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Abstract

Background: Intraventricular hemorrhage (IVH) is a common complication seen in premature infants. Since the brain intraven-
tricular hemorrhage in any degree of risk is an important factor in long-term neuropathology, the role of magnesium sulfate on
cerebral hemorrhage requires further investigation. Therefore, this study aimed to investigate the effect of magnesium sulfate on
intraventricular hemorrhage in infants of mothers with premature rupture of membranes.
Methods: This study is a double blind clinical trial (IRCT: IRCT2016080729223N1) on 120 pregnant women with premature rupture
of membranes at 34 weeks admitted to the hospital of Shahid Akbar Abadi that were selected based on the inclusion criteria and
assigned to two groups (magnesium sulfate recipients and non-recipients). The significance level was set at p<0.05.
Results: The mean age was 28.17 ± 6.21 in the intervention group and 28.33 ± 5.97 in the control group that showed no statisti-
cally significant difference between the groups. The average weight of infants in the intervention group and in the control group
was 2336.1± 526.8 and 1975.3± 233.4, respectively, which showed no significant difference. No intraventricular brain hemorrhage
occurred in the infants of the two groups.
Conclusions: Magnesium sulfate needs more evaluation in prevention of intraventricular hemorrhage in infants of mothers with
premature rupture of membranes at 34 weeks.
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1. Background

Intraventricular hemorrhage (IVH) is a common com-
plication seen in low birth weight neonates. Preterm
rupture of membranes before labor and earlier than 37
weeks of age is among the contributing factors to preterm
birth. Prematurity and low birth-weight are two impor-
tant risk factors for IVH. Factors such as respiratory dis-
tress, hypoxia-related injury, ischemia, blood pressure de-
crease or increase, increased venous pressure, pneumoth-
orax, and hypovolemia would increase the probability of
IVH. This side effect may occur in the first 72 hours of birth;
half of the cases are seen in the first day of life, and more
than 90% of cases may be seen up to end of the first week
(1-4). IVH and periventricular hemorrhage are seen in 50%
of VLBW neonates and in those younger than 35 weeks in
the United States although the rate recently has decreased.
It is a common condition in preterm neonates born before
32 weeks. Nevertheless, it may also be seen in higher gesta-

tional ages or in term neonates (5, 6). Half of the neonates
born before 34 weeks and only 4% of term neonates have
IVH records (7). IVH may result in prolonged disability,
cerebral palsy, mental retardation, seizure, behavioral and
cognitive problems, and death (8-10). Most cerebral bleed-
ing cases are seen in germinal matrix that has high blood
supply and prone to bleeding (9-12). The anatomical condi-
tions may result in venous congestion and stasis leading to
increased intravascular pressure and ruptured vessels. The
auto regulation is abnormal in preterm (7, 9, 12, 13). Prema-
turity and lack of development of brain vessels may result
in bleeding by small stimulations (14). Symptoms of IVH
are unspecific and are usually related to severity of disease.
In acute, severe cases, sudden change to bad health status,
severe sudden pale skin, acute anemia, respiratory disor-
der, and fontanel bulging may occur.

Currently, brain ultrasonography or magnetic reso-
nance imaging is used in the first three days of life and
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in suspected cases, it is repeated two or three times to as-
sess the severity (15-17). The bleeding from germinal matrix
around the brain ventricle is subdivided according to IVH
extension in brain ultrasonography into four categories of
grade 1 to 4: grade 1 limited bleeding to germinal matrix;
grade 2 Intraventricular hemorrhage; grade 3 bleeding
with ventricular extension; and grade 4 extension of bleed-
ing to brain parenchyma. Grades 1 and 2 are removed spon-
taneously without sequel while grades 3 and 4 are accom-
panied with severe sequels (10). Since PROM and preterm
birth are main etiologies of premature neonates, different
methods are used to prevent preterm labor. Tocolytic treat-
ments are among the conventional methods but the best
therapeutic method is controversial. Magnesium sulfate,
prostaglandin inhibitors, calcium channel blockers, and
nitric oxide releasing drugs are among those with positive
effects. Magnesium sulfate is a tocolytic method of preven-
tion from preterm labor. However, there are scarce docu-
ments about beneficial effects of this drug on the improve-
ment of pregnancy outcomes in various gestational ages;
it is the first-line treatment in many centers. The objective
of the use of tocolytic is to delay the active phase of labor
(9, 10, 17, 18). Epidemiological documents have shown that
treatment of mothers with magnesium sulfate would re-
sult in myocardial stability and blood supply in placenta
and fetal brain (19), and reduction of ischemic region (20)
and anti-oxidant effects with decreased platelet adhesion
(21) are neuroprotective in fetus. Nevertheless, the results
of studies are controversial. Marret et al. in 2008 demon-
strated that the use of magnesium sulfate would signifi-
cantly reduce brain dysfunction (22). In addition, another
multi-center clinical trial by Dwight et al. in 2008 assessed
the effect of magnesium sulfate on the prevention of cere-
bral palsy. It was seen that moderate and severe forms
of cerebral palsy significantly reduced in patients who re-
ceived magnesium sulfate; but the mortality rate in those
with cerebral palsy did not decrease (23).

