up within clinical care, 
with a supportive central research team with trial-related 
training delivered online. These strategies were intended 
to reduce the burden to the site team; however, the prac-
tical issues of operating within the restrictions caused 
by the COVID-19 pandemic caused initial delays to the 
study timeline. Outside of pregnancy, prescribing deci-
sion are influenced by family origin or ethnicity across 
many hypertension guidelines. In order to address this, 
our analysis will seek to understand if tailoring blood 
pressure medication by ethnicity could improve out-
comes for pregnant women and their babies, given the 
disproportionate burden and increased risk of adverse 
outcomes in women from ethnic minority backgrounds.

This study aims to fill the gap in the evidence and estab-
lish whether one drug or another is better for the woman 
(i.e. superior) and whether the outcomes for the infant 
are not worse (i.e. not inferior), adding to the sparse evi-
dence on which women and clinicians share decision-
making, with the trial results likely to influence clinical 
practice directly and via guideline changes.

Trial status
The current version of the protocol is version 1.1, 11 
January 2020. The trial received approval from MHRA 
on 16 December 2020 and HRA on 17 December 2020 
(REC approval was granted on 3 November 2020). The 
trial opened to recruitment in June 2021, with the first 
participant recruited on 7 June 2021 and is estimated to 
complete recruitment by summer 2024.
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