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Abstract: Objective: Shunting is commonly used in patients with idiopathic normal pressure hydrocephalus (iNPH).
However, evidence comparing the relative effectiveness and safety of different iINPH shunting methods is lack-
ing. Therefore, this systematic review investigated the efficacy and safety of different iINPH shunts. Methods: The
PubMed, Embase, Cochrane Central Register of Controlled Trials (CENTRAL), and Web of Science databases were
systematically searched for articles comparing iNPH shunting from inception to July 29th, 2023 to identify ran-
domized controlled trails or cohort studies comparing iINPH shunting with placebo or other treatment. Evidence
was summarized using fixed and randomized effects frequentist meta-analysis when the 12 was <50% and >50%,
respectively. Subgroup analysis based on different study designs and surgical procedures was conducted to explore
sources of heterogeneity. The sensitivity analyses were conducted by systematically excluding each study to deter-
mine the potential effect of individual studies on overall risk. Results: Eleven studies including 1417 participants
were initially identified. All included randomized controlled trials had a high risk of bias, while cohort studies had
a low risk of bias. Ventriculoperitoneal (VP) shunting was effective at decreasing the times of 10m walks (MD=
-2.52, 95% Cl: -4.78 to -0.26, 1°=0), while lumboperitoneal (LP) shunting was effective at improving cognitive level
(MD=1.29, 95% CI: 1.09 to 1.49, 1?=0), 10 m walks (MD=-32.20, 95% Cl: -48.07 to -16.33), and bladder control
(MD=-0.25, 95% CI: -0.35 to0 -0.15, I1>=76). Regarding adverse events, the VP and LP groups showed no differences
in subdural hematoma, intracranial infection, intracranial hemorrhage, tube-related complications, or seizures.
Compared with VP shunting, ventriculoatrial shunting was associated with a higher risk of subdural hematoma.
Conclusion: VP and LP are the best medical treatments for patients with iNPH.
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Introduction

Idiopathic normal-pressure hydrocephalus (iN-
PH) is a degenerative disease of the brain
that presents with impaired motion, cognition,
and urinary control (Hakim-Adams syndrome).
Enlarged ventricles and narrow apical sulci
are characteristic manifestations observed on
computed tomography (CT) and magnetic reso-
nance imaging (MRI), while spinal tap tests and
brain pressure monitoring can assist in the
diagnosis of iINPH. Alvi et al. reported that the
incidence of iINPH in the United States ranges

from 300,000 to 700,000 [1]. Some clinicians
have suggested nonsurgical therapies for iNPH,
such as acetazolamide, glucocorticoids, and
neuroprotective drugs. However, these treat-
ments have had limited success, and to date,
no medicine for iINPH has yet been approved by
the Food and Drug Administration [2]. Different
treatments are applied for patients with iNPH,
including ventriculoperitoneal (VP), ventricu-
loatrial (VA), and lumboperitoneal (LP) shunting,
and third ventriculostomy (EVT). VP shunting is
the current standard treatment for patients
with iNPH; however, it is associated with a high-
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er risk of hemorrhage, seizures, and infections
[3]. Conversely, in Japan, patients with iNPH
prefer LP to VP [4]. Patients were more likely to
undergo lumbar surgery than cranial surgery.
However, LP has been reported to have higher
rates of failure and symptomatic over-drainage
[3]. Although VA shunting provides intraopera-
tive confirmation of the placement and a con-
sistent low-pressure outlet, it is associated with
a higher risk of cardiopulmonary complications
[5]. With the development of neuroendoscopy,
EVT has become a widely-accepted treatment
option for iNPH, as it does not require implant
shunt surgery, and has a positive effect on
disease course [6]. Although shunting surger-
ies are recommended for patients with iNPH
according to practice guidelines in America,
England, Japan, and China (Level C) [7-9], the
vast majority of articles used to inform these
guidelines were uncontrolled observational
studies with low literature quality, which merely
reported clinical improvement after shunt sur-
gery with inconsistent results [10-12]. To date,
there is a lack of high-level evidence evaluating
the safety and efficacy of shunting surgery.
Thus, this systematic review and meta-analysis
aimed to evaluate the efficacy and safety of
iNPH after different shunting surgery.

Materials and methods

This systematic review and meta-analysis was
performed in accordance with the Preferred
Reports of Systematic Review and Meta-
Analysis (PRISMA) statements [13]. The proto-
col for this meta-analysis was registered in the
International Prospective Register of Systematic
Reviews (PROSPERO) under registration num-
ber CRD42023452623.

Search strategy

We systematically searched four databases
from inception until June 29, 2023: PubMed,
Embase, the Cochrane Central Register of
Controlled Trials (CENTRAL) and Web of
Science. Medical Subject Headings and free-
text search terms related to “Hydrocephalus,
Normal Pressure”, “Ventriculoperitoneal Shu-
nt”, and “Cerebrospinal Fluid Shunts” were
used. We further tracked the references of
the included studies and relevant systematic
reviews and meta-analyses to identify addition-
al potential studies. A detailed search strategy
is presented in Supplementary Table 1. The lan-
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guage used was restricted to English. Our
search did not apply restrictions on publication
year or status.

Study selection

We imported all searched citations into the
EndNote X9 software, removing duplicate cita-
tions. Subsequently, we used Rayyan, an online
literature management software, to manage
and screen citations [14]. Trial screening was
independently performed by two reviewers
(Xiaowei Liu and Xiyuan Deng). When the deci-
sions of the two reviewers were not in accor-
dance, differences were resolved through con-
sultation with a third reviewer (Bei Pan). We
included randomized controlled trials and/or
cohort studies to assess the efficacy and
safety of idiopathic normal-pressure shunting
in patients with iINPH. The diagnoses of
iNPH were based on international guidelines
(Supplementary Table 2) [15]. The outcomes of
interest were as follows: reporting any outcome
in at least one of the three clinical areas (e.g.,
gait, urinary incontinence, or cognition) and/or
describing adverse events. We excluded stud-
ies that involved patients lacking sensory-
motor skills and communication skills at base-
line; that were case-control studies, cross-sec-
tional studies, and systematic reviews and
meta-analyses; studies without a control group
or where the control group was the non-iNPH
population.

Data extraction

We created a standard data collection form for
the reviewers to use when extracting the data.
Two reviewers (Xiaowei Liu and Xiyuan Deng)
independently extracted the following data: (1)
general information of the included studies,
including the name of the first author, country,
year of publication, study design, type of inter-
vention, and study duration; (2) baseline char-
acteristics of the participants, including sex,
age, smoking or diabetes condition, and sam-
ple size; and (3) outcomes of interest, including
the scale of clinical areas (e.g., gait, urinary
incontinence, or cognition) and adverse ev-
ents. Conflicts of interest were resolved by a
consensus.

Quality assessment

Two reviewers (Xiaowei Liu and Xiyuan Deng)
independently assessed the risk of bias of each
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of the included randomized controlled trial
(RCT) studies using a modified version of the
Cochrane risk-of-bias tool [16], which used the
following response options: ‘definitely or prob-
ably yes’ (assigned a low risk of bias) and ‘defi-
nitely or probably no’ (assigned a high risk of
bias). Any conflicts of interest were resolved by
a third reviewer (Bei Pan). Individual studies
were classified as low-risk if all nine questions
were low risk (definitely or probably low); other-
wise, we considered them to have a high risk of
bias [17]. Teams of two reviewers independent-
ly assessed the risk of bias of each cohort
study using modified version of the Newcastle-
Ottawa scale, comprising 8 questions [18], to
which we used response options if ‘definitely or
probably yes’ (assigned a low risk of bias) and
‘definitely or probably no’ (assigned a high risk
of bias). Any conflicts were resolved through
discussion or adjudication by a senior reviewer.
We further clarified individual studies as having
low risk or high risk of bias according to the fol-
lowing criteria: (1) if 25 of the 8 questions were
low risk (definitely or probably yes), then studies
were considered as having low risks; (2) if stud-
ies didn’'t meet the criteria for low risk of bias as
detailed above, they were considered as having
high risk [19, 20].

Statistical analysis

A meta-analysis was conducted using Review
Manager software (Revman Version 5.4.1;
Cochrane Collaboration, 2021) and Review
Manager (version 5.4). The level of cognitive
change was measured using different scales,
and scores from different instruments were
converted to the units of the reference scales
[21]. We calculated the odds ratios (OR) with
95% confidence intervals (Cls) for dichotomous
data, and the mean difference (MD) with 95%
Cls for continuous data. If there were no events
in one group, we calculated the rate difference
(RD) instead of OR. Heterogeneity between the
studies were judged based on |2 and Dixons
Q-test. A fixed-effects frequentist meta-analy-
sis was conducted to summarize the evidence
if the 1> was <50%; otherwise, a randomized
effect was used to summarize the evidence.
Subgroup analysis was performed according to
shunt type (VP vs. LP, RCT vs. cohort study). The
sensitivity analyses were conducted by system-
atically excluding each study to determine the
potential effect of individual studies on overall
risk. The test for publication bias was not nec-
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essary to analyze, because the number of
included trials was less than ten [22].

Results
Literature selection

A total of 4117 studies were initially identified,
of which 1800 were duplicates. After reviewing
the titles and abstracts, 27 studies were select-
ed for further review. Of these, 16 were exclud-
ed (wrong study design, 11; wrong population,
3; and wrong outcomes, 2). Finally, 11 articles
met the inclusion criteria, including 4 RCTs and
7 cohort studies. Appendix 1 presents a list of
studies excluded from the full-text screening.
The detailed selection process is illustrated in
Figure 1.

