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Antenatal Exposure to Magnesium Sulfate Is Associated with Reduced
Cerebellar Hemorrhage in Preterm Newborns

Dawn Gano, MD, MAS1,2, Mai-Lan Ho, MD3, John Colin Partridge, MD, MPH2, Hannah C. Glass, MD, MAS1,2,4, Duan Xu, PhD5,
A. James Barkovich, MD1,2,5, and Donna M. Ferriero, MD, MS1,2

Objective To determine the association of antenatal magnesium sulfate with cerebellar hemorrhage in a pro-
spective cohort of premature newborns evaluated by magnetic resonance imaging (MRI).
Study design Cross-sectional analysis of baseline characteristics from a prospective cohort of preterm new-
borns (<33 weeks gestation) evaluated with 3T-MRI shortly after birth. Exclusion criteria were clinical evidence of
a congenital syndrome, congenital infection, or clinical status too unstable for transport to MRI. Antenatal magne-
sium sulfate exposure was abstracted from the medical records and the indication was classified as obstetric or
neuroprotection. Two pediatric neuroradiologists, blinded to the clinical history, scored axial T2-weighted and iron
susceptibility MRI sequences for cerebellar hemorrhage. The association of antenatal magnesium sulfate with cer-
ebellar hemorrhage was evaluated using multivariable logistic regression, adjusting for postmenstrual age at MRI
and known predictors of cerebellar hemorrhage.
Results Cerebellar hemorrhage was present in 27 of 73 newborns (37%) imaged at a mean ± SD postmenstrual
age of 32.4 ± 2 weeks. Antenatal magnesium sulfate exposure was associated with a significantly reduced risk of
cerebellar hemorrhage. Adjusting for postmenstrual age at MRI, and predictors of cerebellar hemorrhage, antena-
tal magnesium sulfate was independently associated in our cohort with decreased cerebellar hemorrhage (OR, 0.18;
95% CI, 0.049-0.65; P = .009).
Conclusion Antenatal magnesium sulfate exposure is independently associated with a decreased risk of MRI-
detected cerebellar hemorrhage in premature newborns, which could explain some of the reported neuroprotective
effects of magnesium sulfate. (J Pediatr 2016;■■:■■-■■).

See editorial, p •••

Despite gains in neonatal survival following preterm birth, the rate of neurodevelopmental disabilities in children born
prematurely has remained relatively static.1,2 Although improved neurodevelopmental outcomes have been reported
among extremely premature newborns near the limit of viability in some centers,3 broader strategies are required to

optimize outcomes on a population level. There is an urgent need to identify modifiable risk factors for brain injury in this
high-risk population to improve neurodevelopmental outcome after preterm birth. Meta-analyses have shown that antenatal
magnesium sulfate is associated with a reduced risk of cerebral palsy in premature infants.4-6 A recent study has shown that
antenatal magnesium sulfate is associated with a reduced risk of white matter echolucencies and echodensities on cranial ul-
trasonography; however, this effect only partially explained the reduction of cerebral palsy among exposed newborns.7 Ante-
natal exposure to magnesium sulfate was not associated with a reduction in brain injuries known to cause cerebral palsy, such
as cystic white matter injury or intraventricular hemorrhage (IVH), in several randomized controlled trials that used ultra-
sound imaging to diagnose brain injury.8-12 The underlying explanation for the
neuroprotective effects of magnesium sulfate in premature newborns is unclear,
and further investigation for brain injury with magnetic resonance imaging (MRI)
may to help clarify this.

Cerebellar hemorrhage is gaining recognition as a common form of brain injury
in premature newborns.13-21 Detection of cerebellar hemorrhage by MRI has been
reported in up to 19% of preterm infants <32 weeks’ gestation.13,16 Cerebellar hem-
orrhage may be underdiagnosed if specific MRI sequences are not performed, such
as susceptibility-weighted imaging (SWI).

