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Ventriculoperitoneal shunt of continuous flow vs valvular shun(fór 

Abstract 

K ey,,.011/s: 

treatment of hydrocephalus in adults ~tHn\•i¡ ,. 
* {)l~ISi ),·J V• :.~ 1 

Julio Sotelo, MD , Nicasio Arriada, MD, Miguel Angel López, Mtl\L\\:.' 
Oh:i.<io11s uf Re.vearch a11d Neurosurg11i:v. N111io110/ !11s1iiute of Ne11rology 011d Ne11ros111:r:e1J-· o( Mexico. CP 14269 Me.rico Ci(1¡ -f!exico 

Received 14 April 2004: acccpted 29 July 2004 

Background: Shunting for hydrocephalus is tbe neurosurgical procedure mos1 frequently associated 
with long-term complications. We developed an altemative to valvular shun1s based on a simple 
shunt procedure whose fünction ing depends on a periloneal ca1he1er wi1h a highly precise cross­
sectional interna! di a meter of 0.5 1 mm. Preliminary studies ha ve shown that thc shunt of continuous 
flow (SCF) is superior to valvular shunts for !he treatmen1 of hydrocephalus in adults. Here, we show 
1he long-1erm perfonnance of the SCF in aduh patients wi th hydrocephalus secondary to a 
comprehensive variety of neurological disorders. 
Methods: In a 5-year period, ventriculoperitoncal shunting was perfonned on 307 patients wi1h 
hydrocephalus; 114 of them were 1rca1ed with the SCF and 193 controls were treated with a 
convenlional valvular shunt. Patients were followed from 1 to 5 years after surgery: endpoint 
observation was considered at surgical rcinlervention because of shunt failure. 
Results: At the end of the observation period (44 ± 17 months). the failure rate of the shunt ing 
device was 14% for 1he SCF and 46% for controls ( P < .0002). Shunt endurance was 88% in patients 
with SCF and 60'Yo in control s. A long the study, signs of overdrainage developed in 40% of patien1s 
treated with valvular shunt, but they were not observed in patients with SCF. 
Conclusions: The design of the SCF was calculated according to the mean rotes of cerebrospinal 
fluid produc1ion: il takes simultaneous advantage of the intraventricular pressure and the siphon 
effect and complies wilh 1hc principie of uninterrupted llow, maintaining a fair equilibrium thai 
prevents undcr- and overdrainage. The SCF is a simple, inexpensive, and effective lreatmenl for 
hydrocephalus in adults. 
© 2005 Elsevier lnc. Ali rights reserved. 

Ccrcbrospinal íluid; Hydroccphalus: lnlravcntricular prcssurc siphon cffcc1: Shunt of cont inuous llow; Shunl 
ovcrdr~inage: Valvular shunts 

L Introduction The search for modifiable facto rs causatively related to 
shunt fa ilure has been disappointing [30). We departed in 
our studies from the idea that the fundamental principies 
upon which the shunting devices have been elaborated 
might not be adequate for altemative drainage of cerebro­
spinal fluid [42]. Ali shunts currently available share 2 main 
characteristics: their functioning is in a valvu lar fashion and 
the valve opens in response to the intraventricular pressure 
(IVP). We have questioned the appropriateness of 1hese 2 
fundamentals in dealing with the pathophysiology of 
hydrocephalus: First, the intennittent accumulation and 
drainage of cerebrospinal fluid through a valvular shunt 
produces a nonphysiological on-off phenomenon of fl uid 

Shunting for hydrocephalus is fraught with high failure 
rates [ 1,3, 18] . During the last 50 years. several shunts have 
been developed; each new design is more sophisticated and 
expensive than its predecessor (4.5, 10,34]. However, it is a 
widespread notion that most shunting devices are far from 
satisfacto1y [9.3 7], and the treatment of hydrocephalus 
continues as a challenge to modero medicine l 11.28.47). 

• Con-esponding author. Tel.: +5255 5606 4782: íax: +5255 5606 
2282. 

E-mail address: jsotelo@scrvidor.unam.mx (J. Sotelo). 

0090-3019/$ - see rront mancr © 2005 Elsevier lnc. All righls reserved. 
doi: 10.1Ol6/j.sumeu.2004.07.040 
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transit, with long periods of stasis. Second, in human 
beings, the IYP widely varies withín physiological param­
eters, depending on postura! changes of the subject. which 
wander constantly from the horizontal to the vertical planes 
[ J 9,:23]. These highly variable parameters indicate that any 
fixed cipher of IYP should not be taken as a unique gate for 
cerebrospina l fluid dra inage. In addition, the fluid within 
any tubing that connects the ventricular cavity with the 
peritoneal cavity is inevitably exposed, when the subject is 
standing, to the force of gravity that great ly increases the 
flow, leading to the most conspicuous complication of 
ventriculoperi toneal shunts, overdrainage. This problem is 
so conunon that it has been considered that ali available 
shunts overdrain [ 14, 16.30]. 