Characteristics of the included studies

Table 1 summarizes the characteristics of the
included studies, which comprised 11 articles,
including four RCTs and seven cohort studies
with 1417 participants (694 male and 723
women) from nine countries. Of these 11 stud-
ies, 2 each were conducted in China, the USA,
and Japan, and all were published between
2009 and 2023. The median age was 75.4
years, the median proportion of women was
51.02%, and the median study period was
three months.

Risk of bias of individual

Figures 2 and 3 show the risks of bias for each
of the RCT and cohort studies, respectively.
Supplementary Tables 3 and 5 show the
detailed guidelines for the risk of bias assess-
ment. All included RCTs were evaluated as hav-
ing a high risk of bias (Supplementary Table 6);
the major limitation was the blind implementa-
tion. Conversely, all of the cohort studies evalu-
ated had a low risk of bias (Supplementary
Table 4).

Clinical improvement

Table 2 summarizes the changes in clinical
symptoms and adverse events following iNPH
shunting.

Cognitive impairment: Eight articles, including
707 participants, reported on cognitive im-
pairment. Six articles compared shunt surgery
with placebo, and the results showed that
shunt surgery could improve cognitive function
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Figure 18). Three trials report-
ed cognitive changes between
the VP and LP, but there was
no significant difference be-
tween the VP and LP groups
(MD=0.19, 95% CI: -0.24 to
0.62, I°=0) (Table 2 and
Supplementary Figure 2). Only
one study, which of Pinto et al.
[6], compared EVT and VP,
finding that cognitive improve-
ment in the EVT group was
lower than that in the VP
group after 3 months. How-
ever, this improvement was
only partially maintained after
12 months of treatment. The
sensitivity analysis revealed
that excluding any individual
study did not alter the overall
results, indicating that the
outcomes were consistent

(n=11)

Figure 1. Study selection process.

(MD=1.41, 95% Cl: 0.11 to 2.71, I’=70%) (Table
2 and Supplementary Figure 1). For the sub-
group analysis of different shunt types, we
found that VP showed no cognitive improve-
ment compared to placebo, with high heteroge-
neity (MD=2.76, 95% Cl: -1.62 to 7.14, I°>=87%),
while LP achieved a better cognitive improve-
ment than placebo (MD=1.29, 95% CI: 1.09 to
1.49, I>=0) (Table 2 and Supplementary Figure
1). We further performed a subgroup analysis
according to study type. In the RCTs, VP showed
no cognitive improvement compared with pla-
cebo (MD=0.11, 95% CI: -1.60 to 1.81, I1°=2)
but LP improved cognitive function better than
the placebo (MD=1.30, 95% CI: 1.10 to 1.50)
(Supplementary Table 7 and Supplementary
Figure 17). In the cohort studies, VP improved
cognitive status (MD=5, 95% ClI: 2.83 to 7.17),
while LP achieved no cognitive improvement
(MD=0.42, 95% Cl: -1.36 to 2.20, I°>=0)

(Supplementary Table 7 and Supplementary
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and reliable (Supplementary
Figures 21 and 22).

Gait disturbance: Six articles

including 261 patients re-

ported on gait disturbances.

Overall, shunt surgery show-

ed no gait improvement on

10m walking time (MD=

-12.56, 95% CI: -28.29 to

3.17, 1>=79%) (Table 2 and
Supplementary Figure 3) compared to placebo.
For the subgroup analysis of different shunt
types, we found that both VP (MD=-2.52, 95%
Cl: -4.78 to -0.26, 1>=0) and LP (MD=-32.20,
95% Cl: -48.07 to -16.33) decreased the
10-meter walking times compared to the pla-
cebo (Table 2 and Supplementary Figure 3). We
further performed a subgroup analysis accord-
ing to study type. In the RCT group, VP improved
the 10 m times compared to placebo (MD=
-2.51, 95% Cl: -4.78 to -0.23, 1°=0) (Supple-
mentary Table 7 and Supplementary Figure
19). In the cohort group, VP didn’'t improve the
10 m times compared to placebo (MD=-19.14,
95% Cl: -46.61 to 8.33, I°=76) (Supplementary
Table 7 and Supplementary Figure 20). Pinto et
al. [6] reported that motor improvement was
greater with VP than with EVT. Sensitivity analy-
sis indicated that heterogeneity mainly resulted
from the Todisco et al. [36], which used LP to

treat INPH (Supplementary Figure 23).
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Table 1. Baseline characteristics of selected articles
SEX  Age (years, Range,

Study  Number of Study

Author year Country M/F mean + SD) Population Intervention Comparsion period participants  type
Luciano [12] 2022 USA 8/10 74.2 (72.1, 76,6) iNPH VP Placebo 4 months 18 RCT
Xie [23] 2021 China 41/35 72.5+7.0 iNPH LP VP 6 months 76 Cohort
Nakajima [35] 2021  Japan 86/70 76 (72,79) iNPH VP LP 3 months 156 Cohort
Todisco [36] 2020 Italy 45/33 76.215.6 iNPH LP Placebo 6 months 78 Cohort
Hung [37] 2017 USA  230/266 73.5(34,91) iNPH VA VP - 496 Cohort
Miyajima [4] 2016 Japan  80/103 75.4+5 iNPH LP Placebo 3 months 183 Cohort
Kazui [25] 2015 Japan 50/43 76.3+4.7 iNPH VA VP 3 months 88 RCT
McGovern [5] 2014 USA 100/87 75.618.4 iNPH VA VP - 234 Cohort
Goms [6] 2012 Brazil 24/18 70 (60, 75) iNPH EVT VP 3 months 42 RCT
Tisell [24] 2011 Sweden 9/5 75 (60, 82) iNPH VP Placebo 3 months 14 RCT
Razay [38] 2009 Australia  21/11 774 (58,91) iNPH VP Placebo 3 months 32 Cohort

iNPH: Idiopathic normal pressure hydrocephalus, VP: Ventriculoperitoneal, LP: Lumboperitoneal, EVT: Third Ventriculostomy, VA: Ventriculoatrial, M: Male, F: Famale.

Allocation Allocation Blinding of  Blinding of  Blinding of  Blinding of  Blinding of Incomplete  Selective

q 1 t participants  healthcare data outcome data QOutcome Outcome
generated providers collectors assessors or analysts data reporting
adjudicators

Luciano,2022 . . . . . . .

Kazui,2015 . . . O O . O
Goms,2012 . . . . . . .
Tisell,2016 . . . . . . .
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Figure 2. Results of risk of bias assessment for RCTs.
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Figure 3. Results of risk of bias assessment for cohort studies.
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Bladder continence: Five articles including 381 symptoms compared with the placebo (MD=
patients reported on bladder changes. In terms -0.25, 95% Cl: -0.35 to -0.15, 1>=76) (Table 2
of bladder continence, LP decreased bladder and Supplementary Figure 4). Luciano et al.
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Table 2. Summary results of clinical symptoms in this meta-analysis

MD 95% Cl 12
Cognitive improvement Shunt vs. placebo 1.41 0.11t0 2.71 70
VP vs. placebo 2.76 -1.62to0 7.14 87
LP vs. placebo 1.26 1.09to 1.49 0
VP vs. LP 0.19 -0.24 10 0.62 0
Times of 10 m walks Shunt vs. placebo -12.56 -28.29t0 3.17 79
VP vs. placebo -2.52 -4.78 10 -0.26 0
LP vs. placebo -32.2 -48.07 t0-16.33
Urinary symptoms LP vs. placebo -0.25 -0.351t0-0.15 76

VP: Ventriculoperitoneal, LP: Lumboperitoneal.

Table 3. Summary result of adverse events in this meta-analysis

OR/RD 95% Cl 12

SH Shunt vs. placebo 4.12 0.431039.5 0
VP vs. LP 0.02 -0.02t0 0.05 0

VA vs. VP 2.16 1.20t0 3.87 0

SH need surgery Shunt vs. placebo 0.04 -0.03t00.11 0
Infection VP vs. LP -0.01 -0.03t0 0.02 0
VA vs. VP 0.48 0.12t0 1.86 0

Hemorrhage VP vs. LP 6.40 0.77 t0 52.91 0
VA vs. VP 2.70 0.81t0 8.98 0

Tube blockage VP vs. LP -0.01 -0.03t0 0.02 0
Tube revision VP vs. LP 0.27 0.01 10 5.02 53
VA vs. VP 0.42 0.22t0 0.80 0

VP: Ventriculoperitoneal, LP: Lumboperitoneal, VA: Ventriculoatrial, SH: subdural hematoma.

[12] found that bladder continence symptoms
in the VP group were improved compared to the
placebo group. Miyajima et al. [4] found that
changes in urinary symptoms were not statisti-
cally different between the VPS and LPS groups.

Adverse events

Subdural hematoma: Seven studies involving
1141 patients reported on the occurrence of
subdural hematoma (SH). Compared with pla-
cebo, shunt surgery did not increase risk of
SH (OR=4.12, 95% CI: 0.43 to 39.05, I1°=0)
(Table 3 and Supplementary Figure 5) and or
the need for SH surgery (RD=0.04, 95% CI:
-0.03 to 0.11, I1°>=0) (Supplementary Figure 6).
The LP and VP showed no differences in the
occurrence of SH (RD=0.02, 95% CI: -0.02 to
0.05, 1>=0) (Supplementary Figure 7); how-
ever, VA was associated with a higher risk of
SH (OR=2.16, 95% Cl: 1.20 to 3.87, I°=0)

(Supplementary Figure 8), but showed no differ-
ence in subdural hygroma (OR=1.16, 95% CI:
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0.65 to 2.05, I>=0) (Supplementary Figure 9)
compared to VP. Pinto et al. [6] reported no dif-

ferences between EVT and VP.

