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Abstract

Introduction Intraventricular hemorrhage (IVH) may produce obliterative arachnoiditis, which disrupts the flow and absorption
of cerebrospinal fluid (CSF), resulting in posthemorrhagic hydrocephalus (PHH). PHH gives a high risk of neurofunctional
Impairment.

Ventricular lavage is the lrealmenla'choice for PHH in neonates with IVH for decades. It is developing with the combination
of fibrinolytic therapy, also called drainage, irrigation, and fibrinolytic therapy (DRIFT), and with the use of neuroendoscopic
apparatus, also called neuroendoscopic lavage (NEL).

Methods This review is a meta-analysis using the PRISMA method guideline, including the clinical studies comparing
ventricular lavage (VL) with standard treatment of PHH between 2000 and 2021.

Results VL group reduced the shunt dependela compared to standard treatment (OR =0.22; 95CI 0.05 to 0.97; p=0.05).
VL group has less infection risk compared to the standard treatment group (RR =0.20; 95CI 0.07 to 0.59; p<0.05). The
severe neurofunctional outcome is similar between the two groups (OR=0.99; 95CI 0.13 to 7.23; p=0.99). The early
approach treatment group may give better neurofunctional outcomes compared to the late approach (OR=0.14; 95CI 0.06
to 0.35; p<0.05).

Conclusion VL reduce the shunt dependency on the PHH, decreasing the shunt’s related infection rate. The early ventricular

lavage may give benefit for the neurocognitive outcome.

Keywords Posthemorrhagic hydrocephalus - Intraventricular hemorrhage - Neuroendoscopic lavage - Cerebrospinal

diversion - Ventriculoperitoneal shunt - Neonates

Introduction

Intraventricular hemorrhage (IVH) is frequently found in
premature babies, with incidence occurring up to 25% to
30% in this group [1]. Large IVHs (grade III/TV) produce
obliterative arachnoiditis, which disrupts the flow and
absorption of cerebrospinal fluid (CSF), resulting in post-
hemorrhagic hydrocephalus (PHH) [2].

The presence of a blood clot inside the CSF and the char-
acteristics of the premature newborn prohibit the use of a
permanent CSF shunting device. Thus, temporary manage-
ment of hydrocephalus is required [3].
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The standard management for temporarily alleviate the
increaag intracranial pressure (ICP) includes lumbar punc-
tures, ventricular access device, ventriculosubgaleal shunt
(VSg8), and external ventricular drain [1-6]. However, the
optimal treatment strategy that is effective, has a low com-
plication rate, and provides better cognitive outcome has yet
to be found [3].

Ventricular lavage is the treatment of choice for PHH in neo-
nates with IVH for decades. It is devel@ing with the combina-
tion of fibrinolytic therapy, also called drainage, irrigation, and
fibrinolytic therapy (DRIFT), and with the use of neuroendo-
scopic apparatus, also called neuroendoscopic lavage (NEL).

NEL is another treatment option for PHH. This proce-
dure was mloped following the DRIFT method, aiming
to remove intraventricular hematoma in a less invasive and
more controlled settings [4]. This method eliminates intra-
ventricular blood clots to reduce brain damage and hydro-
cephalus. NEL reduces persistent shunting and increases
shunt survival/ shunt malfunction [6].
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DRIFT is one of the methods developed to alleviate
the rise of ICP. DRIFT is conducted by administering
a sub-systemic dosage of tissue plasminogen activator
intraventricularly [2, 7]. DRIFT was reported to have bet-
ter neurodevelopmental outcomes compared to standard
management [4]. Basically, the DRIFT and NEL treat-
ment’s goal is to eliminate the intraventricular blood
clots.

PHH remains a critical illness with a high cognitive,
motor, and sensory impairment risk [7]. The ventricular
system’s increased pressure, distortion, and neurotoxic and
inflammatory consequences induce gradual brain damage
and alseque nt neuro-disability, which issometimes severe
[8]. In 48801' newborns with a grade 4 IVH and receiv-
ing shunt, severe cognitive disability (Mental Dcvcloprajl
Index [MDI] 50) was identified [7]. It is also the leading risk
factor for special educational needs in children of school
age [2].

