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Permanent Surgical Treatment for Posthemorrhagic
Hydrocephalus in Preterm Infants
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While the standard management for posthemorrhagic hydrocephalus (PHH) has not been determined, many patients initially
receive temporary treatment such as a ventricular drainage, a ventricular reservoir, or a ventriculosubgaleal shunt. Subsequently,
approximately 15% of patients with PHH will require permanent cerebrospinal fluid diversion. Shunt placement is most commonly
performed for PHH as permanent treatment. However, shunting still has high complication rates. Since the development of the
neuroendoscopic technique has progressed, and indication has been expanded, endoscopic third ventriculostomy with or without
choroid plexus cauterization has performed more frequently in recent years in patients with PHH. In this paper, the permanent

treatment for PHH will be reviewed based on the latest evidence.
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INTRODUCTION

Intraventricular hemorrhage (IVH) has been decreasing
due to remarkable advances in obstetric and neonatal medi-
cine. However, IVH still continues to occur in approximately
15-20% of very low birth weight infants born weighing less
than 1500 g"’. IVH and subsequent posthemorrhagic hydro-
cephalus (PHH) cause periventricular white matter damage
and a high rate of developmental delay in motor and language
functions as well as cognitive functions™. In cases of severe
IVH, the risk of developing PHH is approximately 40-50%
and requires neurosurgical treatment'*”. Currently, there are
no standard treatment guidelines for the management of

PHH™. When to initiate therapeutic intervention and how to
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treat PHH is left to the discretion of each facility.

Most PHH in preterm infants is treated with temporary ce-
rebrospinal fluid (CSF) management, followed by placement
of a ventriculoperitoneal (VP) shunt to complete treatment. It
is not feasible to perform VP shunt surgery as initial treatment
for vulnerable infants, and temporary therapeutic devices
such as ventricular reservoirs, ventriculo-subgaleal shunt, and
ventricular drainage are placed**”. The rate of need for per-
manent CSF diversions varies considerably among reports and
temporary CSF management rarely cures PHH. VP shunt
placement has been the standard treatment for several de-
cades, but endoscopic third ventriculostomy (ETV) and cho-
roid plexus cautery (CPC) have recently been indicated as al-

. . 34,39)
ternatives 1n some cases .
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Here, VP shunt surgery as a permanent surgical treatment
for symptomatic PHH is primarily outlined, and the combi-
nation of ETV and CPC is also discussed.

VP SHUNT

Indication

Due to the vulnerability of preterm infants, VP shunt place-
ment is not conducted as an initial treatment option as an in-
tervention for PHH. VP shunt is inevitably chosen when tem-
porary management to drain CSF is unsuccessful. It is
important to note that there are some cases in which PHH be-
comes arrested hydrocephalus and no additional treatment is
necessary. In rare cases, ventricular dilatation might improve
with spontaneous resolution.

As for when exactly to convert to VP shunt placement, the
size of the ventricles and degree of head circumference (HC)
enlargement are indicators, not to mention if the clinical signs
do not improve with temporary CSF management. And, as
will be discussed later, the infant’s physical growth and the
degree of clearance in hemorrhagic CSF are also important
determinants. Full fontanelle, splaying sutures, irritability, ap-
neas, bradycardia and sunset phenomenon are typical clinical
signs of progressive hydrocephalus™””. We must recognize
that VP shunt surgery after the appearance of these clinical
signs is somewhat too late to make a decision.

Quantitative measurement of the ventricles by transcranial
ultrasonography is routinely performed. The most frequently
used index is ventricular enlargement of 4 mm above the 97th
percentile on the ventricular index. Another indicator is pro-
gressive HC enlargement. HC enlarges by approximately 1
mm per day between 26 weeks of gestation and 32 weeks, and
about 0.7 mm per day between 32 and 40 weeks. A persistent
increase of 2 mm per day is regarded as excessive'”. An in-
crease of 6 mm over 3 days is more likely to be real and an in-
crease of 14 mm over 1 week is definitely excessive"”. Before
chronic intracranial hypertension is left untreated and various
clinical symptoms appear, shunt placement should be consid-
ered based on objective judgment using measurements such as
ventricular size and head circumference as indicators.

