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Abstract

Quick and reliable setting of programmable pressure valves (PPVs) is important in the treatment of
idiopathic normal pressure hydrocephalus (iNPH), especially for reducing overdrainage complications
and related medical costs. A new quick reference table (QRT) was developed for improved PPV control
and outcome. Shunt control can be based on the pressure environment in the sitting condition, given as
hydrostatic pressure (HP) ＝ intracranial pressure ＋ PPV setting ＋ intraabdominal pressure (IAP). Us-
ing this relationship, and estimating HP and IAP from the patient's height and body mass index, respec-
tively, a QRT was designed, consisting of a matrix of the patient's height and weight. The QRT was used
to make initial PPV settings in 25 patients with iNPH and the clinical outcomes were evaluated.
Postoperative readjustments of the PPV were not necessary in 15 of the 25 patients. At 1 month after
operation, the PPV setting was decreased once in 5 patients and increased once in 2 patients. Four of
these 7 patients improved after a single readjustment. Three patients required further readjustments. At
3 months after operation, another 3 patients required a single readjustment and all improved after this
readjustment. The readjustment rate was 40% and readjustment number was 0.68 times/patient. The
mean PPV setting at 1 year after operation was 15.5 ± 3.9 cmH2O. Use of the QRT in non-bedridden
iNPH patients results in a low incidence of PPV readjustment.

Key words: idiopathic normal pressure hydrocephalus, initial pressure setting,
programmable pressure valve, readjustment

Introduction

Idiopathic normal pressure hydrocephalus (iNPH) is
becoming more common with the ever-growing ag-
ing population in Japan, so there is an increasing so-
cietal requirement for effective treatment of patients
with iNPH. Programmable pressure valves (PPVs)
have decreased the incidence of overdrainage com-
plications, but significant risk still exists until a suit-
able setting of the PPV is obtained because of the low
intracranial compliance in patients with iNPH. Vari-
ous methods for the initial PPV adjustment have
been proposed,1,6,8,10,12–14) but no established guide-
lines for determining the initial pressure setting of
PPVs.7) We previously described a new concept for
shunt control, which recommends setting the PPV
based on the pressure environment in the upright
position and the patient's physique.4,6)

To improve the practical availability of our con-
cept, we have developed a quick reference table
(QRT) for the pressure setting of the PPV and eval-
uated its clinical usefulness.

Materials and Methods

Our previous study revealed that the pressure en-
vironment of the shunted patient in the sitting posi-
tion could be described by the following formula:
Hydrostatic pressure (HP) ＝ intracranial pressure
(ICP) ＋ PPV setting ＋ intraabdominal pressure
(IAP) (Fig. 1). Originally, we individually measured
HP from the patient's sitting height, ICP by a tele-
metric ICP sensor (OSAKA telesensor; Nagano Keiki
Seisakusho Co. Ltd., Tokyo), and IAP by intrablad-
der pressure in the vacant condition through a ure-
thral catheter. However, the body mass index (BMI)
is positively related to the IAP,3,9) so we estimated
the IAP using a graph of the relationship between
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Fig. 1 Schematic illustration showing the pressure
environment of a patient with shunt in the
sitting position. HP: hydrostatic pressure,
IAP: intraabdominal pressure, ICP: in-
tracranial pressure, PPV: programmable
pressure valve.

Fig. 2 Relationship between intraabdominal pres-
sure (IAP) and body mass index (BMI) in the
sitting position in 30 patients with
idiopathic normal pressure hydrocephalus.
Y ＝ 1.47X － 11.73, R2 ＝ 0.41.

Fig. 3 Relationship between the sitting height and
standing height in males (upper: Y ＝ 0.37X
＋ 5.15) and females (lower: Y ＝ 0.42X －
3.44) among 64 elderly volunteers.
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the intrabladder pressure and the BMI, derived from
data on 30 patients with iNPH at the Osaka Medical
College (Fig. 2). Similarly, a relationship between
sitting height and standing height was established
from data on 54 elderly volunteers (all over 65 years
of age, 23 men and 31 women) at the Nishinomiya
Kyoritsu Neurosurgical Hospital. The sitting height
and standing height showed good correlation (Fig.
3), suggesting that the sitting height can be estimated
from the standing height. Our previous studies also
revealed that mean ICP in the sitting position in
patients with clinical improvement without posto-
perative complications ranged from approximately
－21 to －28 cmH2O in reference to the frontal burr
hole.4–6) Based on these results, －26 cmH2O was
chosen as the most desirable sitting ICP. Finally, the
QRT was developed as a matrix of patient's height

