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Intraventricular hemorrhage (IVH) is characterized by severe prognosis. The amount of
intraventricular blood is the most important, disease-specific, prognostic factor, as
acute complications are strictly dependent on clot formation. Although external
ventricular drain (EVD) placement is the standard treatment, in the past 15 years
neuroendoscopic (NE) evacuation of IVH has been advocated, but available compara-
tive data are limited. A systematic review of the literature was performed according to
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines. Included articles compare the treatment of primary and secondary IVH with NE
and EVD. The meta-analysis was performed in terms of shunt dependency. Cochran’s
Q-test and 12 statistics were used to assess heterogeneity in the studies. No
heterogeneity was considered for p greater than 0.05 and 12 less than 20%. A
random-effect model was used, with restricted maximum likelihood to estimate the
heterogeneity variance. After screening 744 articles, 5 were included in the meta-
analysis. A total of 303 patients presenting with primary or pure (50 patients)
and secondary (253 patients) IVH, undergoing either NE (151) or EVD (152), were
included in the metanalysis. The risk of ventriculoperitoneal (VP) shunt was higher in
the EVD group (relative risk: 1.93, 95% confidence interval: 1.28-2.92, p =0.0094). The
risk of VP shunt was higher in the EVD group, but the overall outcome remains poor for
patients with IVH, with a moderate-to-high disability. Large randomized controlled
trials are needed to evaluate more deeper both advantages and effects on the outcome
of NE over EVD.
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Endoscopic Treatment of Ventricular Hemorrhage Reduces Shunt Dependency

Key Messages

* EVD placement is the standard emergency management
for intraventricular hemorrhage.

 Blood clots hinder the proper functioning of the EVD and
the physiopathology of IVH-related damage is not
resolved.

* NE procedures allow to rapidly and totally restore cere-
brospinal fluid dynamic if also the fourth ventricle is freed
from blood clots, reduce the rate of VP shunts, risk of
intracranial rebleeding, and risk of infection.

Introduction

Intraventricular hemorrhage (IVH), primary or secondary to
intracerebral hemorrhage (ICH) and subarachnoid hemor-
rhage (SAH), is commonly recognized as a poor prognostic
factor, with an estimated mortality of 50 to 80% and less than
40% of patient alive at 1-year follow-up.'™* Together with
neurological status at admission, the amount of intraventric-
ular blood is the main prognostic factor, as it causes multiple
noxious effects: impairment of cerebrospinal fluid (CSF)
circulation, intracranial hypertension, and acute or delayed
hydrocephalus.>™” As an emergency procedure, external
ventricular drain (EVD) placement is the standard manage-
ment."3~"" However, particularly in the presence of large
quantities of blood, different authors adopted neuroendo-
scopy (NE) as more aggressive treatment to evacuate IVH,
advocating a rapid removal of intraventricular clots with an
immediate resolution of intracranial hypertension and, con-
sequently, substantial advantage on both short- and long-
term prognosis over EVD.'-'2-6 Different studies have in-
deed shown that NE can positively impact the outcome of
IVH, especially lowering the shunt-dependency rate com-
pared with EVD, but the small sample size did not allow to
reach statistically significant results.'?'®17 This meta-anal-
ysis summarizes the data of available comparative studies
and comprehensively evaluates the ventriculoperitoneal
(VP) shunt rate (SR) in patients with IVH treated with NE
or EVD.

Materials and Methods

Search Strategy

We searched MEDLINE (Ovid), EMBASE (Ovid), Science Citation
Index (SCI-E), and Web of Science for articles published
between Jan 1, 2000, and Dec 31, 2021, with the terms
“intraventricular hemorrhage,” “intracerebral hemorrhage,”
“intraparenchymal hemorrhage,” “typical brain hemorrhage,”
“external ventricular drain,” “neuroendoscopy,” “shunt depen-
dency” and “ventriculoperitoneal shunt,” with “AND” and “OR”
combinations. The systematic review is reported in =Fig. 1
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines.'®

Inclusion and Exclusion Criteria
Inclusion criteria were (1) studies comparing the treatment
of spontaneous (primary and secondary) IVH with NE and
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EVD only, (2) use of SR in the outcome, and (3) English
language. Exclusion criteria were (1) IVH of the newborn and
(2) application of simultaneous intraventricular fibrinolytic.