There is insufficient evidence to recommend a specific body
weight or CSF parameters for the timing of shunt creation in

premature infants with PHH, but the most important param-
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eter is the body weight™. Even if PHH is progressive, VP shunt
is done when infants have gained sufficient weight. Very pre-
term infants have an immature immune system, inadequate
peritoneal absorption capacity, and fragile and thin skin,
which leads to an extremely high incidence of shunt-related

5,6,9,24,29,37,41

complications, including shunt infection . Some re-

31,40 .
) while

ports recommend to until the infant weighs 2.5 kg
others recommend surgery once the infant weighs 2 kg™, In
addition, it has been reported that good neurologic functional
outcome was achieved if surgery was performed when the
4,32)

weight reached 1.5 kg™™. On the other hand, performing VP
shunt placement at a weight of less than 2.0 kg is likely to re-
sult in shunt infection and ultimately worsen the neurological
function. If a VP shunt is recklessly performed for a very small
infant, ulceration of the skin at the valve site would be inevita-
ble.

In a recent single-center retrospective study, permanent
shunts were placed at an average gestational age of 43 weeks
" Each children’s hospital has

its own criteria for when to place a VP shunt, but it is com-

and an average weight of 2.9 kg

mon practice to wait until the infant has grown to a weight of
2.5t03.0kg.

If CSF contains large amounts of blood and protein, it is
very likely that the shunt system will not drain properly and
will require early revision surgery. Lower CSF protein levels
have been advocated. It is generally recommended that a shunt
be inserted once CSF protein has decreased to less than 150—
200 mg/dL, although some have suggested that less than 1000
mg/dL is acceptable®"”. Of course, the absence of signs of in-

fection in the CSF is also an essential requirement.

Valve type

A wide variety of shunt systems are now available to clini-
cians, but their impact on shunt failure rates is still un-
known®. A comparative study of newly developed valves has
not identified any differences in reoperation rates or incidence
of over drainage between valve types”.

Evidence-based guidelines also point to insufficient evi-
dence to recommend the use of programmable versus non-
programmable valves. Both programmable and non-pro-
grammable valves are possible treatments for PHH", but in
actual clinical practice, small and low-profile shunt valves

tend to be preferred because of the fragile scalp of infants.



Shunt failure
Previous reports have shown that placement of a VP shunt
in premature PHH infants is more likely to result in shunt re-

vision, slit ventricle syndrome, loculated hydrocephalus, and
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ation in preterm infants is the complication of infection. The
high incidence of shunt infections is likely due to an immature
immune system and inherently weak antimicrobial ability™.

Shunt infections have been reported in 7.1-22.4% of preterm

shunt infection than in infants with hydrocephalus of other
causes™. Based on reports from various centers, shunt revi-
sion rates ranged from 45.2% to 84.1%, and 1-year and 5-year
survival rates ranged from 40% to 73.6% and 13.8% to 44.1%,
respectively (Table 1)*********" Tt is clear that children with
PHH are more likely to undergo shunting earlier than other
categories of patients in terms of weeks of gestation rather
than weeks after birth*”. It is widely known that very young
age and low body weight at the time of initial shunt insertion
are associated with higher rates of shunt failure™*.

Thus, younger age and lower weight at the time of initial
shunt placement undoubtedly have a significant impact on
shunt survival in PHH, which is attributed to the difficulty of
the surgical technique and the fragility of the infant’s brain,
intestinal tract, and skin. Fragile infants are vulnerable to any
invasion.

In PHH infants undergoing shunt surgery, the condition of
being post-IVH is also significantly associated with shunt sur-
vival. Excessive CSF protein levels contribute to shunt dys-
function and catheter occlusion™. This is also true for the
treatment of PHH in adults.

Infections
Another troublesome problem associated with shunt cre-

infants (Table 1)***4,

For these susceptible infants, antibiotic-impregnated cathe-
ter is highly recommended”*, and every effort should be
made to reduce shunt infections to near zero using strict in-
fection prevention protocols”. New Hydrocephalus Clinical

Research Network protocol advocated by Kestle et al.” in 2016

and the protocol of my department are presented in Table 2.

Trapped fourth ventricle (TFV)

An isolated TFV is a peculiar complication of VP shunt
placement for PHH and is caused by over drainage of the su-
praventricular shunt™. PHH occurring in preterm infants is
known to be a complex combination of both communicating
and non-communicating hydrocephalus factors, but the Syl-
vian aqueduct and foramen Luschka and Magendi may have

membranous obstruction due to inflammatory scarring after

IVHZS)

When the supratentorial CSF shunt is overactive, the occlu-
sive mechanism of the Sylvian aqueduct becomes even more
pronounced and combined with the obstruction of the fourth
ventricular outlet, the flow path of CSF produced by the cho-

roid plexus in the fourth ventricle is blocked and the fourth

ventricle is isolated and enlarged.