Intracranial infection: Five articles, including
1035 patients, reported intracranial infections.
VP and LP showed no difference in the risk of
infection (RD=-0.01, 95% CI: -0.03 to 0.02,
[>=0) (Table 3 and Supplementary Figure 10),
nor did VA and VP (OR=0.48, 95% Cl: 0.12 to
1.86, 1°=0) (Table 3 and Supplementary Figure
11). Pinto et al. [6] reported no difference in the
incidence of infection between EVT and VP.

Intracranial hemorrhage: Six articles, including
1053 patients, reported on intracranial hemor-
rhage. LP and VP showed no difference in the
risk of the occurrence of hemorrhage (OR=6.40,
95% Cl: 0.77 to 52.91, I°=0) (Table 3 and
Supplementary Figure 12), nor did VA and VP
(OR=2.70, 95% CI: 0.81 to 8.98, I°=0) (Table 3

and Supplementary Figure 13). Lucino et al.
[12] reported no differences in the intracranial
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occurrence between shunt surgery and place-
bo. Pinto et al. [6] reported no difference in the
incidence of hemorrhage between EVT and VP.

Tube-related complications: Five articles in-
cluding 1081 patients reported on tube-related
complications. VP and LP showed no differenc-
es in the rates of tube blockage (RD=-0.01,
95% Cl: -0.03 to 0.02, 1°=0) (Table 3 and
Supplementary Figure 14) or revision (OR=0.27,
95% Cl: 0.01 to 5.02, I°=53) (Supplementary
Figure 15). Compared to VP, VA was associated
with a lower risk of tube revision complications
(OR=0.42, 95% CI: 0.22 to 0.80, I°=0) (Table 3

and Supplementary Figure 16).

Seizures: In terms of seizures, Xie et al. [23]
enrolled 76 patients who underwent VPs or
LPs, finding no seizure complications in either
group. McGovern et al. [5] compared seizure
complications between the VA and VP groups,
finding no differences.

Discussion

This systematic review and meta-analysis of
four randomized controlled trials (RCTs) and
seven cohort studies involving 1417 partici-
pates first assessed the safety and efficacy of
different shunt surgeries. The results of this
systematic review showed that, compared with
a placebo, shunt surgery improved cognitive
impairment, but not gait disturbance. We fur-
ther performed a subgroup analysis according
to surgical method and study type. Subgroup
analysis revealed that LP showed better cogni-
tive improvement and urinary symptom im-
provement than the placebo, while both LP and
VP improved gait disturbance; in terms of
adverse events, VA was more likely to cause SH
than VP. The VP and LP groups showed no sig-
nificant differences in the occurrence of SH,
infection, hemorrhage, tube blockage, and tube
revision.

Our meta-analysis included only four RCTs.
Luciano and Tisell enrolled 18 and 14 patients,
respectively, to compare the effectiveness and
safety of VP with placebo respectively [12, 24].
Lucaiano et al. further found that VP was ben-
eficial at improving gait disturbances, showing
no statistical difference in cognitive improve-
ment [12]. Tisell found that shunt surgery was
beneficial in improving psychometric perfor-
mance and gait [24]. However, these two arti-
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cles only enrolled a few patients with iNPH, and
had a high risk of bias, which resulted in a low
reliability of the results. Fernando Campos
Gomes Pinto [6] conducted an RCT that enrolled
42 patients randomized to the EVT and VPS
groups. The VPS group showed better improve-
ments in functional neurological outcomes
than the EVT group. They proposed that EVT
was not the best treatment for iNPH. However,
the long-term outcomes of EVT and VPS place-
ment have not yet been described. Kazwi found
that LPS was beneficial to cognition, motion,
and urinary function compared with a placebo
[25].

Giordan [10] conducted a meta-analysis to
evaluate improvements in clinical symptoms
and the occurrence of complications in patients
with iNPH in 2018. First, this meta-analysis
only investigated the occurrence rates of
symptom improvement and complications in
patients with iNPH, without comparing the dif-
ferences between each group. However, owing
to the lack of universal scales to evaluate effec-
tiveness, especially with regard to cognition,
motion, and urinary function, selection bias
was inevitable. To the best of our knowledge,
this meta-analysis is the most up-to-date and
extensive review of the effectiveness and safe-
ty of iNPH shunting.

Increased CSF pulsatility and reduced CSF
drainage result in ventriculomegaly, which cau-
ses regional and global hypoperfusion. This
vital pathophysiology initiates a series of brain
damaging pathways, including blood-brain bar-
rier (BBB) disruption, metabolism disturbance,
astrogliosis, and neuroinflammation, all of
which result in white and grey matter injury.
These are the pathophysiology and clinical
manifestations of iINPH [26]. Surgery generally
involves the reversal of abnormal CSF dynam-
ics. Placement of a cerebral shunt and its loca-
tionis based on surgeon’s preference. Surgeons
always choose the frontal approach to the ante-
rior horn or the parieto-occipital approach to
the trigone or occipital horn. A catheter placed
in the cerebral ventricle is referred to as a proxi-
mal shunt. The preferred proximal shunt was
located in the right lateral ventricle, which is
not the dominant hemisphere in most patients.
If the ventricle is asymmetrical, the surgeons
generally select a larger ventricle. The distal
catheter can be placed in the abdomen or
heart, which is termed the VP or VA. LP is a
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VA

VP

LP

W)

Figure 4. The simple graph of VA, VP, LP and EVT. VP: Ventriculoperitoneal,
VA: Ventriculoatrial, LP: Lumboperitioneal, EVT: Third Ventriculostomy.

shunt surgery in which the proximal shunt is in
the lumbar vertebra and the distal catheter is in
the abdomen (Figure 4). Gait disorders have
been reported to be associated with frontal
subcortical circuits and periventricular white
matter. These symptoms can be improved by
mechanical CSF decompression via shunt sur-
gery [27]. Cognitive impairment and urinary
symptoms are associated with more extensive
brain networks, such as those of the hippocam-
pus, and other potential concomitant neurode-
generative changes, which may be less pro-
nounced [28].

Regarding complications, studies have report-
ed that over-shunting, intracranial infection,
intracranial hemorrhage and tube-related com-
plications were the most frequent complica-
tions associated with shunt surgery [29]. SH
was reported to be correlated with low valve
pressure and poor ability of the cerebral cortex,
which resulted in tearing of the bridging veins
[30]. The cause of ICH was reported to be
correlated with repeated puncture, abnormal
shunt positioning, the barrier of venous return,
shunt pressure change might result in intracra-
nial hemorrhage. Intracranial infection mainly
results from extensive intraoperative expo-
sure and an unstrict aseptic technique [31].
Blockage of the proximal shunts may be caused
by clots, brain tissue fragments, the choroid
plexus, or improper location of the ventricle.
The distal catheter was likely parceled by the
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omentum majus and dis-
counted into the abdomen.
Blockage of the divert pump
results mainly from clots [32].
Seizures may result from an
injury to the cerebral cortex,
which produces a bodily st-
ress response [33].

EVT uses a ventriculoscope to
create an artificial path at the
base of the third ventricle,
shuttling CSF directly from
the third ventricle to the basal
subarachnoid space, bypass-
ing the aqueduct and CSF
pathway of the posterior fos-
sa (Figure 4). EVT is thus con-
sidered as an internal shunt
procedure. As EVT is free from
shunts, some surgeons have
suggested the application of EVT for iNPH.
Indeed, EVT is already a standard treatment for
obstructive hydrocephalus. EVT can increase
the systolic outflow from the ventricles and
decrease the intraventricular pulse pressure,
thereby decreasing the width of the ventricles.
This dilates the compressed vessels and
increases intracranial compliance. Dilated cap-
illaries would increase the blood flow and CSF
absorption. In 2008, an Italian multicenter ret-
rospective study of 110 patients with iNPH
reported that 69.1% of patients were benefited
from EVT [34]. Patent subarachnoid spaces
and adequate CSF resorption are necessary for
successful surgery.