Our investigations have addressed each of these draw­
backs and resulted in él rather unsophisticated design: a 
ventriculoperitoneal shunt procedure. containing a peritoneal 
catheter 1 m long with a highly precise interna! diameter (10) 
of 0.51 mm; this pecu liar catheter. attached to a conven­
tional ventricular catheter, achieves the goal of unintem1p­
ted cerebrospinal fluid flow, whose amount approaches 
the constan! production of cerebrospinal flu id (around 
0.35 mL/min) with momentary but limited variations offlow 
velociry and amount imposed by !he hydrodynamic forces 
acting in relation to the combination of IVP and the force of 
graviry, both differing in accordance to postura! changes. 
Nonetheless, unintcnupted drainage is maintained. 

Preliminary studies have shown that the ventriculoperi­
toneal shunt of coniinuous flow (SCF) is superior to 
valvular shunts for the treatment of hydrocephalus in adults 
(44,45]. This benefit is extended to difficult cases such as 
hydrocephalus secondary to chronic intlanunatory disorders 
of the subarachnoid space (24.45] or to neoplasms of the 
posterior fossa. Here, we report our long-tenn experience 
with the SCF in a large number of adult patients with 
hydrocephalus. 

2. Methods 

In a long-te1111 prospective study, 307 aduh patíents with 
hydrocephalus were surgically treated: 114 were treated 
with the SCF and 193 controls wcre trcated with a 
conventional va lvular shunting procedure (Pudenz-type 
shunt, Biomed or Radionics, USA). Patients were allocated 

Table 1 
E1iora1hogenesís of hydroccphalus in 307 shunted palients 

SCF ('Yo) Valvular shu111 (%) 

Wíthdrawn" Wi1hdrawn 

Chronic arachno1di1is 55 (4!!) 9 (8) 105 (55) 58 (30) 

Neoplasrn 46 (4.1) 4 (3) 60 (31) 2 1 ( 10) 

Nom101ensiw 7 (6) 2 (2) 12 (6) 5 (3) 

Subar.íchnoid 6 (5) 1 ( 1) 16 (8) 5 (3) 
Hc1non·hagc 114 (100) 16 (14) 193 (100) 89 (46) 

• Number of cases in whom the shunting device was withdrawn or 
changed bccause of failurc. 
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Fig. 1. Kaplan-Meicr rlot of shunt survival rate afler surge1y. A significa111 
di!Tercnce w:1s obscrvcd bctwcen ra1icn1s 1rcalcd wi1h 1hc SCF and control 
pa1icu1s trcatcd wnh :1 va lvu lar sh11111 t P / .0003). 

altemately into either group regardless of the primary 
pathology that originatcd the hydrocephalus; patienls 
initially selected for the SCF who did not sign the informed 
consent were included in the control group. Patients in 
whom the primary pathology would not allow adequate 
neurological recovery after shunting, such as m~lignant 

tumors of the posterior fossa. were not included. The study 
included patients treated from March 1997 to October 2002; 
in this way, minimal fol low-up was 1 year at the time ofdata 
analysis, in January 2004. Follow-up was from 14 to 78 
months, a mean of 42 ± 11 months, 44 ± 17 months for 
patients with the SCF, and 44 ± 18 months for controls. 
Age was 40 ± 14 years (from 16 to 79) for SCF and 41 ± 
15 years (from 17 to 78) for controls. Male-female ratio was 
49:65 for SCF and 107:86 for controls. Short-tenn results 
from 54 SCF patients and from 80 controls included in this 
study have been reported in preliminary studies with short 
follow-up (45]: 12 patients initially selected to receive the 
SCF and 23 controls died due to progression of the primary 
pathology. They werc cxc ludcd from the study: only thosc 
patients who died from causes attributable to progression or 
complications from hydrocephalus were included in the 
analysis. 

Diagnosis ofthe primary pathological process underlying 
hydrocephalus is shown in Table 1. Endpoint observation 
was considered at surgical reintervention for changing the 
shunting device due to obstruction, infection, or over­
drainage. Because most reports indicare that complications 
secondary to shunting occur within a period of 2 years after 
surgery, a Kaplan-Meier analysis of shunt pennanence was 
made on those patients who completed at Jeast 2 years after 
surgery; that included 104 (91 %) patients with SCF and 170 
(88%) controls (Fig. 1 ). 

