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Clinical Feature and General Management of
Post-Hemorrhagic Hydrocephalus in Premature Infants
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Recently, the survival of the high-risk population of preterm infants has steadily improved, and the severity of prematurity is
a growing threat of gestational-age-related fatal conditions. Posthemorrhagic hydrocephalus (PHH) is the most common but
serious neurological complication in premature infants, which can have life-threatening consequences during the acute phase
in the neonatal period and life-long psychomotor and cognitive sequelae in their later life. Although neonatologists, pediatric
neurologists, and pediatric neurosurgeons have investigated a diversified strategy for several decades, a consensus on the
best management of PHH in premature infants still must be reached. Several approaches have tried to reduce the incidence of
intraventricular hemorrhage (IVH) and mitigate the effect of IVH-related hydrocephalus. This paper reviews and discusses the clinical
feature of PHH in premature infants, general/nonsurgical management of prematurity for [IVH prevention, and posthemorrhagic

management, and how and when to intervene.

Key Words : Hydrocephalus - Premature infants - Medical practice management.

INTRODUCTION

In neonatal brain hemorrhage, a subdural hematoma was
previously the most common type of intracranial hemor-
rhage, probably as a result of adverse obstetric conditions™. In
the last 10 years, the incidence of preterm birth of children
with germinal matrix (GM)-intraventricular-intraparenchy-
mal hemorrhage (IPH) has increased, which was likely due to
the improved survival of extremely preterm children'. Cur-
rently, GM hemorrhage (GMH) is the most frequent and im-
portant brain abnormality in the neonatal period because of
the increased survival of premature infants with very low
birth weight (VLBW <1500 g), who received advanced neona-
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tal intensive care’. Approximately 15-20% of preterm infants
weighing <1500 g at birth develop GMH'", which is an inde-
pendent predictor of worse neonatal outcomes™. In preterm
infants, the mortality rate with periventricular hemorrhagic
infarction ranges between 38% and 60%°". Nevertheless, the
survival rate increases with sophisticated neonatal care. How-
ever, the rates of neurodevelopmental impairment and cere-
bral palsy are also increasing, becoming detached from the
ideal goal of intact survival. Survived preterm birth is deeply
associated with not only motor disorders but also intellectual
disabilities, communication disorders, attention-deficit/hy-
per-reactivity disorder, autism spectrum disorders, and so

forth™. At present, GMH in neonates presents as a great med-
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ical, social, and financial challenge for each country.

CLASSIFICATION OF PREMATURE
HEMORRHAGE IN PRETERM INFANTS

A correlation has been established between low gestational
age (GA) at birth and the incidence and severity of hemor-
rhage™. Clinically, intraventricular hemorrhage (IVH) oc-
curred in 16% of all very preterm infants’. At 22 weeks post-
menstrual age (PMA), 30% of preterm infants had IVH;
conversely, at 28 weeks PMA, only 3% had IVH”. IVH may
emerge as from being clinically silent to catastrophic, depend-
ing on the degree of hemorrhage volume and site. On com-
puted tomography, Papile et al.”’ classified subependymal
hemorrhage and IVH in premature infants with BW <1500 g
(Table 1). A four-grade classification of GM-IVH based on
hemorrhage location and severity was developed : grade 1 is
defined by hemorrhage that is confined to the GM; grade 2,
the hemorrhage extends into lateral ventricles without ven-
tricular dilatation; grade 3, the ventricular hemorrhage is pres-
ent in addition to ventricular dilatation; and grade 4, paren-
chymal hemorrhage is present™. A similar grading system by
Volpe, which is based on cranial ultrasound scans, is also
practical. Grade 1 refers to hemorrhage confined to the subep-
endymal GM, and grade 2 as hemorrhage within the lateral
ventricle without ventricular dilation and/or hemorrhage oc-
cupying <50% of the ventricle. Grade 3 is defined by ventricu-
lar dilation and/or hemorrhage occupying >50% of the ven-
tricle, whereas grade 4 is IVH with hemorrhage on the
surrounding parenchyma®. In this classification, the paren-
chymal hemorrhagic lesion should not be described as “exten-
sion” of the hemorrhage from a large IVH on grade 4*”. Volpe
explained that this discontinuity between IVH and IPH is
caused by the different origins of bleeding from the GM or by

Table 1. Classification of premature hemorrhage in preterm infants

subsequent venous hemorrhagic infarction” . A detail of the
pathogenesis is provided in another article. Both grading sys-
tems developed by Papile and Volpe are the most widely ac-

cepted, although several others exist".

