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Summary 
The pressure-adjustable valve system Codman Medos allows 

valve pressure adjustment in 18 steps between 30 and 200 mm 
H20. A series of 90 patients, 15 children and 75 adults, who were 
shunted with this new programmable valve, is reported. Indication 
for shunt insertion were various types of hydrocephalus in 79 
cases, malfunction of a medium pressure membrane valve shunt 
system in 9 cases and an arachnoid cyst and psendotumour each in 
one case. The valve pressure was programmed prior to insertion to 
200 mm H20 in the adults and according to age in children and was 
modified postoperatively according to the clinical course. 

Underdrainage with subdural fluid collections appearing in 5 
patients could be managed by valve pressure adjustment alone in 2 
cases. One malfunctioning of the valve mechanism was due to 
mechanical obstruction. At the time of follow-up, 7 to 29 months 
after operation, outcome was excellent in 64 patients, good with 
marked improvement but residual symptoms in 19 patients and 
unchanged in 7 patients. 

The possibility of adjusting the valve pressure to the patient's 
demands was frequently used in children and adult normal pressure 
hydrocephalus patients with satisfying clinical results. 

Keywords: Cerebrospinal fluid shunt; pressure-adjustable 
valve; hydrocephalus. 

Introduction 

Since the introduction of  valve-regulated shunt 

systems in the treatment of  hydrocephalus  many  

efforts have been made in shunt technology to 
approach physiological  condit ions.  The problem of  

overdrainage o f  differential pressure valves created 

new concepts  such as the anti-siphon device or the 

f low-regulated shunt system [5, 22-24] .  But not all 

experiences have been as encouraging as the underly- 

ing theoretical considerat ions and some problems still 

remain unsolved [1 ,2 ,  15, 19, 30]. 

Differential  pressure valves have been designed to 

suite the individual patients cerebrospinal  fluid (CSF) 

hydrodynamics  but the preoperat ive selection o f  the 

most  suitable valve pressure type is still controversial  

[20, 29]. The introduction o f  pressure-adjustable 

valves offered the possibili ty to adjust noninvas ively  
the opening pressure of  the implanted valve to the 

patients '  demands.  The first pressure-adjustable 
valve,  the Sophy SU8, offers three possibilities o f  

pressure selection in clinical use: low (50 m m H 2 0 ) ,  

medium ( l l 0 m m H 2 0 )  and high ( 1 7 0 m m H 2 0 ) .  

Especial ly in the treatment o f  normal  pressure hydro-  

cephalus and arachnoid cysts a certain clinical advan-  

tage was reported [17, 18, 26, 27]. 

A new programmable  valve shunt sys tem (Codman 

Medos ,  Medos  S. A.,  Tournelles 17, 2400 Le Locle,  

Switzerland) is considered to facilitate a more  precise 

pressure adjustment  for the individual patient by  18 
possible pressure selections between 30 m m H 2 0  and 

200 m m H 2 0  (Fig. 1). Step by step adaption to hydro-  
dynamic  changes and a close approach to the patients '  

pressure demands are the specific facilities o f  the 

Fig. 1. The Codman Medos pressure-adjustable shunt valve 
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Table 1. Age Distribution of  90 Patients with CodmanMedos Valve 
Shunts 

Fig. 2. Side view of the programmable mechanism of the inlet 
valve unit 

v a l v e  t h a t  a re  c o n s i d e r e d  to e x c e e d  t he  p o s s i b i l i t i e s  o f  

a c o n s t a n t  p r e s s u r e  v a l v e  t y p e  in  s p i t e  o f  t h e  p r o c e e d -  

i n g s  m a d e  to s e l e c t  t h e  p r o p e r  v a l v e  p r e s s u r e  t y p e .  W e  

r e p o r t  t h e  r e s u l t s  o f  t he  f i r s t  t w o  y e a r s  o f  c l i n i c a l  u s e  

o f  t h i s  n e w  p r o g r a m m a b l e  v a l v e  s h u n t  s y s t e m  in  t h e  

D e p a r t m e n t  o f  N e u r o s u r g e r y  at  t he  U n i v e r s i t y  o f  

V i e n n a  M e d i c a l  S c h o o l .  

