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Normal pressure hydrocephalus: did publications
alter management?

Jan Vanneste, Rob van Acker

Abstract
Forty six Dutch neurologists and neuro-

surgeons were interviewed to evaluate the
clinical value of research articles on

normal pressure hydrocephalus (NPH).
From this survey it appears that most
clinicians still limit investigations to psy-
chometry, CSF-tap test(s), and cister-
nography. The main reasons for not using
other techniques were: their invasiveness,
technical complexity, poor availability,
lack oftime and doubt on their additional
predictive value. There is an obvious dis-
crepancy between the quantity of publi-
cations on NPH and their impact and
their ability to assist clinicians in select-
ing potential NPH patients for a shunt.
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Normal pressure hydrocephalus (NPH) com-

bines the clinical triad of dementia, gait
disturbance and urinary urgency or incontin-
ence with chronic hydrocephalus and normal
CSF pressure measurement at lumbar punc-
ture. '2 Ventricular shunting leads to a substan-
tial clinical improvement in about 50-70% of
patients when the aetiology is known and in 30-
500°0 when it is not.34 Because the therapeutic
successes are obscured by a high frequency of
shunt-related complications,5 6 a sizeable
literature has appeared describing new tests to
select appropriate candidates for shunt
procedures. However, most ofthese techniques
are technically complex, invasive or infrequen-
tly available; in addition, new tests may only be
published when the results are good, leading to
a publication bias and overestimation of the
clinical value of the test.7
As there is increasing pressure to evaluate the

f practical value of diagnostic procedures and the
benefit/harm ratio of therapeutic measures,8 9 a

Llis, survey of Dutch neurologists and neuro-

surgeons was carried out to assess (1) dis-
parities of practice for NPH and (2) opinions

°St concerning the clinical value of recently des-
is, and cribed ancillary tests on shunting patients with

possible NPH.
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Method
All information was obtained by personal tele-
phone interviews. This mode of inquiry was

preferred to a postal survey to avoid un-

returned questionnaires, to clarify possible
uncertainties, and to collect additional infor-
mation when necessary. Telephone interviews
were carried out between September and
December 1988. In The Netherlands about 105

neurologists belong to university neurological
departments and a further 260 neurologists
work in general hospitals of 300 beds or more.

Sixty five neurosurgeons are attached to 13
neurosurgical centres. Thirty three neurolog-
ists and 13 neurosurgeons were selected for a

telephone interview. Selection of respondents
was carried out as follows:
1 The chief or one of the staffneurologists of 15
academic and non-academic teaching neuro-

logical clinics were telephoned. In centres
known for their special interest in diagnosis and
treatment of NPH the neurologist most in-
volved in management of NPH was inter-
viewed. In 18 non-teaching general hospitals
with 300 beds or more, contact was made with
one of the staff neurologists. The number of
neurologists in these hospitals ranged from two
to four. The hospitals were selected on

a geographical basis to obtain a balanced
and representative sample throughout The
Netherlands.
2 In the same period, 13 neurosurgeons in the
13 Dutch neurosurgical centres were also tele-
phoned. These neurosurgeons were either the
heads of their department or had experience
with management of NPH patients. In the
three neurosurgical centres with established
expertise in research on CSF hydrodynamics,
the neurosurgeon known to have special
interest in the field was interviewed.
We deliberately included all academic and

non-academic teaching centres and all centres
known for their special interest in NPH, to
introduce a selection bias in favour of centres
with the greatest manpower, the most advanced
technical facilities and the greatest expertise.
By doing this we wanted to avoid under-
estimation of the impact of the literature on the
management ofNPH. Question 1 was posed to
the neurologists, questions 2-5 to both
neurologists and neurosurgeons.
Question 1 How many patients with possible
NPH do you see per year, the provisional
diagnosis being made on the basis of history,
clinical characteristics and CT appearances?
Question 2 Do you use the following ancillary
examinations to reach a more probable diag-
nosis of NPH? Enumerated were: neuro-

psychological asssessment, magnetic resonance

imaging (MRI), one or multiple cerebrospinal
fluid taps, isotope cisternography, CT-
cisternography, cerebral blood flow
measurements, lumbar infusion test, contin-
uous epi- or sub-dural pressure monitoring,
continuous intraventricular pressure monitor-
ing, intraventricular infusion test, other un-

listed tests (with further specification). Three
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Table 1 Number of neurologists and neurosurgeons using ancillary tests in patients with possible NPH

