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Object. The authors set out to describe the outcome in a subgroup of patients with normal-pressure hydrocephalus
(NPH) in whom prognostic factors were poor. This subgroup of patients who had received shunts was selected accord-
ing to strict criteria.

Methods. From a cohort of 56 patients with NPH in whom shunts were placed, the authors selected a subgroup with
four of the factors traditionally considered to indicate poor prognosis: idiopathic type, cortical atrophy, longstanding
symptoms, and presence of dementia in addition to old age. Twelve patients met the inclusion criteria.

After receiving shunts, 92% of the patients showed clinical improvement on the NPH scale; gait improved in 100%
of patients, sphincter control in 90%, and dementia in 33%. Improvement was significant for gait and sphincter con-
trol, general NPH score, and most daily life activity scales. No significant differences regarding clinical, cognitive, or
functional changes following surgery were found in comparison with the rest of patients (the good prognosis sub-
group).

Conclusions. The clinical condition of patients with NPH who present with traditionally accepted markers of poor
prognosis can improve after surgery, especially as regards gait and sphincter control. The authors assert that the pres-
ence of these markers should not be considered to be an absolute criterion for ruling out shunt surgery in cases of NPH

syndrome.

KEY WORDS

NPH syndrome are still controversial, because sur-
gery in these fragile patients does not always lead to
a good outcome or improve quality of life. Several authors
have investigated the predictive values of distinct symp-
toms and ancillary methods for improving prognoses. The
following factors have traditionally been associated with
unfavorable outcome: idiopathic form,*!8333 prolonged dis-
ease duration,>®!821223337 presence of cerebral atrophy in
neuroradiological examinations,>?*>¥ severe dementia,>!>
202131 incomplete clinical triad,>'> and absence of periven-
tricular lucencies.>* The presence of some of these factors,
whether isolated or in combination, does not mean, how-
ever, that outcome after surgery will necessarily be poor. To
our knowledge, no study has been focused on the outcome
in patients with NPH who show accepted markers of poor
prognosis prior to surgery.
In a recent paper,” members of our department studied
the influence of several known prognostic factors in patients

T HE indications for placing shunts in patients with

Abbreviations used in this paper: CSF = cerebrospinal fluid;
DLAS = Daily Life Activities Scale; ICP = intracranial pressure;
IQCODE = Informant Questionnaire on Cognitive Decline in the
Elderly; MMSE = Mini-Mental State Examination; NPH = nor-
mal-pressure hydrocephalus; R,, = resistance to outflow; RDRS-
2 = Rapid Disability Rating Scale-2; SLS = Stein and Langfit Scale;
TMT = Trail Making Test; WMS = Wechsler Memory Scale.
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normal-pressure hydrocephalus syndrome < surgery -°
neuropsychological test ¢ prognosis

outcome

with a confirmed diagnosis of NPH. We found that the fac-
tors clearly related to better neuropsychological and func-
tional recovery after shunt procedures included the presence
of a complete clinical triad, obliterated or normal cortical
sulci size, and periventricular lucencies. Age, symptom du-
ration, degree of preoperative dementia, and ventricular di-
lation were not definitively related to neuropsychological or
functional changes after surgery when these factors were
evaluated by an independent neuropsychologist; however,
clinical or radiological factors classically associated with a
poor prognosis are increasingly found in patients with sus-
pected NPH or in those who have a mixed-type dementia
(NPH associated with other neurodegenerative disorders
such as Alzheimer disease or vascular dementia). Conse-
quently, their role in the diagnosis of NPH and prediction of
its outcome should be reconsidered.

The main objective of this paper was to challenge the
widespread belief that patients with the classic symptoms
or signs of bad outcome cannot improve after shunt pro-
cedures, especially when more than one of these signs are
present. To achieve this goal, we describe the clinical and
neuropsychological outcome 6 months after shunt surgery
in a pilot study of a subgroup of patients with NPH who
simultaneously presented the following four factors tra-
ditionally considered to be markers of poor prognosis (in
addition to old age): idiopathic hydrocephalus, cortical atro-
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FiG. 1. Algorithm demonstrating patient selection in this study. 1) Active hydrocephalus: mean ICP greater than 12 mm
Hg with the presence of A and/or B waves. 2) Compensated hydrocephalus: mean ICP less than or equal to 12 mm Hg
with the presence of A and/or B waves. 3) Ex-vacuo hydrocephalus: mean ICP less than or equal to 12 mm Hg, with no

pathological wave and an R, less than 10 mm Hg/ml/min.

phy, prolonged disease duration, and dementia. These pa-
tients were also included in a study of 43 patients recently
published by us.*

