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Research Plan

BACKGROUND

Antenatal magnesium sulphate for cerebral palsy prevention

Two landmark observational studies published in the 1990s provided the first descriptions of an association
between in utero magnesium sulphate exposure and a reduced risk of cerebral palsy.12 Due to the limitations
and discrepancies of findings from observational studies, a need to establish reliable evidence, through the
conduct of randomised trials, was realised. From 1995 to 2004, five placebo-controlled randomised trials
(ACTOMgSO4;® BEAM;* MagNET;> PREMAGS; MAGPIE”) were conducted, testing the hypotheses that
antenatal magnesium sulphate reduces brain injury, cerebral palsy, or mortality for preterm infants.

In the meta-analysis of the aforementioned trials in the 2009 Cochrane review, magnesium sulphate
administered with neuroprotective intent reduced the risk of death or cerebral palsy (RR 0.85, 95% CI 0.74-0.98;
4 trials, 4,446 infants).8 Overall magnesium sulphate reduced the risk of cerebral palsy (RR 0.68, 95% CI 0.54-
0.87; 5 trials, 6,145 infants). This review confirmed the neuroprotective role for magnesium sulphate — 63 babies
(95% CI 44-155) need to be exposed to magnesium sulphate in utero to benefit one preterm baby by avoiding
cerebral palsy.8

Additional systematic reviews and meta-analyses have reached similar conclusions.®1° This has been regarded
as a very important finding, as few interventions have been found to prevent the devastating consequences of
cerebral palsy. Importantly, in a recent cost-effectiveness analysis, magnesium sulphate prior to very preterm
birth was shown to be cost-effective from a societal and health system perspective.!!

Following this compelling evidence from randomised trials and reviews, in many countries, including Australia,
New Zealand, the United Kingdom, Canada and the United States, clinical practice guidelines!?13 and opinion
papers'*1” have recommended use of this therapy. Australian and New Zealand clinical practice guidelines,
Antenatal magnesium sulphate prior to preterm birth for neuroprotection of the fetus, infant and child, endorsed
by the National Health and Medical Research Council (NHMRC) in 2010, provided guidance in the form of nine
evidence-based recommendations and six practice points.12

With passive guideline dissemination alone, it was not anticipated that all health professionals would immediately
begin using antenatal magnesium sulphate.’® The WISH Project (Working to Improve Survival and Health for
babies born very preterm) was thus designed, funded by the Cerebral Palsy Alliance Research Foundation, to
improve and monitor the use of this therapy in Australia and New Zealand.'® Through WISH, audit studies at
lead hospitals have highlighted rapid translation — at the Women’s and Children’s Hospital, South Australia
uptake increased from 30% in 2010, to 78% in 2011-13,2°21 and in 2012, uptake at Auckland City Hospital, New
Zealand, was 82%.22 While encouragingly in 2011, 76%, and in 2013, almost all Australian and New Zealand
tertiary maternity hospitals had local practices to implement this therapy, fewer were formally auditing use, and
uptake estimates have varied.232* The Australian and New Zealand Neonatal Network (ANZNN) data report
increasing uptake bi-nationally (2012: 44%; 2013: 60%).2526

Maternal adverse effects of antenatal magnesium sulphate: a systematic review

Given the extensive use of antenatal magnesium sulphate in obstetric care, to prevent or treat pre-eclampsia
(beneficial),?”28 for acute and maintenance tocolytic therapy for women during and following threatened preterm
labour (not beneficial),?®%® and most recently, for fetal neuroprotection and cerebral palsy prevention
(beneficial),® the potential adverse effects for the mother are well known.

High quality evidence regarding maternal adverse effects can be drawn from a recent systematic review (led by
Cl Bain), ‘Maternal adverse effects of different antenatal magnesium sulphate regimens for improving maternal
and infant outcomes: a systematic review’.3! This review included 143 publications — 21 randomised controlled
trials, 14 non-randomised comparative studies, 32 case series, and 74 reports of individual cases — reporting
adverse effects of magnesium sulphate when given for treatment of pre-eclampsia, for cerebral palsy prevention,
or for preterm labour tocolysis. Reassuringly, this review showed that antenatal magnesium sulphate was not
associated with an increased risk of maternal death, cardiac arrest or respiratory arrest.3! In this review,
individual case reports, did, however support an association between iatrogenic overdose of magnesium
sulphate and life-threatening consequences.3132 Appropriate administration of therapy was shown to increase




