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Abstract

Shunt operations are a main method of treating internal hydrocephalus.
According to literary data, 8-10% of the ventricular peritoneal shunts suffer
infections. Approaches to minimize the risk of inflammatory complications are
sought. For a period of 9 years (2008-2016) 295 children aged 0 to 18 years
have undergone implantation of shunt for infantile hydrocephalus. For the pur-
poses of this study, they were divided into three groups according to the type
of antibiotic intraoperative prophylaxis: Group A — dissolving amino-glucosid
antibiotic into the serum with which the valve is irrigated and injected into
it. Intraventricularly, the team does not administer an antibiotic. Group B
— non-systemic use of amino-glucoside antibiotic in the serum with which the
valve is irrigated and filled, without intraventricular administration of an antibi-
otic Group C — intraoperative prophylaxis with vancomycin intraventricularly.
Through the ventricular catheter, vancomycin is injected intraventricularly, and
through the distal catheter — into the peritoneal cavity or the right atrium. In
Group C, no case of infection was recorded for the whole period considered. In
Group A 12 patients out of 202 are infected. The highest incidence of infections
is in Group B — every sixth patient. There is a statistically significant difference
in the comparison of infection rates among the groups, between the A and C
Groups (p < 0.001) and between the B and C Groups (p < 0.01). Intraven-
tricular intraoperative administration of vancomycin bypasses the blood-brain
barrier, prevents bacterial sowing and significantly reduces infections in fluid
shunt surgeries.
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Introduction. Internal hydrocephalus is an abnormal accumulation of fluid
in the ventricular system, which is associated with increased intracranial pressure.
Especially often it occurs in childhood, mostly in the first year. The main method
of treating internal hydrocephalus is the shunt operations in which cerebral ven-
tricle fluid passes through a valve system unidirectional and dosed, and is usually
discharged into the peritoneal cavity, right heart atrium or, more rarely, into an-
other body cavity. This seemingly not very complicated surgical intervention is
accompanied by numerous complications — mechanical, functional, infectious. In-
fections of ventricular peritoneal shunts, which according to literary data are at
rates of 8-10% ['™1], are one of the most serious challenges for neurosurgeons.
Treatment of infection requires hospitalization, surgical removal of the valve, ex-
ternal drainage, intravenous antibiotic therapy for varying periods of time [5’6],
intraventricular treatment with antibiotic until fluid healing and implantation of a
new shunt. Hospitalization usually lasts 7 to 21 days [7] and significantly increases
the cost of care for children with hydrocephalus [?].

Obviously, prevention of infections is essential. Techniques and approaches to
minimize risk are sought and encouraged. Many authors describe various techni-
cal innovations, drug strategies, and algorithms of implanting fluid shunt to limit
inflammatory complications. These include changing gloves before working with
the shunt catheter [9], using double gloves, covering the skin with adhesive foil
to reduce skin contact, optimizing sterile protocols, using proper and timely an-
tibiotic prophylaxis [10], using antibiotic-impregnated catheters. In most of the
literature described protocols, parenteral antibiotic prophylaxis is used perioper-
atively. Regarding the choice of antibiotic prophylaxis according to BIYANI et al.
[17], first and second generation cephalosporin are the most commonly used peri-
operative antibiotics and vancomycin is fourth, and according to GRUBER et al.
[*1] vancomycin and cephalosporin of the first generation are the most preferred.

The most common causes of shunt infectious complications are bacterial
pathogens, which usually consist of skin flora — Staphylococcus epidermidis, Staphy-
lococcus aureus, and other gram-positive and negative organisms. In case of an
already emerging infection (ventriculitis, sepsis, etc.), an intraventricle injection
of an antibiotic is added to the parenteral antibiotic therapy. The reason for this
is the blood-fluid barrier that impedes the reach of the necessary therapeutic con-
centration in the fluid [?]. The efficacy of intraventricular administration of an
antibiotic in the treatment of ventricular system infections is due to the “circum-
vention” of this barrier and is the basis for the use of an antibiotic preventively
intraventricularly during implantation of the shunt. The absence of bacteria in
the fluid to colonize the shunt hardware is a prerequisite for minimizing inflamma-
tory complications. Initially intraventricular aminoglucosides were applied during
the shunt implant itself ['?] or the valve reservoir is filled with antibiotic solution
[10]. The greater therapeutic efficacy of vancomycin against antibiotic-resistant
staphylococci [M] is a reason to prefer it and to use it routinely as intraventricular
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intraoperative prophylaxis from 2008 onwards.

