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Abstract
Objective
To compare neurodevelopmental outcomes of preterm infants with and without intervention
for posthemorrhagic ventricular dilatation (PHVD) managed with an “early approach” (EA),
based on ventricular measurements exceeding normal (ventricular index [VI] <+2 SD/anterior
horn width <6 mm) with initial temporizing procedures, followed, if needed, by permanent
shunt placement, and a “late approach” (LA), based on signs of increased intracranial pressure
with mostly immediate permanent intervention.

Methods
Observational cohort study of 127 preterm infants (gestation <30 weeks) with PHVDmanaged
with EA (n = 78) or LA (n = 49). Ventricular size was measured on cranial ultrasound.
Outcome was assessed at 18–24 months.

Results
Forty-nine of 78 (63%) EA and 24 of 49 (49%) LA infants received intervention. LA infants were
slightly younger at birth, but did not differ from EA infants for other clinical measures. Initial
intervention in the EA group occurred at younger age (29.4/33.1 week postmenstrual age; p <
0.001) with smaller ventricles (VI 2.4/14 mm >+2 SD; p < 0.01), and consisted predominantly of
lumbar punctures or reservoir taps.MaximumVI in infants with/without interventionwas similar in
EA (3/1.5 mm >+2 SD; p = 0.3) but differed in the LA group (14/2.1 mm >+2 SD; p < 0.001).
Shunt rate (20/92%; p < 0.001) and complications were lower in EA than LA group. Most EA
infants had normal outcomes (>−1 SD), despite intervention. LA infants with intervention had
poorer outcomes than those without (p < 0.003), with scores <−2 SD in 81%.

Conclusion
In preterm infants with PHVD, those with early intervention, even when eventually requiring
a shunt, had outcomes indistinguishable from those without intervention, all being within the
normal range. In contrast, in infants managed with LA, need for intervention predicted worse
outcomes. Benefits of EA appear to outweigh potential risks.

Classification of evidence
This study provides Class III evidence that for preterm infants with PHVD, an EA to man-
agement results in better neurodevelopmental outcomes than a LA.
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Posthemorrhagic ventricular dilatation (PHVD) remains an
important complication of intraventricular hemorrhage
(IVH) in preterm infants, occurring in 30% to 50% of infants
with an IVH grade III/IV.1–4 PHVD has been associated with
cognitive and motor deficits, particularly when a ven-
triculoperitoneal (VP) shunt is needed.2,3,5–10 Intervention,
required in 35% to 40% of preterm infants with PHVD, is
aimed at preventing additional brain injury.2,5,8,11,12 Despite
the severity of this condition, there is no consensus on the
optimal timing of intervention for PHVD. Current practice
for the management of PHVD can broadly be divided in 2
approaches, “early approach” (EA) and “late approach” (LA),
with the application of approaches differing across centers
worldwide. Sequential cranial ultrasound (cUS) is reliable for
following the progression of PHVD. Ventricular dilatation can
be quantified with measures such as the ventricular index (VI)
and anterior horn width (AHW).13,14 Although previous
studies have suggested beneficial effects of early
intervention,2,6–9 studies comparing outcomes of the EA vs LA
have not yet been reported.2,7,15,16

The primary objective of this multicenter, observational study
in preterm infants with PHVD was to compare 18- to 24-
month neurodevelopmental outcomes of infants with and
without intervention in centers with an EA and LA. Secondary
objectives were to assess the need for VP-shunt placement
and incidence of intervention-related complications with both
approaches. We hypothesized that with either the EA or LA,
infants with progressive PHVD, assessed as needing in-
tervention within the definitions used in this study, are at
increased risk of adverse neurodevelopmental outcome
compared to infants not needing intervention.