the risk of ‘any adverse maternal effects’ (RR 4.62, 95% CIl 2.42 to 8.83; 4 trials, 13,322 women), and treatment
cessation due to maternal adverse effects (RR 2.77, 95% CI 2.32 to 3.30; 5 trials, 13,666 women).3! This
systematic review concluded that for each antenatal indication for use, further trials designed to determine
optimal regimens (aimed at achieving maximal effectiveness with minimal adverse effects) may be beneficial,
and called for vigilance in the use of this therapy, in order to ensure women’s safety.3!

Potential neonatal or infant adverse effects of antenatal magnesium sulphate

With the increased, widespread use of antenatal magnesium sulphate for cerebral palsy prevention, concern
has been raised about potential unintended neonatal or infant adverse effects. In a recent evaluation of barriers
and enablers to implementing antenatal magnesium sulphate for cerebral palsy prevention (as part of The WISH
Project), the uncertainty surrounding adverse effects for very preterm neonates was specifically raised by health
professionals, particularly neonatologists, as a potential barrier to increased use.3?

Magnesium has fundamental roles in many cellular process (such as gating of calcium channels; muscle
contraction; neuronal activity; control of vasomotor tone; cardiac excitability; and neurotransmitter release)3?,
and thus above normal magnesium concentrations (associated with magnesium sulphate therapy), can plausibly
be associated with fetal, neonatal or infant adverse effects. Magnesium is known to cross the placenta readily,
with fetal serum concentrations correlated with maternal serum magnesium concentrations,3> and/or total
maternal dose of magnesium sulphate given.3® Where there is delayed fetal urinary excretion, fetal serum and
amniotic fluid concentrations can exceed maternal concentrations.

In the Cochrane systematic reviews assessing magnesium sulphate for treating pre-eclampsia,?’28 for cerebral
palsy prevention,® and for preterm labour tocolysis,?® no clear increased risks of adverse neonatal or infant
outcomes were reported, however a borderline increased risk of total death (fetal, neonatal, infant) with
prolonged use for tocolysis was observed (RR 4.56, 95% CI 1.00 to 20.86; 2 trials, 257 babies).?° These reviews
were restricted to assessing randomised controlled trial evidence, and a limited number of pre-specified
outcomes.

Recently, a systematic review (including randomised trials and prospective observational studies) summarised
the effects of magnesium sulphate given for treating pre-eclampsia, for cerebral palsy prevention, and for
preterm labour tocolysis specifically on fetal heart rate.3” This review suggested a small negative effect on fetal
heart rate, variability and accelerative pattern, “not sufficient clinically to warrant medical intervention”.3” To date,
a comprehensive systematic review of all available evidence surrounding potential unintended neonatal or infant
adverse effects of antenatal magnesium sulphate has not been conducted.

While secondary analyses from the BEAM trial (one of the five randomised trials assessing magnesium sulphate
for cerebral palsy prevention) have shown no clear effects of magnesium sulphate on neonatal resuscitation,38:39
and other cardiovascular parameters in the first 24 hours of life,*° numerous published observational studies
have indicated higher risks of some adverse outcomes, necessitating further evaluation.

For example, a retrospective cohort study (of 6,654 women and their babies) has shown increasing maternal
serum magnesium concentrations (when given for pre-eclampsia) to be associated with lower one and five-
minute Apgar scores, and higher risks of intubation in the delivery room, admission to special care nursery and
neonatal hypotonia.** Two retrospective cohort studies (of 160 neonates born at less than 28 weeks gestation;
and 954 neonates born 500 to 1000 g), and one prospective case-control study (of 48 neonates born 30 to 34
weeks gestation), have shown antenatal magnesium sulphate exposure (when given for pre-eclampsia or for
tocolysis) to be associated with an increased risk of neonatal patent ductus arteriosus.*?44 A recent retrospective
cohort study (of 155 neonates born less than 1000 g) has shown magnesium sulphate (when given for cerebral
palsy prevention), to be associated with spontaneous intestinal perforation; with higher doses associated with
spontaneous intestinal perforation and death among infants with the lowest birthweights.4®> Observational studies
(including retrospective cohort studies and case reports) have shown prolonged magnesium sulphate exposure
(when given for tocolysis) to be associated with abnormal bone metabolism for the neonate or infant,* and
rarely, bone fracture at birth.4”

