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ABSTRACT

Background: Intraventricular hemorrhage (IVH) is a serious complication of premature (<32 weeks)
deliveries, especially in very-low-birth-weight (VLBW; <1500 g) neonates. Infants developing severe IVH
are more prone to long-term developmental disabilities. Although 62%—79% of women in Saudi Arabia
receive antenatal steroids, IVH incidence remains high. We analyzed the risk factors for IVH in preterm
VLBW neonates in the central region of Saudi Arabia.
Methods: We included premature infants with IVH (n = 108) and gestational age- and birth weight-
matched control group infants (n = 108) admitted to our neonatal intensive care unit. Cases were
divided into mild (grades I and II; n = 56) and severe (grades IIl and IV; n = 52) IVH groups. Association
of IVH with risk factors in the first week of life was investigated.
Results: The following risk factors were associated with severe IVH: lack of antenatal steroid adminis-
tration (P < .001), pulmonary hemorrhage (P = .023), inotrope use (P =.032), neonatal hydrocortisone
administration (P =.001), and patent ductus arteriosus (PDA) (P =.005). Multivariable logistic regression
analysis revealed the following to be significant: lack of antenatal dexamethasone (adjusted odds ratio
[aOR]: 0.219, 95% confidence interval [95% CI] 0.087—0.546), neonatal hydrocortisone administration
(aOR: 3.519, 95% CI 1.204—10.281), and PDA (aOR: 2.718, 95% CI 1.024—7.210). Low hematocrit in the first
3 days of life was significantly associated with severe IVH (all P < .01).
Conclusions: Failure to receive antenatal dexamethasone, PDA, hydrocortisone administration for
neonatal hypotension, and low hematocrit in the first 3 days of life was associated with severe IVH in
VLBW neonates. Clinicians and healthcare policy makers should consider these factors during decision-
making.

© 2019 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

mother’s last menstrual period). Preterm births are further sub-
divided into low birth weight (LBW; 1500—2500 g), very low birth

The World Health Organization defines preterm birth as any weight (VLBW; 1000—1499 g), and extremely low birth weight
birth before 37 completed weeks of gestation (or 259 days from the (ELBW; <1000 g) [1]. Intraventricular hemorrhage (IVH) is the most

serious complication of premature deliveries, especially in neo-
nates with birth weight <1500 g and gestational age <32 weeks, as

* Corresponding author. Hospital of Paediatrics, King Saud Medical City, Riyadh, it leads to short- and long-term morbidities [2,3]. Infants who
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develop a severe grade of IVH (grades Ill and IV) are more prone to
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Approximately 50% of IVH occurs in the first 72 h of life, with <10%
occurring after day 5 [4—7]; however, its severity can increase
during the following days. Therefore, head ultrasound (HUS) is
performed between days 5 and 7 to catch attention of the last
severity grade of IVH. The incidence increases with decreased
gestational age and birth weight [8,9].

In the United States, approximately 12,000 premature infants
develop IVH annually [3,10], and more than a million deaths occur
annually due to the complications of preterm birth [1]. In addition,
the reported rates of antenatal steroid administration vary across
regions worldwide. In Saudi Arabia, in 2010, there were more than
35,000 preterm deliveries, with 8% mortality due to the compli-
cations of preterm birth [8]. IVH incidence in premature infants
born across Saudi Arabia ranges from 13% to 27% [10,11]. Antenatal
steroids have been shown to reduce IVH risk in preterm neonates
[12—14]. Although 62%—79% women in Saudi Arabia receive ante-
natal steroids, IVH incidence continues to be high [9,11]. Thus, it is
crucial to identify additional risk factors for IVH in preterm neo-
nates and develop effective prevention strategies.

Known risk factors for IVH in premature infants include intra-
uterine infection, prolonged labor, male sex, premature rupture of
membranes, metabolic acidosis, postnatal resuscitation, early onset
of neonatal sepsis, and respiratory distress syndrome [10,15,16].

Several studies worldwide, including those conducted in Saudi
Arabia, have evaluated risk factors for IVH in premature infants
[10,11,14,17]. Our center, King Saud Medical City, receives both
booked and unbooked labor patients; therefore, the percentage of
mothers who have received antenatal steroids is lower in our
center (50%) than in other centers across Saudi Arabia (62%—79%)
[9,11].

Our study evaluated the risk factors for IVH in premature infants
in the central region of Saudi Arabia. A secondary aim of this study
was to predict the time of IVH by detecting a sudden, significant
drop in hematocrit.