Thus, the main goal of treatment for PHH in neonates
with IVH management is to clear the intraventricular hema-
toma. This meta-analysis was conducted to evaluate the
benefits of reducing shunt dependency, infection risk, and
neurofunctional outcome in removing the intraventricular
hematoma. The recommended treatment should not only be
effective, but it should also be capable of reducing severe
disability.

Material and methods
General information and literature search strategy

The selection of studies was carried out with PRISMA (Pre-
ferred Reporting Items for Systematic Review and Meta-
Analysis Protocol) method guideline. The data was collected
from PubMed, ScienceDirect, Cochrane Library, and Google
Scholar.

Eligibility criteria

Articles included in this review were clinical study com-
paring ventricular lavage (VL) with standard treatment for
neonatal posthemorrhagic hydrocephalus or intraventricu-
lar hemorrhage-induced ventricular dilatation, published
in English or Bahasa between 2000 and 2021, information
regarding the safety and efficacy of ventricular lavage as the
first-line therapy for posthemorrhagic hydrocephalus.

Proceeding articles, editorials, commentaries, or publica-
tions without a peer-review process were excluded. Congeni-
tal, infection, tumor, and spinal dysraphism-related hydro-
cephalus were excluded.
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Information source and search strategy

We systematically searched the lileraluredenlify relevant
articles using PubMed, ScienceDirect, Cochrane Library,
and Google Scholar for articles published from January 2000
to December 2021 using keywords in our search strategy
below (Table 1). We also performed a hand-search of refer-
ences listed in relevant articles to identify additional primary
studies and minimalize bias.

Statistical analysis

This meta-analysis utilized Revman version 5.4 from the
Cochrane Review. Quantitative data were presented as odds ratio
(OR), and risk ratio (Rahe given data were based on a 95% con-
fidence interval (CI). Fixed-effects model (FEM) and Random-
effects model (REM) were adopted in the meta-analysis.

Results
Data collection

The extracted data included bibliographic data and safety
and efficacy results (shunt dependency, infection rate,
and neurofunctional outcome). The data extraction was
conducted independently by three investigators, and any
disputes were resolved by the senior author. The PRISMA
flow diagram represents the systematic search (Fig. 1).

Table 1 Keywords search strategy

(Posthemorrhagic ventricular dilatation)

[

(Intraventricular hemorrhage) OR (Germinal matrix hemorrhage)
#1 OR #2

(Ventricular Lavage)

(Neuroendoscopic lavage) OR (endoscopic irrigation)

#4 OR #5

(Cerebrospinal fluid diversion) OR (Cerebrospinal fluid shunt)

on =1 O oLh e

( Ventriculoperitoneal shunt) OR (Ventriculosubgaleal shunt) OR
(Lumboperitoneal shunt) OR ( Lumbar drainage) OR (Ventricu-
loatrial shunt) OR (CSF tapping) OR (Ommaya reservoir) OR
(Temporary CSF diversion) OR (External ventricular drainage)

9 #7OR#8

10 (Treatment timing)
11 (Treatment strategy)
12 #10 AND#11

13 (Outcome) OR (Neurodevelopmental outcome) OR (morbidity)
OR (Mortality) OR (Shunt dependency) OR (Shunt conversion)
OR (Shunt requiring)

14 #3 AND #6 AND #9 AND #12 AND #13
15 (Infants) OR (Pediatrics)
16 #14 AND#15
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Risk of bias analysis

The ncsu]tﬂthc bias risk assessment of the included studies was
measured using the risk of bias t(xmvclopcd by the Cochrane
Methods Bias Group member risk. For non-randomized studies,

we used the risk oﬂs in non-randomized studies of intervention
(ROBINS-I) and version 2 of the Cochrane risk of bias tool for
randomized trial (RDB-2Lhc randomized studies. We have
data (not shown) to show normal distribution results with some
acceptable deviations. Thus, the eligibility of the literature 1s high.

