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Different strategies have been proposed for the 
treatment of idiopathic normal pressure hydro-
cephalus (iNPH). Ventriculoperitoneal (VP) or, 

less commonly, ventriculoatrial (VA) and lumboperitoneal 
(LP) shunting are the preferred methods for diverting ce-
rebrospinal fluid (CSF). In the past 20 years, endoscopic 
third ventriculostomy (ETV) has also been suggested as 

a reasonable alternative, though this is typically recom-
mended when there is evidence of aqueductal stenosis or 
fourth ventricle outflow obstruction.

There are no randomized studies comparing the effi-
cacy of the various techniques, and it is difficult to identify 
the merits of one method over the other. The objective of 
this study was to perform a systematic review and meta-
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OBJECTIVE Different CSF diversion procedures (ventriculoperitoneal, ventriculoatrial, and lumboperitoneal shunting) 
have been utilized for the treatment of idiopathic normal pressure hydrocephalus. More recently, endoscopic third ven-
triculostomy has been suggested as a reasonable alternative in some studies. The purpose of this study was to perform 
a systematic review and meta-analysis to assess overall rates of favorable outcomes and adverse events for each of 
these treatments. An additional objective was to determine the outcomes and complication rates in relation to the type of 
valve utilized (fixed vs programmable).
METHODS Multiple databases (PubMed, Ovid MEDLINE In-Process & Other Non-Indexed Citations, Ovid MEDLINE, 
Ovid Embase, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane Database of Systematic Reviews, 
and Scopus) were searched for studies involving patients with idiopathic ventriculomegaly, no secondary cause of hydro-
cephalus, opening pressure < 25 mm Hg on high-volume tap or drainage trial, and age > 60 years. Outcomes included 
the proportion of patients who showed improvement in gait, cognition, and bladder function. Adverse events considered 
in the analysis included postoperative ischemic/hemorrhagic complications, subdural fluid collections, seizures, need for 
revision surgery, and infection.
RESULTS A total of 33 studies, encompassing 2461 patients, were identified. More than 75% of patients experienced 
improvement after shunting, without significant differences among the different techniques utilized. Overall, gait improve-
ment was observed in 75% of patients, cognitive function improvement in more than 60%, and improvement of inconti-
nence in 55%. Adjustable valves were associated with a reduction in revisions (12% vs 32%) and subdural collections 
(9% vs 22%) as compared to fixed valves.
CONCLUSIONS Outcomes did not differ significantly among different CSF diversion techniques, and overall improve-
ment was reported in more than 75% of patients. The use of programmable valves decreased the incidence of revision 
surgery and of subdural collections after surgery, potentially justifying the higher initial cost associated with these valves.
https://thejns.org/doi/abs/10.3171/2018.5.JNS1875
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analysis to estimate the overall rate of favorable outcomes 
and adverse events for each of the more common treat-
ment modalities utilized in the treatment of iNPH.

Methods
This systematic review is reported in accordance with 

the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA, 2009) statement (Fig. 1).27

Literature Search, Study Selection, and Eligibility Criteria
A medical reference librarian developed and executed a 

comprehensive literature search of PubMed, Ovid MED-
LINE In-Process & Other Non-Indexed Citations, Ovid 
MEDLINE, Ovid Embase, Ovid Cochrane Central Reg-
ister of Controlled Trials, Ovid Cochrane Database of 
Systematic Reviews, and Scopus from 1975 to November 
2017 to encompass more modern treatments of iNPH. The 
search was limited to manuscripts in the English language.

The following search terms were used: “hydrocepha-
lus”, “normal pressure hydrocephalus”, “iNPH”, “iNPH 
treatment”, “surgery for hydrocephalus”. The search iden-
tified 2010 citations. The question posed in this systematic 
review was: What are the rates of improved outcomes and 
of major adverse events after iNPH treatment?

At first, only titles were examined, and the nonrelevant 
articles were excluded. Subsequently, abstracts were re-

viewed, and the full text of any study of interest was ob-
tained. The full text of each selected study was thoroughly 
reviewed by one of the investigators (E.G.), and only stud-
ies concerning exclusively patients with iNPH and with an 
adequate description of the diagnostic criteria, treatment, 
and outcome were included in the meta-analysis. The ref-
erence lists of these studies were cross-examined, and 
additional studies were added as indicated. Case reports, 
editorials, meta-analyses, review articles, and duplicative 
reports were excluded along with any series including 
less than 25 patients or with clinical or imaging follow-up 
of less than 3 months. There was a paucity of studies on 
ETV that matched the inclusion criteria, so these were not 
included in the statistical comparisons of different shunt 
treatments, but the outcomes are presented separately for 
the sake of completeness. Studies with mixed populations 
of patients treated with different methods were excluded 
if it was not possible to clearly distinguish outcomes and 
complications related to each of the different treatment 
methods. To be included in the analysis, studies must have 
fulfilled the criteria presented below, covering 2 main do-
mains: 1) patient selection and definition of iNPH; and 2) 
outcome assessment after surgical treatment.

