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EARLY SHUNT COMPLICATIONS IN
46 CHILDREN WITH HYDROCEPHALUS
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Abstract — Objective: To determine the causes of early shunt complications in 46 children with hydrocephalus.
Method: A retrospective study was conducted on 46 children submitted to ventriculoperitoneal shunt surgery
between February 2005 and February 2007.  Results: Thirteen (28%) patients presented complications, which
were due to infection in 9 (69%) and to malfunction of the shunt system in 4 (31%).The mean number of
surgical procedures performed on patients who presented complications was 2.8 per patient, with a total
of 46 surgeries in this group. All patients with infectious complications were identified during their hospital
stay. Conclusions: Infection was the most common complication. The infection rate was proportional to
the length of hospital stay. All patients with hydrocephalus due to tumors or myelomeningocele presented
complications. A higher incidence of infections was observed in children older than 2 years.

KEY WORDS: hydrocephalus, hydrocephalus valve, ventriculoperitoneal shunt, ventriculoatrial shunt, early
complications.

Complicacdes precoces de valvula de hidrocefalia em 46 criancas

Resumo — Objetivo: Determinar e as causas das complicagdes precoces nas valvulas de hidrocefalia de 46
criangas. Método: Um estudo retrospectivo foi realizado com 46 criancas submetidas a colocagao de valvula
de hidrocefalia no periodo de fevereiro de 2005 a fevereiro de 2007.  Resultados: Obtivemos 13 (28%) pacientes
com complicagdes sendo 9 (69%) causadas por infeccao e 4 (31%) por mal funcionamento da valvula de
hidrocefalia. A média de procedimentos cirirgicos realizados nos pacientes com complicagdes foi de 2,8
por paciente, sendo o total de 46 cirurgias neste grupo. Todos os pacientes com complicagdes infecciosas
foram detectados durante a internagao hospitalar. ~ Conclusdes: Infecgao foi a complicagao mais comum. O
indice de infeccao foi proporcional ao tempo de permanéncia hospitalar. Todos os pacientes portadores de
hidrocefalia secundaria a tumores ou mielomeningocele complicaram. As criangas maiores de 2 anos de idade
tiveram maior incidéncia de infecgoes.

PALAVRAS-CHAVE: hidrocefalia, valvula de hidrocefalia, derivagéo ventriculo-peritoneal, derivacao ventriculo-

atrial, complicagdes precoces.

Since the 1950s, shunt systems including ventriculo-
peritoneal (VP) and ventriculoatrial (VA) have been effec-
tively used for the surgical treatment of hydrocephalus.
The main complication of this type of treatment is infec-
tion, which can cause severe complications such as cog-
nitive and neurological deficits. There are several risk fac-
tors that contribute to the development of VP shunt in-
fections, such as secondary hydrocephalus, premature
baby, a history of meningitis, lack of experience of the sur-

gical team, prolonged duration of surgery, presence of a
cerebrospinal fluid (CSF) fistula, scalp necrosis, and perfo-
ration or infection of abdominal viscera, among others.

The main causative agents of shunt infections are
Staphylococcus epidermidis (52.8 to 88.9%), Staphylococ-
cus aureus (12 to 40%), Gram-negative bacilli (9 to 22%),
enterobacteria, Klebsiella pneumoniae, and Pseudomonas
aeruginosd'.

Another important cause of complications is dysfunc-
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tion of the hydrocephalus valve. Obstruction of the proxi-
mal catheter is the main mechanism responsible for a mal-
functioning shunt. In this respect, obstruction with chor-
oid plexus fragments, debris and intraventricular glial tis-
sue and inadequate insertion of the proximal catheter in-
side the cerebral parenchyma or at the border of the ven-
tricular wall contribute to inadequate CSF drainage’.

VP shunt infection rates range from 0 to 31.4%, with a
mean of 10 to 15%". VP shunt procedures present higher
complication rates than endoscopic third ventriculostomy,
but the latter is mainly indicated in selected cases of ob-
struction of the Sylvian aqueduct or of the fourth ventricle.

The objective of the present study was to determine
the causes of early shunt complications in 46 children
with hydrocephalus.

METHOD

A retrospective study was conducted on 46 children sub-
mitted to VP shunt surgery between February 2005 and Febru-
ary 2007 at the Neurosurgery Service of Santa Casa de Miser-
icordia, Belo Horizonte, Brazil.