2. 1. Shu11ting procedure 

Surgical implantation of the SCF or the conventional 
shunt was idenlical; under general anesthesia, a trephination 
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acting force is thc siphon cffcct. In contrast . when the subject is lying down. the siphon clTect is ncgligiblc and the main acting force is thc ventricu lar prcssur~. 
lntcnncdiatc post u res would produce a variable combinat ion of these 2 main forces. For instancc, whcn the subject is incl incd at about 45 . he would havc a 
combination of l!O mm H20 oí ventricular pressure plus 300 mm of venical distance betwecn thc proximal and the distal ends of the shunt. located in the 
ventricular and the peritoneal cavit ies. respectively. This combination generates 380 UHF, which wil l result in a drainage of 0.43 mUmin lhrough the SCF. 
Adapted frorn ref[~5 J with pem1ission. 

was made on the nondominant side ofthe cranial cavity and 
the ventricular catheter installed into the corresponding 
lateral ventricle. Afterward, in the case of SCF, the 
ventricular catheter was directly connected to the peritoneal 
catheter; in the case of controls, the ventricular catheter was 
connected to the valvular system that was joined to the 
peritoneal catheter. The peritoneal catheter was guided 
subcutaneously to the peritoneal cavity; cerebrospinal fluid 
drainage was corroborated before its final insertion into the 
peritoneal space. Drainage capacity of the SCF under 
experimental conditions that simulate physiological circum­
stances is shown in Fig. 2. 

3. Results 

Al the end of the observation period, the SCF remained 
fimctional in 98 (86%) patients aftera mean follow-up of 44 ± 
17 months, equi valen! to 4586 months of shunting 
endurance from a maximum possible of 5221 months 
(88% endurance). In controls, the shunt remained functional 
in 104 (54%) patients after a mean follow-up of 44 ± 18 
months ( P < .002 when cornpared to SCF) equivalen! to 
5586 months of shunt endurance from a maximum possible 
of 9286 months (60% cndurance). Shunt survival rates 
according to the primary pathology are shown in Table 1. 

Failure of the surgical device occurred in 16 ( 14%) 
patients with SCF, from 1 to 2 1 months after surgery, a 
mean of 12.7 ± 4.6 months with a median of 12 months: 
reasons for shunt withdrawal were obstruction in 13 patients 
and bacteria! colonization in 3 patients. Failure of the 
shunting device occurred in 89 (46%) controls, from 1 to 36 

months after surgery, a mean of 9.4 ± 7.3 months, with a 
median of 8 months; reasons for shunt withdrawal were 
obstruction in 55 patients, overdrainage accompanied by the 
slit ventricle synd.rome in 18 patients, and bacteria! 
colonization in 16 patients. In most cases, the shunting 
device was replaced by a similar one. During the study, 78 
patieots (40%) from the control group had had at least one 
episode of overdrainage that was clinically symptomatic, 
wh ich required medica! attention at the emergency depart­
ment; however, io most cases, the shunting device was not 
removed. This circumstance was not seen in any case from 
the SCF group. Along the study, 2 patients (2%) from the 
SCF group died from causes related to failure of the 
shunting procedure; in both cases, it was occlusion of the 
catheter with progression of hydrocephalus; in the control 
group, 1 O patients (5%) died from causes related to foi lure 
of the shunting procedure: 2 of them developed subdural 
hematoma, 2 ascending transtentorial hemiation, and 6 
infection due to bacteria! colonization of the shunt. 

4. Conclusions 

All parameters favor the results obtained in patients with 
SCF over those treated with valvular shunt: shunt failurc 
rate in patients with SCF was 14%, in contrast with 46% in 
controls. In addition, during follow-up, clinical and radio­
logical signs ofoverdrainage were observed in nearly half of 
those patients treated with valvular shunt, but they were not 
observed in any case of SCF. Rerults obtained in controls 
are similar to those repo11ed in severa! other studies with the 
use of valvular shunts [2.1 8.29.35,4 7 .50). Most studies 
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concur that the fai lure rate of valvular shunts within the first 
2 years is between 30% and 50%, irrespective of !he type of 
shunt design used [ 13.15.26.31 ). Complications of shunting 
remain distressingly common f 18.26.30.48 I; recent studies 
ha ve shown that long-te1111 shunt revision rates are similar to 
those reported over the past 2 decades [9.J 1). 

Two main hydrokinetic forces influence the fluid 
drainage through a device that connects the ventricular with 
the peritoneal cavities in human beings: the injection force, 
which corresponds to the IVP. and the gravity force (GF), 
which corresponds to the siphon effect (20] imposed upon 
any fluid that drains through a tubing into a recipient located 
underneath. The condition of bipedalism in human beings 
produces, during long periods. a substantial diffcrential of 
planes between the cerebral ventricles and the peritoneal 
cavity. Thus, any direct connection between these 2 
anatomical sites is subjected, unavoidably, to the force of 
gravity acting upon the fluid running through this connec­
tion (22). Along the last 4 decades of research on 
hydrocephalus, severa! shunting devices have been pro­
duced, most of them designed in valvular fashion that opens 
and closes in response to presettled values of the injection 
force. Although the siphon effect has long been recognized 
[!í.18.35.36.461, its magnitude on the performance of 
ventriculoperitoneal shunts has been minimized: its only 
technical manipulation has been by attempts directed to its 
ncutralization with the so-called antisiphon devices [5 , 16 ). 
However, their performance has been unsatisfacto1y l 1 8.25 J. 

