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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. We analyzed the risk factors for IVH in preterm VLBW neonates in tertiary
hospital in Kashmir india. Methods: We included premature infants with IVH (n=92) and gestational age and
birth weight-matched control group infants (n=92) admitted to our neonatal intensive care unit. Cases were
divided into mild (grades I and II; n=52) and severe (grades III 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 administration (P<.001), pulmonary hemorrhage (P=.023), inotrope use
(P=.032), neonatal hydrocortisone administration (P=.001), and patent ductus arteriosus (PDA) (P=.005) Journal
Pre-proof. Conclusions: Failure to receive antenatal dexamethasone, PDA, hydrocortisone administration for
neonatal hypotension, was associated with severe IVH in VLBW neonates. Clinicians and healthcare policy
makers should consider these factors during decision-making.
KEYWORDS: Association of IVH with risk factors in the first week of life was investigated.
INTRODUCTION
During the last few decades, the survival of preterm
infants has increased dramatically.[1,2] This improvement
is mainly due to advances in perinatal medicine and
neonatal intensive care. Nevertheless, the incidence of
neurological impairment remains high among preterm
survivors.
The
most
important
neurological
manifestations of brain damage in preterm infants are
cognitive and motor disabilities. Periventricularintraventricular hemorrhage (PV-IVH) is one of the
major causes of the development of cerebral palsy and
mental retardation, and the incidence ranges from 15% to
40%, depending on the center in spite of the many efforts
to reduce the incidence.[3,4]
Bleeding in and around the cerebral ventricles is one of
the most serious complications of being born too early.
In contrast, such bleeding is rare in babies born at term,
even if severely ill. The reasons for the preterm infant’s
unique vulnerability are partly anatomic and partly
pathophysiologic. The site of bleeding is usually from
the subependymal germinal matrix. The bleeding may
continue, rupture the ependymal lining, and fill and
distend the ventricular system.
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The World Health Organization defines preterm birth as
any birth before 37 completed weeks of gestation (or 259
days from the mother’s last menstrual period). Preterm
births are further subdivided into low birth weight
(LBW; 1500–2500 g), very low birth weight (VLBW;
1000–1499 g), and extremely low birth weight (ELBW;
<1000 g).[5] Intraventricular hemorrhage (IVH) is the
most serious complication of premature deliveries,
especially in neonates with birth weight <1500 g and
gestational age <32 weeks, as it leads to short- and longterm morbidities.[6,7] Infants who develop a severe grade
of IVH (grades III and IV) are more prone to develop
significant
long-term
developmental
disabilities
including cerebral palsy and posthemorrhagic
hydrocephalus.[8] Approximately 50% of IVH occurs in
the first 72 h of life, with <10% occurring after day 5;8,9
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.[10,11]
Identifying the risk factors and underlying mechanisms
for PV-IVH has the potential to allow for the
development of effective strategies for prevention of
many neurodevelopmental problems of premature
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infants. In the United States, approximately 12,000
premature infants develop IVH annually,[7,12] and more
than a million deaths occur annually due to the
complications of preterm birth.[5]
Known risk factors for IVH in premature infants include
intrauterine infection, prolonged labor, male sex,
premature rupture of membranes, metabolic acidosis,
postnatal resuscitation, early onset of neonatal sepsis,
and respiratory distress syndrome.[10,13,14] Our study
evaluated the risk factors for IVH in premature infants in
the G B PANT hospital, Kashmir india.
METHODS
Study design and patient details
Our study, a retrospective case–control study was
conducted at the neonatal intensive care unit (NICU) of
the G B Pant hospital Srinagar between January 2013
and June 2016. 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 premature neonates who died before
undergoing HUS, were born outside the hospital, had
asphyxia, or died within the first 72 hr 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 III 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 (1week) and birth
weight (50 g). 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.
IVH was classified into grades I to IV according to
Papile et al.’s IVH classification.11a.

All the ultrasound scans were performed by one expert
radiologist and checked by another expert radiologist.
Transducers of 7.5 and 10 MHz) were used to perform
ultrasound in sagittal and coronal planes. Maternal data
included demographic information, antenatal history,
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 hydrocortisone 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 premature infants in our
hospital: antenatal steroid administration, caesarean
section, pregnancy-induced hypertension, gestational
diabetes mellitus, male sex, respiratory distress
syndrome, surfactant use, invasive respiratory support,
pneumothorax, pulmonary hemorrhage, inotrope and
hydrocortisone use, and PDA presence. For women
between 24 and 33 ± 6/7 weeks of gestational age who
are at risk of preterm birth, receive two doses of 12 mg
intramuscular dexamethasone every 12 h 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]
Statistical analysis
All statistical tests were performed and graphs plotted
using Statistical Package for the Social Sciences, version
25.0 (SSPS Inc., Chicago, IL, USA). Appropriate
statistical tests were applied.

