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ABSTRACT

AIM: To determine the effect of using three concurrent measures (2% chlorhexidine gluconate +70% alcohol for skin cleaning, 
changing the dressing every 48 hours, and observing the operating room) for patients who had venriculoperitoneal shunt (VPS) 
implantations on the infection rate.    
MATERIAL and METHODS: This was a prospective interventional study. Using infection prevention compliance control lists, 
patients who had a VPS implanted between November 2012 and November 2013 were compared to those who had a VPS implanted 
between October 2011 and October 2012. The data included information about the patients, follow-up, and infection prevention. 
These data were obtained for the pre-, peri-, and postoperative periods.
RESULTS: Triple bundle prevention in the applied protocol significantly reduced the VPS infection rate in the study group compared 
to the control group (p<0.005). 
CONCLUSION: These findings revealed the importance of creating a prevention protocol and following it regularly in a way for all 
surgery, operating room, and service teams fully comply to prevent VPS infections.
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via surgical gloves or contaminated tools, reaching the 
patient’s flora (9).

Skin antisepsis is considered to be a main component in 
wound infections. Iodophors, chlorhexidine, and derivatives 
including these two agents are used most in surgery. Chlor-
hexidine gluconate is an important component that is usually 
used in an attempt to decrease infection risks associated 
with healthcare services. It is considered a safe, effective 
agent with wide clinical applications and has been used as 
a topical antiseptic for more than 50 years. Chlorhexidine 
gluconate has a rich activity spectrum, including Gram-pos-
itive and Gram-negative bacteria, ferments, and enveloped 

█    INTRODUCTION

Ventriculoperitoneal shunt surgery is a frequently used 
treatment for patients with hydrocephalus. Each year 
in the US, 70,000 patients are admitted to hospitals 

with complaints of hydrocephalus, approximately 40,000 
undergo shunt surgery, and billions of dollars are spent on 
these patients (21). There are no epidemiological data related 
to hydrocephalus in Turkey.

Infection is a ventriculoperitoneal shunt complication that is a 
serious cause of shunt failure and is the fundamental reason 
for mortality and morbidity. The organisms that cause most 
shunt infections penetrate the patient’s skin through wounds 
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viruses (10). Compared chlorhexidine+alcohol and povidone 
iodine on clean-contaminated wounds. A statistically signifi-
cant decrease was observed for both superficial wounds and 
gashes in the chlorhexidine-alcohol group among theinfec-
tion rates (8). In a meta-analysis study (15), a comparison of 
chlorhexidine (0.5%–4%) and povidone iodine (0.7%–10%) 
was performed to improve incisional wound infection rates. 
In addition, in another meta-analysis study comparing chlor-
hexidine and povidone iodine for skin cleaning during clean 
and contaminated surgeries, it was found that chlorhexidine 
is effective in decreasing surgical and abdominal sepsis infec-
tions (18).

█   MATERIAL and METHODS
This was a prospective interventional study, aimed at 
determining the effect of bundled practices (using 2% 
chlorhexidine gluconate +70% alcohol for skin cleaning, 
changing the dressing every 48  hours, and observing the 
operating room) for patients who had ventriculoperitoneal 
shunt implantations on the infection rate.

Setting and Sample

The study question was, “Do triple bundled applications 
prevent ventriculoperitoneal shunt infections?”

The study group comprised adult and pediatric patients who 
received a shunt for the first time in the Neurosurgery Clinic of 
a university hospital between November 2012 and November 
2013 (n=38). The control group comprised adult and pediatric 
patients who had a shunt for the first time a year before the 
study in the same hospital and clinic between November 2011 
and November 2012 (n=44).

Sample Exclusion Criteria

The following cases were excluded from the study:

(1) Cases with active meningitis and ventriculitis before the 
shunt surgery (verified by microbiological culture).

(2) Cases who had shunt placement at another hospital and 
came for revision.

(3) Cases who had shunt placement before November 2012 
and applied for shunt revision.

(4) Cases who had shunt placement before November 2011 
and applied for shunt revision.