[ Identification of studies via databases and registers }
Records removed before
5 screenfn_g:
Records identified from*; I(?]uﬂlcza;g)records removed
ggla:gtzs;gt.s{én_g)ZJSZ) Records marked as ineligible
9 - by automation tools (n =123)
Records removed for other
reasons (n =56)
J— v
Records screened , Records excluded**
(n=725) (n =601)
Y
Reports sought for retrieval . | Reports not retrieved
(n=124) " (n=79)
v
or eliaibil
Reports assessed for eligibility

(n =45)

A J
Studies included in review
(n=5)
Reports of included studies
(n=7)

Reports excluded:
Non open access (n =29)
Published in spanish (n =2)
Published in chinese (n =1)

Fig.1 PRISMA (Preferred Reporting Items for Systematic Review and Meta-Analysis Protocol) flow diagram
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VL Comventional Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
‘Whitelaw 2009 16 39 15 38 252% 1.07 [0.43, 2.65] 2009 —
Schulz 2014 11 19 10 10 13.3% 0.06 [0.00,1.26] 2014 [
Etus 2015 14 23 44 51 23.8% 0.25[0.08,0.79] 2015 —_—
Park 2020 = 21 ra 22 16.5% 0.01 [0.00,0.08] 2020 +—=———
Frassanito 2021 2 24 35 39 M.2% 0.80[0.16,3.93] 2021 —_—
Total (95% CI) 126 160 100.0% 0.22[0.05, 0.97] i
Total events 65 125
Heterogeneity, Tau®*= 2.11; Chi*= 18.60, df= 4 (P = 0.0009); F= 78% 0001 o1 10 1000

Test for overall effect: Z= 2.00 (P = 0.05)

Favours [VL] Favours [Conventional)

Fig.2 Forest plot for shunt dependency after ventricular lavage (VL) compared to standard treatment

Quantitative analysis

The authors conducted the meta-analysis into several
groups of analysis for the specific outcome, which were
carried out on homogenous studies for each analysis group
(shunt dependency after VL, infection rate after VL, severe
neur@clion al outcome after VL, neurofunctional out-
come in the early treatment group versus the late treatment
group).

The VL treatment group seems to have less need for
permanent CSF diversion compared to the standard treat-
ment group (ventriculoperitoneal shunt, ventriculosubgaleal
shunt, extra-ventricular drainage, lumbar drainage, lumbo-
peritoneal shunt) during the follow-up and statistically sig-
nificant (OR=0.22; 95CI 0.05 to 0.97; p =0.05; Fig. 2).

Re garding the infection rate, the a, treatment group has
less risk of infection compared to the standard treatment
group (RR=0.20; 95CT 0.07 to 0.59; p <0.05; Fig. 3).

The VL treatment group seems to have no significant dif-
ference compared to the standard treatment group for severe
neurofunctional outcome events (OR =0.99; 95CI10.13 to
7.23; p=0.99; Fig. 4).

The early approach treatment group is better compared
to the late approach treatment group for mitigating severe
neurofunctional outcome events (OR =0.14; 95CTI 0.06 to
0.35; p<0.05; Fig. 5).

Discussion

Since standard management of using lumbar punctures or
ventricular drainage had a poor result in functional out-
come, other methods are proposed. Ventricular lavage was
introduced to decompress early and clear blood clots. The
commonly known techniques for ventricular lavage were
DRIFT and NEL [6]. The outcomes evaluated in this study
were shunt dependency, infection rate, and neurofunctional
outcome.

Shunt dependency

Schulz reported that the period of eventually needing a per-
manent shunt iamger in the VL group compared to the
standard group (temporary CSF diversion: lumbar punctures,
a ventricular access device, or an external ventricular drain)
[9]. Our data showed that the VL group is significantly less
shunt dependent than the standard treatment group (11 of
19 patients vs. 10 of 10 patients). However, in the standard
group, repeated CSF removal is required immediately after
surgery and on a regular basis [9].

Etus also reported a significantly lower rate of
shunt dependency in the VL group compared to those
received standard treatment [1]. The discrepancy in the
population size between these two groups due to the

VL Comventional Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl Year M-H, Fixed, 95% CI
Schulz 2014 2 19 5 10 33.5% 0.21 [0.05,0.90] 2014 —
Etus 2015 1 23 16 51 50.9% 0.14(0.02,098] 2015 —_——
Frassanito 2021 1 24 4 39 156% 0.41[0.05,3.42] 2021 —
Total (95% CI) 66 100 100.0%  0.20 [0.07, 0.59] B o=l
Total events 4 25
Heterogeneity: Chi*= 0.55, df= 2 (P = 0.76); F= 0% b= -+ - - e

Test for overall effect Z=2.92 (P = 0.004)

