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OBJECTIVE: To systematically review the evidence for

the effectiveness and safety of magnesium sulfate as a

fetal neuroprotective agent when given to individuals at

risk of preterm birth.

DATA SOURCES: We searched Cochrane Pregnancy and

Childbirth’s Trials Register, ClinicalTrials.gov, the World

Health Organization International Clinical Trials Registry

Platform (through March 17, 2023), and reference lists of

relevant studies.

METHODS OF STUDY SELECTION: Randomized

controlled trials (RCTs) assessing magnesium sulfate

for fetal neuroprotection in pregnant participants at

risk of imminent preterm birth were eligible.

Two authors assessed RCTs for inclusion, extracted

data, and evaluated risk of bias, trustworthiness,

and evidence certainty (GRADE [Grading of Recom-

mendations Assessment, Development and Evalua-

tion]).
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TABULATION, INTEGRATION, AND RESULTS: We

included six RCTs (5,917 pregnant participants and

6,759 fetuses at less than 34 weeks of gestation at

randomization). They were conducted in high-income

countries (two in the United States, two across Australia

and New Zealand, and one each in Denmark and France)

and commenced between 1995 and 2018. Primary

outcomes: up to 2 years of corrected age, magnesium

sulfate compared with placebo reduced the risk of

cerebral palsy (risk ratio [RR] 0.71, 95% CI, 0.57–0.89;

six RCTs, 6,107 children) and death or cerebral palsy

(RR 0.87, 95% CI, 0.77–0.98; six RCTs, 6,481 children)

(high-certainty evidence). Magnesium sulfate had little

or no effect on death up to 2 years of corrected age

(moderate-certainty evidence) or these outcomes at

school age (low-certainty evidence). Although there

was little or no effect on death or cardiac or respiratory

arrest for pregnant individuals (low-certainty evidence),

magnesium sulfate increased adverse effects severe

enough to stop treatment (RR 3.21, 95% CI, 1.88–5.48;

three RCTs, 4,736 participants; moderate-certainty evi-

dence). Secondary outcome: magnesium sulfate reduced

the risk of severe neonatal intraventricular hemorrhage

(moderate-certainty evidence).

CONCLUSION: Magnesium sulfate for preterm fetal

neuroprotection reduces cerebral palsy and death or

cerebral palsy for children. Further research is required

on longer-term benefits and harms for children, effect

variation by participant and treatment characteristics,

and the generalizability of findings to low- and middle-

income countries.

SYSTEMATIC REVIEW REGISTRATION: The review pro-

tocol was based on a standard Cochrane Pregnancy and

Childbirth template and our previous Cochrane System-

atic Review (doi: 10.1002/14651858.CD004661.pub3;

published before the introduction of PROSPERO).

(Obstet Gynecol 2024;00:1–10)

DOI: 10.1097/AOG.0000000000005644

Cerebral palsy remains the most common physical
disability in childhood. The birth prevalence of

cerebral palsy in high-income countries is 1.6 per
1,000 live births.1 Prevalence is markedly higher in
low- and middle-income countries and for children
born preterm.1 There is no cure; prevention is crucial.

Magnesium sulfate showed promise for preterm
fetal neuroprotection (including cerebral palsy pre-
vention) in observational studies in the 1990s.2–4 In
response, several randomized controlled trials (RCTs)
were conducted.5–8 These RCTs were included in evi-
dence syntheses,9–11 including a 2009 Cochrane Sys-
tematic Review,12 which confirmed the
neuroprotective effects of magnesium sulfate. Magne-
sium sulfate compared with placebo was shown to

reduce the risk of cerebral palsy (risk ratio [RR]
0.68, 95% CI, 0.54–0.87; five RCTs, 6,145 children)
and death or cerebral palsy (RR 0.85, 95% CI,
0.74–0.98; four RCTs, 4,446 children) up to 2 years
of corrected age.12

Over the past decade, adoption of magnesium
sulfate for preterm cerebral palsy prevention has
ensued across the globe. Across high-income coun-
tries, professional bodies, including in the United
States,13 have provided committee opinions and clin-
ical practice guidelines.14 In its 2015 guidance on
interventions to improve preterm birth outcomes,
the World Health Organization (WHO) delivered a
strong recommendation for use.15

Despite proven effectiveness, studies, including
an individual participant data meta-analysis based on
data from RCTs included in the 2009 Cochrane
Systematic Review,16 have not established variation
in magnesium sulfate’s benefits according to partici-
pant and treatment characteristics. Recommendations
for use therefore vary.14 Local, national, and interna-
tional translation and uptake are impeded by this var-
iability. Further, in recent years, several new RCTs
and school-age follow-up of original RCTs have been
completed. Consequently, it is timely to re-evaluate
the evidence on prenatal magnesium sulfate for pre-
term fetal neuroprotection. We aimed to systemati-
cally review the evidence for the effectiveness and
safety of magnesium sulfate as a fetal neuroprotective
agent when administered to individuals at risk of pre-
term birth in a Cochrane Systematic Review update.