Methods
Patients
Preterm infants with gestation <30 weeks, with a large IVH
(grade III/IV)1,4 and PHVD, born between January 2008 and
December 2013 and admitted to the neonatal units of The
Hospital for Sick Children (Canada), University Medical
Center Utrecht, or Isala Women-Children’s Hospital Zwolle
(both the Netherlands), were eligible for this retrospective
study. In Canada, infants were referred to The Hospital for
Sick Children, and in the Netherlands, infants were either
born in the University Medical Center Utrecht or referred
from the Isala Women-Children’s Hospital Zwolle to the
University Medical Center Utrecht. Infants were selected

from national and local neonatal databases with IVH grade
III/IV and PHVD as search criteria. The 2 currently applied
approaches to PHVD are as follows: (1) EA, the standard of
care in Dutch centers, based on ventricular measurements
with initially temporizing procedures, i.e., CSF drainage from
lumbar punctures (LPs) or ventricular reservoir, if needed,
followed by permanent neurosurgical intervention, i.e., VP-
shunt placement; and (2) LA, the standard of care in most
North American centers, based on clinical signs of increased
intracranial pressure (ICP) with mostly permanent neuro-
surgical intervention as initial procedure. The participating
centers were chosen for their difference in approach to
PHVD: infants in the Dutch centers were considered as EA
and infants in the Canadian center as LA (figure e-1, http://
links.lww.com/WNL/A162). In the EA, infants were referred
for neurosurgical assessment when ventricular measurements
exceeded normal values; in the LA, infants were referred when
there were signs of increased ICP and/or intervention was
deemed necessary. Exclusion criteria were chromosomal dis-
orders, congenital malformations, cystic periventricular leu-
komalacia as detected with cUS, CNS infection prior to
intervention, inborn errors of metabolism, and death <10 days
of birth. Relevant perinatal data and measures on neonatal
clinical course were retrieved from the notes. Clinical signs of
increased ICP included excessive increase in head circum-
ference (>1 cm/wk), apneic spells, seizures, change in con-
sciousness, and abnormal eye movements.

Standard protocol approvals, registrations,
and patient consents
Approval from the research ethics boards at each center was
obtained, and the requirement for informed consent for this
retrospective study with anonymized data was waived.

Cranial ultrasound
All available cUS scans of eligible infants, including scans from
referring hospitals, were assessed by 3 examiners (L.M.L. and
L.S.d.V. or J.T.) for presence, side (unilateral/bilateral), and
grade (III/IV) of IVH and for presence of PHVD. To quantify
PHVD, VI and AHW were measured.13,14 Ventricular size at
different time points, including prior to intervention and
maximum dilatation throughout the neonatal period, were
recorded along with age (days) and postmenstrual age
(weeks) on day of measurement. For the VI, the distance
(mm) above the threshold for ventricular dilatation adjusted
for increase in VI with increasing postmenstrual age (+2 SD
line) was calculated. For the AHW, the distance (mm) above

Glossary
AHW = anterior horn width; BSID-III = Bayley Scales of Infant and Toddler Development (Third Edition);CP = cerebral palsy;
cUS= cranial ultrasound;EA= early approach;GMDS =GriffithsMental Development Scales; ICP= intracranial pressure; IVH=
intraventricular hemorrhage; LA = late approach; LP = lumbar puncture; PHVD = posthemorrhagic ventricular dilatation;RCT =
randomized controlled trial; VI = ventricular index; VP = ventriculoperitoneal; WM = white matter.
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6 mm was calculated. PHVD was defined as VI >+2 SD and/
or AHW >6 mm.13,14 The presence of associated brain lesions
considered important for outcome were also recorded: focal/
ischemic white and deep gray matter injury, porencephalic
cyst, subdural hemorrhage, and large cerebellar lesion
(>4 mm).17

Intervention
Intervention for PHVD included LP, ventricular reservoir,
and VP shunt. Intervention details included type of first in-
tervention, type and number of subsequent intervention(s),
age at intervention(s), and intervention-related complica-
tions. Complications included infection, reservoir or shunt
obstruction, need for revision, additional acquired cerebral
lesions (e.g., intraventricular, intraparenchymal, and subdural
hemorrhage), and intervention-related death.

Neurodevelopmental outcome
Neurodevelopmental outcome at 18 to 24 months’ corrected
age was assessed as part of national standard follow-up pro-
grams by experienced developmental specialists in the follow-
up clinics of the participating centers. Assessments consisted
of a structured neurologic and standardized developmental
assessment, using Bayley Scales of Infant and Toddler De-
velopment (Third Edition) (BSID-III)18 and/or Griffiths
Mental Development Scales (GMDS; all items)19 as primary
outcome. For the BSID-III, the composite scores for cognitive
and motor development have a mean of 100 and SD of 15,
and were calculated based on the infant’s corrected age. For
the GMDS, the developmental quotient, based on cognitive
and motor functioning, has a mean of 100 and SD of 12,
and was also calculated based on corrected age. Scores below
−2 SD indicate moderately abnormal function. Infants
who were severely impaired and not testable were assigned
a score of −3 SD (55 or 64, respectively). The presence of
neurologic impairments, including cerebral palsy (CP),20

hearing and vision impairment, and childhood epilepsy, were
recorded.