Neuro-
psycho- CSF Isotope CT Cerebral Lumbar EPI-I Ventricular Ventricular
logical tap cisterno- cisterno- bloodflow infusion subdural ICP pressure infusion

Tests testing MR test graphy graphy measurement test monitoring monitoring test

Neurologists Yes 24 2 22 17 5 2 2* 5** 2** 0
(n = 33) No 8 30 6 13 24 31 27 25 29 32

Sometimes 1 1 5 3 4 0 4 3 2 1**
1**

Neurosurgeons Yes 6 1 12 6 2 1* 2* 4 4 2
(n= 13) No 6 11 0 5 10 12 11 8 9 11

Sometimes 1 1 1 2 1 0 0 1 0 0

*Tests performed either by the neurologist or the neurosurgeon. **Tests considered by the neurologist but performed by the neurosurgeon.

answers on each enumerated test were possible:
yes/sometimes/never. The response was cate-
gorised as "yes" when the test was performed
either routinely or on indication in cases when
the diagnosis remained in doubt.
Question 3 If you use cisternography, do you
use the following cisternographic patterns to
diagnose NPH? (a) ventricular stasis with con-
trast for 24 hours; (b) ventricular stasis persist-
ing for 48 hours or longer; (c) absence or
minimal presence of contrast at the convexity
after 48 hours. The following answers were
possible: yes/possible or uncertain/no; respon-
ses were not mutually exclusive. The responses
"possible or uncertain" were arbitrarily cate-
gorised as "no" because we considered that in
these cases, no firm conclusions were drawn
from the test.
Question 4 Can you cite a test which you
consider to provide substantial additional
information for the decision for a patient to be
given a shunt? Possible answers: yes (specify
what test)/no.
Question S Only to the respondents not con-
sidering continuous intracranial pressure

monitoring or CSF-infusion tests: would you
consider these tests, provided that sufficient
time and technical facilities were available?
Possible answers 1) yes, 2) no, 3) don't know.

Results
All the neurologists agreed to a telephone
assessment. Eleven neurosurgeons responded
to the questions and two did not, commenting
that their opinions and policy were identical to
those of the neurologists of the same hospital.
For these two neurosurgeons, we used the
corresponding neurologist's responses. To
avoid duplication as much as possible, the tests
performed or ordered by the neurologists and
those performed by the neurosurgeons were
listed separately.

Question 1 (incidence of NPH): almost all
neurologists stated that they examined between
700 and 1000 new patients in one year and that
in the same period they encountered only one
or two potential NPH patients.
Question 2 (table 1): It is obvious that most
neurologists restricted ancillary testing to
neuropsychological assessment (24/33), CSF
tap test (22/33) and isotope cisternography
(17/33) and that in only 30% of the neuro-

surgical centres prolonged intracranial pres-
sure monitoring is currently used in patients
with possible NPH.
Question 3 (table 2): The variability ofopinions
on the value of cisternography clearly emerged
from this question: 36% of respondents con-

sidered the test as a useless procedure; from the
remaining 64% using cisternography, 41%
considered that ventricular stasis for 24 hours
was sufficient to suggest NPH; only 24%
considered a cisternal block as important and
only 17% adhered to the strict criteria of
prolonged ventricular stasis of 48 hours or

more plus a cisternal block.
Question 4 Table 3 illustrates that neurologists
preferred the CSF-tap test and cisternography
and that among neurosurgeons only CSF
removal had value in predicting the outcome
after surgery.
Question S Table 4 shows that the need for
intracranial pressure monitoring and CSF
infusion tests was obviously low, even when
time and technical restrictions would not play a

role.
It is evident that biases are inevitable in this

mode of data collection; we tried to limit them
by offering as many unambiguous questions as

possible. No firm conclusions were drawn from
numerical data concerning the incidence of
NPH, as these data were only estimations. We
believed neurologists who said that their res-

ponses concerning the ancillary tests (question
2, table 1) reflected the management of NPH