SOURCES

We adhered to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses)
guidelines.17 The review protocol was based on a stan-
dard Cochrane Pregnancy and Childbirth template
and the previous Cochrane Systematic Review12

(published before the introduction of PROSPERO).
For this Cochrane Systematic Review update,18

on March 17, 2023, we searched Cochrane Pregnancy
and Childbirth’s Trials Register (containing reports
from CENTRAL [Cochrane Central Register of Con-
trolled Trials], MEDLINE, EMBASE and CINAHL,
hand searched journals and conference proceedings),
ClinicalTrials.gov and the WHO International Clini-
cal Trials Registry Platform. Further details of the
search strategies can be found in Appendix 1, avail-
able online at http://links.lww.com/AOG/D710. We
also searched the reference lists of relevant studies and
Google Scholar. No language restrictions were
applied. Searches were not date restricted (not limited
to after the 2009 Cochrane Systematic Review12).
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STUDY SELECTION

To minimize potential biases, only RCTs and cluster-
RCTs were eligible, in full-text or abstract form.
Quasi-RCTs and crossover trials were not eligible.
Randomized controlled trials assessing magnesium
sulfate given for fetal neuroprotection compared with
placebo or no treatment in pregnant participants at
risk of imminent preterm birth (at less than 37 weeks
of gestation) were eligible. Randomized controlled
trials in which magnesium sulfate was used with the
primary aim of tocolysis, prevention and treatment of
eclampsia and preeclampsia, or as a prenatal dietary
supplement were not eligible.

For children, primary outcomes were death (fetal,
neonatal, or later), cerebral palsy, death or cerebral
palsy, major neurodevelopmental disability, and
death or major neurodevelopmental disability. For
pregnant participants, primary outcomes were severe
outcome potentially related to treatment (death,
respiratory arrest, or cardiac arrest) and adverse
effects severe enough to stop treatment. Comprehen-
sive secondary outcomes for infants, children, adults,
and pregnant individuals were prespecified—the
detailed list can be found in Appendix 1 (http://
links.lww.com/AOG/D710).

Two reviewers (E.S.S. and a second author not
involved in a potentially eligible RCT) independently
assessed all potential studies identified for inclusion.
Disagreements were resolved through discussion.
Randomized controlled trials meeting the inclusion
criteria were further evaluated by two reviewers
(E.S.S. and S.G., not involved in the eligible RCTs)
against predefined criteria for scientific integrity to
select studies deemed to be sufficiently trustworthy for
analysis (see Appendix 1, http://links.lww.com/
AOG/D710, for details of criteria applied).

For included RCTs, data were extracted using a
standardized form, including information regarding
design, participants, magnesium sulfate regimen, con-
trol, outcomes reported, results relevant to the review,
and risk of bias. Data were extracted by two reviewers
(E.S.S. and S.G.), with differences resolved through
discussion. Quality was appraised by two reviewers
(E.S.S. and S.G.) using established guidelines pro-
vided in the Cochrane Handbook for Systematic
Reviews of Interventions.19

Data were analyzed using RevMan Web.20 Effect
sizes were estimated as RRs for dichotomous out-
comes and mean differences for continuous outcomes,
with 95% CIs. Where there were sufficient data,
pooled estimates were calculated, first using fixed-
effects meta-analysis (Mantel-Haenszel method). We

performed random-effects meta-analysis to combine
effect estimates when there was substantial statistical
heterogeneity (I2.30% and either T2.0 or low P-
value [,0.10] in the x2 test).

For the primary outcomes, subgroup analyses
were planned based on characteristics of participants
(primary reason considered to be at high risk of
preterm birth, number of fetuses in utero, gestational
age at randomization) and treatment regimens (mode
of administration, time treatment intended to be started
before birth, loading dose regimen, maintenance dose
regimen, repeat treatment permitted). Sensitivity anal-
yses were planned, restricting primary outcome anal-
yses to RCTs with low risk of bias. We planned to
investigate reporting biases using funnel plots if 10 or
more RCTs were included in meta-analyses.