CLINICAL FEATURES

As regards the incidence of IVH in premature infants, a
study of 1950 infants weighing <2250 g born between 1986
and 1995 was conducted in the USA®. The rates of IVH cal-
culated by BW were as follows : 31.5% in <750 g, 29.8% in
751-1000 g, 15.8% in 1001-1250 g, 7.3% in 1251-1500 g, and
1.4% in 1551-2250 g. Recently, the detailed incidences of grade
3-4 IVH (n=7655) arranged by each 100-g increase in BW
from 500 g to 1500 g and each GA from 23 to 36 weeks were
reported in Israel"”. According to this study, the incidence rate
is 36.4% in 500-599 g, 13.8% in 900-999 g, and 2.6% in
1400-1499 g of BW. For GA, the incidence is 39.0% in infants
aged 24 weeks, 18.5% in 27 weeks, 3.5% in 30 weeks, and 0.8%
in 33 weeks. The incidence of IVH demonstrated an inverse
correlation with GA™.

The time of hemorrhage onset is day 1 of life in at least 50%
of the affected infants, day 2 in 25%, and day 3 in 15%. There-
fore, approximately 90% of the lesions can be identified 72
hours after birth*. Murphy et al.” investigated the short-
term outcomes of 248 infants who had BW of <1500 g and
were admitted between 1994 and 1997. They clinically identi-
fied the incidence of each grade of IVH : grade 1 was observed
in 104 (43.5%), grade 2 in 65 (26.2%), grade 3 in 45 (18.1%),
and grade 4 in 34 (13.7%) patients. Vassilyadi et al.”” also ana-
lyzed the incidence of IVH in 284 premature infants by grade;
48% had grade 1 IVH, 18% had grade 2, 15% had grade 3, and
nearly 19% had grade 4 IVH, which were slightly higher in
grade 1 (35% from Volpe®) than in grade 2 (40% from Vol-

Based on CT scan by Papile etal.””

Based on ultrasound scan by Volpe®™

Grade 1 Subependymal hemorrhage
Grade 2 IVH without ventricular dilatation
Grade 3 IVH wit ventricular dilatation

Grade 4 IVH with parenchymal hemorrhage

GM hemorrhage with no or minimal IVH (10% of ventricular area on PSV)
IVH (10-50% of ventricular area on PSV)
IVH (>50% of ventricular area on PSV, usually distends LV)

IVH with hemorrhage on the surrounding parenchyma

CT: computed tomography, GM : germinal matrix, IVH : intraventricular hemorrhage, PSV : parasagittal view, LV : lateral ventricle
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pe*”) as reported previously.

In the first 14 days of life by each grade, the death rate was
2.9% in grade 1, 9.2% in grade 2, 17.8% in grade 3, and 29.4%
in grade 4> Of 248 infants, 27 died (mortality rate 10.9%),
which was related to the severity of the hemorrhage as Volpe
had also mentioned.

The rates of progressive ventricular dilatation (PVD) in each
grade of hemorrhage were as follows : 4.0% in grade 1, 11.9%
in grade 2, 75.7% in grade 3, and 70.8% in grade 4*. The total
PVD rate was 25.3% (56 of 221 infants), which was completely
consistent with the observation by Volpe, describing that ap-
proximately 25% of survivors developed PVD". Moreover,
very preterm infants who develop a severe IVH or a periven-
tricular hemorrhagic infarction are prone to posthemorrhagic
ventricular dilatation (PHVD) due to an imbalance in cere-
brospinal fluid (CSF) production and reabsorption'”. De-
pending on the duration of gestation, the odds of PVD occur-
rence decreased by 0.85 for each week of increase in gestation™”.
Similarly, the odds ratio (OR) for the IVH grade suggests that
with each stepwise increase in the IVH grade, for example,
from grade 2 to grade 3, the odds of PVD occurring increased
more than fivefold™.