The inclusion criteria were as follows:
1. Patient selection and definition of iNPH

a. Idiopathic ventriculomegaly (Evans index > 0.3 

FIG. 1. Flow diagram summarizing the process of study selection.
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on CT or MRI), no secondary cause of hydro-
cephalus (e.g., no positive history of tumor, infec-
tions, and neurodegenerative diseases) on imag-
ing, and no obstructive cause (i.e., no aqueduct 
stenosis or fourth ventricle outflow obstruction)

b. Opening pressure < 25 mm Hg on high-volume 
tap or drainage trial

c. Improvement of clinical symptoms, with gait giv-
en primary importance

d. Patients aged > 60 years, or if no patient-level 
data provided, mean/median age > 70 (lower lim-
it of 95% CI > 50 years)

2. Outcome assessment after surgical treatment: Posi-
tive outcome was defined as overall improvement 
and differentiated into the 3 clinical domains (gait, 
urinary incontinence, and cognition).

Positive overall outcome included any of the follow-
ing:

• > 1-point improvement at any evaluation 
point for iNPHGS25 (idiopathic normal 
pressure hydrocephalus grading scale) or 
JCSRIH36 (Japanese Committee for Scien-
tific Research on Intractable Hydrocepha-
lus) grading system

• > 1-point improvement on the modified 
Rankin Scale (mRS)

• > 1-point in the Kiefer score
• “Fair” to “excellent” on the Black46 (or 

Marmarou1) scale
• > 10-point improvement on the EQ-VAS 

(Euro-QoL visual analog scale)
For gait, positive outcome was defined as any of fol-
lowing:

• > 1-point improvement in the gait section of 
iNPHGS

• > 10% improvement on the Timed-Up-and-
Go test

• > 20% reduction in gait time
• Measurable improvement on an adminis-

tered motor score (e.g., > 5% on EquiTest 
CDP [computerized dynamic posturogra-
phy])

For cognition, a positive outcome included any of 
following:

• > 1-point improvement in the cognitive sec-
tion of iNPHGS

• > 2-point improvement on the MMSE 
(Mini-Mental State Examination)

• Improvement in verbal IQ, performance IQ, 
or full-scale IQ on the WAIS-R (Wechsler 
Adult Intelligence Scale–Revised) or 
WAIS-III (WAIS–Third Edition)

• > 5-point improvement on the ACE-R (Ad-
denbrooke’s Cognitive Examination–Re-
vised)

For urinary incontinence, a positive outcome was 
characterized by any of the following:

• > 1-point improvement on the urinary sec-
tion of iNPHGS

• Reduction of episodes of incontinence or 
improvement of bladder control

Studies that fulfilled the inclusion criteria, report-
ing any outcome in at least one or more of the 3 clinical 
areas (i.e., gait, urinary incontinence, or cognition) and/
or describing adverse events rates, were included in the 
analysis. Based on these inclusion and exclusion criteria, 
a total of 33 articles were identified. For each study, the 
proportion of patients who improved or experienced an 
adverse event was measured. Due to the heterogeneity 
in definitions of clinical improvement used in the identi-
fied literature, and because there is not yet a universally 
agreed-upon standardized grading system, any objectively 
measured outcome was used to identify improvement in 
this meta-analysis. In Table 1, a description of the grading 
scores utilized for each case series is presented. Adverse 
event rates were calculated by considering the occurrences 
of postoperative ischemic events, intraparenchymal he-
matoma, any subdural fluid collections (chronic or acute 
hematomas or hygromas), seizures, need for revision, and 
infections.

Evaluation of Methodological Quality
For each study, the risk of bias was assessed through 

the modified Newcastle-Ottawa quality assessment scale. 
Bias was defined based on the following questions: Did the 
study include all patients or consecutive patients with ad-
equate clinical follow-up (at least 3 years)? Was outcome 
assessment objective and replicable? Did the assessment 
score scale consider all 3 dimensions of gait, dementia, 
and urinary dysfunction?

Studies judged to have a low risk of bias were defined 
as those with a predefined study protocol (prospective 
or randomized), adequate clinical follow-up (≥ 3 years), 
objective and replicable assessment scales (iNPH score, 
mRS score, Kiefer score, Stein and Langfitt scale, Black 
rating scale), and CT or MRI at follow-up. Risk-of-bias 
results are summarized in Table 2.

Statistical Analysis
For each cohort, the proportion of patients considered 

improved and the proportion of patients with adverse 
events were estimated. The rates of the events were pooled 
in a meta-analysis across studies by using the DerSimo-
nian and Laird random-effect models.6 Anticipating het-
erogeneity between studies, this model was chosen a priori 
because it incorporated both within- and between-studies 
variance. Also, because the rate of outcomes was close to 
0 or 1 in some studies, the Freeman-Tukey double arcsine 
transformation was utilized. All statistical analyses were 
performed using Stata version 13.0 (StataCorp).

