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Abstract 

Problem: In a small community hospital, Povidone-Iodine (PVP-I) is the primary skin 

preparation for regional anesthetics despite evidence that chlorhexidine gluconate in alcohol 

(CHG-alcohol) is more effective at decreasing bacterial colonization on the skin and catheter 

tips. 35 knee and hip arthroplasty procedures with neuraxial anesthesia occur weekly. with 89% 

receiving PVP-I skin preparation due to CHG-alcohol unavailability. Purpose: This quality 

improvement initiative aimed to improve antimicrobial skin preparation by increasing the 

availability of CHG-alcohol for skin preparation in adults receiving neuraxial anesthesia for hip 

or knee surgeries. Methods: The project lead worked with site leaders to ensure adequate supply 

of CHG-alcohol for the anesthesia department and in the operating rooms. Staff were educated, 

and attendance and stocking data were collected via direct observation on week one. CHG-

alcohol use compliance was monitored weekly via chart review and EPIC-generated reports—

staff received weekly updates. Adults receiving neuraxial anesthesia for total knee or total hip 

arthroplasty procedures were included; exclusions were a chlorhexidine allergy. Strategies 

included early adopters, change champions, collaboration, communication, and increased 

accountability and buy-in. Team members included the project lead, site sponsor, clinical site 

representative, anesthesia technicians, and anesthesia providers. Results: All 41 anesthesia 

providers received written education, and 38 attendees attended the in-person education sessions. 

CHG-alcohol supply was 100% available. 545 patients were included and three were excluded. 

After improving availability, CHG-alcohol use increased to a median compliance of 77% and 

averaged 77% compared to 11% pre-implementation. Conclusions: Findings suggest increased 

availability of CHG-alcohol improved compliance with CHG-alcohol skin preparation. 

Key Words: Spinal Anesthesia, Antiseptic, Quality Improvement 
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Implementing Chlorhexidine Skin Preparation to Improve Antimicrobial Skin Preparation 

for Neuraxial Anesthetics 

Problem 

Evidence shows the best skin antiseptic to prevent bacterial colonization on the skin and 

at the end of catheters is chlorhexidine gluconate in alcohol (CHG-alcohol), yet, providers at a 

small community hospital in the northeast region still used povidone-iodine (PVP-I) as the 

primary skin preparation for regional anesthetics (Harkouk et al., 2021; Kinirons et al., 2001; 

Malhotra et al., 2011; Masuyama et al., 2021; Mimoz et al., 2015; Sakuragi et al., 1995; Sato et 

al., 1996). PVP-I was the default skin antiseptic at this facility due to its availability in the 

anesthesia supply room and in insertion kits—alternatively, chlorhexidine had to be obtained 

separately from insertion kits and was not available in the supply room. Despite not stocking 

chlorhexidine in the anesthesia supply room, chlorhexidine was available in the main hospital 

supply. See Figure 1 for a fishbone diagram identifying the root causes of using PVP-I instead of 

CHG-alcohol as skin preparation. The main categories were supply-related, patient-related 

factors, provider-related factors, and budget-related factors.  

At this site, approximately 35 total hip and total knee arthroplasties were performed 

weekly with neuraxial anesthesia, and 89% of these used PVP-I instead of CHG-alcohol as skin 

preparation.  While infections associated with these procedures are rare and are estimated to 

occur in less than 0.01% of patients (Videria et al., 2002), they are costly, can cause increased 

hospital stays and patient discomfort. The cost of CHG-alcohol was predicted to be minimal due 

to the decreased use of PVP-I. The purpose of this quality improvement (QI) project was to 

improve antimicrobial skin preparation by using chlorhexidine skin preparation for neuraxial 

anesthetics.  
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Aims and Available Knowledge 

To evaluate the best practice for skin preparation for regional anesthetics, a search was 

conducted using PubMed, SCOPUS, and EMBASE databases. Results were narrowed to include 

randomized controlled trials and systematic reviews, and a selected number of studies older than 

8 years were included due to the seminal nature of the studies. The evidence to support 

chlorhexidine as the ideal skin preparation compared to PVP-I is high level 1B evidence based 

on the Johns Hopkins Nursing Evidence-Based Practice Evidence Level and Quality Guide 

(2017) and a summary of the evidence is available in the evidence review table (Table 1), and 

evidence synthesis table (Table 2). 

Overall, the evidence supports CHG-alcohol is better at preventing bacterial colonization 

on the skin and at the end of catheters compared to chlorhexidine gluconate alone or PVP-I 

(Harkouk et al., 2021; Kinirons et al., 2001; Malhotra et al., 2011; Masuyama et al., 2021; 

Mimoz et al., 2015; Sakuragi et al., 1995; Sato et al., 1996). Some studies evaluated bacterial 

colonization on the skin (Malhotra et al., 2011; Sakuragi et al., 1995; Sato et al., 1996), some 

measured bacterial colonization at the end of catheters (Harkouk et al., 2021; Kinirons et al., 

2001; Masuyama et al., 2021; Mimoz et al., 2015), and some additionally measured infection 

rates (Masuyama et al., 2021; Mimoz et al., 2015). Concentrations of chlorhexidine varied from 

0.5% to 2%, but overall, the evidence supports 0.5% or higher is effective for adequate skin 

preparation (Harkouk et al., 2021; Kinirons et al., 2001; Malhotra et al., 2011; Masuyama et al., 

2021; Mimoz et al., 2015; Sakuragi et al., 1995; Sato et al., 1996). Refer to Table 2 for evidence 

synthesis, conclusions, similarities, and differences.   