2. Methods
2.1. Study design and patient details

Our matched retrospective case—control study was conducted
at the neonatal intensive care unit (NICU) of the King Saud Medical
City (KSMC) between January 2015 and June 2018, specifically at
the Hospital of Paediatrics at KSMC. Neonates born at <32 weeks of
gestation, with birth weight <1500 g, and admitted to the level 3
NICU were eligible for inclusion in our study. We excluded pre-
mature neonates who died before undergoing HUS, were born
outside the hospital, had asphyxia, were transferred from the NICU,
or died within the first 72 h of life and those who had congenital
anomalies. Among the included patients, all premature infants with
IVH were divided into two subgroups depending on the IVH grade:
mild IVH (grades I and II) and severe IVH (grades Il and IV). Then
each group was matched 1:1 with the control group comprising
patients who did not have IVH. Each group was matched for
gestational age (1 week) and birth weight (50 g). The ethical
committee of the KSMC approved this study (H1RI-21-Dec17-01).
Because this was a retrospective case—control study, the need for
informed consent from patients’ guardians was waived.

Our NICU protocol for routine HUS is to perform the first HUS
between days 5 and 7 of life. If the findings are abnormal, then HUS
is repeated the next week, and if the findings are normal, it is
repeated after 1 month. Additional HUS is performed if required.
HUS was interpreted by a radiologist who was not involved in the
study and was blinded to its objective.

A secondary aim of this study was to predict the time of IVH by
detecting a sudden, significant drop in hematocrit. Hematocrit

values in the first 7 days of life were compared between the cases
and controls, and the drop was considered significant if it was
significantly more in the case group than in the control group.

2.2. Definitions

IVH was classified into grades I to IV according to Papile et al.‘s
IVH classification [12].

IVH was diagnosed on the basis of the findings of HUS per-
formed between days 5 and 7 of life after birth [18,19]. All the ul-
trasound scans were performed by one expert radiologist and
checked by another expert radiologist. Transducers of 7.5 and
10 MHz (LOGIQ e; GE Medical Systems Co., Ltd., Jiangsu, China)
were used to perform ultrasound in sagittal and coronal planes.

2.3. Data collection and follow-up

Most data were collected prospectively by the NICU team.
Maternal data included demographic information, antenatal his-
tory, delivery mode, Apgar score, fetal growth restriction, birth
weight, gestational age, maternal hypertension, and premature
delivery cause (maternal or fetal indications). Neonatal data
included respiratory support, surfactant use, inotrope and hydro-
cortisone use for treating hypotension in the first week of life, and
PDA presence (treated or not treated). If missing, data were
extracted from the medical records by our study team, and NICU
charts were reviewed to confirm the accuracy of information. All
patients whose relevant study data were unavailable were
excluded.

Our study evaluated the following risk factors for IVH in pre-
mature infants in the central region of Saudi Arabia: antenatal
steroid administration, cesarean section, pregnancy-induced hy-
pertension, gestational diabetes mellitus, male sex, respiratory
distress syndrome, surfactant use, invasive respiratory support,
pneumothorax, pulmonary hemorrhage, inotrope and hydrocorti-
sone use, PDA presence, and nitric oxide use.

For women between 24 and 33 + 6/7 weeks of gestational age
who are at risk of preterm birth, the American College of Obste-
tricians and Gynecologists (ACOG) guidelines recommend two
doses of 12 mg intramuscular betamethasone every 24 h or four
doses of 6 mg dexamethasone every 12 h [20]. KSMC follows a
slightly different treatment regimen: two doses of 12 mg intra-
muscular dexamethasone every 12 h to pregnant women between
24 and 33 + 6/7 weeks of gestational age in the presence of the
following risk factors: risk of preterm delivery within 1 week,
multiple gestations, or premature rupture of membrane. Because
most pregnant women who arrived in labor were unbooked, they
had not received the aforementioned dexamethasone therapy.
Unbooked pregnant women meeting the criteria who arrived in
labor were given single-dose 12 mg intramuscular dexamethasone
immediately after an obstetrician received them, as recommended
by several guidelines [20,21].

2.4. Statistical analysis

Descriptive statistics including means, medians, and standard
deviations were used to describe the study population and to know
whether the data were normally distributed. Chi-square test and
Fisher’s exact test were used for categorical variables and unpaired
Student’s t-test for continuous variables. If the data were not nor-
mally distributed and/or when the variances were significantly
different, Mann—Whitney U test was performed.

A sample size of 216 premature infants (108 cases and 108
controls) was analyzed to detect a difference in morbidity, at a
significance level of 0.05 with 80% power.
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Analysis of the primary outcome was performed in two steps.
Initially, demographic, maternal, and neonatal variables were
plotted in a univariate logistic regression model to identify unad-
justed factors significantly associated with IVH. Subsequently, only
significant factors were plotted in a multivariate logistic regression
model for the dichotomous outcome, using enter method with P
values < .1. The model was tested for goodness of fit using
Hosmer—Lemeshow test (considered well fitted if P > .05).