IVH Intraventricular hemorrhage
MRI Magnetic resonance imaging
PDA Patent ductus arteriosus
SWI Susceptibility-weighted imaging

From the 1Department of Neurology, University of
California, San Francisco, San Francisco, CA;
2Department of Pediatrics, University of California, San
Francisco, San Francisco, CA; 3Department of Radiology,
Mayo Clinic, Rochester, MN; 4Department of
Epidemiology & Biostatistics, University of California, San
Francisco, San Francisco, CA; and 5Department of
Radiology, University of California, San Francisco, San
Francisco, CA

Supported by the National Institutes of Health (NS35902,
NS046432, EB009756). D.G. is supported by the
University of California, San Francisco, Preterm Birth
Initiative, which is funded by Marc and Lynne Benioff and
the Bill and Melinda Gates Foundation. The authors
declare no conflicts of interest.

0022-3476/$ - see front matter. © 2016 Elsevier Inc. All rights

reserved.

http://dx.doi.org10.1016/j.jpeds.2016.06.053

ARTICLE IN PRESS
THE JOURNAL OF PEDIATRICS • www.jpeds.com

ORIGINAL ARTICLES

1

FLA 5.4.0 DTD ■ YMPD8477_proof ■ July 22, 2016



Predictors of cerebellar hemorrhage in prior studies have
included advanced maternal age, primiparity, cesarean deliv-
ery, extremely low birth weight (<750 g), longer duration of
mechanical ventilation, and severe IVH.13,15-17 MRI-detected cer-
ebellar hemorrhage in premature newborns is associated with
impaired cerebellar growth22 and thinning of the cerebral
cortex,23 as well as motor, cognitive, and behavioral deficits in
early childhood.13,18,19

The relationship between magnesium sulfate and cerebel-
lar hemorrhage in premature newborns is unknown. We hy-
pothesized that antenatal magnesium sulfate exposure is
associated with a reduced risk of cerebellar hemorrhage. To
address this hypothesis, we performed a cross-sectional analy-
sis of the association of antenatal magnesium sulfate with cer-
ebellar hemorrhage using a prospective cohort of premature
newborns imaged with advanced MRI soon after birth as part
of an ongoing study of cerebellar development.

Methods

We performed a cross-sectional analysis of baseline charac-
teristics from a prospective cohort of 73 premature new-
borns admitted to the intensive care nursery at the University
of California, San Francisco between August 2011 and August
2015. Over the study period, 318 newborns <33 weeks’ ges-
tation were screened for eligibility. Exclusion criteria for the
cohort included clinical evidence of a congenital malforma-
tion or syndrome (n = 25), congenital infection (n = 2), or clini-
cal status too unstable for transport to MRI (n = 52). Among
the 239 newborns who met inclusion criteria, 209 parents of
eligible newborns were approached for study enrollment (30
were not approached because return transport to a local hos-
pital was anticipated). Of 209 parents approached for study
participation, 73 consented, 74 declined, and 62 did not
respond. Subjects who consented for study participation were
representative of the intensive care nursery census at the Uni-
versity of California, San Francisco with regard to demo-
graphic data, such as gestational age and birth weight. Further
clinical data regarding subjects who declined or did not respond
were unavailable. A subset of this cohort was included in our
prior study of the association between cerebellar hemor-
rhage and cerebellar volume (n = 56).22 Parental consent was
obtained following a protocol approved by the University of
California, San Francisco Committee on Human Research.

MRI
MRI scans were obtained as soon after birth as clinically fea-
sible. Clinical stability forMRI was at the discretion of the treat-
ing neonatologist. A custom MRI-compatible incubator with
a specialized neonatal head coil was used to provide a quiet,
well-monitored environment for newborns,minimizing patient
movement and improving the signal-to-noise ratio.MRI scans
were acquired using a 3T-scanner (General Electric Discov-
ery MR750; GE Medical Systems, Milwaukee,Wisconsin) and
a specialized, high-sensitivity, neonatal head coil built into the
MRI-compatible incubator (custom built).

MRI scans included axial fast spin-echo T2-weighted images
(repetition time, 5000 ms; echo time, 120 ms; field of view,
20 cmwith 256 × 256matrix; slice thickness, 3 mm; gap, 0 mm),
sagittal volumetric 3-dimensional spoiled gradient echo T1-
weighted images (inversion time, 450 ms; echo time, minimal;
field of view, 18 mm; 1.0 mm isotropic), and SWI (repetition
time, minimal; echo time, 24.1 ms; field of view, 18 mm; slice
thickness, 2.2 mm, obtained in 44 subjects [60.3%]).