Our meta-analysis is the first to evaluate the
effectiveness of iINPH shunting on patients’
cognitive, motor, and urinary symptoms. This
systematic review and meta-analysis included
a comprehensive search strategy with explicit
eligibility criteria and an evaluation of the risk
of bias using uniform criteria. Furthermore, we
performed this analysis in accordance with the
PRISMA guidelines to ensure higher reporting
quality. However, some limitations of this study
should be acknowledged when analyzing the
results. Firstly, our meta-analysis employed dif-
ferent clinical scales to evaluate the effective-
ness of INPH shunting, which may have result-
ed in heterogeneity. Therefore, a universally
accepted grading system for evaluating treat-
ment outcomes should be established world-

Am J Transl Res 2025;17(2):1437-1447



Efficacy and safety of idiopathic normal pressure hydrocephalus shunting

wide. Our meta-analysis further enrolled only
11 articles; as such, we did not perform a
subgroup analysis to evaluate the different
types of divert valves affected by iNPH. Further,
our meta-analysis enrolled only four RCTs that
may not have had the highest evidence grade.
In the future, more RCTs should be conducted
in clinics to assess the effectiveness and safe-
ty of iINPH shunting. When assessing clinical
improvement, different clinical assessors may
produce different results, which may cause het-
erogeneity. Our meta-analysis excluded studies
published in non-English languages, which may
have resulted in language bias. As such, we call
for additional native speakers of non-English
languages to conduct similar studies.
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Supplementary Table 1. Detailed search strategy

Databases [Platform] Searches run July 14 2023 Results
PubMed < > 1503
Cochrane Central Register of Controlled Trials < > 89
Embase < > 1178
Web of Science (SCI+SSCI) 1347
TOTAL 4117
Duplicate 1800
Database: Cochrane<July 14 2023>89

Search Strategy:

# Searches Results
#1 MeSH descriptor: [Hydrocephalus, Normal Pressure] explode all trees 59
#2 (Hydrocephalus, Normal-Pressure):ti,ab,kw OR (Normal Pressure Hydrocephalus):ti,ab,kw OR 1064

(NPH):ti,ab,kw OR (NPHs):ti,ab,kw OR (iNPH):ti,ab,kw

#3 (sNPH):ti,ab,kw OR (Hakim Syndrome):ti,ab,kw OR (Hakim Syndromes):ti,ab,kw OR (Syndrome, 12
Hakim):ti,ab,kw OR (Syndromes, Hakim):ti,ab,kw

#4 (Hakim’s Syndrome):ti,ab,kw OR (Hakim’s Syndromes):ti,ab,kw OR (Hakims Syndrome):ti,ab,kw 10
OR (Syndrome, Hakim’s):ti,ab,kw OR (Syndromes, Hakim’s):ti,ab,kw

#5 (normotensive hydrocephalus):ti,ab,kw OR (dement*):ti,ab,kw OR (dementia):ti,ab,kw 16921

#6 #1 OR #2 OR #3 OR #4 OR #5 17908

#7 MeSH descriptor: [Ventriculoperitoneal Shunt] explode all trees 84

#8 (Shunt, Ventriculoperitoneal):ti,ab,kw OR (Shunts, Ventriculoperitoneal):ti,ab,kw OR 214
(Ventriculoperitoneal Shunts):ti,ab,kw OR (Ventriculo-peritoneal Shunt):ti,ab,kw OR (Shunt,
Ventriculo-peritoneal):ti,ab,kw

#9 (Shunts, Ventriculo-peritoneal):ti,ab,kw OR (Ventriculo peritoneal Shunt):ti,ab,kw OR 30
(Ventriculo-peritoneal Shunts):ti,ab,kw

#10 MeSH descriptor: [Cerebrospinal Fluid Shunts] explode all trees 220

#11  (Shunts, Cerebrospinal Fluid):ti,ab,kw OR (Cerebrospinal Fluid Shunt):ti,ab,kw OR (Shunt, 241
Cerebrospinal Fluid):ti,ab,kw

#12 #7 OR #8 OR #9 OR #10 OR #11 402

#13  #12 AND #6 89

Database: PubMed<July 14 2023>1503

Search Strategy:

# Searches Results

#1 “Hydrocephalus, Normal Pressure” [Mesh] 2703

#2 CCCCCCCCCCcC(((Hydrocephalus, Normal-Pressure[Title/Abstract]) OR (Normal Pressure 153313

#3
#4
#5
#6

Hydrocephalus[Title/Abstract])) OR (NPH[Title/Abstract])) OR (NPHs[Title/Abstract])) OR
(iNPH[Title/Abstract])) OR (sNPH[Title/Abstract])) OR (Hakim Syndrome([Title/Abstract])) OR
(Hakim Syndromes[Title/Abstract])) OR (Syndrome, Hakim[Title/Abstract])) OR (Syndromes,
Hakim[Title/Abstract])) OR (Hakim’s Syndrome[Title/Abstract])) OR (Hakim’s Syndromes|Title/
Abstract])) OR (Hakims Syndrome[Title/Abstract])) OR (Syndrome, Hakim’s[Title/Abstract])) OR
(Syndromes, Hakim’s[Title/Abstract])) OR (normotensive hydrocephalus|[Title/Abstract])) OR
(dement*[Title/Abstract])) OR (dementia/[Title/Abstract])

#1 OR #2 153713
“Ventriculoperitoneal Shunt”[Mesh] 4,891
“Cerebrospinal Fluid Shunts”[Mesh] 13,964
((((((((((Shunt, Ventriculoperitoneal[Title/Abstract]) OR (Shunts, Ventriculoperitoneal[Title/ 2,587

Abstract])) OR (Ventriculoperitoneal Shunts[Title/Abstract])) OR (Ventriculo-peritoneal
Shunt[Title/Abstract])) OR (Shunt, Ventriculo-peritoneal[Title/Abstract])) OR (Shunts,
Ventriculo-peritoneal[Title/Abstract])) OR (Ventriculo peritoneal Shunt[Title/Abstract])) OR
(Ventriculo-peritoneal Shunts[Title/Abstract])) OR (Shunts, Cerebrospinal Fluid[Title/Abstract]))
OR (Cerebrospinal Fluid Shunt[Title/Abstract])) OR (Shunt, Cerebrospinal Fluid[Title/Abstract])
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#7 #4 OR #50R #6 14,809
#8 #7 AND #3 1503
Database: Embase<July 14 2023>1178
Search Strategy:
# Searches Results
#1 ‘normotensive hydrocephalus’/exp 4856
#2 ‘hydrocephalus, normal-pressure’:ab,ti OR ‘normal pressure hydrocephalus’:ab,ti OR 212852
nph:ab,ti OR nphs:ab,ti OR inph:ab,ti OR snph:ab,ti OR ‘hakim syndrome’:ab,ti OR ‘ha-
kim syndromes’:ab,ti OR ‘syndrome, hakim’:ab,ti OR ‘syndromes, hakim’:ab,ti OR ‘hakims
syndromes’:ab,ti OR ‘hakims syndrome’:ab,ti OR ‘syndrome, hakims’:ab,ti OR ‘syndromes,
hakims’:ab,ti OR ‘normotensive hydrocephalus’:ab,ti OR dement*:ab,ti OR dementia:ab;ti
#3 #1 OR #2 213705
#4 ‘brain ventricle peritoneum shunt’/exp 13143
#5 ‘cerebrospinal fluid drainage system’/exp 2104
#6 ‘shunt, ventriculoperitoneal’:ab,ti OR ‘shunts, ventriculoperitoneal’:ab,ti OR 2905
‘ventriculoperitoneal shunts’:ab,ti OR ‘ventriculo-peritoneal shunt’:ab,ti OR ‘shunt,
ventriculo-peritoneal’:ab,ti OR ‘shunts, ventriculo-peritoneal’:ab,ti OR ‘ventriculo peritoneal
shunt’:ab,ti OR ‘ventriculo-peritoneal shunts’:ab,ti OR ‘shunts, cerebrospinal fluid’:ab,ti OR
‘cerebrospinal fluid shunt’:ab,ti OR ‘shunt, cerebrospinal fluid’:ab,ti
#7 #4 OR #5 OR #6 15728
#8 #3 AND #7 1178
Database: Web of Science <July 14 2023>1347
Science Citation Index Expanded (SCI-EXPANDED) - from 1980 to now
Social Sciences Citation Index (SSCI) - from 1980 to now
Search Strategy:
# Searches Results
#1 CCCCCCCCeee((rs=(Hydrocephalus, Normal Pressure)) OR TS=(Normal Pressure 207412
Hydrocephalus)) OR TS=(NPH)) OR TS=(NPHs)) OR TS=(iNPH)) OR TS=(NPHs)) OR TS=(iNPH))
OR TS=(sNPH))) OR TS=(Hakim Syndrome)) OR TS=(Hakim Syndromes)) OR TS=(Syndrome,
Hakim)) OR TS=(Syndromes, Hakim)) OR TS=(Hakim’s Syndrome)) OR TS=(Hakim’s
Syndromes)) OR TS=(Hakims Syndrome)) OR TS=(Syndrome, Hakim’s)) OR TS=(Syndromes,
Hakim’s)) OR TS=(normotensive hydrocephalus)) OR TS=(dement*)) OR TS=(dementia)
#2 ((C(CC(C((((Ts=(Ventriculoperitoneal Shunt)) OR TS=(Shunt, Ventriculoperitoneal)) OR TS=(Shunts, 9029
Ventriculoperitoneal)) OR TS=(Ventriculoperitoneal Shunts)) OR TS=(Ventriculo-peritoneal
Shunt)) OR TS=(Shunt, Ventriculo-peritoneal)) OR TS=(Shunts, Ventriculo-peritoneal)) OR
TS=(Ventriculo peritoneal Shunt)) OR TS=(Ventriculo-peritoneal Shunts)) OR TS=(Cerebrospinal
Fluid Shunts)) OR TS=(Shunts, Cerebrospinal Fluid)) OR TS=(Cerebrospinal Fluid Shunt)) OR
TS=(Shunt, Cerebrospinal Fluid)
#3 #1 AND #2 1347
Supplementary Table 2. Idiopathic normal-pressure hydrocephalus (iNPH) diagnosis
History Brain imaging Clinical features Supplementary test
1. Insidious onset 1. Ventricular 1. Gait impairment Large volume lumbar
2. A minimum duration of at least enlargement not (such as decreased step puncture (+)
3 to 6 months entirely attributable height/length/cadence  or extended CSF
3. No evidence of an antecedent  to cerebral atrophy or  and so on) drainage (+)
event such as head trauma, congenital enlargement 2. Cognitive impairment
intracerebral hemorrhage, (Evans >0.3) 3. Urinary symptoms (not
meningitis, or other known causes 2. No macroscopic attributed to primary
of secondary hydrocephalus obstruction to CSF flow urological disorders)

4. Progression over time
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Supplementary Table 3. Detailed guidance for assessment of risk of bias (cohort study)

ltem

Instruction

Was selection of ex-
posed and non-exposed
cohorts drawn from the
same population?

