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Abstract
Objective To compare long-term neurodevelopmental and
growth (NDG) outcomes at 3 y corrected gestational age
(GA) in premature infants with grade ≥ III intraventricular
hemorrhage (IVH) and post-hemorrhagic hydrocephalus
who were treated with ventriculo-peritoneal shunt with those
who were not treated with shunt.
Methods In a retrospective cohort study, NDG outcomes were
compared between preterm infants of <29 wk GA with IVH
treated with shunt (IVHS) and IVH with no shunt (IVHNS).
This was a single centre study. The primary outcome was
moderate to severe cerebral palsy (CP).
Results Of 1762 preterm infants who survived to discharge,
90 had grade ≥ III IVH. Infants in IVHS group had more grade
IV IVH than IVHNS (p < 0.05). Seventy percent of the pa-
tients in IVHNS groups had no hydrocephalus. IVHS group

had increased CP (76% vs. 30%; p 0.003), and higher odds of
CP after controlling for GA and IVH grade [odds ratio (OR);
4.23 (1.38 to 13.00)]. Growth delay was not different between
groups.
Conclusions Infants with IVHS are at increased risk of CP but
not growth delay.
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Introduction

Advances in neonatal intensive care unit (NICU) have resulted
in significant improvement in the survival of extremely pre-
term infants [1]. Intraventricular hemorrhage (IVH) of any
severity is a major complication in preterm infants but severe
IVH (grade III-IV) can lead to serious adverse neurological
outcomes [2, 3]. The incidence of severe IVH in preterm in-
fants weighing ≤1250 g at birth is 25% compared to 3% in
infants weighing 1250–1500 g at birth [4].

Post-hemorrhagic hydrocephalus (PHH) occurs in
1/3rd of infants with severe IVH [5]. It is characterized
by an enlargement of both head and ventricular system
based on ultrasound scans [6]. Ventricular dilatation fol-
lowing severe IVH in preterm infants may lead to sig-
nificant neurodevelopmental disability (NDD) at 12 mo
and 18–24 mo corrected gestational age (CGA). Raised
intracranial pressure with periventricular edema and dis-
tortion of the developing axonal pathways contributes to
the development of NDD [2, 3]. Furthermore, 15–25%
of infants with severe IVH and PHH eventually need a
ventriculo-peritoneal shunt (VP shunt) because of continued
progression in ventricular size [7–9].
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To date, most of the long-term NDD data on infants with
severe IVH and ventricular dilatation who required shunts are
available either in small case-series from the 1980s and are
restricted to 18–24 mo CGA [7–13]. There is paucity of data
regarding longer-term neurodevelopmental outcomes of in-
fants with IVH treated with VP shunts at 3 y CGA. The ob-
jective of present study was to compare the long-term
neurodevelopmental and growth outcomes at 3 y CGA in
preterm infants born at <29 wk gestational age (GA) with
severe IVH (grade ≥ III) and PHH treated with VP shunt to
those who did not.

Material and Methods

All surviving preterm infants (< 29 wk of GA at birth) born
between January 1990 and December 2007, admitted to a
regional tertiary care NICU at Foothills Medical Centre in
Calgary, Alberta and followed-up at the neonatal follow-up
clinic (NFC) were eligible for the study. Infants with congen-
ital malformations and chromosomal anomalies were exclud-
ed from the study. The Conjoint Health Research Ethics Board
of the University of Calgary approved this study.

All cranial ultrasound scans during the first 2 wk of life
were reviewed by radiologists and the scan with the highest
graded injuries were entered into the NFC database. NICU
data were collected retrospectively but neurodevelopmental
and growth outcome data were collected prospectively by
trained data abstractors and entered into the NFC database
on a weekly ongoing basis. Neonatal and follow-up data for
all eligible infants were obtained from NFC and additional
data about the progression and complications of IVH, timing
and type of surgical intervention for PHH were collected from
the patients’ charts and entered into a computerized database.
Infants with severe IVHwere identified and classified into two
groups: IVHwith VP shunting (IVHS) and IVHwith no shunt
(IVHNS). During the study period, there was no standard
practice or consensus for interventions in cases of PHH. The
diagnosis of PHH and intervention was usually based on pro-
gression of the hydrocephalus and neurological assessment,
more specifically when ventricular size, measured at the level
of the foramen of Monro reached 4 mm above the 97th centile
for GA.