We planned to assess certainty of the evidence for
the primary outcomes and prespecified secondary
outcomes (infants: severe intraventricular hemorrhage
[grade 3 or 4] and chronic lung disease or broncho-
pulmonary dysplasia; pregnant individuals: mode of
birth (cesarean delivery), postpartum hemorrhage,
breastfeeding at hospital discharge, and views of
treatment) using the GRADE (Grading of Recommen-
dations Assessment, Development and Evaluation)
approach.21 Evidence was classified as high, moderate,
low, or very low certainty considering the following
domains: study limitations, consistency, directness,
imprecision, and publication bias. Certainty of evi-
dence was assessed by two reviewers (E.S.S. and
S.G.); discrepancies were resolved through discussion.

RESULTS

For this updated Cochrane Systematic Review, data-
base searching and other sources identified 215 new
records, which we assessed for inclusion, along with
29 records relating to RCTs included in the 2009
Cochrane Systematic Review. After removal of dupli-
cate and irrelevant records, we assessed 137 in full.
We included six RCTs (116 records) and excluded six
studies (seven records); four studies (four records) are
ongoing, and eight studies (10 records) are “awaiting
classification” pending further information. A study
flow diagram is shown in Figure 1, and Appendix 2,
available online at http://links.lww.com/AOG/D710,
provides a full list of records by classification.

The six included RCTs (four of which were
included in the 2009 Cochrane Systematic Review5–8)
were all individually randomized.5–8,22,23 They were
conducted in high-income countries (two in the United
States,5,8 two across Australia and New Zealand,6,23 and
one each in Denmark22 and France7) and commenced
between 19955 and 2018.22 Sample sizes ranged from
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575 to 2,241,8 with the RCTs including a total of 5,917
pregnant participants and their 6,759 fetuses alive at
randomization.5–8,22,23 Although eligibility criteria var-
ied, all RCTs included pregnant participants in preterm
labor or with expected or planned imminent preterm
birth at less than 34 weeks of gestation. Lower limits
of gestational age varied (no limit,6,7 24 weeks,5,8,22 or
30 weeks23), as did upper limits (less than 30,6 32,8,22

33,7 or 34 weeks5,23). Four RCTs included singletons
and twins,5,8,22,23 and two also included higher-order
multiple gestations.6,7 All RCTs assessed intravenous
magnesium sulfate for fetal neuroprotection compared
with a placebo.5–8,22,23 Three administered a 4-g loading
dose only,5,7,23 and three included a maintenance dose
(a 4–6-g loading dose and 1–2-g/h maintenance
dose).6,8,22 Re-treatment was permitted in only two
RCTs.8,22 The six RCTs all reported on childhood
follow-up outcomes at 18 months to 2 years of corrected
age5–8,22,23; two also reported on school-age follow-
up.24,25 Further characteristics of the RCTs are provided
in Appendix 3 (available online at http://links.lww.com/
AOG/D710), including eligibility criteria, magnesium
sulfate and control regimens, review outcomes reported,
definitions of outcomes, and follow-up assessment meth-
ods used in each RCT.

Overall risk of bias for most domains across
RCTs was judged to be low. Considering selection

bias, five were at low risk6–8,22,23 and one was at
unclear risk.5 All RCTs were at low risk of perfor-
mance and detection bias.5–8,22,23 Five RCTs were at
low risk of attrition bias for the main RCT and initial
18-month–2-year corrected age follow-up,6–8,22,23 and
one was at unclear risk5; two RCTs were at unclear
risk of attrition bias for school-age follow-up.24,25 Four
RCTs were at low risk of reporting bias,6,8,22,23 and
two were at unclear risk.5,7 Appendix 3 (http://links.
lww.com/AOG/D710) provides the detailed quality
assessment of each RCT and a summary figure.

Primary outcomes for infants and children up to 2
years of corrected age: magnesium sulfate compared
with placebo reduced cerebral palsy (RR 0.71, 95%
CI, 0.57–0.89; six RCTs, 6,107 children; number
needed to treat for additional beneficial outcome
[NNTB] 60, 95% CI, 41–158) and death or cerebral
palsy (RR 0.87, 95% CI, 0.77–0.98; six RCTs, 6,481
children; NNTB 56, 95% CI, 32–363) (both high-
certainty evidence). Magnesium sulfate probably re-
sulted in little to no difference in death (fetal, neonatal,
or later) (RR 0.96, 95% CI, 0.82–1.13; six RCTs,
6,759 children), major neurodevelopmental disability
(RR 1.09, 95% CI, 0.83–1.44; one RCT, 987 chil-
dren), or death or major neurodevelopmental disabil-
ity (RR 0.95, 95% CI, 0.85–1.07; three RCTs, 4,279
children) (all moderate-certainty evidence). See
Table 1 for a summary of findings and Appendix 4,
available online at http://links.lww.com/AOG/D710,
for forest plots of meta-analyses.