As regards the natural course of PHVD, Murphy et al.>”
found that 53 (24%) of 221 infants with VLBW had ventricu-
lar dilatation but had no progression and 112 (51%) had no
ventricular dilation. Hence, physicians must pay special atten-
tion to the question of whether any invasive treatments, for
example, lumbar or fontanel puncture, surgical interventions
to alleviate ventricular dilatation temporarily or permanently,
are truly required. Even after comparing perinatal status by
gestational weeks, BW, clinical risk index for babies, maxi-
mum Pco2, blood pressure, and antenatal steroid use between
infants who did develop PVD and those who did not, the
strongest predictor of the occurrence of PVD was the severity
of IVH™.

A small GMH/IVH is usually diagnosed by a neonatologist
via screening cranial ultrasound and is carefully monitored
whether it does enlarge and ventricular dilatation appeared.
The diagnosis of GMH/IVH suspected based on clinical signs
alone could be accurately reached in only approximately 50%
of patients””. Together with serial imaging follow-up, neuro-
logical changes in cranial parameters are detected by increased
intracranial pressure (ICP). As clinical manifestations, the

fontanel is touched full and tense, becoming nonpulsatile. The
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rapid increase in the head circumference, which is crossing the
percentile curve, and separated cranial sutures are also impor-
tant and most reliable indicators™”. Along with these parame-
ters, apnea, vomiting, sun setting, bradycardia, decreased
spontaneous activity, and sometimes an irritable state may be
observed as systemic symptoms”**.

To estimate the long-term neurodevelopmental outcomes of
preterm infants with IVH and IPH, an observational study
published in 1986 by Guzzetta et al.” reported the impor-
tance of periventricular intraparenchymal echodensities (IPE)
of neonatal ultrasound, which was as persuasive as ever. IPE
was defined as any periventricular echodensity >1 ¢m in at
least one dimension, and the presence of IPE well correlated
with the degree of parenchymal injury and unfavorable out-
comes of premature infants with mild-to-severe IVH/IPH" .
IPE occurred on the same side with larger amounts of intra-
ventricular blood, depending on the asymmetric diversity of
injury™. In 87% of grade 3 IVH survivors who exhibited ma-
jor motor deficits, the deficits correlated with the topography
of the IPE and thus consisted of either spastic hemiparesis or
asymmetric spastic quadriparesis’”. As described here, the
neuropathologic correlation indicated that IPE presumably
represented hemorrhagic necrosis of the periventricular tissue.
Actually, the outcomes varied with IPE severity. Of the survi-
vors with extensive IPE, all had subsequent major motor defi-
cits, and most of them exhibited cognitive function <80% of
) Of the 75 infants affected, the mortality rate was
high in infants with extensive IPE (30/37; 81%) and those with
localized IPE (14/38; 37%)*”. Thus, with extensive IPE, there is

little or no chance of survival with normal neurological and

normal

cognitive outcomes. With localized IPE, although major mo-
tor deficits are common (12/15; 80%), an appreciable propor-
tion of infants have cognitive functions in the normal range.
Careful and quantitative assessments of the ultrasonographic
features of IPE are of major value in estimating outcomes””.
To evaluate long-term outcomes according to each severity
of hemorrhage (i.e., quantity of the intraventricular blood),
the approximate incidence of definite neurological sequelae
was investigated™ : neurological sequelae occurred in 5% of
patients with mild hemorrhage (comparable to grade 1); 15%,
moderate (grade 2); 35%, severe (grade 3); and 90%, severe
plus apparent periventricular hemorrhagic infarction (grade 4).
Recently, Mukerji et al.”” conducted a meta-analysis of neu-