All statistical tests were performed and graphs plotted using
Statistical Package for the Social Sciences, version 25.0 (SSPS Inc.,
Chicago, IL, USA). All statistical tests were two-tailed and consid-
ered significant at P < .05; however, there was no correction for
multiple testing.

3. Results
3.1. Demographics and patient features

Fig. 1 presents the flowchart of patient selection. In total, 1064
infants were admitted to the NICU in our hospital between January
2015 and June 2018. Of them, 438 had <32 weeks of gestational age
and birth weight <1500 g.

We excluded 14 neonates born outside our hospital, 19 trans-
ferred to other centers in the first 7 days of life, 5 with major
congenital anomalies, 12 who died in the first 7 days, and 1 who
had a major congenital anomaly and was born outside the hospital.
Thus, the remaining 387 neonates were eligible for 1:1 matching
for birth weight and gestational age. Eventually, the case group
included 108 IVH cases and the control group included 108 infants
with no IVH.

There were no significant demographic differences between the

case and control groups (Table 1), and as expected because of
matching, mean gestational age (P =.372) and mean birth weight
(P =.919) were comparable.

3.2. Risk factors for IVH

Table 2 shows a comparison of each variable contributing to the
risk of any IVH, mild IVH, and severe IVH.

In premature infants with any IVH, significant risk factors were
lack of antenatal steroid administration (P =.007), pneumothorax
(P = .038), pulmonary hemorrhage (P = .011), use of inotropes
(P =.018), neonatal treatment with hydrocortisone (P =.019), and
presence of PDA (P =.029).

In premature infants with severe IVH, significant risk factors
were lack of antenatal steroid administration (P < .001), pulmonary
hemorrhage (P = .023), use of inotropes (P = .032), neonatal

Table 1
Clinicodemographic data of preterm very-low-birth-weight infants with IVH (cases)
and without IVH (controls).

Parameters Cases (n = 108) Controls (n = 108) P value
Booked 15 (14.4) 18 (17.3) .57
Cesarean section 53 (49.1) 60 (55.6) 341
Gestational age, weeks 27.8 (2.4) 28.1(2.3) 372
Birth weight, g 1014 (250) 1018 (246) 919
1-min Apgar 5(0, 8) 5(0, 8) .240
5-min Apgar 7(3,9) 7(1,9) 376
PH 7.28 (0.16) 7.31 (0.15) 453
Base excess —7.35(4.48) —5.01 (4.23) 241

Data are represented as median (range) or mean + standard deviation as appro-
priate.
IVH: Intraventricular hemorrhage.

1064 NICU admissions

626 term and preterm >1.5 kg
(Did not meet the inclusion criteria)

438 preterm < 1.5 kg

s
438 preterm < 1.5 kg
\_
108 cases of IVH

108 matched controls

51 infants met exclusion criteria
¢ 14 born outside the hospital
¢ 19 transferred to other center
in first 7 days
5 major congenital anomalies
¢ 12 died in the first 7 days
¢ 1 major congenital anomaly
and born outside the hospital

Fig. 1. Flowchart of patient section. The control group included 1:1 gestational age- and birth weight-matched patients. IVH: Intraventricular hemorrhage; NICU: Neonatal

intensive care unit.
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Table 2

Univariate analysis comparing neonates with any IVH, mild IVH, and severe IVH and controls (no IVH).