Clinical Material and Methods
Patient Population

Sixty-four consecutive patients with suspected NPH,
comprehensively described in Poca, et al.,* were evaluated
at the Department of Neurosurgery, Vall d’Hebron Univer-
sity Hospital, between February 1994 and September 1997.
All patients presented with ventricular dilation (Evans In-
dex = 0.30) and at least one of the following clinical symp-
toms, unexplained by other neurological or nonneurological
conditions: gait dysfunction, sphincter incontinence, cogni-
tive deficits, and/or Parkinson disease refractory to treat-
ment. Ex-vacuo ventricular dilation was diagnosed in six
patients on the basis of the results of continuous ICP moni-
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toring and CSF dynamics studies (all six patients presented
with a mean ICP = 12 mm Hg but with no pathological
waves in the total recording time and an R, < 10 mm
Hg/ml/min) and were not considered candidates for shunt
placement. Two patients died of unrelated causes (pulmona-
ry neoplasm and cardiac infarct) before the follow-up as-
sessment. Of the remaining 56 patients with NPH who had
received shunts, we selected a subgroup with four of the
factors traditionally considered to be markers of poor prog-
nosis: idiopathic form, cortical atrophy (enlarged cortical
sulci size), long disease evolution time (> 12 months),?"*
and presence of dementia (MMSE score < 24). In addition,
we considered patients older than 64 years only because age
is considered one of the most significant variables in neu-
rological recovery and can preclude aggressive treatment.
Twelve patients met these criteria. Figure 1 summarizes
the selection criteria of patients included in the present
study. All patients underwent complete neurological, neuro-
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Factors of poor prognosis in normal-pressure hydrocephalus

TABLE 1

Clinical and demographic characteristics in patients
in the poor and good prognosis groups*

TABLE 2

Summary of characteristics in patients in the good
and poor prognosis groups

Poor Prognosis Good Prognosis

Characteristic No. (%) No. (%)
no. of patients 12 44
sex
male 8 (67) 29 (66)
female 4 (33) 15 (34)
no. of bad-prognosis factors
0 0(0) 49
1 0(0) 11 (25)
2 0 (0) 15 (34)
3 0(0) 14 (32)
4 12 (100) 0(0)
diagnosis
idiopathic NPH 12 (100) 31 (71)
after subarachnoid hemorrhage 0 (0) 25
postmeningitis 0(0) 2(5)
aqueductal stenosis 0 (0) 3(7)
unop posterior fossa tumor 0(0) 3(7)
posthemorrhage IVT 0 (0) 1(2)
other 0 (0) 2(5)
clinical symptoms
complete clinical triad 10 (83) 35 (80)
gait & cognitive deficits 1(8) 6 (14)
cognitive dysfunction only 1(8) 3(7)
hydrodynamic diagnosis
active hydrocephalus 542) 15 (34)
compensated hydrocephalus 7 (58) 29 (66)
total % B waves
<10 1(8) 5(11)
11-49 6 (50) 24 (55)
=50 542) 15 (34)
plateau waves (mm Hg)
day >40 1(8) 2(5)
night >40 0 (0) 1(2)
night 20-40 0(0) 1(2)
absent 11 (92) 40 (91)
shunt-related complications
none 10 (83) 36 (82)
headache from overdrainage 0 (0) 25
subacute subdural hematoma 1(8) 2(5)
infection of distal catheter 0 (0) 1(2)
asymptomatic subdural hygroma 1(8) 2(5)
shunt malfunction 0(0) 1(2)
bilat subdural hematoma 0 (0) 0 (0)

*IVT = intraventricular.

imaging, and neuropsychological evaluations prior to sur-
gery and were reassessed at 6 months postoperation. Tables
1 and 2 show the clinical and demographic description of
the 12 patients who met the poor prognosis selection crite-
ria and the rest of the 44 patients who composed the good
prognosis group.

Clinical Assessment

The disease affects three main areas—gait, sphincter con-
trol, and cognitive functioning—which were evaluated ac-
cording to the NPH scale (Table 3).** The minimum possi-
ble score of three points indicates a patient who is bedridden
or unable to walk, has no contact with the environment, and
has urinary and fecal incontinence (is vegetative or in a
minimally conscious state). The maximum score (15 points)
indicates normal functioning in the three domains.
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Poor Prognosis Group Good Prognosis Group

No. of Median No. of Median
Characteristic Patients  Value IQR  Patients  Value IQR
patient age (yrs) 12 75 7.3 44 69.5 12.5
mos of evolution 12 30 24 44 16 38.8
ICP (mm Hg) 11 12 14 40 10 12.75
R,, (mm Hg/ 4 12.1 5.93 17 15.6 9.05
ml/min)
Evans Index 12 0.38 0.1 44 0.39 0.1

*IQR = interquartile range.

Neuropsychological Assessment and Daily Life
Activities Evaluation

The neuropsychological examination included tests of
verbal and visual memory, speed of mental processing, and
frontal lobe functioning as well as a brief screening test for
dementia. Patients were administered the WMS,* which
consists of seven subtests: 1) personal and current informa-
tion; 2) orientation in time and space; 3) mental control; 4)
logical memory; 5) memory span for digits; 6) visual repro-
duction; and 7) associate learning. Also administered were
the TMT, Parts A and B,* to evaluate motor speed, visual
scanning, attention, and mental flexibility; a word fluency
task consisting of naming as many animals as possible dur-
ing 1 minute; and the MMSE,® which provides a global
measure of the severity of cognitive impairment.

