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Abstract

Background: To evaluate the impact perinatal factors closely related to the development of neonatal intraventricular hemorrhage (IVH)
in preterm infants. Methods: A retrospective case-control study was performed on premature infants born in our perinatal center in 2014–
2018. Neonates with IVH were age-matched with normal controls (1:5). Perinatal factors were compared between cases and controls.
Results: Fourteen cases and 70 controls had a median of 26.5 (range 22–29) weeks gestational age. Significant difference was observed
regarding the incidence of clinical chorioamnionitis (43% and 14%, p = 0.023) and the use of magnesium sulfate (MgSO4) (14% and
51%, p = 0.017). Adjusted odds ratios (95% confidence interval) were 8.3 (1.8–38) in clinical chorioamnionitis and 0.15 (0.03–0.76) in
magnesium sulfate. Conclusions: Relevant perinatal factor of IVH in premature infants born before 30 weeks of gestation was strongly
associated with clinical chorioamnionitis. Furthermore, MgSO4 exposure suggested a neuroprotective effect against IVH.
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1. Introduction
Intraventricular hemorrhage (IVH) is a common com-

plication seen in very low-birthweight neonates. Despite
significant improvements in perinatal care, preterm birth
still occurs, and the rate of major neurodevelopmental im-
pairment in survivors has not diminished [1]. IVH is the
most serious complication as it leads to short- and long-term
morbidities, including cerebral palsy and hydrocephalus,
especially in neonates with birth weight <1500 g and ges-
tational age <32 weeks [2].

Factors such as intrauterine infection, prolonged la-
bor, premature rupture of membrane, respiratory distress,
hypoxia-related injury, ischemia, fluctuation of blood pres-
sure, pneumothorax, and hypovolemia increase the possi-
bility of IVH [3–5]. Despite major efforts made to elucidate
the pathogenesis and prevent IVH in the last few decades,
the prevention of IVH remains an unsolved problem. Many
confounding factors are related to the occurrence of IVH.
In particular, premature infants with IVH have many con-
founders that are strongly associated with early gestational
age and hypoxia at delivery.

Therefore, in the present study, we assessed perinatal
factors closely related to the development of neonatal IVH
in preterm infants after excluding gestational age as a con-
founder.

2. Materials and Methods
A retrospective, matched case-control study was per-

formed to investigate perinatal risk factors related to the de-

velopment of IVH in preterm infants. Patients were prema-
ture infants born in our perinatal center in 2014–2018. We
included cases with neonates who developed IVH, and se-
lected control cases which have the matched gestational age
neonates with the cases with IVH. The ratio is 1 (case) to
5 (control). Patients with congenital malformations were
excluded from the present study.

The IVH diagnosis was based on ultrasonography per-
formed until the 10th postnatal day by a neonatologist.
Grade I is hemorrhage restricted to the germinal matrix.
Grade II is intraventricular hemorrhage without ventricu-
lar dilatation. Grade III is intraventricular hemorrhage with
ventricular dilatation. Grade IV is parenchymal hemor-
rhage [6].

We also analyzed our perinatal risk factors associated
with the onset of IVH. These perinatal risk factors included
the following: maternal and neonatal characteristics (ma-
ternal age, parity, IVF (In vitro Fertilization) pregnancy,
multiple gestation, cesarean delivery, gestational age, birth
weight, male sex, Apgar score, and umbilical artery pH);
complications during pregnancy (prematurity, premature
rupture of membrane, preeclampsia, chorioamnionitis, fetal
growth restriction, gestational diabetes mellitus, abnormal
cardiotocography (CTG)); and medications administered
during pregnancy (ritodrine hydrochloride, magnesium sul-
fate, ampicillin sodium, betamethasone). Magnesium sul-
fate was commonly administered as a tocolytic agent for the
prevention of preeclampsia in our hospital.

Chorioamnionitis is an acute inflammation of the
membranes and chorion of the placenta, typically due to
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ascending polymicrobial bacterial infection in the setting
of membrane rupture. Clinical chorioamnionitis was con-
sidered when characteristic clinical signs were present in
the mother, which include fever, uterine fundal tender-
ness, maternal tachycardia (>100/min), fetal tachycardia
(>160/min), and purulent or foul-smelling amniotic fluid
[7]. On the other hand, histopathologic chorioamnionitis
was considered when there was microscopic evidence of
infection or inflammation on examination of the placenta
or chorioamniotic specimens. Placentas were fixed in for-
malin for at least 24 hours. Based on the location of leuko-
cytes, a grading system was used as follows [8]: Stage 1
if leukocytes were seen at the subchorion; Stage 2 if the
leukocytes were present in the chorionic membrane; and
Stage 3 if leukocytes were present beyond the chorionic
and amniotic membranes. In the present study, histopatho-
logic chorioamnionitis was considered in cases classified as
Stage 2 or 3.