Quality Assessment and Data Extraction

Articles were imported into the reference management
software Mendeley (version 1.19.4) and duplicates were
removed. Titles and abstracts of retrieved records were
examined by S.G. and nonrelevant citations were excluded;
20% of randomly selected excluded citations were double-
checked by FA. and Z.L. For each study, the following data
were extracted: (1) authors and year of publication,
(2) number of patients included in NE and EVD groups,
(3) Glasgow Coma Scale (GCS) and Graeb score at admission,
(4) VP SRs in both groups, (5) postoperative complications
(i.e., ventriculitis and rebleeding) and outcomes defined as
modified Rankin Scale (mRS) and Glasgow Outcome Scale
(GOS).

Statistical Methods

Descriptive statistics were used to analyze postoperative
complications and outcomes. The meta-analysis was per-
formed to investigate the VP SRs, in the statistical software R
version 3.6.3 (R Foundation for Statistical Computing,
Vienna, Austria), using the meta-packages.'®?® Cochran’s
Q-test and 12 statistics were used to assess heterogeneity
in the studies included in the meta-analysis.

No heterogeneity was considered for p-value greater than
0.05 and I2 less than 20%. A random-effect model was
therefore used for the meta-analysis, with restricted maxi-
mum likelihood to estimate the heterogeneity variance.

Results

Literature Review

The initial literature search yielded 731 articles. On review of
titles and abstracts, 706 articles were excluded. Twenty-five
articles were selected for full-text screening, of which five
met inclusion criteria. Twenty articles were excluded as they
included pediatric and newborn patients (6 articles), evacu-
ation of ICH and not IVH (6 articles) or because not compar-
ing the two treatments (8 articles). =Fig. 1 shows the flow
chart according to the PRISMA statement.'®

Study Characteristics

Of the included studies, three were randomized controlled tri-
als'®1217 and the remaining two were retrospective studies.”' A
total of 303 patients were considered for statistical analysis. The
main variables of the included studies are reported in =Table 1.

Demographics and Presentation

Baseline demographic data and clinical presentation of the
patient population are summarized in = Table 1. The mean age
was 61.7 years (range: 51.3-70.6 years). GCS at presentation
ranged from 5 to 9 in the NE group (mean: 7.5) and from 5 to 10
(mean: 8) in the EVD one. Graeb score ranged from 6 to 10 in
the NE group (mean Graeb score 8) and from 4 to 9 in the EVD
group (mean Graeb score 6). Only Di Rienzo et al specified
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Fig. 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart about the articles included in this study. EVD,
external ventricular drain; ICH, intracerebral hemorrhage; NE, neuroendoscopy.

Table 1 Baseline and demographics characteristics of the studies

Author, year Study Year Patients | Age GCS NE | GCS EVD | Graeb NE | Graeb EVD
Chen et al, 20112 RCT 2011 | 48 63.9 | 8.54 9.83 6.9 4.54
Johnson et al, 20177 | RCT 2017 | 39 513 | 9.8 9.2 - -

Shimizu et al 20190 RCT 2019 | 68 70.6 | 7.59 8.05 6.17 5.74

Di Rienzo et al 2020%" | Retrospective | 2020 | 52 65.5 | 4.96 5.22 - -
Basaldella et al, 2012' | RCT 2012 | 96 57.1 | 6.6 7.2 9.75 8.5

Abbreviations: EVD, external ventricular drain group; GCS, Glasgow Coma Scale; NE, neuroendoscopy group; RCT, randomized controlled trial.

patients’ drug assumption, reporting 15 patients who were on
antiplatelet or anticoagulant therapy.?’

Shunt Rate and Overall Outcome
The metanalysis showed a higher risk of VP shunt in the EVD
group than the NE one (relative risk [RR] 1.93, confidence

interval [CI] 95% 1.28-2.92, p=0.0094) (~Fig. 2). The 70.4
(range: 50.0-91.7%%) and 37.2 (range: 16.7-76%) of patients
treated with EVD only and NE, respectively, required a VP
shunt (=Table 2). Chen et al reported a SR of 47.62% in the NE
group and 90.48% in the EVD group (RR: 2.0).'% Di Rienzo et al
reported SR of 28.35% in the NE group and 35.93% in the EVD
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Study Weight (%) Patients EVD NE EVD-shunt NE-shunt Risk Ratio
Chen 16.8 48 24 24 22 11 HH 2.00
Johnson 12.9 39 23 16 15 3 —a— 3.48
Shimizu 224 68 30 38 18 11 HlH 2.07
Di Rienzo 17.2 52 27 25 23 19 HEH 1.12
Basaldella 317 96 48 48 24 8 = 3.00
Total 100 303 152 151 102 52 ’ 1.93
T T Trrn

