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Cerebrospinal fluid shunt dynamics in
patients with idiopathic adult hydrocephalus
syndrome

Jan Malm, Bo Kristensen, Markku Fagerlund, Lars-Owe Koskinen, Jan Ekstedt

Abstract
The objective was to assess CSF dynam-
ics of different shunt constructions in
patients with adult hydrocephalus syn-
drome and correlate these findings to
clinical outcome, neuroradiology, and
the specifications of the shunts provided
by the manufacturer. Thirty four patients
with idiopathic adult hydrocephalus (nor-
mal pressure hydrocephalus) syndrome
were included in a prospective, consecu-
tive case series. A differential pressure
valve (Cordis Hakim standard system) was
used in 28 patients and a variable resis-
tance valve (Cordis Orbis-Sigma) in six.
A constant pressure infusion method

was used; CSF pressure and conductance
were determined before surgery. Three
months after shunt placement CSF pres-
sure, the "pressure v flow" curve, and
gravity induced flow were measured.
There was no difference between mean

preoperative and postoperative resting
CSF pressures in patients with Hakim
shunts. The opening pressures of the
Hakim shunts were higher than the value
proposed by the manufacturer. A pro-
nounced gravity effect induced CSF flow
and decrease of the CSF pressure. In
functioning variable resistance valves,
CSF dynamics normalised postopera-
tively. There was no gravity effect and the
characteristic s shaped "pressure v flow"
curve was sometimes seen. Six patients
(three differential pressure valves, three
variable resistance valves) had non-func-
tioning shunts. Four of these patients
were improved after the operation but
improvement was transient in three. In
all patients, there was no relation
between the width of the ventricles and
clinical improvement or CSF pressure.

In conclusion, the differential pressure
valve system does not behave according
to the specifications provided by the
manufacturer. A decrease in CSF pres-
sure in patients with this shunt was solely
due to the effect of gravity. Eleven per
cent of the differential pressure valves
and 50% of the variable resistance valves
were non-functioning. In the functioning
variable resistance valves, the antisiphon
system seems to be effective.

(C Neurol Neurosurg Psychiatry 1995;58:715-723)

Keywords: cerebrospinal fluid shunt; hydrocephalus;
cerebrospinal fluid dynamics

Patients with the idiopathic adult hydro-
cephalus syndrome (IAHS)1 2 are provided
with a shunt device to restore normal CSF
dynamics and achieve a substantial functional
improvement. Shunt failure, however, due to
improper placement, infection, obstruction,
breakage, disconnection, or migration of the
shunt is of major concern.3 The long term
characteristics of the shunt may change."
Shunt resistance and the corresponding CSF
flow may vary according to the length and the
diameter of the proximal and distal catheters.4
Posture related changes may give a negative
intracranial pressure due to a gravity induced
flow (siphon effect) with secondary over-
drainage,7-'0 hygroma, or subdural haematoma.
The standard of CSF shunts may be

defined in terms of opening and closing pres-
sure, antireflux properties, leakage, pressure
and flow characteristics, mechanical dura-
bility, and siphoning effect." 12 These vari-
ables are determined in bench tests by the
manufacturer before the operation but many
valves have been found not to respond
according to their specifications.F6

Shunt function cannot be assessed in
patients with IAHS by clinical examination or
by pumping the valve." There is no criterion
standard for in vivo measurements of shunt
function. Computed tomography, MRI,'1-6
doppler ultrasonography,17 radionuclide stud-
ies,'8-20 and thermography have been used to
measure shunt flow in vivo. These methods
do not take into consideration the importance
of pressure and flow characteristics of the
shunt and the CSF system. With a CSF
infusion technique, it is possible to assess
whether CSF dynamics have been normalised
postoperatively together with the properties of
the shunt system, including the degree of
gravity induced CSF flow.
We prospectively investigated 34 patients

with IAHS given ventriculoperitoneal shunts.
Dynamics of CSF were evaluated preopera-
tively and three months after the operation
and compared with shunt characteristics pro-
vided by the manufacturer, clinical response,
pressure v flow curves, changes in CSF
pressure, and gravity induced flow.

