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Summary 

The treatment of hydrocephalus, over the centuries, underwent 
three stages of evolution. 

During antiquity, middle ages and Renaissance, hydrocephalus 
was not understood. Medical treatment was useless; surgery was 
hopeless, 

The second stage extends from the XIXth century to the end of 
the first half of the XXth century. CSF circulation was now under- 
stood; surgery however, remained inefficient, but some patients sur- 
vived with arrested hydrocephalus. 

The third stage begins in the nineteen fifties with the development 
of silicone shunts with a valve. Surgery transforms the prognosis of 
hydrocephalus, but the number of post-operative complications cre- 
ates new problems. The different attempts that have been made 
during these past two decades to solve these problems are reviewed. 
They have resulted in a reduction of the mechanical and infectious 
complications. CSF overdrainage has been minimized. Percutaneous 
ventriculocisternostomies have in some cases replaced shunts. 

In the future, to improve outcome in these hydrocephalics, sur- 
gery, when indicated, should be performed as early as possible. 
Knowledge and prevention of the causes of hydrocephalus should 
be developed. 

Keywords: Hydrocephalus; ventriculo-cisternostomy; shunt com- 
plications; CSF overdrainage. 

A n y  progress in Medicine implies the answer to two 

questions: where are we coming from? Wha t  is the 

present stituation? The evaluat ion o f  the present shows 

what  is well and what  could and should be improved. 
Then questions being clear, solutions can be looked 

for. 
The t reatment  o f  hydrocephalus,  over the centuries, 

underwent  three stages. The first stage before the 

knowledge of  the CSF ciculation, covers the period 
f rom antiquity to the 18th century. The second stage 
extends f rom the X I X t h  century to the end o f  the first 

half  o f  the X X t h  century. The third begins with the 

second hal f  o f  the XXth  century and is characterized 

by the development  o f  CSF  deviation system with 

valves. 
I) Dur ing  antiquity and the middle ages, hydro-  

cephalus was known,  but not  yet unders tood.  Hip- 

pocrates  knew that  the accumulat ion o f  water within 

the head caused it to enlarge. Oribasius and Paul o f  

Aegina thought  that  the fluid was located between the 

scalp and the pericranium, the pericranium and the 

bone or  between the skull and the dura. Vesalius in the 

16th century was the first to show that  the water was 

accumulat ing within the ventricles. Ambroise  Par6 

stated that, when the water was within the ventricles, 

recovery was not  possible. Surgery o f  hydrocephalus  

was, in these times hopeless. However  several authors  

such as Cha ra f  ed Din (Fig. 1), William of  Salicet had 
tried surgically to remove water  f rom the ventricles. 

The results were catastrophic.  L. Heister states: " I f  you  

* Invited Lecture, presented at the European Congress of Neu- Fig. 1. CharafEd Din (1465). Removing surgically, "humidity" from 
rosurgery, Moscow, June 23-29, 1991. the head of a child 
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make a paracentesis on the head to discharge the lymph, 
your operation is no sooner performed, but the infant 
dies, as physicians have been too often assured by ex- 
perience". Herrissant in 1772, in his "Dictionnaire Uni- 
versal et Raisonn6 de Mbdecine, de Chirurgie et de 
l'Art Vtt6rinaire", writes: "I1 serait ais6, dans quelques 
cas, de pratiquer la ponction ou des scarifications; mais 
les 6preuves qu' on en a faites, n'ont pas 6t6 heureuses". 
The treatment is therefore purely medical: diuretics to 
remove the fluid "per urinam", sponges placed on the 
head, bandages, diaphoretics such as salt of deer horn 
or viper's powder. It is even stated in Herrissant's dic- 
tionnary that, if the patient wants to drink some wine, 
he may do so. The age of the patient is not specified. 