The maternal, perinatal and neonatal characteristics and
outcomes were compared between the groups. Preterm infants
were seen at 4, 8, 18 mo and 3 y CGA in the NFC.
Neurodevelopmental assessments and growth measurements
were carried out by a multidisciplinary team consisting of
neonatologists or developmental pediatricians, psychologist,
audiologist, physiotherapist and an ophthalmologist.

The primary outcome was the presence of moderate to
severe cerebral palsy (CP) at 3 y CGA. NDD was considered
present if a child had any of the following: moderate to severe

CP, cognitive score > 2 SD below the mean, bilateral hearing
loss requiring amplification or cochlear implants and bilateral
blindness with corrected visual acuity <20/200 in the better
eye diagnosed up to 3 y CGA. The secondary outcome includ-
ed growth delay (head circumference, length and weight) less
than 5th centile at 3 y CGA based on the Centre for Disease
Control and Prevention (CDC 2000) growth curves (www.
cdc.gov/growthcharts) [14].

The diagnosis of IVH and its severity was based on Papile’s
criteria on cranial ultrasound (CUS) findings [15]. Respiratory
distress syndrome (RDS) was defined as the presence of re-
spiratory distress, chest X-ray findings consistent with RDS
and/or requir ing treatment with surfactant [16] .
Bronchopulmonary dysplasia (BPD) was defined as need for
supplemental oxygen or any form of assisted ventilation at 36
wk postmenstrual age [17]. Diagnosis of patent ductus
arteriosus (PDA) was made clinically with or without echo-
cardiography [16]. Sepsis was defined as blood or cerebrospi-
nal fluid culture positive for a single organism during the
hospital stay [16]. Small for gestational age (SGA) at birth
was defined as birth weight < 10th percentile for gestational
age [16].

Cerebral palsy refers to a non-progressive disability of
movement and posture and was diagnosed on the basis of
abnormal muscle tone and reflexes on the physical and neu-
rological examination. Moderate to severe CP was defined as
motor dysfunction treated with appliances or assistance with
performance of daily activities and functions [18]. Cognitive
delay was defined as cognitive score > 2 SD below the mean
on the Wechsler Preschool and Primary Scale of Intelligence,
Third Edition (WPPSI-III) or the Standford-Binet Intelligence
Test, Fourth Edition (SB-IV). Blindness was defined as bilat-
eral blindness with corrected visual acuity of <20/200 in the
better eye. Deafness was defined as a bilateral sensorineural
loss requiring amplification or cochlear implants.

The sample chosen was based on selecting the birth years
with 3-y outcome data available in the NFC database. Based
on a previous study [7], the rate of CP at 18–22 mo of age in
infants with severe IVH without shunt is 28% and severe IVH
with shunt is 70%. A sample size of 22 infants in each group
would be required to find a difference in the proportion of CP
of 42% between severe IVH with no shunt and severe IVH
with shunt, at 80% power and alpha level of 0.05 [19]. The
present study had 26 infants in the IVHS group and 50 infants
in the IVHNS group, which is adequate to detect a difference
of this size.

Baseline characteristics and outcomes were compared be-
tween the two groups using chi-square tests for categorical
variables, and t-test for normally distributed continuous vari-
ables or Mann-Whitney U test for non-normally distributed
continuous variables. Logistic regression was used to examine
the effect of shunt (IVHS group) vs. no shunt (IVHNS group)
on moderate to severe CP. The present sample size allowed to
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include a maximum of three variables at a time in the model.
The authors included VP shunt and GA at birth in the model,
then added other risk factors one at a time to determine wheth-
er the association between shunt and CP would be modified
with these other potential confounders. The risk factors tested
were: IVH grade, dexamethasone use in BPD, retinopathy of
prematurity (ROP), sepsis and necrotizing enterocolitis
(NEC), chosen based on clinical importance as risk factors
for NDD. SAS 9.3 (SAS Institute, Cary, NC, USA) statistical
software was used for the statistical analysis.