and weight, as shown in Table 1.
We used the QRT for the initial pressure setting of

the PPV and investigated the number and the degree
of PPV setting changes (readjustments), incidence of
complications, and clinical course in 25 patients
with iNPH, 16 men and 9 women (mean age 76
years), treated with ventriculoperitoneal (VP) shunt-
ing at the Nishinomiya Kyoritsu Neurosurgical
Hospital for longer than 12 months between June
2003 and February 2007.

Results

All patients showed clinical improvement after the
VP shunt procedure. Readjustments of the PPV set-
ting were not necessary in 15 of the 25 patients dur-
ing the entire follow-up period. The courses of the 10
patients who required readjustment are shown in
Fig. 4. At 1 month after operation, 5 patients re-
quired single decrease of the PPV setting, 3 with un-
satisfactory clinical improvement, 1 with progres-
sive ventricular enlargement, and 1 with deteriora-
tion due to viral meningitis; and 2 patients required
single increase of the PPV setting, 1 with low pres-
sure headache (LPH) and 1 with subdural fluid col-
lection (SFC). Single readjustment of the PPV result-
ed in clinical improvement in 4 patients, 2 with
previous unsatisfactory clinical improvement and 2
with previous progressive ventricular enlargement
and LPH. Three patients required a second readjust-
ment, one for underdrainage due to excessive PPV
setting increase, one for unsatisfactory clinical im-
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Table 1 Quick reference table for the initial pressure setting (cmH2O) of the programmable pressure valve (PPV)
For females:

Height (cm)
Weight (kg)

35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

140 16 12 9 6 3
145 19 16 13 10 7 4
150 19 16 13 10 7 4
155 20 17 14 12 9 6 3
160 18 16 13 11 8 5 3
165 18 16 14 12 10 8 5
170 20 18 15 13 11 9 6 4
175 20 18 16 14 12 10 8 5
180 20 18 16 14 12 10 8

Min. setting (3),
values exceed
lower limit of PPV

Max. setting (20),
values exceed
upper limit of PPV

For males:

Height (cm)
Weight (kg)

35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110

145 18 15 12 9 6 3
150 18 15 12 9 6 4
155 19 16 14 11 8 5 3
160 19 17 14 12 9 6 4
165 20 18 16 14 11 8 6 4
170 19 16 14 12 10 7 5
175 20 18 16 14 12 10 7 5
180 19 17 15 13 11 9
185 19 18 16 15

Min. setting (3),
values exceed
lower limit of PPV

Max. setting (20),
values exceed
upper limit of PPV

Fig. 4 Course of 10 patients who required
postoperative readjustments. CHPV: Cod-
man-Hakim programmable valve, CSDH:
chronic subdural hematoma, DVM: deterio-
ration due to viral meningitis, LPH: low
pressure headache, NSI: no satisfactory im-
provement, PVD: progressive ventricular di-
lation, SFC: subdural fluid collection.
★ Represents 2 patients.
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provement due to insufficient PPV setting decrease,
and another for chronic subdural hematoma (CSDH)
due to excessive PPV setting decrease at 1 month af-
ter operation; and all patients improved after this
second readjustment. However, the patient with
CSDH gradually showed underdrainage symptoms
due to excessive PPV setting increase, and required
a third readjustment. At 3 months after operation,
another 3 patients required a single readjustment for
unsatisfactory clinical improvement, SFC, and LPH.
These 3 patients improved clinically after the single
readjustment. No surgical intervention was necessa-
ry for the patients with CSDH and SFC in this series.

The mean setting change was 3.1 cmH2O/readjust-
ment, and the mean difference between the initial
and 1-year postoperative PPV settings in patients
who required readjustments was 1.2 cmH2O. The
mean PPV setting at 1 year after operation was 15.5
± 3.9 cmH2O.