Two pediatric neuroradiologists evaluated all MRI scans
blinded to the clinical history (other than premature birth)
and scored the severity of brain injuries by consensus. Axial
T2-weighted and, when obtained, SWI (an MRI sequence
that is particularly sensitive to compounds which distort the
local magnetic field and, as such, make the sequence very
useful in detecting blood products24) were evaluated for the
presence of cerebellar hemorrhage (Figure). The size of
cerebellar hemorrhage was classified on the basis of T2
images, and SWI when available, as <3 or ≥3 mm. If >1 focus
of cerebellar hemorrhage was present, the diameter of total
hemorrhage in the image with the largest amount of hemor-
rhage was recorded. The number of foci of cerebellar
hemorrhage was characterized as 1-3 or >3. The severity of
white matter injury on T1-weighted MRI was scored accord-
ing to our published criteria and classified as absent/mild
and moderate/severe.25 IVH was scored according to the
Papile grading system.26 Papile grades 1 and 2 were classified
as mild IVH. Papile grade 3 and intraparenchymal hemor-
rhage were classified as severe IVH.

Clinical Data
Trained research nurses blinded to the MRI findings re-
viewed medical records and extracted clinical data. Maternal
and antenatal variables included exposure to prenatal ste-
roids and magnesium sulfate, as well as maternal age, primi-

Figure. Cerebellar hemorrhage detected on MRI. Axial T2-
weighted MRI illustrating multiple foci of cerebellar hemor-
rhage (white arrows).
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parity, maternal smoking, placenta previa, preeclampsia, and
twin gestation. The indication for magnesium sulfate was clas-
sified as obstetric for tocolysis and treatment of preeclamp-
sia, or neuroprotection, according to the medical records.
Demographic variables included gestational age at birth, birth
weight, and sex. Very low birth weight was defined as <1000
g at birth. Perinatal variables included placental abruption,
chorioamnionitis, delivery mode, delivery at an outside hos-
pital (outborn), and endotracheal intubation during resusci-
tation at birth. Chorioamnionitis was diagnosed clinically
(maternal fever >38°C during labor or fetal tachycardia with
uterine tenderness, treated with antibiotics).27 Neonatal vari-
ables included duration of mechanical ventilation, infection,
hypotension, symptomatic patent ductus arteriosus (PDA), nec-
rotizing enterocolitis, neonatal surgery, and chronic lung disease.
Newborns with culture-positive sepsis, clinical signs of sepsis
with negative blood culture, or meningitis were classified as
having infection. Hypotension was defined as a period of sus-
tained low blood pressure treated with intravenous fluid bolus
and/or inotropes. Newborns with clinical signs of PDA (pro-
longed systolic murmur, bounding pulses, and hyperdy-
namic precordium), and evidence of left-to-right flow through
the PDA on echocardiogram were classified as having symp-
tomatic PDA. Necrotizing enterocolitis was diagnosed accord-
ing to Bell stage II criteria.28 Chronic lung disease was defined
as an oxygen requirement at 36 weeks postmenstrual age.

Statistical Analyses
Statistical analysis was performed using Stata 13 (Stata Cor-
poration, College Station, Texas). A cross-sectional analysis of
baseline characteristics of newborns enrolled in the prospec-
tive cohort was performed. Clinical characteristics were com-
pared between newborns with cerebellar hemorrhage and those
without cerebellar hemorrhage using Fisher exact test or c2 test
for categorical variables and Kruskal-Wallis test for continu-
ous variables. The magnitude of the association between cat-
egorical predictors and cerebellar hemorrhage was calculated
using the risk ratio and 95% CI. Variables with association to
cerebellar hemorrhage (P < .1) were evaluated as predictors of
cerebellar hemorrhage using multivariable logistic regres-
sion, adjusting for postmenstrual age at the time of MRI.