Patients’ functional behavior and changes in daily life
activities were evaluated using several rating scales: the

TABLE 3
Items included in the NPH scale used to assess the clinical triad*
Scale Component Score
GE
patient bedridden or unable to ambulate 1
ambulation possible w/ help 2
independent walking possible but unstable 3
or patient falls
abnormal but stable gait 4
normal gait 5
CF
patient vegetative 1
severe dementia 2
severe memory problems w/ behavior 3
disturbances
memory problems reported by 4
patient or family
cognitive disturbances found only by 5
specific tests
SD
urinary & fecal incontinence 1
continuous urinary incontinence 2
sporadic urinary incontinence 3
urinary urgency 4
no objective or subjective sphincter 5

dysfunction

* NPH score = GE + CF + SD. Abbreviations: CF = cognitive function;
GE = gait evaluation; SD = sphincter disturbance.

457



M. A. Poca, et al.

FiG. 2. Computerized tomography scans (upper) and ICP reading (lower) from a patient with NPH. Despite enlarged
sylvian fissures and cortical sulci, the patient demonstrated intracranial hypertension on the ICP tracing, with 51% of high-
amplitude B waves. Clinically, the patient showed a predominance of gait alterations and urinary incontinence, with sub-

tle recent memory deficit and no other symptomatology.

IQCODE," consisting of 17 items each scored from 1
(much worse) to 5 (much better); the RDRS-2,'" which in-
cludes 18 items scored on a scale of 1 to 4 (a minimum
score of 18 points indicates total independence and the max-
imum score of 72 indicates total dependence); a modifi-
cation of the SLS,* which ranges from O (a patient able to
work or perform the same duties as before) to 5 (the patient
is bedridden or vegetative, with no spontaneous activity or
verbal contact); the DLAS,” which evaluates how much
help a person needs to perform five activities of daily life
(mobility, shopping, cooking, household tasks, and money
management) on a three-point scale (0, unable; 1, with help;
2, without help); and, finally, the Clinical Dementia Rat-
ing,"! which globally rates cognition, behavior, and func-
tional capacity and ranges from O (no dementia) to 3 (severe
dementia).

Monitoring of ICP, CSF Dynamics Studies, and Criteria
for Shunt Procedure

The decision to implant a shunt was based on continuous
ICP monitoring and CSF dynamics studies (the R, was de-
termined by Katzman and Hussey’s'* constant rate infusion
test).** The type of hydrocephalus in this study was clas-
sified according to the presence or absence of A and/or B
waves and the mean ICP values obtained from an epidural
sensor.?** To avoid artifacts and overriding related to the
use of epidural sensors, ICP values measured from the sen-
sors were compared and corrected with the simultaneous
pressure values obtained from a lumbar puncture performed
in some of the patients to study CSF dynamics. In our cen-
ter, ICP is monitored in each patient for at least 48 hours, in-

458

cluding at least an overnight recording, using a fiberoptic
extradural device (LADD Research Industries, Inc., Bur-
lington, VT). We registered mean ICP and the presence
and percentage of the total recording time of A waves (ICP
elevations at least 20 mm Hg above the resting line, with
abrupt onset and end, and lasting between 5 and 20 minutes)
and B waves (0.5-2 ICP waves/minute, lasting for at least
10 minutes). Accordingly, each patient received one of the
following classifications: 1) active hydrocephalus (mean
ICP > 12 mm Hg with the presence of A and/or B waves);
2) compensated hydrocephalus (mean ICP = 12 mm Hg,
with the presence of A and/or B waves); and 3) ex-vacuo
hydrocephalus (mean ICP = 12 mm Hg, with no patholog-
ical wave).*® Figure 2 features data in a patient with ac-
tive hydrocephalus, and Fig. 3 a patient with compensat-
ed hydrocephalus. Independently of the R, values, patients
with active or compensated hydrocephalus were selected
for shunt placement.

