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Intraventricular Hemorrhage and Post Hemorrhagic
Hydrocephalus among Very-Low-Birth-Weight Infants in Korea

So Yoon Ahn,™ So-Yeon Shim,**
and In Kyung Sung®

Here, we aimed to evaluate the incidence and mortality of intraventricular hemorrhage
(IVH) and post-hemorrhagic hydrocephalus (PHH) among very-low-birth-weight (VLBW)

infants in Korea and assess the associated factors of PHH. This cohort study used
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prospectively collected data from the Korean Neonatal Network (KNN). Among 2,386
VLBW infants in the KNN database born between January 2013 and June 2014, 63 infants
who died without brain ultrasonography results were excluded. Maternal demographics
and neonatal clinical characteristics were assessed. The overall incidence of IVH in all the
VLBW infants was 42.2% (987 of 2,323), while those of IVH grade 1, 2, 3, and 4 were
25.1%, 7.0%, 4.8%, and 5.5%, respectively. The incidence and severity of IVH showed a
negatively correlating trend with gestational age and birth weight. PHH developed in 0%,

3.5%, 36.19%, and 63.8% of the surviving infants with IVH grades 1, 2, 3, and 4,
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respectively. Overall, in the VLBW infants, the [VH-associated mortality rate was 1.0%

(24/2,323). Only IVH grade severity was proven to be an associated with PHH development
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INTRODUCTION

Intraventricular hemorrhage (IVH) is a cause of neonatal mor-
bidity and mortality and is strongly associated with adverse
neurological outcomes (1,2). The incidence of severe IVH
(grade 3 or 4) has persisted despite the overall decline in IVH
because the survival rate of very-low-birth-weight (VLBW) in-
fants has consistently increased (3,4). According to multicenter
studies, the incidence of IVH varies inversely with gestational
age with an overall incidence of 15%-42%, while severe IVH de-
velops in 7%-16% of VLBW infants (5-9). Approximately 35% of
VLBW infants with IVH develop post-hemorrhagic hydroceph-
alus (PHH), and 15% of VLBW infants with IVH require inter-
vention (2,5,8,10). In Korea, however, no nationwide data for
the incidences of IVH and PHH have been reported to date.
IVH is graded based on the Papile classification system (11),
but the grading of PHH is not yet standardized. Although some
studies have suggested using the criteria for ventricular dilata-
tion (12,13), there is currently no commonly accepted grading
system. The decision to treat PHH has typically been made in
clinical situations of increasing ventricular width from serial
brain imaging. To date, only a few studies have addressed the
risk factors for or outcomes of PHH in VLBW infants with IVH
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in infants with IVH grades 3-4. This is the first Korean national report of IVH and PHH
incidences in VLBW infants. Further risk factor analyses or quality improvement studies to
reduce IVH are warranted.
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(14-16). Identifying the associated risk factors for PHH would
assist the decision-making process for serial brain imaging or
procedures to remove cerebral spinal fluid (CSF) from VLBW
infants who develop PHH after IVH.

The objective of the present study was to report the distribu-
tion of IVH and the associated risk factors for PHH among
VLBW infants in Korea. For this objective, we first investigated
the incidence of IVH in VLBW infants as well as the IVH in-
duced mortality rate according to gestational age at birth and
birth weight. Second, we evaluated the incidence of clinically
significant PHH after IVH and the associated risk factors for
procedures used to remove CSF in VLBW infants. Finally, we
compared the Korean nationwide data to those in other nation-
al databases. The present study is to describe nationwide data
of the incidence and mortality of IVH and PHH among VLBW
infants in Korea.

MATERIALS AND METHODS

Study population

We performed a cohort study using prospectively collected data
from 55 Korean Neonatal Network (KNN) centers. A total of
2,386 VLBW infants born between January 2013 and June 2014
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and registered in the KNN were reviewed. We excluded 63 VLBW
infants who did not have documented brain ultrasonography
(BUS) results, and among them, 60 infants were expired within 7
days after birth. Finally, the remaining 2,323 were included in
the present study. The infants were grouped according to the
most severe IVH grade reported on BUS documents during neo-
natal intensive care unit hospitalization.

