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Over Time: An Analysis of 210 Patients and 388
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Girisimin Coziimlenmesi
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Abstract: In this article we analyzed 210 children who were
underwent shunt operation between the years 1988-1995.
The causes of shunt failure in this group of patients and
the spreading of these complications over time are
evaluated. Shunt revisions were required in 80 of 210
patients and a total of 178 revisions were performed on
these patients. Children shunted because of cerebral
malformation and aqueductal stenosis were found to be
more revised than other cases. The age of the patient at
the shunt insertion time did not affect shunt failure.
Seventynine percent of the revisions occured in 8 months
following the last procedure. Proximal obstruction was the
main cause of first, early, late and total revisions. The
chance of having a functional shunt precluding shunt
revision in the first year after first insertion of a shunt was
found to be 68,4 %. Shunt infection, subcutaneous fluid
collections and malposition tends to occur soon after
surgery and lengthening of distal catheter, underdrainage
and valve obstruction later. We conclude that time is a
factor contributing to the cause of shunt failure although
it is not a reliable factor in predicting the location or type
of shunt failure.

Key Words: Actuarial statistic, hydrocephalus, shunt
failure, ventriculoperitoneal shunt

Ozet: Bu seride 1988 - 1995 tarihleri arasinda sant ameliyat:
olan 210 ¢ocuk hasta, bu hastalardaki sant
komplikasyonlarinin sebepleri ve bu komplikasyonlarn
zamana yayilimi incelenmistir. Caligma siiresi boyunca
210 hastarun 80'inde sant revizyonu gerekti ve bu hastalara
toplam 178 ameliyat yapildi. Beyin malformasyonu ve
akuadukt stenozu nedeni ile sant takilan gocuklarda
revizyon orani diger olgulardan daha fazla bulundu, buna
kargilik gant takildiginda hastanin yas: ile sant
malfonksiyonu arasinda bir iliski bulunamadi.
Revizyonlarin % 79’u bir 6nceki ameliyattan sonraki 8 ay
igerisinde yapildi. Proksimal tikanma erken, geg ve toplam
revizyonlarin en sik sebebiydi. {lIk sant takilmasindan
sonraki birinci yilda sant revizyonu gerektirmeme olasihig:
% 68,4 olarak bulundu. $ant enfeksiyonu, cilt altina siv1
toplanmasi ve kotii yerlestirme cerrahiden sonra erken
dénemde, distal kateter uzatilmasi, yetersiz drenaj ve
valvin tikanmasi ise daha geg donemlerde ortaya gikmaya
egilim gosteriyordu. Sonug olarak zamanin sant
komplikasyonuna etki eden bir faktor olduguna, ancak
sant komplikasyonunun yerini ve tipini belirlemede
glivenilir olmadigina karar verildi.

Anahtar Sozciikler: Aktuaryel istatistik, hidrosefali, sant
komplikasyonu, ventrikiilo-peritoneal sant
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INTRODUCTION

Efforts to reduce shunt complications are of
considerable interest because these complications
have significant adverse consequences. Clinically,
there is a low but real percentage of death or
neurological impairment related to shunt
complications. It is also a painful and psychologically
disturbing additional operation for the patient and
his or her family. Finally, from an economic point of
view, each malfunction doubles the cost of the
treatment.

Complications in cerebrospinal fluid (CSF)
shunting have received considerable attention and
many articles have been written about them. In trying
to reduce the rate of shunt malfunction, it is necessary
to define and understand the causes of these
complications. Factors related to shunt failure have
three potential origins: the surgeon, the patient, and
the shunt. Shunt complications are in fact more often
related to some combination of factors. Recently, time
is proposed as a factor in determining the site or type
of shunt failure (9). Piatt (14) suggested that the
causes of shunt failure are different during the early
and the late periods.

The purpose of this article is to study our
experience with CSF shunt failure thoroughly as a
function of time.

PATIENTS AND METHODS

Clinical records of 210 consecutive patients
under 15-year of age, which underwent
ventriculoperitoneal (VP) shunt insertion between
January 1988 and December 1995 in the Department
of Neurosurgery of Cerrahpasa Medical School were
reviewed. Patients with another CSF diversion
modalities or with multiple ventricular catheter due
to multiloculated hydrocephalus were excluded. In
all patients, the ventricular catheter was inserted via
posterior parietal burr hole. The peritoneum was
opened via a subcostal incision except a few cases in
which a midline substernal incision was used. All
patients received a Pudenz-Schulte shunt system (PS
Medical) with few exceptions. The medium-pressure
version was inserted except for newborns in whom
a low-pressure version was used.

Shunt revisions were required in 80 of the 210
patients and a total of 178 revision operations were
performed for these patients during the study period.
A CSF shunt was considered to have failed, if and
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only if it required reoperation. Because no CSF shunt
infections were treated with antibiotics alone during
the accrual period, this definition includes both
mechanical and infectious modes of failure. Infection
was listed as present if CSF cultures were positive;
in that event, all shunts were removed.

The data were analyzed by descriptive
statistical methods. The survival of simple, linear CSF
shunts were analyzed with commercially available
software utilizing life table techniques.