Data Collection Procedure

Data were collected using the Patient Description and Ob-
servation Form (PDOF), which includes information and ob-
servations, and the Integrated Precautions Observation Form 
(IPOF), which includes information regarding infection preven-
tion. The PDOF included 25 items regarding demographics, 
medical information, and patient observation, and the IPOF 
included 26 items under three main headings for patients in 
the control group. There were questions regarding observa-
tions about pre-/postsurgery preparation, team members, and 
patient dressing.

Research Application Steps

Operating room, intensive care, and service staff were 
interviewed and informed about the study steps, the 
precautions to be taken, and the things to do before the study.

The following are the application steps regarding patients in 
the study group. Patients in the study group received surgical-
site skin cleaning with 2% chlorhexidine gluconate+70% 
alcohol and the dressings were not changed for 48 hours. 
The whole operation process was observed by a supervisor. 
The symptoms of infection, in addition to the laboratory and 
microbiology results, were followed up after the operations. 
Hand hygiene and symptoms of infection were explained 
to each patient / relative before discharge. Infection control 
surveillance for each patient continued over the phone by a 
physician for a year after the discharge.

The following are the application steps regarding patients in 
the control group. Patients in the control group were picked 
from those who had shunt placement through a list made from 
the data-processing system of the hospital. The data of these 
patients were obtained from discharge reports and other 
formal documents. Infection control surveillance was made 
over the phone after discharge.

Shunt infections were diagnosed according to the diagnosis 
criteria of the Centers for Disease Control and Prevention.

Limitations of the Study

 In total, three doses of cefazolin (1 g) were used as 
prophylaxis because of the different applications.

 The control group was selected retrospectively.

 Shunt placement surgeries was not considered to be an 
emergency; thus, the operating room was not available all 
the time.

 Asepsis requirements were not fulfilled because the 
anesthetist did not ensure hand hygiene and use proper 
gloves.

Ethical Dimension of the Study

Approval was obtained from the university’s ethical committee 
(6.11.2012, A-31). The patients were informed of the aims and 
methods of the study. Adult patients signed consent forms, 
and parent consent was obtained for pediatric cases.

Data Analysis

The Kolmogorov–Smirnov distribution test was used to 
analyze normal distributions along with descriptive statistical 
methods (frequency, percentage, mean, and standard 
deviation). Pearson’s chi-squared test and Fisher’s exact test 
were used for study–control comparisons. The Mann–Whitney 
U test was used to assess intergroup relation ships.

█   RESULTS
Table I shows the gender, age category, age group diagnosis, 
hydrocephalustype, presence or absence of an external 
ventricular drain (EVD), accompanying diseases, intensive 
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care unit stay, data, and comparison regarding the survival of 
patients in the study and control groups.

No significant difference was found between the groups in 
terms of all independent variables (p>0.05). The minimum, 
maximum, and mean number of people in the surgical 
room during surgery for the study group were 4, 11, and 6, 
respectively. Seven people were in the surgical room of the 
patient who had an infection. The minimum, maximum, and 
mean length of surgery for the study group were 30, 150, and 
63 minutes, respectively. The length of surgery for the patient 
who had an infection was 30 min (Table II).

All patients who developed infections were male and children. 
Of the three children who had infections, two were in the six-
month to one-year age group and the remaining one was in 
the one- to two-year age group. All three had communica-

tive hydrocephalus, and their infections developed within zero 
to six months. Two of the reproducing microorganisms were 
methicillin-resistant coagulase-negative staphylococci: Can-
dida albicans and methicillin-resistant Staphylococcus aureus. 
The three patients who developed infections had a fever. Two 
patients in the control group had fluid in the shunt end. The 
treatment method included removing the shunt, implanting an 
EVD, treatment with an antibiotic, and implanting a new shunt.

Of all the patients, 2.6% (1/38) of the study group and 6.8% 
(3/44) of the control group had infections. One patient in the 
control group had an infection twice. On 1,000 shunt days, 
the rate of shunt infection was 0.61% in the study group and 
7.63% in the control group. A significant difference was found 
between the study and the control groups in terms of shunt 
infection rates (p=0.025, p<0.05). 

