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Abstract
Background
Central line-associated bloodstream infections (CLABSIs) result in approximately 28,000 deaths and approximately $2.3 billion in added costs to the U.S. healthcare system each year, and yet, many of these infections are preventable. At two large health systems in the southeast United States, CLABSIs continue to be an area of opportunity. Despite strong evidence for interventions to prevent CLABSI and reduce associated patient harm, such as use of chlorhexidine gluconate (CHG) bathing, the adoption of these interventions in practice is poor.
The primary objective of this study was to assess the effect of a tailored, multifaceted implementation program on nursing staff’s compliance with the CHG bathing process and electronic health record (EHR) documentation in critically ill patients. The secondary objectives were to examine the (1) moderating effect of unit characteristics and cultural context, (2) intervention effect on nursing staff’s knowledge and perceptions of CHG bathing, and (3) intervention effect on CLABSI rates.

Methods
A stepped wedged cluster-randomized design was used with units clustered into 4 sequences; each sequence consecutively began the intervention over the course of 4 months. The Grol and Wensing Model of Implementation helped guide selection of the implementation strategies, which included educational outreach visits and audit and feedback. Compliance with the appropriate CHG bathing process and daily CHG bathing documentation were assessed. Outcomes were assessed 12 months after the intervention to assess for sustainability.

Results
Among the 14 clinical units participating, 8 were in a university hospital setting and 6 were in community hospital settings. CHG bathing process compliance and nursing staff’s knowledge and perceptions of CHG bathing significantly improved after the intervention (p = .009, p = .002, and p = .01, respectively). CHG bathing documentation compliance and CLABSI rates did not significantly improve; however, there was a clinically significant 27.4% decrease in CLABSI rates.

Conclusions
Using educational outreach visits and audit and feedback implementation strategies can improve adoption of evidence-based CHG bathing practices.

Trial registration
ClinicalTrials.gov, NCT03898115, Registered 28 March 2019.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s13012-021-01112-4.
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Contributions to the literature

	Daily chlorhexidine gluconate (CHG) bathing to decrease patients’ risk of infection is widely supported in the literature. However, adoption of this practice varies greatly.

	An implementation science process model, Grol and Wensing’s Model of Implementation, guided identification of barriers and selection of implementation strategies.

	Evidence-based implementation strategies of educational outreach visits and audit and feedback were used to improve compliance with daily CHG bathing processes, which were sustained at 12 months.

	These findings contribute to the recognized gap between research and practice and describe effective strategies to implement evidence at the bedside.




