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Idiopathic normal pressure hydrocephalus (iNPH) is 
characterized by gait and postural disturbance, cogni-
tive impairment, and urinary incontinence in connec-

tion with ventriculomegaly and normal intracranial pres-
sure (ICP).10 The general treatment is implantation of a 
ventriculoperitoneal (VP) or ventriculoatrial (VA) shunt. 
Improvement rates after shunt surgery in iNPH have been 
reported to be 50%–90%.14,15,17,19,23,24,26

However, complications following shunt surgery are 
common,11,16 especially subdural hematoma (SDH) seen 

in 2%–21% of iNPH patients treated with VP or VA 
shunts.7,8,15,21

Adjustable valves that permit the opening pressure to be 
changed externally have been recommended as a means of 
reducing the complication rate and enabling clinicians to 
optimize individual treatment.1,2

Randomized studies have indicated that lower open-
ing pressure is related to better outcome5 but also to more 
overdrainage symptoms,6 SDH, and subdural effusions.5,6 
Delwel et al. recommended that shunt treatment should be-
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ventriculoperitoneal shunt with an adjustable Codman Medos Valve was implanted in 68 patients randomized into 2 
groups. In 1 group (the 20–4 group) the valve setting was initially set to 20 cm H2O and gradually reduced to 4 cm H2O 
over the course of the 6-month study period. In the other group (the 12 group), the valve was kept at a medium level of 
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coNclusioNs Gradual reduction of the valve setting from 20 to 4 cm H2O did not improve outcome compared with 
a fixed valve setting of 12 cm H2O. Improvement after shunt surgery in iNPH patients was evident within 3 months, 
irrespective of valve setting.
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gin with the valve set at a high opening pressure, followed 
by a gradual reduction until the optimal individual level 
is reached.6

Randomized studies by Boon et al. have indicated that 
lower opening pressure is related to better outcome but 
also to more overdrainage symptoms.5 This was not con-
firmed in another Dutch trial showing no clinical effect 
of a lower opening pressure but a higher complication 
rate leading to the recommendation that shunt treatment 
should begin with the valve set at a high opening pressure, 
followed by a gradual reduction until the optimal individ-
ual level is reached.6

The aim of this study was to examine the clinical effect 
of gradually reducing the opening pressure on symptoms 
and signs of iNPH in a double-blind, double-center, ran-
domized controlled trial (RCT) to assess the optimal use 
of adjustable valves.

methods
patients

Sixty-eight patients with a median age of 71 years 
(range 50–89) were included from July 2007 to July 2011; 
46 from Sahlgrenska University Hospital, Gothenburg, 
Sweden, and 22 from Oslo University Hospital, Oslo, Nor-
way. Exclusion criteria were previous shunt placement, in-
ability to walk, and short life expectancy due to serious 
illness.

The diagnosis of probable iNPH was based on char-
acteristic symptoms and signs, ventriculomegaly with an 
Evans index > 0.3, normal ICP, and an open cerebral aq-
ueduct verified by MRI in accordance with the guideline 
criteria.18 ICP was measured between 11 pm and 7 am in 
Oslo and in Gothenburg during 10 minutes at the start of a 
CSF dynamic examination.

Patients included in Oslo also had to present with abnor-
mal ICP dynamics defined as mean ICP wave amplitude 
above 4 mm Hg and > 5 mm Hg for at least 10% of the 
recording time.7 All eligible patients agreed to participate.

study design
The study design was double-blind, double-center with 

randomization in blocks of 4. The randomization was 
common for the 2 centers. Immediately prior to shunt 
surgery the randomization was performed by opening a 
sealed envelope containing a note that divided the patients 
into 1 of 2 groups (20–4 or 12). Demographic data are 
presented in Table 1.

Only an independent research nurse was aware of the 
groupings. In the 20–4 group the valve was set to 20 cm 
H2O at the time of shunt insertion and lowered by 4 cm 
H2O each month immediately after a standardized clinical 
evaluation (Fig. 1). Hence, the final valve setting of 4 cm 
H2O was reached 4 months postoperatively. 

In group 12 the opening pressure was maintained at 
12 cm H2O from shunt insertion to the end of the study. 
To prevent bias, the monthly valve adjustments were per-
formed by a researcher who was not involved in the clini-
cal evaluations. Both patients and evaluators were blind 
to the valve settings during the study period. The 2 study 
groups underwent the monthly valve adjustment proce-

dure, but in group 12, the valve was merely readjusted to 
the same setting.