Primary outcomes for infants and children at
school age: magnesium sulfate compared with placebo
may have resulted in little to no difference in death
(fetal, neonatal, or later) (RR 0.82, 95% CI, 0.66–1.02;
two RCTs, 1,758 children), cerebral palsy (RR 0.99,
95% CI, 0.69–1.41; two RCTs, 1,038 children), death
or cerebral palsy (RR 0.90, 95% CI, 0.67–1.20; one
RCT, 503 children), and death or major neurodevelop-
mental disability (RR 0.81, 95% CI, 0.59–1.12; one
RCT, 503 children) (all low-certainty evidence). Mag-
nesium sulfate also may have resulted in little to no
difference in major neurodevelopmental disability
(RR 0.92, 95% CI, 0.53–1.62; two RCTs, 940 children;
very low-certainty evidence). See Table 2 for a sum-
mary of findings and Appendix 4 (http://links.lww.
com/AOG/D710) for forest plots of meta-analyses.

Primary outcomes for pregnant individuals: mag-
nesium sulfate may have resulted in little or no
difference in severe outcomes potentially related to
treatment (death, cardiac arrest, respiratory arrest)
(RR 0.32, 95% CI, 0.01–7.92; four RCTs, 5,300 par-
ticipants; low-certainty evidence). However, magne-
sium sulfate probably increased adverse effects

Fig. 1. Flow diagram of studies identified in the systematic
review.

Shepherd. Magnesium Sulfate for Neuroprotection Review. Obstet
Gynecol 2024.

4 Shepherd et al Magnesium Sulfate for Neuroprotection Review OBSTETRICS & GYNECOLOGY

D
ow

nloaded from
 http://journals.lw

w
.com

/greenjournal by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0h
C

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
1y0abggQ

Z
X

dgG
j2M

w
lZ

LeI=
 on 06/13/2024

http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710
http://links.lww.com/AOG/D710


severe enough to stop treatment for pregnant individ-
uals compared with placebo (average RR 3.21, 95%
CI, 1.88–5.48; three RCTs, 4,736 participants;
moderate-certainty evidence). See Table 3 for a sum-
mary of findings and Appendix 4 (http://links.lww.
com/AOG/D710) for forest plots of meta-analyses.

Considering secondary outcomes assessed using
GRADE for infants and children, magnesium sulfate
probably reduced severe intraventricular hemorrhage
(grade 3 or 4) (RR 0.76, 95% CI, 0.60–0.98; five RCTs,
5,885 infants, NNTB 92, 95% CI, 55–1,102; moderate-
certainty evidence) and may have resulted in little to no
difference in chronic lung disease or bronchopulmo-
nary dysplasia (RR 0.92, 95% CI, 0.77–1.10; five

RCTs, 6,689 infants; low-certainty evidence) (Table 1).
For pregnant individuals, magnesium sulfate probably
resulted in little or no difference in cesarean delivery
(five RCTs, 5,861 participants) and postpartum hemor-
rhage (two RCTs, 2,495 participants) (both moderate-
certainty evidence). No data were reported for breast-
feeding at discharge or pregnant individuals’ views of
treatment (Table 3 and Appendix 4 [http://links.lww.
com/AOG/D710]).

No evidence of differences was observed for most
other secondary outcomes not assessed using GRADE
for infants and children. However, we did observe a
number of possible benefits with magnesium sulfate
compared with placebo: fewer infants required

Table 1. Summary of Findings for Main Outcomes for Infants and Children Up to 2 Years of Corrected Age

Outcome*

Anticipated Absolute Effect
(95% CI)†

RR (95% CI)

No. of
Participants

(RCTs)
Certainty of the

Evidence (GRADE)‡
Risk With
Placebo

Risk With
Magnesium

Sulfate

Primary
Death (fetal, neonatal, or

later—up to 2 y CA)
81/1,000 78/1,000 (66–92) 0.96 (0.82–1.13) 6,759

(6 RCTs5–8,22,23)
444⊝
Moderate§

Cerebral palsy (up to 2 y CA) 58/1,000 41/1,000 (33–52) 0.71 (0.57–0.89) 6,107 (6
RCTs5–8,22,23)

4444
High

Death or cerebral palsy
(up to 2 y CA)