Material and Methods 
Valve Mechanism 

The programmable mechanism of the CodmanMedos pro- 
grammable valve shunt system is based on a noninvasively adjust- 
able pressure setting of a fiat spring in the inlet valve unit (Fig. 2). 
The spring lies upon a synthetic ruby ball in a cone at the CSF inlet 
of the valve. A stepper motor within the valve housing changes the 
pressure setting of the spring if activated by an external program- 
mer. The external programmer transmits a codified magnetic signal 
to the motor allowing eighteen valve operating pressure settings 
ranging from 30 mm to 200 mmH20 in 10 mm steps that have been 
determined with a flow rate of 15-25 mlH20. The outlet valve con- 
sisting of a helical spring set at zero tension holding a ruby ball 
functions as a check valve. Prior to use the valve must be pro- 
grammed to the desired pressure. After implantation of the valve 
the pressure can be adjusted by positioning the external program- 
mer above the inlet valve which can be palpated transcutaneously. 
The desired pressure is chosen by depressing the pressure selector 
button. To check the selected pressure the pressure indicator on the 
white ring of the inlet valve is visible by x-ray (Fig. 3). 

The valve unit is connected to a straight ventricular catheter by 
a straight stainless steel connector. A right angle adapter allows 
right angle bending of the ventricular catheter at the burr hole. The 

Fig. 3. Valve pressure settings as visible by x-ray 

drainage catheter of the shunt system can be used for atrial or peri- 
toneal placement showing four rows of three slits on one end. 

Selection of  Patients 

Between February 1992 and December 1993 47 female and 43 
male patients were chosen for shunt surgery with the Medos pro- 
grammable valve system. The age range was 7 weeks to 85 years, 
median 43.5 years (Table 1). Fifteen patients were children youn- 
ger than 16 years. In this patient group hydrocephalus was caused 
by neoplasms in 5 cases, perinatal intraventricular haemorrhage in 
2 cases and spina bifida and aqueductal stenosis each in one 
case. Treatment was performed by ventriculo-atrial shunting in 5 
patients and by ventrieuloperitoneal shunting in 4 patients. Con- 
genital unilateral hydrocephalus was treated by ventriculo-atrial 
shunting in two patients. Two children had congenital midline 
cysts, treated with cysto-atrial and ventriculo-atrial shunting in one 
of them and by ventriculoperitoneal shunting alone in the other. In 
two children with overdrainage phenomena a medium pressure 
membrane valve was replaced by a programmable valve (Table 2). 

In the adults the aetiology of communicating hydrocephalus 
was idiopathic normal pressure hydrocephalus (INPH) in 32 cases, 
posthaemorrhagic in 12 cases, neoplastic in 5 cases and posttrau- 
matic in 3 cases. Occlusive hydrocephalus was caused by neo- 
plasms in 9 patients and by cerebellar infarction or haemorrhage in 
3 patients. Atrial placement of the drainage catheter was preferred. 
One cysto-atrial shunt was implanted in a patient with a temporal 
arachnoid cyst and one lumboperitoneal shunt was inserted in a 
patient with pseudotumor. Additional indications for insertion of a 
Codman Medos programmable valve shunt were overdrainage of 
medium pressure membrane valve shunt systems in two patients 

Table 2. Diagnosis in 15 Children 

Diagnosis Number of patients 

Neoplastic hydrocephalus 5 
Posthaemorrhagic hydrocephalus 2 
Congenital unilateral hydrocephalus 2 
Spina bifida 1 
Aqueductal stenosis 1 
Congenital cysts 2 
Shunt overdrainage 2 
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Table 3. Diagnosis in 75 Adults 

Diagnosis Number of patients 

INPH 32 
Neoplastic hydrocephalus 14 
Posthaemorrhagic hydrocephalus 12 
Posttraumatic hydrocephalus 3 
Cerebellar infarction or haemorrhage 3 
Shunt overdrainage 2 

underdrainage 7 
Pseudotumour 1 
Arachnoidal cyst 1 

and chronic underdrainage in 7 patients with congential hydroceph- 
alus (Table 3). 

In all adult patients the valve pressure was programmed to 200 
mmH20 prior to insertion. In children the valve pressure was pro- 
grammed to different levels according to age and ventricular size. 
After insertion the pressure setting was adjusted according to the 
clinical course. The follow-up period was 7 to 29 months (median 
13 months). 

Results 

Complications 

Complications occurring in 11 patients are listed in 
Table 4. The infection rate is 4.4%. All patients with 
infections were treated by explantation of the infected 
shunt system, external ventricular drainage and sys- 
temic and intrathecal application of antibiotics. After 
successfull therapy a new programmable shunt sys- 
tem was inserted in all four patients. 