Type of Shunt Selected

A differential low-pressure valve system was implanted
in all patients. A Hakim—Medos valve system (closing pres-
sure range 40 = 10 mm H,0; Medos S.A., Le Locle, Swit-
zerland) was used in six patients. In five patients, this valve
was combined with an infraclavicular gravity-compensat-
ing accessory (NMT Neurosciences Implants S.A., Sophia
Antipolis Cedex, France). A low-pressure diaphragm valve
(American Heyer-Schulte Corp., Santa Barbara, CA) was
implanted in one patient. A Delta valve with a performance
level of 0.5 and an incorporated antisiphon device (Med-
tronic PS Medical, Goleta, CA) was implanted in the re-
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FiG. 3. Computerized tomography scans (left) and ICP readings (right) from a patient with NPH before (upper) and af-
ter (lower) a shunt procedure. Before shunt implantation, the patient was unable to ambulate, suffered continuous urinary
and fecal incontinence, and had severe memory problems with behavior disturbances. Note that the presurgical scan re-
vealed only moderate ventricular enlargement (Evans Index = 0.33) with dilated cortical sulci, whereas the ICP tracing re-
vealed between 5 and 10% of low-amplitude B waves (< 10 mm Hg). After shunt placement, this patient experienced
marked improvement (abnormal but independent and stable gait, normal sphincter control, and fewer self-reported mem-
ory problems—all of which persist to date, 8 years after the shunt was inserted).

maining five patients. Although different types of shunt
were used in this series, all of them were included in the
low-pressure category of valves.

Surgical Management Protocol

The surgical management protocol, which has recently
been reported,* included several peri- and postoperative
maneuvers to minimize secondary complications. Briefly,
one dose each of sulfamethoxazole (1600 mg) and trimeth-
oprim (320 mg) were used as prophylactic antibiotic agents
during induction of anesthesia, followed by a further three
doses every 12 hours. The head and body were washed
twice (once in the ward and again after induction of anes-
thesia). The surgical field was then painted with Betadine
solution and covered with Betadine-soaked gauze strips for
at least 3 minutes. The dura mater was opened by coagula-
tion and as far as possible the size of the hole was limited to
the diameter of the ventricular catheter. To clean the cathe-
ter’s lumen and prevent infection, an intraventricular bolus
of vancomycin (20 mg) was administered in all patients.
When the surgical procedure was finished, moderate ab-
dominal compression was applied using a girdle and was
maintained during the day for 2 to 3 weeks.

In the subgroup of patients with a differential-pressure
valve and no antisiphon or gravity-compensating accessory,
the beds were kept flat for at least 7 to 9 days, after which
ambulation was begun. In patients with an antisiphon or a
gravity-compensating accessory, the beds were inclined at a
45° angle for the st postoperative week. At discharge, the
patients were advised to try to maintain this bed position
at home until the first follow-up examination, which was
routinely performed approximately 3 months later. In this
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subgroup of patients, ambulation was started on the 3rd day
after shunt insertion.

Therapeutic Evaluation

Outcome was independently assessed by the neurosur-
geon and neuropsychologist 6 months after the shunt pro-
cedure by using the NPH scale. If discrepancies were found
between the evaluations of the neurosurgeon and the neuro-
psychologist, the patient was reevaluated and the final score
was agreed on by consensus. Neuropsychological tests and
quality-of-life scales were administered to the patients while
they were in the hospital for presurgical studies, and again
6 months later. Because a small change in the NPH scale
score represents a substantial change in the patient’s func-
tional status, we defined moderate improvement as a one-
point increase and marked improvement as an increase of
two or more points. Improvements in neuropsychological
and behavioral features were analyzed using the percentage
of change between baseline and postoperative scores. Com-
plications in the early postoperative period (1st month after
shunt placement) and at 6 months after shunt insertion were
evaluated by the neurosurgeon in charge of the patient.

Statistical Analysis

Nonparametric analyses were used. The Wilcoxon
matched-pairs signed-rank test was used to compare presur-
gical and postsurgical data. The Mann—Whitney U-test
and the Wilcoxon rank-sum W-test were used for between-
group comparisons.

A percentage of change between baseline and postopera-
tive conditions was also calculated as follows: ([control —
baseline]/baseline) X 100. Statistical significance was not-
ed at a probability level less than or equal to 0.01.
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TABLE 4
Clinical and radiological information in 12 patients with NPH*

M. A. Poca, et al.

Duration NPH Scale
of Disease
Case Age (yrs), B Waves out Evans Index  Evolution GE CF SD MMSE
No. Sex PVL (%)t (mm Hg/ml/min) (pre/post) (mos) (pre/post) (pre/post)  (pre/post) (pre/post) SLS (pre/post)
1 77, M N 27 NA 0.41/NA 60 1/4 3/4 1/5 19/23 4/3
2 72, M Y 51 NA 0.36/0.35 48 2/3 4/4 4/4 23/26 2/2
3 76, F Y 18 7.5 0.40/0.31 24 1/4 4/4 173 23/25 4/2
4 69, M N 18 NA 0.40/0.34 24 4/5 4/5 4/5 21/26 1/0
5 75, F N 5 12 0.33/0.21 120 1/3 3/3 1/5 23/27 4/3
6% 81, M N 53 1.8 0.41/NA 48 5/5 4/4 5/5 22/21 212
7 75, F Y 18 7.5 0.40/0.36 36 3/5 4/4 3/5 19/14 2/2
8 77, M Y 85 30.7 0.45/0.41 24 173 2/3 12 9/11 4/4
9 74, F N 70 16 0.35/0.31 18 2/5 4/5 3/5 16/28 4/0
10 65, M Y 12 14.5 0.31/0.33 36 3/5 4/4 5/5 23/19 2/1
11 80, M Y 14 NA 0.36/0.37 18 3/5 4/4 4/5 22/26 2/1
12 68, M N 40 NA 0.36/0.34 24 2/5 4/4 173 18/23 4/2

* N = no; NA = not available; pre = presurgery; post = postsurgery; PVL = periventricular lucencies; Y = yes.

