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Abstract

Purpose Catheter-related infection is a major complication
of ventriculoperitoneal shunt in children. The aim of this
study is to determine inflammatory response and the effica-
cy of polypropylene-grafted polyethylene glycol (PP-g-
PEG) copolymer and silver nanoparticle-embedded PP-g-
PEG (Ag-PP-g-PEQG) polymer-coated ventricular catheters
on the prevention of catheter-related infections on a new
experimental model of ventriculoperitoneal shunt in rats.
Methods Thirty six Wistar albino rats were divided into six
groups: group 1, unprocessed sterile silicone catheter-
embedded group; group 2, sterile PP-g-PEG-coated catheter
group; group 3, sterile Ag-PP-g-PEG-coated catheter group;
group 4, infected unprocessed catheter group; group 5,
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infected PP-g-PEG-coated catheter group; and group 6,
infected Ag-PP-g-PEG-coated catheter group, respectively.
In all groups, 1-cm piece of designated catheters were
placed into the cisterna magna. In groups 4, 5, and 6, all
rats were infected with 0.2 mL of 10x10° colony forming
units (CFU)/mL Staphylococcus epidermidis colonies be-
fore the catheters were placed. Thirty days after implanta-
tion, bacterial colonization in cerebrospinal fluid and on
catheter pieces with inflammatory reaction in the brain
parenchyma was analyzed quantitatively.

Results Sterile and infected Ag-PP-g-PEG-covered groups
revealed significantly lower bacteria colony count on the
catheter surface (ANOVA, 0+0, p<0.001; 1.08+0.18, p<
0.05, respectively). There was moderate inflammatory re-
sponse in the parenchyma in group 4, but in groups 5 and 6,
it was similar to that of the sterile group (ANOVA, 16.33+
3.02, p<0.001; 4.00+0.68, p<0.001, respectively).
Conclusions The PP-g-PEG, especially Ag-PP-g-PEG
polymer-coated ventricular catheters are more effective in
preventing the catheter-related infection and created the least
inflammatory reaction in the periventricular parenchyma.

Keywords Ventriculitis - Polyethylene glycol -
Polypropylene - Shunt catheter

Introduction

The most widely used treatment for hydrocephalus is shunting
excessive cerebrospinal fluid (CSF) into an extracranial body
compartment, especially into the abdominal space, under the
peritoneum, which is named as ventriculoperitoneal shunt [ 16,
17]. However, the risk of cerebrospinal fluid infection is
associated with this procedure [32]. Since infection remains
a major problem with CSF diversion procedures, different
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kinds of catheters were introduced to overcome the infection
risk in ventriculoperitoneal shunt catheters. The investigation
of the efficacy of these newly formed catheters is mostly done
by in vivo experiments on animals, especially on hydroce-
phalic ones. An indispensible step in designing these experi-
ments is to choose a proper animal model. Researchers should
overcome many struggling steps to form a proper experimen-
tal model. First of all, one should generate hydrocephalus in
the tested animal [5, 19] or should start the experiment with a
mutant hydrocephalic animal which is hard to obtain. Also, to
repeat the exact shunt replacement in an animal as in a human
being, one should use a bigger canine model such as a dog ora
lamb [3, 14, 38]. Since these animals are vulnerable and hard
to obtain, the experiment cannot be designed with higher
number of animals because of the ethical concerns. Therefore,
there is a need for an easier and faster ventriculoperitoneal
shunt model which can be applicable to any kind of animal,
especially nonhydrocephalic rats. The great cistern is a favor-
able area in rats as being a large and easily accessible CSF
cavity [7, 44]. Moreover, the great cistern is a safe point for
CSF collection [17, 22]. We have introduced a novel experi-
mental ventriculoperitoneal shunt model in rats, in which we
placed the proximal end of the catheter to the great cistern and
distal end in between the posterior cervical muscle layer. By
this way, we have planned to obtain an effective ventriculo-
peritoneal shunt system which works in nonhydrocephalic rats
and drains the CSF from the great cistern to subcutaneous
tissue under the skin of the abdomen.