Materials and methods
PATIENTS
The study population consisted of 34 patients
(25 men and nine women (mean age (SD)
71-7 (5 1) years)) with IAHS.-'5 The diagno-
sis was based on (a) a gait disturbance as a
predominant and obligate symptom; (b) mental

Department of
Neurology
J Malm
B Kristensen
J Ekstedt
Department of
Radiology
M Fagerlund
Department of
Neurosurgery,
University Hospital of
Northern Sweden,
S-901 85 UmeA,
Sweden
L-O Koskinen
Correspondence to:
Dr Jan Malm, Department
of Neurology, University
Hospital of Northern
Sweden, S-901 85 UMEA,
Sweden.
Received 14 November
1994 and in revised form
18 January 1995
Accepted 17 February 1995

715
 on M

ay 22, 2023 by guest. P
rotected by copyright.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.58.6.715 on 1 June 1995. D
ow

nloaded from
 

http://jnnp.bmj.com/


Malm, Kristensen, Fagerlund, Koskinen, Ekstedt

impairment, or urinary incontinence, or both
(ranging from not clinically present to severe
disturbances); (c) CT showing dilatation of
the lateral ventricles without severe cortical
atrophy; (d) absence of another disease that
might explain the clinical symptoms or radio-
logical findings. Informed consent for all
aspects of the study was obtained from all the
patients.
An extensive investigation was performed

in each patient to exclude other causes of gait
disorder or dementia. The results of ancillary
investigations and clinical characteristics, and
reasons for exclusion of patients are reported
elsewhere.29 Dynamic investigations of CSF
and CT were performed in all patients before
surgery and at three months after shunting.
None of the patients had any symptoms or
signs of postoperative overdrainage. The CT
did not show any intracranial haematomas.
All patients were investigated with the shunt
pumping test,'3 but there was no evidence of
proximal or distal catheter obstruction.

SURGICAL METHOD
A variable resistance valve (Cordis Orbis-
Sigma) was used in six patients. A differential
pressure valve (Cordis Hakim standard sys-
tem; medium opening or closing pressure
0-8-1-2 kPa) was used in 28 patients. The
shunt was introduced by a ventriculoperi-
toneal approach. No shunt was revised during
the study period.

from a continuously weighed bottle. The pres-
sure in the bottle was regulated via an elec-
tronic control system acting on the fluid
within it by means of the air pressure from a
pump.
The preoperative CSF pressure (Pcl) was

determined when the resting recording had
been stable for at least 10 minutes, usually
after 30-60 minutes of recording. The con-
ductance of the CSF outflow pathways (Gop)
was determined by applying different pressure
levels to the CSF space while recording the
resulting inflow of artificial CSF into the
patient. Thus within a few minutes a stable
flow at a stable pressure was obtained.
Usually, three different pressure/flow values
were aimed at. The volume accounting
method was used to calculate the pressure/
flow relation. The slope for the pressure/flow
values is equal to the Gop.
To avoid errors due to body position or

physical exercise, the investigation after opera-
tion was started with the CSF infusion. There
was no external pressure on the distal catheter
of the shunt. The pressure/flow curve was an
indicator of the amount of CSF eliminated via
the shunt because the quantity eliminated
through the natural pathways was known
from the preoperative Gop measurement (fig
1). Usually three assessments were appropri-
ate to determine the pressure/flow relation in
differential pressure shunts. The pressure/flow

DEFINITIONS AND UNITS OF MEASUREMENT
SI units have been used. Because a variety of
units are cited in the medical literature, the
following conversion factors are given:
Pressure: 1 kPa = 102 mm H20 = 7-5 mm Hg.
Conductance: 1 mm3.kPa-'.s-1 = 6 x 10-3 ml
(cm H2O)'- .min- I = 8 x 10-3 (mm Hg)- 1.
min- l.
Resistance: the inverse of conductance.
Flow: 1 mm3.s-' = 3-6 ml/h = 0-06 cm3 min-'
The following abbreviations have been used:
Pcl = CSF pressure preoperatively; Pc2 =
CSF pressure postoperatively; Pc3 = CSF
pressure postoperatively after sitting for 10
minutes; ICP = intracranial pressure; HP =
hydrostatic pressure (length of gravity effected
CSF column); OP = opening pressure of the
shunt; PP = perfusion pressure of CSF (the
driving force of CSF flow between the ventri-
cles and the abdomen); Gop = conductance
of CSF outflow; Q = CSF flow; R = resis-
tance in the shunt system.