Can we be confident
in the assessment of
exposure?

Can we be confident
that the outcome of
interest was not present
at the start of study?

Definitely Yes

Probably Yes
Probably No
Definitely No

Definitely Yes

Probably Yes

Probably No

Definitely No

Definitely Yes

Probably Yes

Probably No
Definitely No

Studies in which selection for participation is not dependent on
exposure level. For example, the European Prospective Investigation
into Cancer and Nutrition study participants who were Recruited be-
tween January 1, 1992, and December 31,2000, predominantly from
the general populations of 10 European countries (Denmark, France,
Germany, Greece, ltaly, the Netherlands, Norway, Spain, Sweden, and
the United Kingdom).

/
/

Studies that compare sugar-sweetened beverage and artificially
sweetened beverage populations but draw sugar-sweetened beverage
population from a different cohort. For example, a study may report on
the EPIC-Oxford cohort but also include a subsample of participants
from the Oxford Vegetarian Study. The study may then compare
sugar-sweetened beverage population from the EPIC-Oxford cohort with
artificially sweetened beverage populations from Oxford Vegetarian
study.

Participants complete sugar beverage measures at least once every
five years. The sugar beverage measure (in most cases, this is a
semi-quantitative food frequency questionnaire (FFQ)) has undergone
validation against a weighted food record specifically for sugar
beverage.

Participants complete a dietary measure at least once every six to eight
years. The dietary measure (in most cases, this is a semi-quantitative
food frequency questionnaire (FFQ)) has undergone validation against
a dietary measure other than a weighted food record (e.g., 24 h food
record, biomarker). Some studies may provide a citation to the study
validating the dietary measure and other studies may simply say that
the measure has been validated against another dietary measure.

Participants complete a dietary measure at least once every nine to 10
years. The dietary measure (in most cases, this is a semi-quantitative
food frequency questionnaire (FFQ)) has not undergone any validation
or the authors of the study do not report on the validity of the dietary
measure.

Participants complete a dietary measure only at baseline. The dietary
measure (in most cases, this is a semi-quantitative food frequency
questionnaire (FFQ)) has not undergone any validation or the authors
of the study do not report on the validity of the dietary measure.
Some studies may report that diet was assessed at multiple time
points throughout the trial but only baseline dietary data is used for
analysis.

The outcome of interest is fatal. In that case, we can be certain that
participants did not have the outcome at baseline.

The authors have made an effort to exclude participants with the
outcome of interest at baseline. The outcome is self-reported and there
is no external validation.

/

The authors have made no effort to exclude participants with the
outcome of interest at baseline.
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Did the study match
exposed and unexposed
for all variables that

are associated with the
outcome of interest

or did the statistical
analysis adjust for these
prognostic variables?

Can we be confident in
the assessment of the
presence or absence of
prognostic factors?

Can we be confident
in the assessment of
outcome?

Was the follow-up of
cohorts adequate?

Definitely Yes

Probably Yes

Probably No
Definitely No

Definitely Yes

Probably Yes
Probably No

Definitely No
Definitely Yes

Probably Yes
Probably No

Definitely No
Definitely Yes
Probably Yes

Probably No

Definitely No

The study adjusts at a minimum for 1) age, 2) sex, 3) smoking at least
one measure of 4) socioeconomic status such as level of income or
education or occupation, 5) family history, 6) alcohol consumption, 7)
weight or BMI and 8) physical activity in the analysis.

Adjusts at a minimum for age, sex, smoking, family history, and weight
or BMI.

Adjusts at a minimum for age, sex, and smoking.

The study does not adjust for any prognostic variables relevant to the
outcome or does not adjust for age, sex.

Typically, prognostic factors are self-reported by participants. This is
considered acceptable.

/

Some studies may make assumptions regarding various prognostic
factors. For example, a study may assume that all participants who did
not answer the question on diabetes disease at baseline did not have
diabetes.

/

All-cause mortality based on a government registry (e.g., National
Death Index) with or without review by study physician or study staff.
National or local registries (e.g., National Program of Cancer Registries
(NPCR)) with review by a study physician or study staff.

Medical records reviewed by a study physician or study staff.

/

Medical records without review by study physician or study staff.
Report with no external validation.

At least 90% retention for the duration of the study.

80 to 89% retention for the duration of the study with loss to follow-up
unlikely to be related to outcomes.

80 to 89% retention for the duration of the study with loss to follow-up
likely to be related to outcomes.

Less than 80% follow-up.

NOTE: the criterion of guidance for assessment of risk of bias was cite from Zeraatkar D, Han MA, Guyatt GH, et al. Red and
Processed Meat Consumption and Risk for All-Cause Mortality and Cardiometabolic Outcomes: A Systematic Review and Meta-
analysis of Cohort Studies. Ann Intern Med. 2019 19; 171(10):703-710. doi: 10.7326/M19-0655.
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Supplementary Table 4. Result of risk of bias assessment (cohort study)

Was selection Can we be Can we be confident Did the study match exposed and Can we be confident  Can we be Was the
of exposed and ) ) that the outcome unexposed for all variables that in the assessment confident )
Author confident in the . . . . follow-up Funding
non-exposed cohorts of interest was not are associated with the outcome of of the presence in the
year assessment of ) ) . ) of cohorts source
drawn from the same present at start of  interest or did the statistical analysis or absence of assessment
. exposure? . . . . adequate?
population? study? adjust for these prognostic variables?  prognostic factors? of outcome?
Xie 2021 Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes ~ Probably no Not report
Nakajima 2021 Definitely no Definitely yes Definitely yes Definitely no Definitely yes Definitely yes  Probably yes Definitely yes
Todisco 2020 Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Definitely yes Not report  Definitely yes
Hung 2017 Definitely yes Definitely yes Definitely yes Definitely no Definitely yes Definitely yes Not report  Definitely yes
Miyajima 2016 Definitely yes Definitely yes Definitely yes Definitely no Definitely yes Definitely yes  Definitely yes ~ Not report
McGovern 2014 Definitely yes Definitely yes Definitely yes Definitely no Definitely yes Definitely yes  Definitely yes  Not report
Razay 2009 Definitely yes Definitely yes Definitely yes Definitely no Definitely yes Definitely yes  Definitely yes ~ Not report
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Supplementary Table 5. Detailed guidance for assessment of risk bias (RCT)

Iltem

Instruction

Was the allocation
sequence adequately
generated?

Was the allocation ad- Definitely Yes

equately concealed?

Definitely Yes Trials that assign participants to alternative interventions using a

Probably Yes
Probably No

Definitely No

Probably Yes

Probably No

Definitely No

randomly generated sequence.

Examples of methods for developing a randomly generated allocation
sequence include a random number generator, random number table,
coin tossing, shuffling cards or envelopes, and throwing dice. If a trial is
described as ‘randomized’ without any additional details related to how
the allocation sequence was developed, we will assume that the
allocation sequence was appropriately developed.

*Minimization may be implemented without a random element, and this
is considered to be equivalent to being random.

/

A simple statement such as ‘we randomly allocated’ or ‘using a
randomized design’ is often insufficient to be confident that the
allocation sequence was genuinely randomized.

The investigators describe a non-random component in the sequence
generation process. Usually, the description would involve some
systematic, non-random approach, for example:

* Sequence generated by odd or even date of birth;

* Sequence generated by some rule based on date (or day) of admission;
* Sequence generated by some rule based on hospital or clinic record
number.

Other non-random approaches happen much less frequently than the
systematic approaches mentioned above and tend to be obvious. They
usually involve judgement or some method of non-random categorization
of participants, for example:

» Allocation by judgement of the clinician;

* Allocation by preference of the participant;

* Allocation based on the results of a laboratory technician.

Participants and investigators enrolling participants could not foresee
assignment because one of the following, or an equivalent method, was
used to conceal allocation:

¢ Central allocation (including telephone, web-based, and
pharmacy-controlled, randomization);

* Sequentially numbered drug containers of identical appearance;

* Sequentially numbered, opaque, sealed envelopes.

Trials in which healthcare providers were blind to the intervention but

which provide no information on allocation concealment and in which
there are no major baseline imbalances.

Insufficient information to permit judgement of risk of bias. This is usually
the case if the method of concealment is not described or not described
in sufficient detail to allow a definite judgement.

Participants or investigators enrolling participants could possibly foresee
assignments and thus introduce selection bias, such as allocation based
on:

* Using an open random allocation schedule (e.g. a list of random
numbers);

* Assignment envelopes were used without appropriate safeguards (e.g.
if envelopes were unsealed or nonopaque or not sequentially numbered);
¢ Alternation or rotation;

* Date of birth;

* Case record number;

* Any other explicitly unconcealed procedure.
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Blinding of
participants

Blinding of healthcare Definitely Yes

providers

Definitely Yes Any one of the following;:

Probably Yes
Probably No

Definitely No

Probably Yes
Probably No

Definitely No

* No blinding or incomplete blinding of participants and personnel, but
the review authors judge that the outcome is not likely to be influenced
by lack of blinding;

* Blinding of participants and key study personnel ensured, and unlikely
that the blinding could have been broken;

« If it is described as “double-blind”, or “double-dummy”;

* Explicit statement that a group of interest was blinded — LOW risk of
bias for that group;

* Explicit statement investigators were blinded — LOW risk of bias for
study personnel.