The first goal of this project was to obtain a supply of chlorhexidine for the Department 

of Anesthesia by August 28, 2023.  The second goal was to educate 100 percent of the anesthesia 
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providers on the use of chlorhexidine for skin preparation for neuraxial anesthetics during the 

first two weeks of the implementation period. The third goal was 100 percent compliance with 

using chlorhexidine as skin preparation for neuraxial anesthetics in orthopedic procedures after 

the educational timeframe and during the project implementation period.  

Rationale 

The Promoting Action on Research Implementation in Health Services (PARIHS) 

Framework was selected to guide the implementation of this QI project; Figure 2 depicts a visual 

representation of the PARIHS framework. Based on the PARIHS Framework, the success of this 

intervention was a function of three main factors: evidence, context, and facilitation (Kitson et 

al., 1998). Strong evidence exists for the use of chlorhexidine over other alternatives.   The 

context to support the successful implementation of this project included a culture generally 

supportive of the intervention, leadership supportive of the intervention including the chief 

anesthesiologist at the site who also served as the sponsor for this project, and positive data 

results to support the change. Facilitation was expedited by clearly defined roles. Anesthesia 

technicians facilitated stocking chlorhexidine and placed it in supply kits, and anesthesiologists 

and nurse anesthetists used chlorhexidine as preparation and encouraged others to do so as well.  

Methods 
Context 

Contextual elements at the site generally supported the outset of introducing 

chlorhexidine into the anesthesia supply for use as skin preparation due to a positive culture, 

climate, and available resources. The culture and climate at the site were assessed and were 

generally supportive of change. Some of the staff were already familiar with the intervention and 

were pushing for change, other staff were interested in the intervention and were willing to 
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discuss research in support of the project. Additionally, informatics professionals were able to 

assist in creating reports for data collection.  

Resources important to the intervention included general support from staff, support from 

management, support from the staff stocking the supply room, and support from informatics 

professionals to assist in data collection. Physical resources important to the intervention 

included chlorhexidine availability in the hospital. 

Roles of the staff included anesthesia technicians stocking supplies in the anesthesia 

supply room and in the operating room—making supplies available for the anesthesia providers 

performing procedures requiring skin preparation. Processes evaluated included the workflow of 

obtaining supplies in the hospital, the process of requesting and stocking new supplies in the 

anesthesia supply room, the process of documenting procedures, including skin preparation, and 

the current workflow for anesthesia providers performing these procedures. See Figure 3 for the 

original process map of choosing skin preparation and Figure 4 for the desired process map for 

choosing skin preparation.  Based on the assessment, extending chlorhexidine supply to the 

anesthesia supply room to facilitate providers’ use of the evidence-based intervention was 

achievable within the proposed timeframe.  

Intervention 
The intervention addresses the root cause of using PVP-I skin preparation instead of 

CHG- alcohol despite chlorhexidine being shown to reduce bacterial colonization better than 

PVP-I. The intervention addressed the inadequate supply by first ensuring chlorhexidine was 

supplied to the anesthesia department through facilitation by the anesthesia technician involved 

in stocking the workroom. The second step was to facilitate easy access to chlorhexidine by 

adding it to supply kits in rooms where neuraxial anesthesia is anticipated to be performed.  
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Educational materials were created and distributed to anesthesia providers at the site 

regarding the availability of the newly stocked chlorhexidine and the implications on workflow; 

the evidence was reviewed to explain the benefits of switching to chlorhexidine skin preparation 

and why this change is warranted. Educational materials were developed and the education phase 

of implementation was completed within the first two weeks of implementation.  

Approaches to accomplish project goals encompassed strategies outlined by Bingham & 

Main (2010). These strategies included securing formal commitments and soliciting feedback 

from providers, offering clinical supervision to enhance accountability, bolstering buy-in by 

elevating demand for the intervention, fostering collaboration and communication by identifying 

early adopters and champions, issuing reminders to providers, offering consultation, and 

formulating a blueprint. Education was promoted by providing demonstrations, meetings, and 

educational materials were developed and distributed to clinical team (Bingham & Main, 2010). 

The implementation timeframe was from August 28, 2023 through December 16, 2023. 

Measurement 

The first process goal was to educate 100% of the staff within two weeks of the 

implementation period and was measured via observation, utilizing the Research Electronic Data 

Capture (REDCap) tool in Appendix A, and is defined by dividing the total amount of anesthesia 

providers educated by the total number of anesthesia providers. The second process goal was 

chlorhexidine would be available in neuraxial supply kits put together by the anesthesia 

technicians by the start of the implementation period. This was measured via observation 

utilizing a REDCap tool available in Appendix B and is defined by taking the total number of 

supply kits with chlorhexidine available in them and dividing by the total number of supply kits. 
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This tool also assessed chlorhexidine in the supply room and whether it is available in rooms 

targeted for this project.  

After the two-week educational period was completed, the third process goal measured 

the compliance rate of using chlorhexidine preparation for neuraxial procedures. Electronic data 

from the chart was gathered via chart audit and recorded in the REDCap tool in Appendix C. 

This was measured by dividing the number of neuraxial procedures done with chlorhexidine 

preparation by the total number of neuraxial procedures completed.  