The aim of the present study is to analyze the efficacy of prophylactic admin-
istration of vancomycin intraventrically in patients with hydrocephalus during the
implantation of the fluid shunt to reduce the number of infections.

Material and method. For a period of 9 years (2008-2016) a total of
373 children aged 0 to 18 years have undergone implantation of shunt on hy-
drocephalus. For the purposes of this study, those who have been treated with
complications of primary implanted in other clinics shunts are excluded. In order
to avoid an etiological variety of the material, the study excludes cases of tumour
origin and dysraphism, and only cases of shunts in children with infantile hydro-
cephalus remain — 295 for the period under consideration. They were divided
into three groups according to the technique and type of antibiotic intraoperative
prophylaxis.

Group A - dissolution of the amino-glucoside antibiotic (gentamycin,
amikacin) into the serum with which the valve is irrigated and injected into it.
Intraventricularly, the team does not administer an antibiotic.

Group B — non-systemic use of amino-glucosid antibiotic in the serum with
which the valve is irrigated and filled, without intraventricular administration of
an antibiotic.

Group C - 1 gr vancomycin is diluted with sterile serum to 10 ml (1 ml
containing 100 mg), dissolving 8 ml in the serum in which the valve is irrigated
immediately before implantation and the latter is filled. After insertion of the
ventricular catheter, 50 mg of vancomycin is injected intraventricularly, diluted
further with the patient’s fluid. After connecting the catheter with the valve,
when implanting the distal catheter into the peritoneal cavity or the right atrium,
the remaining amount of vancomycin (150 mg) is applied.

All three groups complied with strict aseptic conditions, including thorough
disinfection of the operative field, covering the skin in the operative field with
adhesive foil to limit implant’s contact with the skin, and conducting periopera-
tive parenteral antibiotic prophylaxis continuing over the next 5 days. Antibiotic
prophylaxis consists of cephalosporin or vancomycin intravenously, administered
before the skin incision.

The demographic data for the three groups of patient are given in Table 1.

Table 1

Epidemiological data for patients in the three groups

Group A Group B Group C
Number 202 39 54

Average age (in months)
at implantation (+£SD) 47.04% 60.57 | 73.21£ 71.67 | 95.60+£68.54

Gender
e Male 108 24 34
e Female 94 15 20
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Table 2

Data for patients with infections from the three groups

Group A | Group B | Group C
n = 202 n =39 n =54
Number of patients with infections 12 6 0
% of patients with infections in the group 5.94% 15.38% 0
number of revisions in patients with infection 53 27 0
% of revisions in patlen‘.cs' Wlt}'l infections out of 27.18% 71.05% 0
the total number of revisions in the group
average number of revisions in 1 patient with infection 4.42 4.5 0

Statistical analysis was performed with SPSS Statistics 20.0. Data analysis
involves comparing the results with respect to the surveyed indicators in the three
groups with the help of the exact test of Fisher, Pearson’s x2 test u InterCriteria
Decision Making approach [13] and < 0.05 was accepted as level of significance.

Results. By analyzing the infections in the three groups (Table 2), we found
that in Group C, where vancomycin was administered intraventricularly during
shunt implantation, no case of infection was recorded for the whole period consid-
ered. In Group A, where an aminoglycoside antibiotic is always dissolved in the
serum filling the valve, 12 patients out of 202 are infected. The highest incidence
of infections is in Group B — every sixth patient.

Patients with infections (Group A and Group B) experience an average of 4-5
times more revisions than the average for the group. As a result, they have 1/3 of
all revisions in Group A revision and more than 2/3 of Group B revisions. There
is a statistically significant difference in the comparison of infection rates among
the groups, between the A and C Groups (p < 0.001) and between the B and
C Groups (p < 0.01). I.e. patients who received vancomycin intraventricularly
intraoperatively suffered statistically less frequent infections than those in whom
this prophylactic measure was not applied.