Results

Themean gestational age of infants in the cohort was 28.3 weeks
(SD 2.2). MRI was obtained at a mean postmenstrual age of
32.4 weeks (SD 2). Among 73 newborns, 27 (37%) had evi-
dence of cerebellar hemorrhage on MRI soon after birth
(Table I). Foci of cerebellar hemorrhage measured <3 mm in
15 newborns (15/27, 55.6%), and ≥3 mm in 12 (12/27, 44.4%).
There were 1-3 foci of cerebellar hemorrhage in 15 new-
borns, and >3 foci of cerebellar hemorrhage in 12.

Newborns with cerebellar hemorrhage were younger at birth
(P = .076) and had lower birth weight (P = .0079).
Postmenstrual and postnatal ages at MRI were not associ-
ated with cerebellar hemorrhage. Exposure to antenatal mag-
nesium sulfate was associated with a significantly reduced risk

of cerebellar hemorrhage (risk ratio, 0.45; 95% CI, 0.26-0.81;
P = .008). Maternal factors and mode of delivery were not as-
sociated with cerebellar hemorrhage. Additional clinical factors
associated with cerebellar hemorrhage included intubation at
birth, hypotension, PDA, and mechanical ventilation for ≥7
days (all P ≤ .014).

Moderate/severe white matter injury was present on MRI
in 9 newborns (12.3%), mild IVH in 15 (20.5%), and severe
IVH in 7 (9.6%). There was no association between cerebel-
lar hemorrhage, and white matter injury or severity of IVH,
although IVH seemed to be more common in newborns with
cerebellar hemorrhage (Table I).

Characteristics Associated with Magnesium
Sulfate Administration
Antenatal magnesium sulfate was administered to mothers of
49 newborns (67%) in the cohort. The primary indication for
magnesium sulfate was obstetric in 32 exposed newborns
(65.3%), and neuroprotection in 17 (34.7%).Magnesium sulfate
administration was strongly associated with administration of
prenatal steroids (risk ratio, 3.73; 95% CI, 1.071-13; P = .0006).
There was no association between other maternal factors, in-
cluding advanced maternal age or birth at an outside hospi-
tal, and magnesium sulfate administration. Newborns exposed
to magnesium sulfate tended to be of a higher birth weight
compared with unexposed newborns (median, 1160 [IQR, 805-
1440] vs median, 975 [IQR, 830-1168]; P = .095); however, ges-
tational age at birth was similar in both groups.

Magnesium sulfate exposure was associated with a reduc-
tion of both punctate, and larger foci of cerebellar hemor-
rhage, as well as a reduction in the number of foci of cerebellar
hemorrhage (Table II). We also evaluated the relationship of
magnesium sulfate with white matter injury and IVH, but could
not find an association.

Antenatal Magnesium Sulfate Exposure Is
Associated with Reduced Cerebellar Hemorrhage
Predictors of cerebellar hemorrhage were evaluated using mul-
tivariable logistic regression (Table III). Adjusting for
postmenstrual age at MRI, very low birth weight, intubation
at birth, prolonged mechanical ventilation, hypotension, and
symptomatic PDA, antenatal magnesium sulfate exposure was
independently associated with an 82% reduction in the odds
of cerebellar hemorrhage (OR, 0.18; 95% CI, 0.049-0.65;
P = .009). Because prenatal steroids were associated strongly
with magnesium sulfate administration, we further adjusted
the model for prenatal steroid exposure and found that
magnesium sulfate exposure resulted in an even greater re-
duction of cerebellar hemorrhage (OR, 0.11; 95% CI, 0.025-
0.50; P = .004).