At the time of the postoperative clinical evaluations, 
the patients in both groups were questioned about symp-
toms. If a complication was suspected, a CT scan of the 
head and plain radiographs of the head, chest, and abdo-
men were obtained. If these evaluations did not lead to 
a conclusion regarding shunt dysfunction, patients in Go-
thenburg were examined with shuntography25 and those in 
Oslo by ICP monitoring.

In the event of complications or overdrainage symp-
toms, the randomization code was broken, and the patient 
was treated and kept in the study at the optimal valve 
setting, without further valve adjustments until the final 
evaluation at 6 months.

shunt surgery
All patients received a VP shunt with a Codman Ha-

kim programmable valve (Codman & Schurtleff/Johnson 
& Johnson Co.). Shunt insertion was performed with the 
ventricular catheter placed in the right lateral ventricle 
through a frontal bur hole and the distal catheter tip in the 
abdominal cavity. All patients operated on in Gothenburg 
received shunts with an antisiphon device (ASD, Siphon 
Guard), whereas those operated on in Oslo received shunts 
without an ASD.

clinical assessment
Preoperatively, as well as at 1, 2, 3, 4, and 6 months 

postoperatively, all patients were clinically evaluated us-
ing 4 tests. Immediately after each evaluation, the valves 
were adjusted in both groups as shown in Fig. 1.

The 4 tests were 1) the number of steps needed to walk 
10 m (walk steps), 2) the number of seconds it took to walk 
10 m (walk time), 3) the color-naming task of the Stroop 
test,13 and 4) the Grooved Pegboard test.13 The time and 
number of steps needed to walk 10 m were measured by 
instructing the patients to start at a designated line and 
walk as quickly as possible on an indoor floor without any 
slope to another line 10 m further away. The time (sec-
onds) was measured using a stopwatch, and the number 
of steps needed to reach a line 10 m away was registered. 
In the color-naming task of the Stroop test, the patients 
were asked to name the colors of 100 rectangles presented 
in 10 rows on a sheet of paper as quickly as possible.13 In 
the Grooved Pegboard test the patients were instructed to 
place 25 pegs into holes with randomly positioned slots as 

table 1. demographic data of patients in the 20–4 and 12 
groups*

Variables
Group 20–4  
(n = 34)

Group 12  
(n = 34) p Value 

Mean age in yrs (SD) 70.3 (8.2) 71.1 (7.7) 0.58
Sex, male/female 20/14 23/11 0.62
Mean BMI in kg/m2 (SD) 26.2 (3.3) 26.1 (4.1) 0.96
ASD, yes/no 24/10 22/12 0.80

*  The variables did not differ significantly between the groups.
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quickly as possible while the time required to complete 
the task was measured.13

statistical analysis
To compare the scores of the 4 monthly tests, a stan-

dard deviation score (SDS, also known as standardized 
score) was generated based on the preoperative test mean 
score (mean-preoperative) and standard deviation (SD-
preoperative) for all patients. The SDS of the individual 
test score was calculated using the following equation: 
SDS = (mean-preoperative – individual test score)/SD-
preoperative.

The total SDS (tSDS) was calculated for each patient as 
the mean of the SDS for the 4 monthly tests.

The magnitude of individual changes between separate 
postoperative assessments in both groups was quantified 
by comparing the change of each individual (e.g., tSDS at 
3 months – tSDS at 2 months) with the joint distribution 
of tSDS changes between all pairs of consecutive post-

operative assessments in the 12 group. This distribution 
served as a reference distribution for changes. Here, we 
arbitrarily defined significant changes as those exceeding 
1 SD of the reference distribution. The purpose of this 
method was to enable us to determine whether patients in 
the 20–4 group tended to exhibit more marked changes 
(in comparison with patients in the 12-group) at certain 
valve settings. The primary outcome variable was the dif-
ference in tSDS at each monthly follow-up evaluation be-
tween the 2 groups. For comparisons between the groups, 
the Fisher exact test was used for dichotomous variables, 
and the Mann-Whitney U-test was used for continuous 
variables. Due to site differences, an adjustment of p val-
ues for tests between groups was performed using van 
Elteren’s test with site as a blocking variable. Changes 
over time since the preoperative visit were assessed by 
the Wilcoxon signed-rank test for all 4 tests separately as 
well as for their mean value. To compare the final treat-
ment results (both in terms of scale scores and tSDS) be-

Fig. 1. Flow diagram of the randomization and clinical evaluations during the study. Patients lost to follow-up are presented in the 
diagram. Complete follow-up was achieved in 55 of the 68 patients included. The asterisks indicate an SDH event, and the number 
signs represent over drainage symptoms. The time points at which patients were lost to follow-up or withdrew from the study are 
indicated by horizontal arrows.
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tween the 2 groups, we used analysis of covariance with 
the preoperative result as a covariate, thus adjusting for 
the preoperative level of severity.