Discussion

Rapid establishment of the optimum PPV setting can
improve patient outcome as well as reduce medical
costs by preventing overdrainage complications and
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Fig. 5 Upper: Relationship between preoperative
intracranial pressure (ICP) and setting of
the Codman-Hakim programmable valve
(CHPV) 1 year after operation. There was no
correlation. Lower: Relationship between
initial setting of the CHPV by the quick
reference table (QRT) and the setting 1 year
after operation. There was a positive corre-
lation (R2 ＝ 0.64).
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shortening hospitalization time. Starting at a low
pressure setting has been recommended.13) How-
ever, low pressure valves carry greater risks of over-
drainage complications2) in patients with iNPH, and
consequently are not recommended. In contrast, set-
ting the PPV at the highest level initially was recom-
mended, followed by decreasing the setting depend-
ing on the patient's clinical condition.1,8) Readjust-
ment was not necessary in only 4 of 32 patients with
iNPH, and the mean number of readjustments was
more than 1.9 times/patient.8) Such an approach con-
cept may be effective for reducing overdrainage
complications, but is time consuming and medico-
economically wasteful.

A strategy for the initial PPV setting was proposed
based on the patient's age, duration of the under-
lying disease, ventricular size, and the results of
lumbar infusion test.14) The basic approach was to
set the PPV high (14–18 cmH2O) in patients with low
ICP (9–13 cmH2O), and low in those with high ICP in
the preoperative infusion test. A study showed 138
readjustments were performed in 147 patients with
iNPH (readjustment rate of 49%, with readjustment
number of 0.94 times/patient). These results are bet-
ter than any former method. However, our study

found no correlation between the preoperative lum-
bar tap pressure and the PPV setting at 1 year after
operation (Fig. 5 upper). Preoperative lumbar tap
pressure might be important to consider for
postoperative control of patients with iNPH who
spend most of their daily life in bed, but such con-
siderations are not applicable to patients who spend
most of daily life sitting or standing. In the upright
position, the hydrostatic pressure affects shunt flow
much more than lumbar tap pressure.

Adjusting the initial PPV setting based on the
preoperative cerebrospinal fluid (CSF) dynamic test
was recommended with readjustments according to
the results of the CSF dynamic test 2 weeks after
operation.12) Readjustment was necessary in 7 of 9
patients (readjustment rate of 78%, with readjust-
ment number of 0.9 times/patient). Furthermore, the
infusion test or CSF dynamic test is invasive and
difficult to perform. Another method for the initial
setting of the PPV was based on patient symptoms,
computed tomography (CT) findings, rate of deterio-
ration, etc.,10) but these factors are not quantitative.
Moreover, readjustment rate was 37%, with read-
justment number of 1.3 times/patient.

Compared to any of the above methods, our
strategy for PPV settings, based on the patient's
physical parameters in the sitting position, showed
superior results (readjustment rate of 16%, with
readjustment number of 0.2 times/patient).6)

However, measurement of the patient's individual
sitting height and IAP directly would be time-con-
suming in clinical practice. The present method of
initial pressure setting using the newly developed
QRT is simple, quantitative, and non-invasive with
the lowest readjustment rate of 40% and readjust-
ment number of 0.68 times/patient among all setting
methods using the Codman-Hakim programmable
valve, excluding our original method (Table 2).

Furthermore, initial PPV setting using the QRT
showed a strong positive correlation with the PPV
setting at 1 year after operation (Fig. 5 lower). The
mean PPV setting at 1 year after operation was 15.5
± 3.9 cmH2O, which was relatively higher than
previously considered but very close to the value
reported by Reinprecht et al.8) In addition, most
readjustments were completed within 3 months af-
ter operation. Our QRT was mainly used for select-
ing the initial PPV setting, and subsequent readjust-
ments were performed based on the patient's symp-
toms and the CT findings. However, a gain in the
patient's body weight or constipation may lead to
underdrainage complications due to increasing IAP
in the follow-up period.4,6,11) We believe that the QRT
can be used to calculate a new PPV setting if weight
change occurs, and so avoid any associated over- or
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Table 2 Comparison of various setting methods

Author (Year) Valve

No. of iNPH
patients
(all NPH
patients)

Readjustment
rate (%)

No. of
readjustments/

patient

Mean
setting
change

(mmH2O)

Setting method

Sindou et al.
(1993)10)

SPV unverified (75) 37 1.3 symptom,
neuroradiological image

Reinprecht et al.
(1995)8)

CHPV 32 (90) 87 À1.9 20 cmH2O

Tsuji and Sato
(1998)12)

CHPV 1 (9) 78 0.9 4.5 CSF dynamic test

Miyake et al.
(2000)6)

CHPV 13 (18) 16 0.2 1.2 sitting condition and
patient's physique

Zemack and Romner
(2002)14)

CHPV 147 (218) 49 0.94 infusion test, age,
ventricular size,
symptom duration

Present series CHPV 25 (25) 40 0.68 3.1 quick reference table

CHPV: Codman-Hakim programmable valve, CSF: cerebrospinal fluid, iNPH: idiopathic normal pressure
hydrocephalus, SPV: Sophy programmable valve.
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underdrainage complications. Therefore, the QRT
can be used not only in the initial PPV setting but
also in the postoperative follow-up period.