All three REDCap tools were created for the purpose of this project and therefore, have 

no reliability and validity information available. These measurement tools were chosen because 

they were specifically made to measure the goals of the QI project. The project lead measured all 

three goals with REDCap tools, however, the third goal was assisted by a chlorhexidine 

compliance report made by informatics professionals. Contextual elements pertaining to 

efficiency, cost, culture, climate, and environment were discussed as they surfaced.  

The QI Project aimed to demonstrate change over the implementation period of 15 weeks 

by evaluating data on a weekly basis. Weekly data included chlorhexidine compliance in 

orthopedic surgeries where a neuraxial procedure was performed via the Chlorhexidine Chart 

Audit Tool (Appendix C). Data was incorporated into a run chart to evaluate trends over time. 

The run chart was analyzed for shifts, trends, and astronomical data points and data was 

identified as normal random variability or special-cause where the cause was addressed. 

Conversations with staff on perceived barriers regularly occurred to identify and address barriers 

to compliance. Descriptive statistics were used to report education compliance. Over time, 

compliance was anticipated to start low and increase with slight variations up or down.   

Ethical Considerations  
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  This QI project complies with ethical standards of non-maleficence, justice, autonomy, 

and beneficence. The goal of the project was to encourage the use of the best antimicrobial skin 

preparation available. For safety, chlorhexidine should have adequate time to dry before 

proceeding with any procedure and this information was included in provider education, 

however, in comparison, povidone-iodine also requires drying time for effectiveness. The QI 

project was conducted with honesty and integrity and protected patients’ privacy by de-

identifying data via the University of Maryland, Baltimore REDCap– a password-protected, 2-

factor authenticated, Health Insurance Portability and Accountability Act of 1996 (HIPAA)-

compliant server over a virtual private network (Harris et al., 2009; Harris et al.,2019). There 

were no anticipated conflicts of interest. Project approval was obtained by the department head, 

the site administrator, and the affiliate administrator; the medical system protocol for quality 

improvement projects was followed. Approval was obtained from the Institutional Review Board 

(IRB) of the University and the Human Research Protections Office deemed the project’s 

research status to be Non-Human Subjects Research therefore the QI project moved forward 

without further IRB intervention. The project site accepted the University’s determination letter 

and site approval was obtained to proceed. 

Results 

Initial intervention steps included stocking CHG-alcohol and education, then week four 

began weekly project updates using posters for staff to follow progress.  Discussions occurred 

throughout the implementation timeframe.  Descriptive statistics were used to evaluate 

compliance of chlorhexidine stocking, education attendance, and compliance with CHG-alcohol 

skin preparation use.  CHG-alcohol use compliance was plotted weekly on a run chart depicted 

in Figure 5, with notable influential events annotated during the week of occurrence.   
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Of 41 anesthesia providers in the department, 100% received written education pre-

implementation.  Three in-person education sessions occurred during pre-implementation, during 

implementation week one, and during a staff meeting on week three; 38 total attendees were 

present between the three education sessions. However, a compliance percentage cannot be 

calculated due to the possibility of repeat attendees being counted twice.  CHG-alcohol supply 

was 100% available in the anesthesia supply room and in the operating room supply bags at the 

beginning of the implementation timeframe. Categorical data results are available in Table 3.  

545 patients were included by meeting the criteria of an adult receiving neuraxial anesthesia for a 

total hip or total knee arthroplasty procedure.  Of these, three patients were excluded due to an 

allergy to chlorhexidine.  CHG-alcohol use increased after improving CHG-alcohol availability; 

median compliance was 77% compared to the 11% pre-implementation compliance rate.  

Compliance ranged from a low of 51% on week one to a high of 97% on week nine.  Compliance 

averaged 77%.  Total compliance is depicted in the Pie Chart in Figure 6.  Analysis of the run 

chart in Figure 5 depicts an appropriate number of runs for 15 observation points, no 

astronomical data points, no shifts, and one initial upward trend during the first six weeks of 

implementation. 

Discussion 

A key finding is the marked increase in CHG-alcohol compliance from 11% to a median 

of 77% after the implementation of increased availability of CHG-alcohol.  The project had an 

impact on workflow for both anesthesia technicians and anesthesia providers requiring 

adjustment time, but the increased use of CHG-alcohol as the better antimicrobial skin 

preparation demonstrates the benefits to patients. Sustainability planning includes the permanent 

stocking of CHG-alcohol, and permanent changes in workflow continuing after the project was 
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complete.  Overwhelming support from current staff and the education of new oncoming staff 

are strategies planned to improve sustainability. Increasing the availability of CHG-alcohol at 

other sites could improve compliance with use, but due to the unique changes in processes and 

structures specific to this site, results may not generalizable to other settings.   

The initial upward trend in the run chart in Figure 5 correlates with the beginning of the 

project, stocking the CHG-alcohol, and educating providers. An increase in compliance 

continued once updated project posters were used to facilitate communication as an 

implementation strategy during week four. However, the run chart has no significant trends or 

shifts correlating with this.   

Project limitations include the method of tracking in-person education did not allow for 

easy identification of the same staff attending multiple sessions, however all staff received 

written educational material.  Additionally, the project lead spent the first nine weeks full-time at 

the project site and could have influenced compliance to be higher through encouragement to 

adhere to the project. Starting in week ten, the project lead spent significantly less time at the 

site, which may have influenced down-trending compliance rates observed after this point. 