For the intention-to-treat (ITT) analysis, the Mann-
Whitney U-test was used to compare the difference be-
tween pre- and postoperative (last observation carried for-
ward) tSDS.

All tests were 2-tailed and conducted at the 0.05 sig-
nificance level. The analyses were performed using SAS 
version 9.2.

ethical aspects
The study was approved by the Regional Ethical Re-

view Board in Gothenburg, the Regional Committee for 
Medical and Health Research Ethics, and the hospital au-
thority of Oslo University Hospital. All participating pa-
tients provided written informed consent. This trial was 
not registered because the start date (July 2007) predated 
the requirement for registration.

results
Fifty-five patients (81%) took part in the 6-month post-

operative clinical evaluation (see Fig. 1).
At the end of the study, 18 of the 26 patients in the 20–4 

group had a valve setting of 4 cm H2O, 7 patients had a 
setting of 12 cm H2O, and 1 had a setting of 16 cm H2O. 
In the 12 group, 25 patients had a valve setting of 12 cm 
H2O, 2 had a setting of 20 cm H2O, and 2 had a setting of 
10 cm H2O. Thus, the mean valve setting at the end of the 
study was 7 cm H2O in the 20–4 group and 13 cm H2O in 
the 12 group.

The members of both the 20–4 and the 12 groups 
were improved significantly in tSS after shunt insertion 
at all valve settings compared with the preoperative score, 
and they exhibited the greatest improvement at the first 
postoperative evaluation. There were no significant dif-
ferences between the 2 groups preoperatively or at any 
time postoperatively (Table 2, raw scores are presented 
in Table 3).

The raw data of the 4 tests are presented in the Table 
3. There were no significant differences in the SDS for 
any of the 4 tests or in the tSDS between the 20–4 and 12 
groups at any time postoperatively (Figs. 2 and 3), either 
when all patients (regardless of actual final valve setting) 
or when only those who on completion of the study had 
the intended settings of 4 cm and 12 cm, respectively, were 
included in the analyses. The inclusion of the preoperative 
tSDS score as a covariate did not change the results.

The improved tSDS could be observed in both groups 
within the first 3 months (p < 0.001), and thereafter no 
significant improvement was seen in either group (Figs. 
2 and 3). The intention-to-treat analysis did not show any 
difference in tSDS between the 2 groups (p = 0.169).

Thirty-one patients from both groups improved more 
than 1 SD of the tSDS changes between all pairs of con-
secutive postoperative SDS in the 12 group, and none of 
the patients deteriorated by more than 1 SD. Twenty-six 
patients (84%) improved in the course of the first 3 post-
operative months compared with 5 patients in the last 3 
months (Fig. 4), with no difference between the groups.

discussion
This study revealed that a gradual reduction of the 

valve setting from 20 cm H2O to 4 cm H2O made no clini-
cal difference compared with a fixed valve setting of 12 
cm H2O. Nor did a reduction in valve setting have any 
effect on the number of “significant” improvements com-
pared with a fixed setting. Explicitly, no clinical changes 
were observed when the valve setting was lowered from 
12 to 4 cm H2O.

The literature on the effect of low versus medium or 
high valve settings on outcome is conflicting. Boon et al. 
found that all outcome measures indicated trends in favor 
of the low pressure valve compared with medium pressure 
shunts, with only the dementia scale reaching a significant 
difference. After exclusion of serious events and deaths 
unrelated to NPH, efficacy analysis demonstrated the ad-
vantage of low pressure valve shunts to be diminished.5 
Despite this nonsignificant result in terms of outcome and 
a higher complication rate in the low-pressure valve group, 
the Dutch group recommended the use of low opening 
pressure valves for treatment of NPH, a recommenda-
tion which has influenced the discussion in this area for 
many years. In another randomized Dutch study, Delwel 
et al. tested the hypothesis that patients treated with an 
adjustable valve (Strata valves set to 2.5, Medtronic) preset 
at the highest opening pressure would have comparably 
good clinical results with less subdural effusion compared 
with a control group with a low preset opening pressure 
(Strata set to 1.0). They found significantly more subdural 
effusion in the low pressure group but no significant dif-
ference with regard to improvement. Interestingly, the 2 
groups had a large difference in valve settings at the end 
of the study, where only 1 patient had a valve setting below 
1.5 in the high setting group, and only 3 patients had a set-
ting above 1.0 in the low setting group.6 A recalculation of 
their results shows that the median valve setting at the end 