050 1.0 20 40 80

Fig.2 Forest plot of estimated results of the meta-analysis comparing EVD and NE in terms of VP shunt rate. NE, neuroendoscopy; EVD, external

ventricular drain; VP shunt, ventriculoperitoneal shunt.

group (RR: 1.12).2! Shimizu et al reported at 3 months the
shunt dependency was 27.8% in patients treated with NE as
compared with 60.0% in patients treated with EVD (RR:
2.07)."0 A retrospective analysis from Basaldella et al reported
aSRof17% in the NE group and 50% in the EVD group (RR: 3.0).!
Johnson et al reported at 3 months that the drainage depen-
dency was 18.8% in patients treated with NE as compared with
65.2% in patients treated with EVD (RR: 3.48)."” The mean
follow-up duration was 5.6 months (range: 3-12). Heteroge-
neous data were reported about the outcome: a mRS of 0 to 4
was documented in the 50 and 56% of patients treated with
EVD and NE, respectively. On the other hand, half of the
patients treated with EVD and only 43.8% of those treated
with NE were described with a mRS of 5 to 6 at the last follow-
up. The mean GOSwas 3.1 and 3.2 for the EVD and NE patients,
respectively. The mean mortality at 30 days was 14.1% for EVD
and 19.6% for the NE group (=Table 2).

Treatment Modality and Complications

Atotal of 151 patients underwent NE evacuation of IVH with
the consequent insertion of the ventricular catheter and 152
patients underwent only EVD placement (=Table 2). Only
Basaldella et al used a flexible endoscope to remove blood
clots.! Two studies reported data about the duration of EVD

Table 2 Outcome measures at the last follow-up

catheter: in the EVD group the duration was 9.5 days (range:
5.15-14 days) and 7 days (range: 3.9-10 days) in the NE
group. Three patients in the EVD group and one patient
treated with NE procedures developed ventriculitis. No
sufficient data were available to describe the postprocedure
Graeb score. Di Rienzo et al reported an EVD occlusion of 0%
in the NE group but in the EVD-only group, 26 and 18.5% of
patients present temporary or permanent occlusion, respec-
tively.?! Regarding the length of stay, Chen et al and Basal-
della et al reported a mean intensive care unit (ICU) stay of
18.5 and 12 days in the EVD and NE group, respectively."'2

Heterogeneity and Sensitivity Analysis

Statistical heterogeneity across all the included studies was
generally high. Significant heterogeneity with I? greater than
50% was observed in the meta-analysis of SR (1> =66.31%). In
detail, the sensitivity analysis showed that the heterogeneity
for SR was reduced to I> = 0% after omitting the study by Di
Rienzo et al.

Discussion

IVH is a serious condition with very high mortality of more
than 50% and a high percentage of disability among

Author VP shunt EVD (%) | VP shunt NE (%) | Follow-up | mRS EVD | mRS NE | GOS EVD | GOS NE
Chen et al, 20112 90.5 47.6 3 - - 3.3 3.1
Johnson et al, 2017'7 | 65.2 18.8 - - - -

Shimizu et al, 2019'% | 60 27.8 - - - - -

Di Rienzo et al, 2020%' | 85.2 76 6 3.6 3.4 - -
Basaldella et al, 2012 50 16.6 12 2.8 3.7 - -

Abbreviations: EVD, external ventricular drain; GOS, Glasgow Outcome Scale; mRS, modified Rankin Scale; NE, neuroendoscopy group; VP shunt,

ventriculoperitoneal shunt.
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survivors.?? The ever-increasing use of anticoagulant and
antithrombotic drugs worsens the prognosis, especially in
elderly patients.>'*23 Even though there is a substantial
lacking of standardized data and hence major evidence is
needed to support the use of NE procedure in the evacuation
of intraventricular hematoma, our meta-analysis suggests
that the posthemorrhagic shunt-dependency rate is signifi-
cantly lower in the NE group than in the EVD group.