Background
Central line-associated bloodstream infections (CLABSIs) are one of the most common health care-associated infections, accounting for approximately 80,000 infections and up to 28,000 deaths in the United States (U.S.) annually [1–3]. Additionally, CLABSIs contribute $46,000–$75,000 per infection in added costs to the U.S. healthcare system, yet these infections are largely preventable when evidence-based guidelines are consistently incorporated into patient care [4–6]. As a major quality indicator for hospitals, CLABSIs contribute to increased length of stay, morbidity, mortality, and unnecessary antibiotic use [1]. To decrease hospital-acquired CLABSIs, preventive interventions are recommended, such as line insertion and maintenance bundles [7].
One intervention that has been studied extensively is daily bathing of hospitalized patients with 2% chlorhexidine gluconate (CHG) [8–11]. The Centers for Disease Control and Prevention and the Agency for Healthcare Research and Quality (AHRQ) have strongly recommended its use in the intensive care and bone marrow transplant settings to reduce CLABSIs [12]. In 2013, the AHRQ published a protocol for how to effectively use pre-packaged CHG cloths to optimize infection reduction, including (1) bathing patients daily from their jawline to their toes, (2) cleaning over transparent central line dressings and down six inches of the tubing, and (3) cleaning around the perineal area and down 6 in of the indwelling urinary catheter [12]. Daily CHG bathing is widely supported in the literature, with studies showing significant decreases in CLABSIs when CHG bathing is performed correctly and consistently [9–11, 13, 14]. Despite strong evidence for CHG bathing to prevent CLABSIs, the adoption of this intervention in practice per the AHRQ protocol is poor [15–18].
Previous studies have found that daily CHG bathing is only completed 23–77% of the time [16–19]. Reynolds and colleagues [17] noted that, although nurses had been educated on using CHG bathing daily, they were unaware of the AHRQ protocol and the appropriate procedure for bathing, including cleaning over transparent central line dressings and six inches of the tubing. Other barriers noted in the literature include a lack of time, lack of motivation, and a lack of perceived importance of CHG bathing in reducing infections [16–18]. A recent mathematical modeling and cost analysis study [20] showed that increasing CHG bathing compliance from 60 to 90% had the potential to reduce CLABSI incidence by 32%, result in 20 averted infections, save over $815,000, and decrease mortality—saving up to 5 lives. Due to poor adoption of evidence-based CHG bathing practices, nurses are missing opportunities to reduce infection rates in critically ill patients. As such, there is a great need to better implement this seemingly simple intervention into practice.
A long-standing question in health care is how to implement evidence into practice in an efficient, equitable, timely and patient-centered way. In 2001, the National Academy of Medicine (formerly Institute of Medicine) report, “Crossing the Quality Chasm: A New Health System for the 21st Century” brought national attention to major, systematic barriers for delivering high quality of care [21]. This quality gap translated into an average of 17 years for new knowledge generated by randomized controlled trials to be incorporated into practice, and even when done, frequently with disparities. Unfortunately, this gap in translating evidence into practice remains with respect to CLABSI prevention, due in part to a lack of evidence on best implementation strategies. Though strategies for implementation have been well-studied in other contexts and populations, with use of educational outreach visits and audit and feedback being the most effective [22], these strategies have not been widely reported in the setting of CHG bathing interventions [17, 23, 24].
To meet the values outlined by the National Academy of Medicine almost two decades ago and close the evidence-into-practice gap, a need exists to develop, evaluate, and implement solutions that more effectively drive evidence into practice. The purpose of this study was to address CLABSI rates that were higher than the targeted average at two large health systems in the southeast U.S. We sought to identify effective, tailored strategies to improve adoption of evidence-based bathing practices, and to implement CHG bathing effectively and consistently among nursing staff using the implementation strategies of (1) educational outreach visits and (2) audit and feedback.
The primary objective was to assess the effect of this implementation strategies program on nursing staff’s compliance with the CHG bathing process and electronic health record (EHR) documentation. Secondary objectives were to examine the (1) moderating effect of unit characteristics and cultural context on the intervention, (2) intervention effect on nursing staff’s knowledge and perceptions of CHG bathing, and (3) the intervention effect on CLABSI rates. Primary outcome measures were assessed 12 months after the intervention to assess for sustainability.
Methods
Study design
We conducted a multicenter, pragmatic cluster randomized, stepped wedged cross-sectional study to evaluate the effect of using a tailored implementation strategies program on nursing staff compliance with daily CHG bathing processes and documentation per the AHRQ protocol for critically ill patients. A cluster randomized design was chosen with hospital units clustered for implementing the intervention to minimize risk of cross contamination during the study. A stepped wedge design was chosen so all hospital units could sequentially implement the intervention. Eligible hospital units were strategically grouped into four clusters to ensure all sites were represented in each cluster and the opportunity for events (i.e., central venous catheter [central line] device days) was balanced. These four clusters were then randomized to four sequences to start study interventions through a random number generator completed by members of the study team. The study spanned the course of 5 months, with the evidence-based implementation strategies program (the intervention) carried out over 4 months from June to September 2019; May 2019 served as a baseline month (Table 1). Twelve months after the initial intervention (September 2020) booster sessions, which included use of educational outreach visits and audit and feedback strategies, were implemented to assess sustainability. During this month, process and documentation audits were conducted to assess compliance. The study was reviewed by both Duke University and WakeMed’s Institutional Review Boards and determined to be exempt, meaning no more than minimal risk and not meeting the definition of human subject research as defined by federal regulation 45 CFR 46 [25].
Table 1Stepped wedge sequencing of unit clusters
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CH community hospital, AHC academic health center, ICU intensive care unit, SICU surgical ICU, CICU cardiac ICU, CVICU cardiovascular ICU, Onc oncology, PCICU pediatric cardiac ICU, MICU medical ICU, PICU pediatric ICU, CTICU cardiothoracic ICU, STICU surgical trauma ICU, NCCU neuro critical care unit, PBMT pediatric bone marrow transplant unit



Setting and participants
The study was conducted in two large hospitals in the southeastern U.S.: one academic (957 total beds) and one community-based (683 total beds). Units were included in the study if they admitted critically ill patients and had at least 1 CLABSI event over the past 12 months. The 14 units included in this study ranged in size from 8 to 32 beds and included 9 adult intensive care unit (ICUs), 3 pediatric ICUs, one pediatric bone marrow transplant unit, and one adult hematology/oncology unit (See Supplemental Table 1). Prior to starting the study, monthly unit central line days ranged from 10 to 900. The end users of the practice change were the nursing staff (registered nurses [RN] and nursing assistants [NA]) who worked on the units and provided patient baths.
Processes
An implementation science process model, the Grol and Wensing Model of Implementation, was used to guide the study [26] (see Table 2). This process model was chosen as it can assist in implementation by offering practical guidance in planning, strategy selection, and execution of implementation studies. Per the model, the first step is to analyze current performance [26]. Analysis of actual performance at both hospitals showed that CHG baths were not consistently documented daily and that RNs and NAs were not following the AHRQ protocol for bathing. For example, staff often failed to use CHG cloths to clean over transparent central line dressings or down catheter tubing. Upon discussion with nursing staff, it was found that they were unaware of the AHRQ protocol and necessary components of the CHG bathing process. Also, nurses noted that the task of patient bathing was given a low priority compared to other care requirements; because of this low priority, nurses were not provided feedback with how well they were doing with bathing. These barriers, including a lack of knowledge, awareness, and perceived importance, helped guide selection of implementation strategies. The Grol and Wensing Model of Implementation indicates that implementation strategies may be more effective if they are tailored to the identified barriers [26]. The implementation strategies of educational outreach visits and audit and feedback were chosen based on the identified barriers; strategies are described in detail below.
Table 2Grol and Wensing model of implementation