table 2. mean tsds at the monthly clinical evaluations in the 2 
groups (20–4 and 12)*

Time Point
Mean tSDS (SD)

Group 20–4 Group 12

Preop tSDS −0.23 (1.10)
n = 32

0.09 (0.67)
n = 34

1-mo-postop tSDS valve setting
20 cm H2O

0.21 (0.61)
n = 29

0.37 (0.33)
n = 32

2-mo-postop tSDS valve setting
16 cm H2O

0.38 (0.45)
n = 29

0.47 (0.36)
n = 29

3-mo-postop tSDS valve setting
12 cm H2O

0.44 (0.41)
n = 28

0.47 (0.38)
n = 25

4-mo-postop tSDS valve setting
8 cm H2O

0.43 (0.39)
n = 22

0.52 (0.38)
n = 21

6-mo-postop tSDS valve setting
4 cm H2O

0.46 (0.27)
n = 23

0.52 (0.30)
n = 27

*  All postoperative tSDSs were significantly (p < 0.05) higher compared to 
preoperatively. There were no significant differences between the 2 groups 
preoperatively or at any time postoperatively. As a result of missing data, the 
denominators of both groups at follow-up differed between evaluations.
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of the study was 2.0 in the high setting group and half (1.0) 
in the low setting group. The results of Delwel et al. are 
consistent with the present study, where the mean valve 
setting in the 20–4 group at the end of the study was ap-
proximately half of that in the 12 group (7 vs 13 cm H2O), 
with no difference in outcome.

This study demonstrated that valve settings below 12 
cm H2O had no impact on outcome, which is consistent 
with the findings of Delwel et al. but contradicts the re-
sults of Boon et al., which indicated a possible effect. Is 
there any explanation or hypothesis for why lowering the 
valve setting makes no difference to the outcome? One 
explanation could be that valve setting has a very limited 
effect on the actual ICP. This is supported by the results of 
Bergsneider et al.3 showing the relationship between ICP 
and opening pressure (VP Codman Hakim programmable 
valves) to be linear but not predictable by simple hydro-
dynamics. These authors also noted that the actual ICP 
in the supine position only changed approximately 1.2 cm 
H2O for each adjustment intended to correspond to 3 cm. 

Similarly, Farahmand et al.9 found the maximal adjust-
ability difference (highest vs lowest valve setting, Strata 
valves) to be only 4.4 mm Hg (i.e., 6 cm H2O instead of the 
intended adjustability difference of somewhere between 
10 and 14 cm H2O). Another possible explanation could 
be that changing ICP within the normal range by means 
of valve settings has no effect on symptoms and signs as 
long as there is a functioning absorption mechanism with 
low resistance to outflow. ICP varies widely during the 
day depending on, for example, body position and venous 
pressure, and these variations might be more important for 
absorption than the resting pressure. Implanting a shunt 
with low resistance immediately establishes an alternative 
absorption route for CSF at all ICP levels. As the shunt 
resistance is lower than the resistance to outflow prior to 
surgery, (periventricular?) CSF absorption should always 
take place through the shunt system, irrespective of the 
ICP level. Both concepts offer a plausible explanation as 
to why the effect of shunt surgery is independent of the 
valve setting.

table 3. means and sds of the raw data for the 4 monthly tests in the 2 groups (20–4 and 12)