rodevelopmental outcomes associated with periventricular/
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IVH (PIVH) in preterm infants. Their results confirm that
severe PIVH leads to worse neurodevelopmental outcomes
than mild or no PIVH, which is thought to be a fair statement.
An intriguing result was that among survivors, mild PIVH
was associated with higher odds of moderate-to-severe neuro-
developmental impairment than the absence of PIVH (OR,
1.48; 95% confidence interval [CI], 1.26-1.73), suggesting that
mild PIVH may have independent effects compared with the
absence of PIVH™. However, the basic question of why mild
PIVH without any apparent injury to the brain parenchyma
would cause neurologic impairment was raised. Mild PIVH
essentially includes hemorrhage limited to the subependymal
lining of the GM (grade 1 PIVH) and/or within the ventricle
(grade 2 PIVH). The results of this meta-analysis also clarified
that the adjusted odds of cerebral palsy and cognitive delay at
18—24 months were higher with severe PIVH but not with
mild PIVH. The authors speculated that mild PIVH detected
on ultrasound, not magnetic resonance imaging or other
measures with high spatial resolution, may have concomitant,
but undetected, parenchymal white matter injury, which may
contribute to the long-term outcomes of mild PIVH.

Payne et al.”” assessed 1472 infants born at less than 27
weeks GA and described that the neurodevelopmental out-
comes at 18—22 months of corrected age of infants with ex-
tremely low GA and low-grade PIVH (grades 1-2) are not sig-

nificantly different from those without hemorrhage.

GENERAL MANAGEMENT FOR GMH/IVH
PREVENTION

A goal of the general management of preterm infants is to
maintain intact survival. The prevention of GMH/IVH is the
first imperative. Once hemorrhage occurs, appropriate treat-
ment of posthemorrhagic hydrocephalus (PHH) is very im-

portant as a second step.

Optimal blood pressure in preterm infants

For circulatory management in GMH/IVH prevention, the
optimal blood pressure for preterm infants should be initially
clarified. The lower and upper limits of normal blood pressure
for gestational and postnatal age in infants born extremely
preterm are unknown’”. Many neonatologists routinely treat

infants whose mean arterial blood pressure is less than that for
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their GA in weeks”. Toyoshima et al.”” suggested that the vein
in the subependymal GM has poor supporting tissues and a
thin vascular wall, and both have increased bleeding risk
when the venous pressure increases. Therefore, venous con-
gestion is more associated with IVH than with arterial blood
pressure. Thus, these hemorrhages cannot be prevented with
cardiotonic therapy judged from the blood pressure data
alone”.

Hemodynamic evaluation by frequent echocar-
diogram

An international analysis of 10 neonatal networks that pres-
ent 11 regions or countries, i.e., Australia/New Zealand, Cana-
da, Israel, Japan, Spain, Sweden, Switzerland, and the United
Kingdom, showed that Japan had the lowest rates of mortality
and severe IVH of preterm infants”. This study analyzed
58004 infants who had BW of <1500 g at 24 (0)-31 (6) weeks
of gestation from databases, and the authors compared a com-
posite outcome (mortality or any of grade >3 peri-IVH) be-
tween each country and all others. Isayama® discussed the
reason for the lower rates of mortality and severe IVH in Ja-
pan. One of the potential reasons is that Japanese neonatolo-
gists frequently, twice or more times per day, perform func-
tional echocardiography on extremely preterm infants within
3 days of birth. According to a national survey of the current
features of neonatological practice in Japan®, neonatologists
use echocardiography to assess the 1) left ventricular ejection
fraction (LVEF), LV end-diastolic diameter, left atrium-to-
aortic root ratios, and diameter of the inferior vena cava as in-
dicators of cardiac function and volume status; 2) diameter
and shunt flow of the patent ductus arteriosus (PDA) and dia-
stolic flow of the left pulmonary artery for the evaluation of
the ductus arteriosus status; 3) blood flow pattern of the ante-
rior cerebral artery, renal artery, and superior mesenteric ar-
tery as indicators of the peripheral organ circulation; and
4) shape and motion of the interventricular septum and tri-
cuspid regurgitation for the evaluation of pulmonary hyper-
tension. The early and precise detection of circulatory prob-
lems through these echocardiographic findings along with
clinical signs may guide the appropriate circulatory manage-
ment of extremely preterm infants™. Furthermore, monitor-
ing the end-systolic wall stress (ESWS) of the left ventricle to
assess the afterload of the left ventricle, which was adopted by