In experimental models, which simulate physiological 
conditions in human beings [ 40-42), we ha ve shown that the 
GF acting on a ventriculoperitoneal connection affects the 
fluid drainage twice as much as the injection force imposed 
by the IVP (Fig. 2): When the subject is si tting or standing, 
the fVP would be zero [ 18.33 ), whereas the GF would be 
around 500 mm H20 [22.45.48], for a total of 500 units of 
hydrokinctic force (UHF): in contrast, when the same 
subject is lying down, the mean IVP would be around 200 
mm H20 (7,40], whereas the GF would be O. for a total of 
200 UHF (Fig. 2). The differential pressure that can develop 
because of the siphoning effect can be more than 5 times 
grealer than the JVP necessary to open most valves (48). 
Within physiological conditions, the IYP and the GF have 

Table 1 

opposite dynamics: the IYP diminishes from the horizontal 
to the ve11ical posture, whereas the gravity effect increascs 
from the horizontal to the vertical posture (Fig. 1) [40.-151. 

From ali parameters that intervene in the complicated 
process of cerebrospinal fluid physiology, the most predict­
able is cerebrospinal fluid production, whose values have 
been settled between 500 and 600 mL daily at a constan! 
rate between 0.35 and 040 mL/min, with sorne circadian 
variations (7, l 2]. This rate is fairly maintuined regardless of 
intracranial pressure. arterial tension, blood flow, systemic 
hydration, or intracranial pathology [7, 12]. Apparently, the 
only pathological condition that significanlly increases the 
cerebrospinal fluid production is papilloma of 1he choroid 
plexus (24 J. Thus, it seems rcasonable 10 use the constant 
parameter of cerebrospinal fluid production as the backbone 
ofinstrument performance fo r the SCF (44]. ln contrast with 
production, cerebrospinal fluid absorption mechanisms 
largely exceed those of produc1ion (7, 12,38,45]. 

In the paradigm used as theoretical framework, we 
selected the ID of the peritoneal catheter, with a highly 
precise measure of 0.51 mm, as the so le mechanism of flow 
resistance for the SCF; it has a drainage capaciry of 0.001 1 
mL/min per UHF (40.421. The mean extremes of paramctric 
fluctuations in human beings vary from 200 UHF when 
lying down to 500 UHF when stand ing (Fig. J ); the 
drainage through the SCF in these 2 opposi te situations is 
0.22 and 0.56 mL/min, respeclively (Table 2). Thc mean 
production of cerebrospinal fluid in human beings (0.35 
mL/min) resides between these 2 values (Fig. 2). 

As our previous experiences with SCFs of sl ightly 
different ID bave shown, the principal feature of the SCF 
is the achievement of uninterrupted flow al ali times. 
Minimal variations of ID alter drastically this delicate 
equi librium: centesimals of millimeter upward or downward 
of the central measure of0.5 1 mm may lead to overdrainage 
or underclrainage. respcctively (2 1,4 1.44 .45]. Al the begin­
ning of our studies, the first SCF that resulted in bener 
performance than controls had an ID of 0.4 l mm: 
permanence of the shunt after a mean follow-up of 9 
months was achievecl in 96% of patients [44 ]. However, al 
long-time follow-up, clinical and radiological evidence of 
no1111otensive hydrocephalus developed in sorne cases [41 ]; 

C'omparisons of drainage capacity under experimental conditions through SCF with cathetcr of 1 m long of di!Tcrcnt IDs 

Cross-sectional Drninage capacity Drainagc at 500 Drainage at 200 Daily ílow• CJIJ DllID 
ID (mm) (mL/min pcr UHF) UHF of GE (mL/min) UHF injcction 

pressurc (mUmin) 

0.4 1 0.00062 O.J I 0.12 298 + 85 = 356 
0.46 0.00091 0.47 0.19 451 + 91 = 542 
0.5 1 0.00112 0.56 0.22 53& + 106 = 644 
0.55 0.00178 0.69 0.28 662 + 134 = 796 

The SCF used in the present study hada catheter with ID of 0.51 mm; comparisons of daily ílow with cathetcrs of0.41, 0.46. and O.SS mm showed a difference 
in daily drainage of -81 %, -19%. and + 19%. respectively. UHF indica1es uni1s of hydrokinetic force measurcd as 111111 of an J-1 ~0 column. 
Abbrcviation: GE, gravity cffcct. 