	Step 1
	Step 2
	Step 3
	Step 4
	Step 5

	Develop a proposal for change
	Analyze actual performance, target group and setting
	Development and selection of strategies and measures to change practice
	Development, testing, and execution of implementation plan
	Continuous evaluation and (where necessary) adapting plan

	Development of local guidelines based off of AHRQ resources; specific, concise, and relevant educational flyers developed from these resources for nursing staff
	Baseline measurement of process and documentation compliance.
Survey of staff to understand their knowledge of CHG bathing.
Informal discussions with staff to identify barriers and facilitators of guideline use.
	Linked identified barriers (lack of knowledge, and perceived importance) to implementation strategies
	Planning, preparation, and execution of implementation strategies (educational outreach visits and audit and feedback)
	Follow up measurement (post-data) and sustainability plan




Educational outreach visits
O’Brien and colleagues [27] describe educational outreach visits where trained professional experts, either internal or external to the environment, visit clinicians in their practice areas and provide them with information on how to change and improve their practice through research-based evidence. The goal of using educational outreach visits was aimed at decreasing the knowledge deficit and improving the priority given to CHG bathing by nursing staff. In our study, experts included infection prevention staff, clinical nurse specialists, and trained members of the research team who were all internal to each organization, but external to the local units. The research team developed a script to ensure consistent messaging for the outreach visits. Members of the research team met with unit leadership prior to their intervention month to identify the best times and venues for disseminating this information on each unit. The face-to-face educational outreach visits took place in staff meetings, unit huddles, and/or informal rounding on the unit and lasted approximately 5–15 min. The experts visited each unit 1–4 times a week on various shifts to reach as many staff as possible during the unit’s intervention month.
During the visits, experts educated nursing staff on (1) the current gap in practice, (2) the rationale for how CHG can decrease CLABSIs and why CHG baths are important, and (3) the proper process for bathing patients with CHG cloths per the AHRQ protocol. A key component during these visits was to increase the priority given to the bath by messaging CHG bathing as not “just a bath” but rather a topical “antimicrobial treatment” administered to decrease risk of infection. With each interaction, the educational outreach visit was personalized to the knowledge base of individual staff members. Questions from staff were encouraged and barriers to CHG bathing were discussed. Barriers were addressed by the research team. Educational materials provided during the visits included a CHG Bathing Frequently Asked Questions sheet and a CHG bathing resource packet. Educational outreach visits were performed for each cluster of units during their intervention month.
Audit and feedback
According to Ivers and colleagues [28], audit and feedback is a strategy based on the belief that clinicians are prompted to change their behavior and practice when routinely provided feedback on their performance. With this underpinning belief, the goal of using audit and feedback for our study was to provide nursing staff with an awareness of their compliance with CHG bathing.
Nursing staff were provided audit and feedback data regarding their compliance with (1) the CHG bathing process per the AHRQ protocol, and (2) their documentation of daily CHG bathing in the EHR. Once units were enrolled into their intervention month, audit data were provided to units weekly. Data were either posted on the unit and/or sent to nursing staff and unit leadership via email. The method of audit and feedback delivery was determined by the research team in collaboration with the local unit; in implementation science, it is important and necessary to modify strategies to fit the established processes at the local level. Included in the emails and unit postings were (1) run charts of compliance (documentation and process) to allow nursing staff to see their unit’s progress visually and in writing, (2) along with a “kudos” section that listed the names of RNs and NAs who appropriately documented in the audited charts. In addition to sharing documentation and process compliance, units were also provided monthly CLABSI data.
Booster sessions
In September 2020 (12 months following the initial intervention), booster sessions were conducted in all 14 participating units. During the booster sessions, educational outreach visits and audit and feedback strategies were used in the same manner as in the initial implementation. Process and documentation compliance, as well as CLABSIs rates, were monitored during this month as well. As in the initial implementation intervention, audit and feedback data were provided to the units on a weekly basis during September 2020.
Measures
Primary outcomes
CHG bathing process compliance
Per the AHRQ protocol, the entire body below the jawline should be bathed with CHG, including over the transparent central line dressing and down the first 6 in of the catheter/extension tubing as well as around the perineal area and down 6 in of the indwelling urinary catheter tubing. Infection prevention champion nurses who worked on the units completed process audits through observation of nursing staff providing CHG baths. Each unit had 2–5 champions who were coached and then provided with an instructional video on how to complete the audit. Champions recorded how many appropriate body parts were bathed with CHG cloths (see Table 3). Since it is difficult to remain anonymous while observing a patient being bathed in a private setting, champions remained anonymous to the extent possible and attempted to conduct process audits without staff awareness. Champions were instructed to physically observe a bath being performed by a fellow RN or NA. However, if unable to complete an observation, champions were instructed to retrieve data via a self-reported audit from the staff who bathed the patient. Data was entered into REDCap© which calculated a compliance percentage. Bathing process audits were completed by champions 4 to 8 times per month. The compliance rate is calculated for each month.
Table 3Process audit form