Although TFV may result from other etiology, the frequen-

Table 1. Ventriculo-peritoneal shunt in infants with post hemorrhagic hydrocephalus

Treatment before VP shunt

Study Total . . Subgaleal VPshunt Infectionrate Revision rate Shunt survival rate
Drainage Reservoir
shunt
Reinprecht et al? 76 76 - - VP 32,VA 10 710% 22/42 (45.2%) NDA
(2001)
Willis etal.” 2009) 32 - 15 - 3/29(103%)  14/29 (48.3%) NDA
Notarianni et al.** 69 - - - NDA 58/69 (84.1%) 5 years: 13.8%
(2009)
Chittiboina et al.” 109 - 65 - NDA 78/104 (71.6%) NDA
(2013)
Wangetal.” (2015) 89 - 43 46 10/69 (14.5%) 33 cases, 1 year:73.6%, 5 years : 44.1%,
66 revisions 10 years : 36.7%
Bir etal.” (2016) 122 = = = 53/380 (17.2%)  102/122 (84%) 1 year: 40%, 5 years : 31.2%
Bocketal.” (2018) 104 76 - - 52/232 (224%)  78/104 (75%) NDA

VP : ventriculo-peritoneal, VA : ventriculo-atrial, NDA : no data available
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cy of TFV is higher in PPH in preterm infants. Pomeraniec et
al.™ reported that the frequency of TFV following VP shunt
for PHH in preterm infants was 15.4%.

Treatment options include fourth ventriculostomy with
posterior fossa craniotomy, placement of an additional shunt
in the fourth ventricle, and endoscopic procedures (aqueduc-
Y Note,

however, that even if the fourth ventricle is isolated and en-

toplasty and/or stenting, cystoventricular stenting)

larged on computed tomography or magnetic resonance im-
aging imaging, it is often asymptomatic, and furthermore, be-
cause cerebellar atrophy is not rarely seen in preterm infants
with PHH, the indication for treatment of TFV should be
carefully considered.

ETV

PHH is thought to result from inflammation and fibrosis of
the arachnoid granulation and subependymal layers of the
ventricles, which impairs CSF circulation and absorption”. As
mentioned previously, hydrocephalus after IVH in preterm
infants presents a mechanism that combines both communi-
cating and non-communicating pathologies. ETV creates a
new channel for CSF circulation and has been shown to be ef-
fective in obstructive hydrocephalus, with high success rates

reported primarily for sylvian aqueduct stenosis *'”. As shown

Table 2. Infection prevention protocol

in the success score of ETV, the success rate is known to be
lower in patients with hydrocephalus due to post-infection,
post-hemorrhage, or myelomeningocele'™*, and in children
younger than 1 year of age™"”.

Although it is true that the development of neuroendoscop-
ic techniques has made this procedure safer and simpler, re-
sulting in a much wider range of indications, the indication
for PHH in preterm infants should be carefully considered.
Certainly, the option of ETV, which avoids various shunt-re-
lated complications, might be extremely attractive, but it is
easy to understand that a high success rate is difficult to
achieve given the pathogenesis of hydrocephalus.

There have been reports of increasing indications for ETV
in PHH in recent years; however, because of its much higher
initial failure rate compared to shunts, it tends to be the un-
avoidable choice in cases with co-morbidities such as necrotiz-
ing enterocolitis. It is an undeniable fact that ETV alone has
not been reliably effective in preterm infants with PHH, and
Elgamal et al."” reported that ETV was effective in children
under 1 year of age with Sylvian aqueductal stenosis (success
rate 77%) but not in preterm infants with PHH (success rate
14%).

Warf™ found that the addition of CPC to ETV, primarily in
Africa, may increase the success rate of ET'V for post-infection
hydrocephalus. Subsequently, they showed that ten infants
with PHH underwent ETV/CPC and four (40%) required no

New Hydrocephalus Clinical Research Network protocol”

Takatsuki protocol

Antibiotic received before incision (cefazolin 30 mg/kg)

Antibiotic received one dose postoperatively (cefazolin 30 mg/kg)
ChloraPrep applied to surgical field and not washed off

Wait 3 minutes to allow CholoraPrep to dry

Hand scrub by all participants (antiseptic cream not allowed)
Double gloving by all team members

loban use

AlCs

Two (cranial and distal) for insertion procedures

One (cranial or distal) or both for revision procedures

Sign on operation room door to minimize traffic
Same

2-3 days

Hair clipped, not shaved

Povidone iodine

Wait 3 minutes to allow Povidone iodine to dry
Same

Same

Same

Sometimes use AlCs

Three (cranial and distal) for insertion procedures

One to three for revision procedures

ChloraPrep : preoperative skin preparation products containing Chlorhexidine gluconate and Isopropy! alcohol, loban : antimicrobial incise drape, AIC :

antibiotic-impregnated shunt catheters
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further operation™. In a recent report of 50 consecutive cases
from a single institution, the success rate of ETV/CPC for in-
fants with PHH was only 22%". The authors concluded that
ETV/CPC may be justified as initial treatment for hydroceph-
alus because of its lower complication rate compared to shunt
treatment. The disadvantage of prolonging the pathological
condition of hydrocephalus and adversely affecting neurode-
velopmental functional outcome is overlooked. Pediatric neu-
rosurgeons need to fully consider whether this treatment
should be preferred over shunt placement.