Table 2 Cisternographic criteria forNPH

Stasis Stasis
24 hours + 48 hours + No opinion

Stasis Stasis cisternal cisternal or other
Categories of responses No value 24 hours 48 hours block block criteria

Number of neurologists 9 10 5 2 4 3
(n = 33)
Number of neurosurgeons 6 1 3 0 2 1
(n = 13)
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Table 3 Preferred test to provide additional diagnostic information

Lumbar Epi-/subdural Ventricular
CSF Cisterno- infusion ICP pressure

Tests No test removal graphy test monitoring monitoring Others**

Neurologists (n = 33) 9 7 8 3 1 2 3
Neurosurgeons(n = 13) 1 6 1 2 1 1 1

**Others: doppler measurements before and after CSF removal: 2; temporary lumbar external CSF drainage: 1; neuro-
psychological assessment; 1.

patients in their department. Conversely, we
considered that responses to questions 3-5
were personal and did not necessarily reflect
the opinions of other colleagues in the same
department.

Discussion
In highly probable NPH patients with a short
history, a typical clinical triad, demonstrable
cause of hydrocephalus and persuasive CT
findings, the decision to shunt a patient was not
a problem. In less typical cases, almost all
respondents felt the need to perform ancillary
tests. As the predictive value of a test depends
on the prevalence of a disease'0 we first tried to
estimate the incidence and prevalence ofNPH.
Estimates of the respondents mirrored the low
incidence of NPH in the literature: no more
than 5-10 patients/year are given shunts for
idiopathic NPH in most major neurosurgical
centres41' and NPH as a cause of dementia is
rare, ranging from 0-5%.' This low
prevalence necessitates rigorous preselection
before performing ancillary tests, as false
positive results of a test are inversely propor-
tional to the pretest probability of a disease.'0

In accordance with review articles,3 14 most
respondents stressed that this preselection
should be based on strict adherence to the
clinical criteria. The literature on ancillary tests
and its impact on management are now re-
viewed.

1 Neuropsychological assessment
In doubtful cases, assessment of the neuro-
psychological functions may contribute to the
diagnosis of NPH: the profile of hydrocephalic
dementia'5 has similarities with other so-called
"subcortical dementias"'6 including slowing of
mental processing, difficulty in planning com-
plex actions and mental shifting, impaired
recall on memory tests and absence of cortical
dysfunction. These patterns of cognitive im-
pairment are different from "cortical" demen-
tias such as Alzheimer's disease and may assist
the clinician in differential diagnosis.6 17 In
addition, serial psychometric testing in chronic
hydrocephalus may quantify even subtle pre-

Table 4 Wouldyou consider continuous ICP monitoring
or lumboventricular infusion when available?

operative deterioration or post-operative shunt
dysfunction or improvement.'"20 We were
somewhat surprised that 70% of the neuro-
logists thought that a thorough neuro-
psychological assessment should be made, in
spite of a limited number of articles under-
scoring the importance of assessment of cog-
nitive impairment and the value of serial
psychometry in NPH.

2 Magnetic resonance imaging (MRI)
Recent publications outlined some MRI
features that suggested NPH, including a
marked CSF voiding sign (CVS) in the
aqueduct, corpus callosum thinning, high
periventricular signals and absence or less
extensive areas, of increased white matter sig-
nal.2' However, the CVS sign is not specific for
NPH and white matter involvement does not
preclude a favourable shunt response.22 Uncer-
tainty remains about the additional costs of
MRI for detecting a few additional treatable
patients with NPH. The use of MRI by our
respondents was negligible, probably mainly
due to its limited availability and high costs.
Even in centres with MRI this facility was
infrequently performed, because of its doubt-
ful additional predictive value.

3 CSF tap test(s)
Both improvement or lack of improvement
after CSF removal or after continuous lumbar
CSF drainage have been described as good
predictive tests to select shunt candidates.2324
Wikkelso reported that the CSF tap test was
able to predict the degree of improvement.25
However, validation of these results by other
prospective studies is still lacking and a
negative CSF tap test does not exclude
improvement after CSF diversion.2627 In spite
of uncertainty on the value of a negative CSF
tap test, it ranked at the top of the preferred
tests and many respondents elected not to
shunt a patient when the test was negative.