approximately two-thirds of neonatal intensive care units, was



reported as very unique in Japan*. The LVEF, commonly
used for the evaluation of cardiac function, is influenced by
the preload, afterload, and heart rate'” and is not reliable
enough to evaluate cardiac function in the unstable circula-
tion of premature infants shortly after birth. Toyoshima et
al.”” originally proposed the efficacy of monitoring of the
ESWS of the left ventricle to assess the afterload of the left
ventricle and the mean velocity of circumferential fiber short-
ening (mVcfc), which is an index of LV pump function. By ob-
taining the stress-velocity relationship (mVcfc and ESWS rela-
tionship) (Fig. 1), they found that the incidences of
intraventricular and/or pulmonary hemorrhages were higher
in infants with an excessive afterload, which decreased LV
function. The poor LV function that results from the excessive
afterload indicated by a high ESWS was treated not by cate-
cholamine, which increases afterload, but vasodilators as ex-
emplified by nitroglycerin or milrinone, which mitigates af-
terload, diuretic, and sedation®. This could effectively prevent
IVH™. A high ESWS accompanied by poor cardiac function
is considered a risk factor for IVH due to afterload mis-
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Fig. 1. Stress-velocity relationship (mVcfc-ESWS) cited from the figure
provided by Toyoshima et al.” with permission from Elsevier. Significant
correlations were found between ESWS and mVcfc in both groups
(mVcfc = 3.76 x ESWS™®* p<0.01, R=0.56). Group 1 : infants with
complications (pulmonary hemorrhage, intraventricular hemorrhage,
and periventricular leukomalacia; n=9). Group 2 : infants without
complications (n=24). Systolic blood pressure and mean blood pressure
changed over time, with no differences between the groups. mVcfc :
mean velocity of circumferential fiber shortening, ESWS : end-systolic
wall stress.
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Perfusion waveform fluctuation in the internal
cerebral vein (ICV)

By using ultrasound, Ikeda et al."” uniquely reported that a
high-grade perfusion waveform fluctuation in the ICV of ex-
tremely low birth weight infants was associated with IVH.
The blood flowing from the veins in bilateral subependymal
GM merges into the ICV. Hence, by focusing on venous Dop-

pler measurement, not on arterial assessment, to predict [IVH

Fig. 2. Classification of the perfusion waveforms of the internal cerebral
vein on ultrasonography into four patterns cited from the figure

| 32)

provided by lkeda et al.™ with permission from John Wiley and Sons : (A)
grade 0 (low grade), steady flow waveform with a constant perfusion
speed; (B) grade 1 (low grade), the waveform fluctuates, but the
minimum speed is never less than half the maximum speed; (C) grade 2
(high grade), the waveform fluctuates, and although the minimum speed
is less than half the maximum speed, it never drop to 0 cm/s; (D) grade 3
(high grade), the waveform fluctuates, with the speed sometimes
dropping to 0 cm/s.
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in preterm infants, they measured perfusion waveforms on
the ICV via the anterior fontanel, which were classified into
four patterns, starting with grade 0 if they showed a steady
flow waveform and increasing up to grade 3 as the magnitude
of fluctuation increased (Fig. 2). The incidence of IVH was
high in low GA infants who exhibited high-grade fluctuations
in the perfusion waveform of the ICV, whereas mature infants
rarely exhibited high-grade fluctuations in the ICV, which
were never observed even with increased central venous pres-
sure, such as in heart failure™. Some plausible pathogenesis of
the relationship between high-grade fluctuations in the perfu-
sion waveform of the ICV and IVH were discussed. From the
venous side, the jugular venous system has no valve. Hence,
fluctuations in central venous pressure are transmitted intra-
cranially, especially in premature infants. High-grade fluctua-
tions in the perfusion waveform for the ICV may indicate the
influence of the central venous pressure on microcirculation
at the site of the IVH. From the arterial side, cerebral auto-
regulation failure in premature infants is suspected. Prema-
ture and mature infants may have susceptibility differences
based on the ability to maintain a relatively constant cerebral
blood flow despite fluctuations in arterial blood pressure. A
high-grade fluctuation in the perfusion waveform of the ICV
above grade 2, suggesting that the waveform fluctuates, but
the minimum speed is less than half the maximum speed and
never drops to 0 cm/s, may predict the occurrence of subse-
quent hemorrhage from the GM and IVH. Therefore, antihy-
pertension therapy, vasodilator use, and PDA treatment are
considered.