IVH was diagnosed on the basis of the findings of HUS
performed between days 5 and 7 of life after birth.[18,19]
RESULTS
Demographics and patient features
Table 1
Table 1: Shows the clinicodemoghraphic data of cases and controls.
Parameter
Cases(n=92)
Booked
20
Birth weight (g)
1070
Gestational age(weeks)
27.3
Apgar 1 min
5(0,7)
Apgar 5 min
7(3,9)
Acidosis ph
7.27 (0.16)
853 infants were admitted to the NICU in our hospital
between January 2013 and June 2016. Of them, 321 had
<32 weeks of gestational age and birth weight ≤1500 g.
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Controls(n=92)
22
1085
28
5(0,7)
7(2,9)
7.30(0.15)

after excluding the babies not fitting the criteria to be
included in the study,92 babies were included the case
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group with IVH and 92 babies in the control group
without IVH.

expected because of matching, mean gestational age (P =
.372) and mean birth weight (P = .919) were comparable.

There were no significant demographic differences
between the case and control groups (Table 1), and as
Risk factors for IVH
Table 2: Shows a comparison of each variable contributing to the risk of any IVH.
Total
Control
Parameters
IVH
group
P value
N=92
N=92
Caesarean section
40
47
0.347
Antenatal steroid
44
58
0.007
Male
52
48
0.496
PIH
18
22
0.347
GDM
5
6
0.165
RDS surfactant use
71
60
0.190
Mechanical ventilation
80
71
0.114
pneumothorax
6
2
0.0375
Inotropes
56
42
0.017
hydrocotisone
37
20
0.018
Pulmonary hemmorhage
20
6
0.012
PDA
65
51
0.030
In premature infants with any IVH, significant risk
factors were lack of antenatal steroid administration
(P=.007),
pneumothorax
(P=.037),
pulmonary

haemorrhage (P=.012), use of inotropes (P=.017),
neonatal treatment with hydrocortisone (P=.018), and
presence of PDA (P=.030).