Data analysis
Data analyses were performed using IBM SPSS Statistics
version 24 (IBM Corp., Armonk, NY).

Infants were divided into 4 groups based on their center’s
approach to PHVD and the need for any type of intervention:
(1) EA without intervention, (2) EA with intervention, (3)
LA without intervention, and (4) LA with intervention. To
address our primary hypothesis, neurodevelopmental out-
come scores were compared between infants with and
without intervention for PHVD within the EA and the LA
group. Differences in clinical measures and imaging were
explored between the EA and the LA group, and between
infants with and without intervention within the EA and the
LA group. In addition, outcome was compared within the EA
and the LA group between infants with only temporizing
interventions (LP and/or reservoir) and with permanent
intervention (VP shunt).

For measurements of ventricular size, inter- and intraobserver
variability were assessed.

Details on intervention, rates of VP-shunt placement, and
intervention-related complications were compared between
the EA and the LA group for infants with intervention.

Categorical variables were compared using the χ2 or Fisher exact
test, where appropriate. Continuous variables were compared
using the Mann-Whitney U test. As we had one primary hy-
pothesis, a p value <0.05 was considered significant.

Primary research question/classification
of evidence
We compared 18- to 24-month neurodevelopmental outcomes
of preterm infants with and without intervention for PHVD in
centers applying EA and LA. This study provides Class III evi-
dence that for preterm infants with PHVD, an EA to manage-
ment results in better neurodevelopmental outcomes than a LA.

Results
Patients
A total of 193 eligible preterm infants were selected from the
databases, of whom 127 infants were included: 30 were ex-
cluded for exclusion criteria and 36 for ventricular measure-
ments not meeting PHVD criteria (figure 1). Infants in the EA
group were older and larger at birth (p = 0.02), showed fewer
signs of increased ICP (p < 0.001), and had a lower overall
neonatal mortality rate (p < 0.01) (table e-1, http://links.lww.
com/WNL/A163). No differences in other clinical measures
were found across groups or between infants with and without
intervention within the EA and LA groups.

Cranial ultrasound
Good inter- and intraobserver agreement for ventricular
measurements was found, with κ values >0.8. In the EA group,
maximum ventricular sizes were smaller (p < 0.001, both VI
and AHW) and associated lesions less common (p < 0.01)
(table e-1, http://links.lww.com/WNL/A163). No other
differences in cUS findings were found across groups or be-
tween infants with and without intervention within groups.

Intervention
Forty-nine infants (63%) in the EA and 24 infants (49%) in
the LA group underwent intervention (table 1 and figure 1).
Infants in the EA group were younger at first intervention (p <
0.001). While EA group infants mostly had an LP as initial
intervention, most LA group infants received a VP shunt as
initial intervention. Overall rate of VP-shunt placement was
lower in the EA than LA group (20%/92%; p < 0.001). VP
shunts were placed later, around term equivalent age, in the
EA group.

Although reservoir-related complications were slightly more
common in the EA group, substantially more shunt-related
complications occurred in the LA group, particularly infection
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and need for revision. Intervention-related death only oc-
curred in the LA group.

Relation between ventricular dilatation and
need for intervention
VI was comparable for infants in the EA group (p = 0.3), re-
gardless of need for intervention, while AHW was larger in the
infants undergoing intervention (p = 0.04). In the LA group,
infants with intervention had larger ventricles than those without
intervention (p < 0.001, both VI and AHW) (figure 2).

Neurodevelopmental outcome
Eleven infants in the EA group and 20 infants in the LA group
died between 10 days and 6 weeks of birth. Six LA group
infants died as a result of PHVD intervention-related com-
plications; in the remaining infants, death was related to
systemic illness. Follow-up rate for infants who survived up to
24 months’ corrected age was high for both the EA (62/67)
and LA (27/29) groups (table 2 and table e-1). The majority
of survivors in the EA group (55/62) had cognitive andmotor
outcome scores within the normal range (within 1 SD of
mean). In contrast, most survivors in the LA group had
moderately to severely abnormal outcomes (14/27) (table 2).