DYNAMIC STUDIES ON CSF
The CSF dynamic studies6 3032 were per-
formed preoperatively and at three months
after operation. Briefly, at 0800, after 12
hours of bed rest, two needles (outer diameter
1-2 mm) were inserted in the L3-L4 inter-
space. Free passage was assessed by aspiration
of 2 ml CSF, which was replaced with artifi-
cial CSF. The patient was then placed supine
with the zero pressure reference level at the
cranial sagittal centre. Drainage of CSF and
infusion of artificial CSF was made to and

100

75

0 25

0
0 2 6

Dotted line =Preoperative
conductance

x = Postoperative CSF
flow at different
pressures

CSF pressure (kPa)

Figure 1 How to read the figures. CSF pressure and
pressure vflow characteristics preoperatively and
postoperatively.
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characteristics of the variable resistance
shunts are S shaped and multiple pressure/
flow values were obtained. The opening pres-
sure of the differential pressure shunts could
be defined as the point where the pressure/
flow curve started to increase steeply (fig 1).

After the CSF infusion test, the CSF pres-
sure declined spontaneously. The postopera-
tive CSF pressure (Pc2) was determined
when the resting recording had been stable for
at least 10 minutes, usually after 30-60 min-
utes of recording.
The gravity (or siphoning) effect of the

shunt was tested at the end of the investiga-
tion. Patients were in the sitting position for
10 minutes, after which they were again laid
supine. The corresponding CSF pressure
(Pc3) was registered using the same zero pres-
sure reference level as above. In a healthy con-
trol or a shunted patient without a gravity
effect, the Pc3 is the same as Pc2 (fig 2A). In a
shunted patient with a gravity effect, Pc3
should be lower than Pc2 (fig 2B).

ASSESSMENT OF SHUNT FUNCTION
Four variables were estimated for each shunt:
(1) The difference between the CSF pressure
preoperatively and postoperatively (Pci - Pc2).
(2) The difference between the preoperative
CSF pressure and the postoperative CSF
pressure after sitting for 10 minutes (Pcl -
Pc3). (3) The gravity effect (Pc2 - Pc3). (4)

Figure 2 The CSF
pressure recording before,
during, and after sittingfor
10 minutes in a patient
without a shunt (A) and
in a patient with a shunt
(B).

6- Without shunt or shunt without
_ gravity effect

2 -

O A

X 6 With shunt, gravity effect

..) 6-

4

1n

Table 1 Preoperative (Pcl) and postoperative (Pc2 and Pc3) mean values ofCSF
pressures in patients with Hakim and Orbis-Sigma shunts

Valve system n Mean (95% CI) (kPa) P value

CSF pressure,
preoperative (PcI) Hakim 28 1 9 (1-7-2-1)

Orbis-Sigma 6 2-3 (1-7-2-9)
CSF pressure,

postoperative (Pc2) Hakim 28 1 9 (1-7-2-1)
Orbis-Sigma 6 1-7 (1-2-2-2)

Difference
(Pcl- Pc2) Hakim 28 0 0 (- 01 to 0-1) NS

Orbis-Sigma 6 0-6 (0-01-2) NS
CSF pressure,

postoperative (Pc3) Hakin 28 1-3 (1-2-1-4)
Orbis-Sigma 6 1-6 (10-02-2)

Difference
(Pci - Pc3) Hakim 28 0-6 (0 4-0-8) < 0-0001

Orbis-Sigma 6 0 7 (0-1-4) NS
Difference (gravity effect)

(Pc2 - Pc3) Hakim 28 0-6 (0-5-07) < 0-0001
Orbis-Sigma 6 0-1 (- 0-2 to 0 4) NS

The preoperative pressure v flow curve (the
conductance) compared with the postopera-
tive pressure v flow curve of the shunt.
A shift > the 95% confidence interval

(95% CI) on the differences between the CSF
pressures was taken as an indicator of alter-
ation.

VARIABLES OF SURGICAL OUTCOME
The subject was asked to walk 25 metres as
fast as possible. The task was repeated three
times and the mean gait velocity (m/s) was
calculated. The gait was videotaped. The pre-
operative recording was compared with the
recording at three months after operation.
The recordings were rated as same, better, or
worse by two physiotherapists independently
on the six items: gait initiation, rhythmic
movements, step size, shuffling, wide base,
and turning."334 If at least four items were
rated as better, the video recording was
classified as improved. The between rater
reliability was high (Spearman rank correla-
tion r2 = 0-96). The gait was classified as
markedly improved if the video recording was
improved and the postoperative gait velocity
was > 25% faster.
The mini mental state examination

(MMSE)3" was performed by one of the neu-
rologists. A shift >i the 95% CI was taken as
indicator of improvement.