The following data were obtained from the records of chil-
dren with history of hydrocephalus, VPS, external ventricular
drain, meningitis, and ventriculitis: cause of hydrocephalus, days
of postoperative hospitalization, CSF analysis, date of surgery, age,
and gender. Infection and shunt dysfunction were classified as
complications. Infection was defined as the presence of postop-
erative fever and leukocytosis and neutrophilia in blood and CSF.

All children were submitted to postoperative cranial com-
puted tomography (CT). Patients older than 13 years were ex-
cluded. Data of patients followed up for one month after sur-
gery were included in the study. The sample consisted of two
cases of VA shunts and 44 cases of VP shunts.

The variables are reported as absolute and relative frequen-
cies and as the mean and standard deviation. The results were
analyzed using the chi-square test ()?), Fisher’s exact test and rel-
ative risk. The 95% confidence limits were calculated using the
Epi-Info 2004 program.

RESULTS

The study population consisted of 46 patients ranging
in age from O to 13 years. The distribution of the patients
according to age is shown in Table 1.
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Table 1. Age of the children submitted to surgery.

<2 years 20 (43.4%)
2 to 7 years 24 (52%)
>7 years 2 (4.6%)
Table 2. Initial infectious manifestations.
Fever 6 (67%)
Fistula 2 (22%)
Prostration 1(M%)
Total 9 (100%)

Table 3. Relationship between age and complications.

Age Complications No complications
<2 years (n=20) 5 (25%) 15

>2 years (n=26) 8(30.7%) 18

Total (n=46) 13 (28%) 33

%?=49; p=0.001.

A total of 98 surgical procedures were performed, cor-
responding to 1.5 surgeries per patient.

Shunt complications were observed in 13 (28%) of the
46 patients, including dysfunction in four (31%) and in-
fection in nine (69%). Signs and symptoms of infection
are shown in Table 2. Among the four cases of shunt dys-
function, one (25%) was caused by malfunction of the sys-
tem and three (75%) were due to poor placement of the
proximal catheter.

Analysis of the relationship between age and com-
plications showed a significantly higher rate of infection
(p=0.001) among children older than 2 years (Table 3), a
finding that is in contrast to literature data®.

Complications were more frequent among patients
with primary hydrocephalus (8/13, 61%). Hydrocephalus
secondary to a tumor or myelomeningocele was respon-
sible for complications in five (38.46%) of the 13 patients
with shunt complications. However, this result was invert-
ed when we analyzed the number of complications in re-
lation to the total number of patients. Forty-one of the

Table 4. Relationship between the cause of hydrocephalus and complications.

Cause of hydrocephalus Complications No complications Total
Primary hydrocephalus 8 (19.5%) 33 41
Myelomeningocele 3(100%) 3
Tumor 2 (100%) 2
Total 13 33 46

%= 20164; p<0.001.
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Table 5. Brazilian series investigating shunt infections in patients with hydrocephalus.

Reference Place Year Total Infection
Figueiredo et al’ Ceara 1981 92 17.4%
Salomao et al’ IFF Rio 1993 142 1.8%
Juca et al® USP RP 2002 150 15%
Araujo et al. Santa Casa do Para 2004 191 45%
Kliemann et al.® Santa Casa SP 2005 243 22.3%
Limaetal* HGJAF Aracaju 2007 58 276 %

46 patients had primary hydrocephalus and only eight of
them (19.5%) presented complications. In contrast, five
of the 46 patients studied had secondary hydroceph-
alus, with complications being observed in all of them
(Table 4).

Complications were observed in all patients who were
hospitalized for 15 days or more, with the diagnosis of
complications being made, on average, at 9.3 days.

DISCUSSION

Infection is the main immediate postoperative com-
plication observed in patients submitted to VP shunting.
An infection rate of 19.5% was found in the present study.
This value is high but is still within the rates reported in
the literature which range from 3 to 30%>’.

If patients with myelomeningocele and brain tumors
were excluded from the present sample, the infection rate
falls to about 10%.

Infection rates are much higher in these patients than
in those with congenital hydrocephalus because the for-
mer normally require a longer period of hospitalization
and many of them develop other clinical complications
such as pneumonia and urinary infection which marked-
ly increase the risk of VP shunt infections®®. According to
the literature, 70 to 80% of shunt infections occur with-
in the first postoperative month and 15% occur from the
first to the ninth postoperative month®.