With this present study, we have also introduced a novel
shunt catheter which has a modified surface. In literature,
many different catheter types, such as antimicrobial cathe-
ters, were tested for ventricular drainage in a ventriculoper-
itoneal shunt system [29]. Although these catheters decrease
the infection rate in single patient, they are found to induce
resistant [30, 44] bacteria which might lead to even greater
health care problems [8, 27]. A new approach which might
overcome these problems is provided by catheters impreg-
nated with silver nanoparticles, and they have been shown
to reduce infections in both central venous catheters and
ventricular catheters [11, 39]. Although silver is known to
have toxic and inflammatory effect on brain tissue [11, 24,
40], it was previously demonstrated that there is no risk of a
toxic effect due to silver release into the CSF [11]. Another
way to overcome infection in a shunt system is to modify
the surface of the catheter and therefore prevent bacteria
attachment to the catheter surface.

Polypropylene (PP) is a well-known hydrophobic poly-
mer which has good mechanical properties and has many
medical applications, such as tissue replacement and organ
wall reconstructions [15, 20]. However, to obtain a wider
medical application, nanoparticles can be embedded, and
hydrophilic groups can be introduced into this polymer to
overcome its hydrophobic character via postpolymerization
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reactions [2, 18, 21, 22]. We have previously investigated
the soft tissue response of polypropylene-grafted polyethyl-
ene glycol (PP-g-PEG) amphiphilic graft copolymer film
and its nanocomposite version containing gold nanoparticles
in rats, under the skin, and found out that these polymer
patches have good soft tissue response [14]. In this present
study, we have modified the outer and inner surface of the
catheter via covering it with PP-g-PEG polymer casts and
silver nanoparticle-embedded PP-g-PEG (Ag-PP-g-PEQG)
casts. Then we used these novel processed catheters in a
new ventriculoperitoneal shunt model in nonhydrocephalic
rats and investigated the antimicrobial effect and central
nervous system responses of these catheters.

Materials and method

PEG4000, chlorinated polypropylene (PP-Cl), sodium hy-
dride (NaH), and the solvents were all purchased from
Aldrich and used without further purification. Medical grade
silicone ventriculoperitoneal shunt catheters were obtained
from Sophysa SA, Orsay, France. Thirty six silicone ven-
tricular catheter pieces in 1-cm length were prepared and
covered with polymer cast as described below.

Synthesis of pure and silver nanoparticles embedded
PP-g-PEG amphiphilic graft copolymers covered ventricular
shunt catheters

The synthesis of PP-g-PEG and Ag nanoparticles embedded
PP-g-PEG was explained in our previous study in detail
[18]. Briefly, the Williamson-ether-synthesis-like reaction
between PEG and PP-Cl was performed in tetrahydrofuran
(THF) solution in the presence of sodium hydride. A typical
endcapping reaction was performed as follows: PEG-2000
(5.0 g, 2.5 mmol) and PP-Cl (1.43 g, 1.0 mmol CI) were
mixed and dissolved in dry THF (10 mL). To the solution,
NaH (0.12 g, 5 mmol) was added, and the reaction mixture
was stirred at room temperature under argon for 3 days. The
reaction mixture was poured into 200 mL water containing
1 mL of concentrated HCI. For the purification, the crude
polymer was redissolved in chloroform and reprecipitated in
200 mL of methanol. The purified polymer was dried under
vacuum at room temperature overnight. IH-NMR and Four-
ier transform infrared (FTIR) spectra of the polymer sample
confirmed the structure with 20 mol% of PEG content.
Then, 0.5 g of the amphiphilic copolymer was dissolved in
20 mL of chloroform. A shunt catheter was cut into 1-cm
length equal pieces. Twelve catheter pieces were dipped into
this polymer solution, and the inner and outer surfaces of
catheter were covered with the polymer. Then they were
allowed to evaporate leaving a thin polymer film on the
catheter. The processed catheter pieces were washed with
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methanol and dried under vacuum. To confirm the presence
of a very thin polymer layer covering the silicon shunt,
FTIR spectra analysis was done, and characteristic addition-
al signal was at 1,643 cm ' captured on both PP-PEG-
covered and nanoparticle-embedded PP-PEG-covered
shunts.

For silver nanoparticles embedded PP-g-PEG amphiphil-
ic graft copolymers, aqueous solutions of AgNO3 0.1 M and
the reducing agent, NaBH, (0.1 M), were prepared separate-
ly. The PP-g-PEG2000 graft copolymer (0.2 g) was dis-
solved in 20 mL of THEF. To this solution, 0.10 mL of the
AgNOj; aqueous solution was added, and it was vigorously
stirred at room temperature for 10 min. Then the same
volume of the reducing agent (0.10 mL of NaBH, aqueous
solution) was added to this mixture, generating a deep red
colloidal solution. The polymer solution containing Ag
nanoparticles was coded as Ag-PP-g-PEG. Twelve catheter
pieces were covered with Ag-PP-g-PEG similarly as de-
scribed above. Twelve unprocessed silicone catheter pieces
and twenty four processed catheter pieces were sterilized
individually using ethylene oxide gas with an exposure time
of 8 h.

