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Peritoneal bypass in the treatment of hydrocephalus:
historical review and abdominal complications

R. I. DAVIDSON'
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SY N OP SI s The development of intraperitoneal shunting systems is presented chronologically
and a review is made of the wide variety of intraperitoneal complications which have
occurred to date.

The peritoneal cavity has been used as a site
for the secondary absorption of cerebrospinal
fluid since initial attempts at internal shunting
in children with hydrocephalus were under-
taken in the late 19th century.
A recent increase in the use of peritoneal

systems has resulted in a number of intra-
abdominal complications other than focal
obstruction or wound infection, both of which
require removal of the peritoneal catheter.
Although occlusion of the ventriculoperitoneal
system can still take place in the ventricular
catheter, valve, or locally at the distal end of
the peritoneal tube or one of its connectors
(Stark et al., 1974) and major intra-abdominal
complications have been infrequent, a review
of these widely reported problems is warranted
for a surgeon faced with the management of
such a situation. Wound infections or ven-
triculitis associated with peritonitis have oc-
curred and are successfully treated with anti-
biotics and removal of the offending shunt.
Approximately 900 patients with peritoneal

systems have been recorded in the literature
over the past 75 years. A true incidence of
abdominal complications cannot be identified,
however, since isolated case reports have not
usually recorded the total number of shunting
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procedures or patients for which the particular
author or group has been responsible. Recent
reviews of peritoneal shunts in the treatment
of hydrocephalus by Jones (1967), Murtagh
and Lehman (1967), Eisenberg et al. (1971),
Little et al. (1972), as well as Ames (1967),
Hammon (1971), Weiss and Raskind (1970),
Ignezzi and Kirsch (1975), Robertson et al.
(1973), and Stark et al. (1974), have presented
generally favourable results.

Previously recorded complications are re-
viewed here, many of which may mask primary
intraperitoneal problems and occasionally
require some form of abdominal surgical
intervention other than simple removal of the
catheter.

HISTORICAL BACKGROUND

Shunting of cerebrospinal fluid into the peri-
toneal cavity for the treatment of congenital
hydrocephalus was first recorded in the late
19th century (Ferguson, 1898). This surgeon
placed a silver wire in a canal drilled through
a lumbar vertebra connecting the subarach-
noid space around the cauda equina with the
peritoneal cavity. His two patients did not sur-
vive. Nicoll (1905) briefly discussed a series of
valveless lumbar and ventriculoperitoneal
shunts which he had performed dating back to
1898 and Kauch reported on the use of a
rubber ventriculoperitoneal shunt in 1905
which was unsuccessful (Haynes, 1913). Cush-
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ing (1908) recorded 12 patients treated by
transvertebral lumbarperitoneostomy, again
utilizing a silver cannula. Two of his patients
developed intussusception and died and the
procedure was abandoned. In 1910, Hartwell
presented a single case of successful ventricul-
operitoneal bypass utilizing a silver wire
(Haynes, 1913). Heile (1914) discussed the use
of venous and rubber shunting material which
was clinically unsuccessful, and Davidoff
(1929) then attempted experimentally to cir-
cumvent the shortcomings of the materials
used by Heile by first producing an autogen-
ous graft of rolled skin to serve as the bypass
from 'the lumbar subarachnoid space to the
peritoneal cavity. This was not used in
patients.
Modern efforts in the treatment of hydro-

cephalus were instituted by Ingraham and his
colleagues (1947) who discussed the experi-
mental application of polyethylene in neuro-
surgical procedures. This was first utilized
clinically with success in lumbar-ureterostomy
(Matson, 1949). Polyethylene tubing was then
adapted to ventriculoperitoneal bypass by
Cone et al. (1949).
The increasing use of this particular ma-

terial, however, resulted in a high incidence of
kinking, cracking, and local distal obstruction
of the tube in the peritoneal cavity and was
commonly associated with an omental reaction
to the tubing (Jackson, 1951; Sakoda et al.,
1971; Alexander and Davis, 1953; Harsh, 1954;
Chaptal et al., 1955; Jackson and Snodgrass,
1955; Scott et al., 1955; Picaza, 1956; Luyendijk
and Noordijk, 1959; Ames, 1967). All of these
complications produced shunt obstruction and
efforts to maintain patency at the peritoneal
end resulted in a number of additional clinical
studies which attempted to circumvent these
problems. Harsh (1954) discussed lumbosalpin-
gostomies, Picaza (1956) utilized a suprahepatic
locus for the peritoneal catheter and Chaptal
et al. (1955) used nylon tubing. These reports
were not generally encouraging because of the
continued high incidence of malfunction re-
lated to local obstruction of the peritoneal
catheter.
The problems with intraperitoneal catheter

malfunction encouraged the continued use of

ventriculoatrial systems. With the subsequent
development of silicone rubber tubing, there-
fore, polyethylene was initially replaced within
atrial systems and it was not until the 1960s
that the use of this material was actively re-
initiated in peritoneal shunts. Within the last
decade, ventriculoperitoneal and lumboperi-
toneal shunts have become increasingly popu-
lar as clinical experience presents neurosur-
geons with evidence that this material is
generally inert within the peritoneal cavity
(Sugar and Bailey, 1974). Although silicone
rubber also replaced polyethylene in atrial sys-
tems, it did not alter the frequency of serious
complications which have occurred with vas-
cular shunts.