Results
Search Results

Thirty-three studies, encompassing 2461 patients, were 
identified. Eleven studies were retrospective and 22 were 
prospective. VP shunting was the exclusive treatment 
modality in 20 studies (1412 patients), VA shunting in 2 
(108 patients), LP shunting in 4 (209 patients), and ETV 
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TABLE 1. Summary of the characteristics of the included studies

Authors & Year Diagnostic Criteria for iNPH Treatment Study Design

Tullberg et al., 2018 1) ventriculomegaly on CT or MRI; 2) ≥ 1 of triad Sx; 3) no secondary cause VP shunt Prospective
Hung et al., 2017 1) ventriculomegaly on CT or MRI; 2) ≥ 1 of triad Sx; 3) no secondary cause VP/VA shunt Retrospective
Kanno et al., 2017 1) age > 60 yrs; 2) ≥ 1 of triad Sx; 3) Evans index > 0.3 on CT or MRI; 4) CSF < 20 cm H2O or 

pos CSF tap test; 5) normal CSF content; 6) no secondary cause
VP shunt Prospective

Thompson et al., 2017 1) age > 80 yrs; 2) preop timed walk test; 3) preop neuropsych tests; 4) Dx of possible iNPH VP shunt Retrospective
Craven et al., 2016 1) ventriculomegaly on MRI or CT; 2) age > 40 yrs; 3) ≥ 1 of triad Sx; 4) no secondary cause VP shunt Prospective
Liu et al., 2016 1) > 21 yrs; 2) ≥ 1 of triad Sx; 3) no secondary cause; 4) Evans index > 0.3 on CT or MRI VA shunt Retrospective
Illán-Gala et al., 2015 1) no secondary cause; 2) CSF < 20 cm H2O or pos CSF tap test; 3) Dx of probable iNPH VP shunt Prospective
Shaw et al., 2016 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test VP shunt Prospective
Suchorska et al., 2015 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 

4) no secondary cause
VP shunt Prospective

Kazui et al., 2015 1) age > 60 yrs; 2) ≥ 1 of triad Sx; 3) Evans index > 0.3 on CT or MRI; 4) no secondary cause; 
5) normal CSF content

LP shunt Prospective

Moriya et al., 2015 1) age > 60 yrs; 2) triad Sx; 3) Evans index > 0.3 on CT or MRI; 4) no secondary cause; 5) 
normal CSF content

LP shunt Prospective

Sankey et al., 2015 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) no secondary cause VP shunt Retrospective
Petersen et al., 2014 1) age > 21 yrs; 2) ≥ 1 of triad Sx; 3) Evans index > 0.3 on CT or MRI; 4) no secondary cause VP shunt Prospective
Nakajima et al., 2015 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) no secondary cause LP shunt Retrospective
Virhammar et al., 2014 1) ventriculomegaly on MRI or CT; 2) ≥ 1 of triad Sx; 3) no secondary cause VP shunt Prospective
Eshra, 2014 1) MRI; 2) 2 or more of triad Sx; 3) Evans index > 0.30; 4) no secondary cause ETV Prospective
Koivisto et al., 2013 1) ≥ 1 of triad Sx; 2) no secondary cause; 3) Evans index > 0.3 on CT or MRI VP shunt Retrospective
Freimann et al., 2013 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 

4) no secondary cause
VP shunt Retrospective

Pinto et al., 2013 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

VP shunt/
ETV

Prospective

Oliveira et al., 2013 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

VP shunt Prospective

Lundin et al., 2013 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

VP shunt Prospective

Klinge et al., 2012 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

VP shunt Prospective

Bloch & McDermott, 
2012

1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

LP shunt Retrospective

Paidakakos et al., 
2012

1) insidious progression over > 6 mos; 2) age > 50 yrs; 3) > 2 of triad Sx; 4) Evans index > 0.3 
on CT or MRI; 5) no macroscopic obstruction to CSF flow

VP shunt/
ETV

Prospective

Lundkvist et al., 2011 1) age > 40 yrs; 2) insidious onset; 3) CSF < 20 cm H2O or pos CSF tap test; 4) no secondary 
cause; 5) CSF < 20 cm H2O or pos CSF tap test

VP shunt Retrospective

Hashimoto et al., 2010 1) age > 60 yrs; 2) ≥ 1 of triad Sx; 3) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or 
pos CSF tap test; 4) no secondary cause

VP shunt Prospective

Gangemi et al., 2008 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) no secondary cause

ETV Prospective

Hailong et al., 2008 1) pos intrathecal infusion/tap test; 2) ≥ 1 of triad Sx; 3) Evans index > 0.3 on CT or MRI; 4) 
CSF < 20 cm H2O or pos CSF tap test; 5) isotope clearance impairment & ventricular retro-
grade flow on radionuclide cisternography; 6) high-speed aqueductal flow on T2WI

ETV Retrospective

Pujari et al., 2008 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test VP shunt Retrospective
Spagnoli et al., 2006 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) no secondary cause VP shunt Prospective
Thomas et al., 2005 1) ≥ 1 of triad Sx; 2) ventriculomegaly on MRI or CT; 3) CSF < 20 cm H2O or pos CSF tap test; 

4) no secondary cause
VP shunt Prospective

McGirt et al., 2005 1) ≥ 2 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) CSF < 20 cm H2O or pos CSF tap test; 
4) presence of 2 or more clinical features of NPH; 5) no secondary cause; 6) either A- or 
B-waves present during artifact-free time on continuous CSF monitoring