Experimental design of ventriculoperitoneal shunt
implantation and ventriculitis

Thirty six female Wistar albino rats with an average weight
of 250 g were randomly divided into six groups: group 1,
unprocessed sterile silicone catheter-embedded group;
group 2, sterile PP-g-PEG-coated silicone catheter group;
group 3, sterile Ag-PP-g-PEG-coated silicone catheter
group; group 4, infected unprocessed catheter group; group
5, infected PP-g-PEG-coated silicone catheter group; and
group 6, infected Ag-PP-g-PEG-coated silicone catheter
group, respectively. They were anesthetized with intraperi-
toneal injection of 0.1 mL/kg alphazyn and 0.3 mL/kg
ketamin mixture. All procedures were carried out in com-
pliance with the Hacettepe University Ethical Committee.
The animals did not receive any antibiotic prophylaxis be-
fore or after the surgical procedure for implantation of the
shunt system or bacterial inoculation.

The rats were placed in a lateral decubitis position with
the head flexed at 45°. After proper shaving and steriliza-
tion, a 3-cm midline vertical incision was made on the
craniovertebral junction of all the animals. Following the
dissection of the muscle layer, the atlantooccipital mem-
brane and the great cistern were visualized (Fig. 1).

In sterile groups (groups 1, 2, and 3), 5-mm vertical
incision was made to the dura, and the great cistern was
exposed in 18 rats. One-centimeter length of silicone cath-
eter was implanted into the great cistern with a half portion
of the catheter remained in between the muscle layer of each
six rats individually (Fig. 2).

Fig. 1 Rat is placed in lateral decubitis position with the head flexed
and atlantooccipital membrane (asferisk) is visualized after the occip-
ital muscle dissection

PP-g-PEG-coated catheter piece in 1-cm length was
implanted to each six rats in the same manner in the second
group (PP-g-PEG-coated catheter-embedded group), and
Ag-PP-g-PEG-coated catheter piece was placed to another
six rats again in the same fashion in the third group (Ag-PP-
g-PEG-coated catheter-embedded group). For infected
groups 4, 5, and 6, 0.2 ml of Staphylococcus epidermidis
bacteria solution (1.0x 10° colony forming units (CFU)/mL)
in Ringer’s lactate solution was inoculated to the great
cistern before the dura is opened. Then three different cath-
eter pieces were placed into six rats in each of three groups
in similar fashion as described for the sterile groups. All rats
were observed for neurological symptoms such as paresis,
meningeal irritation signs, and surgical site infection. After
30 days of operation, the animals were euthanized, and CSF
samples, embedded catheter pieces, and brain tissue samples
were collected from all animals for further analysis.

Histochemical analysis
For histological analysis, the right cerebrum was immersion-

fixed in 10% buffered formalin. Coronal slices were embed-
ded in paraffin. Sections (6-um thickness) at the level of the

Fig. 2 Great cistern is opened under the microscope. Half of the
catheter is placed into the cistern and the remaining half is embedded
into the muscle layer
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optic chiasm, containing the lateral ventricle wall, were
stained with hematoxylin and eosin. Four random regions
were examined at 40x magnification, and the inflammatory
cells were counted in each section on the periventricular
parenchyma. The final value was recorded as an average of
these four different measurements.

Culturing and bacterial count

After the incubation period, the catheters were removed and
inoculated on sheep’s blood agar plates using the semiquan-
titative procedure as previously described [42]. This proce-
dure was applied to each catheter piece separately for all
groups [6, 38].

Statistical analysis

Statistical analysis was done with general linear models, the
univariate analysis of variance test, using the SPSS 11.5
version (SPSS Inc., Chicago, IL, USA). The value p<0.05
was considered statistically significant. The data of number
of colonies on the catheter surface and in the CSF for all
groups were converted to log 10.