Table I: Demographical Findings and Comparison Results of Study-Control Group Patients (Study Group N:38 - Control Group N: 44)

Study Control
p

n % n %

Sex
Female 13 34.2 20 45.5 X2=1.072

p=0.209Male 25 65.8 24 54.5

Age Category
Children 17 44.7 20 45.5 X2=0.004

p=0.563Adult 21 55.3 24 54.5

Age Group

0-6 Months 9 23.7 7 15.9

X2=1.644
p=0.649

6 Months - 2 Years 4 10.5 6 13.6

2-18 Years 4 10.5 8 18.2

18 Years and older 21 55.3 23 52.3

Diagnosis

Primer Hydrocephalia 17 44.7 12 27.3

X2=3.850
p=0.427

Tumor 10 26.3 11 25

Spina Bifida/ Meningomyelocele 1 2.6 3 6.8

SAH, Aneurism 5 13.2 8 18.2

Normal pressure hydrocephalus NPH 5 13.2 10 22.7

Hydrocephalia 
type

Obstructive 11 28.9 15 34.1
X2=4.895
p=0.087Communicative 23 60.5 29 65.9

Multiloculated 4 10.5 0 0

EVD/Ommaya
Yes 14 36.8 9 20.5 X2=2.713

p=0.100No 24 63.2 35 79.5

Accompanying 
Diseases

Yes 19 50 23 52.3 X2=0.042
p=0.837No 19 50 21 47.7

ICU stay
Yes 10 26.3 9 20.5 X2=0.393 

p=0.530No 28 73.7 35 79.5

Survival
Survives 35 92.1 37 84.1 X2=1.223 

p=0.223Death 3 7.9 7 15.9
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Table II: Preoperative and Intraoperative Patient Preparation and Work Team in the Study Group and Distribution of Wound Dressing 
Observations (n=56)

 n %

Preoperative and Intraoperative Patient Preparation Observations

Preoperative skin cleaning was done using 2% chlorhexidine. 56 100

Disposable razor was used for depilation. 56 100

Someone appropriately traineddid the depilation. 56 100

Wet depilation was made. 56 100

Patient’s skin was covered with a drape. 56 100

Surgeries were performed as the first surgery in the morning. 22 39.3

Shunt with antibiotic/antibiotic absorbed shunt was used. 50 89.3

Vancomycin transition provided in antibiotic-impregnated shunt 50 100

Preoperative and Intraoperative Work Team Observations

The whole team used masks covering their mouth and nose. 56 100

The whole team wore bonnets covering their hair. 56 100

The whole team took off their accessories. 56 100

Hand washing took 3-5 minutes. 56 100

Hand drying was performed correctly. 56 100

Tools were opened in a sterile way. 56 100

Shunt material was open at the end. 50 89.3

Operating room door was kept closed. 56 100

Anesthetist, doctor, nurse, and technician washed their hands before the operation. 32 57.1

Anesthetist, doctor, nurse, and technician used gloves during the operation. 22 39.3

Anesthetic was prepared aseptically. 56 100

Arrivals and departures in theoperating room were kept to a minimum. 56 100

The number of people in the operating room was kept to 5-7 people. 50 89.3

Anesthesia table was kept away from the sterilized area. 56 100

Movement around the surgery table was minimized. 56 100

Prophylaxis was used during surgery. 56 100

Team members were warned when necessary. 56 100

Observations Regarding PostoperativeDressing

First dressing was placed 48 hours after the surgery. 55 98.2

Dressing became dirty 6. hour after the operation. 1 1.8

Hands were washed before changing the dressing. 56 100

Sterilized gloves were worn when applying the dressing. 56 100
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decrease the infection rate (22). The no-touch principle was 
utilized, and the shunt tools and skin tools were separated 
to decrease contamination. In a double prevention study, 
these procedures decreased the infection rates three fold 
(11). In parallel with these studies, shunt infections decreased 
following the three applications in our study. A decrease in 
infections can be warranted through full compliance with 
single and multiple measures to prevent infections.