Data collection and analysis

Informed consent was obtained to access the KNN database.
Neonatology staff members or trained research coordinators
prospectively gathered maternal, delivery, and neonatal data
until the first patient discharge according to the KNN manual of
operational procedure (17). For infants with persistent hospital-
ization, limited data were collected to postnatal day 365. Gesta-
tional age was determined by the best obstetric estimate using
the date of the last menstrual period and/or ultrasonography.
Antenatal corticosteroid exposure was defined as the maternal
receipt of one or more doses of any corticosteroid. Pulmonary
hemorrhage was defined as massive and significant pulmonary
hemorrhage that destabilized vital signs. Hypotension referred
to the hypotension that developed within the first week of life
that required medication including cardiotonics or steroids. In-
fants who received medication or surgery to treat patent ductus
arteriosus (PDA) for therapeutic and/or prophylactic purposes
were identified as PDA medication or PDA ligation. The most
severe stage of IVH of all BUS findings until first discharge was
recorded irrespective of the time of first observation or occur-
rence as this information was not collected. IVH staging was
made according to Papile’s classification (11). PHH was defined
as IVH-induced hydrocephalus that required spinal tapping,
external ventricular drainage, and/or a shunt operation. Mor-
tality that occurred before the first discharge was termed in-
hospital death, while mortality that was primarily related to IVH
was defined as death of which primary cause was severe grade
IVH and its sequelae in the KNN dataset. Bronchopulmonary
dysplasia (BPD) was defined by the use of the National Insti-
tutes of Health Workshop severity-based diagnostic criteria
(18). We analyzed the gestational age- and birth weight-depen-
dent incidence of IVH and compared the IVH incidences of the
KNN to other national registry datasets including the Canadian
Neonatal Network (CNN) (19), Australian and New Zealand
Neonatal Network (ANZNN) (20), European Neonatal Network
(EuroNeoNet) (21), and the Eunice Kennedy Shriver National
Institute of Child Health and Human Development (NICHD)
(4). IVH grade-dependent incidences of PHH in surviving in-
fants and mortality with time of death were assessed. Among
surviving infants with IVH grades 3-4, we grouped them ac-
cording to PHH occurrence (PHH and non-PHH groups) and
compared the maternal demographics and neonatal character-
istics between groups.

http://dx.doi.org/10.3346/jkms.2015.30.51.552

Statistical analysis

Unadjusted comparisons of maternal demographics and neo-
natal characteristics between the non-PHH and PHH groups
among IVH grade 3-4 infants were performed using the chi-
square or Fisher exact test for categorical data and Student’s -
test for continuous variables. A binary logistic regression was
performed for the adjusted analysis. P values < 0.05 were con-
sidered statistically significant. SPSS version 18 (IBM Corp., Chi-
cago, IL, USA) was used for all of the statistical analyses.

Ethics statement

The data registration was approved by the institutional review
board of every hospital participating in the KNN. Informed
consent was obtained prospectively from the parents of the in-
fants registered in the KNN.

RESULTS

Incidence of IVH

A total of 2,386 VLBW infants were enrolled in the KNN registry
during the study period. Of these infants, 2,323 with document-
ed BUS were included in the analysis. The overall incidence of
IVH in the VLBW infants registered in the KNN was 42.5% (987
of 2,323) (Table 1). Severe (grade 3-4) IVH occurred in 10.3%
(240 of 2,323) of VLBW infants (Table 1). Among infants with
any grade IVH, the incidence of grade 1, 2, 3, and 4 disease was
59.2% (584), 16.5% (163), 11.3% (112), and 13.0% (128), respec-
tively. Fig. 1 shows the gestational age- and birth weight-depen-
dent incidence of IVH by grade. Overall and severe (grade 3-4)
IVH were more common in smaller and more immature infants
(Table 2).

