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Nonfunctional abdominal complications
of the distal catheter on the treatment
of hydrocephalus: an inflammatory hypothesis?
Experience with six cases

Abstract Introduction: The perito-
neal cavity is the most common site of
cerebrospinal fluid absorption in hy-
drocephalus treatment. Many distal
catheter complications are the result
of this type of treatment, and these
have been extensively described in
the neurosurgical literature. Materials
and methods: In our study, six cases
of distal catheter migration with vis-
ceral perforation and/or extrusion are
presented: three through the umbili-
cus, two through the scrotum, and one

through the anus. An extensive re-
view of the literature was performed.
Results: The studies of peritoneal
dialysis models for the treatment of
chronic renal failure patients provide
important data about solute absorp-
tion in the peritoneal cavity and
reactivity of the peritoneal membrane.
Conclusion: This model, when com-
pared to distal catheter complications
on a ventriculoperitoneal (VP) shunt,
presents similarities that could help
understand the mechanism of the
nonfunctional complications of the
distal VP catheter (complication with
functional shunt), providing valuable
data to support an inflammatory
mechanism.
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Introduction

The peritoneal cavity is the most common site for cere-
brospinal fluid (CSF) absorption on hydrocephalus treat-
ment. It was first used by Ferguson (1898), through a
lumboperitoneal shunt system, and it was later popularized
by Nulsen and Spitz (1952) and Holter and Pudenz (1956)
[7]. With the advent of the silicon rubber (silicon elastomer)
as a biocompatible material and one-way valvular systems, a
new age on hydrocephalus treatment had begun [23].

Much knowledge was acquired about CSF physiology
on hydrocephalus, and advancements in image techniques

improved diagnosis and prognosis, creating a great ex-
pectation in the neurosurgical population. However, the
diversion of CSF from the ventricles to the peritoneal cav-
ity is still the most common treatment modality. One could
expect an immediate recovery of the CSF physiology after
ventriculoperitoneal (VP) shunting, but a high morbidity
and mortality rate is frequently observed due to several
complications.

There are no available studies in the literature to provide
some useful data about how the CSF is absorbed in the
peritoneal cavity because there are no reports showing the
relationships between the silicon catheter, the CSF and
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its contents (especially glucose and proteins), and the
structures in the peritoneal cavity (mainly the peritoneal
membrane).

Abdominal complications related to distal catheter
migration and visceral perforation and/or extrusion [1, 3,
5, 6, 15, 17, 18, 21, 25–30, 32, 35–37], ascitis [2, 16], and
peritoneal pseudocysts [14, 34] have been recognized and
treated in neurosurgical practice, and these complications
can be grouped and named as “nonfunctional abdominal
complication of distal catheter” once the VP shunt still
works, although their mechanisms are still not well
established.

Most papers related to the peritoneal dialysis model
(PDM) for the treatment of patients with chronic renal
failure provide interesting data about absorption and solute
exchange in the peritoneal cavity, as well as about
peritoneal membrane reactivity to the presence of foreign
bodies, like silicon elastomer [4, 9, 22, 24, 31].

The goals of our study are:

– To share our experience in the treatment of six patients
with abdominal complications related to VP shunt
system (distal catheter migration and/or visceral per-
foration) for the treatment of hydrocephalus (Table 1).

– To perform an extensive review about these complica-
tions from all papers published in the literature from
1966 to 2003 (Table 2).

– To study the PDM for the treatment of chronic renal
failure and to compare with abdominal complications
of VP shunt system in hydrocephalus treatment.

– To group all abdominal complications of distal catheter
in hydrocephalus treatment with migrations, perfo-
ration and/or extrusion, and ascitis and peritoneal
pseudocyst, and classify as “No functional abdominal
complications of the distal catheter.”

Table 1 Summary of case reports (Neurosurgery Service from “Hospital Municipal Dr. José de Carvalho Florence”)

Case number Description

1 Male, with postmeningitis hydrocephalus, shunted at 17 years of age. Migration, perforation, and extrusion of the peritoneal
catheter through the anus, leading to death by ventriculitis by gram-negative at 18 years old (Fig. 1)

2 Three-year-old female with aqueduct stenosis hydrocephalus shunted after birth, had migration and perforation of distal
catheter through umbilical scar but had an uneventful course (Fig. 2)

3 Six-month-old female with aqueduct stenosis hydrocephalus, had migration of the peritoneal catheter and perforation through
umbilical scar at the age of 2 years and 7 months with good course (Fig. 3)

4 Female with postmeningitis hydrocephalus, shunted at the age of 1 month, was submitted to several shunt revisions and had
migration, perforation, and extrusion of the peritoneal catheter through umbilical scar at the age of 1 year and 7 months, and
progressing to death (Fig. 4)

5 Male, with hydrocephalus associated to myelomeningocele, shunted at birth, had migration and perforation of the peritoneal
catheter at the right scrotum at the age of 1 year and 2 months with a good course (Fig. 5)

6 Male with hydranencephalus, shunted 11 days after birth and complicated with migration and perforation of the peritoneal
catheter through the right scrotum with 31 days of life, good course (no picture available)

Fig. 1 Extrusion of distal catheter through the anus Fig. 2 Perforation of distal catheter through the umbilicus
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Materials and methods

Two hundred eighty-two pediatric patients with hydro-
cephalus from several etiologies were studied retrospec-
tively from October 1995 to March 2003 (data obtained
from the Neurosurgery Service of Hospital “Dr. José de
Carvalho Florence” in São José dos Campos City, São
Paulo, Brazil). All children were submitted to VP shunting,
and six patients presented no functional abdominal com-
plications related to the abdominal catheter (migration,
visceral perforation and/or distal catheter extrusion through
the anus, vagina, umbilical scar, and scrotum), as shown in
Table 1.