Favours [VL] Favours [Conventional]

Fig.3 Forest plot for infection event after ventricular lavage (VL) compared to standard treatment
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VL Conventional Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, R 95% Cl_Year M-H, Random, 95% CI
Whitelaw 2009 11 kil 19 32 §2.5% 0.38[0.14,1.04] 2009 ——
Luyt 2020 23 27 16 24 475% 2.88[0.74,11.19] 2020 T—
Total (95% CI) 58 56 100.0% 0.99[0.13, 7.23] *‘
Total events 34 35

[T = . 2= - - O . I JI - {
Heterogeneity: Tau®=1.69; Chi*=551,df=1 (P=0.02); F=82% 001 01 10 100

Test for overall effect Z=0.01 (P = 0.99)

Favours [VL] Favours [Conventional]

Fig.4 Forest plot for severe neurofunctional outcome after ventricular lavage (VL) compared to standard treatment

ventriculosubgaleal shunt being included into the stand-
ard treatment together (23 patients vs. 51 patients, respec-
tively) [1] might have a significant impact on the overall
quantitative analysis.

Park utilizes ventricular lavage (with a fibrinolytic thera-
peutic strategy using urokinase) to manage PHH. Eighteen
out of 21 patients (86%) receiving VL did not require perma-
nent shunt placement, which was considered a great success
[5]. Although this result might cause this group’s sample
population heterogeneous (1> =78%).

On the contrary, Whitelaw and Frassanito reported that
ventricular lavage treatment did not reduce the shunt depend-
ency rate. Whitelaw reported that VL did not reduce the need
for permanent shunt with a comparable number between VL
and the standard treatment group (16 of 39 patients vs. 15 of
38 patients, respectively) [1]. Frassanito reported that shunt
dependency is similar in the group receiving ventriculo-
subgaleal shunt (VSgS) compared to those receiving VSgS
and VL?, although these results may be caused by the small
number of patients, timing of surgery, and other factors [3].

Infection rate and multiloculated hydrocephalus

Schulz reported a lower infection rate in the VL group. This
might be caused by a maller number of serial CSF punc-
tures in the VL group. The rate of multiloculated hydro-
cephalus were also lower since this comaon is usually pre-
cipilalca:yy the previous infection. In a study by Etus et al.,
the VL group had a significantly lower rate of infection and

multiloculated hydrocephalus compared to the group with
standard treatment or VS¢S [1].

In line with Schulz, Frassanito reported that the group
receiving VS¢S and VL had a lower infection rate (4.2%) than
the group with VSgS§ only (10.3%). In this study, multilocu-
lated hydrocephalus was also lower in the VSgS and VL group
(20.8%) compared to those only receiving VSg8 (23.1%). VL
was able to lower the rate of multiloculated hydrocephalus
since it decreased blood clot and protein load [4].

Neurofunctional Outcome

In PHH, multiple blood clots inilly restrict CSF reab-
sorption but eventually progress to chronic arachnoiditis of
the basal tcrns with extracellular matrix protein deposi-
tion [10]. Approximately half of all infants with PHH have
an early hemorrhagic infarction of periventricular white
matter. a)wever, over the next few weeks, pressure, dis-
tortion, free radical gcncrmn facilitated by free iron, and
inflammation may cause progressive injury to the imma-
ture c&bral hemispheres globally [2]. This mechanism
leads to the high probability of severe cognitive, motor,
and sensory disability in children with PHH.
Decompressing early and clearing the blood clots in the
ventricle may lead to a better neurofunctional offfEbme.
This study reported that in 2 yea with adjusted gender,
birth weight, and IVH grade: the reduction in the primary
long-term outcome, death or severe impairment in the VL
group attained statistical significance compared to the

Early Late Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Leijser 2018 7 62 14 27 T0.3% 0.12[0.04,0.35]
Park 2020 4 17 9 15 29.7% 0.21 [0.04, 0.94] . —
Total (95% CI) 79 42 100.0%  0.14 [0.06, 0.35] -
Total events 1 23

Heterogeneity: Chi*= 0.33, df=1 (P = 0.56); F= 0%
Testfor overall effect: Z=4.28 (P < 0.0001)

0.01

01 10
Favours [Early] Favours [Late]

100

Fig.5 Forest plot for neurofunctional outcome in early approach compared to late approach
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standard treatment. Furthermore, severe cognitive impair-
ment was substantially halved and was statistically sig-
nificant, while the sensorimotor outcome was unremark-
able statistically. This may be explained by the presence
of periventricular white matter infarction, and VL cannot
undo this condition [7].