Discussions on barriers regularly occurred and common barriers included lack of confidence in 

using a new skin preparation, lack of faith in the intervention due to the insertion kits standardly 

coming with the PVP-I, and compliance hesitation due to concerns over drying time and changes 

in workflow.   

Conclusion 

Overall, increasing CHG-alcohol availability coupled with implementation strategies 

inspired by Bingham & Main (2010) appear to increase compliance with using CHG-alcohol as 

the primary skin preparation for neuraxial anesthetics in patients receiving orthopedic total hip or 
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total knee arthroplasty procedures.  Strengths of this project include the improved outcome, the 

use of IT reports in conjunction with chart reviews and direct observation as methods of 

collecting Data for storage in REDCap, and a positive outlook on sustainability. Due to the 

unique changes in processes and structures specific to this site, results are not generalizable to 

other settings. Change is anticipated to be sustained through permanent changes in the processes 

and structures, as key players maintain the stock of CHG-alcohol in the anesthesia supply and 

operating rooms and continue to encourage use by new staff. To foster sustainability, the results 

of this QI project have been disseminated to the site during a monthly staff meeting. Future QI 

projects at this site could expand this topic to include peripheral nerve blocks and arterial lines, 

include other surgical populations, or anesthesia sites outside of the operating room with 

additional assessments of unique structures and processes specific to those sites and populations.  

Additionally, improvement recommendations include recording attendance for each individual 

education session and recording outcome measures such as infection rates or bacteria count. 

Guidance for the typed manuscript was inspired and influenced by Standards for Quality 

Improvement Reporting Excellence (SQUIRE) 2.0 guidelines (n.d.).   
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Table 1 
Evidence Review Table 

Citation #1: Harkouk, H., Thibault-Sogorb, T., Beauchet, A., Espinasse, F., Lawrence, C., Martinez, V., & Fletcher, D. (2021). Two per cent alcoholic 
chlorhexidine versus alcoholic five per cent povidone-iodine for the prevention of perineural catheter colonisation: The CHLOVEPI randomised, 
controlled trial. Anaesthesia, critical care & pain medicine, 40(1), 100790. https://doi.org/10.1016/j.accpm.2020.100790  

Level: I A 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

The purpose of this 
research study was 
to compare 2% 
chlorhexidine in 
alcohol and 
povidone-iodine in 
alcohol for 
preventing 
bacterial 
colonization in 
peripheral nerve 
catheters in 
orthopedic 
surgeries.  

  
  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Research: 
Prospective, 
randomized 
controlled 
trial 
 
 

Sampling technique: Convenience 
sampling.  
 
Eligible Participants: Adults with an 
ASA score of 1-3 having orthopedic 
surgery or emergency trauma surgery that 
required a peripheral nerve catheter for 
postoperative pain control.  

 
Setting: University Hospital in Paris, 
France.  

 
Excluded: Exclusions included pregnant 
or breastfeeding women, or patients with 
contraindications to the use of iodine, 
chlorhexidine, or peripheral nerve 
catheters including refusal, failed catheter 
placement, catheter displacement, need to 
change the dressing and cleaning the site 
again, and lack of the catheter being sent to 
the lab to be evaluated.  

 
Accepted: 160 were accepted, and 113 
were analyzed as 47 did not meet the 
criteria.  

 
Control: the iodine in the alcohol group 
consisted of 55 people.  

 
Intervention: Chlorhexidine in the alcohol 
group consisted of 58 people. 

 
Power Analysis: Power 1-Beta 80%, 
alpha risk 5%, and anticipated 20% 
missing data, 110 participants were 

Control Protocol: The control group 
received povidone-iodine. The area 
was cleaned with povidone-iodine 
scrub 4% then rinsed with 0.9% 
NaCl then allowed to dry, then 
povidone-iodine in alcohol 5% was 
applied  

 
Intervention Protocol: The puncture 
area was not cleaned with povidone-
iodine scrub 4%, and 2% 
chlorhexidine in alcohol was applied. 
The procedure was otherwise the 
same.  

 
Treatment Fidelity: For both 
groups, the patients were instructed 
to shower that morning with the same 
type of soap, catheters were placed 
aseptically with the provider 
performing hand hygiene with the 
same kind of sanitizer, and surgical 
clothing. Afterward, both groups 
were draped and punctured in the 
same fashion with a sheath cover 
around the ultrasound probe and 
cable. The sterile gel was used for 
both groups and both groups did not 
involve the catheter being tunneled 
under the skin. Equipment was 
disinfected in the same manner for 
each group. Both groups were 
monitored for infection signs, the 
duration of use was noted, and the 
catheter was removed per nursing 

Dependent Variable: 
Incidence of bacterial 
colonization of peripheral 
nerve catheter.  

 
DV Measure: positive 
results for bacterial 
colonization of the 
catheter tip were more 
than 1000 colony-forming 
units per milliliter. If 
multiple bacteria were 
found, the numbers were 
separately evaluated for 
the different bacterium 
types.  

Statistical results: 
Quantitative data 
were evaluated using 
Student’s T-test, chi-
squared tests and 
fisher’s exact tests. P-
values of <0.05 were 
considered 
significant.  

 
Conclusions: 2% 
chlorhexidine in 
alcohol significantly 
decreases bacterial 
colonization of 
peripheral nerve 
catheters compared to 
5% povidone-iodine 
in alcohol (p=0.01). 
No adverse effects 
from skin prep 
occurred, and no 
infections occurred.   
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required.  
 