Additionally, to prevent GMH/IVH, different clinical man-
agement aspects have been reported, including the effect of
mechanical ventilation”, efficacy of routine antenatal infec-
tion screening of chorioamnionitis or ureaplasma®, antenatal
maternal corticosteroid™*'*******7*7V 3745 regardless of the
delivery mode®, advantageous care of the umbilical cord at

] 2,28,37,60,61 . . .o
delivery ', and usefulness of indomethacin administra-

1,5,6,21,26,50,51,58,65

tion . These are meticulously discussed else-

where.

POSTHEMORRHAGIC MANAGEMENT

Lumbar puncture (LP)
Serial tapping of the CSF by LP (or ventricular puncture)
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has previously been used with some degree of efficacy. de
Vries et al."” reported that two or three LPs reduced the need
for surgery in up to one-quarter of all cases. Thus, the use of
LPs in the immediate period after the identification of signifi-
cant ventricular dilatation can help in temporary or total
avoidance of surgical intervention'”. However, a significant
volume of the CSF must be removed daily (at least 10 mL/kg)
for 2—3 weeks, and this can be burdensome for the infant and
the treating physician. Moreover, a Cochrane review conclud-
ed that this treatment failed to reduce disability or the need
for ventriculoperitoneal (VP) shunt surgery and was further
associated with an increased risk of infection. In 2004, Maz-
zola et al." analyzed a randomized controlled study and three
non-randomized studies to establish the optimal treatment
strategies for the efficacy of serial LP as a Pediatric Hydro-
cephalus Systematic Review and Evidence-Based Guidelines
Task Force. They advised against the routine use of serial LP
to reduce the need for shunt placement or avoid the progres-
sion of hydrocephalus in premature infants*”. The recom-
mendation was level I and had high clinical certainty. Taken
together, the routine use of LPs for avoiding future shunting

in PHH is no longer recommended.

Diuretic therapy

Pharmacological therapy with diuretics such as acetazol-
amide and furosemide, which reduce CSF production, has
also been widely used as a non-invasive therapy to treat pa-
tients with PHH and avoid the need for a VP shunt™. Acet-
azolamide, a carbonic anhydrase inhibitor, decreases CSF
production by >50%, and furosemide, a loop diuretic, also
decreases CSF production®. The medical regimen consisted
of furosemide 1 mg/kg/day intravenously or orally and acet-
azolamide starting at 20 mg/kg/day increasing by 10 mg/kg/
day up to 100 mg/kg/day. Despite pervasive daily treatment, a
few clinical trials have determined the effect of these diuretics.
A randomized controlled trial of 177 infants by the Interna-
tional PHVD Drug Trial Group™ analyzed the outcomes of
151 infants. Death or shunt placement occurred in 49 of 75 in-
fants who received diuretics plus standard therapy, compared
with 35 of 76 who received standard therapy alone. In addi-
tion, l-year data of 129 infants were analyzed for mortality
and morbidity; 84% (52/62) of the infants who received drug
therapy died or had a disability or impairment at 1 year com-
pared with 60% (40/67) of those who received standard thera-



py (relative risk, 1.40; 95% CI, 1.12-1.76; p=0.012), suggesting
that the use of acetazolamide and furosemide in preterm in-
fants with PHVD is associated with a higher rate of shunt
placement and increased neurological morbidity. Although
infants who need diuretics to manage CSF accumulation have
clinically much severe CSF malabsorption in their hydroce-
phalic conditions, a Cochrane review also concluded that ac-
etazolamide and furosemide therapy is neither effective nor

safe and cannot be recommended in treating PHVD"