Overdrainage phenomena with subdural fluid col- 
lections appeared in 5 patients, 3 children, and 2 
adults. In two children small subdural hygromas pre- 
senting with mild symptoms disappeared by adjust- 
ment of the valve pressure setting to higher levels. In 
one child burr hole drainage of the subdural hygroma 
and implantation of a new valve became necessary 
because the implanted valve could not be adjusted by 
the external programmer and remained at the level of 
100 mmH20. This was the only malfunctioning of the 

Table 4. Postoperative Complications 

Complication Number 

Infection 4 
Subdural effusion 5 
Catheter obstruction 
ventricular 1 
peritoneal 1 

Total 11 

the valve mechanism in our series. Two adult patients 
needed operation because of symptomatic space- 
occupying subdural haematomas. 

Peritoneal catheter obstruction and ventricular 
catheter obstruction were the reason for shunt under- 
drainage needing re-operation in two cases. 

Outcome 

In sixty-four patients the result was excellent with 
complete reversal of clinical signs and symptoms. 
Improvement with residual symptoms was seen in 19 
patients. Eleven patients with INPH showed good 
improvement with residual mild memory impairment 
or gait disturbance. Three patients with neoplastic 
hydrocephalus showed remaining psychomotor defi- 
cit and four patients with posthaemorrhagic hydro- 
cephalus suffered of residual headache. One 16 year 
old girl with severe low intracranial pressure 
syndrome showed slow but marked improvement 
after insertion of the programmable valve system and 
various pressure adjustments but still complaines 
about some headache. 

Seven adult patients did not show any clinical 
improvement after the shunting procedure. Two of 
them are apallic being in a long-term rehabilitation 
programme. Five patients with normal pressure 
hydrocephalus (NPH) showed no improvement of the 
neurologic deficits inspite of various pressure adjust- 
ments. 

Valve Operating Pressure 

In all children the valve pressure was adjusted at 
least once. In 7 children it was adjusted two or three 
times and in 5 children more than three times. The 
pressure setting at the time of follow-up is listed in 
Table 5. 

The valve pressure was never adjusted after inser- 
tion in 20 adult patients and thus remained at the lev- 
el of 200 mmH20 (Table 6). All patients with 
obstructive hydrocephalus due to cerebellar infarction 
or haemorrhage and half of the patients with neoplas- 
tic hydrocephalus (n = 7) are in this group as well as 
one third of the patients with posthaemorrhagic 
hydrocephalus (n = 4). Only 12.5% of the patients 
with INPH (n = 4) had no pressure adjustment during 
the follow-up period. 

Pressure was adjusted only once within two weeks 
after operation in 23 patients, among them being half 
of the patients with posthaemorrhagic hydrocephalus 
(n = 6) and 28.5% of the patients with neoplastic 
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Table 5. Valve Pressure Selection at the Time of  Follow-up 

A. Reinprecht et al.: New Pressure-Adjustable Shunt Valve 

Valve pressure (mmH20) 30-50 60-80 90-110 120-140 150-170 180-200 

Children (n) 3 4 1 2 5 0 
Adults (n) 1 3 4 11 30 26 

Table 6. Number of  Valve Pressure Adjustments During the Follow-up Period 

Valve pressure adjustment (n) 0 1 2 or 3 >3 

Children (n) 0 3 7 5 
Adults (n) 20 23 24 8 

hydrocephalus (n =4)  as well as 21.8% of INPH 
patients (n = 7). In half of the INPH patients (n = 16) 
and 21.5% of the patients with neoplastic hydroceph- 
alus (n = 4) valve pressure was adjusted two or three 
times. In 5 INPH patients valve pressure was adjusted 
more than three times. Although the valve operating 
pressure was adjusted more than once in 21 of the 
INPH patients (65.6%) the finally selected operating 
pressure at the time of follow-up was above 
150 mmH20 in 27 patients (84.4%). Only in 6 adult 
patients the valve was adjusted to an operating pres- 
sure below 120 mmH20, four of them treated for 
INPH, one for shunt dysfunction after congenital 
hydrocephalus and one for an arachnoid cyst. 