138/1,000 120/1,000
(106–135)

0.87 (0.77–0.98) 6,481 (6
RCTs5–8,22,23)

4444
High

Major neurodevelopmental
disability (up to 2 y CA)

162/1,000 177/1,000
(135–233)

1.09 (0.83–1.44) 987 (1 RCT6) 444⊝
Moderate§

Death or major
neurodevelopmental
disability
(up to 2 y CA)

223/1,000 212/1,000
(190–239)

0.95 (0.85–1.07) 4,279 (3
RCTs6,8,23)

444⊝
Moderate§,k

Secondary
Severe intraventricular

hemorrhage (grade 3 or 4)
(newborn or infant)

45/1,000 34/1,000 (27–44) 0.76 (0.60–0.98) 5,885 (5
RCTs5,6,8,22,23)

444⊝
Moderate¶

Chronic lung disease or
bronchopulmonary
dysplasia
(newborn or infant)

183/1,000 168/1,000
(141–201)

0.92 (0.77–1.10) 6,689 (5
RCTs6–8,22,23)

44⊝⊝
Low§,#

RR, risk ratio; RCT, randomized controlled trial; GRADE, Grading of Recommendations Assessment, Development and Evaluation; CA,
corrected age.

* Outcomes as defined by RCT authors.
† The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% CI).
‡ GRADEWorking Group grades of evidence. High certainty: we are very confident that the true effect lies close to that of the estimate of the

effect. Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different. Low certainty: our confidence in the effect estimate is limited: the true
effect may be substantially different from the estimate of the effect.

§ Downgraded one level due to imprecision—the 95% CI includes both benefit and harm.
k Not downgraded for risk of bias; however, data from one RCT from secondary analysis (result remained similar when this RCT was

excluded from meta-analysis).
¶ Downgraded one level due to risk of bias—when data from one RCTwith potential methodologic concerns were excluded from the meta-

analysis, the 95% CI included the null value.
# Downgraded one level due to inconsistency as evidenced by statistical heterogeneity, which could be due to outcome definition

variations.
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intubation for resuscitation (two RCTs, 3,093 infants),
and, up to 2 years of corrected age, fewer children had
moderate or severe cerebral palsy (five RCTs, 5,502
children), died or had any neurodevelopmental dis-
ability (three RCTs, 3,194 children), had substantial
gross motor dysfunction (one RCT, 1,042 children),
or died or had substantial gross motor dysfunction
(five RCTs, 5,097 children). No harms for infants or
children were observed with magnesium sulfate
compared with placebo, except for possibly more
children up to 2 years of corrected age with behav-
ioral scores (assessed by the Child Behavior Checklist)
within the clinical problem range, overall and on the
following scales: anxiety, withdrawal, sleeping prob-
lems, other (all in one RCT, up to 795 children). See
Appendix 5, available online at http://links.lww.com/
AOG/D710, for results for all secondary outcomes for
infants and children.

For pregnant individuals, largely no evidence of
differences in outcomes, including no benefits, were
observed. We did, however, observe some possible
harms in the magnesium sulfate compared with placebo
group: more pregnant individuals experienced any side
effects of treatment (four RCTs, 5,300 participants) and
the following side effects: hypotension (three RCTs,

3,059 participants), tachycardia (one RCT, 1,062 par-
ticipants), warmth over body or flushing (four RCTs,
5,300 participants), arm discomfort with infusion (three
RCTs, 4,736 participants), mouth dryness (two RCTs,
2,495 participants), nausea or vomiting (four RCTs,
5,300 participants), sleepiness (one RCT, 1,062 partic-
ipants), sweating (three RCTs, 4,736 participants),
dizziness (two RCTs, 2,495 participants), and blurred
vision (two RCTs, 2,495 participants). See Appendix 5
(http://links.lww.com/AOG/D710) for results for all
secondary outcome for pregnant individuals.

Subgroup analyses for primary outcomes: inter-
action tests demonstrated no evidence of differences
between subgroups with available data (eg, gestational
age at randomization, loading dose regimen, mainte-
nance dose regimen, repeat treatment permitted) for
infant and child outcomes up to 2 years of corrected
age (death, cerebral palsy, death or cerebral palsy, and
death or major neurodevelopmental disability), at
early school age (death, cerebral palsy, and major
neurodevelopmental disability), or for pregnant indi-
viduals (severe outcome potentially related to treat-
ment and adverse effects severe enough to stop
treatment). See Appendix 5 (http://links.lww.com/
AOG/D710) for results from subgroup analyses.