The study by Carlo Gian et al. in 2005 revealed that
the use of aminophylline and magnesium sulfate was ac-
companied by decreased Intraventricular hemorrhage in
neonates under 30 weeks’ gestational age (24). However,
the study by Nakazawa and colleagues in 2015 showed that
tocolytic therapy with magnesium sulfate would result in
increased risk of death, neurological pathologies, and In-
traventricular hemorrhage in neonates (25). In addition,
Petrova et al. in 2012 reported no association of prenatal ad-
ministration of magnesium sulfate with Intraventricular
hemorrhage and brain parenchyma injuries in neonates
(26). Hence, regarding the extended use of magnesium sul-
fate in health care centers of our country, the outcomes of
IVH in premature neonates were assessed in this clinical
trial.

2. Methods

In this double-blind randomization clinical trial (IRCT:
IRCT2016080729223N1) with local ethical registration code
of IR.IUMS.rec.1394.9111290015, pregnant women with pre-
mature rupture of membranes at 34 weeks’ gestational age
attending to Akbarabadi hospital, Tehran, Iran, were en-
rolled after signing an informed consent form. Accord-
ing to the formula for proportion estimation in two group
(incidence of IVH) by assumption of 95% confidence in-
terval, alpha amount of 5%, beta amount of 20%, and inci-
dence rate of 27% (27), two groups of 60 pregnant women
who had rupture of membranes in ultrasonography at 34
weeks’ gestational age were enrolled.

(1)n =

(
z1−α

2
+ z − β

)2

× (p1 [1− p1] + p2 [1− p2])

(p1 − p2)2

(2)
z1−α

2
= 1.96

↔ α

= 0.05

(3)z1−β = 1.28↔0.80

(4)p1 = 0.27; p2

= 0.10

The exclusion criteria were lack of hypertension,
preeclampsia, trauma, gestational or aggravated diabetes,
any type of metabolic disease affecting the pregnancy out-
come, long-term drug use, and gestational histories affect-
ing the pregnancy outcomes (Figure 1).

Participants were randomly allocated to either the two
groups by means of a computer-generated randomization
list and by using sealed opaque medication packets that
numbered and used consecutively. Beside the conven-
tional treatments, the intravenous magnesium sulfate was
administered in the intervention group at dose of 6 g dur-
ing 20 to 30 minutes, followed by 2 g per hour during 12
hours before labor. Patients were excluded if major side
effects were seen such as hypotension, hyporeflexia, flac-
cid paresis, heart block, respiratory paresis, infusion site
pain, and hypothermia. In the control group, conventional
treatment with normal saline infusion was used. Finally,
the neonates in both groups were assessed for IVH, and cra-
nial ultrasonography was requested if necessary. Other-
wise, they all were assessed with ultrasonography by an ex-
perienced radiologist who was blind about the groups at
3rd and 7th day. MRI was done in suspected cases. In addi-
tion, the lab sample was sent for all patients. Demographic
data were gathered for all cases. Finally, data analysis was
performed by SPSS16 software with Chi-Square and T test or
nonparametric parallel tests.
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Figure 1. CONSORT Flow Diagram for Study Design.

3. Results

In this randomized clinical trial, the mean age was 28.17
± 6.21 and 28.33 ± 5.97 years in the intervention and con-
trol groups, respectively (P = 0.880). The mean birth weight
was 1975.3 ± 233.4 and 2336.1 ± 526.8 g in intervention and
control groups, respectively, without any significant differ-
ence by T test (P = 0.273). The mean Apgar was 8.42 ± 0.74
and 8.47 ± 0.62 g in the intervention and control groups,
respectively, with no significant difference by T test (P =
0.690) (Table 1). ICU stay was 1.4 ± 0.62 and 1.38 ± 0.45
gram in the intervention and control groups, respectively,
with no significant difference by T test (P = 0.907). Twin
and multiple pregnancies and stillbirth were not seen. 27
subjects (45%) in the intervention group were male and 33
(55%) were female. The CRP was negative in 56 subjects
(93.3%) and positive in 4 patients (6.7%) in the intervention
group. The platelet, sodium, potassium, calcium, BS, and
ICU stay are compared by T test as presented in Table 2. As
shown in Table 3, the rate of IVH as the main outcome was
5% and 1.6% in the intervention and control groups, respec-
tively (P = 0.981).