VP shunt Prospective

Aygok et al., 2005 1) ≥ 1 of triad Sx; 2) Evans index > 0.3 on CT or MRI; 3) no secondary cause VA shunt Prospective
Dx = diagnosis; neuropsych = neuropsychological; pos = positive; Sx = symptom(s); T2WI = T2-weighted imaging.
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in 4 (150 patients). In 3 studies, outcomes of different CSF 
diversion techniques were compared for a total of 582 
patients. In these studies, patients were treated with VP 
shunting in 400 cases, VA shunting in 150, and ETV in 32. 
In 12 studies, follow-up ranged from 3 to 12 months post-
operatively; in 14 studies, it ranged from 12 to 36 months; 
and in 7 studies, last follow-up was more than 36 months.

Extracranial Shunts
Outcomes

Data on outcomes and complications are summarized 
in Table 3. The overwhelming majority of patients who 
underwent extracranial CSF shunting (almost 90%) had a 

programmable valve placed. Approximately 25% of those 
valves were Codman Hakim valves (Codman Neuro), 15% 
were Miethke proGAV valves (Aesculap), and < 10% were 
Strata valves (Medtronic). In the remainder of cases, the 
type of programmable valve used was not specified. An-
tisiphon or antigravitational devices were present in ap-
proximately 35% of the shunt systems.

A decline in the proportion of patients who improved 
clinically was found when comparing patients followed for 
less than 12 months (78%, 95% CI 74%–82%) to those fol-
lowed for 12 to 36 months (73%, 95% CI 69%–78%). This 
decline was even more pronounced for patients who were 
reevaluated after 36 months (71%, 95% CI 62%–69%).

TABLE 2. Methodological quality evaluation of included studies

Authors & Year

Selection Outcome
Representativeness 
of Exposed Cohort

Selection of 
Non-Exposed Cohort

Ascertainment 
of Exposure

Study 
Design

Assessment 
of Outcome

Length Follow-Up 
(≥3 yrs)

Imaging Follow-Up 
(CT, MRI)

Craven et al., 2016 ● ● ● ● ● ●
Gangemi et al., 2008 ● ● ● ● ● ●
Kanno et al., 2017 ● ● ● ● ● ●
Koivisto et al., 2013 ● ● ● ● ● ●
Pinto et al., 2013 ● ● ● ● ● ●
Eshra, 2014 ● ● ● ● ●
Freimann et al., 2013 ● ● ● ● ●
Hashimoto et al., 2010 ● ● ● ● ●
Hung et al., 2017 ● ● ● ● ● ●
Kazui et al., 2015 ● ● ● ● ●
Liu et al., 2016 ● ● ● ● ●
Lundkvist et al., 2011 ● ● ● ● ●
Moriya et al., 2015 ● ● ● ● ●
Klinge et al., 2012 ● ● ● ● ●
Shaw et al., 2016 ● ● ● ● ●
Suchorska et al., 2015 ● ● ● ● ●
Virhammar et al., 2014 ● ● ● ● ● ●
Aygok et al., 2005 ● ● ● ●
Hailong et al., 2008 ● ● ● ● ●
Lundin et al., 2013 ● ● ● ●
McGirt et al., 2005 ● ● ● ●
Nakajima et al., 2015 ● ● ● ●
Oliveira et al., 2013 ● ● ● ● ●
Paidakakos et al., 2012 ● ● ● ●
Petersen et al., 2014 ● ● ● ● ●
Sankey et al., 2015 ● ● ● ●
Tullberg et al., 2018 ● ● ● ●
Bloch & McDermott, 

2012
● ● ●

Illán-Gala et al., 2015 ● ● ● ●
Pujari et al., 2008 ● ● ● ●
Spagnoli et al., 2006 ● ● ● ●
Thomas et al., 2005 ● ● ●
Thompson et al., 2017 ● ● ●
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Overall, the proportion of patients who experienced a 
favorable outcome after shunting was 76% (95% CI 73%–
76%). Stratification by treatment type showed that a favor-
able outcome was reported for 75% (95% CI 71%–79%) of 
patients after VP shunting, 77% (95% CI 72%–82%) after 
VA shunting, and 76% (95% CI 69%–82%) after LP shunt-
ing (Fig. 2). We subsequently conducted sensitivity analysis 
comparing patients who had improvement measured using 
Hakim’s triad criteria to patients who had improvement 
measured using clinical scores. The difference in improve-
ment between the groups was not significant (Hakim: 76%, 
95% CI 72%–79% vs clinical: 72%, 95% CI 65%–78%). 