II) The second stage in the treatment of hydro- 
cephalus begins at the end of the 18th century and in 
the beginning if the 19th with the progressive under- 
standing of the CSF circulation. Cotugno describes the 
cerebrospinal fluid, Monro and Magendie the CSF 
pathways. The most important publication is that of 
Dandy and Blackfan 2 who, in 1914, give an accurate 
description of the CSF circulation and of its pathology. 
This progress stimulates the development of surgery, 
essentially during the first half of the XXth century. 
Most operations however usually end up in failure. 
Intracranial bypasses through an open craniotomy, 
such as the perforation of the lamina terminalis, often 
block rapidly; the post-operative mortality is not neg- 
ligible in the Torkildsen's operation 37. The proper ma- 
terial is not available for extracranial bypasses. The 
consequences of Matson's operation 22 in which, after 
a nephrectomy, the CSF is diverted through the ureter 
towards the bladder, are too great. 

The results of the treatment of hydrocephalus during 
that first half of the XXth century can be evaluated 

through the puplications of Yashon 37, Hagberg 8, Laur- 
ence eta l .  17' 18 and Jansen et al. TM 14. The overall mor- 
tality is about the same in these different series, varying 
from 45% to 53%. In other words, half of the patients 
die. Actually death in hydrocephalus is a time related 
event so that the curve of the survival rate given by 
Laurence allows a better evaluation of the real situa- 
tion. It shows that 10 years after birth only 20% of the 
patients are still alive. For the assessment of outcome, 
patients are separated into three groups in those four 
series: able to work, independent and dependent. The 
results are about the same in the different series. The 
mean values are 43% able to work, 25% independent 
and 32% dependent. These results are however biassed 
by the fact that they take into account the patients who 
survive without any treatment and who probably pre- 
sent a type of hydrocephalus of slow evolution or an 
arrested hydrocephalus. 

A rough summary of the results in that period might 
be the following. Out of 100 hydrocephalic children, 
50 die, 20 are able to work, 13 are independent but can 
not work and 17 are dependent (Fig. 2). 

III) The second half of the XXth century is a turning 
point in the treatment of hydrocephalus. After the work 
of Nulsen and Spitz 2s and of Pudenz et al. 28, after the 
introduction of the Holter valve in 1956, the treatment 
of hydrocephalus becomes really efficient. Silicone 
shunts with a valve are inserted in most patients. 

The overall mortality decreases abruptly to about 
15 % (Table 1). 

The actuarial survival rate, in the series of "Les 
Enfants Malades", remains stable after the first years. 
The improvement is therefore obvious. 

Outcome has also improved, but is far from normal. 
52% of the IQs in our series are above 80, but 21% 
are between 60 to 80 and 28% are under 60. Severe 
behavioural disorders are observed in half of the chil- 
dren. Finally only 46% of the patients attend a normal 
school (Fig. 3). 

Fig. 2. Overall mortality and functional results. Before the shunt era: 
upper line; with shunts: lower line 

Table 1 

% Mortality Nb. of Patients 

Amacher and Wellington I 21% 
Lorber and Zachary 19 17% 
Mazza et al, 23 18% 
Keucher and Mealey  Is 16% 
Hirsch et a l )  ~ 11% 

170 
30 

165 
228 
576 

Total 17% 1169 
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Fig. 3. Academic performance in hydrocephalics. Only half of the 
patients attend a normal school 

To summarize these results and compare them with 
those of the pre-shunt period, out of hundred patients, 
15 die, 42 are normal and able to work, 16 are inde- 
pendent but do not work and 27 are fully dependent 
(Fig. 2). The improvement is characterised by the di- 
minution of the overall mortality and the increased 
number of normal children. However it should be 
pointed out that there is also an augmentation of the 
number of fully dependent patients, probably due to 
the fact that, in the pre-shunt era, these children would 
have died. 

Another important criticism of the shunt technique 
is the number of post-operative complications. The 
rates of post-operative infection vary with the different 
authors, ranging usually from 5% to 10%. The rate of 
shunt failures due to other causes is important and time 
related. In our series ten years after the initial shunt 
insertion, more than 70% of the patients have been 
operated on at least twice for such a shunt failure 33. 

This review of the results obtained with shunts in 
the treatment of hydrocephalus demonstrates clearly 
that not all problems are solved. The number of post- 
operative complications should be reduced; the out- 
come should be improved. We have tried to achieve 
this by re-establishing the normal CSF pathways with- 
out shunting everytime it was possible, by lowering the 
infection rate, by improving the design of the shunts, 
by developing more physiological new shunt systems. 