Table 2. Summary of Findings for Main Outcomes for Infants and Children Up to School Age

Outcome*

Anticipated Absolute Effect (95%
CI)†

RR (95% CI)
No. of Participants

(RCTs)

Certainty
of the

Evidence
(GRADE)‡

Risk With
Placebo

Risk With
Magnesium Sulfate

Primary
Death (fetal, neonatal,

or later—up to school age)
169/1,000 139/1,000 (112–172) 0.82 (0.66–1.02) 1,758 (2 RCTs24,25) 44⊝⊝

Low§,k

Cerebral palsy (school age) 103/1,000 102/1,000 (71–145) 0.99 (0.69–1.41) 1,038 (2 RCTs24,25) 44⊝⊝
Low§,k

Death or cerebral palsy
(up to school age)

283/1,000 255/1,000 (190–340) 0.90 (0.67–1.20) 503 (1 RCT24) 44⊝⊝
Low§,k

Major neurodevelopmental
disability (school age)

116/1,000 107/1,000 (62–188) 0.92 (0.53–1.62) 940 (2 RCTs24,25) 4⊝⊝⊝
Very low§,k,¶

Death or major
neurodevelopmental
disability (up to school
age)

259/1,000 210/1,000 (153–290) 0.81 (0.59–1.12) 503 (1 RCT24) 44⊝⊝
Low§,k

RR, risk ratio; RCT, randomized controlled trial; GRADE, Grading of Recommendations Assessment, Development and Evaluation.
* Outcomes as defined by RCT authors.
† The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% CI).
‡ GRADE Working Group grades of evidence. Low certainty: our confidence in the effect estimate is limited: the true effect may be

substantially different from the estimate of the effect. Very low certainty: we have very little confidence in the effect estimate: the true
effect is likely to be substantially different from the estimate of effect.

§ Downgraded one level due to risk of bias—the included RCTs were judged to have some concerns due to missing outcome data at school-
age follow-up.

k Downgraded one level due to imprecision—the 95% CI included both benefit and harm.
¶ Downgraded one level due to inconsistency as evidenced by statistical heterogeneity, which could be due to outcome definition variation.
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Sensitivity analyses for primary outcomes: where
applicable, in sensitivity analyses based on RCT
quality (removing one RCT at unclear risk of selection
bias5), results for outcomes (up to 2 years of corrected
age: death, cerebral palsy, death or cerebral palsy)
remained similar to overall analyses. In post hoc sen-
sitivity analyses pooling adjusted effect sizes, when
reported by RCTs, results for outcomes (up to 2 years
of corrected age: death, cerebral palsy, death or cere-
bral palsy, and death or major neurodevelopmental
disability; at early school age: cerebral palsy) were
similar to overall analyses. See Appendix 5 (http://
links.lww.com/AOG/D710) for results from sensitiv-
ity analyses.

DISCUSSION

This updated Cochrane Systematic Review included
six RCTs (enrolling 5,917 pregnant participants at less
than 34 weeks of gestation and their 6,759 fetuses
alive at randomization) that compared magnesium

sulfate with placebo for neuroprotection of the fetus in
pregnant individuals at risk of preterm birth.5–8,22,23

Evidence indicates that magnesium sulfate, compared
with placebo, reduces cerebral palsy and death or
cerebral palsy for children up to 2 years of corrected
age and probably reduces severe intraventricular
hemorrhage for infants. Current evidence suggests
that magnesium sulfate may result in little to no dif-
ference in outcomes at school age. Although evidence
indicates that magnesium sulfate may result in little to
no difference in severe outcomes (death, cardiac
arrest, respiratory arrest) for pregnant individuals, it
suggests that magnesium sulfate probably increases
adverse effects severe enough to stop treatment.

Evidence to assess the effects of magnesium
sulfate for preterm fetal neuroprotection is, however,
currently incomplete. Although we were able to
include data from all six RCTs for the review’s pri-
mary outcomes of death, cerebral palsy, and death or
cerebral palsy up to 2 years of corrected age, for many

Table 3. Summary of Findings for Main Outcomes for Pregnant Individuals

Outcome*

Anticipated Absolute Effect
(95% CI)†

RR (95% CI)

No. of
Participants

(RCTs)
Certainty of the

Evidence (GRADE)‡
Risk with
Placebo

Risk with
Magnesium

Sulfate

Primary
Severe outcome potentially

related to treatment
(death, respiratory arrest,
or cardiac arrest)

1/1,000 1/1,000 (0–8) 0.32 (0.01–7.92) 5,300 (4
RCTs6–8,23)