Statistical Analysis

Statistical analysis was performed using the Statisti-
cal Package for Social Science software program (Windows
version 24.0 J; Chicago, IL, USA). Continuous variables
were reported as mean with 95% confidence interval and
were compared using the Mann-Whitney U-test. Categor-
ical variables were reported as frequencies and were com-
pared using Fisher’s exact test. The multivariable analysis
was based on logistic regression analysis. Significant risk
factors included clinical chorioamnionitis and MgSO4 de-
termined using univariate analysis were used in the multi-
variable analysis. p-values of <0.05 were considered sta-
tistically significant.

Fig. 1. Study flow diagram.

3. Results
The study flow diagram is demonstrated in Fig. 1. In

total, 1384 infants were admitted to the NICU (Neonatal in-
tensive care unit) and GCU (Growing care unit) of St. Mar-
ianna University Hospital between January 2014 and De-
cember 2018. We excluded patients with congenital mal-
formations for both groups. Fourteen cases (1.0% of ad-

mission) who developed IVH grades I to IV were recruited.
Thus, 70 controls (1:5) were matched for gestational age to
each case.

Baseline characteristics of the subjects are shown in
Table 1. Mean gestational age was around 26 weeks for
both groups. There was no significant difference observed
on the mean birth weight (979 g and 895 g), Apgar score at
1 minute (4.1 and 4.4), and Apgar score at 5 minutes (6.7
and 6.8) for the cases and control groups, respectively.

The observed frequency of perinatal risk factors re-
lated to IVH is shown in Table 2. In premature infants, sig-
nificant risk factor of IVH was clinical chorioamnionitis,
which occurred in 43% of cases vs. 14% of controls (p =
0.021). Other factors such as prematurity, premature rup-
ture of membrane, preeclampsia, fetal growth restriction,
and gestational diabetes mellitus, histological chorioam-
nionitis were not significantly different between the two
groups. In terms of antenatal drug administration contribut-
ing to the risk of IVH, the administration of magnesium sul-
fate was significantly lower in the case group than in the
control group (14% vs. 51%; p = 0.017). Administration of
othermedications, such as ritodrine hydrochloride, steroids,
and antibiotics, was not significantly different between the
two groups.

The results of multivariate logistic regression analysis
are shown in Table 3. Perinatal risk factors that significantly
contributed to the development of IVH were the clinical
chorioamnionitis (OR 8.3, 95%CI 1.8–38) and the adminis-
tration of magnesium sulfate was associated with reduction
of developing IVH (OR 0.15, 95% CI 0.03–0.76). Of the
14 cases, 3 had no developmental or neurological abnor-
malities by the age of 2 years, whereas 2 were administered
magnesium sulfate.

4. Discussion
In the present study, after controlling for variables

such as gestational age, we observed that clinical chorioam-
nionitis and that lack of antenatal administration of magne-
sium sulfate was significantly associated with developing
IVH. In the published paper, clinical chorioamnionitis was
reported as a major risk factor for developing IVH [9].

The association between clinical chorioamnionitis and
IVH is biologically and clinically plausible. In general,
IVH occurs within 3 days of life and affects infants with
fluctuations in blood pressure and respiratory distress. It is
frequently associated with extreme prematurity and/or se-
vere perinatal infections [10,11]. Therefore, clinical cir-
cumstances during delivery and the first days of life are
critical for the development of IVH. Our results suggest that
chorioamnionitis is a strong independent contributing fac-
tor for IVH. Our date showed clinical chorioamnionitis was
a risk factors for developing IVH but not histopathological
chorioamnionitis. From this data, a hypothesis came up that
clinical chorioamnionitis happens at the end of histopatho-
logical chorioamnionitis. In other words, when inflamma-
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Table 1. Clinical characteristics of mothers and infants.
Characteristics Cases N = 14 Controls N = 70 p-value