Discussion 

Clinical experience and experimental findings pro- 
vide a rather detailed knowledge and understanding 
of the hydrodynamics and biomechanics of the crani- 
al cavity [3, 4, 8, 10, 13, 21, 28]. Advanced under- 
standing was accompanied by new concepts in the 
management of hydrocephalus [4, 9, 12, 14] and by 
improvement in shunt technology [5, 11, 22, 23, 25]. 
Based on his interpretations of the pathophysiology 
of hydrocephalus S. Hakim searched for a valve 
adaptable to changing hydrodynamic conditions [11]. 
To keep the forces between CSF and venous system 
balanced in the shunted patient changing the valve 
opening pressure should be possible when the ventric- 
ular size reduces. In a growing child a valve pressure 
adaptable to the physiologically expected increase in 
intracranial pressure in accordance to age is consid- 
ered to diminish problems of shunt dependency and 
symptoms of chronic overdrainage. 

The first commercially available shunt system that 

realized this therapeutical concept was the Sophy 
SU8. Since 1985 it offers the possibility of adjusting 
the valve opening pressure by an external program- 
mer to low, medium and high pressure levels corre- 
sponding to 50,110, and 170 mmH20 [1,2, 6, 17, 18, 
26, 27]. As the convincing advantage in postoperative 
management certain complications due to overdrain- 
age could be solved noninvasively by valve pressure 
adjustment [6, 26, 27]. In our series a failure of the 
programming mechanism prevented the possibility of 
managing one case of subdural fluid collections in a 8 
year old girl by pressure adjustment. The failure was 
due to mechanical blockage of the cam axis by a tiny 
tissue particle. Subdural effusions related to low 
valve opening pressure is reported by Kuurne et al. 

[16]. Most authors stress the problem of siphoning in 
differential pressure valves [22-25]. But the anti- 
siphon device, the temporary occlusive valve or the 
flow-controlled Orbis-Sigma valve could not totally 
avoid the development of subdural haematomas [7, 
22, 30]. Only the avoidance of opening the subdural 
space and of loss of CSF during operation could solve 
this problem, which is difficult to achieve [22]. 
Space-occupying haematomas presenting with severe 
symptoms as in two cases of our series need operative 
drainage. 

A pressure-adjustable valve appears to be benefi- 
cial especially for patients treated for NPH and for 
arachnoid cysts [26]. This is confirmed by our experi- 
ence in the treatment of NPH. The Codman Medos 
valve, one of the most accurately constructed valve 
systems as in vitro tests confirm [2] is of special bene- 
fit in clinical use by its accurate adjustment to the 
patient's pressure demands. Compared to the patients 
with other types of hydrocephalus valve pressure 
adjustment was performed more frequently in INPH 
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patients and finally led to good  results. Twenty-seven  

patients (84.4% of  all I N P H  patients) showed com-  

plete disappearance of  at least two major  symptoms  

(dementia,  gait dis turbance or urinary incontinence).  

McQuarr ie  reported a good  ou tcome in 70% of  

patients with a non-advanced  N P H  (without urinary 

incontinence) shunted with a low pressure valve 

while patients shunted with a med ium pressure valve 

showed improvement  only in 39% [20]. In contrast  

75% of  the N P H  patients with complete  disappear-  

ance of  symptoms  and 81,8% of  N P H  patients with 
improved but residual symptoms  in our series did best  

with pressure levels above  150 m m H 2 0 .  Similar 

observat ions were made by Larsson [17] who 

implanted a Sophy SU8 valve with good  results at a 

high pressure level and without  further improvement  

at lower  levels. To us it was surprising that no deteri- 

oration with lower  pressure levels was reported as we 

observed some N P H  patients reacting very sensitive 

to reduced valve pressure which might  be due to dif- 

ferent f low characteristics of  both valves.  

MRI  may change the selected valve pressure as in 

the other adjustable valve [18, 26, 27] and x-ray is 

necessary after each M R I  scanning to control  the 

valve pressure setting. The need of  x-ray to make the 

selected pressure adjustment  visible is a certain disad- 

vantage in practical  use. No  change  of  the selected 

pressure setting by c o m m o n  magnet ic  fields to which 

the patient is exposed in daily life was observed.  

In our series we  could show encouraging results in 

the treatment o f  children. The design of  the valve 

allows insertion even in small infants without  techni- 

cal problems and without  cutaneous complicat ions.  

The risk o f  such complicat ions  due to the size and rig- 

idity o f  the Sophy SU8 valve limited its use in pediat-  

ric patients [26]. Due  to the length o f  the Medos  valve 

a frontal  p lacement  is to prefer. I f  the possibili ty o f  

adapting the valve pressure to the physiological  

increase o f  intracranial pressure in children with 

advancing age will decrease the sequelae of  chronic 

overdrainage needs further invest igation in a long- 

term fol low-up study. 
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