Our QRT is currently the most useful method for
setting PPVs in patients with iNPH who are expect-
ed to spend postoperative daily life in the upright po-
sition, both for determining the initial PPV setting
and for readjustments in accordance with changes
in the patient's physique during the follow-up
period. Further evaluation of the clinical usefulness
of this table will be conducted in a Japanese multi-in-
stitutional randomized study of iNPH (SINPHONI:
Study of Idiopathic Normal Pressure Hydrocephalus
on Neurological Improvement).
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Commentary

This experimental study by Miyake and collaborators
is an important contribution to the fine tuning of the
treatment of normal pressure hydrocephalus. The
authors convincingly show the effect of the size and
weight of the patient on the efficiency of ven-
triculoperitoneal drainage. The good clinical results
support the notion that there is a benefit for the
patients from readjustments of the valve settings
based on the quick reference table. The authors com-
ment on the effect of changes of the body weight of
nonbedridden patients on the drainage function of
ventriculoperitoneal shunts. Of course one may also
wonder about the effect of variable activities for ex-
ample with seasonal effects on the time spent taking
walks or sitting in a reclining chair. The quick refer-
ence tables developed by the authors may also be con-
sidered in shunts with other causes of hydrocephalus.
The authors are to be congratulated for their initia-
tive.

Raimund FIRSCHING, M.D., L.R.C.P., M.R.C.S.
Klinik f äur Neurochirurgie

Otto-von-Guericke-Universit äat
Magdeburg, Germany

The aging of society is proceeding worldwide, not
only in Japan. Today, iNPH is established in a clinical
field as a treatable dementia. CSF shunting operation
is valuable for improving the symptoms of iNPH. CSF
shunting operation is not difficult for a neurosurgical
technique, but has critical complications such as over-
or underdrainage of CSF. In general, overdrainage
complications are more critical than underdrainage.
Accordingly, the optimum initial setting for the
programmable pressure valve (PPV) is very important
to prevent overdrainage complications.

The guidelines of the iNPH Association recom-
mended initial setting for higher PPV and, if necessa-
ry, gradual adjustment. Reinprecht et al.2) reported on
the outcome in 32 cases of iNPH. They set PPV as

high as 200 mmH2O, and obtained 75% excellent and
82% good outcomes. But 16 cases of 32 iNPH (50%)
needed readjustment of PPV. I found 536 cases of
adult hydrocephalus reported from 1990 to 2002.
Among these, 313 cases (58%) of 536 cases needed
readjustment of shunt valve. Miyake et al.1) described
readjustments using their personal formula (initial
setting pressure ＝ hydrostatic pressure ＋ optimum
ICP(sitting) － abdominal pressure) in 3 of 18 iNPH
cases (17%). Thus we can see the significantly
decreased necessity of readjustment of postoperative
setting pressure.

The new quick reference table (QRT) consists of fac-
tors such as ICP, abdominal pressure, and sitting
height. The abdominal pressure can be calculated
from the BMI and sitting height. The authors men-
tioned quick and reliable setting of PPVs is important
in the treatment of iNPH. The initial setting pressure
becomes more correct, the necessity for readjustment
is reduced, and the medical cost of the patient should
be reduced by QRT. This is a very useful article on
treatment for iNPH.
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This study gives a quick and good method for the ad-
justment of programmable pressure valves in the
treatment of idiopathic normal pressure hydrocepha-
lus. I think if there are more cases included in the next
clinical study, this will also prove the usefulness of
this QRT, and this method which is based on the
patient's physical parameters will be a very useful
tool for all neurosurgeons.

Yazhuo ZHANG, M.D.
Deputy Director

Beijing Neurosurgical Institute
Beijing, P.R.C.