Results

The great cistern was explored in the 36 rats. We have
implanted half of the catheter into the great cistern with
the other half 0.5 cm left in between the muscle layer. After
30 days of implantation, complications such as obstructive
hydrocephalus or formation of CSF cyst beneath the surgi-
cal site were not detected in any rat. In 18 rats, we have
applied 2 mL of bacteria suspension containing S. epider-
midis colonies, and in all rats, bacteria colony count were
over 1,500 in both CSF and catheter itself, supporting the
diagnosis of ventriculitis [19]. Light microscopic analysis of
the periventricular parenchyma also revealed moderate in-
flammatory findings with lymphocyte accumulation, sup-
porting ventriculitis. However in infected groups (groups
4, 5, and 6), all rats were lethargic, and in the three rats in
group 4 (silicone catheter group), there were surgical site
infection signs beginning on the 14th day of infection

(Fig. 3).
Bacteria count

The bacteria colony count in CSF and on catheter piece in
sterile groups 1, 2, and 3 were very low; however, among
the three groups, the highest bacteria colony count was
present in the silicone catheter piece (8.33+1.32 CFU/mL;
Table 1). Ag-PP-g-PEG- and PP-g-PEG-coated catheter
pieces bared the lowest bacteria count in CSF (0.12+
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Fig. 3 Infected group, surgical site infection after 30 days of operation

0.12 CFU/mL, 0+0 CFU/mL; log 10) and on the catheter
surface (0 CFU/mL, 0 CFU/mL; log 10); however, this
difference was not found to be statistically significant for
bacteria count on the catheter surface and in CSF within the
sterile groups (ANOVA, p>0.05; Table 1).

Highest number of bacteria colonies in CSF cultures was
present in group 4 (silicone catheter group) (3.14+
0.12 CFU/mL, log 10) among the infected groups, and the
least bacteria colony count in CSF was present in Ag-PP-g-
PEG group (2.88+0.58 CFU/mL, log 10; Table 1). Bacteria
colony count on PP-g-PEG-coated catheter was low com-
pared to that of the infected silicone catheter, and this
difference was statistically significant. When the Ag-PP-g-
PEG catheter was cultured, it revealed the least bacteria
count among the three groups, and this difference was
statistically significant compared to groups 4 and 5
(ANOVA, 1.08+0.18 CFU/mL, p<0.005).

Inflammatory response

When the central nervous tissue response was evaluated for
sterile silicone catheter group, there were mild inflammatory
changes with little lymphocyte accumulation within the
parenchyma and mild periventricular edema (7.17+0.48
lymphocytes/microscopic area; Table 2). Lymphocyte count
in group 3 (1.83+£0.31 lymphocytes/microscopic area) was
significantly lower than those in groups 1 (ANOVA, p<
0.001) and 2 (6.00+£0.58 lymphocytes/microscopic area);
however, the parenchyma changes were similar with the
first group. There was no necrosis or vascular thrombosis
within the parenchyma.

When the histochemical response was evaluated in
infected groups, the periventricular parenchyma revealed
the highest lymphocyte accumulation (16.33+3.02 lympho-
cytes/microscopic area) with increased edematous areas in
silicone catheter group rats (Fig. 4a, b).
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Table 1 Statistical analyses of bacteria colony count (log 10) in CSF and on catheter piece (CFU/mL)

Groups  Catheter Min Max Mean+SEM  Statistic significance (general linear
models)
CSF Sterile Silicone catheter group (group 1) (n=6) 0 0.70  0.20+0.13 Groups (F, 183.13; p<0.001),
PP-PEG-covered catheter group (group 2) (n=6) 0 0.70  0.12+0.12 Catheter (F, 0.15; p>0.05),
Ag-PP-PEG-covered catheter group (group 3) (n=6) 0 0 0.00+0.00 Groups—catheter (F, 0.25; p>0.05),
o R square 0.860
Infected  Silicone catheter group (group 4) (n=6) 2.60 3.70  3.14+0.12
PP-PEG-covered catheter group (group 5) (n=6) 2.60 340 3.10+0.20
Ag- PP-PEG-covered catheter group (group 6) (n=6) 0 3.65 2.88+0.58
Catheter  Sterile Silicone catheter group (group 1) (n=6) 0 048  0.13+0.09 Groups (F, 107.87; p<0.001),
surface PP-PEG-covered catheter group (group 2) (n=6) 0 0 0+0 Catheter (F, 8.76; p<0.01),
Ag-PP-PEG-covered catheter group (group 3) (n=6) 0 0 0+0 Groups—catheter (F, 6.35; p<0.01),
e R square 0.822
Infected ~ Silicone catheter group (group 4) (n=6) 1.18 3.70  2.76+0.38*
PP-PEG-covered catheter group (group 5) (n=6) 1.00 260 1.81+031°
Ag-PP-PEG-covered catheter group (group 6) (7=6)  0.30  1.54  1.08+0.18"

b Different letters designates statistical significance in between different catheter groups within sterile and infected groups