The relationship between the indication for magnesium
sulfate and cerebellar hemorrhage was also evaluated in the
multivariable model. Exposure to magnesium sulfate for ob-
stetric indications was independently associated with reduced
odds of cerebellar hemorrhage (OR 0.21; 95% CI, 0.053-
0.83, P = .026). Magnesium sulfate administered for
neuroprotection was also independently associated with reduced
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Table I. Baseline characteristics by cerebellar hemorrhage

Characteristics Cerebellar hemorrhage (n = 27) No cerebellar hemorrhage (n = 46) P-value*

Demographic
Male, n (%) 12 (44.4) 24 (52.2) .52
Gestational age at birth, wk, mean ± SD 27.8 ± 2.3 28.6 ± 2.0 .076
Birth weight median (IQR), g 890 (700-1140) 1200 (950-1450) .0079

Maternal/antenatal
Maternal age, y, mean ± SD 29.7 ± 6.8 28.8 ± 6.4 .48
Primigravida, n (%) 11 (40.7) 15 (32.6) .61
Twin gestation, n (%) 11 (40.7) 22 (47.8) .63
Maternal smoking,† n (%) 2 (7.4) 2 (4.3) .62
Placenta previa, n (%) 4 (14.8) 2 (4.3) .19
Preeclampsia, n (%) 5 (18.5) 12 (26.1) .57
Steroids, n (%) 22 (81.5) 41 (89.1) .48

Magnesium sulfate, n (%) .021
None 14 (51.9) 10 (21.7)
Obstetric indication 10 (37) 22 (47.8)
Neuroprotection 3 (11.1) 14 (30.4)

Perinatal
Placental abruption, n (%) 5 (18.5) 7 (15.2) .82
Chorioamnionitis, n (%) 5 (18.5) 7 (15.2) .82
Outborn, n (%) 7 (25.9) 16 (34.8) .43
Cesarean delivery, n (%) 20 (74.1) 28 (60.9) .25
Intubation at birth, n (%) 18 (66.7) 15 (32.6) .005

Postnatal
Hypotension, n (%) 21 (77.8) 21 (45.7) .007
PDA, n (%) 12 (44.4) 8 (17.8) .014
Necrotizing enterocolitis, n (%) 0 3 (6.5) .29
Infection, n (%) 12 (44.4) 16 (34.8) .41
Mechanical ventilation ≥7 d, n (%) 14 (51.9) 10 (21.7) .011
Neonatal surgery, n (%) 6 (22.2) 5 (10.9) .31
Chronic lung disease, n (%) 10 (37) 11 (23.9) .19

Imaging
Postnatal age at MRI, wk, median (IQR) 3.9 (2-7.6) 3.9 (2-4.1) .12
SWI obtained, n (%) 13 (48.1) 31 (67.4) .11

White matter injury‡, n (%) .47
Absent/mild 21 (91.3) 35 (83.3)
Moderate/severe 2 (8.7) 7 (16.7)

IVH, n (%) .29
None 16 (59.3) 35 (76.1)
Mild (grade 1 or 2) 7 (25.9) 8 (17.4)
Severe (grade 3 or IPL) 4 (14.8) 3 (6.5)

IPL, intraparenchymal hemorrhage.
*Categorical predictors were compared using Fisher exact or c2 test, and continuous predictors were compared using Kruskal-Wallis test.
†All subjects with maternal smoking were exposed to marijuana; one was also exposed to tobacco.
‡White matter injury not assessed in 8 newborns owing to motion on MRI.

Table II. Brain injury on MRI by antenatal magnesium sulfate exposure

MRI findings

Antenatal magnesium sulfate

Exposed (n = 49) Unexposed (n = 24) P-value*

Postmenstrual age at MRI, median (IQR), wk 32.7 (31.4-33.4) 31.9 (30.9-33.2) .38
SWI obtained, n (%) 30 (61.2) 14 (58.3) .81
Cerebellar hemorrhage, n (%) .008

Absent 36 (73.5) 10 (41.7)
Present 13 (26.5) 14 (58.3)

Size of cerebellar hemorrhage (mm), n (%) .018
<3 6 (12.2) 9 (37.5)
≥3mm 7 (14.3) 5 (20.8)

Number of foci of cerebellar hemorrhage, n (%) .028
1-3 7 (14.3) 8 (33.3)
>3 6 (12.2) 6 (25)

White matter injury,† n (%) .53
Absent/mild 38 (88.4) 18 (81.8)
Moderate/severe 5 (11.6) 4 (18.2)

IVH, n (%) .23
None 37 (75.5) 14 (58.3)
Mild (grade 1 or 2) 9 (18.4) 6 (25)
Severe (grade 3 or IPL) 3 (6.1) 4 (16.7)

*Categorical predictors were compared using Fisher exact or c2 test, and continuous predictors were compared using Kruskal-Wallis test.
†White matter injury not assessed in 8 infants owing to motion on MRI.
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odds of cerebellar hemorrhage (OR 0.12; 95% CI, 0.019-
0.77, P = .025).

