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Abstract

Introduction. Infections of shunt systems are still a major problem in pediatric neurosurgery.
They are the cause of 19% of all revision within 10 years of implantation of the shunt.
Aim. The aim of the study was infectious complications in patients of the Pediatric
Neurosurgery operated on for hydrocephalus in 2000-2010 in  Katowice.
Material and methods. In order to implement the above assumptions medical records were
reviewed of patients hospitalized in the Pediatric Neurosurgery in Katowice in the years 2000
- 2010. Results. First shunt implantation were performed in children under the 3 months of
age. Infectious complications occurred in 5.2% of patients operated on for hydrocephalus in
10 years. Conclusion. Shunt system infections occurred most often in children up to the age
of 6 months. The most common infectious agent in the test was staphylococcus epidermidis.

Key words: infection, shunt system, the etiological agent, shunt implantation, infectious
complications.
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Introduction

Most used techniques of internal hydrocephalus treatment are: implementation shunt and
endoscopic ventriculocysternostomia. The assumption of shunt allows drainage of excess
cerebrospinal fluid from the ventricular system into the peritoneal cavity. Shunt system
infections make the important reason for all revisions within 10 years from a shunt
implantation and occur in 2-15% of the treated patients. It is agreed that statistically the
infection occurrence is significantly more frequent in children operated for hydrocephalus
before they are 6 months old. Staphylococcus epidermidis is the most frequent cause of the
infections taking place. In some casesthe etiological agent of the infection remains unknown.
Objective of the paper. The objective of this paper was to analyse retrospectively the
infectious complications of shunt systems implanted in hydrocephalous children in the
material of the Department of Pediatric Neurosurgery in Katowice depending on the age of a
patient at the time of a shunt implantation.

Material and methods. The source material used was the medical documentation of patients
treated at the Department of Pediatric Neurosurgery in Katowice treated in the years 2000-
2010. The patients of the above-mentioned department included 711 children undergoing
surgery for hydrocephalus. 37 of them had infectious complications. The examined group
included patients with congenital, posthemorrhagic, inflammatory hydrocephalus and
hydrocephalus related to spina bifida. The youngest patient to develop a shunt system
infection was 10 days old. The median of the age of the patients with neurologic infection
diagnosed was more than 4 months (4.33). The criterion for recognition of an infection was
positive bacteriological culture of cerebrospinal fluid, pleocytosis in the cerebrospinal fluid
above 50 in mm® and the time of occurrence of the infection from the time of implantation of
the shunt not longer than 6 months. A condition was adopted for completion of treatment and
for the possibility of repeated shunt system implantation of obtaining three consecutive
negative cultures of cerebrospinal fluid, pleocytosis value below 50 in mm? and protein
content in CSF below 500 mg%.

Results

Infectious complications of shunt systems occurred in 5.2% children treated for
hydrocephalus at the Department of Pediatric Neurosurgery in Katowice. The number of boys
(49%) against girls (51%) was similar in the analysed group. More than a half of the shunt
system infection cases fell on the children aged from 1 day to 6 months (Fig. 1). Among the
patients with diagnosed shunt system infection nearly 65% are patients with congenital
hydrocephalus, 13.5% are patients with post meningitic hydrocephalus, the remaining group
are the patients with posthemorrhagic and inflammatory hydrocephalus (Fig. 2).
Among the patients with diagnosed shunt system infection, the implantation of the first shunt
was most frequently performed in children up to 3 months old. Nearly 30% were the patients
older than 1 year, with their first shunt being implanted (Fig. 3). Infectious complications
were revealed at earliest by the 1% month of the time of implantation of the shunt system and
in the period of 4-6 months from the operation (Fig. 4). The most frequent etiological agent of
the infection was staphylococcus epidermidis (43%) and staphylococus aureus (25%) (Fig. 5).
Other pathogens responsible for occurrence of the shunt system infections were, inter alia:
coryne bacterium (5%), staphylococcus captis (5%), enterococcus faecalis (3%),
pseudomonas aeruginosa (3%) (Fig. 5). Each patient with an infection diagnosed had the
shunt system removed and external drainage (78%) or Rickham reservoir (22%) was
implanted (Fig. 6). During pharmacological treatment Vancomycin (49%) and Amikacin
(11%) were the most frequently used antibiotics. Cephalosporin, gentamicin, meticillin were
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used less frequently (Fig. 7). The length of treatment was shorter in patients older than 6
months than in younger children (Fig. 8). Average length of infectious complications
treatment at the Department was 33 days. The longest an infection was treated was 92 while
the shortest time was 9 days. All the 37 patients with the shunt system infection diagnosed
had the infection killed.