" Considcring 16 hours at 500 UHF of GE plus 8 hours at 200 UHF of inje<:1ion pressure {10 simula te 1wo thirds of thc day in thc crcc1 pos1urc and onc 1hird 
111 1hc supinc posturc). 
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thc same occu1Ted. although less frequently, in a subsequent 
study, when we cautiously increased the ID to 0.46 mm 
[451. Nonetheless. it was relevan! in those 2 previous studies 
[41.45] tha1. similarly to this report. signs of overdrainage 
were never seen (Fig. J). After !hose cxperienccs, a furthcr 
increase of 5 centesimals of millimeter was decided to 
achieve 0.5 1 mm ID (Tahlc 2). the one used in this sllldy 
and in rela1ed prelimina1y reports [45 J. ln contras t with our 
initial experiences, no cases of remnant hydrocephalus were 
observed as evidence that underdrainage was prevented. 

The absence of artificial mechanisms on the SCF avoids 
dysfunction due to mechanical failure, as wetl as shunt 
occlusion due to fluid stasis. Both complications are 
frequcnt with valvular shunts [J0,49). Becausc the solc 
resistance rnechanism of flow resides in the peritoneal 
catheter of 1 m long. sorne d ifferences are found among 
individuals according to his/her personal height and the site 
on the peritoneal cavity where the distal end of tbe catheter 
was surgically implanted. which impose a distinctive 
distance between the proximal and distal ends of the shunt. 
In addition, geographic ditTerences in altitude and atmo­
spheric pressure slightly affect the GF acting on the fluid 
transit. Nonetheless, they were not sufficient to alter the 
long-tem1 performance of the SCF as seen by multivariate 
analysiS'lhat considered stature ofthe patient, weight. site of 
residence in regards to sea leve!, and occupation (in regards 
to mean times standing and lying along the day). lt should 
also be considered the remnant individual capacity for 
endogenous absorption of cerebrospinal fluid that surely 
intervenes in the homeostatic maintenance of intracranial 
pressure in shunted individuals; however, their precise 
c iphers might vary widely from one patienl to another. 
Our results emphasize the importance of physiological 
compensatory mechanisms that participate in the endoge­
nous pursuit for intracranial homeostasis. provided that 
under- and overdrainage through the artificial shunt, as well 
as lasting interruptions of flow, are essentially prevented, 
which is the case of the SCF. 

The fact that uninterrupted flow is maintained most of the 
time through the SCF may explain the low rate of bacteria! 

contamination; fluid stasis and accumulation of organic 
detritus along a shunting device greatly favor bacteria) 
colonization [6.18.27.32), which may be eluded by the 
constan! transit of fluid. Thus. the cerebrospinal fluid moves 
through a valvular shunt on ly a rninimal time, whereas most 
of the time, it remains static, favoring 2 potential and 
frequent complications, bacteria) co lonization and shunt 
occlusion [29.37]. 

The ample capacity for fluid transit through valvular 
shunts may also induce retrograde passage of cerebrospinal 
fluid from the subarachnoid space to the ventricular cavities 
in moments of overdrainage. Whereas this phenomenon 
may not have noticeable consequeoces in many patients, it 
could represen! a serious source of complications in sorne 
pathologies. For instance, in patients with chronic arach­
noiditis, the cell and protein contents in ventricu lar 
cerebrospinal fluid are usua lly low, whcreas a high content 
of activated immunc cells and protein are fo und in 
subarachnoid cerebrospinal fluid [24.39): retrograde passage 
of this fluid to the ventricular cavities due to overdrainage 
may induce severe ventriculitis and cerebritis. In addition, 
because of the abnormal composition of subarachnoid 
cerebrospinal fluid that passes through the shunt, its 
occlusion in these patients is particularly frequent (27,43]. 

Although our studies were made in adult patients, 
occasional experiences have shown us that children older 
than 3 years (after constan! deambulation starts) benefit 
from SCF. The SCF is not useful in newborns because their 
conspicuous horizontal posture does not promote the 
participation of the GF (45). In adult patients who remain 
in bed for long periods (eg, during occasional sickness), we 
recommend significant intervals of sitting posture or bed 
inclination at 45º to promote the GF on the shunt 
performance. 

The simplicity of the SCF is such that it is difficult to 
conceive so many advantages (not least of them the cost 
[ 17]) over sophisticated valvular shunts. However, we 
believe that the single most important feature of SCF, the 
unintem1pted transit of cerebrospinal fluid , conciliates the 
artificial diversion of cerebrospinal fluid transit with many 

Fig. 3. Ventricular size in a patient with hydrocephalus. Left panel, bcfore shunting. Central panel. 4 months after shunting with the SCF. Right panel. 38 
months after shunting. Note tbe sustained evidence of nonna l ventricular size after shunting. 
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physíological features and provides a simple means for 
treatment of a complex pathology. 

References 

[ 1] Arriada N, Sotclo J. Treat111e111 of hydroccphalus in adults. Surg 
Ncurol 2002:58:377 -84. 