Discussion

Cerebellar hemorrhage is a common finding onMRI soon after
birth in this cohort of premature newborns <33 weeks’ ges-
tation. Antenatal magnesium sulfate was selectively associ-
ated with a reduced risk of cerebellar hemorrhage, but not other
forms of brain injury, including IVH and white matter injury.
After adjustment for confounding factors, antenatal magne-
sium sulfate was independently associated with an even greater
reduction in cerebellar hemorrhage. Our findings suggest that
the reduced risk of MRI-detected cerebellar hemorrhage may
explain a reason for the neuroprotective effects of magne-
sium sulfate in premature newborns.

Meta-analyses of randomized controlled trials have shown
that antenatal magnesium sulfate reduces the risk of cerebral
palsy in children born prematurely without increasing the risk
of death.4-6 Mechanisms proposed to explain the neuroprotective
effects of magnesium sulfate include stabilization of rapid fluc-
tuations in blood pressure and increased cerebral blood flow.29,30

In animal models, magnesium sulfate decreases injury after
hypoxia-ischemia by decreasing inflammatory cytokines, free
radicals, and calcium-induced excitotoxicity.31,32 However, an-
tenatal magnesium sulfate was not associated with a de-
creased risk of brain injuries known to cause cerebral palsy,
such as severe IVH or cystic white matter injury, in several ran-
domized trials that used ultrasound imaging to diagnose brain
injury.8-12 A recent subset analysis of one of the randomized
trials12 focused on newborns <32 weeks’ gestation at birth, and
showed that magnesium sulfate was associated with a reduced
risk of echolucencies and echodensities on cranial ultraso-
nography, although this only partially explained the reduc-
tion in cerebral palsy among exposed newborns in their cohort.7

Our findings suggest that the neuroprotective effects of mag-
nesium sulfate might be mediated through a reduction in cer-
ebellar hemorrhage, although the mechanism is unclear.

The Committee on Obstetric Practice and the Society for
Maternal-Fetal Medicine recommends that physicians elect-
ing to use magnesium sulfate for fetal neuroprotection should
develop specific guidelines regarding inclusion criteria and treat-
ment regimens similar to one of the larger randomized trials.33

Subsequent to the committee opinion, implementation of mag-
nesium sulfate protocols for fetal neuroprotection has varied
across different institutions in the US,34 indicating opportu-
nities to increase access to this therapy to a greater propor-
tion of women at risk of preterm birth. Our data have
important public health implications, given that cerebellar hem-
orrhage is associated with long-term disability.17-19 Our find-
ings support a wider usage of this safe and cost-effective
intervention35 to women at risk of preterm birth to promote
fetal neuroprotection.

The prevalence of cerebellar hemorrhage in our cohort is
2- to 3-fold higher compared with prior studies,13-19 suggest-
ing that higher resolution imaging with 3T-MRI with thin cuts
through the cerebellum may be more sensitive for the detec-
tion of cerebellar hemorrhage in premature newborns. In our
cohort, cerebellar hemorrhage was more common than white
matter injury, which is considered to be the dominant pattern
of brain injury in preterm infants.We have demonstrated pre-
viously that cystic36 and MRI-detected noncystic white matter
injury37 decreased over time in contemporary cohorts. Because
the prevalence of neurodevelopmental disabilities has re-
mained relatively static in children born prematurely,1 other
forms of brain injury such as cerebellar hemorrhage might
account for a large portion of the burden of disability.19,38

The high prevalence of cerebellar hemorrhage in our study
and high risk of pervasive neurodevelopmental disabilities in
preterm infants with cerebellar hemorrhage17-19 are consis-
tent with this hypothesis. We have reported recently that cer-
ebellar hemorrhage is associated with impaired cerebellar
growth in preterm newborns.22 Limperopoulos et al have shown
that cerebellar injury in preterm newborns is associated with
impaired growth of specific cerebral regions,23 which in turn
is associated with regional-specific functional deficits.39 Taken
together, these studies suggest that cerebellar hemorrhage may
lead to neurodevelopmental disabilities through disruption of
cerebellar-cortical connections secondary to impaired cerebel-
lar growth.