Evaluation
Group 20–4 Group 12

Raw Data Improvement From Preop Raw Data Improvement From Preop

Stroop test in seconds
  Preop 105.7 (76.3) — 83.6 (48.1) —
  1 mo postop 88.8 (36.8) 17.9 (60.6)* 76.9 (28.8) 7.10 (31.14)
  2 mos postop 80.8 (30.3) 25.8 (60.7)* 71.6 (27.1) 7.61 (19.65)
  3 mos postop 77.0 (27.0) 32.1 (66.4)* 71.4 (26.1) 10.1 (24.1)*
  4 mos postop 79.2 (22.6) 37.4 (75.4)* 70.7 (29.5) 11.4 (23.6)*
  6 mos postop 78.8 (22.0) 37.4 (75.4)* 69.3 (26.7) 11.4 (23.6)*
Grooved Pegboard test in  
  seconds
    Preop 150.1 (81.7) — 163.8 (123.1) —
    1 mo postop 134.9 (83.2) 13.8 (24.9)* 131.0 (61.5) 19.8 (56.3)
    2 mos postop 115.8 (49.8) 33.8 (61.1)* 114.4 (42.7) 25.9 (56.0)*
    3 mos postop 107.4 (39.1) 40.5 (59.2)* 106.4 (32.8) 23.4 (45.3)*
    4 mos postop 97.6 (32.4) 49.0 (64.0)* 105.4 (30.0) 30.7 (41.8)*
    6 mos postop 97.5 (40.8) 49.0 (64.0)* 97.7 (27.0) 30.7 (41.8)*
Walk time in seconds
  Preop 12.4 (7.7) — 10.3 (4.5) —
  1 mo postop 9.98 (6.43) 2.41 (4.52)* 8.81 (2.80) 1.55 (3.47)*
  2 mos postop 8.71 (3.66) 3.73 (5.17)* 8.50 (2.92) 2.23 (3.23)*
  3 mos postop 8.39 (3.27) 4.15 (5.94)* 8.46 (3.41) 2.40 (3.21)*
  4 mos postop 8.24 (3.58) 4.49 (6.77)* 8.00 (3.62) 2.78 (3.65)*
  6 mos postop 7.35 (1.56) 4.49 (6.77)* 7.69 (2.50) 2.78 (3.65)*
Walk steps, no. of steps
  Preop 21.0 (11.4) — 17.6 (7.0) —
  1 mo postop 17.2 (8.5) 3.80 (6.11)* 15.2 (3.4) 2.68 (6.07)*
  2 mos postop 15.7 (5.2) 5.41 (8.06)* 14.7 (3.5) 3.25 (6.06)*
  3 mos postop 15.1 (4.9) 6.09 (8.68)* 15.0 (4.5) 3.67 (5.78)*
  4 mos postop 15.6 (5.6) 6.62 (9.50)* 14.3 (3.9) 4.52 (6.72)*
  6 mos postop 15.0 (2.2) 6.62 (9.50)* 14.3 (3.9) 4.52 (6.72)*

*  Significant (p < 0.05) postoperative improvements in the SDSs.
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Fig. 2. Box and whisker plot showing the change in the mean tSDS between the clinical evaluations in the 2 groups (20–4 and 
12). A trend line is drawn between the mean SDS values for each group. Above the trend lines, the p values of the different valve 
adjustments are indicated (n = number of paired analyses). The whiskers denote values within the 1.5 interquartile range from the 
first and third quartile, dots represent outliers, and the 2 small boxes indicate outliers not fitted into the plot scale.

Fig. 3. Mean SDS of each of the 4 tests repeated on a monthly basis after valve adjustments.
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Unfortunately, no group in the present study was treat-
ed by means of a valve with a fixed setting of 20 cm H2O. 
However, it is interesting to note that most of the improve-
ment seen in group 20–4 (0.44 of the 0.69 total increase 
in tSS) occurred with a valve setting of 20 cm H2O, sup-
porting the significance of reduced resistance to outflow in 
favor of changing the ICP. Delwel et al. observed a similar 
positive outcome in the group treated with high valve set-
tings (mean 20 cm).

The clinical effect of shunting appeared within 3 
months after insertion of the shunt, irrespective of the ini-
tial valve setting (20 or 12 cm H2O) and without significant 
differences between the groups. No further improvement 
was seen when the valve setting was below 12 cm H2O. 
This is a reason for evaluating iNPH patients 3 months 
after shunt implantation.