Why it is important to conduct a systematic review of adverse effects for the neonate or infant

Strong evidence from randomised trials and systematic reviews supports the use of antenatal magnesium
sulphate for cerebral palsy prevention.3-%848 Rapid translation into clinical practice across Australia and New




Zealand has been observed.?0.2324 Concerns have however been raised surrounding potential neonatal and
infant adverse effects of therapy, warranting further evaluation. A systematic review of all available evidence is
thus now required in order to determine whether such adverse effects are associated with magnesium sulphate
therapy, and if so, whether they vary according to factors such as different regimens for administration, or
indications for use. Implementation of antenatal magnesium sulphate for cerebral palsy prevention can be
strengthened, and safety improved, if clinical practice guidelines and their recommendations can be based on
such knowledge.

AIMS

The primary aim of this systematic review is to assess whether antenatal exposure to magnesium sulphate,
given to improve outcomes for mothers or their babies, including for cerebral palsy prevention, is associated
with adverse effects for the neonate or infant.

Secondary aims are to assess whether there are variations in adverse effects according to pregnancy and birth
characteristics for the women/neonate (such as: indication for use of antenatal magnesium sulphate, antenatal
co-interventions, mode of birth, gestational age at birth, and birthweight) or characteristics of the magnesium
sulphate regimen received by women (such as: dose, route of administration, timing before birth, and duration
of treatment).

METHODS

Research design

Systematic review of adverse effects.

Criteria for considering studies for inclusion

Studies

We will include interventional (e.g. randomised, cluster-randomised, quasi-randomised and non-randomised
comparative trials) and observational studies (e.g. cohort, case-control and cross-sectional studies, case series
and case reports). We will include studies available as abstract only, along with full-text publications.

Participants

We will include neonates or infants who were exposed to antenatal magnesium sulphate, regardless of their
gestational age at exposure or birth.

Interventions and comparators

We will include studies where antenatal magnesium sulphate was given for pre-eclampsia or eclampsia, for
tocolysis to women in or following threatened preterm labour, or for neuroprotection of the fetus to women at
risk of preterm birth (for cerebral palsy prevention). We will exclude studies where oral magnesium sulphate was
given, and where magnesium sulphate was given as an adjuvant during anaesthesia. We will include studies in
which magnesium sulphate was compared to no treatment, placebo, or a different magnesium sulphate regimen;
and/or, for observational studies, we will include studies in which magnesium sulphate was assessed as an
‘exposure.’

Outcomes

Primary: perinatal mortality (defined as stillbirth, neonatal or infant mortality up to the time of primary hospital
discharge).

Secondary outcomes for the neonate or infant will be comprehensive, including anticipated or unanticipated
adverse effects, such as:

e  Stillbirth

¢ Neonatal or infant death

e Low Apgar scores at one and five minutes




Need for active resuscitation at birth

Neonatal respiratory depression

Neonatal hypotension

Need for neonatal nursery admission and duration of admission
Lethargy, hypotonia, or hyporeflexia

Patent ductus arteriosus

Spontaneous intestinal perforation

Osteopenia or bone fractures

Other unanticipated adverse effects

Search methods

A comprehensive search of the following bibliographic databases will be performed: MEDLINE (PubMed/OVID
which includes the Cochrane Library), EMBASE (OVID), CINAHL, Lilacs, Scopus, ISI Web of Science and
Toxline, from their inceptions. We will use a combination of MeSH and free-text terms, and will not apply date
or language restrictions.

We will search research registers of ongoing trials (clinicaltrials.gov, international clinical trials registry), and
search engines Google Scholar and Google using key words. The reference lists of eligible articles or reviews
identified will be checked for additional references.

Data collection and synthesis

The methodology for data collection and synthesis will be based on current recommendations of the Cochrane
Adverse Effects Methods Group.*® Where appropriate, the overview will be prepared using CAST® and Review
Manager Software.5!