Overall, gait improvement was observed in 75% of pa-
tients after CSF shunting. When the data were stratified by 
treatment type, gait improvement occurred in 72% (95% 
CI 61%–82%) of patients treated with VP shunts, in 64% 
(95% CI 55%–74%) of those treated with VA shunts, and in 
90% (95% CI 90%–100%) of those treated with LP shunts. 
Improvement in cognitive function was observed in 62% 
of patients overall. Cognitive function improvement was 
observed in 61% (95% CI 54%–68%) of patients after VP 
shunting, in 63% (95% CI 52%–77%) of patients after VA 
shunting, and in 55% (95% CI 34%–74%) of patients af-
ter LP shunting. Overall, urinary incontinence improved 
in 55% of patients. When categorized according to treat-
ment type, urinary improvement occurred in 54% (95% 
CI 28%–78%) of patients treated with VP shunts, in 59% 
(95% CI 48%–70%) of those treated with VA shunts, in 
46% (95% CI 30%–64%) of those treated with LP shunts, 
and in 50% (95% CI 38%–62%) of those treated with ETV.

Complications
Postoperative subdural hematomas or hygromas were 

as likely to occur after VA shunt placement (10%, 95% CI 
3%–20%) as after placement of VP shunts (10%, 95% CI 
6%–12%) or LP shunts (7%, 95% CI 3%–12%). Follow-
ing shunt placement, 9% of patients developed a subdural 
collection (Fig. 3). Approximately 85% of subdural col-
lections regressed spontaneously after the valve opening 

pressure was increased, and less than 15% required sur-
gical evacuation. Nearly 40% of the subdural collections 
were hygromas, and 4% of those hygromas required sur-
gery. Overall, only 2% of patients had ischemic or hem-
orrhagic complications following shunt placement; strati-
fied by shunt type, postoperative ischemic or hemorrhagic 
complications were reported in 2% (95% CI 1%–4%) of 
patients treated with VP shunts, 2% (95% CI 1%–3%) of 
those treated with VA shunts, and 7% (95% CI 3%–15%) 
of those treated with LP shunt.

The overall infection rate for shunt-treated patients was 
2%. When stratified by treatment type, the postoperative 
infection rates were 3% (95% CI 1%–5%) for VP shunt-
ing and 2% (95% CI 1%–4%) for VA shunting. No data 
about infection rates after LP shunting were available in 
the included series. Postoperative seizures occurred in 2% 
of patients undergoing VA shunting. No data were avail-
able about postoperative seizures rates in the included VP 
series.

Revisions
Among all shunt-treated patients, 16% underwent sur-

gical revision, due to treatment failure, infection, or shunt 
malfunction, over a follow-up period of 3 to 192 months 
(Fig. 4). Stratification by treatment type showed that surgi-
cal revision was performed in 18% (95% CI 13%–24%) of 
VP shunt–treated patients over a mean follow-up time of 
3 to 78 months, in 12% (95% CI 6%–23%) of VA shunt–
treated patients over a mean follow-up of 192 months, and 
in 14% (95% CI 5%–26%) of LP shunt–treated patients 
over a mean follow-up time of 12 months. Around 10% of 
surgical revisions were a consequence of treatment fail-
ure. About 40% of shunt-treated patients had symptoms of 
overdrainage, though most of these patients were treated 
with shunt reprogramming.

Mortality
Mortality was estimated to be less than 2% (95% CI 

0.5%–4.2%) among shunt-treated patients during the im-

TABLE 3. Summary of outcomes and adverse events for each treatment modality

Outcome or Adverse Event VP Shunt VA Shunt LP Shunt Any Extracranial Shunt*

Overall outcome 75 (71–79) 77 (72–82) 76 (69–82) 76 (73–79)
Gait improvement 72 (61–82) 64 (55–74) 100 (90–100) 75 (65–84)
Cognitive impairment 61 (54–68) 63 (52–73) 55 (34–74) 62 (55–68)
Incontinence 54 (28–78) 59 (48–70) 46 (30–64) 55 (39–71)
Subdural collections 10 (6–12) 10 (3–20) 7 (3–12) 9 (7–12)
Ischemic/hemorrhagic event 2 (1–4) 2 (1–3) 7 (3–15) 2 (1–4)
Postop infections 3 (1–5) 2 (1–4) NA 2 (2–3)
Postop seizures NA 2† NA 2
Revision 18 (13–24) 12† 14 (5–26) 16 (12–22)
Mortality  1.5 (0.5–4.2) NA NA  1.5 (0.5–4.2)

NA = not applicable.
Rates for VP shunts are based on 23 studies (1812 patients). Rates for VA shunts are based on 3 studies (258 patients). Rates for LP shunts are 
based on 4 studies (209 patients).
* VA, VP, or LP.
† These data come from a single series and therefore were not pooled in the meta-analysis.
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mediate postoperative period. The cause of perioperative 
death was related to the shunt placement procedure in 
the majority (75%) of cases (lobar hemorrhages along the 
catheter track or surgical site infection).

Analyzing the treatment efficacy and complications 
over the last 12 years did not show a trend toward improve-
ment of outcomes or reduction of subdural collections, 
even after stratification by the type of valves implanted. 
However, a reduction of revisions was observed over these 
time periods. Characteristics of studies included in the ex-
tracranial shunt analysis are summarized in Table 4.