IV) In some patients, it is possible to re-establish 
the CSF circulation without any shunt by removing an 
obstruction due to a cyst or a tumour or CSF hyperse- 

cretion caused by a papilloma. In aqueductal stenosis, 
some authors like Lapras 16 insert a simple tube between 
the IIIrd and the IVth ventricle. The solution that we 
have adopted in non-communicating hydrocephalus is 
the percutaneous ventriculocisternostomy. This tech- 
nique was not new since it had been initiated by 
Mixter 24 in 1923 and then used by Scarff 34 and 
McNickle 21. However this technique was really revived 
by G. Guiot 6 in 1963 under endoscopic guidance and 
in 19687 under X-ray guidance. G. Guiot used it in 
cases of late hydrocephalus due to aqueductal stenosis. 
We began to use this technique in 197326 and showed 
that it could also be used in infants with about 70% 
of good results when the patients were correctly se- 
lected. Jaksche and Loew recently demonstrated even 
80% good results. The operation was at that time per- 
formed under X-ray guidance. We have recently 
changed the technique: all our operations are now per- 
formed under endoscopic guidance. This technique al- 
lows a perfect visualization of the foramen of Monro, 
of the mamillary bodies and of the floor of the IIIrd 
ventricle, in front of them, where the perforation is 
made (Fig. 4). So far, under endoscopic guidance, the 
post-operative mortality has been nil. The rate of post- 
operative infection is also practically nil. Secondary 
blockage of the ventriculostomy occurs in 16% of the 
patients, but the operation can be repeated. More im- 
portantly since normal CSF circulation is re-estab- 
lished, one can expect the best possible outcome, at 
least the outcome depending on the cerebral lesions 

Fig. 4. Ventriculocisternostomy under endoscopic guidance. A Mam- 
illary body; B Perforation; C Floor of the IIIrd ventricle. The per- 
foration is performed in front of the two mamillary bodies, at the 
midline of the floor of the IIIrd ventricle 
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present before surgery, on the aetiology and the ven- 
tricular dilatation. 

V) However shunts remain in most cases the unique 
solution for treating hydrocephalus, especially in com- 
municating hydrocephalus, since the different attempts 
that have been made to cure the disease by cauterization 
of the choroid plexuses 3' 4, 29, 31, 35, 36 have been unsuc- 

cessful. Therefore to improve the present state means 
to improve shunts and shunt insertions in order to 
reduce the rate of post-operative infection and the rate 
of mechanical complications. Shunts can be improved 
in two different ways, in their design and in their func- 
tion. 

A) In order to reduce the rate of post-operative 
infection, we have tried to eliminate intra-operative 
contamination; we have studied the factors that favour 
infection, before or after surgery and we are now trying 
to determine whether prophylactic antibiotic therapy 
is useful or not. 

To decrease intra-operative contamination, we have 
applied to shunt insertions a technique which was used 
in laboratories to breed germ-free animals 9. The use of 
a surgical isolator reduced to nearly naught intra-op- 
erative contamination and divided by three our rate of 
acute post-operative infections. 

Reviewing 1174 shunt insertions performed in "Les 
Enfants Malades ''3~ we found that the risk of infection 
was larger in young infants, when before surgery the 
skin was fragile or infected or when there was a seat 
of infection outside the CNS; the rate of infection was 
higher when the revised end of the shunt was ventricular 
or when the operation was a re-insertion after infection. 
The quality of the post-operative wound was also of 
great importance. The knowledge of these factors and 
their elimination whenever possible allowed a new re- 
duction of our infection rate to 4.6%. 

Since it had been demonstrated in orthopaedic sur- 
gery 5 that prophylactic antibiotic therapy was efficient 
(allowing a reduction of the infection rate from 3.3% 
down to 0.9% in 2137 hip arthroplasties) we have used 
a combination of lincomycin and gentamycin, given at 
the time of surgery. This antibioitic therapy did not 
change the rate of infection. We now give cefotaxime 
and fosfomycine. The rate of infection is lowered to 
2.6%, but the number of operations is too small so 
that this reduction is not at the moment statistically 
significant. It is not unlikely that the efficiency of pro- 
phylactic antibiotic therapy depends on which anti- 
biotics are given. Another possibility might be that 
prophylatic antibiotic therapy is useless when surgery 

is performed in a hypersterile environment, as is the 
case with a surgical isolator. 