Results

A total of 2108 preterm infants were admitted to NICU, of
which 1762 (83.5%) infants survived to discharge. A flow
diagram of the study population is shown in Fig. 1. Among
the infants who survived to discharge, 90 had severe IVH. Of

these, 5 subjects were excluded; 4 with major congenital
anomaly (Trisomy 21, Goldenhaur syndrome, Dandy -
Walker syndrome and multiple congenital anomalies) and
one died after discharge.

Eighteen (69.2%) children in IVHS group received
temporising surgical measures (ventricular access device
and/or ventriculosubgaleal shunts) before permanent VP
shunting. The mean age of VP shunting was 143 d (earliest
at 29 d and as late as 3 y). Fifteen infants in IVHNS group had
arrested hydrocephalus but did not require shunt surgery. In
IVHNS group, 35 infants did not have any evidence of hydro-
cephalus. The maternal and neonatal characteristics were sim-
ilar in the two groups of this study (Table 1). Neonatal out-
comes are shown in Table 2. A higher proportion of infants in
the IVHS group had grade IV IVH than infants in the IVHNS
group (p < 0.05) (Table 2).

Three children (11.5%) in the IVHS group had a single epi-
sode of meningitis before any surgical intervention (Escherichia

Total number of infants eligible for the study
N=85

Excluded: Total N=5
Died after hospital discharge (N=1)

Congenital anomaly (N=4)

IVH with shunt (IVHS)
N=26

Complete follow-up at age 3 y
N=76

Lost to follow-up at age 3 y
N=9

IVH with no shunt (IVHNS)
N=50

Total number of eligible newborns
Gestational age <29 wk 

Born between January 1990- December  2007
N=2108

Died prior to discharge
N=346

Total number of infants discharged from NICU
N=1762

Total number of infants with Grade III and/or IV
N=90

Fig. 1 Flow diagram of the study
cohort
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coli, n = 2, Haemophilus influenzae, n = 1) and they did not
developmeningitis post shunting.The present study did not find
any difference in the incidence of sepsis between the two
groups. In terms of complications, seven children with VP shunt
(27%) had meningitis (culture positive cerebro-spinal fluid). Of
these 3/7 (43%) had two episodes while 4/7 (57%) had ≥3
episodes of meningitis prior to follow-up visit at 3 y CGA.

The common organisms identified in cerebrospinal fluid were
Coagulase-negative staphylococci (n = 5), Staphylococcus
aureus (n = 2), Rothia mucilaginosa (n = 1), Enterococcus
(n = 1), N. meningitidis (n = 1), E. coli (n = 2), H. influenzae
(n = 1) and Propionibacterium acnes (n = 5). All children in
IVHS group required revision of shunt at least once. Eight chil-
dren required revision of shunts >2 times.

Table 1 Maternal and neonatal
characteristics Characteristics IVH with shunt group

(n = 26)

IVH with no shunt group

(n = 50)

P

Maternal characteristics

Maternal age, years, mean (SD) 29.2 (5.7) 28.7 (5.8) 0.257

Maternal race Caucasian, n (%) 14/21 (67) 28/44 (86) 0.096

Maternal education > high school, n (%) 13/24 (54) 23/48 (48) 0.617

Clinical chorioamnionitis, n (%) 9/24 (38) 17/48 (35) 0.862

Smoking during pregnancy, n (%) 6/23 (26) 10/40 (25) 0.924

Antenatal corticosteroids, n (%) 16 (62) 28/47 (60) 0.870

Maternal antibiotics, n (%) 17 (65) 29/46 (63) 0.843

Maternal anti-hypertensive, n (%) 1 (4) 2/46 (4) 0.999

C-section, n (%) 13/25 (52) 19 (38) 0.248

Neonatal characteristics

Birth weight, g, mean (SD) 879.0 (190.0) 822.5 (234.0) 0.292

Gestational age, wk, mean (SD) 26.0 (1.5) 25.7 (1.7) 0.420

Male, n (%) 13 (50) 32 (64) 0.239

Multiple births, n (%) 9 (35) 14 (28) 0.552

SGA, n (%) 1 (4) 5 (10) 0.658

5 min APGAR, median (IQR) 6 (3) 6 (2) 0.964

IQR Interquartile range; SD Standard deviation; SGA Small for gestational age

Table 2 Neonatal outcomes
Characteristics IVH with shunt group

(n = 26)