RESULTS

Fiftyfour percent of the patients were infants
(under 1 year of age) and 45 cases were newborns
(0-2 month) (Table I). There were 108 boys versus
102 girls. Meningomyelocele, neoplasm and
meningitis were the main causes of hydrocephalus.
Germinal matrix hemorrhage of the preterm infants
were the cause of hydrocephalus in only 2 % of the
patients (Table II).

One hundred thirty children (62 %) were free

of revision and the rest 80 children (38 %) underwent
a total of 178 revision procedures. Children shunted

Table I: Age Distribution of Patients.

Age n % Revised % *
0-2 month 45 21,4 20 44 4
2-12 month 68 32,4 25 36,7
1-2 year 15 7,1 6 40
2-5 year 28 13,4 7 25
5-10 year 38 18,1 16 421
10-15 year 16 7,6 6 37,5
Total 210 100 80 38

* % shows ratio of revised children to total in age
subgroups

Table II: Causes of Hydrocephalus as to Number and
Percentage of Revised Patients.

Cause n Revised %

Meningomyelocele 74 235 31
Neoplasm 54 19 35
Meningitis 34 13 38
Cerebral malformation 22 11 50
Aqueductal stenosis 22 13 59
Post hemorrhagic 4 1 25
Total 210 80 38
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because of cerebral malformation, such as Dandy-
Walker syndrome and aqueductal stenosis were
found to have more revisions than the rest of cases
(Table II). However, when different age groups were
analyzed, revision rate did not show significant
difference between subgroups (Table I).

Seventy nine percent of the revisions occurred
in 8 months following the previous procedure.
Proximal obstruction was the main cause of first,
early, late and total revisions. Shunt infections,
proximal and distal complications, and overdrainage
constituted 78,6 % of all revisions procedures (Table
III). Shunt infection was the cause of first revision in
19 % of patients. In infant group (under 1 year of
age), this rate was 20 %. Overall rate of shunt infection
in this series of 388 procedures was 9 % per
procedure.

Table III: Causes of First, Early and Late Revisions.

First Early Late  Total
revision (<8 month) (>8 month)

Proximal obstruction 28 (35%) 37 (26%) 13 (35%) 50
Distal obstruction 13 (16%) 29 (20,5%) 6(16%) 35
Infection 15(19%) 34 (24%) 1(3%) 35
Overdrainage 9 (11%) 17 (12%) 3(8% 20
Malposition 5 (6%) 13 (9%) 13% 14
Underdrainage 5 (6%) 3(2%) 3(11%) 7
Valve obstruction 4(5%) 3(2%) 3 (8%) 6
Subcutaneous fluid
collections 1(1%) 5(3,5%) 0 (3%) 6
Lengthening of
distal catheter 0 0(0%) 5(13%) 5
Total 80 141 37 178

Actuarial graph showed that the risk for a
patient to experience a shunt failure was maximum
in the first few months after surgery, and 31,6 % at
one year follow-up (Figure 1). Later on, after this
critical period, the risk remains around 1 % to 7 %
per year. An analysis of the time of occurrence of
each type of complication and distribution over the
follow-up showed that shunt infection, subcutaneous
fluid collection and malposition tends to occur soon
after surgery and lengthening of distal catheter,
underdrainage and valve obstruction later
(Figure 2).

DISCUSSION

Shunt complications are numerous (15,17,18).
To quote McLaurin et al. (11), it can be said that “the
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Probability of absence of shunt revision
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Figure 1:Survival function of our patients treated with
ventriculoperitoneal shunts. The cumulative
proportion of shunts not revised (that
“survived”) is represented by the Y axis. The X
axis is the length of follow-up (in days) after the
first shunt insertion.
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Figure 2: Multiple box and wisker plot of delay of
occurrence of shunt complications (days) versus type of
complications. The central box covers the middle 50% of
the data values, between the lower and the upper quartile;
the “wiskers” extend out to the extremes, while the central
line is at the median. The shunt complications are codified
as follows: 1- infection; 2- proximal obstruction; 3-
malposition; 4- overdrainage; 5- underdrainage; 6- Distal
obstruction; 7- subcutaneous fluid collection; 8- valve
obstruction; 9- lengthening of distal catheter. The number
over each code represents the total number of this
particular complication.

history of the evolution of ventricular shunting for
hydrocephalus is largely a history to prevent the
complications”. Definition of a shunt failure is not
easy, and the literature is often quite confusing. While
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problems directly related to the shunt (e.g., proximal
obstruction) are universally acknowledged as shunt
complications, problems related to imperfect shunt
function (e.g., subdural collection) are sometimes
more difficult to interpret (1,12). Finally, some shunts
are inserted with deliberate plans to revise, i.e.
lengthen the peritoneal catheter or upgrade the valve,
atsome time in the future. In this study, we accepted
in terms of imperfect shunt function any problem that
required a subsequent operation.