B) As already stated shunt failures are, over the 
years, frequent. These failures are the result of me- 
chanical complications such as occlusion, shunt frac- 
ture, migration; they can also be the consequence of 
an improper placement. Finally they are in some cases 
the consequence of overdrainage: slit ventricles, post- 
shunt pericerebral collections, craniostenoses. Review- 
ing the series of "Les Enfants Malades" and the series 
of "The Sick Children hospital" in Toronto 33 we have 
been able to specify the characteristics of a shunt which 
would minimize the rate of these failures: a one piece 
system, non-flanged ventricular catheter, proximal 
non-slit valve, open ended distal tubing. 

C) However overdrainage is one of the most im- 
portant problems to solve. Differential pressure valves 
overdrain always in the upright position. Since 

DP 
F -  

R 

( F =  flow through the s h u n t - R =  shunt resist- 
a n c e -  DP = pressure difference between inlet and out- 
let) in the prone position, since H (H -- height between 
inlet and outlet of the shunt) should be added to DP 
in the upright position, it results that, in this position, 
F increases; F exceeds the CSF secretion rate. This rate 
being constant, fluid is removed from the venticular 
reserve in the begining; when this is no longer possible, 
F decrease while intra-cranial pressure (which is the 
inlet pressure) becomes negative, favouring pericere- 
bral collections 11 or craniostenoses. When the paren- 
chymal compliance is high, overdrainage results in slit 
ventricles. Slit ventricles may sometimes be responsible 
for the "slit ventricle syndrome"; more often slit ven- 
tricles favour ventricular catheter obstruction 33. Since 
DP varies with the postition of the patient, it was nec- 
essary, in order to avoid overdrainage, to design a shunt 
with a variable resistance (Fig. 5). If DP and R vary 
simultaneously in the same direction, their ratio, i.e. 
the flow through the shunt, remains constant. The dif- 
ferential pressure shunt becomes a flow regulator. We 
have preferred this solution 32 to the antisiphon device 
designed by Portnoy 27 which is efficient but carries in 
our opinion a risk of underdrainage in the upright 
position20, 32. The Orbis Sigma Valve acts as a differ- 
ential pressure valve when the flow is smaller than the 
CSF secretion. When the flow reaches the value of the 
CSF secretion, i.e. about 20 to 30ml per hour, the 
resistance of the valve increases abruptly so that F 
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Fig. 5. Pressure-flow curve of 
the orbis sigma valve. When 
the flow reaches the normal 
value of the CSF secretion, the 
resistance (i.e. the slope of the 
curve) increases so that the dif- 
ferential pressure valve be- 
comes a flow regulator 

remains constant even if DP increases. However when 
DP is above 300 mm H 20, the shunt becomes again a 
differential pressure system; a rapid CSF flow rate is 
induced, allowing a stabilization of the intracranial 
pressure. This valve is thus a tree-stage valve system. 
The first stage allows an appropriate CSF drainage in 
the prone position. The second stage avoids or at least 
minimizes overdrainage in the upright position; the 
third stage is a kind of safety valve. 

The comparison of the actuarial risks of shunt mal- 
function observed before and after the introduction of 
the Sigma Valve shows that this risk has been reduced 
two fold (actuarial risk three years after surgery with 
DP shunts in the Toronto-Paris series 40%, with the 
Orbis Sigma Valve in 219 shunts inserted in "Les En- 
fants Malades": 16%). Thus these different attempts 
have certainly reduced the rate of complications after 
shunt insertion; they may have also slightly improved 
the outcome. However the outcome is the clinical 
expression of the cerebral lesions. These lesions are due 
to the dilatation of the ventricles before surgery and 
to the aetiology of the disease. Therefore, in the future, 
surgery, when indicated, should be performed as early 
as possible, probably earlier than nowadays; knowledge 
and prevention of the causes of hydrocephalus should 
be improved. 
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