	Question
	Yes
	No
	N/A
	Comments

	CHG cloth used for neck, shoulders, and chest
	 	 	 	 
	Applied CHG over central line(s) dressing(s)
	 	 	 	 
	Cleaned the closest 6′′ of line(s) with CHG cloth
	 	 	 	 
	6.1.1.1.1. CHG cloth used for both arms, hands, and armpits
	 	 	 	 
	Applied CHG over PICC/line(s) dressing(s)
	 	 	 	 
	Cleaned the closest 6′′ of PICC/PIV lines with CHG cloth
	 	 	 	 
	6.1.1.1.2. CHG cloths used for abdomen, groin, and perineum
	 	 	 	 
	Clean around indwelling Foley catheter
and down 6′′ of the tubing
	 	 	 	 
	6.1.1.1.3. CHG cloths used for right leg and foot
	 	 	 	 
	6.1.1.1.4. CHG cloths used for left leg and foot
	 	 	 	 
	6.1.1.1.5. CHG cloths used for back of neck, back, and buttocks
	 	 	 	 




CHG bathing EHR documentation compliance
Throughout the study, the EHR for each unit was audited every week to determine compliance with CHG bathing documentation. Once a week, charts from all patients with central lines were audited to see whether a “CHG Bath” was documented within the previous 24-h period. Two members of the research team conducted audits and entered their findings into REDCap©. Patient records were deemed ineligible and excluded if patients had a CHG allergy or had been admitted to the unit for less than 24 h. Compliance with CHG bathing documentation was measured as the number of eligible patients who had a CHG bath documented divided by the total number of eligible patients. The compliance rate is calculated for each month.

Moderators
Hospital unit characteristics
Several hospital unit characteristics were included as moderators in this study; see Table 4 and supplemental table 1.
Table 4Cluster characteristics


	Characteristic
	A
	B
	C
	D
	p value

	# of beds
	20.33 (3.51)
	16.75 (10.14)
	16.25 (11.09)
	19.33 (4.16)
	.60

	CL utilization
	2.74 (1.96)
	3.66 (3.68)
	2.61 (1.22)
	2.53 (1.27)
	.99

	RN hours ppd
	21.64 (0.67)
	19.95 (7.02)
	23.78 (3.88)
	19.87 (1.45)
	.45

	# RN FTE
	60.87 (27.43)
	47.65 (26.36)
	65.09 (61.28)
	55.87 (34.05)
	.89

	Staff Turnover
	28.21% (11.47)
	12.18% (11.09)
	20.52% (11.15)
	19.23% (5.36)
	.40

	Skill Mix
	92.37% (5.82)
	85.63% (7.21)
	90.18% (5.23)
	88.07% (5.59)
	.52

	# of admissions per month
	141.00 (23.58)
	77.75 (19.62)
	106.00 (47.25)
	115.33 (80.98)
	.34

	LOS
	3.67 (1.01)
	6.37 (4.70)
	3.41 (0.68)
	7.16 (6.63)
	.95

	Total years of RN experience
	7.35 (3.16)
	9.77 (3.46)
	6.83 (2.16)
	9.26 (5.30)
	.55

	Total years of NA experience
	8.13 (6.31)
	7.84 (3.89)
	10.59 (5.34)
	9.03 (5.55)
	.78

	Average RN age
	32.28 (4.79)
	34.97 (4.75)
	32.04 (3.20)
	34.55 (6.61)
	.82

	Average NA age
	39.61 (5.53)
	33.40 (4.58)
	35.21 (6.88)
	39.42 (8.42)
	.55


A group randomized in June, B group randomized in July, C group randomized in August, D group randomized in September. Skill mix = RN nursing care hours as a % of all nursing care hours. Kruskall-Wallis tests conducted
CL central line; ppd per patient day, FTE full time employee, LOS length of stay




Context Assessment Index
For successful implementation, evidence needs to be robust, the context receptive to change, and the change appropriately facilitated [29]. The Context Assessment Index (CAI) is an instrument to evaluate the context of practice and its readiness to implement evidence into practice. The CAI is a self-report instrument consisting of 37 items with 4 responses on a Likert scale of strongly agree to strongly disagree. The scoring tool yields an overall score and 3 sub-scores for leadership, culture, and evaluation. High values indicate a high/strong context. Previously, the CAI demonstrated acceptable psychometric properties with Cronbach’s alpha estimated at 0.93 for the total score [30].
The CAI was sent to infection prevention champions in May 2019 via REDCap© prior to the beginning of the intervention. Nine demographic questions were also sent. The CAI was administered to assess the context (i.e., culture) in which clinicians worked to evaluate the effect it might have on using evidence in practice; this survey was considered a moderator for the analysis, along with other unit characteristics. The CAI for each unit was calculated by averaging among all the champions if available. Consent was implied if the staff member clicked on the REDCap© link and participated in the survey.