The major underlying cause of hydrocephalus
in our patients were meningomyelocele, neoplasm
and meningitis. Kast et al. (9) founded no correlation
between the etiology of hydrocephalus and shunt
malfunction. In our analysis, cerebral malformation
and aqueductal stenosis seem to increase the risk of
CSF shunt failure. These children with congenital
hydrocephalus have generally an important
differential pressure gradient between supra- and
infratentorial compartments, and grossly affected
CSF circulation pathways (7,10). Thus, insertion of a
shunt can disturb the hydrodynamic process of CSF,
causing a trapped fourth ventricle or inadequate
drainage or upward herniation, and CSF shunt
failure occurs.

Piatt and Carlson (15) reported that the most
important determinant of shunt failure was the age
of the patient. In many series, shunt infections are
reported to occur more often in infants than in young
children (2,16). We have not found any significant
correlation between the age of the patients and CSF
shunt failure or shunt infection. These statistical
remarks may be due to the absence of a follow-up in
this age group of patient. Children shunted under 1
year of age are generally prone to the multiple
systemic complications such as malnutrition,
pulmonary infection or electrolyte imbalance, each
of which is fatal when untreated. In the majority of
these infants, the underlying cause of hydrocephalus
was myelomeningocele, thus, complications due to
the Chiari II malformation are also evident. In our
opinion, because of economic, cultural and social
factors the families of these infants did not bring
them back after the first surgery even if serious
complications occurred.

Our survival analysis graph showed that shunt
complications continue to occur, but the risk is
maximum in the first year after surgery. In different
series of shunted patients (3,15,17), the risk for a
patient to experience a shunt failure ranged from 25
% to 40 % at one-year follow-up. Similarly, this
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probability has been 31,6 % in our series. Some types
of shunt failure tend to occur soon after surgery and
some later. In a recent series by Kast et al. (9), 70 % of
proximal shunt failures occurred within 2 years of
the last placement or revision and 80 % of distal
failures occurred after 2 years or more. This was not
the same in our series. Proximal failures, either in
the late or early period, were the most common
causes of shunt failure as in many series (11,17,18).
In our analysis, shunt infection, malposition and
subcutaneous fluid collections appeared as
complications of the early period and lengthening of
distal catheter, underdrainage or valve obstruction
as complications of the late period. For a particular
type of shunt failure, the causative factors are
frequently not the same over time. For example, the
ventricular catheter can be occluded soon after the
surgery by a ventricular clot and later by the choroid
plexus. Some distal failures in the early period may
be due to the low-grade infections that remain
undiagnosed, causing malinterpretation of failure in
the early period (4,5,13). Piatt et al. (14) suggested
that the causes of shunt failure that occurred within
8 months from the previous operation are different
than that occurred after 8 months. In the late period,
some provocative effects such as minor trauma, viral
infections or other inflammatory or immune reactions
disturb the marginally compensated patient in which
a partially occluded or imperfectly positioned CSF
shunt provide just enough drainage to prevent
symptoms. Overdrainage is a typical example for
Piatt et al.’s suggestion (14). Overdrainage is a
constant problem with the existing valves. As the
overdrainage phenomenon is partly related to the
postural changes and the patient height, this risk is
highest in the older patient. This complication
represents less than 10 % of the shunt failures in
pediatric series and about 30 % in adult series (8). In
our series, 11,2 % of revisions occurred because of
overdrainage symptoms of which the majority
occurred in the early period. Overdrainage also
highly correlates with ventricular catheter
obstruction. Occurrence of slit ventricle will promote
obstruction of the ventricular catheter. We suggest
that overdrainage symptoms which occur in the late
period may be secondary to some provocative effects
suggested by Piatt et al. (14), those which occur in
the early period are true overdrainage such as
subdural collection or obstruction of the ventricular
catheter because of slit ventricle.

Underdrainage is a problem especially
occurring in new-born babies. Five of the 7 revisions
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because of underdrainage were first revisions, but
they appeared usually later after a follow-up period.
In these cases, low or low-low pressure valve must
be chosen to avoid this complication. Valve
obstruction occurs under three different
circumstances: 1) At shunt insertion time, there is
always a risk of contamination of the valve with clot
or parenchymal tissue or other debris from the
ventricular catheter; 2) bacterial proliferation in a
shunt system can first appear as a valve occlusion in
the early period (19), 3) cellular immune reactions,
as suggested in well-documented cases of sterile
shunt malfunctions, may lead to late valve
obstruction (6). Although improper placement is an
avoidable complication, it remains unacceptably high
in our series. Careful surgical technique is probably
the best solution for proper catheter placement. It is
a typical complication of the early period. Finally,
subcutaneous accumulation of CSF is usually due to
shunt obstruction or technical errors and appears in
the early period.

Shunt complications are inevitable, but delaying
shunt malfunction as long as possible with the
application of careful neurosurgical technique is a
realistic goal. Time is a factor contributing to the
cause of a shunt failure, but it is not a reliable factor
in predicting the location or type of the shunt failure.
In fact, in shunt surgery many factors such as time,
patient’s age, techniques, surgeons, shunt design,
CSF characteristics and patients characteristics play
arole. Knowledge of tendency of some type of a shunt
failures to occur in the early or in the late period may
help to better understand the underlying
mechanisms of CSF shunt failure.
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