44⊝⊝
Low§

Adverse effects severe
enough to stop treatment

19/1,000 61/1,000 (36–104) 3.21 (1.88–5.48) 4,736 (3
RCTs6,8,23)

444⊝k

Moderate
Secondary

Mode of birth (cesarean
delivery)

476/1,000 457/1,000
(433–486)

0.96 (0.91–1.02) 5,861 (5
RCTs6–8,22,23)

444⊝¶

Moderate
Postpartum hemorrhage 216/1,000 203/1,000

(173–235)
0.94 (0.80–1.09) 2,495 (2

RCTs6,23)
444⊝
Moderate#

Breastfeeding at hospital
discharge

No RCTs reported data for this outcome

Pregnant individuals’ views
of treatment

No RCTs reported data for this outcome

RR, risk ratio; N, number of participants; RCT, randomized controlled trial; GRADE, Grading of Recommendations Assessment,
Development and Evaluation.

* Outcomes as defined by RCT authors.
† The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the

intervention (and its 95% CI).
‡ GRADEWorking Group grades of evidence. Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely

to be close to the estimate of the effect, but there is a possibility that it is substantially different. Low certainty: our confidence in the
effect estimate is limited: the true effect may be substantially different from the estimate of the effect.

§ Downgraded two levels due to imprecision given there was only one event and a wide 95% CI included both benefit and harm.
k Downgraded one level due to inconsistency as evidenced by statistical heterogeneity, which could be due to differences in protocols for

stopping treatment.
¶ Downgraded one level due to inconsistency as evidence by statistical heterogeneity, which could be due to differences in birth

intervention practices.
# Downgraded one level due to imprecision—95% CI included both benefit and harm.
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outcomes, only one to five RCTs contributed data.
For several prespecified secondary review outcomes,
there were no data reported by the included RCTs.
Only two of the six RCTs have reported data up into
school age,24,25 and none have reported on follow-up
beyond the first decade of life.

This review’s findings are further limited by var-
iations in the characteristics of the pregnant partici-
pants randomized and treatment regimens used
across the included RCTs. Although we attempted
to explore variation through subgroup analyses, the
ability to do this was limited (eg, inclusion criteria did
not enable allocation to one or the other subgroup, or
stratified results were not presented, or both).

All included RCTs were conducted in high-
income countries and commenced between 1995 and
2018.5–8,22,23 Thus, although there are nearly 6,000
pregnant participants and their children in these RCTs,
the applicability to low- and middle-income countries
and generalizability to present day clinical context or
practice of their findings should be considered.

After screening of potentially eligible studies for
trustworthiness, a total of eight were classified as
“awaiting classification” (Appendix 2, http://links.
lww.com/AOG/D710). These were conducted in var-
ious low- and middle-income countries. Their possible
future inclusion (along with potential inclusion of
“ongoing studies” (Appendix 2, http://links.lww.
com/AOG/D710) in a further update to this review
may extend the applicability and generalizability of its
findings.

Overall risk of bias of the included RCTs was
judged to be low. Sensitivity analyses, restricted to the
five RCTs at low risk of selection bias,6–8,22,23 sup-
ported findings from the main analyses. For primary
and secondary review outcomes assessed using
GRADE, evidence was determined to be high- to very
low-certainty. Evidence was predominantly down-
graded due to imprecision, study design limitations,
and inconsistency.

We took steps to minimize bias throughout the
review process. We conducted a detailed and system-
atic search, without language, date, or publication
status restrictions. Two review authors (E.S.S. and
S.G.) not involved in potentially eligible or included
RCTs independently assessed RCTs for inclusion;
performed data extraction, including risk of bias
assessment; and assessed the certainty of the evidence,
with disagreements discussed until consensus was
reached. Despite independent assessments, these pro-
cesses are inherently subjective and require a degree
of interpretation. In all cases, we sought to be
consistent and transparent, documenting our deci-

sions and rationale. We recognize that, with many
review outcomes, there is a risk of statistical type 1
error (a “false-positive” result). Results for which there
are very few RCTs included, or with moderate or
substantial heterogeneity, and “borderline statistical
significance” should be treated with caution.

Our review provides the most up-to-date and
comprehensive assessment of trustworthy evidence.
The results and conclusions of this review are largely
consistent with those of prior reviews.9–12,26,27 Com-
pared with the 2009 Cochrane Systematic Review,
this review includes two new RCTs22,23 and new
school-age follow-up data from two previously
included RCTs24,25 and excludes one previously
included RCT (magnesium sulfate was administered
for preeclampsia not fetal neuroprotection).28 Our
review re-confirms that magnesium sulfate reduces
cerebral palsy and death or cerebral palsy for children
up to 2 years of corrected age. A new finding in this
update is that magnesium sulfate probably reduces
severe intraventricular hemorrhage for infants. This
update also incorporates contemporary methodolo-
gies, including GRADE,21 to rate the certainty of
the body of evidence.