T Percentage of B waves previous to shunt insertion.
# Patient’s condition did not improve.

Results
Clinical Symptoms of NPH

Before treatment, 10 patients had the complete clinical
triad, one patient had cognitive dysfunction only, and anoth-
er patient had gait and cognitive disturbances but no sphinc-
ter incontinence. All patients had some level of cognitive
impairment (Table 4). Five patients had active hydroceph-
alus (Fig. 2), and seven patients had compensated hydro-
cephalus (Fig. 3).

According to the NPH scale, 11 patients showed clinical
improvement (defined as an increase of 1 or more points on
the NPH scale). Gait improved in all of the patients who had
presented with gait abnormalities at the baseline assess-
ment, sphincter dysfunction improved in nine of 10 patients
who had presented with sphincter incontinence at the pre-
surgical assessment, and cognitive impairment improved in
four patients. No worsening was observed in any patients
(Table 5 and Fig. 4).

Following surgery, patients improved significantly in gait
(Z = —2.93, p = 0.003), sphincter control (Z = —2.67,p =
0.008), and in the global NPH score (Z = —2.93, p=0.003).
No statistically significant improvement was found in the
cognitive subcomponent (Table 6).

Neuropsychological Assessment and Daily Life
Activities Evaluation

At the baseline assessment, six patients were completely
dependent on others for daily life activities (Grade 4 on the
SLS), five patients required some supervision (SLS Grade
2), and one patient was independent for daily life function-
ing (SLS Grade 1). Six months after shunt placement, only
one patient remained totally dependent (SLS Grade 4), sev-
en patients required supervision (SLS Grades 2 and 3), and
four patients were independent for daily life activities (SLS
Grades 0 and 1; Table 4).

As shown in Table 6, following shunt procedures, signif-
icant improvement was found on most daily life activity
scales, including the RDRS-2 (Z = —2.59, p = 0.01), the
SLS (Z = —2.52, p = 0.011), the DLAS (Z = —2.55, p =
0.011), and the IQCODE (Z = —2.67, p = 0.008).

A tendency toward improvement (p < 0.05) was found
in several neuropsychological tests used to evaluate atten-
tion (Digit Span Forward and mental control) and verbal
memory (associate learning).

Comparison Between Prognosis Groups

We compared the poor prognosis group with the rest of

TABLE 5
Changes in patients who underwent shunt surgery for NPH, according to the NPH scale

No. of Patients (%)

Change Category Global Score GE Score CF Score SD Score
no effect 1(8.3) 0(0) 8 (66.7) 1(8.3
moderate improvement® 1(8.3) 2 (16.7) 4 (33.3) 3(25)
marked improvementf 10 (83.4) 9 (75) 0(0) 6 (50)
normalf 0 (0) 1(8.3) 0 (0) 2 (16.7)

* A change of one grade.
1 A change of two or more grades.
# No abnormality in presurgical evaluation.
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FiG. 4. Bar graphs demonstrating baseline conditions and clinical conditions after surgery according to the NPH scale.
Light gray bars, before surgery; dark gray bars, 6 months after surgery.

the sample, which comprised 44 patients with NPH who
had undergone shunt placement. The comparisons between
the poor prognosis group and the good prognosis group for
percentage of change in each clinical and neuropsycholog-
ical variable showed no significant differences; however,
a tendency emerged toward more improvement in patients
with poor prognosis in gait functioning (NPH gait: U =
160.5, p = 0.04) and toward less improvement in attention
and speed (TMT, Part A: U =55.5, p = 0.03) and in gener-
al information (personal and current information from the
WMS: U = 148.5, p = 0.03).

Postsurgical Complications

There was no treatment-related death. Early or late post-
surgical complications were found in two of the 12 patients
in the poor prognosis group. Subacute subdural hematoma
was diagnosed in a patient before discharge from the hos-
pital. Evacuation of the subdural collection was performed
without sequelae. One additional patient had an asymptom-
atic subdural collection (self-limiting hygroma) during the
months after shunt placement.

Discussion

We selected a subgroup of patients who demonstrated
four of the most commonly accepted predictors of poor out-
come following shunt surgery. All patients had idiopathic
hydrocephalus, cortical atrophy, long disease evolution, and
dementia; in addition, all were old. Surprisingly, the out-
come of this subgroup of patients at 6 months was similar
to that of the rest of the sample, and 92% of patients im-
proved clinically following surgery. A highly significant
improvement was seen in gait and sphincter functioning as
well as in almost all daily life activity and functional scales.