Discussion

Shunt system infections are one of the major causes of complications in hydrocephalus
treatment by implantation of shunt systems, they are the reasons of 19% of all the revisions
within ten years (1). Literatureassert that on average 5-15% shunt systems get infected (2)(3).
In the analysed documentation of our department, during the time span of 10 years of
observations, shunt system infections occurred in 5.2% children. It is estimated that
occurrence of an infection after the first implantation of a shunt amounts to 6.3%, while after
a revision surgery it increases to 13.4% (4).

Most often infections of shunt systems occur within the first 6 months of the operation (90%),
and in 70% patients they take place as early as the first month from implantation of a shunt
(5). Analysing the determinants of the frequency of complications in shunt treatment it has
been found that the shunt system infections correlate with the child’s age. The younger the
child at the time of implanting the shunt, the higher the risk of occurrence of the infection (5).
In the analysed material 30% of the shunt infections occurred within one month from the
implantation. Eymann et al. claim that the frequency of occurrence of infections is higher than
in children operated for the first time in the first year of their life, compared to older children
(6). It also results from our analyses that the highest percentage of shunt system infections
concerns children younger than 6 months (more than 50%). Polis L. confirmed the statistically
significant more frequent occurrence of infections in children less than 6 months old, relating
this phenomenon to the not fully developed immunological system in newborns and infants
(1). Moreover, the data of other authors indicate that the risk of shunt system infection
occurrence is higher in case of low body weight of newborns and infants (7). The above
information can be the explanation for infectious complications among the examined patients
mainly in babies with congenital and posthemorrhagic hydrocephalus — occurring most often
in prematurely born babies and thus with low birth weight.

It has been proven in the literature that mortality of patients who have not gone through a
shunt system infection amounted to ca. 18%, while the mortality doubled among the persons
who experienced at least one infection of the above-mentioned system (8)(9).

On the grounds of retrospective study basing on the analysis of the medical documentation of
our patients it has been noted that in the patients older than 6 months the length of treatment
was shorter than in younger children.

It is not an insignificant fact, as observed by People and others, that on the skin of newborns
and infants more malicious strains of coagulase-negative staphylococcus are present, which
adds to the occurrence of infections (10).

It is worth noting that the shunt system infections are most often caused by two bacteria
belonging to the Staphylococcus group. Those are Staphylococcus epidermidis 50-75%, and
Staphylococcus aureus. It is important that in 1/5 of cases the etiological agent of the
infection is the mixed flora. The bacteria being the source of the shunt system infections
include, among others: Corynebacterium, Haemophilus influenzae, Pseudomonas,
Micrococcus, Escherichia coli, Klebsiella (11). Like in most information from the
literature(12) the tests performed at the Neurosurgery Department in Katowice confirm
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presence of Staphylococcus epidermidis, as the main etiological agent causing infections of
shunt systems in children treated for hydrocephalus.

For maximum possible reduction of occurrence of complications, the following action
principles have been adopted at the Department of Pediatric Neurosurgery in Katowice;

o During an operation disposable draping is always used and the surgical field is
covered with bactericidal foil

o The tools are cleansed with a disinfectantbefore every use during surgery

o During implantation we make efforts not to touch the implants/shunts with gloves, but
only with tools or through a gauze

o Cerebrospinal fluid is always sampled mid-operation in a sterile way for

bacteriological testing
In spite of application of procedures and available technologies complete elimination of shunt
system infections is not possible.