INTRAPERITONEAL COMPLICATIONS

ABDOMINAL WALL PERFORATION Adeloye
(1973) reported a single case of asymptomatic
protrusion of the distal catheter through the
umbilicus. The child did not develop peritonitis
and the catheter was removed during revision.

ASCITES This has been recorded in eight in-
stances to date (Ames, 1967; Odeku et al.,
1970; Dean and Keller, 1972; Little et al.,
1972; Rosenthal et al., 1974; Parry et al., 1975;
Weidmann, 1975). Cerebrospinal fluid ascites
is a diffuse, nonloculated collection of cerebro-
spinal fluid which occurs because of a primary
failure of the peritoneal cavity to absorb spinal
fluid. It has been a frequent but unrecorded
cause of shunt failure in infants under 2
months of age. The collection is absorbed
gradually by the peritoneal cavity after re-
moval of the peritoneal catheter (Dean and
Keller, 1972), unless associated with an ante-
cedent peritonitis (Odeku et al., 1970).

CEREBROSPINAL FLUID FISTULA Recorded in
two instances, the drainage of cerebrospinal
fluid through the umbilicus has followed peri-
toneal shunting. This was associated with
death in a 17 day old infant but was success-
fully treated by compression in a 15 year old
who had been shunted for eight years
(Antunes and Ribeiro, 1975).
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HERNIA, HYDROCELE, AND SCROTAL EXTRUSION
Hernia and hydrocele have probably occurred
with a greater frequency than recording would
lead one to believe. Increased intra-abdominal
pressure associated with an accumulation of
cerebrospinal fluid and a patent processus

vaginalis have been presumably responsible
for the occurrence of these lesions, which can

be repaired without interruption of the func-
tion of the peritoneal catheter. Ramani (1974)
has reported a free loop of catheter in the
scrotum presenting as painless unilateral scro-

tal swelling in a patient with a ventriculoperi-
toneal shunt. This was replaced at the time of
ligation of the sac with continued normal
function of the catheter. Scott et al. (1955)
recorded a 'few cases of hydrocele' in 32
patients with ventricular or lumboperitoneal
shunts. Murtagh and Lehman (1967) reported
one case of hydrocele in 53 patients with ven-

tricular or lumboperitoneal shunts, and Eisen-
berg et al. (1971) briefly listed four patients
with 'hernia or hydrocele' successfully cor-

rected in a series of 34 patients with lumbar-
peritoneal shunts. In the largest series recorded
to date Grosfeld and Cooney (1974) recorded
an incidence of 15% of hernias occurring in
association with ventriculoperitoneal shunts.
The incidence of this problem with ventriculo-
atrial systems was only 3%. Their series was

taken from 185 separate consecutive ventri-
culoperitoneal procedures.

ILEUS Ileus has been recorded in a patient
with an intraperitoneal haematoma secondary
to subarachnoid haemorrhage (Forrest et al.,
1974).

INTRAMUSCULAR CYST Murtagh and Lehman
(1967) briefly alluded to a 'cyst in the abdo-
minal wall' in a series of 53 patients with
ventricular or lumboperitoneal shunts. There
was no further discussion of this complication
but the catheter had presumably withdrawn
from the peritoneal cavity with normal growth.

INTUSSUSCEPTION This was reported by
Cushing (1908) in two patients in a series
of 12 transvertebral lumboperitoneostomies.
Both children died and this procedure was

abandoned.

MIGRATION Recorded in 11 instances, migra-
tion of the peritoneal catheter into the peri-
toneal cavity occurs when the catheter distracts
at a point of juncture with the connector or
the distal valve housing. It has generally been
asymptomatic and usually no attempts have
been made to remove the catheter, a new
catheter being secured at the time of shunt
revision. Eisenberg et al. (1971) recorded one
occurrence in 34 patients with lumboperitoneal
shunts, Hammon (1971) one of 41 ventricul-
operitoneal shunts, Little et al. (1972) one of
37 ventriculoperitoneal shunts, Murtagh and
Lehman (1967) three of 53 ventricular or
lumboperitoneal shunts, Jackson and Snod-
grass (1955) one of 62 ventriculoperitoneal
shunts, Scott et al. (1955) one of 32 patients
with ventricular or lumboperitoneal shunts,
Giuffre and Lorenzo (1975) record a single
case, and Grosfeld and Cooney (1974) record
two instances of migration in 185 ventricul-
operitoneal systems.