Adjustable Versus Fixed-Pressure Valves
Overall outcome was similar in patients with program-

mable valves (74%, 95% CI 71%–78%) and those with 
fixed-pressure valves (76%, 95% CI 70%–82%). Nonsig-
nificant differences were found between programmable 
valves with antisiphon/antigravity components (72%, 
95% CI 67%–77%) and those without (77%, 95% CI 
72%–82%). However, the proportion of any subdural col-
lection with programmable valves was much lower (9%, 

95% CI 6%–12%) than that with fixed valves (22%, 95% 
CI 11%–34%). Only a mild difference in the proportion of 
subdural collections was found comparing programmable 
valves with antisiphon/antigravity components (6%, 95% 
CI 2%–13%) to programmable valves alone (10%, 95% CI 
7%–13%).

Similarly, over a period of 12 years, shunting with pro-
grammable valves resulted in a significantly lower pro-
portion of revisions (12%, 95% CI 9%–16%) compared to 
shunting with fixed-pressure valves (32%, 95% CI 26%–
38%). No difference in revision proportion was found 
between valves with antisiphon/antigravity components 
(13%, 95% CI 8%–18%) and those without (13%, 95% 
CI 8%–18%). Eventually, when comparing the estimated 
proportion of patients whose condition improved in series 
in which patients were treated before 2005 (from 1990 to 
2005) to that in series in which patients were treated from 
2005 to 2017, there were no significant differences (76% 
vs 74%, respectively) in outcomes. However, the need for 
revision surgeries dropped significantly (12% vs 31%) over 
the last 12 years.

FIG. 2. Forest plot for overall improved outcome for iNPH patients. ES = effect size. Figure is available in color online only.
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Endoscopic Third Ventriculostomy
Overall, the proportion of patients who experienced 

a favorable outcome after ETV was 63% (95% CI 45%–
80%). When comparing the proportion of patients who 
improved based on functional grading scales or clinical 
rating scales, gait improvement was 79% (95% CI 71%–
87%), improvement in cognitive function occurred in only 
20% of cases after ETV (95% CI 11%–32%), while uri-
nary incontinence improved in 50% of patients (95% CI 
38%–62%).

Patients who underwent ETV had a low proportion of 
subdural collections (1%, 95% CI 0%–4%), and revision 
surgery was required in 16% (95% CI 4%–33%) of ETV 
cases (follow-up time 12 to 80 months). Of ETV patients 
who required revision, more than 50% subsequently un-
derwent VP shunt placement.

Discussion
To the best of our knowledge, this is the most up-to-date 

and extensive systematic review and meta-analysis on out-
comes and complications of different surgical treatments 
for iNPH. We compared outcomes and adverse events 
between the most common types of shunting procedures 
(VP vs LP vs VA), both separately and together, with par-
ticular emphasis on shunt valve type and antisiphon device 
use. Compared to previous reviews that included studies 

published before 2005, inclusion criteria in this analysis 
were based on the most recent guidelines, including an age 
cutoff of 60 years. As most patients in previous reviews 
were treated prior to release of the 2012 Japanese iNPH 
guidelines,32,35 younger patients (< 50 years) were included 
in these reviews, which is a major limitation, as it could 
have led to inclusion of patients with congenital arrested 
hydrocephalus. We also analyzed outcomes after ETV 
treatment, although those results should be interpreted 
with caution because of the limited sample size and the 
fact that most of the studies did not meet our inclusion cri-
teria. Therefore, as no prior meta-analyses on iNPH have 
included ETV data, in an effort to still present a compre-
hensive view of current iNPH treatment, we present these 
studies with descriptive statistics only.

In our analysis, more than 75% of patients had improve-
ment in their condition after shunting, without significant 
differences regarding the type of extracranial procedure 
used.20,21,37,50,58 In contrast to authors of previous studies,55 
we did not find any differences in symptom outcomes 
after shunting over the last 2 decades. This observation 
may suggest that, once the shunt is working and patients 
are adequately selected, outcomes of the procedure do not 
change over time, with an estimated rate of success stable 
around 75%.33 We also found a mild clinical deterioration 
of estimated outcomes with longer follow-up. Although 
advances in valves and shunt technologies did not signifi-

FIG. 3. Forest plot for the proportion of patients with subdural collections. Figure is available in color online only.
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cantly affect outcomes in gait, cognition, and urinary in-
continence, there was a significant effect on the incidence 
of adverse events and the need for revision. In the current 
focus on value-based care, the significantly increased cost 
of a programmable valve may be justified by the reduc-
tion in the need for revision related to valve exchange from 
32% to 12% over the past 2 decades.

Among NPH symptoms, cognitive improvement re-
sponds less favorably, while gait ataxia often progressively 
improves48 over the first 3–6 months.18,19,39,41,43,48,53 Gait 
amelioration is reported in 80%–83% of patients 3 years 
after VP shunting and in 87% of patients after 7 years.24,26, 

29,43 Comparable results were reported for patients treated 
with VA44,51 and LP shunts.2,37,38 We found that cognitive 
function improved in more than 50% of patients who un-
derwent shunting, with nonsignificant differences regard-
ing the types of shunt used.