Parameters Any IVH group Control group P Mild IVH group Control group P Severe IVH group Control group P
(n = 108) (n = 108) value (n = 56) (n =56) value (n=52) (n=52) value
Antenatal steroid (>1 49 (45.4) 69 (63.9) .007* 34(60.7) 33(58.9) .847 15(28.8) 36 (69.2) <.001*
dose)
Cesarean section 53(49.1) 60 (55.6) 341 30(53.6) 34 (60.7) 445 23 (44.2) 26 (50) .556
PIH 21(19.4) 27 (25) 327 14(25) 16 (28.6) .670 7(13.5) 11 (21.2) 303
GDM 8(74) 9(8.3) 163 7 (54) 7 (12.5) 197 1(1.9) 2(3.8) .566
Male 58 (53.7) 53 (49.1) 496 32 (57.1) 27 (48.2) 345 26 (50) 26 (50) 1
RDS surfactant use 80 (74.1) 71 (65.7) 183 36 (64.3) 31 (55.4) 336 44(84.6) 40 (76.9) 322
Invasive respiratory 89 (75) 79 (84.3) 104 43 (76.8) 36 (64.3) 149 46 (88.5) 43 (82.7) 405
support
Pneumothorax 11 (10.2) 3(2.8) .038* 6 (10.7) 0(0) 999 5(9.6) 3(5.8) .360
Pulmonary hemorrhage 17 (15.7) 5(4.6) .011* 4(7.1) 1(1.8) 204 13 (25) 4(7.7) .023*
Inotropes 49 (45.4) 32(29.6) .018* 17 (30.4) 11 (19.6) 193 32(61.5) 21 (40.4) .032*
Hydrocortisone 34 (31.5) 19 (17.6) .019* 7 (12.5) 9(16.1) 0.590 27 (51.9) 10(19.2) .001*
PDA 69 (63.9) 53(49.1) .029* 29 (51.8) 27 (48.2) .706 40 (76.9) 26 (50 .005*
PDA (treated with 15 (13.9) 14 (13) 842 4(7.1) 6(10.7) 510 11(21.2) 8(154) 448
medication)
Nitric oxide 1(0.93) 0 1 0 0 .849 1(1.9) 0 1
*P < .05.

IVH: Intraventricular hemorrhage; PIH: Pregnancy-induced hypertension; GDM: Gestational diabetes mellitus; RDS: Respiratory distress syndrome; PDA: Patent ductus

arteriosus.

treatment with hydrocortisone (P = .001), and presence of PDA
(P =.005).

Multivariable analysis for any IVH revealed no significant dif-
ference, whereas regarding severe IVH, infants of mothers who did
not receive dexamethasone had a higher risk of severe IVH
(adjusted odds ratio [aOR]: 0.219, 95% confidence interval [95% CI]
0.087—0.546). Other significant risk factors for severe IVH were
neonatal administration of hydrocortisone (aOR: 3.519, 95% CI
1.204—-10.281) and presence of PDA (aOR: 2.718, 95% (I
1.024—7.210) (Table 3).

Infants of mothers who received at least one dose of dexa-
methasone were less likely to develop severe IVH (P < .001)
(Table 2).

We found a significant difference in the drop in hematocrit
patterns between premature infants with severe IVH and those
with mild IVH. Low hematocrit in the first 3 days of life was
observed in severe IVH cases (Fig. 2); a significant drop in hemat-
ocrit on day 4 of life was observed in mild IVH cases (Fig. 3).

4. Discussion

We aimed to identify risk factors for IVH in premature infants in
the central region of Saudi Arabia. We found that lack of antenatal
steroid administration and neonatal hydrocortisone administration
was significantly associated with severe IVH; this finding is
consistent with previous studies [22]. Our data revealed that
antenatal steroids significantly reduced the percentage of severe
IVH, but not mild IVH, in VLBW infants. These results point to the
importance of antenatal care, particularly antenatal steroids, in

Table 3
Multivariate analysis of any IVH and severe IVH.
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Fig. 2. Comparison of hematocrit between cases of severe IVH and controls in the
first 7 days of life. Significantly low hematocrit was observed in cases of severe IVH
compared with controls on days 1, 2, and 3 of life (all P < .01). IVH: Intraventricular
hemorrhage; Hct: hematocrit.

preventing severe IVH. Most cases of mild IVH occur between days
3 and 4 of life, indicating that neonatal care and management in
NICU are directly related to the occurrence of mild IVH.

Parameters

0Odds ratio of any IVH (95% CI)

0Odds ratio of severe IVH (95% CI)

Antenatal steroid 0.576 (0.32—1.04)

Pneumothorax 4.284 (0.958—19.158)
Pulmonary hemorrhage 2.468 (0.814—7.479)
Inotropes 0.984 (0.471-2.054
Hydrocortisone 1.225 (0.558—2.692
PDA 1.425 (0.774-2.625

0.219 (0.087—0.546)
2.076 (0.504—8.543)
0.818 (0.287—2.334)
3.519 (1.204—10.281)
2.718 (1.024—7.210)*

CI; confidence interval; IVH: Intraventricular hemorrhage; PDA: Patent ductus arteriosus.

¢ Indicates significant differences.
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Fig. 3. Comparison of hematocrit between cases of mild IVH and controls in the first 7 days of life. A significant drop in hematocrit was observed in cases of mild IVH (P =.02)
compared with controls on day 4 of life. IVH: Intraventricular hemorrhage; Hct: hematocrit.

Antenatal steroids do not have a major role in preventing mild
IVH. A recent Cochrane review has shown that a single course of
antenatal steroids significantly reduces the rate of IVH among
premature infants (relative risk 0.55, 95% CI 0.40—0.76) [13].