TORSION OF OMENTAL CYST Torsion of an
omental cyst occuring around the tip of the
peritoneal catheter has been reported in one
instance (Parrish and Potts, 1973). The cyst
contained sterile CSF and was treated at
laparotomy.

PERITONITIS This complication occurs much
more frequently than published data would
lead one to believe and can occur in associa-
tion with ventriculitis, local wound infection,
and more commonly with a subcutaneous tube
tract infection. Staphylococcus albus or aureus
are the most common offending organisms.
The 11 recorded cases include those previously
discussed associated with perforation of a vis-
cus (Wilson and Bertan, 1966; Rubin et al.,
1972; Sells and Loeser, 1973; Grosfeld et al.,
1974; Schulkof et al., 1975), persistent ascites
(Odeku et al., 1970), CSF fistula (Antunes and
Ribeiro, 1975), pseudocyst (Grosfeld et al.,
1974; Parry et al., 1975), and a single case each
of Eisenberg et al. (1971) and Jones (1967). A
recently reported case simulated acute ap-
pendicitis (Leibrock et al., 1975).
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PSEUDOCYST This complication has been re-
corded in 13 instances and presents as an ex-
panding intra-abdominal mass associated with
shunt malfunction (Harsh, 1954; Jackson and
Snodgrass, 1955; Luyendijk and Noordijk,
1959; Fischer and Shillito, 1969; Grosfeld et al.,
1974; Davidson and Lingley, 1975; Parry et al.,
1975). This complication had been diagnosed
and treated at laparotomy in the past but a
recent case was corrected successfully by
simple aspiration through the peritoneal
catheter (Davidson and Lingley, 1975). Fischer
and Shillito (1969) discussed three children
with the problem and delineated the clinical
presentation and pathology of the lesion. Harsh
(1954) briefly recorded one case in the series
of 12 ventriculofallopian shunts, Jackson and
Snodgrass (1955) one of 62 cases, and
Luyendijk and Noordijk (1959) one of 25
patients with ventricular or lumboperitoneal
shunts.

Grosfeld et al. (1974) recorded three in-
stances of pseudocyst formation, two of which
were culture positive. Parry et al. (1975) also
discuss three pseudocysts, one of which was
culture positive. All of these cases were treated
by laparotomy. The mass lesion may be associ-
ated with abdominal pain, focal abdominal
distension, and constipation, as well as with
symptoms and signs of shunt malfunction.
Adequate therapy is established in a sterile
pseudocyst by aspiration through the peri-
toneal catheter before withdrawal of the
catheter during conversion to an atrial system.
Intraperitoneal replacement after removal at
laparotomy has generally resulted in repeated
malfunction (Fischer and Shillito, 1969).

PSEUDOTUMOUR Recorded by Keen and
Weitzner in 1973, a large sterile inflammatory
mass simulating a neoplasm was noted at
necropsy. The mass was in contact with the tip
of the peritoneal catheter and contained
fibrous trabeculae, plasma cells, histiocytes,
lymphocytes, Russell bodies, and foci of calci-
fication. Antemortem symptoms were not
recorded.

VAGINAL PERFORATION Mogingo and Cauther
(1974) reported a case of asymptomatic per-

foration of the vagina treated by simple re-
moval during revision. An additional case was
associated with a 'meningitis' and treated by
shunt removal (Patel and Matloub, 1973). Both
shunts utilized a catheter stabilized with a wire
coil.

PERFORATION OF VISCUS Perforation of the
small bowel has been reported in 22 instances.
Wilson and Bertan (1966) were the first
authors to discuss this problem. In their two
patients, one death occured secondary to peri
tonitis despite laparotomy and in the other
case the distracted catheter was passed per
rectum in an asymptomatic infant. Rubin et al.
(1972) discussed two children in which fibrous
encasement of the catheter tip was associated
with penetration of the intestinal wall. Their
first child had an associated ventriculitis but
no peritonitis and a jejunal perforation in the
second instance was asymptomatic. Sells and
Loeser's (1973) recent case was associated with
peritonitis and interloop abscesses occurring
with shunt obstruction and ventriculitis in a
patient in whom there had been a history of
two previous episodes of asymptomatic trans-
rectal passage of the peritoneal catheter. Port-
noy and Croissant (1973) discussed a woman
in whom pneumothorax was induced at the
time of subcutaneous tunnelling with a modi-
fied Foley catheter guide. A trochar, rather
than direct exposure, was utilized in the same
case for entrance into the peritoneal cavity
and a 'pendulous' gallbladder was punctured.
No further complications developed after the
insertion of a chest tube and primary repair of
the ruptured viscus. Visudhiphan and Ghatak
(1971) and Pierce and Loeser (1975) each re-
corded one case of intestinal perforation.
Schulkof et al. (1975) recorded seven patients
with intestinal perforation all of which in-
volved colon. Four catheters were passed per
rectum. One death occurred. Grosfeld et al.
(1974) recorded five instances of colon per-
foration in a series of 185 peritoneal shunts.
One death occurred and two catheters were
passed per rectum. These authors also recorded
two instances of bladder perforation.