Group homogeneity: look at p values in 
demographics to see if clinical 
characteristics were the same.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

protocol with the tip being placed in 
a sterile tube and sent to the 
bacteriology department for culture.   
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Citation #2: Kinirons, B., Mimoz, O., Lafendi, L., Naas, T., Meunier, J.-F., & Nordmann, P. (2001). Chlorhexidine versus Povidone Iodine in 
Preventing Colonization of Continuous Epidural Catheters in Children: A Randomized, Controlled Trial. Anesthesiology, 94(2), 239–244. 
https://doi.org/10.1097/00000542-200102000-00012 

Level: I A 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

 The purpose of 
this research study 
was to determine 
whether 
chlorhexidine in 
alcohol or 
povidone iodine is 
the best skin 
preparation to 
prevent catheter 
colonization in 
patients receiving 
an epidural.  

 
  
  
  
 
 
 
 
 
 
 
 
 
 
 

 
 

Research: 
Prospective 
randomized 
controlled 
trial 
 

 
 
 

Sampling technique: Convenience 
Eligible Participants: People 15 years old 
or younger scheduled for abdominal, lower 
extremity, or urologic surgery getting an 
epidural placed.  

 
Setting: University hospital in France.  

 
Excluded: Those with allergies to the skin 
prep were excluded as well as those with 
clotting deficiencies, low white blood 
cells, current infection, 
immunosuppression, and neurological 
disease.  

 
Accepted: 100 were eligible, 96 were 
evaluated.  

 
Control: 44 patients received povidone-
iodine 

 
Intervention: 52 patients received 
Chlorhexidine in alcohol.  

 
Power Analysis: Beta- 80%, alpha- 5%, 
96 catheters would be necessary for this 
power level.  

 
Group homogeneity: clinical 
characteristics were similar in the groups.  
 
 
 
 
 

Control Protocol: Patients were 
prepped with 10% povidone-iodine 
in an aqueous solution for at least 10 
seconds and allowed to dry before 
reapplication.  
Intervention Protocol: Patients 
were prepped with chlorhexidine in 
alcohol for 10 seconds and allowed 
adequate drying time. 
Treatment Fidelity: The groups 
were treated the same besides the 
choice of antibacterial skin 
preparation. Many patients received 
antibiotics according to their surgery 
needs but did not receive antibiotics 
for the catheter itself. Catheters were 
placed in the same sterile fashion by 
the anesthesia team following 
surgical hand washing and 
appropriate sterile gowns and gloves 
and masks. Both antiseptics were 
applied for at least 10 seconds and 
allowed to completely dry. All 
catheters received a sterile dressing 
after placement. Anesthetic epidural 
medications were changed every 24 
hours and ports were cleaned with 
70% alcohol. Dressings were not 
changed. Once catheters were 
removed, they were sent for 
evaluation of colonization.  

Dependent Variable:  
Catheter colonization.  

 
DV Measure:  
Per the CDC’s definition 
of catheter colonization, 
they determined catheter 
colonization occurred 
when growth of 1000 or 
more colony forming 
units per milliliter formed 
at the catheter tip.  

Statistical results: 
Mann-Whitney U test 
was used for 
continuous variables, 
and the fisher exact 
test or chi-square test 
was used for 
categorial variables. 
Two-tailed tests with 
p-values of <0.05 
were considered 
significant.  

 
Conclusions: the 
catheters that were 
prepped with 
chlorhexidine in 
alcohol were less 
likely to be colonized 
with bacteria than 
those prepped with 
povidone-iodine 
(P=0.02).  
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Level 1 B 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

 The purpose of 
this research study 
was evaluate 
whether one or two 
applications of 
chlorhexidine in 
alcohol is required 
for adequate skin 
preparation before 
neuraxial 
anesthesia.  

 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

Research: 
Prospective, 
single blind, 
experimental 
research 
study 

Sampling technique: Convenience 
 
Eligible Participants: Healthy volunteers  

 
Setting: Not disclosed.  

 
Excluded: Those with an allergy to 
chlorhexidine, current infection, or lesions 
on the back, and use of antibiotics within 
the last week.  

 
Accepted: 309 participants, 927 agar 
plates.  

 
Control: 309 participants, 309 agar plates 
before one chlorhexidine application, 309 
agar plates after one application.  

 
Intervention: 309 participants, 309 agar 
plates after two applications.  

 
Power Analysis: alpha 5%, beta 80%, 
requires a sample size of 400.  

 
Group homogeneity: The intervention 
and control groups were the same groups 
of people at different points in time.  
 
 
 
 
 
 
 
 

Control Protocol: Each participant 
received the same prep of 
chlorhexidine in alcohol sprayed to 
the lumbar region. Before and after 
one application, agar plate swabs 
were collected.  

 
Intervention Protocol: The 
intervention group received the first 
swab and two samples taken, then 
additionally received a second spray 
of chlorhexidine in alcohol and an 
additional swab and agar plate 
sample after the second spray. 

 
Treatment Fidelity: Everything was 
the same for the three compared 
groups (no spray, one spray, two 
sprays) and contact plates were 
labelled anonymously in a fashion 
that the anesthetist and 
microbiologist did not know which 
plate came from what part of the 
study.  

Dependent Variable: 
Bacterial growth after one 
and two applications of 
chlorhexidine in alcohol.  