However, it did not discuss the relationship between the timing
of IVH and the antenatal steroids. Wei et al. [14] have found that
antenatal steroids reduce any-grade IVH in premature infants;
however, their study is a cross-sectional study and has many
missing data (such as timing and number of antenatal steroid doses
regardless of whether partial or full course was given; lack of im-
aging data for a good number of patients).

Most cases of severe IVH occur on the first day of life, corre-
sponding to a sharp drop in hematocrit between days 1 and 2. The
low hematocrit on the first day of life in infants with severe IVH can
be due to bleeding; however, a low hematocrit can also accelerate
the cerebral blood flow and contribute to further bleeding [15,23].
It remains uncertain whether low hematocrit is the cause of hem-
orrhage or occurs secondary to it. In contrast, patients with mild
IVH developed bleeding beyond the first day—between days 3 and
4. As most severe IVH cases occur on day 1 of life, they reflect events
during antenatal care, maternal health problems, history of de-
livery, and neonatal resuscitation process.

In our study, multivariate analysis showed that PDA was a risk
factor for severe IVH in premature infants, consistent with many
studies [24,25]. PDA causes fluctuation in cerebral blood flow;
prophylactic treatment of PDA with indomethacin on the first day
of life in extremely premature infants can reduce severe IVH inci-
dence by enhancing cerebral autoregulation and preventing pul-
monary hemorrhage, an identified risk factor for severe IVH in our
study and previous studies [26]. Despite this strong evidence of the
efficacy of prophylactic treatment of PDA in decreasing severe IVH
incidence, we do not routinely give indomethacin on the first day of
life for many reasons: (1) it does not improve the survival rate and

neurosensory impairment at 18 months of corrected age [27]; (2)
possibility of thrombocytopenia or platelet dysfunction on the first
day of life; (3) presence of oliguria or acute kidney injury on the
first day of life; and (4) ibuprofen or acetaminophen has the same
efficacy as indomethacin in treating significant PDA with fewer side
effects [28].

We also found hydrocortisone administration to be a risk factor
for severe IVH among VLBW infants. We administer intravenous
hydrocortisone 3 mg/kg/day divided every 8 h for treating pre-
mature infants with refractory hypotension in the first days of life
[29]. Although fluid volume bolus is the first-line treatment for
neonatal hypotension, nonresponders are given inotropes to
improve cardiac contractility and cardiac output. Hydrocortisone is
then used as the third-line treatment [29]. Both saline boluses and
inotropes are well known to be associated with severe brain injury
[30,31]. Because we usually administer hydrocortisone after initi-
ating volume boluses and vasopressors, it was found to be associ-
ated with IVH in our study.

We used HUS to diagnose neonatal IVH. Researchers have tried
to detect the time of bleeding by measuring the blood pressure
reading and respiratory pattern [17,19,32—35]. However, available
evidence remains subjective based on very small sample size. Many
studies have been conducted to predict and prevent I[VH using new
modalities such as positron emission tomography and near-
infrared spectroscopy. These modalities are not available at our
NICU and have questionable validity and safety for premature in-
fants in the first days of their life.

The strengths of our study are as follows: (1) 1:1 matching for
gestational age (1 week) and birth weight (50 g) between both
cases of severe and mild IVH; (2) Measuring and adjusting for
multiple potential confounders such as age and sex; (3) Assessing
the efficacy of the modified version of the ACOG guidelines for
antenatal steroids that our institution follows; and (4) finally,
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performing diagnosis based on HUS findings in a blinded manner.

Our study has many limitations. First, this was a retrospective
case—control study. Second, we could not measure all the potential
confounding variables because most pregnant women were not
followed up at our maternity hospital. Thus, it was not feasible to
perform HUS on the first day of life—but this point is not exclusive
to our NICU, as we follow the same protocol as many other NICUs
worldwide [36]. Finally, the association of severe IVH with drop in
hematocrit value observed in our study requires further investi-
gation for the confirmation of possible underlying reasons.

5. Conclusion

Severe IVH in VLBW neonates is associated with failure to give
antenatal steroids, a sharp drop in hematocrit in the first day of life,
presence of PDA, and hydrocortisone given for neonatal hypoten-
sion. Clinicians and healthcare policy makers should consider these
factors during decision-making; for example, coverage of (com-
plete) antenatal steroid therapy should be expanded to reduce the
incidence and severity of neonatal IVH. Further studies in a larger
population of neonates of Middle Eastern origin are required to
evaluate all the possible risk factors that may be peculiar to this
population.
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