Preventative measures were used to eliminate infections and 
the effect of full compliance (zero tolerance) was assessed 
in infections in 126 patients who underwent 176 operations 
between January 1994 and January 2001 to eradicate 
postoperative shunt infections. Medical errors were not 
tolerated in any cases. This application was named “zero 
tolerance.” The infection rate was 0.057% using this zero-
tolerance method. Zero-tolerance management in this study 
could not be administered for correct hand wash by the 
anesthesia team, correct glove use, and conducting surgeries 
as the first surgery in the morning (5).

Full compliance is very important in bundle applications to 
prevent SSIs. Compliance to a bundle program was assessed 
to prevent SSIs after colorectal surgery. The compliance rate 
increased from 10% to 60% and the SSI rate decreased by 
36% (6). Full compliance with bundle applications had three 
parameters in our study. Full compliance was not guaranteed 
in other bundle applications. A study on prospective quality 
improving studies included appropriate antimicrobial 
prophylaxis, preoperative body temperature monitoring, 
blood sugar regulation, preoperative bowel preparation with 
antibiotics, performing a minimally invasive operation within 
the shortest time possible, and completing the operation in 
100 minutes or less. The SSI development risk was 2% for full 
compliance to the six bundle items, whereas it was 17.5% for 
zero tolerance to one item. The study showed that the infection 
development risk in zero tolerance to bundle applications was 
less and that the risk of infection decreased when the number 
of bundled applications increased (26).

Another important subject is full compliance of healthcare 
professionals to bundled applications. Noncompliance of 
healthcare personnel to infection prevention processes is a 
complex subject. Effective strategies are needed to transform 
evidence-based studies and guidelines into effective 
applications conducted to prevent infections (27). Considering 
studies on healthcare personnel’s compliance to bundled 
applications, full compliance in colorectal cancer surgery 
was successfully achieved by including key people from all 
healthcare personnel in the system, reviewing the study in 
monthly meetings under the chairmanship of a surgeon, and 
supporting the team (14). In other studies, it was found that 
including personnel from all healthcare staff and motivating 
them can provide full compliance to bundle applications (2,13). 
In our study, the anesthesiology team’s compliance regarding 
correct hand washing and glove use was low, which can be 
attributed to the fact that they did not actively participate in 
the team.

Considering the methods developed for effective applications 
to determine the factors affecting the compliance of 

█   DISCUSSION
The most effective factor in preventing shunt infections is 
hygienic skin preparation and a careful surgical technique. In 
this study, 2% chlorhexidine gluconate + 70% alcohol was 
used for skin antisepsis. We compared chlorhexidine + alcohol 
and povidone iodine treatment for contaminated wounds in 
a randomized experiment with 849 patients in six hospitals. 
A statistically significant decrease in the infection rate was 
observed for both superficial wounds and gashes in the 
chlorhexidine-alcohol group (8). In a meta-analysis comparing 
chlorhexidine and povidone iodine for skin cleaning during 
clean and contaminated surgeries, chlorhexidine was found 
to be effective in decreasing surgical and abdominal sepsis 
infections (18). In this study, we found that chlorhexidine was 
effective in decreasing infections. It was also found in a study 
that chlorhexidine and povidone iodine are the most effective 
agents for skin disinfection. Chlorhexidine showed the best 
residual activity among these agents (1).