After an extensive review of all papers published from
1966 to 2003, 84 papers related to these complications
were found, performing a total of 159 cases (Table 2). A
study on PDM was also carried out.

Results

After reviewing the literature, a prevalence in men for these
complications (47.5%) over women (26.9%) was found,
performing a total of 119 cases. In 25.62% of the cases,
gender was not referred by the authors.

The age of the first VP shunt on each patient varied from
a few days to 58 years. In 66.7% of the patients, they were
less than 1 year old (usually between the first and tenth
month of life). In 22.98% of the patients, the age varied
between 1 and 10 years, with only 10.34% of them older
than 10 years, performing a total of 87 described cases. In
72 patients, there was no reference to their age (45.3%).

The children’s age at the time of each complication
varied from a few days to 1 year in 30% of the patients. The
age at the time of complication varied from 11 months to
10 years in 46.7% of the patients, while the complica-
tions occurred after 10 years in only 22.22% of the
patients (90 cases). In 69 (43.4%) patients, there was no
reference to age.

The time relation between the first VP shunt and its
complication occurred in 57.5% of the patients in the 1st
year after VP shunt implantation, 22.5% in the 2nd year
after VP shunt implantation, and 20% between the 3rd and
12th year after VP shunt implantation (a total of 80 cases).
In 49.7% of patients, we had no such information.

The analysis of the available data has identified the
presence of fibrosis around the distal catheter and at the site
where it was originally placed in the peritoneal cavity as the
common factor to all these complications, and many au-
thors also mentioned multiple VP shunt reviews and pre-
vious abdominal surgeries as possible factors related to
complications, as well as the length of the distal catheter.
However, the mechanism leading to fibrosis formation was
not conclusive [1, 2, 16, 17, 33–35, 37].

Fig. 5 Perforation of distal catheter through the scrotumFig. 3 Perforation of distal catheter through the umbilicus

Fig. 4 Extrusion of distal catheter through the umbilicus
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Discussion

Hydrocephalus treatment remains a great challenge to neu-
rosurgeons, and CSF diverting from the ventricular system
to the peritoneal cavity is still the most common treatment
modality.

Ventriculoperitoneal shunts usually provide an immedi-
ate relief of intracranial hypertension, and it is quite simple
to be performed. Unfortunately, the complication rate is
high, mostly related to infection (skin, ventricle system,
subcutaneous space, and peritoneal cavity) and due to ob-
struction (of the proximal catheter by choroids plexus, ven-
tricular wall, cerebral parenchyma, blood, and other debris)
[11]. The catheters may fracture in its long trajectory at the
subcutaneous tissue [13] or by a biodegradation process
that occurs during system implantation, posttrauma [8, 10],
or by the formation of a bacterial biofilm on the catheter
surface [12]. Many abnormalities are found on the catheter
surface implanted after long periods, and these can be
responsible by bacterial adhesion (data assessed by elec-
tronic microscopy) [19, 20]. There is also evidence that
CSF proteins are absorbed at the catheters and act as
another responsible factor for biodegradation and bacterial
adhesion [11].

Little importance is given in the literature to the peri-
toneal cavity in relation to how CSF is absorbed. Although
the silicon elastomer is considered an inert material and
designed to remain in the body for very long periods, the
CSF will probably be absorbed by the same mechanisms
involved in the normal peritoneal liquid absorption, through
the specialized structures called stomata, especially at the
diaphragm site [4, 9].

The PDM, especially the chronic ambulatory peritoneal
dialysis (CAPD) for the treatment of chronic renal failure,
employs foreign material such as Tenckhoff & Schecter
catheter (silicon) and dialysis solution (saline solution con-
taining dextrose) into the peritoneal cavity for long periods
of time for removing toxic substances by means of dif-
fusion and ultrafiltration [4, 9, 31].

The ultrafiltration process is the mechanism by which
liquids are removed from the blood through an osmotic
pressure gradient (primary mechanism) to the dialyzed
solution by hydrostatic pressure mechanism. The studies
confirm the presence of small pores, which are responsible
for the flow of low molecular weight substances such as
urea, creatinine, glucose, as well as the presence of large
pores, which are responsible for the flow of high molecular

weight substances. Larger pores, so-called “aquapores,”
were identified and therefore facilitate the passage of sub-
stances with higher molecular weight [4, 9, 31].