F: F statistic for the degree main effect, P: p value (the observed significance level), R squared: coefficient of determination

Groups: independent factor (e.g., fixed factor) in the univariate general linear model (GLM)

Catheter: independent factor (e.g., fixed factor) in the univariate GLM

Groups—catheter: interaction between groups and catheter factors

In PP-g-PEG-coated catheter group (group 5), edema in
the parenchyma was mild, with few lymphocytes under-
neath the periventricular lining (7.67+0.84 lymphocytes/
microscopic area). On the other hand, Ag-PP-g-PEG-coated
catheter group revealed very few inflammatory cells (4.00+
0.68 lymphocytes/microscopic area) without obvious edema
in the periventricular parenchyma (Fig. Sa, b).

Discussion

In this study, we introduce a novel PP-g-PEG and Ag
nanoparticle-embedded PP-g-PEG polymer-covered silicone

catheter, and to investigate the central nervous system tissue
response of these catheters, we have designed an easy and
rapidly performed experimental animal model for ventriculo-
peritoneal shunt implantation.

In literature, there have been many experimental designs
for the investigation of catheter-related infection and new
catheter designs. In designing a proper experimental animal
model of ventriculoperitoneal shunt, hydrocephalic animals
are the primary choice. Induction of hydrocephalus in ani-
mals is rather troublesome and takes a double time of the
experiment; otherwise, mutant animal species must be used.
On the other hand, a bigger ventricular space is needed in
most of the cases, and so dogs [3] or lambs are mostly

Table 2 Statistical analyses of inflammatory cell in the periventricular parenchyma

Groups Catheter Min Max Mean+SEM Statistic significance
(general linear models)
Sterile Silicone catheter group 6 9 7.17+£0.48* Groups (F, 15.44; p<0.001),
(group 1) (n=6) Catheter (F, 21.48; p<0.001),
PP-PEG-covered catheter 4 8 6.00+0.58° Groups—catheter (F, 4.82;
group (group 2) (n=6) p<0.05), R squared: 0.694
Ag-PP-PEG-covered catheter 1 3 1.83+0.31°
group (group 3) (n=6)
Infected Silicone catheter group 7 26 16.33+3.02°
(group 4) (n=06)
PP-PEG-covered catheter 4 10 7.67+0.84°
group (group 5) (n=6)
Ag-PP-PEG-covered catheter 2 6 4.00+0.68°

group (group 6) (n=06)

abe. Different letters designates statistical significance in between different catheter groups within sterile and infected groups
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_ a

Fig. 4 (a) Periventricular parenchyma section of an infected silicone
catheter-implanted animal (10x magnification H&E). (b) Cystic edem-
atous areas (long arrow) with lymphocytes accumulation (short
arrows) are present (40x magnification H&E)

preferred. However, the number of these animals is limited
because of the ethical concerns, and therefore, statistical
analysis and significance cannot be compared with the clin-
ical trials. For these reasons, we chose rats [14, 38] as an
experimental test subject, since they are easily found and
more resistible to infections. The great cistern is determined
as the entry point for placing catheter pieces, because it is
easy to expose and has the greatest space bearing CSF [7,
19, 28]. In order to mimic the human ventriculoperitoneal
shunt model, we have implanted half of the catheter into the
great cistern with the other half 0.5 cm left in between the
muscle layer. Since the intraperitoneal side of the catheter
may influence the bacterial diversity and contaminate the
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Fig. 5 (a) Periventricular parenchyma section of an infected Ag-PP-
PEG-covered catheter-implanted animal. (10x magnification H&E).
(b) There are mild cystic edematous areas; a few lymphocyte accumu-
lations (arrow) are present (40x magnification H&E)

catheter with other types of bacteria rather than S. epidermi-
dis colonies [26, 41], we have decided to keep the distal end
of the catheter only at 0.5 cm and keep it under the skin of
the back of the rat. To our knowledge, the previously men-
tioned ventricular shunt model is the first documented de-
sign in nonhydrocephalic rats in literature.

