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We report our experience with cerebrospinal fluid shunt procedures performed on
306 patients between 1983 and 1993. Patients were between the ages of one day and
15 years (average 14.9 months) on admission. Three hundred and thirty-six shunt
placements and 274 revisions were done. The first complication occurred in the first
postoperative month In 52 patients and within the first six months following surgery
in 97 patients. Age was determined as a statistically significant factor in only infection
and the slit ventricle syndrome (SVS). Shunt types and systems were not significant
factors causing complications. The level of consclousness of the patients at the time
of surgery influenced the rate of complications; patients with impaired consciousness
at the time of surgery had higher complication rates than those operated on in a
normal state of consciousness (41% and 8.5%, respectively). Key words: cerebrospinal
fluid shunts, complication, hydrocephalus, child.

Many attempts have been made over the years to treat hydrocephalus surgically'?
Since shunting systems became a therapeutic procedure for hydrocephalus in
the late 1950s, significant progress has been made. However, this success has
been overshadowed by a high incidence of serious complications.

The aim of this study was to present a series of 612 shunt procedures in 306
children and discuss their complications.

Materials and Methods

Three hundred and thirty-eight new procedures and 274 shunt revisions were
performed on 306 patients at the Division of Pediatric Neurosurgery between
1983 and 1993 (Table |). Hydrocephalus was due to myelomeningocele in 109
patients, congenital hydrocephalus in 51, meningitis in 48, tumors in 26, aqueduct
stenosis in 17, encephalocele in 16, Dandy-Walker in 12, intraventricular
hemorrhage in 11, arachnoid cyst in eight, trauma in five and porencephaly in
three patients. The age of the patients on admission ranged from one day to
15 years (average 14.9 months). There were 165 boys and 141 girls. In this
study, 612 procedures were performed not including external ventricular drainage
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p<0.025). SVS was not seen under one year of age, and all seven children with
SVS were greater than one year old (x2=15.388, p<0.000). Of the 24 patients
in which a VA shunt was inserted, 11 (46%) had one or more revisions. Twenty-
eight revisions were done in this group, with an average of 2.5 revisions, and
13 patients (54%) were not revised at all. Of 297 patients in which a VP shunt
was inserted, 154 patients (52%) underwent one or more revisions. In this group
112 revisions were done, with an average of 0.7 revisions. No revision was done
in 143 patients (48%) with VP shunts. Of 17 patients with a CP shunt, eight had
one or more revisions (47%), while nine had none (53%). Eighteen revisions
were done, with an average of 2.2 revisions for each patient. It appears that
VA and CP shunts have a higher rate of revisions than do VP shunts. This finding
was not statistically significant (x2=0.444, p=0.801). Table Il illustrates the total
revision rates in relation to shunt systems (x2=0.357, p=0.986).

Mechanical complications represented the most common type of shunt failure
(28.4%). Obstruction of the ventricular catheter occurred in 95 cases (15.5%),
obstruction of the distal catheter in 45 (7.3%), migration of the shunt device in
13 (2.1%), disconnection in 12 cases (1.9%), bowel perforation in five (0.8%),
misplacement of the distal catheter and extrusion of the distal catheter in two
cases (0.3%), and bladder perforation in one patient (0.1%) (Table IlI).
Misplacement of the distal catheter was not observed in VA shunts. Shortening
and extrusion of the peritoneal catheter from the abdominal cavity were observed
in four patients with VP shunts. In 19 patients (3.1% of the complicated cases),
subdural collection due to overdrainage was seen. We compared the burr-hole
localization in terms of VP shunt complications. On CT scan, the tip of the ventricular
catheter was observed in the opposite frontal horn in most cases in which a parietal
burr hole had been used to place the ventricular catheter. The ventricular catheter
was inserted through a parietal burr hole in 172 patients. In 42 of 172 patients,
60 ventricular obstructions were observed. The catheter was placed through a
burr hole in the posterior parietal region in 122 patients. Twenty-five of these children
(20%) had 34 ventricular obstructions (x2=0.422, p=0.516).

Two hundred and eighty-four patients were operated on in a state of normal
consciousness. Variable degrees of consciousness from drowsiness to deep

Table Il: Revision Rates in Relation to VP, VA and CP Shunts

VP shunt VA shunt CP shunt

Revision No. . (n=297) (n=24) (n=17)
0 143 (48%) 13 (54%) 9 (53%)
21 154 (52%) 11 (46%) 9 (47%)

Vp: ventriculo-peritoneal, VA: ventriculo-atrial, CP: cyst-peritoneal.
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Table Ill: CSF Shunt Complications

VP VA CcP Total

Type of complication shunt shunt shunt No. %

Proximal catheter obstruction 78 16 1 95 15.5
Distal catheter obstruction 37 5 3 45 73
Infection 37 3 6 46 75
Subdural collection 16 1 .2 19 3.1
Migration - ) 9 - 4 13 21
Disconnection : 11 1 - - 12 1.9
Shortening of distal catheter 9 - 2 1 1.7
Abdominal pseudocyst 10 - - 10 1.6
Slit ventricle syndrome 4. 1 2 7 1.1
Bowel perforation 5 - - 5 0.8
Postoperative hematoma 3 1 - 4 0.6
Wound dehiscence o2 - - 2 0.3
Misplacement of distal catheter 2 - - 2 0.3
Extrusion of distal catheter 2 - - 2 0.3
Double compartment hydrocephalus 1 - - 1 0.1
Abdominal CSF fistula 1 - - 1 0.1
Isolated lateral ventricle 1 - - 1 0.1
Bladder perforation 1 - - 1 0.1
Total ‘ 292 28 20 277 45.2

VP: ventriculo-peritoneal, VA: ventriculo-atrial, CP: cyst-peritoneal, CSF: cerebrospinal fluid.

coma were described in 22 patients. Out of 612 shunt procedures, 292 were
elective (95.4%) and 14 (4.6%) were performed in emergency situations. The
level consciousness of the patients at the time of operation influenced the
complication rates; the patients with impaired consciousness at the time of
surgery had higher complication rates than did those who were alert (41% and
8.5%, respectively, x2=19.112, p=0.000). Abdominal insertion of the peritoneal
catheter was performed by a trocar in 95 percent of cases (290) and by an
open technique in the rest because of an abdominal problem.