 
DV Measure: The 
dependent variable was 
measured by evaluating 
bacterial growth on an 
agar contact plate once 
before and twice after 
skin preparation. Growth 
on these plates were a 
subjective measurement.  

Statistical results: 
Chi-squared test. 
Values are 
considered 
significant if p<0.05.  

 
Conclusions: There 
were no difference 
between bacterial 
colonization after 1 
application of 
chlorhexidine in 
alcohol compared to 
2 applications. One 
application of 
chlorhexidine 
gluconate in alcohol 
would be sufficient 
preparation before 
neuraxial anesthesia.  
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Level 1 A 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

 The purpose of 
this research study 
was determining 
the most effective 
antiseptic skin prep 
to prevent catheter-
related 
bloodstream 
infections. 
Chlorhexidine in 
alcohol was 
compared to 
Povidone-iodine in 
placements of 
central venous 
catheters and 
arterial catheters.  

 
  
 

 
 
 
 
 
 
 
 
 
 
 

Research: 
Systematic 
Review of 
randomized 
controlled 
trials with 
meta-analysis 
 
 
 

Sampling technique: Convenience. 
 
Eligible Participants: adults at least 18 
years old with underlying illness and a 
central venous catheter or arterial catheter.   
 
Accepted: 1511 records were initially 
yielded, the best 5 were selected.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Control Protocol: Povidone-Iodine 
skin preparation before catheter 
related procedures.  

 
Intervention Protocol: 
Chlorhexidine preparation before 
catheter-related procedures.  

 
 

Dependent Variable: 
Catheter-related 
bloodstream infection rate 
and catheter colonization. 

 
DV Measure: incidence 
of infection. 

Statistical results: 
There was no 
significant difference 
between 1% and 2% 
chlorhexidine in 
alcohol, but 1% was 
associated with less 
catheter related 
bloodstream 
infections than lower 
concentrations of 
chlorhexidine in 
alcohol or povidone 
iodine.  

 
Conclusions: 1% 
Chlorhexidine in 
alcohol was 
associated with 
reduced risk of 
catheter-related 
bloodstream 
infections compared 
to lower percentages 
of chlorhexidine in 
alcohol and povidone 
iodine.  
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Level 1 A 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

The purpose of this 
research study was 
to determine the 
best skin prep in 
catheter related 
infections. 2% 
Chlorhexidine in 
alcohol is 
compared to 5% 
povidone-iodine 
and agents are 
compared with 
vigorous scrubbing 
and lack thereof.  

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Research: 
Prospective, 
single blind 
multicenter, 
randomized 
controlled 
trial 
 

 
 
 

Sampling technique: Convenience. 
Eligible Participants: Adults at least 18 
years old in the ICU requiring either a 
central venous catheter, or arterial catheter.  

 
Setting: 11 Intensive Care Units in France.  

 
Excluded: allergies to chlorhexidine or 
povidone-iodine or ethanol, current 
infection, emergent placement of catheter, 
difficult catheter insertion, terminal 
patients, pregnant or breastfeeding women.  

 
Accepted: 2546 patients were eligible to 
participate.  

 
Control: 1168 were assigned to the 
povidone-iodine group.  

 
Intervention: 1181 were assigned to the 
chlorhexidine in alcohol group.  

 
Power Analysis: alpha is 5% two-sided, 
and beta is 80% for a required sample size 
of 2256 which is met.  

 
Group homogeneity: the groups had 
similar baseline characteristics and met 
group homogeneity.  
 
 
 

Control Protocol: those receiving 
povidone-iodine were applied in a 
circular movement for at least 30 
seconds starting from the insertion 
site and moving outward. The two-
step procedure was done by cleaning 
for 15 seconds, rinsing, then cleaning 
for 15 seconds again before dried 
with sterile gauze.  

 
Intervention Protocol: 
chlorhexidine was administered in a 
back and forth scrubbing motion for 
at least 30 seconds, or 15 seconds in 
the two-step procedure followed by a 
rinse and another 15 second scrub.  

 
Treatment Fidelity: groups were 
randomized and masked to the 
statistician. All participants received 
the French recommended standard of 
care for catheter insertion and care 
which is similar to CDC 
recommendations. All patients were 
appropriately draped, then occlusive 
sterile dressings were placed after 
insertion. Dressings were changed at 
24 hours, then every 3-7 days per 
standard of care.  

Dependent Variable: 
Infection complications 
such as bacterial 
colonization, infection, 
and blood stream 
infections.  

 
DV Measure: incidence 
of catheter-related 
infections, blood stream 
infections, and bacterial 
colonization.  

Statistical results: 
marginal cox model.  

 
Conclusions: 
Chlorhexidine in 
alcohol was 
associated with a 
lower incidence of 
catheter related 
infections compared 
to povidone-iodine 
(P=0.0002). 
Chlorhexidine in 
alcohol should be 
included in all 
catheter insertions.  
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Level I B 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures Primary 
Outcome/Measures Results Conclusions 

 The purpose of 
this research study 
was to determine 
the skin prep with 
the most 
bactericidal 
activity against 
Methicillin 
susceptible and 
methicillin 
resistant 
staphylococcus 
aureus. It compares 
Chlorhexidine, 
chlorhexidine in 
alcohol, and 
povidone-iodine.   