[2] Aschoff A. Kremer P. Fruh K. Hashemi B. Kunzc St. Orbis­
sigma-valvc. Rcsults of 4 long-temHcsted exemplars and a critica! 
commcnt on thc conccpt ofthc socalled tlow-controllcd valvcs. Childs 
Nerv Syst 1994: 10:474 -5. 

131 Aschoff A. Oikonomou J, Hashemi B. et al. The scic111ilic history of 
hydroccphalus and its trcatrncnt. Ncurosurg Rev 1999;22:67-93. 

[4 J Aschoff A. Oikonomou J. Hashemi B. et al. 4R2 Hydrocephalus 
valvcs tcstcd in vitro ami " revicw on 65~ tests reponed in literaturc. 
Confcrcncc shunt tcchnology. Bethcsda (USA): Food and Dnig 
AdminiStration; 1999. 

[5] Ausman JI, Ponnoy HD, Amirjamshidi A, et al. Shunts: which onc 
and why'! Surg Ncurol 1998:49;8- 13. 

(6) Bayston R, Lambcrt E. Durat ion ofprotect ive act ivity ofccrebrospinal 
flu id shunt catheters impregnated with anti microbial agents to prevcnt 
bacteria! catheter-related infection. J Neurosurg 1997:87:247-51. 

[7] Bergsncider M. Evolving concepts of cerebrospinal fluid physiology. 
Ncurosurg Clin N Am 2001:36:631·8. 

[8) Bergsneider M, Peacock W J, Mazzioua JC. Becker OP. Benclicial 
effect of sirhoning in treatment of adult hydroccpha lus. Arch Ncurol 
1999:56: 1224 -9. 

(9] Blount JP. Campbcll JA. Haincs SJ. Complications in ventricular 
cercbrospinal fluid shunting. Ncurosurg Cl in N Am 1993;4:633 -56. 

[ 10] l:londurant CP. Jimcnez OF. Epidemiology of cerebrospinal fluid 
shunting. Pcdiatr Neurosurg 1995;23:254-8. 

[11] Bonkowski J. Drake JM, Sainte-Rose C. Tcnti G. Ponnoy HD, Fohz 
EL Shunts: are thcy flow-controllcd, prcssurc-controllcd, or ncithcr'l 
Surg Neurol 1999:5 1:105- 9. 

[ 12) Bradbury MWB. Anatomy and physiology of cerebrospinal fluid. In: 
Schurr l'H, Polkcy CE. cdi tors. Hydroccphalus. New York (USA): 
Oxford Univcrsity Prcss: ·J993. p. 19-47. 

[13) Casey AT. Ki mmings EJ. Kleinlugtcbcld AD. Taylor WA. Harkncss 
WF, Hayward RO. The long-temi outlook for hydrocephalus in 
chi ldhood. A ten-year cohon study of 155 patients. Pediatr Neuro­
surg J 997:27:63- 70. 

( 14] Czosnyka M. Czosnyka Z. Whitehouse H. f>ickard JD. Hydrodynamic 
propenies ofhydrocephalus shunts: United Kingdom shunt evaluation 
labora tory. J Ncurol Ncurosurg Psychiatry 1997:62:43-50. 

[ 15] Cz.osnyka Z. Czosnyka M. Richards H. Pickard JD. Hydrodynamic 
propenies of hydrocephalus shunts. Acta Neurochir Suppl (Wien) 
1998;71:334-9. 

[ 16] Czosn yka Z. Czosnyka M. Richards H K, Pickard J. l'osture-rela1e<l 
ovcrdrainagc: comparison oí thc pcrfonnancc of 1 O hydroccphalus 
shunts in vitro. Ncurosurgcry 1998:42:327 -34. 

[ 17] Del Bigio MR. Er idemiology and direct economic impact of 
hydrocephalus: a community based study. Can J Neurol Sci J 998: 
25: 123 -6. 

[ 18] Dmkc JM, Saintc-Rose C. cditors. Thc shum book. Cambridge 
(USA); Blackwell: 1995. 

[19] Feldman Z, K:mter MJ, Robenson CS, et ni. Effect oí head elevation 
on inirncrania l pressure, cerebral perfusíon prcssure. and cerebral 
blood ílow in hcad-injurcd paticnts. J Ncurosurg 1992:76:207- 11. 

[20] Foltz EL. Hydrocephalus: slit vcntricles. shunt obstructions, and third 
ventriclc shunts: a clinical s1udy. Surg Neurol 1993;40:119-24. 

(2 1) Fohz EL. Blanks JP. Symptomatic low intracranial pressurc in shunted 
hyd roccphalus. J Neurosurg 1988:68:401 - 8. 

(22) Frim DM. Goumnerova LC. Telemctric intravcntricular prcssurc 
measurements after third vcntriculocistemostomy in a patient with 
noncommunicaiing hydrocephalus. Ncurosurgery 1997;4I:1425 -8. 