The most common catheter-related complication is infec-
tion, especially ventriculitis which is a highly morbid con-
dition [5, 9]. The incidence of catheter-related infection is
5-15% [25, 33, 34, 41]. Gram-positive Staphylococcus spe-
cies, especially S. epidermidis is the cause of catheter-
related infection in humans [26, 33]. The surface proteins
of these microorganisms play an important role in the
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binding of the organism to the shunt material [25].There are
several attempts to overcome this disadvantage. One should
either add an antimicrobial effect on the surface of the
catheter, antibiotic [4, 29, 43] or silver-bearing catheters
[10], or modify the surface of the catheter to prevent the
attachment of the bacteria [6]. It is shown that bacteria
colonization on silver ion attached to catheters is less com-
pared to silicone catheters [10]. Although silver is known to
have a toxic and inflammatory effect on brain tissue, silver
segregation from the catheter to the brain tissue and CSF is
not detectable [10, 11]. With all these knowledge, one can
hypothesize that the antimicrobial effect of the catheter can
be doubled with modifying the surface of the catheter and
adding silver nanoparticles at the same time.

Polypropylene is an unbreakable, elastic, and hydropho-
bic polymer, which is used as a good substitute to reinforce
weakened soft tissue, for example, inguinal or incisional
hernias and abdominal wall or pelvic floor defects [15, 20,
37]. In order to broaden its medical applications, one
approach is to prepare block copolymers containing hydro-
philic blocks that can modify the hydrophilicity, crystallin-
ity, mechanical properties, and biocompatibility of the
original material [37]. In this regard, polyethylene glycol
can be used as it is a popular hydrophilic and biocompatible
polymer. It has been shown that PEG-grafted copolymers
have the ability to reduce platelet adhesion and bacterial
repulsion [23]. In our previous study, we have already
shown that PP-g-PEG patches have good soft tissue re-
sponse, and the biocompatibility of the polymer is increased
as more of a PEG side chain is added [14]. Many studies
have reported that hydrophilic surfaces, such as PEG-
grafted polymers, suppress protein adsorption and platelet
adhesion [12, 18, 45]. These surface characteristics help this
graft copolymer to reduce protein deposition that promotes
pathogen adhesion and growth on device surfaces [31, 35,
36]. Furthermore, nanoparticles embedded into the polymer
structure were reported to enhance the biocompatibility and
antimicrobial effect of the polymer itself [13, 18]. Therefore,
polypropylene can be modified to form a more biocompat-
ible and antimicrobial polymer for in vivo applications via
attaching nanoparticles and PEG side chains.

In our study, we have covered the surface of a silicone
shunt catheter with PP-g-PEG and Ag-PP-g-PEG polymer
casts, and the result was an enhanced antimicrobial effect
with both processed catheters, especially with Ag-PP-g-
PEG-coated ones. The polymer coating of a medical device
such as cell proliferation surfaces has been previously done
by researchers. The spin- or dip-coating approaches, as
polymer-coating processes, were shown to be successfully
sticking onto the surface of the device [1]. With this present
study, we have used the same polymer-coating technique on
the ventricular shunt catheter, and detected that the antimi-
crobial effect of PEG side chains are doubled with Ag

nanoparticle attachment. Also, the central nervous system
response of these catheters was not different compared to
unprocessed silicone catheters. In all PP-g-PEG- and Ag-
PP-g-PEG-coated catheters implanted in test animals, there
was a negligible brain parenchyma response with very mild
inflammatory reaction. This finding proves that these mod-
ified catheters can be safely used in the central nervous
system. To our knowledge, this is the first attempt in the
modification of the surface of the catheter by covering the
catheter with a polymer cast.

Conclusion

This study is designed to investigate the efficacy of a newly
developed PP-g-PEG and Ag-PP-g-PEG polymer-coated
shunt catheters in preventing the shunt infection. PP-g-
PEG coated, especially Ag-PP-g-PEG polymer coating is
an effective and superior way, compared to unprocessed
silicone catheter, to prevent implant-related infections in
the central nervous system. Also, this newly introduced
experimental design of ventricular shunt model in rats is
found to be an easy and effective technique in the investi-
gation of ventricular shunt infection. Therefore, this novel
shunt model in rats with newly processed ventricular catheters
seems favorable and applicable for further studies.
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