Secondary outcomes
Knowledge/perceptions of CHG bathing surveys
A knowledge and perceptions survey, adapted from Hines et al. [16], was administer in May 2019 via REDCap© to all nursing staff on each unit. A post-survey was automatically sent in October 2019 to RNs and NAs who completed the pre-survey. The anonymous survey included 12 demographic questions and 12 knowledge and perception questions. The goal of this survey was to assess staff’s knowledge of CHG bathing, as well as their perceptions of the importance and priority given to CHG bathing. Consent was implied by the staff members who clicked on the REDCap© link and participate in the survey.

CLABSI rates
CLABSI rates for each hospital unit were captured by the hospitals’ Infection Prevention departments based on standard National Healthcare Safety Network criteria and reported monthly [31]. Data were then entered monthly into the REDCap© database.

Statistical analysis
Characteristics of each hospital unit and by randomization groups are provided (Table 4 and supplemental table 1). To assess the effect of the implementation strategies on nursing staff compliance with the CHG bathing process and EHR documentation, we first illustrate change in outcomes by using empirical summary plots with means and standard deviations of each of the outcomes by randomization group over the implementation period (May 2019 to October 2019). We then use generalized linear mixed models (GLMM) applicable to testing for intervention effects in cross-sectional stepped wedge designs [32]. In these models, compliance with CHG bathing processes and EHR documentation in the various hospital units over this time period is regressed on the intervention, defined as 0 before implementation and 1 after. To account for clustering within hospital units, a random intercept is included. Because entry into intervention is staggered in stepped wedge designs, the effect of the intervention is confounded with time. To account for this, and to capture the time trend, the fixed effect quadratic effect of time was first tested, followed by the linear effect of time if quadratic time was not significant. In models of compliance with CHG bathing process, observation type was also entered in a separate model. To assess the effect of the follow-up booster session on compliance with CHG bathing process and EHR documentation, an additional GLMM model was tested to compare compliance in September 2019 with compliance in September 2020.
To assess the impact of hospital unit context and other hospital unit characteristics on the effect of implementation strategies in changing compliance, GLMM models of time and intervention were extended to include interactions between intervention and Context Assessment Index (CAI) scores, centered, and between intervention and other hospital unit characteristics. Each of these moderators were tested in separate models.
Demographic characteristics of nursing staff who participated in the knowledge and perception survey are summarized by randomization cluster, using means and standard deviations for continuous variables and frequencies and percentages for categorical variables. Equivalence among randomization clusters was tested using ANOVA for continuous variables and Chi square tests for categorical variables. To assess the impact of the implementation strategies on change in nursing staffs’ knowledge and perception of CHG bathing, McNemar’s chi-square tests were used for categorical variables and paired t tests for continuous variables.
To assess the intervention effect on unit CLABSI rates, we calculated the average CLABSI rate over the implementation period (May 2019 to October 2019) across all hospital units before and after the intervention. Linear regression models were used to test the intervention effect, in which CLABSI rates in each unit during this time were regressed on time in months and intervention. In these models, the quadratic effect of time was first tested, followed by the linear effect of time. To assess the effect of the follow-up booster session on CLABSI rates, an additional linear regression model was used to examine change in CLABSI rates from October 2019 to September 2020.
Results
Cluster characteristics are reported in Table 4. Mean number of beds in each cluster varied, from 16.25 to 20.33, as did mean number of admissions, from 77.75 to 141.0. Percent staff turnover ranged from 12.18% to as high as 28.21%. Skill mix was high (range 85.63% to 92.37%). Mean central line utilization ranged from 2.61 to 3.66, and mean RN hours per patient day ranged from 19.87 to 23.78. Number of RN full time employee (FTE) varied widely (range 47.65 to 65.09), as did length of stay (range 3.41 to 7.16).
CHG bathing process and EHR documentation compliance
A total of 424 process audits were completed; 294 observed and 130 self-reported process audits. Table 5 reports results of GLMM models regressing nursing staff compliance with the CHG bathing process and EHR documentation on implementation strategies and quadratic time in calendar months. In models of CHG bathing process compliance, the implementation strategy was significant (b = 6.97, p = .009), indicating that compliance was 6.97% higher after the intervention than before. The main effect of time in months and quadratic time were significant (b = 9.92, p < .001; b = − 1.39, p = .002), indicating a 9.92 increase in compliance per month at the beginning of the implementation period and a 1.39 decrease in this effect per month. This is consistent with the empirical summary plot of this outcome (see Fig. 1), which shows a tapering of the effect over time. A follow up model indicated that observation type was not significant (b = − 3.69, p = .06). An additional follow-up model to test the booster session revealed no change in bathing process compliance after 12 months (b = − 0.19, p = .87, intercept = 96.96, p < .001), indicating that compliance remained high at 96.96%.With regard to EHR documentation compliance, a total of 298 documentation audits were performed over the course of the study. In models of EHR documentation compliance, the intervention effect was 6.81%, but was not statistically significant (b = 6.81, p = .15; see Fig. 2). In this model, quadratic time was not significant (b = − 0.54, p = .46), and a follow-up model revealed that linear time was also not significant (b = 2.36, p = .12). An additional follow-up model to test the booster session revealed no change in documentation compliance after 12 months (b = 3.89, p = .37, intercept = 78.72, p < .001), indicating that compliance remained high at 78.72%.
Table 5CHG bathing process and documentation compliance and CLABSI rates on implementation strategies and quadratic time