In a recent article based on the patients in this study 
we reported an improvement of iNPH scale score or NPH 
grading scale in 88% of the patients in the 20–4 group 
compared with 62% in the 12 group.20 The reason for the 
apparent discrepancy between our 2 articles is that they 
are based on different methods. First, our current article 
defines the results based on a set of objective tests while 
the previous article was partly based on the patient’s sub-
jective descriptions of the overall effect during the follow-
up period. Secondly, in the previous article we did not use 
statistical methods to adjust for the inequality of the pre-
operative results of the 2 groups. It has been shown that 
patients with more severe symptoms show a greater im-
provement than less impaired patients on the tests included 
in this study.12

The complication rate between the 2 groups (20–4 and 
12) was recently published, showing no significant differ-
ence in the complication rate.20

To our knowledge, this is the first RCT to explore the 
clinical effect of lowering the valve setting. Previous non-
randomized and nonblinded studies2,4,6,27 have indicated 
that changing the opening pressure may have significant 
effects on symptoms and signs. In this study, we found no 
evidence to support this notion. Changing the valve setting 
in steps of 4 cm H2O had no clinical effect above and be-
yond that observed with valves fixed at 12 cm H2O, a find-
ing that strongly calls into question the rationale behind 
repeated valve setting changes. A new RCT to specifically 
address this issue should be performed to obtain evidence-
based data. The reason why stepwise changing of the valve 
setting has no effect could be explained by the factors 
discussed above. Adjustable shunts seem valuable for the 
management of complications, such as SDH and effusions, 
as well as symptoms related to over- and underdrainage.20

For the practical purpose of repeated evaluations, it was 
important to select easy to administer tests from the iNPH 
scale for this study. The 4 tests were carefully chosen to 
prevent the risk of learning effects leading to improved 
test results. A previous study involving patients with NPH 
did not indicate any learning effect on neuropsychological 
and motor tasks;22 therefore, we believe that such an effect 
between the evaluations in this study was negligible. The 
validity of the test battery is illustrated by the very small 
difference in the analyzed probability of improvement 6 
months postoperatively between the iNPH/NPH scale and 
the mean SDS of only 0.07.20

Fig. 4. Bar graph showing number of patients who improved by more than 1 SD of the postoperative SDS in the 12 group (refer-
ence group) for the 20–4 group (g20–4) and the 12 group (g12). There was no deterioration in any patient’s condition. The valve 
settings for the 2 groups at each of the monthly evaluations are presented below the x-axis.
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Although both centers followed the same study proto-
col, some conditions differed between the 2 sites. First, 
different individuals administered the 4 clinical tests at 
the 2 centers (Gothenburg and Oslo), thus the results in-
clude an unknown degree of interobserver variability. Sec-
ond, the guideline criteria for probable iNPH were used at 
both centers, but in Oslo the patients were also required 
to have mean ICP wave amplitude above 4 mm Hg and 
> 5 mm Hg for at least 10% of the recording time. The 
CSF dynamic testing in Oslo was an established evalua-
tion procedure that we decided to retain, as changing lo-
cal policies often results in more problems than benefits. 
Finally, due to administrative policies at each hospital, we 
also decided to retain the established routines for shunts 
with an ASD in Gothenburg and shunts without an ASD 
in Oslo. As we have recently published, the same rate of 
SDH was observed in patients with and without ASD, but 
a significantly higher rate of overdrainage symptoms was 
seen in the patients without ASD (p = 0.002).20

The sample size of 60 was deemed appropriate based 
on the assumption of a complication rate of 30% (SD 8%) 
and a power of 90%. At the time we planned the study no 
data were available on the expected clinical effect. Dur-
ing the 6-month study period, the amount of missing data 
were 16%, mainly due to patients lost to follow-up after 
SDH or overdrainage symptoms and patients withdrawing 
from the study. There were no significant differences in 
patient cohort characteristics (age, sex, height, weight, and 
body mass index) between the 2 sites, indicating a compa-
rable patient selection. Since most patients at both centers 
had to travel a great distance for the follow-up evaluations 
due to the large catchment areas, patients who were unable 
to attend all of the appointments were an additional source 
of missing data.

The total improvement rate in the present study (75%) 
was comparable to previous studies,7,16,17,19 thus supporting 
the diagnostic validity. The patients were selected accord-
ing to the classic criteria at both centers and we believe 
that both they and the results are representative of iNPH.

conclusions
Gradual reduction of the valve setting from 20 to 4 cm 

H2O did not improve outcome compared with a fixed valve 
setting of 12 cm H2O, nor did such adjustments give rise 
to a greater number of significant improvements at postad-
justment examinations compared with a fixed setting.

Improvement after shunt surgery in iNPH patients was 
evident within 3 months, irrespective of valve setting, and 
lowering the setting to below 12 cm H2O did not further 
improve outcomes.
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