Our study has some limitations. We performed a second-
ary, cross-sectional analysis of a prospective cohort study. Infants
who were clinically unstable for MRI were excluded and then
only 73 of 209 eligible parents approached enrolled in the study.
This small sample size could lead to lack of power or selec-
tion bias. Because the clinical predictors associated with an in-
creased risk of cerebellar hemorrhage were all markers of more

Table III. Clinical predictors of cerebellar hemorrhage

Unadjusted OR* (95% CI) P-value Adjusted OR† (95% CI) P-value

Very low birth weight (<1000 g) 4.12 (1.5-11.32) .006 3.57 (0.049-14.22) .071
Postmenstrual age at MRI, wk 1.28 (0.97-1.66) .080 1.43 (0.97-2.09) .064
Magnesium sulfate 0.26 (0.092-0.72) .010 0.18 (0.049-0.65) .009
Intubation at birth 4.13 (1.51-11.35) .006 3.43 (0.77-15.35) .11
Hypotension 4.17 (1.42-12.23) .009 1.16 (0.25-5.48) .85
PDA 3.7 (1.26-10.86) .017 2.60 (0.59-11.5) .21
Ventilation ≥7 d 1.058 (1.00-1.12) .060 0.79 (0.14-4.35) .79

*Predictors evaluated on univariate logistic regression if association P < .1 on comparison between newborns with and without cerebellar hemorrhage.
†Multivariate logistic regression model adjusting for all variables in the Table.
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severe critical illness, the exclusion of unstable infants likely
resulted in an underestimation of the rate of cerebellar hem-
orrhage.Although there was heterogeneity in the timing of MRI,
subjects were scanned as soon as possible after birth. Early ex-
tubation to noninvasive ventilatory support is common at our
center, which delayed the timing of MRI in some subjects,
because synchronized intermittent positive airway pressure is
not compatible with MRI. Importantly, there was no associa-
tion between the timing of imaging and presence of cerebel-
lar hemorrhage. Our study is strengthened by the use of the
same MRI scanner and imaging acquisition sequences. More
than one-half of the subjects in our cohort had SWI, which
is more sensitive in the detection of small areas of hemorrhage.24

Detection of cerebellar hemorrhage was not more common
in newborns in whom SWI was obtained. Moreover, the pro-
portion of newborns with SWI was similar in magnesium
sulfate exposed and unexposed groups, indicating that the ob-
served association of magnesium sulfate and decreased cer-
ebellar hemorrhage does not reflect measurement bias.
Evaluation of a greater number of subjects with SWI would
improve the analysis of our findings, to characterize better the
prevalence, size, and location of cerebellar hemorrhage and to
disentangle its relationship with the severity of IVH. New-
borns in our cohort were not randomized to receive magne-
sium sulfate, and we cannot exclude residual confounding as
a cause for the association of magnesium sulfate exposure with
decreased cerebellar hemorrhage. Last, details regarding the
dosage of magnesium sulfate and timing of administration were
not available.

There is an urgent need to identify modifiable risk factors
for brain injury in preterm newborns to improve long-term
neurodevelopmental outcomes. Antenatal exposure to mag-
nesium sulfate is associated with a reduced risk of cerebellar
hemorrhage in this cohort of premature newborns prospec-
tively evaluated withMRI soon after birth, which might explain
some of the reported neuroprotective effects of magnesium
sulfate. The high prevalence of cerebellar hemorrhage in our
cohort indicates the importance of further study to under-
stand how the size and location of cerebellar hemorrhages affect
cerebellar growth, cerebellar-cortical connections, and
neurodevelopment in children born prematurely. ■
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