	 	Process compliance
	Documentation compliance
	CLABSI rates

	Estimate (p value)
	Estimate (p value)
	Estimate (p value)

	6.1.1.1.6. intercept
	60.40, p < .001
	59.55, p < .001
	b = 4.23, p = .004

	6.1.1.1.7. Time (months)
	b = 12.70, p < .001
	b = 5.67, p = .24
	b = -1.24, p = .43

	6.1.1.1.8. Time * time
	b = -1.39, p = .002
	b = -0.54, p = .46
	b = 0.05, p = .84

	6.1.1.1.9. intervention
	b = 6.97, p = .009
	b = 6.81, p = .15
	b = 1.22, p = .56
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Fig. 1CHG Bathing process compliance by month. *Vertical line denotes when the randomization group entered the intervention month

[image: ../images/13012_2021_1112_Fig2_HTML.png]
Fig. 2CHG bathing documentation compliance by month. *Vertical line denotes when the randomization group entered the intervention month


Moderating effect of context and unit characteristics
Results of GLMM models regressing nursing staff compliance with CHG bathing process and EHR documentation on implementation strategies moderated by CAI and hospital unit characteristics are reported in Table 6. A total of 30 champions completed the CAI. Findings for bathing process compliance revealed a significant intervention by CAI score interaction (b = − 0.90, p < .001). This indicates that each one-point increase in CAI total score is associated with a − 0.90 decrease in the effect of the intervention on process compliance. The interaction between intervention and number of beds was also significant (b = − 0.77, p = .002), indicating that every one unit increase in the number of beds is associated with a − 0.77 decrease in the effect of the intervention on this outcome. The interaction was also significant for RN hours per patient day (ppd) (b = 1.32, p = .004), with every additional RN hour ppd being associated with a 1.32 increase in the effect of the intervention. Length of stay also significantly interacted with intervention (b = − 1.67, p < .001), with every 1 day increase in length of stay being associated with a 1.67 decrease in the intervention effect. For this outcome, interactions for all other unit characteristics were non-significant.
Table 6Moderating effect of context and other unit characteristics on CHG bathing process and documentation compliance


	Interaction between intervention
	Process compliance
	Documentation compliance

	Estimate
	p value
	Estimate
	p value

	CAI
	− 0.90
	< .001
	0.98
	.03

	# of beds
	− 0.77
	.002
	− 0.41
	.29

	CL utilization
	0.64
	.44
	− 0.14
	.93

	RN hours ppd
	1.32
	.004
	0.36
	.58

	# RN FTE
	− 0.10
	.05
	− 0.07
	.40

	Staff Turnover
	− 0.04
	.82
	0.10
	.72

	Skill Mix: RN Nursing care hours as a % of all nursing care hours
	0.08
	.81
	− 0.13
	.79

	# of admissions per month
	0.03
	.54
	− 0.14
	.02

	LOS
	− 1.67
	< .001
	1.17
	.13

	Total years of RN experience
	1.00
	.08
	0.78
	.36

	Total years of NA experience
	0.60
	.09
	− 0.95
	.13

	Average RN age
	0.71
	.09
	0.35
	.59

	Average NA age
	0.37
	.19
	− 1.01
	.02




For EHR documentation compliance, the intervention by CAI score interaction was significant (b = 0.98, p = .03), indicating each one-point increase in CAI score to be associated with a 0.98 increase in the effect of the intervention on EHR documentation compliance. The interaction between intervention and number of admissions per month was also significant for this outcome (b = − 0.14, p = .02), indicating each additional admission to be associated with a − 0.14 decrease in the intervention effect for this outcome. The interaction was also significant for average NA age (b = − 1.01, p = .02), with each one year associated with a − 1.01 decrease in the intervention effect. For this outcome, interactions for all other unit characteristics were non-significant.
Knowledge/perceptions of CHG bathing surveys
Characteristics of survey participants by randomization group are reported in Table 7. Mean age among all participants was 32.21 (SD = 9.52). There was a statistically significant difference in mean age across different randomization groups (F = 5.5, p = .001); however, the biggest difference in mean age is 5.58 (between group A [M = 29.45, SD = 6.67] and group C [M = 35.03, SD = 9.89]), which is not clinically significant. Most participants were female (87.46%), non-Hispanic (96.55%), and White (80.76%). Mean years of experience was 7.36 (SD = 8.78), though this also differed across randomization groups (F = 4.48, p = .004).
Table 7Demographics of nursing staff who completed the knowledge/perceptions survey by randomization group