A > 50% improvement of incontinence after extracra-
nial shunting was found in this study. Urinary continence 
improvement has been reported in almost 50% of patients 
treated with LP shunts,3 in 50%–77% of those treated with 
VA shunts,1,16,28 and in 66%–84% of those treated with VP 
shunts.23,43,52

Adverse events can range from headache to life-threat-
ening intraparenchymal or subdural hematomas requiring 

surgical evacuation.3 Complication rates for patients treat-
ed with VP shunts ranged from 13% to 38%, the major-
ity occurring within the 1st year after surgery.12,17 It was 
also estimated that 20%–33% of patients treated with VP 
shunts required additional surgery, with 15% undergoing 
shunt revision during a 1-year period (median time to sec-
ond intervention: 73.5 months).15,38,42,54 We estimated a low-
er rate of revision surgeries, especially when considering 
patients treated in the last 10 years; this difference could 
potentially be explained as a consequence of improved 
shunt technology. No differences in the rates of postopera-
tive infections, ischemic or hemorrhagic events, or seizures 
were found in relation to the type of procedure considered.

There were no significant differences between VP, 
VA, or LP shunts with respect to revision rates. Subdural 
hematoma is a common complication after shunt inser-
tion; modern iNPH series reporting nontraumatic subdu-
ral collection rates of 0%–16%57 and rates of 5.6%52 and 
7%3 have been reported for collections requiring surgi-
cal evacuation. Based on the data in this meta-analysis, 
most subdural hematomas regressed spontaneously after 
increasing the valve working pressure, with only 10% of 
cases requiring surgical evacuation. A few subdural fluid 
collections were hygromas, less than 5% of which needed 
surgical evacuation.

FIG. 4. Forest plot for the proportion of patients who underwent surgical revision. Figure is available in color online only.
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Infection is considered the second most common com-
plication, with a prevalence (3%–12%) that has not been 
shown to change with the type of shunt used. Based on 
the results of this meta-analysis, the rates of infections did 
not differ significantly among different extracranial shunt 
types. Permanent neurological deficits and death from sig-
nificant intracranial hemorrhage or ischemic events are 
uncommon (1%–6%), and the risk of intraparenchymal 
hematoma from ventricular catheter placement has been 
estimated as approximately 1%.3 Mortality rates reported 
in the literature range from 0% to 3%.15 This meta-analysis 
showed values in line with data reported in the literature.

In this study, the number of patients who had subdural 
collections and required revision surgeries was almost cut 
in half in studies with adjustable valves (compared to the 
rate with fixed-pressure valves).30,39 A further decline in 
the proportion of patients with adverse events was found 
when antisiphon/antigravity components were added.10 
Programmable valves were designed to easily allow for 
changes in working pressure, avoiding or correcting over-
drainage, and thereby decreasing the occurrence of subdu-
ral collections and revision. A shift from fixed-pressure to 
programmable valves became evident in the early 2000s,4 
along with a progression in shunt technology over the last 
15 years. Moreover, around 2005, antisiphon/antigravity 
components were added to some valve mechanisms, or as 

add-on devices, to avoid undesired changes in CSF drain-
age during postural changes. Based on these benefits, pro-
grammable valves are often preferred over fixed-pressure 
valves in the iNPH population. Adjustable valves allow for 
noninvasive changing of opening pressure, resulting in a 
reduced rate of overdrainage, with potentially fewer sub-
dural collections requiring surgery.23 The average number 
of valve adjustments required to achieve the final clinically 
optimized setting has been estimated at 1.7 in one study31 
and 3.1 in another.39 Also, with the addition of antigravi-
tational components, a decrease (by 90%) in the rate of 
subdural collection formation and overdrainage symptoms 
has been described.52,56 In the included studies, almost all 
authors preferred to use adjustable valves, with a tendency 
to set high working pressures to guard against overdrain-
age, decreasing the setting later if necessary. The few that 
still used fixed-pressure valves carefully selected patients 
for surgery and set the working pressure between 6 and 
10 cm H2O. As stated above, these data indicate that there 
may be added value in the use of programmable valves 
due to the reduction in costs associated with reoperation 
and adverse events despite a much higher initial valve cost, 
though a formal cost analysis should be performed to more 
thoroughly investigate this topic in the future.

Compared to VP shunts, VA shunts potentially reduce 
operative time, because of a modified percutaneous Seld-
inger technique,49 and allow easier visualization of the 
distal catheter intraoperatively. VA shunts should be con-
sidered an effective alternative to VP shunts when man-
aging iNPH.28 The same consideration could be made for 
LP shunts, which have been demonstrated to have similar 
results when compared to VP and VA shunts.5,12,14

ETV is primarily reserved for treating hydrocephalus of 
obstructive etiologies, but it has been explored previously 
as a treatment for iNPH.13,40 A major criticism is that most 
ETV series involving patients with iNPH used CT rather 
than high-definition MRI and therefore likely included 
patients with obstructive etiologies, such as arrested con-
genital hydrocephalus, rather than true iNPH diagnoses. 
Notably, more than 50% of ETV patients required revision 
surgery; thus, ETV should not be considered a first-line 
therapy for true iNPH. The proportions of ETV-treated 
patients who showed improvement in gait and urinary 
incontinence (75% and 50% of patients, respectively)8,11 
are similar to the corresponding rates for shunt-treated 
patients. These findings could reinforce the theory that 
ventriculomegaly represents a neuroradiological finding 
within a spectrum of neurodegenerative disorders,9 or it 
is possible that the studies included some patients with a 
more long-standing obstructive etiology. In addition, the 
proportion of patients with subdural collections was lower 
after ETV, potentially due to less actual diversion of CSF 
than with shunting in this patient population.