[23 J Frim OM, Gou mnerova LC. ln vivo intracranial pressure dynamics in 
paticnts with hydrocephalus trcatcd by shunt placemenL J Ncurosurg 
2000:92:927 -32. 

(24] Fuj imura M. Onuma T. Kamcymna M. et al. Hydroccphalus due to 
cerebrospinal fluid overproduction by bilateral choroid plcxus 
papillomas. Childs Ncrv Syst 2004;(Fcb 21) [Epub ahcad of print). 

[25) Honon D. Polla y M. Fluid flow perfonnancc of a ncw siphon-control 
devicc for ventricular shunts. J Neurosurg 1990:72:926-32. 

[26] Kang JK. Lee IW. Long-tcnn follow-up o f shunting 1hcrary. Childs 
Nerv Syst 1999; 15:711 -7 

[27] Kellcy R. Duong DH. Lockc GE. Char.1ctcristics of ventricular shunt 
malfunctions among patients with ncumcys1icercosis. Ncurosurgery 
2002:50:757-62. 

[28) Kcstlé JR. Pediatric hydrocephalus: currcnt managemem. Neurol Clin 
2003:21 :883-95. 

(29] Kestlc J. Milner R. Drnke J. The shunt design 1rial: variation in 
surgical e.xperience did not iníluence shunt survival. Pediatr Neuro­
surg l 999;30:283 -7. 

[30) Lo P, Drake J. Shunt malfunctions. Ncurosurg Clin N Am 2001: 
36:695- 701. 

(3 1) McGin MJ, Leveque JC, Wellons 111 JC. et al. Cerebrospinal fluid 
shunt surviva l and etiology of fo ilures: a scven-year instilutional 
experience. Pediatr Neurosurg 2002:36:248-55. 

(32) Morrissettc l. Gorde:m M, Francocur J. CSF shunt infcctions: a liticcn 
year experience with emphasis on management and outcomc. Can J 
Neurol Sc1 1993:20: 11 8 -22. 

(33 ] Munshi 1, Lathrop D, Madscn JR. Frim DM. lntravcntricular prcssurc 
dynamics in patients with ven1riculopleural shunts: a tclcmciric study. 
Pedia1r Neurosurg 1998:28:67 -9. 

(34] Pollack l. Albright L. Adelson PD. A randomizcd controllecl study of 
a programmable shunt va lvc versus a convcntional va lve for palients 
with hydrocepha lus. Ncurosurgcry J 999:45: 1399-411. 

(35) Pudenz RH. The surgical treatmenl of hyclrocephalus-an historical 
review. Surg Neuro l 1981; 15: 15-26. 

f36j Pudenz RH, Foltz EL. Hydrocephalus: overdrainage by vent ricular 
shunts. A rcview and rccommendaiions. Surg Neurol 1991 ;35: 
200-12. 

(37] Punt J. Principies of CSF divcrsion and altemative trcatments. In: 
Schurr PH. Polkey CE. ccd itors. Hydrocephalus. New York (USA): 
Oxford University Press; 1993. p. 139-l>O. 

[38] Rckatc H. Olivero W. Currcnt concepts of CSF production :md 
absorption. In: Scott M. editor. Hydrocephalus. vol. 3. Baltimorc 
(USA): Williams & Wilkins; 1990. p. 11-22. 

(39) Rubalcava MA, Sotelo J. DilTerencc:s between ventricu lar and lumbar 
CSF in hydrocephalus secondary to cyst iccrcosis. Ncurosurgcry 
1995:3 7:668- 72. 

[40) Sotclo J. A ncw ventriculopcritoneal shunt for treaunen t of 
hydrocepbalus. Experimental rcsults. Eur J Biomed Technol RBM 
1993:15:257-62. 

(41 J Sotclo J. Updatc: thc new vcntriculoperitoneal shunl at thc lnstitutc of 
Ncurology of Mexico. Surg Neuro l 1996;46: 19 -20. 

(42] Solelo J. Shunts: which one, and why? Surg Ncurol 1998;49:8-13. 
(43] Sotclo J . Marin C. Hydroccphalus sccondary to cysticcrcotic 

arachnoiditis. A long-tcrm follow-up revicw of 92 cases. J Ncurosurg 
1987:66:68ó-9. 

(44) Sotelo J. Rubalcava MA. Gómez-Llata S. A new shunt for 
hydroccphalus that rclics on CSF produciion rathcr than on ventricular 
pressure. lnít ia l clinical expcricnces. Surg Ncurol J 995:43:324 -32. 

(45 J Sote lo J. lzurieta M. A1Tiada N. Treatment of hyd rocephalus in adults 
by placcment of an open ventricular shunt. J Neurosurg 2001 :94: 
873-9. 