Survivors in the EA group had similar cognitive (p = 0.6) and
motor (p = 0.6) scores and low rates of neurologic

impairments (all p ≥ 0.5), regardless of need for intervention.
When considering only survivors in the EA group, those with
only temporizing procedures and those with permanent VP-
shunt placement had similar cognitive (95 vs 95; p = 0.6) and
motor (97 vs 99; p = 0.3) scores.

In the LA group, survivors with intervention had lower cognitive
(p = 0.002) and motor (p = 0.03) scores than those without
intervention. The difference remained significant when ac-
counting for grade IV IVH (both p < 0.04). Similarly, survivors
with intervention showed higher rates of impairments than those
without, especially CP (p = 0.001) (table 2 and figure 3). Only 2
survivors with nonpermanent interventions had outcome data
precluding a meaningful comparison of this with shunts.

Discussion
In this multicenter, observational study in preterm infants
with PHVD, we compared 18- to 24-month neuro-
developmental outcomes of infants with and without in-
tervention in centers with an EA to PHVD, based on
ventricular measurements, and a LA, based on clinical signs of
increased ICP.We demonstrate that infants receiving EA have
essentially normal early cognitive and motor outcomes, re-
gardless of intervention, even when a VP shunt is eventually

Figure 1 Flow diagram of eligible and included preterm infants in the EA and LA groups, and division of infants within the
groups

Flow diagram of eligible (total 193), excluded (total 66), and included (total 127) infants in the EA (A) and the LA (B) groups, and subsequent division of infants
within the EA and LA groups based on intervention requirement. Type of first and subsequent interventions is also shown. *A ventricular reservoir was placed
after VP shunt as temporary measure in case of shunt dysfunction. EA = early approach; LA = late approach; LP = lumbar puncture; VP = ventriculoperitoneal.
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required. In contrast, infants receiving LA have adverse cog-
nitive and motor outcomes if intervention is ultimately
needed. With the LA, VP-shunt rate and shunt-related com-
plications were also more prevalent.

The worse neurodevelopmental outcomes in infants with late
intervention suggest that progressive ventricular dilatation
and prolonged pressure is deleterious to the immature white
matter (WM). Even when CSF pressure is brought back to

normal at a later stage, the WM may no longer have the
capacity to recover.21 Consistent with the hypothesis of per-
manentWM injury, in many infants with late intervention, the
ventricles remained severely dilated after ventricular reservoir
or VP-shunt placement. WM damage with severe and pro-
longed ventricular dilatation may be directly related to pres-
sure and interference of perfusion, and indirectly to distortion,
ischemia, free radical formation, and inflammation.12 Studies
using near-infrared spectroscopy and Doppler techniques

Table 1 Details on intervention for infants in the EA and LA groups

Intervention details (n = 73) EA group (n = 49) LA group (n = 24) p Value

Type of first intervention, n (%)

LP 48 (98) 7 (29) —

Reservoir 1 (2) 3 (13) —

VP shunt 0 14 (58) —

Ventricular size before first intervention, median (IQR)

VI left/right (in mm above +2 SD for age) 2.5 (1–3.5)/2.0 (0.6–3) 13.0 (10–15.9)/11.0 (11–16.4) —

AHW left/right (in mm above 6 mm) 3 (1–4)/2.0 (1–4) 16.0 (10.3–18.8)/14.5 (10.3–20) —

Overall type of intervention, n (%)

LP 48 (98) 7 (29) —

Reservoir 33 (67) 12 (50) —

VP shunt 10 (20) 22 (92) —

Timing, mean (range)

First intervention

Age, d 13 (4–45) 47 (15–147) —

PMA, wk 29.4 (25.4–35.3) 33.1 (27–45) —

VP shunt

Age, d 97 (73–128) 59 (20–147) —

PMA, wk 40.1 (31.3–47.3) 35.0 (29–45) —

Related complications, n (%)