Classically, EVD placement is adopted both to monitor and
treat ICP in the setting of IVH. Blood clots, however, hinder
the proper functioning of the EVD, and the physiopathology
of IVH-related damage is not resolved anyway. Indeed, EVD
placement is recognized as a factor predicting shunt-depen-
dent hydrocephalus in aneurysmal SAH.>* Other techniques
have been described in the literature, with the main purpose
of rapidly evacuating hematoma and avoiding blood clot
formation. Intraventricular injection of fibrinolytic agents
(intraventricular fibrinolysis [IVF]) was initially reported as
an effective and safe procedure to ameliorate prognosis in
IVH.?>~28 However, the CLEAR III trial concluded that irriga-
tion with alteplase, although lowering the mortality rate, did
not improve outcome with more patient presenting mRS
grade 5 at follow-up.?®

Endoscopic removal of ventricular hematoma is not a
novelty: the first case was reported by Ritschl and Auer in
1987.3% In the first years, only rigid endoscopes were used
with variable success rates determined first by technical
limitations. With the advent of flexible endoscopic instru-
ments, ventricular hemorrhages removal through NE proce-
dures gained significance.”'3-1>31  Different authors
reported a reduction in shunt-dependency rate,"'%>'® length
of stay in ICU,3? and hydrocephalus resolution in patients
treated with NE techniques.33 Two randomized-controlled
trials did not find statistically significant differences in the
mortality rate between EVD and NE groups,'®'® while two
nonrandomized controlled trials concluded that patients
treated with NE procedures had a lower mortality rate
than the EVD group.'’3* A network meta-analysis by Mei
et al concluded that, in patients treated for IVH, NE and
EVD + IVF resulted in better survival and prognosis.® More-
over, NE had the lowest rate of VP shunts, risk of intracranial
rebleeding, and risk of infection. As a network meta-analysis,
the statistical method requires that all procedures are equal-
ly indicated to all populations and contexts: however, high-
level evidence for the choice of EVD only, EVD +IF, and NE
procedures is lacking. As the sole example, fibrinolysis is
contraindicated in the case of secondary IVH due to a
vascular malformation rupture.

NE procedures allow to rapidly and totally restore CSF
dynamic if also the fourth ventricle is freed from blood
clots.’® The use of the flexible endoscope, reaching deeper
ventricles region than the rigid one, could potentially bring
greater benefit. Unfortunately, because of the extremely low
number of patients, no statistical comparison is feasible in
our analysis between flexible and rigid endoscope.

Regarding the potential complications of IVH surgery, the
postsurgical meningitis related to a ventricular device place-
ment is one of the most severe ones with an estimated
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mortality of approximately 30%.3° In this setting, NE could
provide serious benefits lowering the infection rate because
of a potential reduction in the EVD length of stay.

Limitations of the Study

Our meta-analysis has several limitations. First, the study is
limited by both the retrospective nature of two studies and the
small number of publications in the specific domain (i.e., NE
removal of ventricular hemorrhage). Moreover, both the de-
mographic data and the outcome measures are highly hetero-
geneous in the articles and no stratification or conclusions
could be defined about the functional outcome. Only one of the
five papers specified drugs assumption (i.e., antiplatelets or
anticoagulant therapy), and their potential interaction with
the outcome could not be investigated. The meta-analysis
includes patients treated both with rigid and flexible endo-
scope: given the capability of fiberscopes to remove blood clots
from the fourth ventricle, the results with this technique could
be improved than the rigid instrument. However, a large-high-
quality prospective study is mandatory to investigate this
possibility. Another limitation is related to the decision making
in VP shunt positioning: indications for permanent shunt
placement are, in fact, highly institutional and surgeon depen-
dent and this could impact the reported SR.

Conclusion

This study, through a meta-analysis, directly compares the
results of NE and EVD in the setting of IVH treatment. NE
evacuation of IVH led to a significantly lower shunt-depen-
dency rate. Moreover, shorter catheter duration and fewer
cases of infection were reported in the NE group. The overall
outcome remains poor for patients with IVH, with a moder-
ate-to-high disability.

New advances in IVH treatment with endoscope could
deeper differences between classical EVD techniques and NE
ones. However, large randomized controlled trials are need-
ed to evaluate effects on the outcome. Moreover, the poten-
tially higher advantage of flexible endoscope technology
needs to be investigated.
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