Many authors have reported a slight or moderate im-
provement in patients with NPH following shunt place-
ment;'%** more recently, however, authors have found a high
proportion of good results when exhaustive diagnostic and
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treatment protocols were applied.!3?*° The wide variabil-
ity in the results of shunt procedures has mainly been attrib-
uted to patient-selection criteria and to the type of shunt
used."*% In the present series, all patients had several in-
dicators of poor prognosis, but all of those with gait alter-
ations (11 of 12 patients) experienced marked improvement
after surgery, and nine of 10 patients with sphincter dys-
function had better sphincter control. We believe these re-
sults to be related to the diagnostic and treatment protocols
used in this study.

The diagnostic criteria used in these patients relies on
continuous ICP monitoring.?** Although less invasive tests
such as CSF dynamics studies or the tap test are very useful
when the patient’s response is positive (tests with high sen-
sitivity), caution should be exercised when the response is
negative (tests with low specificity). In our experience, con-
tinuous ICP monitoring is mandatory when, despite com-
patible clinical and radiological data, the tap test is nega-
tive or the R,,, is within a normal range. The percentage of
B waves that patients with NPH can demonstrate is highly
variable; in the present series, we found wide variation in
the percentage of B waves in patients who improved after
shunt procedures. Several other authors support the view
that continuous ICP monitoring is the most useful diagnos-
tic test in evaluating NPH.!6:17:23.27.29.30

Although different types of shunt were used in this series,
all of them included a valve in the low pressure category.
Eleven of the 12 implanted valves were also combined with
an antigravity device, which probably reduced the number
of subdural collections in these patients. Moreover, the sur-
gical management protocol included other maneuvers be-
fore, during, and after shunt placement that could also have
influenced the low complication rate and, consequently, the
percentage of improvement after shunt insertion.

In our group of patients, cognition improved little in com-
parison to gait and sphincter changes. Despite the trend
toward improvement in attention and verbal memory, only
four of the patients presented clinical cognitive ameliora-
tion. In addition, in some of the tests that indicated a ten-
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TABLE 6
Comparison between pre- and postoperative scores in the neuropsychological test battery and behavioral scales*
Preop Postop
Measure Median IQR No. Median IQR No. p Value % Change
neuropsychological test
memory quotient 84.50 25.75 86.00 24.50 12 NS 5.46
personal & current information 5.00 1.00 5.00 2.00 11 NS 0.00
orientation 3.00 3.00 4.00 3.00 11 NS 0.00
mental control 2.00 4.00 4.00 5.00 11 NS 0.00
logical memory 6.00 7.00 5.00 7.00 11 NS 0.00
Digit Span Forward 5.00 0.00 6.00 1.00 11 NS 20.00
Digit Span Backward 3.00 3.00 3.00 3.00 11 NS 0.00
visual reproduction 2.00 5.25 10 2.00 3.00 11 NS 0.00
associate learning 6.25 2.00 10 9.00 4.00 11 NS 26.79
TMT-A 80.00 140.00 190.00 100.50 8 NS —51.25
TMT-B 1
word fluency 8.00 6.00 10.50 7.50 12 NS 0.00
MMSE 21.50 4.75 12 24.00 6.50 12 NS 17.79
behavioral scale
NPH score 9.50 6.50 12 13.50 3.00 12 =0.01 53.33
GE 2.00 2.00 12 5.00 2.00 12 =0.01 108.33
CF 4.00 0.75 12 4.00 0.00 12 NS 0.00
SD 2.5 3.00 12 5.00 1.75 12 =0.01 66.67
RDRS-2 32.50 22.50 12 26.00 13.75 12 =0.01 9.87
SLS 3.00 2.00 12 2.00 1.75 12 =0.01 37.50
DLAS 4.00 5.50 12 6.00 5.25 12 =0.01 36.67
Clinical Dementia Rating 7.50 5.25 12 4.50 8.00 11 NS 25.00
IQCODE 64.50 18.75 12 37.50 2325 12 =0.01 43.71

* NS = not significant.

dency toward improvement, such as the associate memory
subtest of the WMS, we cannot avoid or rule out a possible
retest effect, given that the same stimuli were used in the
two presentations.

Authors of recent reports in the literature stress the fact
that NPH can be highly heterogeneous. All of our patients
presented cortical atrophy, which was one of the selection
criteria. The presence of cortical atrophy, dementia, and old
age may well raise the probability of the coexistence of oth-
er brain diseases. This factor would explain the poor im-
provement in cognition in comparison to gait and sphincter
changes.