Reservoir

Infection 2 (6) 0 0.9

Revision 7 (21) 1 (8) 0.08

Additional lesions 1 (3) 0 0.9

VP shunt

Infection 0 4 (18) <0.001

Revision 4 (40) 14 (64) <0.001

Additional lesions 0 7 (32) 0.07

Died after 0 6 (27) <0.001

Abbreviations: AHW = anterior horn width; EA = early approach; IQR = interquartile range; LA = late approach; LP = lumbar puncture; PMA = postmenstrual
age; VI = ventricular index; VP = ventriculoperitoneal.
Details on intervention, including type and timing of intervention, ventricular size at intervention, and related complications, for infants undergoing in-
tervention within the EA and LA groups. VI and AHW measurements are depicted as median number of mm above +2 SD line adjusted for PMA for VI and
above 6 mm line for AHW.
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have shown that cerebral perfusion, oxygenation, and flow are
progressively impaired with increasing dilatation, and gradu-
ally improve following CSF drainage.22–24 Progressive ven-
tricular dilatation has also been associated with increasingly
abnormal amplitude-integrated EEG background and delayed

latencies of evoked potentials. These neurophysiologic
changes occur even before signs of increased ICP develop,
and normalize following CSF drainage.24–27 In addition, pre-
term infants with PHVD have higher apparent diffusion co-
efficient values in WM and smaller total brain, deep gray

Figure 2 Median maximum ventricular measurements for infants without and with intervention in EA and LA groups

Maximum ventricular measurements, including VI in millimeters above the +2 SD line adjusted for postmenstrual age on the y-axis in panel A and AHW in
millimeters above the 6 mm line on the y-axis in panel B, for the infants without and with intervention in the EA and the LA groups depicted on the x-axis.
Similar graphs were obtained for median maximum VI and AHW measurements for the right lateral ventricles. AHW = anterior horn width; VI = ventricular
index.

Table 2 Neurodevelopmental outcome of survivors without and with intervention within the EA and LA groups

Neurodevelopmental outcome

EA without
intervention
(n = 22)

EA with
intervention
(n = 40)

p
Value

LA without
intervention
(n = 11)

LA with
intervention
(n = 16)

p
Value

Outcome group (cognitive and motor scores), n (%)

Normal 20 (91) 35 (88) — 8 (73) 2 (13) —

Mildly abnormal 1 (4.5) 3 (7) — 2 (18) 1 (6) —

Moderately abnormal 1 (4.5) 2 (5) — 1 (9) 13 (81) —

Outcome scores, median (IQR)

Cognition 100 (90–103) 95 (87–106) 0.6 90 (80–105) 68 (55–90) 0.002

Motor 97 (90–107) 97 (87–107) 0.6 90 (70–100) 60 (55–84) 0.03

Impairment, n (%)

Cerebral palsy 7 (32) 10 (25) 0.6 3 (27) 15 (94) 0.001

Hearing 0 0 — 0 1 (6) 0.9

Vision 3 (15) 9 (23) 0.5 3 (27) 8 (50) 0.4

Epilepsy 0 3 (8) 0.5 0 5 (31) 0.06

Abbreviations: EA = early approach; IQR = interquartile range; LA = late approach.
Neurodevelopmental outcome, including outcome groups, median cognitive and motor scores, and rates of neurologic impairments, for infants who
survived up to 24 months’ corrected age without and with intervention within the EA and LA groups. Outcomes were divided in different groups based on
cognitive andmotor scores: scores between +1 SD and −1 SDwere defined as normal, scores between −1 SD and −2 SD asmildly abnormal, and scores below
−2 SD as moderately abnormal.
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matter, and cerebellar volumes than those without.21,28–30

Together with these observations, our findings suggest that
intervening early may prevent WM damage.

Although our findings support an EA to PHVD, specific
thresholds for intervention need to be defined. Previous
studies have described that preterm infants with early in-
tervention, based on ventricular size or within 3 to 4 weeks of
birth, had better outcomes than those with somewhat later
intervention.6–9,31 A large retrospective study showed that
2-year outcome was better in preterm infants with in-
tervention initiated when VI crossed the +2 SD compared to
the +2 SD + 4-mm line.2 The vast majority of our LA infants
had intervention when ventricular size was well above normal
values and after the first month of life.