Our review is also broadly comparable with
previous comprehensive reviews of adverse outcomes
associated with magnesium sulfate (when adminis-
tered for the prevention or treatment of eclampsia, for
preventing preterm labor and birth [tocolysis], and for
fetal neuroprotection).29,30 Magnesium sulfate has not
been shown to increase serious adverse effects for
pregnant individuals, though an increase in compara-
tively “minor” adverse treatment effects and treatment
cessation has been shown.29 Magnesium sulfate has
not been shown to increase neonatal adverse out-
comes, including death.30

This review is the first to include data from
Crowther et al.23 This RCT was designed to assess
the effect of magnesium sulfate at 30–34 weeks of
gestation (beyond the gestational age currently recom-
mended in some countries14 based on the previous
Cochrane Review).12 Although a reduction in the
RCT’s composite primary outcome (death or cerebral
palsy for children at 2 years of corrected age or the
separate components) was not shown, the authors rec-
ognize the limited power to detect small between-
group differences due to the lower event rates for
death and cerebral palsy than predicted and the
RCT’s sample size.23,31 Despite the absence of benefit
observed in Crowther et al 2023,23 the addition of
their data to our review’s meta-analysis did not negate
the overall neuroprotective benefits observed with
this treatment.
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To date, only one other systematic review has
reported on school-age outcomes of antenatal mag-
nesium sulfate for fetal neuroprotection.32 Its findings
support ours—an absence of clear benefits or harms
and the need for additional follow-up data to deter-
mine effects with greater certainty.32

The findings of our review’s limited subgroup
analyses are consistent with those from a previous
individual participant data meta-analysis,16 which
similarly demonstrates reductions for children up to
2 years of corrected age in cerebral palsy and death or
cerebral palsy—with benefit not clearly affected by
characteristics including preterm gestational age and
treatment regimen. With the availability of individual
participant data, Crowther et al16 were able to assess
the influence of characteristics that we were not able
to explore in our review (due to the limitations of
aggregate data). The important opportunity and need
to update this previous individual participant data
meta-analysis to include the more recent RCTs and
longer-term (school-age) follow-up data has been
noted.31

The current international guideline from the
WHO on interventions to improve preterm birth
outcomes15 used the 2009 Cochrane Systematic
Review12 to base their recommendation. Similarly,
the clinical practice recommendations provided by
professional bodies in many high-income countries
(summarized in the systematic review by Jayaram
et al14) are based on the previous Cochrane Review.12

Although available clinical practice guidelines all sup-
port the use of this treatment for preterm cerebral
palsy prevention, given that the systematic reviews
have not supported a particular upper gestational
age or dosing regimen, recommendations vary. The
American College of Obstetricians and Gynecolo-
gists’ 2010 Committee Opinion (re-affirmed in 2023)
13 suggests that physicians should develop specific
guidelines regarding inclusion criteria and treatment
regimens, in accordance with one of the larger
RCTs.6–8 As noted above, the opportunity to further
investigate which pregnant individuals to treat (ie,
considering primary reason they are at risk of preterm
birth, number of fetuses in utero, and gestational age),
when to treat (ie, considering how long before antic-
ipated or planned birth), and how to treat (ie, consid-
ering loading and maintenance dose regimens)
through an updated individual participant data meta-
analysis should be explored.

Further research is needed on the longer-term
benefits and harms of magnesium sulfate, including
follow-up of children into adolescence and adulthood.
Any future studies should use robust methodology

and aim for consistency in outcome measurement and
reporting (using standardized, ideally contemporary
assessment methods—particularly for cerebral palsy33)
to facilitate pooling of data. This will help to ensure
that pregnant individuals whose children are likely to
benefit from exposure are not denied treatment and
that pregnant individuals whose children will likely
not benefit from treatment are not exposed
unnecessarily.

In conclusion, high-certainty evidence indicates
that magnesium sulfate for preterm fetal neuroprotec-
tion reduces cerebral palsy and death or cerebral
palsy for children up to 2 years of corrected age.
Further research is required on longer-term benefits
and harms for children, effect variation by participant
and treatment characteristics, and the generalizability
of findings to low- and middle-income countries.
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