	 	All participants
n = 325
	Group A
n = 72
	Group B
n = 73
	Group C
n = 110
	Group D
n = 69
	Test value
	p-value

	Age
	32.21 (9.52)
	29.45 (6.67)a
	35.03 (9.89)b
	30.92 (9.17)a
	34.13 (11.09)b
	F = 5.50
	.001

	Gender: Female
	279 (87.46%)
	61 (88.41%)
	64 (91.43%)
	95 (87.96%)
	58 (92.06%)
	χ2 = 1.08
	.78

	Ethnicity: Hispanic
	11 (3.45%)
	3 (4.76%)
	2 (3.03%)
	3 (2.94%)
	3 (5.08%)
	 	.86

	Race
	 	 	 	 	 	 	.41

	 Asian
	4 (1.26%)
	0 (0%)
	0 (0%)
	4 (3.96%)
	0 (0%)
	 	 
	 Black
	22 (6.94%)
	4 (6.67%)
	3 (4.62%)
	9 (8.91%)
	6 (10.0%)
	 	 
	 White
	256 (80.76%)
	55 (91.67%)
	61 (93.85%)
	86 (85.15%)
	53 (88.33%)
	 	 
	 More than one race
	5 (1.58%)
	1 (1.67%)
	1 (1.54%)
	2 (1.98%)
	1 (1.67%)
	 	 
	Years of nursing experience
	7.36 (8.78)
	4.99 (6.17)a
	8.88 (8.91)bc
	6.36 (7.83)ab
	9.73 (11.28)c
	F = 4.48
	.004


Means with different subscripts statistically significant. Fisher’s exact test conducted for Ethnicity and Race
A group randomized in June, B group randomized in July, C group randomized in August, D group randomized in September



Results of analyses examining change in these participants’ knowledge and perception of CHG bathing is summarized in Table 8. Of the 325 survey participants, 90 completed both the pre and post surveys. Findings revealed that the percentage of participants correctly identifying facts about CHG bathing increased, from 31.11 to 50.0% (χ2 = 9.32, p = .002). In addition, mean perception of the priority of CHG bathing increased, from pre-survey (M = 2.60, SD = 0.79) to post-survey (M = 2.79, SD = 0.75) and this difference is statistically significant (t = 2.56, p = .01). Other aspects of knowledge and perception did not change.
Table 8Change in knowledge and perception from pre to post, n = 90


	 	Pre
	Post
	Test statistic
	p value

	Knowledge

	Reasons for using CHG: correct
	32 (35.56%)
	32 (35.56%)
	χ2 = 0
	1.0

	Facts about CHG: correct
	28 (31.11%)
	45 (50.0%)
	χ2 = 9.32
	.002

	CHG decreases CLABSI
	3.11 (0.76)
	3.24 (0.84)
	t = 1.27
	.21

	Perception

	Importance of bathing
	3.30 (0.73)
	3.28 (0.78)
	t = − 0.33
	.74

	Priority of bathing
	2.68 (0.77)
	2.74 (0.77)
	t = 0.82
	.41

	Importance of CHG bathing
	2.81 (0.93)
	2.93 (1.01)
	t = 1.37
	.17

	Priority of CHG bathing
	2.60 (0.79)
	2.79 (0.75)
	t = 2.56
	.01


For “Knowledge: reasons for using CHG” and “Knowledge: facts about CHG,” n-size and percent correct are reported, and McNemar’s chi-square tests are reported to assess change. For remaining items, means and standard deviations are reported, and paired t tests are used to assess change



CLABSI rates
Although the study was not powered to look at the effect of the intervention on CLABSI rate, actual rates of CLABSI decreased 27.4% (from 2.59 to 1.88) on average from baseline to post intervention. Linear regression models examining the effect of implementation strategies on unit CLABSI rates are presented in Table 5. Findings revealed the effect of quadratic time to be non-significant (b = 0.05, p = .84; see Fig. 3), and the intervention effect to be non-significant (b = 1.22, p = .56). The effect of linear time was also non-significant (b = − 0.96, p = .11). An additional follow-up model to test the booster session revealed a decrease in CLABSI rates over the 12-month follow-up period (b = − 0.16, p = .009, intercept = 1.97, p < .001; see Fig. 4), indicating that at 12 months post-intervention, CLABSI rates were 1.81.
[image: ../images/13012_2021_1112_Fig3_HTML.png]
Fig. 3CLABSI Rates by month. *Vertical line denotes when the randomization group entered the intervention month

[image: ../images/13012_2021_1112_Fig4_HTML.png]
Fig. 4CLABSI rates over follow-up period