/

* Insufficient information to permit judgment;
* Therapy trials in which healthcare providers are described as being
blind to the intervention but allocation concealment was inadequate.

Any one of the following:

* No blinding or incomplete blinding, and the outcome or outcome
measurement is likely to be influenced by lack of blinding;

* Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken;

* Either participants or some key study personnel were not blinded, and
the non-blinding of others likely to introduce bias;

* Explicit statement that a group of interest was not blinded;

* Explicit description of the trial as “open label” or “unblinded”, or
“single blinded”.

Please note, if the outcome is an objective outcome (e.g., PSG
outcomes), the risk of bias will generally be of less concern.

Any one of the following:

* No blinding or incomplete blinding of participants and personnel, but
the review authors judge that the outcome is not likely to be influenced
by lack of blinding;

* Blinding of participants and key study personnel ensured, and unlikely
that the blinding could have been broken;

e If it is described as “double-blind”, or “double-dummy”;

* Explicit statement that a group of interest was blinded — LOW risk of
bias for that group;

* Explicit statement investigators were blinded — LOW risk of bias for
study personnel.

/

¢ Insufficient information to permit judgment;
e Therapy trials in which healthcare providers are described as being
blind to the intervention but allocation concealment was inadequate.

Any one of the following;:

* No blinding or incomplete blinding, and the outcome or outcome
measurement is likely to be influenced by lack of blinding;

* Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken;

¢ Either participants or some key study personnel were not blinded, and
the non-blinding of others likely to introduce bias;

* Explicit statement that a group of interest was not blinded;

* Explicit description of the trial as “open label” or “unblinded”, or
“single blinded”.

Please note, if the outcome is an objective outcome (e.g., PSG
outcomes), the risk of bias will generally be of less concern.
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Blinding of data
collectors

Blinding of outcome
assessors

Definitely Yes

Probably Yes
Probably No
Definitely No

Definitely Yes

Probably Yes
Probably No

Definitely No

- No blinding but the review authors judge that the outcome and the
outcome measurement are not likely influenced by lack of blinding.

If the outcome is objective (e.g., mortality), lack of blinding is

“probably low risk” but check for objective verification/measurement of
the outcome.

Blinding of participants and key study personnel ensured, and unlikely
that blinding could have been broken.

- Either participants or some key study personnel were not blinded, but
outcome assessment was blinded and the nonblinding of others unlikely
to introduce bias.

/
/

No blinding or incomplete blinding, and the outcome or outcome mea-
surement is likely to be influenced by lack of blinding.

- Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken.

- Either participants or some key study personnel were not blinded, and
the non-blinding of others likely to introduce bias.

Any one of the following;:

* No blinding of outcome assessment, but the review authors judge that
the outcome measurement is not likely to be influenced by lack of
blinding;

* Blinding of outcome assessment ensured, and unlikely that the
blinding could have been broken.

Explicit statement investigators were blinded — LOW risk of bias for
outcome assessors.

No explicit statement about blinding status of either patients, health care
providers, data collectors, or outcome adjudicators, and:

* Placebo controlled drug trial — LOW risk of bias for those groups;

¢ Active control drug trial (A vs. B) and mention of “double -dummy” or
that medications were identical or matched — LOW risk of bias for those
groups.

/

Any one of the following:

¢ Insufficient information to permit judgment;

No explicit statement about blinding status of either patients, health care
providers, data collectors, or outcome adjudicators, and:

* Active control drug trial (A vs. B) but no mention of “double-dummy” or
that medications were identical or matched.

Any one of the following:

* No blinding of outcome assessment, and the outcome measurement is
likely to be influenced by lack of blinding;

* Blinding of outcome assessment, but likely that the blinding could have
been broken, and the outcome measurement is likely to be influenced by
lack of blinding.

Explicit statement that a group of interest was not blinded

Explicit description of the trial as “open label” or “unblinded”.
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Blinding of data
analysts

Was loss to follow-up
(missing outcome
data) infrequent?

Are reports of the
study free of selective
outcome reporting?

Definitely Yes

Probably Yes
Probably No
Definitely No

Definitely Yes

Probably Yes

Probably No

Definitely No

Definitely Yes

Probably Yes

Probably No

Definitely No

No blinding but the review authors judge that the outcome and the
outcome measurement are not likely influenced by lack of blinding
Blinding of participants and key study personnel ensured, and unlikely
that blinding could have been broken.

Either participants or some key study personnel were not blinded, but
outcome assessment was blinded and the nonblinding of others unlikely
to introduce bias.

/
/

No blinding or incomplete blinding, and the outcome or outcome
measurement is likely to be influenced by lack of blinding.

For diet studies that are not amenable to placebo control, analyst’'s/
biostatiscian’s are one of the few study personnel that can be blinded,
please rate as “probably high risk of bias”.

- Blinding of key study participants and personnel attempted, but likely
that the blinding could have been broken.

- Either participants or some key study personnel were not blinded, and
the non-blinding of others likely to introduce bias.

Trials in which missing outcome data (including outcome data that has
been imputed) <10%.

Trials in which missing outcome data (including outcome data that has
been imputed) is between 10% to 15% and missing outcome data is
unlikely to be related to the true outcome and there is no imbalance in
numbers of or reasons for missing data across intervention groups.

Trials in which missing outcome data (including outcome data that has
been imputed) is between 10% to 15% and missing outcome data is
likely to be related to the true outcome or there are imbalances in
numbers of or reasons for missing data across intervention groups.

Trials in which missing outcome data (including outcome data that has
been imputed) >15%.

Results for outcomes that were analyzed and reported according to a
pre-specified statistical analysis plan or protocol (including the timepoint
for the measurement of the outcome).

Results for outcomes that were analyzed and reported but that were not
prespecified in a statistical analysis plan or protocol but the timepoint
at which results are reported is consistent with the timepoint for other
outcomes in the trial report or there is little reason to believe the
outcome was selectively reported.

Please note that outcomes that were not prespecified in a protocol or
statistical analysis plan and that are reported in the trial preprint or
publication should be rated at probably low risk of bias unless there are
other important reasons to suspect that results for those outcomes were
selectively reported (e.g., results are presented at timepoints that don’t
match the timepoints reported for other outcomes).

Results for outcomes that were analyzed and reported but that were not
prespecified in a statistical analysis plan or protocol but the timepoint at
which results are reported is not consistent with the timepoint for other
outcomes in the trial report or there are other reasons to believe that the
outcome is selectively reported.

Results for outcomes that were analyzed and reported for which there
are inconsistencies with the statistical analysis plan or protocol. These
inconsistencies may include outcome measures of interest or the
timepoints for the measurement of outcomes.
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Supplementary Table 6. Result of risk bias assessment (RCT)

. - - Blinding of - .
Author Allocation Allocation  Blinding of Blinding of Blinding outcome Blinding Incomplete Selective
sequence - healthcare of data of data outcome outcome
year concealment participants ) assessors or )
generated providers  collectors . analysts data reporting
adjudicators
Luciano Definitely Definitely low Definitely Probably Probably  Probably high Probably Definitely  Probably
2022 low low high high high low high
Kazui [1] Definitely Definitely low Definitely Probably Probably  Definitely high Probably Probably Probably
2015 low high low low low low low
Goms Definitely  Definitely low Definitely Definitely ~ Probably  Probably high Probably Definitely ~ Probably
2012 low low high high high low high
Tisell Probably  Probably high Definitely Definitely  Definitely Definitely low Probably Definitely ~ Probably
2011 high low high low high low high
Supplementary Table 7. Summary results of clinical change according to study type
RCT group COHORT group
MD 95% ClI 12 MD 95% ClI 12
Cognitive improvement Shunt vs. placebo 0.89 -0.27t02.05 52 1.97 -1.20t0 5.15 81
VP vs. placebo 011 -160t0o1.81 2 5 2.831t07.13 -
LP vs. placebo 1.30 1.10to 1.50 - 0.42 -1.36 10 2.20 0
10m walks Shunt vs. placebo 251 -4.781t0-0.23 O -19.14 -46.21 t0 8.33 76
VP vs. placebo 252 -4.78t0-023 O -4.10 -25.66 to 17.46 -
LP vs. placebo - - - -32.20 -48.071t0-16.33 76
Urinary symptoms LP vs. placebo -0.23 -0.33t0-0.13 - -0.70 -1.14 10 -0.26 -
shunt surgery placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.11VP
george razay 2009 2 2 18 -3 375 14 16.6%  5.00[2.83,7.17) -
magnus tisell 2011 2.93 6.4 7 -1.94 11 7 1.8% 4.87 [-4.56, 14.30) T
Mark Luciano 2022 -0.08 1.8 9 -0.03 1.1 9 22.8% -0.05(-1.43,1.33)
Subtotal (95% CI) 34 30 41.2% 2.76 [-1.62, 7.14] »
Heterogeneity: Tau® = 10.84; Chi* = 15.33, df = 2 (P = 0.0005); I’ = 87%
Test for overall effect: Z = 1.24 (P = 0.22)
112 LP
Hiroaki kazui 2015 1.5 0.5 46 0.2 0.45 42  30.5% 1.30[1.10, 1.50] .
madoka nakajima 2021 1 575 41 1 6.67 35 12.6% 0.00(-2.83,2.83) T
massimiliano todisco 2020 -0.5 4.36 44 -1.2 5.64 34 15.7% 0.70 [-1.59, 2.99] r
Subtotal (95% CI) 131 111 58.8%  1.29 [1.09, 1.49]
Heterogeneity: Tau’ = 0.00; Chi* = 1.07, df = 2 (P = 0.59); I’ = 0%
Test for overall effect: Z = 12.81 (P < 0.00001)
Total (95% CI) 165 141 100.0%  1.41 [0.11,2.71] '
Heterogeneity: Tau® = 1.44; Chi* = 16.47, df = 5 (P = 0.006); I’ = 70% 2_100 _5:0 5 550 100:

Test for overall effect: Z= 2.12 (P = 0.03)
Test for subgroup differences: Chi’ = 0.43, df = 1 (P = 0.51), I = 0%

Favours [experimental] Favours [control]

Supplementary Figure 1. Result of cognitive change between shunt surgery and placebo in a random model.
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Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
Dongcheng xie 2021 6 0.944 36 5.875 1.125 40 85.6% 0.13[-0.34,0.59)]
madoka nakajima 2021 3 6.063 80 2 5.592 76 5.5% 1.00[-0.83, 2.83]
miyajima 2016 2.2 5.051 98 1.9 4.67 76 8.8% 0.30[-1.15, 1.75]
Total (95% CI) 214 192 100.0% 0.19 [-0.24, 0.62]
Heterogeneity: Chi® = 0.85, df = 2 (P = 0.65); I* = 0% k + t |
-100 -50 0 50 100
Test for overall effect: Z = 0.86 (P = 0.39) Favours [experimental] Favours [control]
Supplementary Figure 2. Result of cognitive change between VP and LP in a fixed model.
Experimental Control Mean Difference Mean Difference
Study or Suk Mean SD Total Mean SD Total Weight 1V, Rand 95% CI v, d 95% CI
1.3.1vP
george razay 2009 -1.7 6.5 18 2.4 40.75 14 20.9% -4.10 [-25.66, 17.46] I
magnus tisell 2011 -8.349 16 7 5.439 27.5 7 19.4% -13.79 [-37.36, 9.78] —_—T
Mark Luciano 2022 -2.8 2.84 8 -0.4 1.67 8 34.2% -2.40 [-4.68, -0.12] -
Subtotal (95% CI) 33 29 74.5% -2.52 [-4.78, -0.26] #
Heterogeneity: Tau® = 0.00; Chi* = 0.91, df = 2 (P = 0.63); I’ = 0%
Test for overall effect: Z= 2.19 (P = 0.03)
1.3.2LP
massimiliano todisco 2020 -25.1 52.47 44 7.1 10.07 34  25.5% -32.20 [-48.07, -16.33] —_—
Subtotal (95% CI) 44 34 25.5% -32.20 [-48.07, -16.33] .
Heterogeneity: Not applicable
Test for overall effect: Z = 3.98 (P < 0.0001)
Total (95% CI) 77 63 100.0% -12.56 [-28.29, 3.17] -
Heterogeneity: Tau? = 187.07; Chi* = 14.08, df = 3 (P = 0.003); I’ = 79% k t t d
-100 -50 0 100
Test for overall effect: Z= 1.57 (P = 0.12) .
Test for subgroup differences: Chi’ = 13.17, df = 1 (P = 0.0003), ¥ = 92.4% Favours [experimental] Favours [control
Supplementary Figure 3. Results of gait improvement between shunt surgery and placebo.
Experimental Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
Hiroaki kazui 2015 -0.179 0.244 44 0.05 0.21 34 95.0% -0.23[-0.33, -0.13]
massimiliano todisco 2020 -0.8 1 46 -0.1 1.1 42 5.0% -0.70 [-1.14, -0.26)
Total (95% CI) 90 76 100.0% -0.25 [-0.35, -0.15]
Heterogeneity: Chi* = 4.17, df = 1 (P = 0.04); ¥ = 76% k 4 - |
: ~100 -50 0 50 100
Test for overall effect: Z = 5.03 (P < 0.00001) Favours [experimental] Favours [control]
Supplementary Figure 4. Results of urinary symptom improvement between LP and placebo.
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Mark Luciano 2022 1 9 0 9 46.2% 3.35[0.12, 93.83] L
Hiroaki kazui 2015 2 46 0 42 53.8% 4.78[0.22, 102.39) ] +
Total (95% CI) 55 51 100.0% 4.12 [0.43, 39.05] e ——
Total events 3 0
Hv 2 — — 1R = I } } |
HE[EI;OgeI’lEItV."C[’# = 0412, c;-f3— 1_(P0—Zg.88}. I° = 0% b0l o1 0 100
Test for overall effect Z = 1.23 (P = 0.22) Favours [experimental] Favours [control]
Supplementary Figure 5. Results of subdural hematoma occurrence between shunt surgery and placebo.
shunt surgery placebo Risk Difference Risk Difference
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Hiroaki kazui 2015 2 46 0 42 83.0% 0.04[-0.03,0.12]
Mark Luciano 2022 0 9 0 9 17.0% 0.00([-0.19,0.19]
Total (95% CI) 55 51 100.0% 0.04 [-0.03, 0.11]
Total events 2 0
ity: Chi* = = = = F + + |
Heterogeneity: Chi* = 0.18, df = 1 (P = 0.67); I’ = 0% ] 05 S o5 1

Test for overall effect: Z = 1.00 (P = 0.32)

Favours [experimental] Favours [control]

Supplementary Figure 6. Results of subdural hematoma needing surgery between shunt surgery and placebo.
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Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Dongcheng xie 2021 0 40 0 36 28.9% 0.00[-0.05, 0.05]
Mark Luciano 2022 3 87 1 100 71.1% 0.02[-0.02, 0.07)
Total (95% CI) 127 136 100.0% 0.02 [-0.02, 0.05]
Total events 3 1
Heterogeneity: Chi’ = 0.57, df = 1 (P = 0.45); I’ = 0% =-1 -UE T ) 0;5 11
Test for overall effect: Z = 1.00 (P = 0.32) Favours [experimental] Favours [control]

Supplementary Figure 7. Results of subdural hematoma between LP and VP.

Test for overall effect: Z = 0.49 (P = 0.62)

10
Favours [experimental] Favours [control]

Supplementary Figure 9. Results of subdural hygroma between VA and VP.

Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alice L. Hung 2017 19 150 19 346 72.7% 2.50[1.28, 4.87] ——
RobeRt McGoveRn2014 3 37 13 197 27.3% 1.25 [0.34, 4.62] I I —
Total (95% CI) 187 543 100.0% 2.16 [1.20, 3.87] S
Total events 22 32
Heterogeneity: Chi’ = 0.85, df = 1 (P = 0.36); I = 0% | t 1 |
0.01 0.1 10 100
Test for overall effect: Z = 2.57 (P = 0.01) Favours [experimental] Favours [control]
Supplementary Figure 8. Results of subdural hematoma between VA and VP.
Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alice L. Hung 2017 9 150 16 346 43.1% 1.32 [0.57, 3.05]
RobeRt McGoveRn2014 10 37 52 197 56.9% 1.03 [0.47, 2.28]
Total (95% CI) 187 543 100.0% 1.16 [0.65, 2.05]
Total events 19 68
ity: Chiz = —1(P= P = [ i i : |
Heterogeneity: Chi* = 0.17, df = 1 (P = 0.68); | 0% o1 o1 100

Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
madoka nakajima 2021 0 36 0 40 28.9% 0.00[-0.05, 0.05]
masakazu miyajima 2016 0 100 1 87 71.1% -0.01[-0.04, 0.02]
Total (95% CI) 136 127 100.0% -0.01[-0.03,0.02]

Total events 0 1
Heterogeneity: Chi* = 0.15, df = 1 (P = 0.70); I = 0%
Test for overall effect: Z = 0.61 (P = 0.54)

-1

-0.5 0 0.5
Favours [experimental] Favours [control]

Supplementary Figure 10. Results of the occurrence rates of infection between VP and LP.

Experimental Control 0dds Ratio 0Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Alice L. Hung 2017 2 150 10 346 80.7%  0.45[0.10, 2.10] —
RobeRt McGoveRn2014 0 37 4 197 19.3% 0.57[0.03, 10.87] -
Total (95% CI) 187 543 100.0% 0.48 [0.12, 1.86] —i——
Total events 2 14

S i2 = = = 12 = 5 } b {
Heterogeneity: Chi 0.02,df =1 (P = 0.89); | 0% o1 o 10 100

Test for overall effect: Z = 1.07 (P = 0.29)

Favours [experimental] Favours [control]

Supplementary Figure 11. Results of the occurrence rates of infection between VA and VP.
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Experimental Control