It is also noteworthy that in Group C, the mean interval from shunt im-
plantation to first revision was the highest — 16.06 months. Two times shorter
(8.54 months) is this interval in Group B, which correlates with a 2 and a half
times higher relative share of patients with infections in this group compared to
Group A.

Kaplan—Meier curve shows the best shunt survival in Group C and the worst
in Group B with sporadic use of an aminoglycoside antibiotic dissolved in serum
during shunt implantation (Fig. 1).

Discussion. The purpose of antibiotic prophylaxis in shunt surgery is to
prevent the colonization of bacterial pathogens in the fluid or shunt hardware.

Systemic drugs, including aminoglycosides, have limited access to the CNS due to
the blood-brain barrier (BBB) and the blood-cerebrospinal fluid (CSF) barrier.
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Fig. 1. Kaplan-Meier curve for shunt survival in Group A, Group B and Group C

Direct infusion of aminoglycosides into the CNS through IVT administration cir-
cumvents these physiological barriers and allows drug delivery directly to the site
of action [*].

The authors have suggested that the key to reducing the incidence of infec-
tions is the reduction of bacteria in the workplace — the ventricle, the peritoneal
cavity and the surgical wounds. Based on years of experience demonstrating the
efficacy of intraventricularly applied vancomycin for the treatment of ventriculitis
in shunt infection, the idea of its prophylactic intraventricular administration dur-
ing valve implantation has arisen to reduce the incidence of inflammatory valve
complications. At the beginning this hypothesis was tested prospectively and after
the initial positive results (absence of infections and no side effects), the author
introduced as a routine protocol the injection of vancomycin intraventricularly
from 2008. The drug has an excellent effect on Gram-positive staphylococci and
shows no toxic effect (no cases of allergic reaction, neurological deterioration or
aseptic meningitis) with intraventricular administration [*°]. It has been shown
that the pH rate and osmotic pressure of CSF did not change significantly before
and after administration. No statistically significant difference (p > 0.05) was
observed before the administration of the drug and 1 week later in changes in
creatine ['%]. There are no detectable manifestations of ototoxicity in our study.

The level of intraventricular drugs in CSF with a working shunt decreases
faster than when injected into a closed cavity. This allows the use of a relatively
high dose (50 mg intraventricularly) at a relatively low potential for toxicity [*].

The present study is retrospective, non-randomized, using groups for which
the surgical protocol does not include intraventricular administration of an an-
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tibiotic. Group C, which received intraventricular prophylaxis intraventricularly
with vancomycin, have statistically less infections (p < 0.001) compared to the
other 241 patients.

There are few publications in the literature on intraventricular intraoperative
antibiotic prophylaxis. However, a study among members of the section on pedi-
atric neurological surgery of the American Association of Neurological Surgeons
and Congress of Neurological Surgeons on current practices to minimize the risk
of infections in fluid shunts involving 100 North American neurosurgeons reported
that 27% of them routinely use intraventricular intraoperative antibiotics [*!]. In
Bulgaria, such prophylaxis has not been used, with the exception of the routinely
introduced since 2008, analyzed in this article.

Intraventricular administration of antibiotics provides higher peak concen-
trations and longer maintains the therapeutic concentration of the drug in the
ventricular fluid. Thus, an antibiotic passes through the valve for a long time
and goes through the distal catheter. The most common places where bacteria
colonize are the beginning and end of the valve system. According to RAGEL et
al. [15] this provides better surgical prophylaxis against pathogenic organisms in
the CSF and the incidence of infections drops significantly to 0.4%.

Conclusion. The strategy of intraventricular intraoperative administration
of vancomycin is based on the hypothesis that a fluid that has no antibiotic levels
of protection during surgery intervention is a potential reservoir for infection that
allows the colonization of bacteria on the shunt during the surgery. Intraventric-
ular intraoperative administration of vancomycin prevents bacterial sowing and
thus significantly reduces the incidence of infections in fluid shunt surgeries.
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