NEURORADIOLOGY
All measurements on CT were done by a
senior neuroradiologist without knowledge of
the patients' CSF dynamics. The width of the
third ventricle was measured in mm and the
lateral ventricles measured as a ventricular
index.36

STATISTICAL METHODS
Statistical analyses were conducted with the
JMP program for the Macintosh computer.'7
Comparisons of variables before and after
operation were evaluated by a paired t test;
95% CIs were calculated. Linear regression
analyses or analyses of variance (ANOVA)
were performed when appropriate.

Results
DIFFERENTIAL PRESSURE VALVE (CORDIS
HAKIM STANDARD SYSTEM)
Table 1 shows the mean values of Pcl, Pc2,
and Pc3. There were no differences between
the preoperative and postoperative pressures
(Pcl - Pc2). There was a significant gravity
effect.

Considering that the main objective of
shunting patients with IAHS is to decrease
CSF pressure, four types of responses could
be seen: (1) (fig 3A; 11 patients): the
decrease of Pcl - Pc2 was > upper 95% CI,
which indicates a pronounced reduction in
CSF pressure postoperatively. In six of the
patients, Pc3 was < 1-0 kPa. There was a
prominent gravity effect (Pc2 - Pc3) and the
pressure v flow curves showed increasing flow
with increasing pressure, well above the CSF
drainage preoperatively. Patient 10 had a very

a-
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Figure 3A-D CSF
dynamics ofHakim shunts
before and after operation.
Forfurther explanations
see the results section.
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high conductance preoperatively and the
shunt did not improve the pressure flow
response despite a high differential valve pres-
sure. Gait was not improved in four patients
and MMSE was not improved in five. (2) (fig
3B; eight patients): the Pcl - Pc3 decreased
between the upper and lower 95% CI and
PcI - Pc2 was unchanged. The gravity effect
and pressure v flow curves show that there
was a flow through the shunt. In three of the
patients, Pc3 was < 1 kPa. Gait was not
improved in two patients and MMSE was not
improved in four. (3) (fig 3C; six patients):
Pcl - Pc3 was unchanged or slightly
decreased postoperatively and Pcl - Pc2 was
increased. This indicates that there was no
decrease in the preoperative CSF pressure,
even after the patient has been sitting in the
postoperative assessment. As shown by the

gravity effect and the pressure v flow curves
the shunts were functioning. In one of the
patients, Pc3 was below 1 kPa. Gait improved
in all patients whereas MMSE deteriorated or

was unchanged in three patients. (4) (fig 3D;
three patients): Pcl - Pc3 was unchanged or

slightly increased and Pci - Pc2 was

increased. This indicates that there was no

postoperative change in CSF pressure com-
pared with the preoperative registrations. The
shunts in these patients were not functioning
as the gravity effect was absent and the pres-
sure v flow curves indicated CSF drainage
only via the natural pathways.

VARIABLE RESISTANCE VALVE (CORDIS
ORBIS-SIGMA) SYSTEM
Table 1 shows the mean values of Pcl, Pc2,
and Pc3. There was a tendency towards
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Table 2 Width of the ventri'cles preoperatively and postoperatively
Preoperati've Postoperative Difference
Mean (95o CI,) Mean (950o GI) Mean (950o CI P value

Ventricular
index 0-33 (0-31-0-35) 0-31 (0-29-0-33) 0-026 (0-016-0-036) < 00001

Third ventricle
(mm) 13-7 (12-7-14-7) 12-7 (11-6-13-8) 1-000 (0-480-1-520) < 0001

reduction in the mean CSF pressure post-
operatively (Pc 1 - Pc3). There was no gravity
effect (Pc2 - Pc3).

Figure 4 shows the results for the six
patients. In patients 29-32 the CSF pressures
decreased postoperatively. There was no grav-
ity effect. The sigma shaped correlation
between pressure v flow described by the
manufacturer occurred in patients 30 and 31.
In patient 32 the pressure v flow curve was
similar to the preoperative drainage of CSF by
natural pathways.