Odds Ratio

Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
madoka nakajima 2021 4 36 0 40 44.0% 11.22[0.58, 216.00] = +
masakazu miyajima 2016 1 100 0 86 56.0% 2.61[0.10, 64.85] B
Total (95% CI) 136 126 100.0% 6.40 [0.77, 52.91] e ——
Total events 5 0
Heterogeneity: Chi’ = 0.44, df = 1 (P = 0.51); I’ = 0% k t t |
o h 0.01 0.1 10 100
Test for overall effect: Z = 1.72 (P = 0.09) Favours [experimental] Favours [control]
Supplementary Figure 12. Results of occurrence rates of hemorrhage between LP and VP.
Experimental Control 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Alice L. Hung 2017 5 150 3 346 61.2% 3.94[0.93, 16.71] —
RobeRt McCoveRn2014 0 37 3 197 38.8% 0.74[0.04, 14.64] =
Total (95% CI) 187 543 100.0% 2.70 [0.81, 8.98] i
Total events 5 6
Heterogeneity: Chi? = 0.99, df = 1 (P = 0.32); I? = 0% k + t {
. 0.01 0.1 10 100
Test for overall effect: Z = 1.62 (P = 0.11) Favours [experimental] Favours [control]
Supplementary Figure 13. Results of the occurrence rates of hemorrhage between VA and VP.
Experimental Control Risk Difference Risk Difference
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Dongcheng xie 2021 0 40 0 36 28.9% 0.00[-0.05, 0.05]
Mark Luciano 2022 0 87 1 100 71.1% -0.01[-0.04, 0.02]
Total (95% CI) 127 136 100.0% -0.01[-0.03, 0.02]
Total events 0 1
Heterogeneity: Chi* = 0.12, df = 1 (P = 0.73); I = 0% :_1 _0: s S 0:5 1:
Test for overall effect: Z = 0.55 (P = 0.58) Favours [experimental] Favours [control]
Supplementary Figure 14. Results of the occurrence rates of tube blockage between LP and VP.
Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Dongcheng xie 2021 1 36 1 40 50.7% 1.11 [0.07, 18.49]
masakazu miyajima 2016 0 100 6 87 49.3% 0.06 [0.00,1.12] «——
Total (95% CI) 136 127 100.0% 0.27 [0.01, 5.02] s —
Total events 1 7
Heterogeneity: Tau? = 2.34; Chi’ = 2.11, df = 1 (P = 0.15); P = 53% [ t t {
0.01 0.1 10 100
Test for overall effect: Z= 0.88 (P = 0.38) Favours [experimental] Favours [control]
Supplementary Figure 15. Results of the occurrence rates of tube revision between LP and VP.
Experimental Control 0Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Alice L. Hung 2017 10 150 53 346 84.7% 0.39[0.20, 0.80]
RobeRt McGoveRn2014 2 37 18 197 15.3%  0.57[0.13, 2.56] —
Total (95% CI) 187 543 100.0% 0.42 [0.22, 0.80] D
Total events 12 71
i ChiZ = - = = [} + t {
Heterogeneity: Chi* = 0,18, df = 1 (P = 0.67); I° = 0% 01 ol o 100

Test for overall effect: Z = 2.65 (P = 0.008)

Favours [experimental] Favours [control]

Supplementary Figure 16. Results of the occurrence rates of tube revision between VA and VP.
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shunt surgery placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1 VP
george razay 2009 2 2 18 -3 3.75% 14 0.0% 5.00 [2.83, 7.17]
magnus tisell 2011 2.93 6.4 7 -1.94 11 7 1.5% 4.87 [-4.56, 14.30] T—
Mark Luciano 2022 -0.08 1.8 9 -0.03 1.1 9 34.1% -0.05[-1.43,1.33] L ]
Subtotal (95% CI) 16 16 35.6% 0.11 [-1.60, 1.81]

Heterogeneity: Tau® = 0.29; Chi* = 1.02, df = 1 (P = 0.31); I’ = 2%
Test for overall effect: Z = 0.13 (P = 0.90)

1.1.2LP

Hiroaki kazui 2015 1.5 0.5 46 0.2 0.45 42 64.4% 1.30 [1.10, 1.50] [ |
madoka nakajima 2021 1 5.75 41 1 6.67 35 0.0% 0.00([-2.83, 2.83]

massimiliano todisco 2020 -0.5 4.36 44  -1.2 5.64 34 0.0% 0.70[-1.59, 2.99]

Subtotal (95% CI) 46 42 64.4% 1.30 [1.10, 1.50]

Heterogeneity: Not applicable
Test for overall effect: Z = 12.84 (P < 0.00001)

Total (95% CI) 62 58 100.0% 0.89 [-0.27, 2.05)
Heterogeneity: Tau® = 0.54; Chi* = 4.17, df = 2 (P = 0.12); I’ = 52% k + t |

7 _ -100 -50 0 50 100
Test for overall effect: Z = 1.50 (P = 0.13) Favours [experimental] Favours [control]

Test for subgroup differences: Chi* = 1.85, df = 1 (P = 0.17), I = 45.9%

Supplementary Figure 17. Results of MMSE improvement between shunt surgery and placebo in the RCT group.

shunt surgery placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, dom, 95% CI IV, Random, 95% CI
1.1.1 VP
george razay 2009 2 2 18 -3 3.75 14 34.7% 5.00[2.83, 7.17] =
magnus tisell 2011 2.93 6.4 7 -1.94 11 7 0.0% 4.87 [-4.56, 14.30]
Mark Luciano 2022 -0.08 1.8 9 -0.03 1.1 9 0.0% -0.05[-1.43, 1.33]
Subtotal (95% Cl) 18 14 34.7% 5.00 [2.83, 7.17] ¢

Heterogeneity: Not applicable
Test for overall effect: Z = 4.51 (P < 0.00001)

1.1.2 LP

Hiroaki kazui 2015 1.5 0.5 46 0.2 0.45 42 0.0% 1.30 [1.10, 1.50]

madoka nakajima 2021 1 5.75 41 1 6.67 35 31.2% 0.00[-2.83, 2.83] »
massimiliano todisco 2020 -0.5 4.36 44 -1.2 5.64 34 34.1% 0.70[-1.59, 2.99] £
Subtotal (95% CI) 85 69 65.3% 0.42[-1.36, 2.20]

Heterogeneity: Tau? = 0.00; Chi’ = 0.14, df = 1 (P = 0.71); I’ = 0%
Test for overall effect: Z = 0.46 (P = 0.64)

Total (95% CI) 103 83 100.0% 1.97 [-1.20, 5.15] »

Heterogeneity: Tau® = 6.32; Chi’ = 10.36, df = 2 (P = 0.006); I’ = 81% I t y |

Tast or oversll offect Z = 1.22 (P = 0.22) ( : 100 50 0 50 100
s e o Favours [experimental] Favours [control]

Test for subgroup differences: Chi* = 10.22, df = 1 (P = 0.001), I’ = 90.2%

Supplementary Figure 18. Results of MMSE improvement between shunt surgery and placebo in the cohort study
group.

Experimental Control Mean Difference Mean Difference
Study or group Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Rand 95% CI
1.3.1VvP
george razay 2009 -1.7 6.5 18 2.4 40.75 14 0.0% -4.10 [-25.66, 17.46]
magnus tisell 2011 -8.349 16 7 5.439 275 7 0.9% -13.79[-37.36, 9.78] e
Mark Luciano 2022 -2.8 2.84 8 -0.4 1.67 8 99.1% -2.40 [-4.68, -0.12] !
Subtotal (95% CI) 15 15 100.0% -2.51[-4.78, -0.23]

Heterogeneity: Tau? = 0.00; Chi* = 0.89, df = 1 (P = 0.35); I’ = 0%
Test for overall effect: Z = 2.16 (P = 0.03)

1.3.2LP
massimiliano todisco 2020 -25.1 52.47 44 7.1 10.07 34 0.0% -32.20 [-48.07, -16.33]
Subtotal (95% CI) o [} Not estimable

Heterogeneity: Not applicable
Test for overall effect: Not applicable

Total (95% CI) 15 15 100.0% -2.51[-4.78, -0.23] #

Heterogeneity: Tau? = 0.00; Chi* = 0.89, df = 1 (P = 0.35); I’ = 0% k + + {
. -100 =50 0 50 100

Test for overall effect: Z = 2.16 (P = 0.03) Favours [experimental] Favours [control]

Test for subgroup differences: Not applicable

Supplementary Figure 19. Results of 10m walk changes between shunt surgery and placebo in the RCT group.
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Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
1.3.1VvP
george razay 2009 -1.7 6.5 18 2.4 40.75 14 46.5% -4.10 [-25.66, 17.46]
magnus tisell 2011 -8.349 16 7 5.439 275 7 0.0% -13.79 [-37.36, 9.78]
Mark Luciano 2022 -2.8 2.84 8 -04 167 8 0.0% -2.40 [-4.68, -0.12]
Subtotal (95% CI) 18 14 46.5% -4.10 [-25.66, 17.46]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.37 (P = 0.71)
1.3.2LP
massimiliano todisco 2020 -25.1 52.47 44 7.1 10.07 34 53.5% -32.20[-48.07,-16.33) ——
Subtotal (95% CI) 44 34 53.5% -32.20[-48.07, -16.33] e
Heterogeneity: Not applicable
Test for overall effect: Z = 3.98 (P < 0.0001)
Total (95% CI) 62 48 100.0% -19.14 [-46.61, 8.33] -

it 2 . i o - - R = b i I I
Heterogeneity: Tau® = 301.55; Chi* = 4.23, df = 1 (P = 0.04); I° = 76% oo ) 50 100

Test for overall effect: Z = 1.37 (P = 0.17)

N . Favours [experimental] Favours [control]
Test for subgroup differences: Chi* = 4.23, df = 1 (P = 0.04), I’ = 76.4%

Supplementary Figure 20. Results of 10m walk changes between shunt surgery and placebo in the cohort group.
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Supplementary Figure 21. Sensitivity analysis of studies reporting the effect of cognitive improvement between
shunt surgery and placebo.

16



Efficacy and safety of idiopathic normal pressure hydrocephalus shunting

Supplementary Figure 22. Sensitivity analysis of studies reporting the effect of cognitive improvement between VP
and LP.

Supplementary Figure 23. Sensitivity analysis of studies reporting the effect of 10m walk changes between shunt
surgery and placebo.
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Appendix 1. The lists of studies excluded in full-text screen
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