IVH with no
shunt group

(n = 50)

P

RDS, n (%) 24 (92) 46 (92) > 0.999

PDA, n (%) 20 (77) 40 (80) 0.755

BPD (O2 at 36 wk PMA), n (%) 22 (85) 37/48 (77) 0.442

ROP stage III or higher or laser treatment, n (%) 10 (38) 17/49 (35) 0.746

NEC, n (%) 2 (8) 8 (16) 0.479

Confirmed sepsis, n (%) 11/25 (44) 16/45 (36) 0.487

IVH

Grade III, n (%)

Grade IV, n (%)

5 (19)

21 (81)

25 (50)

25 (50)

0.009

Periventricular leucomalacia, n (%) 7/25 (28%) 6/41 (15%) 0.214

Ventilation days, median (IQR) 38 (27) 42.5 (41) 0.518

Length of hospital stay, days, median (IQR) 104 (42) 99.5 (45) 0.270

Number of blood transfusions, median (IQR) 5.5 (4) 5.5 (5) 0.788

Postnatal dexamethasone, n (%) 5 (19) 21 (42) 0.047

BPD Bronchopulmonary dysplasia; IQR Interquartile range; IVH Intraventricular hemorrhage; NEC Necrotising
enterocolitis; PDA Patent ductus arteriosus; PMA Post menstrual age; RDS Respiratory distress syndrome; ROP
Retinopathy of prematurity
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The neurodevelopmental and growth outcomes are shown
in Table 3. Forty-four (58%) children with severe IVH had at
least one of the severe disabilities at 3 y CGA. Thirty-two
(42%) had moderate to severe CP (76% in IVHS vs. 30% in
IVHNS groups; p 0.004), 9 (12%) had blindness and deafness
was diagnosed in 2 (2.6%). All seven children with shunt
infection were diagnosed with moderate to severe CP. Of three
children who had meningitis before surgery, one had severe
NDD, 1 had moderate NDD and 1 had normal outcomes at 3 y
CGA. After excluding cases of shunt infection, children with
shunt and no shunt infection did not show a statistically sig-
nificant higher rate of CP than those without shunt (53%
IVHS vs. 30% IVHNS, p 0.081). The results of the logistic
regression models exploring the association between IVHS/
IVHNS and moderate to severe CP are shown in Table 4.
After controlling for IVH grade and gestational age, the
IVHS group had higher odds of moderate to severe CP as
compared to the IVHNS group (OR: 4.23; 95% CI: 1.38 to
13.00). The present study did not find any difference in the
postnatal growth between the groups (Table 3).

Discussion

The present study showed that preterm infants with severe
IVH and PHH treated with a VP shunt were at higher risk of
developing CP at 3 y CGA compared to the infants in IVHNS
group.

Preterm children who required surgery for PHH had adverse
neurodevelopmental outcomes mainly CP possibly due to pres-
sure effects of hydrocephalus and parenchymal hemorrhagic
injury [2, 6]. This finding is similar to present findings.
Boynton et al. reported neurodevelopmental outcomes in 50
preterm infants with VP shunting at 2 y age [8]. Severe motor
handicap was observed in almost half of the infants and CP in
70% infants [8]. A recent study, published by Srinivasakumar
et al. showed that posthemorrhagic ventricular dilatation has

significant adverse impact on motor and cognitive outcomes
in preterm infants born ≤ 34 wk GA at 18 to 24 mo [11].
Brouwer et al., in a case-control study did not observe any
difference in the risk of neurodevelopmental impairment or
CP in 23 infants with severe IVH at the age of five and 8 y
who required VP shunting for PHH and those who did not [20].
In PHH, enlarging ventricles have an impact on corticospinal
tracts, cortico-cortical and cortico-fugal connectivity in the
white matter [21, 22] and poor inter-hemispheric connection
resulting from damage to the corpus callosum; [22] both of
which are postulated to be important in the cause of cognitive
impairment [22]. Other possible mechanisms for cerebral white
matter injury include increasing cerebral vascular resistance,
decreasing cerebral perfusion and compression of brain paren-
chyma causing damage to the periventricular white matter lead-
ing to hypoxic ischemic injury [6, 23].