Incidence of PHH

IVH grade-dependent incidence of PHH is described in Table 3.
In the IVH grade 3-4 infants who expired in the early period (the
median survival time of IVH grade 3-4 infants was postnatal
day 12; Fig. 2), there is a limitation to assessing accurate occur-
rence of PHH because it usually requires therapeutic interven-
tion in the later period. Thus, incidences of PHH or death in all
registered infants or PHH in only survived infants were dis-
played. PHH did not develop in survived infants with IVH grade
1, and it occurred only in 3.5% of survived infants with grade 2

Table 1. Incidence of intraventricular hemorrhage in very-low-birth-weight infants

IVH grade Incidence (n = 2,323) Cumulative incidence
4 128 (5.5%) 128 (5.5%)

3 112 (4.8%) 240 (10.3%)

2 163 (7.0%) 403 (17.3%)

1 584 (25.1%) 987 (42.5%)

0 1,336 (57.5%) 2,323 (100%)

IVH, intraventricular hemorrhage.

http://jkms.org  S53



JKMS

Ahn SY, etal. * IVH and PHH among VLBWIs in Korea

GA dependent IVH incidence

100 - . — [ JnolvH
s [ IVH grade 1
e [ IVH grade 2
60 I VH grade 3
B I VH grade 4
40
20 -
0
<22 23-24 25-26 27-28 =29
Week

A

BW dependent IVH incidence

100 - - = _JnolvH
80 - [ IVH grade 1
I IVH grade 2
60 - i [ \VH grade 3
ES B \VH grade 4
40
20 -
0
<500 500- 750-  1,000- 1,250-
749 999 1,249 1,499
Gram 9

Fig. 1. Incidence of intraventricular hemorrhage (IVH) according to gestational age (GA) (A) and birth weight (BW) (B). The proportions of infants with grades 1, 2, 3, and 4 IVH

and without IVH are presented according to GA and BW.

Table 2. Gestational age- and birth weight-dependent incidence of significant intra-
ventricular hemorrhage

IVH grade Incidence of IVH
Gestational age <22 23-24 25-26 27-28 >29
(week)
Grade>2IVH  14/20  105/207 126/391 96/551 62/1,154
(70.0%)  (50.7%)  (32.2%) (17.4%) (5.4%)
Grade>3IVH 1020  76/207  78/391 47/551 29/1,154
(50.0%) (36.7%)  (19.9%) (8.5%) (2.5%)
Birth weight <500 500-749 750-999 1,000-1,249 1,250-1,499
(gram)
Grade>2IVH  19/53  112/304 135/528 75/622 62/816
(35.8%) (36.8%)  (25.6%) (12.1%) (7.6%)
Grade > 3IVH  16/53  72/304  86/528 34/622 32/816
(30.2%)  (23.7%)  (16.3%) (5.5%) (3.9%)

IVH, intraventricular hemorrhage.

Table 3. Incidence of post-hemorrhagic hydrocephalus in very-low-hirth-weight infants
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Death primarly related to IVH

Fig. 2. Survival period of infants who expired primarily of intraventricular hemorrhage
(IVH). The time of death is shown in terms of postnatal age (day). The median and in-
terquartile range (25%-75%) are indicated.

Variab| no IVH Incidence of IVH and PHH by IVH grade
ariaples

(n=1,336) Grade1 (1=584)  Grade2 (n=163) Grade3 (n=112)  Grade 4 (n=128) Total (n = 987)
Gestational age 29.4 + 2.8 282+ 2.9 26.6 + 2.5 26.1 £ 2.3 253+ 2.3 272429
Birth weight 1,147 + 258 1,045 + 284 949 + 273 943 + 289 807 + 252 978 + 293
Total mortality 64 (4.8%) 30 (5.1%) 19 (11.7%) 29 (25.9%) 81 (63.3%) 223 (9.6%)
IVH directly induced mortality 0(0.0%) 0(0.0%) 0(0.0%) 4 (3.6%) 20 (15.6%) 24 (1.0%)
PHH or death 64 (4.8%) 30 (5.1%) 25 (15.3%) 59 (52.7%) 111 (86.7%) 225 (22.8%)
PHH in survived infants 0/1,272 (0.0%) 0/554 (0.0%) 5/144 (3.5%) 30/83 (36.1%) 30/47 (63.8%) 65/764 (8.5%)

IVH, intraventricular hemorrhage; PHH, post-hemorrhagic hydrocephalus.

IVH. However, the incidence significantly increased in infants
with grades 3-4 IVH. Moreover, incidence of PHH or death also
showed IVH grade dependent pattern and it occurs in the 52.7%
and 86.7% of all infants with grade 3 and grade 4 IVH, respec-
tively (Table 3).