  
  
 
 
 
 
 
 
 

 
 
 
 
 
 

Research: 
Prospective, 
experimental 
research 
study (non-
human) 
 

 
 
 

Sampling technique: Convenience. 
Bacteria was isolated from two patients at 
a hospital in Japan.  
 
Eligible Participants: MRSA and MSSA 
from patients in a hospital in Japan.  

 
Setting: A hospital in Japan. 
 
Accepted: two strains of MSSA and 4 
strains of MRSA were used. 

 
Control: not clearly stated. 6 types of 
bacteria are analyzed but unclear how 
many times.  

 
Intervention: not clearly stated.  

 
Power Analysis: not clearly stated.  

 
Group homogeneity: The bacteria are 
classified by strain and gene. The 
suspensions and inoculations all created 
with them are consistent. These were taken 
from patients.  
 
 
 
 
 
 
 
 
 
 
 

Control Protocol: each inoculum 
was measured to reach a bacterial 
density of 2 x 106 CFU/milliliter. the 
control protocol placed the bacterial 
inoculum in normal saline.  

 
Intervention Protocol: each 
inoculum was measured to reach a 
bacterial density of 2 x 106 
CFU/milliliter. the intervention 
protocol placed the bacterial 
inoculum in chlorhexidine, 
chlorhexidine in alcohol, or 
povidone-iodine.  

 
Treatment Fidelity: Once 
inoculation and placement in solution 
was done the intervention and control 
groups were inactivated and 
measured at 15 seconds, 30 seconds, 
60 seconds, 120 seconds, and 240 
seconds. Then bacterial colony count 
was evaluated.  

Dependent Variable: 
Bactericidal effect.  

 
DV Measure: This was 
measured using 
inoculated MRSA and 
MSSA that was exposed 
to the antibacterial agents, 
then inactivated. The 
colony count was 
measured and compared 
to the control group.  

Statistical results: 
randomization test 
was used with a p 
value of <0.05 was 
considered 
significant. All the 
strains grew colonies 
after being exposed 
to chlorhexidine 
alone or povidone-
iodine alone. 
Chlorhexidine in 
gluconate in alcohol 
had the most 
significant difference 
in bacterial colony 
count after 15 
seconds (p<0.01) and 
30 (p<0.05) seconds 
compared to the 
others.  

 
Conclusions: 
Chlorhexidine in 
alcohol may be a 
better skin 
preparation before 
epidural than 
chlorhexidine alone 
or povidone-iodine 
based on the results 
that it is more rapid 
and more potent.  
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Level I B 

Purpose or 
Hypothesis 

Type of 
Evidence 
and 
Research 
Design 

Sample (population, size, setting) Intervention Procedures 
Primary 
Outcome/Measures 

Results Conclusions 

The purpose of this 
research study was 
to evaluate 
organisms on skin 
after skin is 
prepared with 
disinfectants to 
better understand 
the mechanism of 
epidural infection 
after block.  

 
  
  
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Research: 
Prospective, 
Experimental 
Research 
study 
 
 
 

Sampling technique: Convenience. 
 
Eligible Participants: patients receiving 
elective back surgery with an ASA class of 
1-2 and consented for research.  

 
Setting: Not stated.  

 
Excluded: people with skin infections 
were not allowed to participate.  

 
Accepted: 69 paired specimens total from 
60 patients receiving back surgery yielding 
13 species of staph.   

 
Control: 34 received povidone iodine 

 
Intervention: 35 received chlorhexidine in 
alcohol.  

 
Power Analysis: not stated.  

 
Group homogeneity: not available. 60 
patients with back surgery meeting 
inclusion and exclusion criteria. However, 
the available bacteria found in samples fell 
into 13 categories.   

Control Protocol: one group was 
disinfected with povidone iodine 
three times before a skin sample was 
taken from the surgical site.   

 
Intervention Protocol: the other was 
disinfected with chlorhexidine and 
the surgical site sample was taken.  

 
Treatment Fidelity: both were 
otherwise draped in a sterile fashion 
and samples were placed on sterile 
plates to view under the microscope.  

Dependent Variable: 
Bacterial growth 

 

DV Measure: of the 
paired specimens, one 
specimen was inoculated 
in broth to view bacterial 
colony count in 
comparison to the control 
group.  
The other specimen was 
gram-stained and viewed 
under a microscope to 
visualize bacteria.  

Statistical results: 
chi-squared test with 
P <0.05 was 
considered 
significant. Bacterial 
growth was 
significantly higher 
in samples taken 
from patients that 
were disinfected with 
povidone iodine 
compared to 
chlorhexidine in 
alcohol (P<0.0001).  

 
Conclusions: 
chlorhexidine in 
alcohol was 
significantly more 
potent than 
Povidone-iodine, but 
no single skin prep 
removed all the 
bacteria.  
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Table 2 
Evidence Synthesis Table 

Project Title: Improving Antimicrobial Skin Preparation by Using Chlorhexidine Skin Preparation for Neuraxial Anesthetics 
JHNEBP Model Level Total Number of 

Sources 
Author and Quality Rating 

of each study 
Synthesis of Findings 

Level 1 
Experimental study · Randomized 
Controlled Trial (RCT) · Systematic 
review of RCTs with or without meta-
analysis 

 
3 RCTs 

 
3 Experimental 

studies 
 

1 Systematic 
review of RCTs 

 
 