Most authors agree about the importance of selecting for
shunt placement patients who are very likely to respond.
Many investigators have tried to elucidate which factors are
associated with a favorable outcome in this patient popu-
lation; however, an effective means of predicting shunt re-
sponsiveness remains elusive. Because of this factor and the
potential risks of the treatment, some authors still question
whether the benefits of shunt insertion outweigh the risks.®*
In a recent literature analysis of the predictive value of
different preoperative tests in 44 published studies, Hebb
and Cusimano'® conclude that there is no reliable way to
select those whose condition will definitely improve. Our
study data partially confirm these results, because tradition-
al prognostic factors cannot help to predict response to a
shunt and thus should not be used as criteria for ruling out
shunt surgery in patients with NPH. Our results do show
that a good outcome can be obtained and that significant
surgical complications can be avoided even in this subgroup
of patients (many of whom would not have been given
shunts at other centers). Excluding these patients from sur-
gery means that progressive deterioration is inevitable and

462

will likely have an adverse effect on the quality of life of
many patients and their families.

Conclusions

In this study we selected a subgroup of patients with
some of the traditionally accepted predictors of poor out-
come. Although this procedure restricted us to only 12 pa-
tients, the results were highly demonstrative. The clinical
condition of patients with NPH who present traditionally
accepted markers of poor prognosis can improve after sur-
gery (especially as regards gait and sphincter control), indi-
cating that the presence of these markers should not be con-
sidered as an absolute criterion for ruling out shunt surgery.
Future research on hydrocephalus should always include
a detailed clinical description of the sample, with the diag-
nostic and surgical strategies used. Attention to new genet-
ic and biochemical factors as well as to new neuroimaging
procedures may shed new light on this old but still little-
known entity.

References

1. Bech-Azeddine R, Waldemar G, Knudsen GM, Hogh P, Bruhn P,
Wildschiodtz G, et al: Idiopathic normal-pressure hydrocephalus:
evaluation and findings in a multidisciplinary memory clinic. Eur
J Neurol 8:601-611, 2001

2. Black PM: Idiopathic normal-pressure hydrocephalus. Results of
shunting in 62 patients. J Neurosurg 52:371-377, 1980

3. Borgesen SE: Conductance to outflow of CSF in normal pressure
hydrocephalus. Acta Neurochir 71:1-45, 1984

4. Borgesen SE, Gijerris F: The predictive value of conductance to
outflow of CSF in normal pressure hydrocephalus. Brain 105:
65-86, 1982

J. Neurosurg. / Volume 103 / September, 2005



Factors of poor prognosis in normal-pressure hydrocephalus

5.

10.

11.

12.

14.

15.

16.

17.

18.

20.

21.

22.

23.

Caruso R, Cervoni L, Vitale AM, Salvati M: Idiopathic normal-
pressure hydrocephalus in adults: result of shunting correlated
with clinical findings in 18 patients and review of the literature.
Neurosurg Rev 20:104-107, 1997

. Cohen AR: Idiopathic normal pressure hydrocephalus: a sys-

tematic review of diagnosis and outcome. Neurosurgery 49:
11841185, 2001

. Fillenbaum GG: Screening the elderly. A brief instrumental ac-

tivities of daily living measure. J Am Geriatr Soc 33:698-706,
1985

. Folstein MF, Folstein SE, McHugh PR: “Mini-mental state”. A

practical method for grading the cognitive state of patients for the
clinician. J Psychiatr Res 12:189-198, 1975

. Graff-Radford NR, Godersky JC: Normal-pressure hydrocepha-

lus. Onset of gait abnormality before dementia predicts good sur-
gical outcome. Arch Neurol 43:940-942, 1986
Hebb AO, Cusimano MD: Idiopathic normal pressure hydroceph-
alus: a systematic review of diagnosis and outcome. Neurosur-
gery 49:1166-1186, 2001
Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL: A new
clinical scale for the staging of dementia. Br J Psychiatry 140:
566-572, 1982
Jacobs L, Conti D, Kinkel WR, Manning EJ: “Normal-pressure”
hydrocephalus. Relationship of clinical and radiographic findings
to improvement following shunt surgery. JAMA 235:510-512,
1976

. Jorm AF, Jacomb PA: The Informant Questionnaire on Cogni-

tive Decline in the Elderly (IQCODE): socio-demographic corre-
lates, reliability, validity and some norms. Psychol Med 19:
1015-1022, 1989

Katzman R, Hussey F: A simple constant-infusion manometric
test for measurement of CSF absortion. I. Rationale and method.
Neurology 20:534-544, 1970

Krauss JK, Regel JP: The predictive value of ventricular CSF
removal in normal pressure hydrocephalus. Neurol Res 19:
357-360, 1997

Lamas E, Esparza J, Diez Lobato R: Intracranial pressure in adult
non-tumoral hydrocephalus. J Neurosurg Sci 19:226-233, 1975
Lamas E, Lobato RD: Intraventricular pressure and CSF dynam-
ics in chronic adult hydrocephalus. Surg Neurol 12:287-295,
1979

Larsson A, Wikkelso C, Bilting M, Stephensen H: Clinical param-
eters in 74 consecutive patients shunt operated for normal pressure
hydrocephalus. Acta Neurol Scand 84:475-482, 1991