(46] Toledo E. Eynan N. Shalit M. lntracranial hypotcnsion-an iatrogcnic 
complica tion of vacuum drainage systcms. Ac ta Neurochir 
1980;52:55-9. 

(47] Trosl HA. Is there a reasonable dilTcrential indica iion for different 
hydrocephalus shuat systcms? Childs Ncrv Syst 1995: 11 : 189-92. 



J. So1elo el al. / Surgical Neumlogr 63 (2005) 197- 203 203 

(48] Tumcr MS. The treauncnl of hy<lrocephalus: a brief guíde 10 shunt 
sclcctíon. Surg Ncuro l 1995:43:3 14 -23. 

[49) Vínchon M. Fíchlcn A, Dclcs1rc1 l. Dhcllcmmcs P. Shun1 rcvision for 
asymptomalíc foilure: sur¡,<ical and clinical rcsu lts. Ncurosurgery 
2003:52:347 -53. 

í50) Wcíncr HL. Constanl ini S. Cohen H. Wisoff JH. Currcnt Lreaunent of 
nonnal-prcssu re hydroccphalus: cornparíson of ílow-regulated and 
di fferential-pressure shunt va lves. Neurosurgery 1995;37:877 -84. 

Commentary 

The authors havc presented an appropriate topic. The 
original shunt by Pudenz et al in the late i 940s was based 
upon a distal catheter that had slit valves. only to prevent 
retrograde flow. and the opening pressure of !hose valved 
catheters was variable enough to say it was not a part of the 
decision to use them .. This type of shunt was used initially 
fo r ventriculoatrial shunts and then was converted to 
ventriculoperitoneal sorne years later when this change 
seemed reasonable. 1 used those valveless shunts rather 
cxtensively and felt they were very good. This shunt had thc 
same efTective physiological status as defined ve1y well by 
the authors in the current manuscript, and they describe the 
basic physiology as the primary responsible factor! The fact 
that the shunts have a potential for continuous flow of the 
spinal íluid does not mean that spinal fluid flows 
continuously, but such is the capability if something occurs, 
such as a sudden increase in intracranial pressure when the 
person is upright and coughs, etc. Although not emphasized, 
such a nonnal response in patients does increase the llow 
momentarily, and this increase is accommodated by the 
shunt that the authors advocate (SCF). 

Dr Sotelo and colleagues have adcled a very significant 
contribution to the neurosurgical literature conceming 
hydrocephalus and shunt types, which emphasizes the 
unrealistic approach of having a shunt with a set or multiple 
sets of functioning intracranial pressures for the shunt, when 
there is very lillle evidence that the shunt pressures and the 
intracranial pressure are well-defined as to what is needed 
for intracranial pressure. The basic thought in the manu-

script, that if we recognize that there are basic neurophys­
iologic mechanisms that wil l control the press ure 
satisfactorily if there is no opening pressure built into the 
shunt, is a valid observation. 

1 felt that the authors might well have emphasized the 
fact that the change in intracranial pressure when a shunted 
per~~n assumes a prone or supine position from an upright 
pos1t1on 1s due primarily to a volume change of the venous 
volume in the head initially, and this then gradually causes a 
loss of ventricular fluid volume. The initial fo il has been 
assumed to be seconda1y to venous volume exchange fo r a 
long time, originally pretty well proven. The fall thereafter 
in hydrocephalus patients with ventriculoperitoneal shunts is 
due to excessive loss of spinal fluid into the peritoneal 
cavity- the overshunted syndrome. 

1 congratulare Dr Sotelo and colleagues for their 
persistence and continued contributions to this arena in 
neurosurgery. 

Eldon L. Foltz. MD (Professor Emeritus) 
Neurological Surge1y 

University of Ca/ijornia at Jrvine 
Orange, CA 92613, USA 

In a randomized study, Sotelo et al compare their simple 
small bore catheter shunt, which they call an SCF. to a 
standard Pudenz-type valve shunt of un.known opening 
pressure. The results in favor ofthe SCF shunt are remarkable 
(obstruction: SCF 11 %, valve 28%; infection: SCF 3%, valve 
8%; overdrainage: SCF 0%. valve 9%). The comparison is 
almost too good and certainly has to be verified by a laroer 

. . o 
mulucenter random1zed study. Why should there be such a 
difference in infection rate. Despite ali their explanations, as 
far as 1 know, infection is caused by bacteria. lftheir data hold 
up in a larger study, the SCF would be a significan! advance 
particularly because the cost ofthe SCF is considerably lower 
than that of a shunt with a val ve. 

Harold D. Portnoy, MD 
Oakland Neurologica/ Clinic 

Pontiac, Mi 48341. USA 

A fri end is one before whom 1 may think aloud. 

- Ralph Waldo Emerson 
http://www.quotationspage.com/quote/34205.html 
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