Mortality primarily related to IVH
Total and primarily IVH-related mortality rates are displayed in
Table 3. None of the infants with grade 1-2 IVH expired because

S54  http://jkms.org

of IVH. However, 3.6% and 15.6% of infants with grade 3-4 IVH
expired, respectively, due primarily to IVH (Table 3). As per the
KNN dataset, of the 110 infants who had died, 24 (22%) had a
primary cause of death as severe IVH and its sequelae. The me-
dian time of death in infants who expired primarily because of
IVH was on the 10th postnatal day and ranged from the 3rd to
the 124th postnatal day (25-75 percentile, 6th-32nd postnatal

day) (Fig. 2).
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Factors related to PHH development
To assess the factors associated with PHH development in the
surviving infants with grade 3-4 IVH, the maternal demograph-

Table 4. Maternal demographics and neonatal clinical characteristics of surviving
infants with grade 3-4 intraventricular hemorrhage according to the development of
post-hemorrhagic hydrocephalus

o non-PHH PHH
Characteristics (n=70) (n = 60) Pvalue
Gestational age (week) 264 +£23 26124 0.56

Birth weight (g) 956 + 286 954 £ 273 0.52
Apgar score (1 min) 34+14 32+16 0.85
Apgar score (5 min) 58 £1.7 57 £1.9 0.39
Female sex, number (%) 26/70 (37) 24/60 (43) 0.55
Cesarean section, number (%) 45/70 (64) 44/60 (73) 0.27
Antenatal corticosteroids, number (%) 50/65 (77) 41/57 (72) 0.72
Pathologic chorioamnionitis, number (%) 27/59 (46) 27/49 (55) 0.58
Maternal hypertension, number (%) 8/68 (16) 5/59 (8.4) 0.75
Gestational diabetes, number (%) 4/70 (6) 7/60 (12) 0.32
Intubation at initial resuscitation 63/68 (93) 54/56 (97) 0.36
Chest compression at initial resuscitation ~ 2/68 (3) 8/56 (14) 0.02
Body temperature at admission (C) 36.0+ 07 36107 0.94
Base excess at admission (mM/L) -64+£42 -6.7X40 0.68
RDS, number (%) 67/70(96)  56/60 (93) 0.55
Pneumothorax, number (%) 2/70 (2) 4/60 (1) 0.30
Pulmonary hemorrhage, number (%) 10/70 (14) 19/60 (32) 0.02
Hypotension, number (%) 31/70 (44) 40/60 (67) 0.01
PDA medication, number (%) 31/70 (44)  35/60 (58) 0.11
PDA operation, number (%) 16/70 (23) 24/60 (40) 0.04
Intubation duration (day) 382+352 421 +304 050
TPN duration (day) 493 £308 475+288 0.73
Steroid usage for BPD, number (%) 41/70 (59)  28/60 (47) 0.18
BPD (> moderate), number (%) 44/70 63)  45/59 (76) 0.20
Seizure, number (%) 30/70 (43) 33/60 (55) 017
Sepsis, number (%) 90/70 (43)  27/60 (45) 0.81
NEC (> stage 2), number (%) 7/70 (10) 6/60 (10) 1.00
IVH (grade 4), number (%) 17/70 (24) 30/60 (50) <0.01

Data are presented as mean + standard deviation or as number and percentage of
total. RDS, respiratory distress syndrome; PDA, patent ductus arteriosus; TPN, total
parenteral nutrition; BPD, bronchopulmonary dysplasia; NEC, necrotizing enterocoli-
tis; IVH, intraventricular hemorrhage.
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ic findings and neonatal characteristics were compared be-
tween the PHH and non-PHH groups (Table 4). Factors found
to be significantly higher in the PHH group than in the non-
PHH group included the chest compressions at initial resusci-
tation, significant pulmonary hemorrhage destabilized vital
signs, significant hypotension requiring medication within the
1st week of life, PDA ligation, and IVH grade 4. After logistic re-
gression adjustment for above factors, only the incidence of
IVH grade 4 was significantly higher in the PHH group than in
the non-PHH group with an adjusted odds ratio (OR) of 3.1 and
a 95% confidence interval (CI) of 1.35-6.91 (Table 5). Although
the use or non-use of chest compressions at initial resuscitation
did not reach statistical significance (P = 0.05), it showed a high
adjusted OR of 5.1 (95% CI, 0.97-27.1).