Conclusions

During the 10 years of observations, infections of shunt systems occurred in 5.2% children
treated at the Department of Children’s Neurosurgery in Katowice. Shunt system infections
most often occurred in infants up to 6™ month of life. Infectious complications were most
often found in the first month and between 4-6 months after the shunt system implantation.
The most frequent etiological agent of the infection was staphylococcus epidermidis.

Literature

1. Polis L, Wodogtowie u ptodu i noworodka, Perinatologia, Neonatologia i Ginekologia,
2009, 2(3) : 218-222.

2. Zakrzewski K. 1 wsp. Wodoglowie i1 inne zaburzenia krazenia ptynu moézgowo-
rdzeniowego u dzieci, wyd. I, Lublin 2007, 3: 35-40.

3. Clemmensen D, Ramunssen MM, Mosdal C, A retrospective study of infections after
primary VP shunt placement in the newborn with myelomeningocoele without prophylactic
antibiotics. Child’s Nerv Syst 2010, 26:1517-1521.

4. Mikotajczyk-Wieczorek W, Nowostawska E, Leczenie wodogltowia za pomocg systemow
zastawkowych, Aktual. Neurol. 2009: 9(1):26-36.

5. Ammirati M, Raimondi AJ, Cerebrospinal fluid shunt infections in children. Child's Nerv
Syst 1987, 3:106-109.

6. Eymann R, Wolf-Ingo S, Kiefer M, Pediatric gravitational shunts: initial results from a
prospective study. J Neurosurg 2007, 106(3):179-184.

7. Mandera M, Wodogltowie pokrwotoczne u noworodkéw i niemowlat. Aktual. Neurol.
2009: 9 (1):37-44.

8. Browd SR Ragel BT, Gottfried ON et al, Failure of Cerebrospinal Fluid Shunts: Part I
Obstruction and Mechanical Failure. Pediatric Neurology 2006, 34(2):83-92.

9. Turhan T, Ersahin Y, Dinc M, Mutluer S: Cerebrospinal Fluid Shunt Revisions, Importance
of Symptoms and Shunt Structure. Turkish Neurosurg 2011, 21(1):66-73.

10. Martinez-Lage JF, Almagro M-J, Sanchez del Rincon I et al, Management of neonatal
hydrocephalus: fasibility of use and safety of two programmable (Sophy and Polaris) valves.
Child's Nerv Syst 2008, 24:549-556.

11. Khan RA, Narasimhan KL, Tewari MK et al, Role of shunts with antisiphon device in
treatment of pediatric hydrocephallus. Clin Neurol Neurosurg 2010, 112(8):687-690.

208



12. Borowka M, Janowski P, Krzyzewski R, Kwiatkowski T, Roéznorodnos¢ infekcji
bakteryjnych u dzieci leczonych z powodu wodoglowia, a nabyte zakazenia szpitalne, Sepsis,
2012, 3(2):109-116.

13. Tuli S Tuli J, Drake J et al, Risk factors repeated cerebrospinal shunt failures in pediatric
patients with hydrocephalus. J Neurosurg 2000, 92:31-38.

70,00%

62,16%

60,00%

50,00%

40,00%

29,73%

30,00%

20,00%

10,00%
5,41%
2,70%

to 3 month from 3to 6 month from 6to 12 month over 12 month

0,00%

Age of the child

Fig. 1 Occurrence of shunt system infections against the patient age (Source: own work).
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Fig. 2 Hydrocephalus etiology among the examined patients (Source: own work).
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Fig. 3 Age of the child at the time of implantation of the first shunt (Source: own work).
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Fig. 4 Occurrence of shunt system infections from the time of the shunt implantation (Source:
own work).
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Fig. 5 Etiological agér;t of infectious complications in the examined patients (Source:
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Rickham reservoir

External drainage 78%

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% 60,00% 70,00% 80,00% 90,00%

Fig. 6 Type of surgery treatment applied in the examined patients (Source: own work).
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Fig.7 Type of pharmacological treatment applied in the patients with neurologic infection
diagnosed (Source: own work).
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