. Linn MW, Linn BS: The rapid disability rating scale-2. J Am

Geriatr Soc 30:378-382, 1982

Malm J, Kristensen B, Karlsson T, Fagerlund M, Elfverson J,
Ekstedt J: The predictive value of cerebrospinal fluid dynamic
tests in patients with the idiopathic adult hydrocephalus syn-
drome. Arch Neurol 52:783-789, 1995

Meier U, Miethke C: Predictors of outcome in patients with nor-
mal-pressure hydrocephalus. J Clin Neurosci 10:453-459, 2003
Petersen RC, Mokri B, Laws ER Jr: Surgical treatment of idio-
pathic hydrocephalus in elderly patients. Neurology 35:307-311,
1985

Pickard JD, Teasdale G, Matheson M, Lindsay K, Galbraith S,
Wyper D, et al: Intraventricular pressure waves. The best predic-
tive test for shunting in normal pressure hydrocephalus, in Shul-
man K, Marmarou A, Miller JD, et al (eds): Intracranial Pres-
sure IV. Berlin: Springer-Verlag, 1980, pp 498-500

J. Neurosurg. / Volume 103 / September, 2005

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Poca MA, Mataro M, Del Mar Matarin M, Arikan F, Junque C,
Sahugquillo J: Is the placement of shunts in patients with idiopath-
ic normal-pressure hydrocephalus worth the risk? Results of a
study based on continuous monitoring of intracranial pressure. J
Neurosurg 100:855-866, 2004

Poca MA, Sahuquillo J, Barba MA, Anez JD, Arikan F: Prospec-
tive study of methodological issues in intracranial pressure moni-
toring in patients with hydrocephalus. J Neurosurg 100:260-265,
2004

Poca MA, Sahuquillo J, Mataro M: Actualizaciones en el diagnds-
tico y tratamiento de la hidrocefalia “normotensiva” (hidrocefalia
crénica del adulto). Neurologia 16:353-369, 2001

Reilly P: In normal pressure hydrocephalus, intracranial pressure
monitoring is the only useful test. J Clin Neurosci 8:66-67, 2001
Reitan RM: Validity of the trail making test as an indicator of or-
ganic brain damage. Percept Mot Skills 8:271-276, 1958
Rosenfeld JV, Siraruj S: In normal pressure hydrocephalus, intra-
cranial pressure monitoring is the only useful test. J Clin Neu-
rosci 8:68-69, 2001

Sahugquillo J, Rubio E, Codina A, Molins A, Guitart JM, Poca MA,
et al: Reappraisal of the intracranial pressure and cerebrospinal
fluid dynamics in patients with the so-called “normal pressure hy-
drocephalus” syndrome. Acta Neurochir 112:50-61, 1991

Sand T, Bovim G, Grimse R, Myhr G, Helde G, Cappelen J: Idio-
pathic normal pressure hydrocephalus: the CSF tap-test may pre-
dict the clinical response to shunting. Acta Neurol Scand 89:
311-316, 1994

Tans JT: Differentiation of normal pressure hydrocephalus and ce-
rebral atrophy by computed tomography and spinal infusion test.
J Neurol 222:109-118, 1979

Thomsen AM, Borgesen SE, Bruhn P, Gjerris F: Prognosis of de-
mentia in normal-pressure hydrocephalus after a shunt operation.
Ann Neurol 20:304-310, 1986

Vanneste J, Augustijn P, Dirven C, Dirven C, Tan WF, Goedhart
ZD: Shunting normal-pressure hydrocephalus: do the benefits
outweigh the risks? A multicenter study and literature review.
Neurology 42:54-59, 1992

Wechsler D: A standardized memory scale for clinical use. J Psy-
chol 19:87-95, 1945

Wikkelso C, Andersson H, Blomstrand C, Lindqvist G, Svendsen
P: Normal pressure hydrocephalus. Predictive value of the cere-
brospinal fluid tap-test. Acta Neurol Scand 73:566-573, 1986
Wood JH, Bartlet D, James AE Jr, Udvarhelyi GB: Normal-pres-
sure hydrocephalus: diagnosis and patient selection for shunt sur-
gery. Neurology 24:517-526, 1974

Manuscript received September 13, 2004.
Accepted in final form May 16, 2005.
This work was supported in part by Fondo de Investigaciones San-

itarias de la Seguridad Social Grant No. 99/0968 (M.A.P.) and by the
Red Temadtica de Investigacion Cooperativa de Enfermedades Neu-
rolégicas of the Fondo de Investigaciones Sanitarias (C3/06, nodo
11, Hospital Universitario Vall d’Hebron).

Address reprint requests to: Maria A. Poca, M.D., Ph.D., Neuro-
surgery Department, Vall d’Hebron University Hospital, Passeig
Vall d’Hebron 119-129, 08035 Barcelona, Spain. email: 26382app @
comb.es.

463