Table 3: Shows a comparison of each variable contributing to the risk of mild IVH (grade 1 and 2) and severe
IVH(grade 3 and 4).
Mild (grade
Severe (3&4)
Control
Control
Parameters
1&2 IVH)
P value
GIVH
P value
N=50
N=42
N=50
N=42
Caesarean section
26
27
0.45
14
20
0.56
Ante natal steroid
27
28
0.93
17
30
0.001
Male
30
25
0.34
22
23
0.96
PIH
12
14
0.67
6
10
0.32
GDM
4
4
0.198
1
2
0.57
RDS surfactant use
38
26
0.34
33
34
0.45
Mechanical ventilation
41
30
0.145
39
41
0.50
pneumothorax
4
0
0.98
2
2
0.10
Inotropes
22
15
0.18
34
27
0.032
hydrocotisone
9
9
0.10
28
11
0.001
Pulmonary hemmorhage
7
4
0.21
13
1
0.023
PDA
33
26
0.62
32
25
0.03
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
treatment
with
hydrocortisone (P=.001), and presence of PDA (P=.03).
DISCUSSION
We aimed to identify risk factors for IVH in premature
infants in our hospital covering a vast population in
kashmir. 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
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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
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.
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
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0.55, 95% CI 0.40–0.76).[15] However, it did not discuss
the relationship between the timing of IVH and the
antenatal steroids. Consistent with the results of this
study JU YOUNG et al, antenatal steroid treatment has
been reported as conferring protection against the
development of PV-IVH.[17] The mechanisms by which
corticosteroids decrease the risk of hemorrhage are
unclear, but they appear to be independent of enhanced
pulmonary maturation. The postulated effects include an
anti-angiogenic effect with inhibition of microvessel
morphogenesis in the germinal matrix capillary network
and stabilization of the microvasculature of the
developing germinal matrix.[17] In our study, multivariate
analysis showed that PDA was a risk factor for severe
IVH in premature infants, consistent with many
studies.[18,19] 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 incidence by enhancing cerebral
autoregulation and preventing pulmonary hemorrhage,
an identified risk factor for severe IVH in our study and
previous studies.[20] 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
age21; (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.[21]
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 premature infants with
refractory hypotension in the first days of life.[22]
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.[22] Both saline boluses and inotropes are well
known to be associated with severe brain injury. Because
we usually administer hydrocortisone after initiating
volume boluses and vasopressors, it was found to be
associated with IVH in our study. In the absence of
autoregulation, the systemic blood pressure becomes the
primary determinant of cerebral blood flow and pressure,
which is a pressure-passive circulatory situation. Rapid
volume expansion with blood products or hypertonic
solutions and excessive use of inotropes for the
correction of hypotension results in a rapid increase of
cerebral blood flow and can cause injury to fragile
germinal matrix capillaries.[5,23,28,29] More research
remains to be performed to determine proper criteria or
detailed methods for neonatal intensive care that
minimize the rapid alteration of hemodynamics of
preterm infants. Our study has many limitations. First,
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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.
CONCLUSION
Severe IVH in VLBW neonates is associated with failure
to give antenatal steroids, presence of PDA, and
hydrocortisone given for neonatal hypotension.
Clinicians and healthcare policy makers should consider
these factors during decision-making; for example,
coverage of (complete) antenatal steroid therapy should
be expanded to reduce the incidence and severity of
neonatal IVH. Further studies in a larger population of
neonates are required to evaluate all the possible risk
factors that may be peculiar to this population.
REFERENCES
1. Fanaroff AA, Stoll BJ, Wright LL, Carlo WA,
Ehrenkranz RA, Stark AR, Bauer CR, Donovan EF,
Korones SB, Laptook AR, Lemons JA, Oh W,
Papile LA, Shankaran S, Stevenson DK, Tyson JE,
Poole WK. Trends in neonatal morbidity and
mortality for very low birthweight infants. Am J
Obstet Gynecol, 2007; 196: 147. [PubMed] [Google
Scholar]
2. Kusuda S, Fujimura M, Sakuma I, Aotani H, Kabe
K, Itani Y, Ichiba H, Matsunami K, Nishida H.
Morbidity and mortality of infants with very low
birth
weight
in
Japan:
center
variation. Pediatrics, 2006;
118:
e1130–e1138.
[PubMed] [Google Scholar]
3. Heuchan AM, Evans N, Henderson Smart DJ,
Simpson JM. Perinatal risk factors for major
intraventricular haemorrhage in the Australian and
New Zealand Neonatal Network, 1995-97. Arch Dis
Child Fetal Neonatal Ed., 2002; 86: F86–F90. [PMC
free article] [PubMed] [Google Scholar]
4. Synnes AR, Chien LY, Peliowski A, Baboolal R,
Lee SK. Variations in intraventricular hemorrhage
incidence rates among Canadian neonatal intensive
care units. J Pediatr, 2001; 138: 525–531.
[PubMed] [Google Scholar]
5. Howson CP, Kinney MV, Lawn JE. Born Too Soon:
the Global Action Report on Preterm Birth. World
Health Organization, Geneva, 2012; 1-26.
6. Fanaroff AA, Stoll BJ, Wright LL, Carlo WA,
Ehrenkranz RA, Stark AR, et al. Trends in neonatal
morbidity and mortality for very low birthweight
infants. Am. J. Obstet. Gynecol, 2007; 196:
147.e1-8.
7. Kochanek KD, Kirmeyer SE, Martin JA, Strobino
DM, Guyer B. Annual summary of vital statistics:
2009. Pediatrics, 2012; 129: 338-48.
8. Brouwer A, Groenendaal F, van Haastert IL,
Rademaker K, Hanlo P, de Vries L.
Neurodevelopmental outcome of preterm infants
with severe intraventricular hemorrhage and therapy
for post-hemorrhagic ventricular dilatation. J.
Pediatr, 2008; 152: 648-54.