Even without intervention, PHVDmay resolve spontaneously
when VI is >+2 SD.3 Thus, it is possible that with the EA, too
many infants undergo LPs or ventricular reservoir placement.
LPs may also have avoided neurosurgical and/or permanent
intervention in our cohort, even though several randomized
controlled trials (RCTs) have not demonstrated a beneficial
effect of LPs for outcome.5,11 In the EA group, two-thirds of
infants needed a reservoir after initial LPs, with a subsequent
one-third of those going on to VP-shunt placement. Results of
the multicenter RCT “Early Versus Late Ventricular In-
tervention Study” (ELVIS; ISRCTN43171322), comparing
early (VI >+2 SD) vs later (VI >+2 SD + 4 mm) intervention
for outcome and VP-shunt requirement, may inform the
optimal timing and ventricular size for early intervention.
Meanwhile, our data support the EA using VI crossing the
+2 SD + 4 mm line and/or AHW crossing 6 mm as cutoff for
intervention.

Increase in AHW and rounding of the frontal horns, so-called
“ballooning,”may precede changes in VI as a sign of increased
ICP. Thus, AHW may be a more sensitive marker for early
and mild ventricular dilatation than VI, and better predictor of
need for intervention. Identifying predictors of spontaneous
stabilization of PHVDmay prevent unnecessary interventions
and help in determining the optimal time of early in-
tervention. Given the importance of these measures in
assessing the timing of intervention, performing frequent
cUS in preterm infants following a large IVH is strongly
recommended.

The rationale for the LA is the risks of complication from
neurosurgical intervention and the inserted device, and a lack
of definitive evidence that an EA improves outcome.7,16 Most
studies by Northern American groups had intervention-
related complications as primary outcome, rather than neu-
rodevelopmental outcome.32,33 In our study, the EA was
associated with lower VP-shunt requirement, older age at
shunt placement, and reduced risk of shunt-related compli-
cations. The low rate of reservoir complications following
early intervention, and higher rate of VP-shunt placement and
complications following late intervention, are consistent with
prior reports.2,8,10,16,32,34–36 In the Utrecht center, it is standard
practice to have a dedicated team of nurses perform reservoir
taps according to strict guidelines, which has markedly re-
duced infection rates.34,36 As neurosurgical techniques are
similar across centers, the higher rate of shunt-related com-
plications in the LA group may be related to the younger age
of the infants at time of VP-shunt placement. Using a VP
shunt as first procedure, when protein and blood cell levels in
CSF are high and the ventricles severely dilated, may result in
shunt dysfunction and subdural hemorrhages from ventricular

Figure 3 Median outcome scores for survivors without and with intervention in EA and LA groups

Median cognitive outcome scores on the y-axis in panel A and median motor outcome scores on the y-axis in panel B for the infants who survived up to 24
months’ corrected age without and with intervention in the EA and LA groups depicted on the x-axis. Comparison between infants without and with
intervention within both groups is also shown. EA = early approach; LA = late approach.
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collapse. These risks may be attenuated by initially performing
temporizing procedures, thereby removing CSF debris,
keeping CSF pressure lower, and allowing for the infants to
gain weight and become more stable. Our current findings
suggest that the potential benefit of the EA for neuro-
developmental outcome outweighs the risk of intervention-
related complications.

Several limitations of this retrospective study need to be
addressed. Infants were not randomized between EA and LA
based on ventricular size but we took advantage of substantial
center-based differences in PHVD treatment approach. LA
group infants were slightly younger and smaller at birth, and
had a higher incidence of grade IV IVH and significant asso-
ciated brain lesions. All LA group infants were born in other
perinatal centers and referred once there were signs of in-
creased ICP and/or intervention was deemed necessary. Part
of the EA group infants were also born in another perinatal
center. However, these infants were referred because of in-
crease in ventricular size rather than clinical symptoms. To
avoid confounding from center-specific differences, we fo-
cused our comparisons within the EA and the LA. It is im-
portant that the rate and location of grade IV IVH and
associated brain lesions in the LA group did not differ between
infants with and without intervention, while outcome was
poorer and CP rate higher in the infants with intervention. Of
interest, when looking across centers, LA group infants not
requiring intervention had comparable outcomes, rates of
neurologic impairments, and ventricular measures to infants
in the EA group, with and without intervention. The simi-
larities between the LA group infants without intervention
and all EA group infants support the LA group infants being
similar to the EA group infants and not more prone to less
favorable outcome. This rather suggests the poorer outcomes
in LA group infants with intervention to be inherent to the
approach.

cUS protocols differed between the EA and LA groups, with
cUS being less frequently repeated in the LA group. As in-
tervention decisions in the LA group were based primarily on
presence of clinical signs, the frequency of cUS in this group
should not have influenced timing of intervention.