Luyt also conducted a long-term follow-up of 10 years
in patients who underwent VL management. It shows
that VL in preterm children wil[a’HH after severe IVH
enhances cognitive function at a 10-year follow-up when
birth weight, IVH grade, and sex are considered. This find-
ing 1s significant since it follows the patient until middle
school age, thus further proving the benefit of VL in the
long-term neurocognitive outcome [2].

Leijser and Park conducted a study for the neurocogni-
tive outcome based on the treatment’s timing [5, 11].

Park used a ventricular lavage method with urokinase
injections and compared the group with early ventricular
lavage (within 3 weeks of IVH) and those who had late
ventricular lavage (after 3 weeks of IVH onset). A good
functional outcome was in patients who underwent early
lricular lavage. The functional outcome evaluated were
lower limb function and walking ability: upper limb func-
tion and feeding ability; and cognitive function and speak-
ing capacity. All domains were statistically significant bet-
ter in the early treatment group (p <0.05) [5].

Leijser compared two different timing approaches for
PHH, the early approach by using temporary CSF drain-
age with lumbar punctures or ventricular reservoir fol-
lowed by permanent shunt; and the late approach by using
clinical signs of increased intracranial pressure to start
the placement of a permanent shunt. The study shows
that, regardless of intervention, infants receiving an early
approach have essentially expected early cognitive and
motor outcomes, even when a permanent shunt is eventu-
ally required. Infants who receive LA, on the other hand,
have poor cognitive and motor outcomes if intervention is
ultimately required. With the LA, the VP-shunt rate and
shunt-related complications were also higher [11].

The poorer neurodevelopmental outcomes in infants
who received late intervention suggest that progressive
ventricular dilatation and prolonged pressure are harmful
to immature white matter. Even if CSF pressure is restored
to normal at a later point, the white may no longer be able
to heal [12].

Although included in the meta-analysis, NEL could
also improve brain development and avoid secondary dam-
age by reducing triggered inflammation. NEL itself had a
similar principle with VL, but less invasive and more con-
trolled settings [6].

Since ventricular lavage is a feasible technique to remove
degraded intraventricular blood residual in post-hemorrhage

@ Springer

hydrocephalus, this procedure can reduce the shunt depend-
ency risk caused by arachnoiditis-related hydrocephalus due
to the high load of degraded blood products. Another substan-
tial burden is the multiloculated hydrocephalus caused by the
development of PHH and CSF infection. Our review shows that
awell-tolerated ventricular lavage has less risk of infection rate,
which may mitigate multiloculated hydrocephalus and may fur-
ther contribute to reducing shunt dependency rate.

White matter damage due to ventricular dilatation and
neurotoxic and inflammatory responses from blood prod-
ucts intraventricular may deteriorate the neuro-disability. On
the contrary, our meta data shows that ventricular lavage
has no benefit in the neurofunctional outcome. To date, the
main goal in treating PHH has been to reduce mortality,
shunt dependency, and infection risk. The further mission
1s to improve neurofunctional prognoses which need further
search for a novel treatment for PHH in the future.

Study limitations

This review includes both DRIFT and NEL as a single treat-
ment group; thus, the treatment’s primary goal is similar, to
decompress early and clear blood clots of the IVH.

According to the treatment’s timing, Leijser and Park had
different treatment strategy, but our metadata shows a prom-
ising result that the early treatment of the IVH may give
benefit the neurofunctional outcome.

Conclusions

Ventricular lavage may reduce the shunt dependency rate
on the PHH in infant patients by mitigating multiloculated
hydrocephalus caused by the inflammatory reaction of the
IVH. Furthermore, it may decrease the shunt’s related infec-
tion rate.

The early IVH treatment may benefit the neurocognitive
outcome since this treatment aims to eliminate the progres-
sive inflammatory reaction caused by the free iron from the
blood clot.

Supplementary Information The online version contains supplemen-
tary material available at https://doL.org/10.1007/s00381-022-05790-3.
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