4. Discussion

Preterm birth is a main etiology of premature
neonates, which is related to brain hemorrhage and
neuropathic lesions. Different strategies are used to pre-
vent preterm labor. For example, the magnesium sulfate
would result in decreased IVH rate but it is controversial.
However, there are scarce documents about useful effects
of this drug on the improvement of pregnancy outcomes
in various gestational ages; it is the first-line treatment
in many centers. Some studies have shown that magne-
sium sulfate may decrease the neurological injury rates
leading to cerebral palsy although opposite results also
are reported. Since IVH in every grade is a risk factor for
long-term neuropathology, the role of magnesium sulfate
should be assessed. This study was carried out to evaluate
the effect of magnesium sulfate on the prevention of IVH
in neonates of mothers with PROM. The results demon-
strated that the main outcome, i.e. IVH, was not differed
between the two groups comprising neonates receiving
and not-receiving magnesium sulfate. These findings are
in congruence with the findings of Dwight J. Rose et al.
in 2008 (28). In their study, magnesium sulfate had no
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Table 1. Characteristics of Participants in the Two Groups

Variable Intervention Group (n = 60) Control Group (n = 60) P Value CI 95 %

Lower Upper

Age 28.17 ± 6.21 28.33 ± 5.97 0.880 -2.35 2.02

Wight 1975.3 ± 233.4 2336.1 ± 526.8 0.273 -1009.5 287.9

Apgar 8.42 ± 0.74 8.47 ± 0.62 0.690 -0.298 0.198

WBC 11300 ± 10200 80200 ± 12800 0.038 0.187 6.376

HB 15.1 ± 1.20 15.6 ± 1.10 0.026 -0.894 -0.058

Table 2. Laboratory Results in the Two Groups

Variable Intervention Group (n = 60) Control Group (n = 60) P Value CI95%

Lower Upper

Platelet 238.2 ± 55.5 247.9 ± 34.6 0.255 -26.53 7.11

Hemoglobin 15.1 ± 1.20 15.6 ± 1.10 0.026 -0.894 -0.058

Leukocyte 11300 ± 1020 8020 ± 1280 0.038 0.187 6.376

Sodium 141.8 ± 2.15 141.2 ± 2.04 0.155 -0.211 1.311

Potassium 4.25 ± 0.18 4.25 ± 0.23 0.069 -0.070 0.083

Calcium 8.99 ± 0.57 9.07 ± 0.39 0.036 -0.259 0.096

BS 70.85 ± 12.25 12.51 ± 78.48 0.001 -12.11 -3.15

NIW 1.40 ± 0.62 1.38 ± 0.61 0.907 -0.212 0.238

Table 3. IVH of the Two Groups

IVH Grade I IVH Grade II IVH Grade III IVH Grade IV P Value

Intervention group (n = 60) 2 (3.3) 1 (1.6) 0 (0) 0 (0)
0.981

Control group (n = 60) 0 (0) 1 (1.6) 0 (0) 0 (0)

significant effect on prevention of moderate to severe
cerebral palsy. In a randomized clinical trial conducted by
Crowther et al. (29) among 1062 pregnant women with 30
weeks’ gestational age, magnesium sulfate had no effect
on the prevention of cerebral palsy and injury. However,
mortality rate before two years of age decreased signifi-
cantly by magnesium sulfate. Other randomized clinical
trials about this drug had shown different results. This
may be due to different design, sample size, or follow-up
patterns. The study by Papile et al. (10) demonstrated that
the use of magnesium sulfate would result in decreased
death rate. The study by Petrova et al. in 2012 revealed
that there is no significant association between the use
of this drug and IVH and parenchyma injury. However, in
their study, patients with hypertension and preeclampsia
were enrolled, leading to increased use of magnesium
sulfate (26). Gain Carlo et al. in 2005 revealed that amino-

phylline and magnesium sulfate would result in less IVH
in neonates under 30 weeks but it had no effect on respi-
ratory distress syndrome, patent ductus arteriosus, and
retinopathy (24).

Due to anti-arrhythmia, neuroprotective effects, and is-
chemia reduction (30), the significant effect on IVH was ex-
pected. Nevertheless, the lack of effect may be due to lower
rates of IVH compared to worldwide statistics, leading to
lower positive samples that may affected the results. Low
sample size may increase the chance of effect by higher
random error. It is likely that the ultrasonography method
and diagnostic sensitivity were less than expected. The lim-
ited use of MRI may be effective in the sensitivity reduc-
tion, as well. The follow-up duration may also be effective.
Hence, studies with larger sample sizes, and more specific
methods, and longer follow-up periods are recommended.

Also, comparison of mean birth weight, Apgar, leuko-
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cyte count, hemoglobin, platelet, sodium, potassium, BS,
and ICU stay between the two groups and comparison
of CRP, delivery method, and sex of neonate between the
two groups revealed that only BS, leukocyte count, and
hemoglobin showed significant differences.
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