In studies assessing the use of chlorhexidine for perioperative 
skin antisepsis, 3% parachlorometaxylenol, 0.7% povidone 
iodine + 74% isopropyl alcohol, and 2% chlorhexidine + 
70% isopropyl alcohol were used during foot surgery. The 
chlorhexidine + alcohol combination significantly decreased 
the foot flora compared to other combinations (19). In another 
study on scapular surgery, 0.7% iodine + 74% isopropyl 
alcohol, 2% chlorhexidine+70% alcohol, and 0.75% iodine 
scrub + 1% iodine application were compared. It was 
found in that study that the chlorhexidine + alcohol mixture 
decreased the staphylococcal skin bacteria at the incision 
area (23). In a randomized clinical study, 4% chlorhexidine 
and 10% povidone iodine were compared and it was found 
that chlorhexidine is more effective in decreasing the skin flora 
for 30 minutes (7). The study results were similar considering 
that 60% of the infectious agents were skin floral bacteria in 
shunt infections, although 4% chlorhexidine was not used and 
a decrease in floral bacteria was not considered. Moreover, it 
is recommended to use intraoperative skin preparations with 
an alcohol-based antiseptic agent unless contraindicated (4). 
Thus, 2% chlorhexidine + 70% alcohol was used to prevent 
surgical-site infections (SSIs) in our study.

Considering the result assessing studies for single or multiple 
precautions, the effect of single-application techniques on the 
incidence of shunt infections was assessed in 12 studies that 
were not multicentered. Many studies showed that surgical 
preparation is important (24). In a single-measure application, 
two studies showed significant differences between groups 
when the effect of depilation on decreasing the infection rate 
was assessed. It was found that shaving the scalp was not 
a critical step for the prevention of cerebrospinal fluid shunt 
infection (12,20). It was found in a single application that 
using double gloves (the glove’s exterior was taken off before 
implantation) decreased the infection rates compared to the 
normal control groups (25). In another single-application case–
control study of 111 patients, double gloves were worn and the 
exterior of the glove was removed prior to handling the shunt. 
The infection rate in the control group was 16.33%, whereas 
it was 3.77% in the double-gloved group. This was shown to 
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chlorhexidine with use of iodine for preoperative skin 
antisepsis to prevent surgical site infection. Infection Control 
& Hospital Epidemiology 31:1219-1229, 2010

16. Mitchell K, Barker A, Abad CL, Safdar N: Infection control at 
an urban hospital in manila, philippines: A systems engineer-
ing assessment of barriers and facilitators. Antimicrobial Re-
sistance and Infection Control 6: 2-9, 2017

17. Ngam C, Hundt AS, Haun N, Carayon P, Stevens L, Safdar 
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prevention. A nursing perspective. American Journal of 
Infection Control 45:1363-1368, 2017

healthcare personnel and to prevent infections, as well as the 
studies using this method, the Systems Engineering Initiative 
for Patient Safety model represents an approach oriented at 
innovative human factor engineering regarding patient safety. 
This model has a multi-interactional study system at its center, 
and it includes the person, duties, tools and technologies, 
physical environment, and organizational conditions. In a 
qualitative study under the guidance of this system, a work 
analysis was prepared regarding the prevention of Clostridium 
difficile, hand hygiene, and contact isolation. Obstacles 
including few, poorly located, and untidy sinks; lack of hot 
water; and not knowing where to wash hands negatively 
affected hand hygiene. Organizational factors significantly 
affect compliance to bundled approaches (27). This system 
is used to prevent C.difficile infections, assess obstacles 
and facilitators, and promote studies, and it is also helpful 
in assessing infection prevention practices and determining 
promoting opportunities (17). In a qualitative study using 
this system in India, where hospital infections are high, the 
facilitators and obstacles regarding hospital infection control 
applications were assessed (3). This system was also applied 
in another study and the obstacles were assessed. The 
results of this study showed that hospital infections could be 
prevented through a comprehensive work analysis, thereby 
maximizing the resources to overcome the known obstacles 
for infection control through a system engineering approach 
(16). This system can be used to assess the reasons why the 
anesthesiology team had low compliance to hand hygiene 
and surgeries were not the first surgeries in the morning.

█   CONCLUSION
In this study, triple bundle prevention in the applied protocol 
significantly reduced the shunt infection rate in the study group 
compared to the control group (p<0.005). These findings 
and results revealed the importance of creating a prevention 
protocol and following it to prevent shunt infections.

Planned bundle precautions should be used to ensure the 
prevention of hospital infections. The low usage of bundle 
measures by health professionals is a matter to be resolved. 
A higher rate of using bundle precautions will yield lower 
infection rates.
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