A (Harouk et al., 2021) 
A (Kinirons et al., 2001) 
A (Masuyama et al., 2021) 
A (Mimoz et al., 2015) 
B (Malhotra et al., 2011) 
B (Sakuragi et al., 1995) 
B (Sato et al., 1996) 

All of the studies agree that skin prep with Chlorhexidine in alcohol decreased 
bacterial count and colonization on the skin and at the ends of catheters 
compared to povidone-iodine or chlorhexidine alone. Some studies evaluate 
bacterial colony count cultured from the skin (Masuyama et al., 2021; Sakuragi 
et al., 1995; Sato et al., 1996), others look at bacteria under the microscope 
(Sato et al., 1996), and others evaluate colony counts from catheter tips 
(Harouk et al., 2021; Kinirons et al., 2001; Mimoz et al., 2015; Masuyama et 
al., 2021) and some measured infections (Masuyama et al., 2021, Mimoz et al., 
2015). Regardless of the site evaluated, chlorhexidine in alcohol was the most 
effective prep, however, Some studies evaluated neuraxial anesthesia (Kinirons 
et al., 2001; Malhotra et al., 2011; Sakuragi et al., 1995; Sato et al., 1996), 
some evaluated peripheral nerve catheters (Harouk et al., 2021), and some 
evaluated intravascular catheters (Masuyama et al., 2021; Mimoz et al., 2015). 
The concentration of chlorhexidine varied from study to study and ranged from 
0.5% to 2%. Regardless, the studies agree that a percentage of 0.5% 
Chlorhexidine in alcohol or higher resulted in a more effective skin prep 
resulting in decreased bacteria at the site.  

Level II 
Quasi-experimental studies · Systematic 
review of a combination of RCTs and 
quasi-experimental studies, or quasi-
experimental studies only, with or 
without meta-analysis  

  

Level III 
Non-experimental study · Systematic 
review of a combination of RCTs, quasi-
experimental, and non-experimental 
studies, or non-experimental studies 
only, with or without meta-analysis · 
Qualitative study or systematic review 
of qualitative studies with or without 
meta-synthesis  

  

Level IV 
 

  

Level V   
Overall Quality Rating w/rational and Recommendation: Evidence averages out to 1B level evidence. The majority of the evidence is level 1 and consists of randomized 
controlled trials, Experimental studies, or systematic reviews of randomized controlled trials. Most of the evidence was A quality, but a few were B quality. Some of the studies 
are older as the evidence is empirical and has been proven for some time. Overall quality based on these findings is 1B level evidence. Recommendation is to proceed with 
practice change based on the evidence.  
Recommendations Based on Evidence Synthesis  
 Good and consistent evidence – practice change 
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Table 3 
Descriptive Statistics Results 

 Compliance 
numbers 
(total) 

Final Week 
Compliance 

Rate % 

Range Median Overall Mean Mode 

CHG-alcohol Stock in 
Anesthesia Supply 

1 (1) 100% 1 100 100 100 

CHG-alcohol Stock in 
Operating Room 

4 (4) 100% 4 100 100 100 

Written Education 
Distributed 

41 (41) 100% 41 100 100 100 

In-Person Education 
Attendance 

38 (41) N/A N/A N/A N/A N/A 

CHG-alcohol Use 
Compliance 

420 (542) 94% 51% - 97% 77 77 N/A. 

Note. CHG-alcohol stock in the anesthesia supply and operating room were measured once on implementation week one.  In-Person education 
attendance was measured as a total number of providers over three days and some providers could have been duplicate education occurrences, 
therefore the compliance percentage is not calculated. 
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Figures 

Figure 1 
Fishbone Diagram 
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Figure 2 
PARIHS Framework 

 

(Kitson et al., 2008)  
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Figure 3:  
Current Process Map 
 

 

  

Skin preparaƟon 
completed with 

povidone-iodine. 

Chlorhexidine not 
stocked in 

Anesthesia Supply 

Select Prep. 

 

Povidone-
iodine 

Chlorhexidine 

Neuraxial anesthesia deemed 
necessary for orthopedic surgical 

procedure. 

PaƟent receives neuraxial 
with povidone-iodine 

prep included in inserƟon 
kits 
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Chlorhexidine 
Allergy? 

Figure 4 
Desired Process Map  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PaƟent receives 
neuraxial with 

povidone-iodine 
prep included in 

inserƟon kits 

Skin preparaƟon 
completed with 

povidone-iodine. 

Chlorhexidine stocked in 
anesthesia supply and 
available in neuraxial 

bundles 

Povidone-
iodine 

Chlorhexidine No Yes 

PaƟent 
receives 

neuraxial with 
chlorhexidine 
prep added to 

InserƟon 
bundle by 
anesthesia 

techs 

Skin preparaƟon 
completed with 
chlorhexidine. 

Neuraxial anesthesia deemed 
necessary for orthopedic surgical 

procedure. 
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Figure 5 
Run Chart 
 

 
 
Note. Week zero depicts baseline data, project implementation begins on week one and proceeds 
through week 15.  The median does not reflect data from week zero.  
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Figure 6 
Pie Chart Depicting Compliance with CHG-alcohol Use 

 

Note. Blue represents compliance with CHG-alcohol skin preparation. Red represents non-
compliance with CHG-alcohol skin preparation.  
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Appendix A 
Chlorhexidine Education Measurement Tool 

Appendix B 
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Appendix B 
Chlorhexidine Availability Measurement Tool  
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Appendix C 
Chlorhexidine Chart Audit Tool 