Maternal age 31.3 (28.5–34.1) 32.8 (31.3–34.4) 0.31
Parity 0 (0–3) 0 (0–3) 0.95
IVF pregnancy 1 (7%) 10 (14%) 0.39
Twin pregnancy 3 (21%) 9 (13%) 0.49
Cesarean Delivery 9 (64%) 50 (71%) 0.62
Gestational age (wks) 25.9 (24.3–27.6) 26.4 (25.9–26.9) 0.57
Birth weight (g) 979 (728–1231) 859 (790–929) 0.34
Male gender 6 (43%) 38 (54%) 0.45
Apgar score 1 min. 4.1 (2.4–5.7) 4.4 (4.0–4.9) 0.57
Apgar score 5 min. 6.7 (5.2–8.0) 6.8 (6.3–7.3) 0.74
Umbilical Artery pH 7.30 (7.24–7.31) 7.46 (7.22–7.31) 0.45
Data are presented as mean (95% confidence interval) or number (%).

Table 2. Frequency of complications and medications during pregnancy.
Complications Cases N = 14 Controls N = 70 p-value

Preterm 6 (43%) 23 (33%) 1.000
Premature Rupture of Membrane
Preeclampsia 5 (38%) 14 (20%) 0.291
Clinical chorioamnionitis 6 (43%) 10 (14%) 0.021
Histological chorioamnionitis

Stage >II 6 (43%) 18 (26%) 0.209
Stage >III 4 (29%) 6 (9%) 0.057

Fetal growth restriction 2 (14%) 12 (17%) 1.000
Gestational Diabetes Mellitus 0 (0%) 8 (11%) 0.341
Abnormal CTG 7 (50%) 32 (45%) 0.832
Ritodrine hydrochloride 11 (79%) 42 (60%) 0.236
MgSO4 2 (14%) 36 (51%) 0.017
Ampicillin sodium 7 (50%) 38 (54%) 0.778
Betamethasone 11 (79%) 57 (81%) 0.725
Data are presented as number (%). Bold represent significant p-values.

Table 3. Results of multivariate logistic regression analysis.

Factors
Adjusted Odd ratio

(95% confidence interval)

Clinical chorioamnionitis 8.3 (1.8–38.0)
MgSO4 0.15 (0.03–0.76)

tion becomes severe, chorioamnionitis might come to have
clinical symptoms such as fever, uterine tenderness, eleva-
tion of white blood cells. However further study of placen-
tal pathology in chorioamnionitis is needed. In addition, we
evaluated funisitis but no funisitis was found.

In our hospital, magnesium sulfate was used not only
for the prevention of eclampsia but also as a tocolytic agent
in the threatened premature delivery in obstetric practice.
Our study showed the antenatal administration of magne-
sium sulfate was contributed to reduction of IVH. Although
there is controversy regarding its impact on neonatal out-

comes, several studies have tested the hypothesis that ante-
natal exposure to magnesium sulfate is neuroprotective for
low-birthweight infants [12,13].

In the published reports, magnesium sulfate has been
known for the effect to reduce ‘cerebral palsy’ [14,15].
However, our study revealed that magnesium sulfate is also
effective for reducing ‘fetal intraventricular hemorrhage’.

Our data revealed that of the 14 cases, 3 had no de-
velopmental or neurological abnormalities by the age of 2
years, whereas 2 were administered antenatal magnesium
sulfate. Our findings support the theory that antenatal mag-
nesium sulfate significantly reduces the percentage of IVH.
These results point to the importance of antenatal care, par-
ticularly in preventing IVH. However, the role of tocolytic
magnesium sulfate in the development of IVH requires fur-
ther clarification.

The limitations of this study are as follows: First, this
was a retrospective case-control study. Therefore, exis-
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tence of selection bias should be considered. Second, we
did not investigate the relationship between prevention of
IVH and the timing and dosage of magnesium sulfate, be-
cause we use magnesium sulfate for the purpose of not only
prevention of eclampsia but also tocolytic agent. Thus, we
cannot determine the dose and the timing. Third, the num-
ber of the cases (N = 14) might be too small to determine
the statistical difference so larger cases will be needed.

5. Conclusions
IVH in premature infants born below 30 weeks of ges-

tation was a strong independent factor associated with clin-
ical chorioamnionitis. Furthermore, the antenatal admin-
istration of MgSO4 was contributed to reduction of IVH,
thereby suggesting that the administration of MgSO4 has a
neuroprotective effect against IVH. This supports the im-
portance of appropriate antenatal care in preventing IVH in
at-risk neonates.
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