Lima et al.* reported a surgical infection rate of 27.6%
(16/58) per surgical procedure and of 32% (16./50) per pa-
tient, with about 80% of cases being diagnosed within the
first postoperative month. Since the present patients were
only studied for a short period of time, our infection rate
is probably higher than reported in that study®. However,
in view of the difficulties encountered at Brazilian public
hospitals and considering a value of 10% observed in pa-
tients with primary hydrocephalus, this rate is within an
acceptable, although not ideal, limit®.

Studies on this subject are scarce in the Brazilian liter-
ature. In a search of the Bireme and LILACS databases, we
found six series conducted at Brazilian public hospitals.
All series shown in Table 5 report infection rates higher

than 10%, reaching a rate of 45%. These figures are a mat-
ter of concern and have been poorly discussed®™.

In the present study, all patients who were hospital-
ized for more than 15 days developed infectious complica-
tions of the shunt system . Despite the small sample size,
our results suggest that the duration of hospitalization is
associated with VPS infection by increasing the possibili-
ty of bacterial colonization. In a recent study, Thompson
et al." suggested that, in contrast to common views, the
time of susceptibility to infection extends much beyond
the time of surgery. In fact, most pathogenic agents re-
sponsible for infection were not only isolated from the
surgical field but also during exposure and cleaning of the
surgical wound. This reinforces the need to reduce the
duration of hospitalization and to maintain special sur-
gical wound care”.

Some investigators®”have reported an important as-
sociation between child’s age of less than 6 months and
infection of the shunt system, whose frequency was 2.6
times higher than in children older than one year. Other
studies did not find differences in the infection rate be-
tween different children’s ages®™. An increased risk of infec-
tion was only demonstrated among premature children®. In
contrast to the literature, we observed a greater predom-
inance of complications in the age group of 2 to 7 years.

In a prospective study, Kulkarni et al.’ identified three
basic risk factors for VPS infections: presence of a CSF fis-
tula, excessive contact with the prothesis, and child’s age.
The authors suggested the simultaneous use of double
gloves to reduce the risk related to shunt manipulation.

In the present study, the frequency of shunt dysfunc-
tion was 8.7%. We found no articles reporting the rate
of shunt dysfunction only during the immediate post-
operative period. The rate of late dysfunction has been
shown to be high, reaching 40% within 2 years®. Gupta
et al.* demonstrated that patients who had shunts for
more than 10 years presented a system malfunction rate
of about 80%. Of these, 54% were submitted to four or
more changes of the shunt system.

Other less frequent types of complications such as
excessive drainage, cysts and abscesses®™" were not ob-
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Figure. Four different valve brands and their respect infection rate (in %) compared to other VP shunt reviews

published in Europe.

served in the present investigation, probably because of
the short study period. In a large retrospective study com-
prising all patients operated upon in California between
1990 and 2000, the rate of VPS complications reached
46.4% during the period'®.

We emphasize the need to reduce the frequency of
VPS infections at our service and to investigate possible
risk factors in a controlled prospective study.

The frequency of shunt infections is associated with
the experience of the surgeon'®.In a study comparing
the rate of VPS infections during different periods of the
year in Canada, Kestle et al.” observed an increased trend
of infections after the arrival of new residents, but the
difference was not significant. Choux et al.® demonstrat-
ed that preoperative measures such as a better selection
of indications, adequate skin preparation with disinfect-
ing baths and a standardized surgical technique drastical-
ly reduce the level of infection. Using a similar protocol,
Mottolese et al.” also significantly reduced the rate of in-
fection. However, subsequent studies were unable to re-
produce these results.

Antibiotic-impregnated shunts or different shunt sys-
tems have not improved the rates of complication®. Cos-
ta and Maitrot®, using 77 VPS from four different manu-
facturers in France, did not observe significant differences
in infection rates compared to the rates reported in oth-
er European studies (Figure)

In conclusion, infection was the most common early
shunt complication in patients with hydrocephalus, with
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the infection rate being proportional to the length of hos-
pital stay. All patients with hydrocephalus secondary to
tumors or myelomeningocele developed infections, a fact
demonstrating that associated comorbidities are impor-
tant risk factors. The high infection rate observed is com-
patible with other Brazilian studies and is much higher
than that desired. Further efforts are necessary to identi-
fy the causes and to establish measures to reduce these
rates.
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