Surgical management for PHH

Numerous surgical management methods of PHH have
been reported so far. Most of them fall into three main catego-
ries : 1) early CSF diversions as a temporizing measure such as
external ventricular drainage, ventricular access device, and
ventriculo-subgaleal shunt; 2) efforts to decrease intraventric-
ular blood clot by which CFS absorption conceivably improve,
i.e., neuroendoscopic lavage of the hematoma, trial of drain-
age, irrigation and fibrinolytic therapy); and 3) permanent
shunt such as VP shunt, ventriculoatrial shunt, and endoscop-
ic third ventriculostomy. Many treatment choices have both
merits and demerits. The indication, evaluation, and argu-

ment of this surgical management are discussed elsewhere.

Timing to intervene

Although the research was performed in the 1990s, a study
by Murphy et al.”” focusing on the natural history of post-
hemorrhagic ventriculomegaly in VLBW infants was highly
suggestive. They investigated 248 VLBW infants with IVH,
and 221 survived for >14 days. Each grade of IVH was distrib-
uted as follows : 43.5% for grade 1, 26.2% for grade 2, 18.1%
for grade 3, and 13.7% for grade 4. Of these 221 survivor in-
fants, no ventricular dilatation was documented in 112 infants
(51%). In the remaining infants, 56 (25%) were found to have
PVD on serial cranial ultrasound scans after IVH. Notably, 53
infants (24%) showed ventricular dilatation but no progres-
sion. This means that cases of spontaneous arrest of ventricu-
lar dilatation were not fewer than expected. Therefore, physi-
cians must determine whether ventricular dilatation in an
infant with IVH becomes progressive. If progressive, the deci-
sion about when and how the infant should be intervened is
agonizing because intervention-related complications in a
very low birth-weight body are not negligible.

To compare differences in neurodevelopmental outcomes
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by the timing of intervention for preterm infants with PHH,
Leijser et al."” observed 127 preterm infants with management
policies divided into two, namely, “early approach” (EA) and
“late approach” (LA). EA (n=78) represents a treatment strate-
gy based on ventricular measurements using ultrasound ex-
ceeding the normal (ventricular index [VI] <+2 standard de-
viation [SD] / anterior horn width [AHW] <6 mm) described
by Levene"” and Davies et al.” Consequently, patients received
interventions with initial temporizing procedures before the
development of symptoms. Temporizing procedures included
CSF drainage from LPs or ventricular reservoir, if needed, fol-
lowed by a permanent neurosurgical intervention such as VP
shunt placement. By contrast, LA (n=49) was based on clinical
signs of ICP, mostly with immediate permanent neurosurgical
intervention. As a result, 49 infants (63%) in the EA group and
24 (49%) in the LA group underwent intervention. While the
EA group mostly had LPs as an initial intervention, most of
the infants in the LA group received VP shunt as an initial in-
tervention®. Surprisingly, the overall rate of VP shunt place-
ment was lower in the EA group than in the LA group (20%
vs. 92%; p<0.001). Although reservoir-related complications
were slightly more common in the EA group, substantially
more shunt-related complications occurred in the LA group,
particularly infection and the need for revision. Intervention-
related death occurred only in the LA group, and 11 infants in
the EA group and 20 in the LA group died between 10 days
and 6 weeks of birth””. Furthermore, at 18—24 months of cor-
rected age, the majority of survivors in the EA group (55/62)
had a normal range (within 1 SD of mean) of cognitive and
motor outcome scores, regardless of the need for interven-
tion"”. By contrast, most survivors in the LA group had mod-
erate-to-severe abnormal outcomes (14/27) and cognitive and
motor scores were lower in survivors with intervention than
in those without intervention®”. Accordingly, the authors
speculated that late intervention during the development of
chronic ventricular dilatation and pressure onto the immature
white matter caused an irreversible injury of the premature
brain, suggesting interference of cerebral perfusion due to
brain distortion, ischemia, free radical formation, inflamma-
tion*”, and so forth, even if the CSF pressure returned to nor-
mal by subsequent surgical interventions®. Studies using
near-infrared spectroscopy and Doppler techniques have
shown that cerebral perfusion®, oxygenation, and blood