In the index study, when patients with a history of cerebro-
spinal fluid (CSF) culture positive shunt infection were re-
moved, no difference in the rate of CP in shunted children
was identified as compared with those without shunt. The
present finding is consistent with Brouwer et al.’s study [20].
A high proportion of index patients had insertion of a tempo-
rizing ventricular reservoir prior to definitive shunt insertion
that may have played a role in the development of subsequent
CSF infection. Meningitis in preterm infants has a detrimental
effect on long-term neurodevelopmental outcomes [24]. VP
shunts are associated with many complications including in-
fection, which occurs in 10% of patients [25]. It is recognised
that shunt infection remains as an additional potential risk
factor for adverse outcomes. This needs further study to ex-
plore the risk of NDD in children with VP shunting in PHH
and meningitis.

The index study did not observe any difference in cognitive
delay, blindness and deafness at 3 y CGA. The present finding
is consistent with Brouwer et al. study [20]. In contrast to
present results, Adams-Chapman et al. study reported signif-
icant cognitive delay and blindness in the shunted group but

Table 3 Neurodevelopmental
and growth outcomes at 3 years
CA

Variables IVH with shunt group

(n = 26)

IVH with no shunt group

(n = 50)

p value

Neurodevelopmental outcomes n (%) n (%)

Moderate-severe cerebral palsy

Blindness

Deafness

Cognitive delay

Any neurodevelopmental delay

17 (76)

4 (15)

0 (0)

12 (46)

19 (73)

15 (30)

5 (10)

2 (4)

14/49 (29)

25/49 (51)

0.004

0.482

>0.999

0.202

0.086

Growth outcomes Mean (SD) Mean (SD)

Weight z-score -1.60 (1.5) -0.99 (1.5) 0.133

Height z-score -0.95 (1.0) -0.64 (1.3) 0.369

Head circumference z-score -0.33 (0.9) -0.30 (1.3) 0.932

CA Corrected age; SD Standard deviation
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no difference in deafness at 18–22 mo CGA [7]. However, the
predictive value of neurodevelopmental outcomes at an early
age has been debated in the literature; outcomes may change
over a period of time as children grow; low general cognitive
index scores may show improvement, some minor sequelae
may manifest at later age or some remain unchanged [26].
Fazzi et al. also noted many of the minor sequelae becoming
more evident at 5 to 7 y of age, thus stressing the need for
long-term follow-up and cautioning against predicting an out-
come on the basis of low general cognitive index score in early
infancy [26]. As the present single-centre cohort was smaller
compared to the study by Adams-Chapman et al. [7], it may
not have been possible for the present study to detect small
differences in less common outcome like blindness.

The present study did not find any significant difference in
growth impairment between the two groups. In contrast to
present study results, children with CP are at increased risk
of poor growth and lower Z-score [7, 27] due to immature
oral-motor organization, sucking and swallowing problems,
regurgitation, coughing and choking during feeding and oral
motor dysfunction [28]. Despite disproportionately increased
number of CP in the shunted group, growth impairment was
comparable between the two groups.

Cranial ultrasound was done on all infants involved in the
study. CUS is the primary imaging modality for the screening
and diagnosis of IVH and PHH [29]. The advantages of cra-
nial ultrasound scanning include: safely done at the bedside
even if the infant is critically ill, no adverse effects like radi-
ations, less expensive, does not need transportation and no
risk of hypothermia [30]. It is evident that ultrasound provides
a convenient, non-invasive, safe and reliable method of mea-
suring ventricular size [30]. In the present study, mostly in-
fants in the surgical group had advanced neuroimaging like
CT (computed tomography) scanning andMRI (magnetic res-
onance imaging) as a supplementary tool to diagnose other
neurological conditions before and or after surgery.
Presently, MRI is a commonly used advanced neuroimaging
modality as a supplementary tool in the stable premature in-
fants with PHH after cranial ultrasound scanning between
corrected age of term gestation to 3 y of corrected age [29].