VOLVULUS Sakoda et al. (1971) record a case
of intestinal volvulus in a series of 56 patients
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with ventriculoperitoneal shunts. This oc-

curred in a 5 week old infant with emesis,
bloody diarrhoea, and abdominal distension.
At laparotomy, the volvulus occurred around
an adhesive band in the region of the tube.
The catheter was relocated in the peritoneal
cavity without further difficulty. Luyendijk
and Noordijk (1959) briefly report a case in
their series of 25 patients and a recent addi-
tional patient was treated by simple removal
of the catheter (Grosfeld et al., 1974).

CONCLUSION

Specific causes for many of these complications
have not as yet been delineated, although
Grosfeld et al. (1974), with an overall compli-
cation rate of 24%, raise an as yet unanswered
question regarding the possible association of
their recorded series of intra-abdominal com-

plications with the use of a pointed distal slit
valve in their peritoneal catheters. It would
seem that direct visualization of the peri-
toneum, rather than blind insertion using a

trochar, would offer less risk of perforation of
a viscus. Double ligatures at all connecting
points and immaculate and gentle treatment
of surgical incisions might well reduce the inci-
dence of migration and peritonitis, each of
which has been recorded frequently.
Although local distal occlusion of the peri-

toneal catheter is probably still the commonest
cause of peritoneal shunt malfunction, other
less frequently occurring abdominal complica-
tions may also be associated with malfunction
and the presenting clinical picture in any given
patient can therefore be complicated by the
signs and symptoms of increased intracranial
pressure. These have been reviewed and in-
clude abdominal wall perforation, ascites,
hernia, hydrocele, ileus, cerebrospinal fluid
fistula, intrascrotal extrusion, viscus perfora-
tion, intussusception, intramuscular cyst for-
mation, migration, pseudocyst, pseudotumour,
peritonitis, torsion of an omental cyst, vaginal
perforation and volvulus (Table). Determina-
tion of therapeutic priorities and approaches
may require the combined efforts of paediatri-
cian, neurosurgeon, and general surgeon.

T A B L E

CLINICAL DETAILS

Complication Author

Abdominal wall
perforation

Ascites

Cerebrospinal
fluid fistula

Hernia and
hydrocele

Intrascrotal
extrusion

Ileus
Intramuscular

cyst
Intussusception
Migration

Omental cyst
torsion

Peritonitis

Pseudocyst

Pseudotumour
Vaginal

perforation
Viscus

perforation

Volvulus

Adeloye

Dean and Keller
Ames
Little et al.
Odeku et al.
Parry et al.
Rosenthal et al.
Weidmann
Antunes and Ribeiro

Scott et al.
Murtagh and Lehman
Eisenberg et al.
Grosfeld and Cooney
Ramani

Forrest et al.
Murtagh and Lehman

Cushing
Eisenberg et al.
Hammon et al.
Little et al.
Murtagh and Lehman
Jackson and Snodgrass
Scott et al.
Giuffre and Lorenzo
Grosfeld and Cooney
Parrish and Potts

Wilson and Bertan
Sells and Loeser
Odeku et al.
Eisenberg et al.
Jones
Antunes and Ribeiro
Grosfeld et al.
Schulkof et al.
Leibrock et al.
Parry et ao.
Harsh
Jackson
Fischer and Shillito
Luyendijk and Noordijk
Davidson and Lingley
Grosfeld et al.
Parry et al.
Keen
Mogingo and Cauther
Patel and Matloub
Wilson and Bertan
Rubin et al.
Sells and Loeser
Portnoy and Croissant
Pierce and Loeser
Visudhipan and Ghatak
Schulkof et al.
Grosfeld et al.
Sakoda et al.
Luyendijk and Noordijk

Cae Shun

Cases
reported

2

l

2

'Few'

4

28

2

2

3

3

31

2

2

l

Shunt
series

NR

NR
NR
NR
NR
NR
NR
NR
NR

32 VP/LP
53 VP/LP
34 LP

185 VP
NR

NR
53 VP/LP

12 PL
34 LP
41 VP
37 VP
53 VP/LP
62 VP
32 VP/LP
NR
185 VP
NR

NR
NR
NR
34 LP
NR
NR
185 VP
NR
NR
NR
12 VF
62 VP/LP
NR
25 VP/LP
NR
185 VP
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
NR
185 VP
56 VP
25 VP/LP
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