ﬂ 76) . 1 . . . . . 1
OW — are progressively lmpalred with worsening ventricular
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dilatation, paralleled with increasing abnormality of ampli-
tude-integrated electroencephalography background™ and
delayed latencies of evoked potentials”’. These neurochemical
and neurophysiological changes occur even before signs of in-
creased ICP develop and normalize following CSF drain-
age'”**** Hence, early intervention may prevent white mat-
ter damage, which is associated with future cognitive and
motor impairment and eventually cerebral palsy in premature
infants with IVH.

The Early versus Late Ventricular Intervention Study so-
called “ELVIS” trial was also the most recent randomized
controlled trial"”. In this study, 126 preterm infants <34 weeks
of gestation with PHVD after grades 3—4 hemorrhage were
randomized to two groups : low threshold (LT) (VI >97 per-
centile and AHW >6 mm) or high threshold (HT) (VI >97
percentile + 4 mm and AHW >10 mm) groups. To reduce VI
and the eventual need for a VP shunt, CSF tapping by LPs up
to a maximum of three times, followed by taps from a ven-
tricular reservoir, were tried. Contrary to expectations, no sig-
nificant difference in the composite main outcome of VP
shunt or death was shown (30% in the LT group versus 37%
in the HT group, p=0.45). VP shunt was inserted in 12/64
(19%) of the infants in the LT and 14/62 (23%) infants in the
HT group. In addition, 58% of infants in the LT group and 7%
in the HT group required shunt revision (p<0.01). Conclusive-
ly, no significant difference in VP shunt placement or death in
infants with PHVD was found between the LT and HT
groups'”.

This ELVIS trial had later updates on (A) the assessment of
additional brain injury and ventricular volume using term-
equivalent age magnetic resonance imaging” and (B) death or
severe neurodevelopmental disability at 2 years'. These sub-
studies clarified that (A) more brain injuries, including not
only the white matter but also the gray matter and cerebellum,
and larger ventricular volumes, were observed in the HT
group than in the LT group using Kidokoro score®, and (B)
the LT group with VP shunt had cognitive and motor scores
measured by Bayley cognitive/motor score similar to those
without VP shunt (p=0.3 for both), whereas in the HT group,
those with VP shunt had significantly lower scores than those
without VP shunt (p=0.01 and p=0.004, respectively), suggest-
ing that earlier intervention was associated with a lower odds
of death or severe neurodevelopmental disability at 24 months

corrected age in preterm infants with progressive PHVD'”.
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The design criteria of other studies that discussed the tim-
ing of intervention in preterm infants with progressive PHVD
are as follows : VI >97th percentile + 4 mm™*"*’, AHW >4
mm, thalamo-occipital distance >26 mm, third ventricle
width >3 mm®, fronto-occipital horn ratio >0.55 plus 2 of 3
clinical manifestations, namely, bradycardia, split suture,
bulging fontanel*”, and ICP signs*. As an inherent bias, be-
cause of severe prematurity, physicians are more compelled to
intervene late with a HT inevitably. Meanwhile, from the
findings of several randomized controlled trials, intervention
at an early stage with a lower threshold before becoming
symptomatic toward a high ICP may be recommended more
than that one at the late stage with a HT. Therefore, early
draining of adequate amounts of CSF before becoming symp-
tomatic may yield favorable outcomes in the management of

PHH in preterm infants.

CONCLUSION

The management strategy for PHH in premature infants
still has controversies even though the morbidity and mortali-
ty of those infants, in recent decades, have gradually de-
creased. The ultimate goal is intact survival. Further studies
are needed to elucidate how the risk of IVH could be mini-
mized and the potential of immature infants” brain could be

maximized.
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