Infants who died within the first 10 days of birth were ex-
cluded from further analyses as PHVDwas still in an early and
progressive stage. These infants were similar in the EA and LA
group with death following critical illness or redirection of
care. Including their measurements may have underestimated
ventricular size and incorrectly associated mild ventricular
dilatation with unfavorable outcome.

The main strength of the study is that the 2 currently applied
approaches to PHVD could be addressed by comparing the
outcomes of sizeable groups of preterm infants with and
without intervention for PHVD in centers well known for
their expertise in neonatal neurology, neonatal neurosurgery,
and long-term follow-up. The expertise of the study teams

enabled standardized approaches to brain imaging measures
and neurodevelopmental outcome assessments.

This multicenter study in a large cohort of preterm infants
with PHVD demonstrates that intervention at an early stage,
based on ventricular measurements and initially using tem-
porizing procedures, is associated with favorable neuro-
developmental outcomes, even when a VP shunt is eventually
needed. In contrast, later intervention, when the lateral ven-
tricles are severely dilated and signs of increased ICP have
developed, increases the risk of unfavorable outcome and
intervention-related complications. These findings warrant
reconsideration of PHVDmanagement in LA centers. Further
studies in larger cohorts with long-term follow-up are needed
to refine cutoff values of ventricular size that are optimal for
improving outcomes of preterm infants with PHVD. In ad-
dition, until strategies to prevent severe IVH are identified,
a continued search for tools to identify newborn infants at risk
of irreversible WM injury is warranted. Meanwhile, our
findings support the EA with LPs or taps from a ventricular
reservoir, draining adequate amounts of CSF, guided by
measurements of ventricular size from cUS, before moving on
to VP-shunt placement.
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Study question
Does early approach (EA) or late approach (LA) management
provide better neurodevelopmental outcomes for preterm
infants who require neurosurgical interventions for post-
hemorrhagic ventricular dilatation (PHVD)?

Summary answer
The need for neurosurgical interventions is associated with
worse neurodevelopmental outcomes under LA management
but not under EA management.

What is known and what this paper adds
PHVD can be treated with EA or LA management, which may
include neurosurgical interventions. This study provides Class III
evidence comparing the neurodevelopmental outcomes associated
with interventions under EA or LA management in preterm infants
with PHVD.

Participants and setting
This study examined 127 preterm infants, defined as those with
a gestational age <30 weeks, with intraventricular hemorrhage and
PHVD who were admitted to Canadian or Dutch neonatal units
between January 2008 and December 2013. The 78 infants ad-
mitted to Dutch centers received EA management, and the 49
admitted to Canadian centers received LA management.

Design, size, and duration
This study retrospectively analyzed the infants’ medical records.
Cranial ultrasound images were used to assess ventricular size
and associated injuries.

Primary outcomes
The primary neurodevelopmental outcomes, measured 18 to 24
months after birth, were scores on the Bayley Scales of Infant and
Toddler Development and/or the Griffiths Mental Development
Scales.

Main results and the role of chance
Interventions were necessary for 49 (63%) EA group infants and 24
(49%) LA group infants. Eleven EA group infants and 20 LA group

infants died within 6 weeks of birth. The 24-month follow-up rates
for survivors were 62/67 (93%) in the EA group and 27/29 (93%) in
the LA group. Among the EA group survivors, no significant differ-
ences in cognitive (p = 0.6) or motor (p = 0.6) outcome scores were
present between those who underwent interventions and those who
did not. Among the LA group survivors, those who underwent
interventions had significantly lower cognitive (p= 0.002) andmotor
(p = 0.03) outcome scores.

Bias, confounding, and other reasons for caution
There was no randomization; EA and LA treatment assignment
was determined by where the infant was treated with uniform
practice within each center.

Generalizability to other populations
This study examined a large cohort treated at centers known for
their expertise in standardized neonatal neurology and neurosurgery
protocols. The results should therefore be generalizable.
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