National comparisons of IVH incidence

The incidences of IVH grades 2-4 in the KNN (January 2013-
June 2014) were compared with those in the ANZNN (2012),
CNN (2013), and NICHD (2003-2007), and the incidence of IVH
grades 3-4 in KNN was compared with thatin EURONET (2011)
based on the annual report of each registry or published papers
(Fig. 3). In VLBW infants born at < 24 gestational weeks, KNN

Table 5. Adjusted odds ratios for neonatal characteristics in the development of post-
hemorrhagic hydrocephalus in the survived infants with grade 3-4 intraventricular
hemorrhage

- 0dds ratio
Characteristics Pvalue (95% confidence interval)
Chest compression at initial resuscitation 0.05 1(0.97-27.1)
Hypotension 0.09 0(0.89-4.58)
Pulmonary hemorrhage 0.18 2.0(0.74-5.18)
PDA ligation 0.26 6 (0.69-3.91)
Grade 4 IVH 0.01 1(1.35-6.91)

Odds ratio for post-hemorrhagic hydrocephalus development was adjusted for the
chest compressions at initial resuscitation, significant pulmonary hemorrhage desta-
bilized vital signs, significant hypotension requiring medication within the 1st week of
life, PDA ligation, and IVH grade 4. PDA, patent ductus arteriosus; IVH, intraventricular
hemorrhage.
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Fig. 3. Cross-national comparisons of intraventricular hemorrhage incidences. Incidences of grade 2-4 (A) or grade 3-4 IVH (B) in the KNN were compared with those of the
ANZNN, CNN, NICHD, and EuroNeoNet registries. IVH, intraventricular hemorrhage; KNN, Korean Neonatal Network; ANZNN, Australian and New Zealand Neonatal Network;
CNN, Canadian Neonatal Network; NICHD, Eunice Kennedy Shriver National Institute of Child Health and Human Development; EuroNeoNet, European Neonatal Network; GW,

gestational weeks.
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appears the trend of having a higher incidence of IVH grades
2-4 or 3-4 than the ANZNN, CNN, NICHD, and EuroNeoNet
networks. Among infants born at 25-28 gestational weeks, the
incidence of IVH grade 2-4 or 3-4 in the KNN seemed similar to
those in the other networks.

DISCUSSION

This study reported the Korean nationwide incidences of IVH
and PHH requiring a procedure to remove CSF after IVH. This
population-based study suggests that IVH is a common prob-
lem in VLBW infants in Korea, with 42.5% of VLBW infants de-
veloping IVH of any grade and 10.3% developing IVH grade 3 or
4. The more immature infants were at greater risk of severe IVH
and subsequent PHH. The finding in the present study is con-
sistent with previous reports derived from CNN (19), NICHD
(4), and EuroNeoNet (21) data (Fig. 3). A comparison of the
KNN and other national registry datasets revealed that the inci-
dence of IVH in infants who were < 24 gestational weeks at
birth in the KNN seemed to be higher than those in the other
national registries, while ANZNN appeared to show a trend of a
lower incidence of IVH compared to other registries. One pos-
sible explanation might be that the KNN registry contains pop-
ulation-based data whereas the ANZNN registry includes data
from only tertiary centers.

In the present study, infants born at < 22 gestational weeks
had a strikingly high incidence of IVH (70%), while those with a
birth weight < 500 g had a similar incidence of IVH as those
with a birth weight of 500-999 g. In the development of IVH,
gestational age seems to be a more significant factor than birth
weight, although both gestational age and birth weight influ-
ence IVH development. Consistent with previous studies, the
present study also demonstrated that IVH incidence and sever-
ity in VLBW infants decreases gradually as gestational age or
birth weight increases (16,22) and that infants born after 29
gestational weeks or weighing > 1,250 g at birth are at a low risk
of IVH.