In patients 33 and 34, there was no reduc-
tion in CSF pressure postoperatively and no
gravity effect. The S shaped pressure v flow
curve was seen, but the flow was about the
same as preoperatively despite high differen-
tial valve pressures. These shunts were not
functioning.

OVERALL CLINICAL OUTCOME RELATED TO
SHUNT FUNCTION
Six patients' shunts (patients 26, 27, 28, 32,
33, 34; figs 3D and 4) were not functioning
according to the CSF dynamic tests. Despite
this, four of the patients were improved after
the operation. In the 28 patients with func-
tioning shunts, gait was markedly improved in
1 1, slightly improved in 10, and unchanged in
seven. According to the MMSE, 13 patients
improved >t the upper 95% CI (two points),
12 were unchanged, and three deteriorated.
The relation between clinical improvement

and PcI, Pc2, and Pc3 was assessed. The Pc2
was positively related to improvement in
MMSE (linear regression r2= 0-38; P =

0-0005). The Pc2 tended to be higher in
patients with a marked improvement of gait
(ANOVA P = 0-07).

WIDTH OF THE VIENTRICLES
Size of the lateral and third ventricles
decreased significantly postoperatively (table
2). Nine patients had a pronounced reduction
in the ventricular index (>e upper 95% CI).
According to the CSF dynamics, seven of
these shunts were functioning (patients 5, 6,
13, 14, 20, 21, 30) and two non-functioning
(patients 32, 33). Seven patients had no
change or an increased width of the lateral
ventricles postoperatively. All of these had
functioning shunts according to the CSF
dynamics (patients 3, 8, 10, 11., 16, 19, 22).
There were no correlations between the size
of the ventricles and Pci1, Pc2, or Pc3. Nor
was there any correlation between improve-
ment in gait or MMSE and the indices of the
ventricles.

Discussion
There is a pressing need for a criterion
standard for assessing the function of CSF
shunts. In bench tests, CSF infusion methods
are the natural choice.411233 In our opin-
ion, a similar method should be used in
shunted patients. Measurements of resis-
tance40 4' or intracranial pressure in relation to
body position9 as indicators of shunt function
have been used. A systematic investigation of
a homogeneous patient population preopera-
tively and postoperatively, however, with
respect to CSF dynamics, shunt function and
outcome of surgery has never been made. The
purpose of the preoperative CSF dynamic
investigation was to assess CSF pressure and

Figure 4 CSF dynamics
of Orbis Sigma shunts
before and after operation.
Forfurther explanations
see the materials and
methods section.

I
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conductance. In our experience, the conduc-
tance does not predict the outcome of
surgery, although it is reduced in patients
with IAHS.'9 It is unlikely that a patient
with IAHS with a high conductance (low
resistance) would be improved by a shunt
(patient 10).
The purpose of a shunt is to facilitate the

CSF outflow and lower the CSF pressure.
The dynamics of CSF shunts suggests that the

Figure 5 Schematic drawing ofshunt dynamics. The
cranial sagittal centre is the zero pressure reference level.
The peritoneal pressure is presumed to be zero. (A)
Equilibrium in the supine position. CSFformation is equal
to CSF absorption and the hydrostatic pressure is zero.
The opening pressure wiU balance the CSF pressure. There
is no perfusion pressure and no net CSFflow. (B)
Standing up. The hydrostatic pressure is added to the
intracranial pressure (minus the opening pressure of the
shunt). There is a net CSFflow because of the resulting
perfusion pressure. There will be aflow through the shunt
until the perfusion pressure is zero. (C) Equilibrium in the
standing position. Because ofCSFflow, the intracranial
pressure decreases or even becomes negative. The perfusion
pressure declines and when it reaches zero CSFflow is
minimised. (D) Constant pressure infusion method.
During the CSF infusion test, the patient is supine. The
hydrostatic pressure is zero and the peritoneal pressure is
presumably the same. The perfusion pressure is settled by
the CSF pressure (which could be altered by lumbar CSF
infusion) and the opening pressure of the shunt. Multiple
pressurelflow levels can be obtained. ICP = intracranial
pressure; HP = hydrostatic pressure; OP = opening or
closing pressure of the shunt; PP = perfusion pressure of
CSF (the drivingforce of CSF); AP = abdominal
pressure; Q = CSFflow; R = resistance in the shunt
system.