Almost all of the ETV procedures described in this 
meta-analysis were performed with a rigid endoscope. Al-
though ETV has always been considered more effective in 
the management of hydrocephalus related to obstructive 
rather than communicating etiologies, clinical improve-
ment (up to 66%–75% of patients) was observed in a series 
of patients who underwent ETV with better late outcomes 
and a lower rate of overdrainage when compared to shunt-

TABLE 4. Characteristics of studies included in the analysis of 
outcome and adverse events for extracranial shunts and ETV

No. of 
Studies

Total 
Sample 

Size I2*

Study 
Design (pro-/
retrospective)

Extracranial shunts
 Outcomes analysis
  Overall outcome 27 2194 54.3 19/8
  Gait 11 830 89.4 8/3
  Cognitive 9 424 45.3 5/4
  Urinary 7 415 90.4 4/3
 Complication analysis
  Infection 16 1500 28.9 10/6
  Ischemic/hemorrhagic 6 931 56.5 5/1
  Subdural 17 1493 63.6 12/5
  Revision 22 1845 87.1 11/11
  Mortality 4 230 NA 4/0
ETV
 Outcomes analysis
  Overall outcome 6 182 75.5 4/2
  Gait 2 106 NA 2/0
  Cognitive 2 66 NA 2/0
  Urinary 2 76 NA 2/0
 Complication analysis 2 126 NA 2/0
  Subdural 2 126 NA 2/0
  Revision 5 175 76.9 4/1

* Measure of heterogeneity among studies (percentage of variation due to 
heterogeneity).
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treated patients.8,34,45 This trend seems to be in line with 
what was estimated in this meta-analysis. However, it is 
possible that many studies on ETV are affected by a selec-
tion bias, as high-definition MRI to rule out aqueductal 
stenosis or fourth ventricle outflow obstruction was not 
routinely performed. It has been found that more than 10% 
of patients with a presumed diagnosis of iNPH actually 
have infratentorial, intracisternal obstructive hydrocepha-
lus on MRI.7,22,47 In patients who did not initially improve 
after ETV, shunting is recommended, with an estimated 
50% outcomes improvement after a second surgery.42

The main limitation of our analysis is the lack of in-
dividual patient data, which makes prognostic analysis 
subject to confounding bias. In addition, 11 studies were 
estimated to have an elevated risk of bias. Furthermore, 
iNPH outcomes were assessed with a nonuniform grading 
system, possibly introducing a selection bias. There was 
also the chance of an inter- and intraobserver variability 
in assessing the prevalence of improvement, especially 
regarding gait, cognitive function, and continence out-
comes. Because there are no universally accepted scales 
to evaluate the outcomes and adverse events, selection bias 
is very likely to occur. Also, not all of the studies reported 
every outcome assessed in this review. Finally, there was 
a disproportionate number of studies when considering 
each treatment strategy. VP shunts are more commonly 
reported in the literature than are VA and LP shunts and 
ETV. Although this may have impacted the results, every 
attempt was made to account for heterogeneity using sta-
tistical methods. Moreover, studies included in this meta-
analysis were selected following an a priori established 
protocol, the literature search included multiple databases, 
and study selection was rigorous and based on the criteria 
established by the most recent guidelines.

A universally accepted and applied grading system for 
evaluating outcomes after treatment of iNPH has not been 
established yet. This makes comparisons between differ-
ent series difficult, especially when assessing cognitive 
outcome. Therefore, it is critical to advance knowledge on 
this controversial topic to utilize consistent and accepted 
definitions and outcome measures and to establish large 
observational prospective registries with unified criteria.

Conclusions
This meta-analysis highlighted that outcomes for iNPH 

treatment did not change significantly between VP, VA, 
and LP shunting, with an estimated improvement in more 
than 75% of patients. ETV was not found to be significantly 
less effective than extracranial shunting in reverting iNPH 
symptoms, though it is not clear that the patients success-
fully treated with ETV in the included studies actually had a 
true iNPH diagnosis. With respect to adverse events, no dif-
ferences were found between different treatment strategies, 
except for an almost negligible rate of patients experiencing 
subdural collections after ETV. Most interestingly, in con-
comitance with the shifting from fixed to adjustable valves, 
there was a clear decline in surgery-related complications. 
This decline was particularly evident for a reduction in re-
vision surgeries, potentially justifying the increased cost 
associated with the use of programmable valves. Based on 

this meta-analysis, VP, VA, and LP shunting with a pro-
grammable valve all appear to be suitable first-line treat-
ments for iNPH in adequately selected patients.
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