Fifty-nine deaths were recorded during the ten-year period, 39 of which were due
to a shunt complication. The overall mortality rate was 9.6 percent while the shunt-
dependent mortality rate was 6.3 percent. However, progression of the original
disease, such as tumor, meningitis, pneumonia, or head injury, was the cause of
death in 20 patients. Shunt infection was responsible for 27 deaths, thus constituting
the most severe complicatin (x2=0.696, p=0.706). We compared the causes of death
following VP, VA and CP shunts. Although the shunt-related mortality rate was 5.3
percent in VP, 0.5 percent in VA and 0.5 percent in CP shunted patients, the
differences were not found statistically significant (x2=0.696, p=0.706).
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Discussion

The development of effective cerebrospinal fluid (CSF) shunts represents a
landmark achievement in neurosurgery. However, this success has been tempered
by a high incidence of serious complications. With relation to the cause of revisions,
shunt malfunctions were more frequent (175 patients) than other complications
(102 patients) in our series, comparable to rates reported in the literature*S. The
most frequent cause of shunt malfunction was obstruction, constituting 49 percent
of all shunt malfunctions, 22.8 percent of all shunt procedures and 50.5 percent
of all complications, as reported by many authors*'4,

We determined on histopathologic examination of the obstructing material that
the most commonly found tissues were glial, granulomatous and choroid plexus.
Choroid plexus, fibrin, brain debris, blood clot and germs were found as
obstructing material®'4-€. The tip of the ventricular catheter should be pointed
away from the choroid plexus. Whether this is best accomplished by placement
in the frontal horn remains controversial''17:'8, Saint-Rose'® reported a slightly
lower risk of proximal obstruction for ventricular catheter tips located in the
occipital horn of the lateral ventricles than for those located frontally. We
compared the burr hole locations in terms of the route of insertion, but the results
did not have statistical significance, as Bierbrauer et al.!! stated in a prospective
study. The revision rate for VA shunts in large series varied between 46 and
78 percent'0:20.21 a5 compared to 17 and 58 percent for VP shunts®2122_ A very
high percentage of VP procedures (88%) compared to VA (7%) and CP (5%)
procedures did not allow reliable comparative evaluation of different types of
surgical procedures, and we found the incidence of revisions was slightly lower
in VA shunts (46%) and CP shunts (47%) than in VP shunts (52%). The differences
among them was not significant.

Mazza et al.’ pointed out in his series of 165 children with nontumoral
hydrocephalus that VA and VP shunts required 1.8 and 2.3 revisions per patient,
respectively. In our study, we determined that there were 2.5, 2.2 and 0.7
revisions per patient in VA-, CP- and VP-shunted patients, respectively. It seems
that VP shunts are associated with a lower rate of complications and revisions
as compared to VA and CP shunts.

Griebel et al.'? reported that host variables are one of the most elusive factors;
neither the patient's age, sex nor the underlying condition appeared to influence
the shunt complication rate or survival. Raimondi et al.# reported that both overall
complication and infection rates were higher prior to three months of age. In
our study, we found that age was a statistically significant factor in infection and
SVS, but not in other types of complications. Steinbok?® found an increased
incidence of all complications in patients with spina bifida.
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studies®®#2, The clinical manifestation of a hollow viscus perforation varies. We
observed peritoneal irritation signs that prompted evaluation of the patient and
surgical exploration, as stated by others®344, However, in some cases, perforations
occur without signs of peritoneal inflammation as stated by Rubin et al*4. We noted
one bladder and five bowel perforations in our study. The catheter tip was observed
extending from the anus in two cases, both of whom died from intractable gram-
negative infections. The risk factors determined in our study were comparable to
those previously reported, such as a higher risk of complications in the youngest.
age group, in congenital hydrocephalus, after emergency operations and after
operations performed in patients with an impaired level of consciousness. In this
study, 277 shunted children (43%) experienced shunt complications, and in 39 of
them the complication ended in death (14% of the patients with complications). In
the VP-shunted patients, there were 33 deaths following shunt-related complications
(21% of VP-shunted patients presenting with complications), while there were three
deaths each in VA- and CP-shunted patients (27% of VA-shunted and 37% of CP-
shunted patients presenting with complications). The absolute mortality for shunt-
related complications in each group was 11 percent in VP, 13 percent in VA and
18 percent in CP-shunted patients. Of 39 shunt-related deaths, 27 were due to
infection (not statistically significant). Keucher and Mealey?® reported that 31 percent
of surviving patients in their series still had their original VP shunt, compared to only
two percent still having a virgin VA shunt. In our series, 48 percent of VP-shunted
and 54 percent of VA-shunted patients still had their original shunts.

In conclusion, although the prognosis for hydrocephalic children has improved
remarkably during the last 30 years, since the introduction of shunt surgery, it
is still not possible to stop all the harmful complications. However, the treatment
of hydrocephalus and its complications is a highly complex and difficult matter
and needs close attention, knowledge and experience. We believe that
complications can be avoided to a great extent in experienced hands.
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