Study selection

After screening all titles and abstracts, we will obtain the full-text article for any study which seems to meet the
inclusion criteria based on the title and/or abstract, along with any reviews that may provide relevant references.
Each stage will be carried out by two reviewers. We will resolve any discrepancies through discussion, or if
required, we will consult a third reviewer.

Data extraction and management

Once a study is included, data will be extracted using a standardised form. Data extracted will include information
regarding study design, participants, the magnesium sulphate regimen(s), the control or comparison if
applicable, neonatal or infant adverse effects reported and results relevant to the review, the risk of bias,
confounding and relevance. Extraction will be carried out by two reviewers independently. We will resolve any
discrepancies through discussion, or if required, we will consult a third reviewer.

Quality assessment

The levels of evidence will be assessed using the Australian National Health and Medical Council Levels of
Evidence, and the quality (risk of bias) of randomised trials assessed using established guidelines provided in
the Cochrane Handbook.52 The quality assessment of non-randomised studies will be based on
recommendations from Cochrane (ACROBAT-NRSI).5® As it has been suggested that the quality of adverse
effect detection and reporting is not always adequately assessed, the methods used to detect adverse effects
and how rigorous these methods were, will also be considered, along with incomplete reporting.54.55

Data synthesis

The analysis and presentation of results will be categorised by study design, and according to indication for use.
Statistical analyses will be performed using Review Manager.5!

For interventional studies we will present quantitative data from individual studies where possible as risk ratios
(RR) with 95% confidence intervals (CI) for dichotomous outcomes. For all outcomes, we will carry out analyses
as far as possible on an intention-to-treat basis. Pooled estimates (summary RR with 95% CI) will be calculated




using fixed-effect meta-analysis where there is a sufficient quantity of data, with clinical homogeneity. Where we
consider that there is clinical heterogeneity sufficient to expect that the underlying effects differ between trials,
or there is substantial statistical heterogeneity (where 12 is greater than 30% and either Tau? is greater than zero,
or there is a low P value (less than 0.10) in the Chi? test), summary estimates will be calculated using random-
effects meta-analysis.

Separate comparisons will be performed for those studies assessing magnesium sulphate versus no treatment
or placebo, and those comparing different magnesium sulphate regimens.

For observational studies (e.g. cohort, case-control and cross-sectional studies, and case series) we will present
effect estimates where possible as percentages, RR or odds ratios (OR) with 95% Cls, or adjusted RR or OR if
reported with 95% Cls, in tabular format based on study type; we will use narrative synthesis to summarise the
results. Data from case reports will be tabulated, subsequently grouped according to common outcomes, and
summarised narratively.

Analysis of subgroups

Subgroup analyses will be carried out if sufficient data are available based on pregnancy and birth
characteristics, and characteristics of the magnesium sulphate regimens:

Characteristics of the pregnancy and birth

e Indication for magnesium sulphate administration (e.g. fetal neuroprotection and cerebral palsy
prevention, pre-eclampsia/eclampsia treatment, preterm labour tocolysis, other)

o Gestational age at magnesium sulphate administration (e.g. < 28, 28 to < 32, 32 to < 37, = 37 weeks
gestation)

e Birthweight (e.g. < 500, 500 to < 1000, 1000 to < 1500, 1500 to < 2500, 2500 to < 4000, = 4000 g)

o Mode of birth (vaginal birth, caesarean section)

e Concomitant maternal treatment including: antenatal or intrapartum drug therapy (e.g. corticosteroids,
tocolytic agents, agents for pain relief).

Characteristics of the magnesium sulphate regimen
¢ Route of administration of magnesium sulphate (intravenous (IV), intramuscular (IM))
e Concentrated solution requiring dilution or pre-mixed solution
¢ Dose of magnesium sulphate
o Loading dose only, loading and maintenance dose, maintenance dose only
o Loading dose: none, <4g,>4g
o Maintenance dose: none, < 1 g/hour IV, > 1 g/hour IV (OR none, <10 g IM every 4 hours, > 10
g IM every 4 hours)
o Total dose prior to birth (<4, 4to < 14, 14t0 < 28,228Q)
o Interval between treatment and birth (Oto<1,1to<4,4t0<8,8t0 <12, 12to0<24,=24
hours)
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