postoperative CSF pressure (Pc2) should
never exceed the opening pressure of the
shunt (fig 5A). According to the manufac-
turer's specifications, the opening pressure of
a medium differential pressure valve should
be 1 2 kPa; however, Pc2 went below 1-5 kPa
in just one patient (5) and the preoperative
and postoperative mean CSF pressures
(Pcl - Pc2) did not differ. Figure 3A shows
the patients in whom the opening pressure of
the shunt was below the preoperative CSF
pressure (Pcl) but exceeded 1-2 kPa. In the
remaining patients with a functioning shunt
the opening pressure exceeded or was equal to
Pcl and explains why Pc2 remained
unchanged (fig 3B). A considerable between
patient variation in postoperative CSF pres-
sures (Pc2) was seen in patients with differen-
tial pressure shunts, though similar shunt
devices had been implanted. In patients with
functioning variable resistance shunts
(patients 29-31), there was a more marked
decline in CSF pressure compared with the
differential pressure shunts (table 1). The Pc2
was below 1-5 kPa in all patients.

Drainage of CSF through the shunt at dif-
ferent pressures as well as the opening pres-
sure of the shunt can be determined when a
constant pressure infusion method is used. If
there is no drainage through the shunt, the
pressure flow curve is flat and similar to the
preoperative conductance. As the opening
pressure is exceeded, the flow increases lin-
early with pressure. Despite the aforemen-
tioned variations of opening pressure in
differential pressure shunts, most had a linear
pressure flow relation according to their speci-
fications (fig 3A-C) when opening pressure
was exceeded. The corresponding curve of the
variable resistance valve should consist of
three intervals of differential pressures, each
giving different amounts of CSF drainage. We
could only confirm a similar pattern in three
of six patients (fig 4; patients 30, 31, 33).
Recently, the construction of the variable
resistance valve (Cordis Orbis-Sigma) shunt
has been criticised.5
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When patients are standing, CSF flows in
the tubing between the ventricles and the
abdominal cavity because of an increased
hydrostatic pressure (fig 5B). After an interval
of disequilibrium, the flow is counterbalanced
by the differential pressure of the valve and a
decreased or even negative intracranial pres-
sure (fig 5G). The siphoning effect is most
often considered as an unwanted consequence
of the shunting, resulting in adverse events. In
the present study, a gravity induced flow was
seen in most of the differential pressure valves
but never in a variable resistance valve. The
gravity induced flow was of fundamental
importance in lowering the CSF pressure
(Pci - Pc3; table 1) in most patients with
differential pressure shunts. No adverse
events were caused by a low CSF pressure
(Pc3 < 1 kPa) in the first three months.
The Pc2 increased in some patients with

differential pressure valves (fig 3C). This may
be explained by a gravity induced flow. Most
patients are upright for most of the day and
the siphoning effect will prevent drainage
through the natural outflow pathways. This
could leave the arachnoidal villi in an off state
during the supine position at night and cause a
further reduction in conductance.

Six patients in the present study had non-
functioning shunts (figs 3D and 4). Despite
this, four of these six had an improved gait
and two had improved MMSE scores. The
improvement in gait was transient in three of
these patients. It is known that non-shunted
patients with IAHS may improve weeks or
months after a CSF tap. 44243 Temporary
improvement after shunt implantation has
been outlined.44 The rationale may be that the
shunt dysfunction comes near to the CSF
dynamic investigation. Gait and MMSE
scores failed to improve in patients with func-
tioning shunts (patients 10, 16, 17, 29), prob-
ably because of irreversible brain damage.
Decrease in ventricle width is often taken as
evidence of shunt function. The present
study, however, showed no relation between
width of ventricles, shunt function, or clinical
improvement.

Ascertainment of differential pressure valve
(Cordis Hakim standard system) function by
the CSF infusion technique clearly showed
that the valve system in vivo did not behave
according to the specifications provided by
the manufacturer. In terms of gravity effect
and the pressure flow curves, a CSF flow and a
decrease in CSF pressure is achieved at least
in the upright position and apparently suffices
to ameliorate the clinical symptoms to some
extent in most of the patients. Shunt failure
was common in the variable resistance valve
(Cordis Orbis-Sigma). The properties of the
functioning shunts seem to be satisfactory.
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