The CAPD cycle varies from 4 to 8 continuous hours
and employs a total of 56 l of dialysis solution per week.
This continuous exposure of the peritoneal membrane to
the dialysis solution can result in significant changes on its
morphology and ultrastructure with a potential risk of
peritoneal fibrosis, documented at PDM studies [24].

In fact, the success of this kind of treatment depends on
the functional integrity of the peritoneal membrane and
of the vascular mesothelium. The abnormalities described
in the morphology and ultrastructure of the peritoneal
membrane occur especially at the peritoneal mesothelium,
with an increased development of the wrinkled endoplas-
matic reticulum and a decrease in membrane microvilosities
(responsible for the increase in its surface area), micro-
pinocytic vesicles, and changes on the submesothelial layer,
leading to a rare sclerosis effect on the connective tissue.

It is speculated that the glucose present in the dialysis
fluid could be potentially toxic to the mesothelial cells in
animal models. The glucose passes through the mesothe-
lium easily in extremely high concentration and can lead to
damage of mesothelium and vascular changes in the
peritoneal tissue [24].

The absorption rate of the peritoneal fluid through the
lymphatics ranges from 0.5 to 1.5 ml/min, with the peak
absorption occurring through diaphragmatic lymphatics,
especially at the subdiaphragmatic region, where there are
open intracellular channels or so-called “stomata.” These
are conducted to the mediastimal lymphatic and localized
before the right lymphatic duct, so it can then reach the
right internal jugular and subclavian veins [9].

The studies on cell biology of isolated peritoneal mem-
brane in humans explore the potential that these cells have
to yield immunomediation in response to a proinflamma-
tory reaction. The presence of foreign bodies inside the
peritoneal cavity activates macrophages (first defense line)
and monocytes, which stimulate mesothelial cells to pro-
duce immunomediators [interleukins (IL)]. Initially, mac-
rophages and monocytes are activated, which results in
primary immunomediation such as IL-β1, a tumor necrosis
factor alpha (TNF-α), as well as prostaglandin 2 (PGE-2)
and prostacyclin 2 (PGI-2). These primary immunomedia-
tors activate IL-6 and IL-8, which are found in great
amounts in dialyzed patients with peritonitis. The IL-8
attracts neutrophils to the inflammatory site, while the IL-6,

Table 2 Number of papers and
cases published in the literature
review (from 1966 to 2003):
migration, perforation, and/or
extrusion

Papers [n (%)] Cases [n (%)]

Peritoneal catheter through anus 56 (66.7) 109 (68.6)
Peritoneal catheter through vagina 05 (5.95) 05 (3.14)
Peritoneal catheter through umbilicus 07 (8.33) 10 (6.9)
Peritoneal catheter through scrotum 16 (19.4) 35 (22.01)
Total 84 159
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PGE-2, and PGI-2 act as a limitary of the inflammatory
reaction. It is postulated that IL-β1 yielded by monocytes
and macrophages may have an important role in physio-
pathology of peritoneal fibrosis and can therefore increase
collagen synthesis to an elevated level of procollagen in
fibroblasts. There are evidences that indicate that peritoneal
fibroblasts (second on the defense line) may respond to
inflammatory stimuli by spreading and increasing the
extracellular matrix compounds, with a potential contribu-
tion for the development of peritoneal fibrosis in patients
undergoing CAPD [9, 22].

Curiously, in most publications related to complications
such as migration, perforation, and/or extrusion of the dis-
tal catheter through the anus, a strong fibrosis reaction
surrounding the distal catheters and structures was verified
by the authors at the sites where the perforations had oc-
curred [1, 33, 36, 37]; however, it was not clear how this
process occurred or if there was enough time for the fibro-
sis to develop and why it happens in only some patients.

Bowel peristaltic movements and increased intra-abdom-
inal pressures are referred by the authors as a constant source
of mechanical pressure before perforation due to necrosis at
the site of the anchoring [1, 33]. It is also mentioned that the
weakness of certain peritoneal areas and the umbilical end of
the vitellointestinal duct and the processus vaginalis into the
scrotum might have remained patent, which could act as a
facilitating mechanism for perforation [6, 25, 32].

Conclusion

Based on the existing data, we concluded that the PDM
may be as an important parameter for a more detailed study
about CSF absorption in the peritoneal cavity, and there
may be an important interaction between the silicon tubes
of a VP shunt system, the CSF contents (especially the
glucose and the proteins), and the reactivity of the peri-
toneal membrane for the production of well-known im-
munomediators involved in the inflammatory reaction
associated to foreign body response in the peritoneum.

The inflammatory reactions can damage the ultrastruc-
ture of the peritoneal membrane and impair CSF absorption
(ascitis for example), the anchoring mechanisms of the
fibrosis on the tip of the distal catheter (peritoneal pseu-
docyst for example), at the viscerae (the bowel for ex-
ample) and in weak parts of the peritoneum (the vagina for
example), or in sites where ducts are still patent (processus
vaginalis into the scrotum and vitellointestinal duct), aided
by intra-abdominal pressure and peristalsis movement. All
these factors together may act as a “common factor” and
are responsible for the “nonfunctional abdominal compli-
cation related to the distal catheter” and a possible chronic
inflammatory nature in different stages.
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