The strengths of index study include long term follow-up at
3 y CA based on prospectively collected follow-up data with a
high follow-up rate (89%). As a single centre cohort at a re-
gional NICU, the risk of variability in the management of
PHH is likely to be less compared to multi-centre studies.
The present study has some limitations including a small

Table 4 Logistic regression models for association with moderate to severe cerebral palsy

Different Logistic models Predictors Adjusted odds
ratio (95%CI)

Likelihood ratio test for
overall model significance,
p value

Hosmer and Lemeshow
Goodness-of-Fit test,
p value

With Shunt + GA IVHS vs. IVHNS 5.46 (1.85 to 16.13) 0.001 0.237
GA at birth (wk) 0.71 (0.51 to 0.99)

With Shunt + GA + IVH IVHS vs. IVHNS 4.23 (1.38 to 13.00) 0.001 0.229
GA at birth (wk) 0.71 (0.50 to 0.99)

IVH Grade IV vs. Grade III 2.98 (0.98 to 9.05)

With Shunt + GA + Dexamethasone
use in BPD

IVHS vs. IVHNS 4.23 (1.38 to 13.00) 0.001 0.168
GA at birth (wk) 0.71 (0.50 to 0.99)
Dexamethasone 2.98 (0.98 to 9.05)

With Shunt + GA + Sepsis IVHS vs. IVHNS 7.15 (2.06 to 24.78) 0.002 0.464
GA at birth (wk) 0.60 (0.39 to 0.91)
Confirmed sepsis 0.31 (0.09 to 1.05)

With Shunt + GA + NEC IVHS vs. IVHNS 5.29 (1.77 to 15.79) 0.003 0.514
GA at birth (wk) 0.70 (0.50 to 0.98)
NEC 0.56 (0.13 to 2.53)

With Shunt + GA + ROP IVHS vs. IVHNS 5.18 (1.74 to 15.39) 0.004 0.210

GA at birth (wk) 0.76 (0.53 to 1.09)

ROP stage ≥3 ± laser treatment 1.70 (0.56 to 5.15)

With Shunt + IVH with PVL +
Confirmed Sepsis

IVHS vs. IVHNS 4.02 (1.33 to 12.10) 0.074 0.261
IVH grade III/IV with PVL vs.

without PVL
0.52 (0.14 to 2.01)

Confirmed sepsis 0.74 (0.25 to 2.24)

BPD Bronchopulmonary dysplasia; CI Confidence interval; GA Gestational age; IVH Intraventricular hemorrhage; IVHS Intraventricular hemorrhage
with shunt; IVHNS Intraventricular hemorrhage with no shunt; NEC Necrotising enterocolitis; PVL Periventricular leukomalacia; ROP Retinopathy of
prematurity
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cohort of preterm infants who required surgery for PHH. The
authors’ database did not have detailed information about CT/
MRI scans on the infants who had surgical interventions. All
assessors in the authors’ neonatal follow-up clinic were not
blinded at the time of assessment and the retrospective nature
of the study may introduce some bias. Important radiological
features in PHH; including laterality, the size of severe IVH
and related ventricular size were not routinely documented or
collected for this study. During the study period, the Gross
Motor Function Classification System (GMFCS) was not used
in the follow-up clinic to classify severity of CP.

In conclusion, PHH needing shunt surgery is associated
with an increased risk of moderate to severe CP in preterm
infants born at <29 wk gestational age. The present study
emphasizes the significance of long-term follow-up of infants
with PHH needing VP shunt surgery with or without menin-
gitis and assists clinicians while counseling parents of preterm
infants with severe IVH and PHH. In the absence of
randomised control trials to assess the effectiveness of various
surgical interventions in PHH and long-term outcomes in pre-
mature infants, the authors recommend that there is a need for
multicentre prospective data collection to acquire adequate
numbers in order to determine best practices and longer-term
neurodevelopmental follow-up information at school age in
infants with IVH and PHH.
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