419

Hussain et al.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

European Journal of Biomedical and Pharmaceutical Sciences

Patra K, Wilson-Costello D, Taylor HG, MercuriMinich N, Hack M. Grades I-II intraventricular
hemorrhage in extremely low birth weight infants:
effects on neurodevelopment. J. Pediatr, 2006; 149:
169-73.
World Health Organization. Country data and
rankings for preterm birth data; 2016 [." Retrieved
August
10
(2012)].
Available
from:
https://www.who.int/pmnch/media/news/2012/2012
04_borntoosoon_countryra nking.pdf
Al-Alaiyan S, Al-Abdi S, Alallah J, Al-Hazzani F,
AlFaleh K. Pre-viable newborns in Saudi Arabia:
where are we now and what the future may hold?
Curr. Pediatr. Rev., 2013; 9: 4-8. 11a.Papile LA,
Burstein J, Burstein R, Koffler H. Incidence and
evolution of subependymal and intraventricular
hemorrhage: a study of infants with birth weights
less than 1,500 gm. J. Pediatr. 1978; 92: 529-34.
Heuchan AM, Evans N, Smart DH, Simpson JM.
Perinatal risk factors for major intraventricular
hemorrhage in the Australian and New Zealand
Neonatal Network, 1995-97. Arch. Dis. Child-Fetal.,
2002; 86: F86-90.
Linder N, Haskin O, Levit O, Klinger G, Prince T,
Naor N, et al. Risk factors for intraventricular
hemorrhage in very low birth weight premature
infants: a retrospective case-control study.
Pediatrics, 2003; 111: e590-e5.
Jain NJ, Kruse LK, Demissie K, Khandelwal M.
Impact of mode of delivery on neonatal
complications: trends between 1997 and 2005. J.
Matern-Fetal. Neo. M., 2009; 22: 491-500.
Roberts D, Brown J, Medley N, Dalziel SR.
Antenatal corticosteroids for accelerating fetal lung
maturation for women at risk of preterm birth.
Cochrane. Db. Syst. Rev., 2017; 3: CD004454.
Ju Young Lee, Han Suk Kim, Euiseok Jung, Eun
Sun Kim, Gyu Hong Shim, Hyun Joo Lee, Jin A
Lee, Chang Won Choi, Ee-Kyung Kim, Beyong Il
Kim, and Jung-Hwan Choi risk Factors for
Periventricular-Intraventricular Hemorrhage in
Premature Infants Published online 2010 Feb
17. doi: 10.3346/jkms.2010.25.3.418
Wells JT, Ment LR. Prevention of intraventricular
hemorrhage in preterm infants. Early Hum
Dev., 1995;
42:
209–233. [PubMed] [Google
Scholar]
Mullaart RA, Hopman JC, Rotteveel JJ, Stoelinga
GB, De Haan AF, Daniëls O. Cerebral blood flow
velocity and pulsation in neonatal respiratory
distress syndrome and periventricular hemorrhage.
Pediatr. Neurol, 1997; 16: 118-25.
Jim WT, Chiu NC, Chen MR, Hung HY, Kao HA,
Hsu CH, et al. Cerebral hemodynamic change and
intraventricular hemorrhage in very low birth weight
infants with patent ductus arteriosus. Ultrasound.
Med. Biol., 2005; 31: 197-202.
Fowlie PW, Davis PG, McGuire W. Prophylactic
intravenous indomethacin for preventing mortality

www.ejbps.com

21.

22.

23.

24.

25.

and morbidity in preterm infants. Cochrane. Db.
Syst. Rev., 2010; CD000174.
Schmidt B, Davis P, Moddemann D, Ohlsson A,
Roberts RS, Saigal S, et al. Long-term effects of
indomethacin prophylaxis in extremely-low-birthweight infants. New. Engl. J. Med., 2001; 344:
1966-72.
Mitra S, Florez ID, Tamayo ME, Mbuagbaw L,
Vanniyasingam T, Veroniki AA, et al. Association
of placebo, indomethacin, ibuprofen, and
acetaminophen with closure of hemodynamically
significant patent ductus arteriosus in preterm
infants: a systematic review and meta-analysis.
JAMA-J. Am. Med. Assoc., 2018; 319: 1221-38.
Johnson PJ. Hydrocortisone for treatment of
hypotension in the newborn. Neonatal. Netw., 2015;
34: 46-51.
Bada HS, Korones SB, Perry EH, Arheart KL, Ray
JD, Pourcyrous M, Magill HL, Runyan W, 3rd,
Somes GW, Clark FC. Mean arterial blood pressure
changes in premature infants and those at risk for
intraventricular hemorrhgae. J Pediatr, 1990; 117:
607–614. [PubMed] [Google Scholar]
Goddard-Finegold J, Armstrong D, Zeller RS.
Intraventricular hemorrhage, following volume
expansion after hypovolemic hypotension in the
newborn beagle. J Pediatr, 1982; 100: 796–799.
[PubMed] [Google Scholar]

420