The success rate of ETV and risk factor in infants with PHH

7,19,21

are indicated in Table 3""**". Several studies show that patient

selection might increase the success rate. The scarring of the
prepontine cistern*””, younger age”, and symmetric IVH""
appear to correlate well with treatment failure of ETV and
ETV/CPC.

Although the benefits of VP shunt in terms of neurodevel-
opmental outcomes as well as morphological improvement of
the brain have accumulated over the past several decades, no
one has the knowledge and experience of the long-term con-
sequences of permanently disrupting CSF production capacity
by coagulating the choroid plexus. Currently, VP shunt place-
ment should be considered as a priority unless there are spe-

cial reasons such as necrotizing enterocolitis that make it im-
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possible to place a catheter in the abdominal cavity or CSF

infection.

Future directions

In recent years, there has been a great deal of interest in how
to treat PHH without CSF diversion surgery, and attention has
focused on endoscopic ventricular lavage™ and fibrinolytic
therapy based on ventricular drainage management™. Given
the non-negligible probability of troublesome problems in VP
shunt surgery and subsequent management of PHH in pre-

term infants, the treatment concept of VP shunt avoidance is

Body weight >2500 ¢
CSF protein <200 mg/dL

:

L Abdominal surgery I

Meningitis
‘V Yes
VP V;;:Jnt ETV
with or without CPC

antibiotic-impregnated catheter

Fig. 2. Strategy for the permanent treatment for posthemorrhagic
hydrocephalus. CSF : cerebrospinal fluid, VP : ventriculo-peritoneal, ETV :
endoscopic third ventriculostomy, CPC: choroid plexus cauterization.

Table 3. Endoscopic third ventriculostomy in infants with post hemorrhagic hydrocephalus

Study Total Success rate CPC Risk factor

Warf et al.” (2011) 10 40% All with CPC Scarring in the prepontine cistern

Chamiraju et al.” (2014) 27 37% 24 with CPC, 3 ETVonly  Corrected age at operation <38 weeks;
normal prepontine cistern

Luetal.”’ (2022) 50 36% at 6 months, 22% at 42 months All with CPC IVH symmetry

CPC: choroid plexus cauterization, ETV : endoscopic third ventriculostomy, IVH : intraventricular hemorrhage

Day 1 Day 28

.

Fig. 1. Case presentation. A : Ultrasonography at the age of 1 day (left) and 28 days (right) demonstrating bilateral intraventricular hemorrhage
developing to ventricular dilatation. B : T2-weighted magnetic resonance images at the age of 4 months before shunt operation showing enlargement
of the ventricle. C: Lateral view of X-ray after shunt operation with a programmable valve.
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an important issue for us pediatric neurosurgeons to address.
However, since not all children’s hospitals are able to imple-
ment the two aggressive treatment strategies described above,
it is essential that VP shunt surgery and subsequent long-term
management be carried out without trouble after appropriate

temporary CSF management.

Case presentation (Fig. 1)

A female infant was born at 24 weeks 6 days of gestational
and weighted 401 g. Her Apgar score was 1 point (1 minute)
and 1 point (5 minutes). A grade IV IVH occurred on day 1
(Fig. 1A). Ventricular dilatation progressed (Fig. 1B) and ven-
tricular drainage with peripherally inserted catheter under-
went on 28 days after birth. VP shunt with a programmable
valve was performed at the age of 4 months (Fig. 1C) because
of the enlargement of her HC. Although shunt infection or re-
vision are not required for 10 years, she has moderate disabili-
ty. If surgical intervention such as endoscopic ventricular la-
vage™ or fibrinolytic therapy” had been performed earlier,

the prognosis might be better.

CONCLUSION

Although there is insufficient evidence of permanent treat-
ment for PHH, my personal strategy is indicated in Fig. 2.
When the baby reaches 2.5 kg and its CSF protein has de-
creased to less than 200 mg/dL, permanent treatment should
be considered. If the baby has a history of meningitis or ab-
dominal surgery, ETV with or without CPC is recommended.
If ETV/CPC is ineffective, VP shunt should be subsequently
performed. If the baby does not have any complications, VP
shunt is recommended with antibiotic-impregnated shunt

catheter.
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