4 Cisternography
Since the first description in diagnosing com-
municating NPH28 the predictive value of cis-
ternography with isotopes has remained a mat-
ter of controversy.4 14 29 30 Some authors found
that cisternography remained a useful test
when strict adherence to the criteria of a
"positive" cisternography (see results, ques-
tion 3) had been maintained and used in
conjunction with other diagnostic techniques.
The controversy in the literature was

mirrored in our survey. It was striking that only
17% of the neurologists adhered to strict
criteria and that nearly 50% of the neuro-

Yes No Don't know

Neurologists (n = 30*) 4 22 4
Neurosurgeons (n = 7*) 2 4 1

*Only to respondents not already using these tests.
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surgeons considered the test as useless. The
impact of reports showing a close correlation
between isotope cisternography and CT cis-
ternography3 32 was also negligible. Additional
comments on cisternography revealed that
results were frequently liberally interpreted
and, in fact, had limited influence on surgical
decisions. In some cases an additional role
appeared to diminish the uncomfortable feeling
of hesitancy by doing a test before taking a
therapeutic decision.

5 Cerebral bloodflow (CBF) measurements
Many articles on NPH described CBF
measurements before and after CSF removal or
after shunting, using imaging with xenon133,
SPECT or PET scan.3"3" Clinical improve-
ment when decreased cerebral blood flow
increased after CSF removal or after a shunt
has been described,333 although this has not
been confirmed by others.3 No respondent
used xenon'33 or SPECT and only two
neurologists evaluated the CBF after CSF
removal by measuring changes in carotid flow
velocity before and after CSF removal (the
"Doppler-lp test").38

6 Continuous intracranial pressure monitoring
(ICPm) and CSF infusion tests
Further evaluation of CSF hydrodynamics by
means of ICPm or CSF infusion tests in
doubtful cases had few adherents. Although
ICPm has been reported as one of the best tests
to predict improvement after a shunt,392 only
five of the 13 neurosurgical centres use this
procedure; four others abandoned it because of
technical problems, the patient's lack of
cooperation or because of doubts on the
additional predictive value. For the same
reasons the lumbar CSF infusion test4344 was
used in only two centres.
No neurosurgeon assessed the conductance

to CSF outflow (C.",)'I 45 in spite of a predictive
value of 96% (confidence intervals 66%-
100c.). Invasiveness, technical complexity and
lack of time were the main reasons for
reticence. However, even when technical
aspects and lack of time would not limit their
use, only a small minority of both neurologists
and neurosurgeons would consider the test,
because of uncertainty concerning its general
rule. The latter assumption has recently been
suggested by Vorstrup et al, who found a
predictive value of C.., ofonly 580% (confidence
intervals 29%-82%).37

In conclusion it appeared from our survey
that although one of the functions of medical
literature is to assist clinicians in making
optimal decisions about their patients, recent
articles on NPH describing new techniques
had a negligible influence on management.
Psychometry, CSF removal, and isotope cister-
nography were the only tests used by more than
50%,h of the respondents, in spite of their
limited diagnostic and predictive value. Reluc-
tance to use new tests in NPH was mainly due
to the combination of unfamiliarity with the
procedures and the complexity, invasiveness or
unavailability of many of them. In addition,
many articles on NPH contain substantial

methodological flaws including the lack of
appropriate statistical analysis or the absence of
a control group. Results of prospective ran-
domised controlled trials-repeatedly ad-
vocated in review articles-are still lacking.
Symon established in 1977 that 12 years after

studies on NPH clinicians remained puzzled.
Another 12 years after the first studies, this
statement still holds true. Proliferation of
research and clinical articles further increased
the complexity of the puzzle, without clarifying
the problem on how patients with uncertain
NPH should be managed. Clinicians are still
awaiting tests and guidelines with more prac-
tical value. In the mean time, "the proof of the
shunt"-a still common albeit unsatisfying
strategy-will remain in vogue in many
centres.

We are most grateful to all our colleagues who kindly responded
to the telephone interviews. We are also indebted to Professor H
van Crevel and Drs G Davies and M Laman for their useful
comments.
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