PHH is a major consequence of IVH (23). PHH is thought to
cause white matter injury by multiple mechanisms, such as dis-
turbing periventricular fibers, increasing intracranial pressure,
introducing iron-induced hydroxyl free radicals, and eliciting
cytokine responses (23-25). Although the precise mechanism
has not been completely delineated, the pathogenesis of IVH-
induced PHH has been explained to be related with multiple
small blood clots partially occlude the channels of CSF circula-
tion or blood induced inflammation within subarachnoid
spaces and ensuing obliterative arachnoditis which reduces
CSF resorption (26-29). Previous studies suggested that PHH
induces ischemia, oligodendrocyte and axonal injury in the
white matter, and eventually motor or cognitive dysfunction
(15,30,31). In the present study, 8.5% of survived infants with
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IVH of any grade showed progression of PHH and underwent
spinal tapping, external ventricular drainage, and/or a shunt
operation to remove the CSE. In the infants with severe IVH
(grade 3-4), PHH or death developed in the 52.7% and 86.7% of
infants with IVH grade 3 and 4, respectively. The incidence of
PHH requiring a procedural intervention among survived
VLBW infants with grade 3 or 4 IVH was similar to those of pre-
vious studies (2,14). One previous study suggested that the inci-
dences of PHH and shunt operations have been increasing over
time (15), a finding that might be related to an increased sur-
vival rate of VLBW infants with severe IVH and, thereby, an in-
creased risk of PHH.

The optimal treatment strategy for PHH is not yet known, and
the clinical management for PHH varies considerably among
centers (28). There have been only a few arguments for early in-
tervention to remove the CSF prior to the development of clini-
cally significant PHH (32-37). We noted inconsistency in the in-
terpretations among radiologists as well as variability in the
PHH procedure rates among medical centers, indicating the
need to establish a standardized guideline for the diagnosis and
treatment of PHH (16). To date, only a few studies have reported
the risk factors of PHH development after IVH (14,15). Most
suggested that IVH severity would be the most important pre-
dictive factor for a shunt operation. Consistent with above find-
ings, the present study also showed that about 3 fold higher de-
velopment of PHH in infants with IVH grade 3 than infants with
IVH grade 4. We also investigated the presence of other clinical
factors affecting PHH development in VLBW infants with IVH
grade 3 or 4. On univariate analysis, variables related with circu-
lation, such as chest compressions at initial resuscitation, pul-
monary hemorrhage, hypotension, and PDA operation differed
significantly between the PHH and non-PHH groups. Although
all factors except IVH grade 4 were no longer significant after
adjustment, it is interesting that chest compressions at initial
resuscitation occurred more frequently in the PHH group (P =
0.05) and showed a high OR of 5.1 even after adjustment.

Mortality is a major consequence of severe IVH or PHH. Re-
cent studies have reported that the mortality rate is approxi-
mately 30% in infants with IVH grade 3 and 60% in infants with
IVH grade 4 (15,38), and the results of the present study support
these findings. Furthermore, we analyzed the mortality rate pri-
marily related to IVH and found that it was 3.6% in infants with
grade 3 IVH and 15.6% in infants with grade 4 IVH. Because the
KNN registry collected data about the primary cause of death,
the present study could show the mortality rate that was primar-
ily related to IVH. However, a possible limitation of the study
could be that the combined diseases such as disseminated in-
travascular coagulopathy, BPD, PDA, and other mortality-asso-
ciated variables could not be considered. The present study
showed that the median time of death caused primarily by IVH
was the 10th postnatal day, indicating that infants with severe
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IVH are in a generally deteriorated state. Another issue requir-
ing consideration is that the withdrawal of life-sustaining treat-
ment is often discussed with the parents of infants with severe
IVH, although it is not clear whether this affected the survival
time recorded in the KNN registry.

A major limitation of the present study is that the KNN regis-
try has various criteria for the diagnosis of PHH as well as differ-
ent guidelines for its treatment. However, this is a global prob-
lem that needs to be addressed. Because of the absence of a
definite criteria, the KNN registry collected data for only PHH
cases in which procedures to remove CSF were needed; there-
fore, we could not determine the overall incidence of PHH in-
cluding non-treated cases.

In this context, early expired VLBW infants with severe IVH
were excluded from the analysis for associated factors with
PHH development. In addition, infants with IVH grade 2 were
also excluded from this analysis because of the potential bias
stems from infrequency of PHH development in survived in-
fants with IVH grade 2.

In conclusion, the present study shows that IVH is a common
problem in VLBW infants and that infants with severe IVH tend
to develop PHH that requires procedures to remove the CSE
The present study is the first to report the incidence and mortal-
ity rates of IVH and PHH based on a Korean nationwide datas-
et. A subsequent study of the long-term neurodevelopmental
outcomes of the infants in our study should be conducted.
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