Discussion
The major finding of this cluster randomized, stepped wedge controlled trial for CHG bathing demonstrates the ability of an implementation program intervention to effectively change routine nurse behaviors, resulting in improved adoption of guideline-based CHG bathing processes, improved documentation of bathing care delivery, improved knowledge and perceptions of CHG bathing among nursing staff, and a clinically meaningful 27.4% reduction in CLABSI rates. The study is unique in that the strategies used for delivery of the intervention, that is, educational outreach visits together with audit and feedback, served to remind, reinforce, and lend authoritative value to the CHG bathing intervention throughout the implementation process. These strategies not only improved unit bathing processes during the period of the intervention, but in some units also demonstrated improved care delivery processes for up to three months beyond the immediate intervention.
Stepped wedge cluster randomized trial design is a novel design that is increasingly used in implementation science. It offers great flexibility to carry out a pragmatic study trial. It also minimizes the confounding as each cluster contributes to both exposed and unexposed observations. There may be some temporal confounding due to the fact that different clusters received the intervention at different times, but we adjusted for this in the analysis stage by including time as a covariate [33].
Audit and feedback and educational outreach implementation strategies
Findings of this study support others in the literature that demonstrate the effectiveness of these two implementation strategies, educational outreach visits and audit and feedback, in changing behaviors associated with health care delivery in practice settings. In this study, like that published by Chan and colleagues [22], the timing and persistence of the change over time was strongly correlated with the timing, frequency, and intensity of feedback given. Previous studies have shown poor adoption of CHG bathing, which may be due to poor quality system [16–19]. As demonstrated in our study, educational outreach visits and audit and feedback strategies can remediate these care delivery systems and improve the quality of care provided to patients.
Our study differs from others in two main ways; first, in how strategies were determined and secondly, in how compliance was measured. Many previous studies have sought to improve compliance with CHG bathing to decrease CLABSI rates [18, 34, 35]. Reynolds and colleague s[17] implemented CHG bathing in a neurosurgical ICU setting through using educational outreach visits, audit and feedback, printed educational materials, and local opinion leaders. This article provided details on how strategies were identified and details for how they were operationalized [17]. However, many other articles do not tailor strategies to determinants, and lack the details needed to replicate the implementation strategies [18, 34, 35]. Providing this detail is a noted deficit in implementation science literature, with Proctor and colleagues noting that implementation strategies are inconsistently labeled, poorly justified, and rarely described in detail [36]. Our study adds to the body of implementation science literature as we provide theoretical justification for the implementation strategies used and offer details of how the strategies were operationalized.
CHG bathing process and documentation compliance
Admittedly, CHG bathing compliance is difficult to measure. We measured CHG bathing compliance not only by auditing EHR documentation, but also by auditing observations of the actual process of CHG bathing. As this study sought to improve how CHG bathing was done—per the AHRQ protocol—it was necessary for us to measure the process steps for completing a CHG bath. In addition to documentation audits, Caya and colleague s[18] also completed observation audits, as well as measured CHG usage data, to monitor compliance. They found that out of 28 baths observed, only 57% were fully compliant with the CHG bathing process. Through observations (and in some instances, self-reported measures), our study found significant improvements in the CHG bathing process—meaning that after using educational outreach visits and audit and feedback implementation strategies, nursing staff were more likely to complete CHG baths the correct way per the AHRQ protocol. These improvements were sustained over the following 12 months.
Whereas documentation may not always reflect nursing practice, the majority of previous articles have measured CHG bathing through auditing the EHR [17–19, 34, 35]. Some studies did note an improvement with CHG bathing documentation [17, 18]. Our study did not find a significant improvement in CHG documentation compliance, possibly due to the fact that CHG bathing was already implemented in these units, and staff were habitual in documenting the bath as standard practice. Interestingly, with regard to documentation, the intervention was more beneficial for units with fewer admissions each month and younger NAs. Younger NAs may be newer and more attentive to EHR documentation. Sustainability audits showed that documentation compliance remained high. At one institution, after the initial intervention, a task reminder was built into the EHR which could play into the sustained effects.
Moderating effects of the intervention on bathing compliance were analyzed by including characteristics of the hospital units in the model. For process compliance, we determined that the intervention was more beneficial for smaller units (with fewer beds), those with a shorter length of stay, fewer RN FTEs, and higher RN hours per patient day. Clinically, these findings are understandable; smaller units with fewer beds (and therefore fewer patients) may find that daily CHG bathing is not as onerous of a task; smaller units may also more easily adopt and adapt to change. Further with more RN hours per patient day, even with less RN FTEs, staff may have more time to complete CHG baths. Finally, units with an average lower length of stay may have patient who are more willing to adhere to the daily CHG bathing protocol; conversely, units with a higher average length of stay may find patients are not as comfortable with CHG bathing as they prefer a “real” bath, as CHG cloths can leave a sticky residue.
Temporal effects of the intervention seen in this study have also been reported in previous studies [37]. In particular, the decrease in the effect of the intervention over time has been seen across varying patient populations, settings, and intervention approaches. These findings reiterate the importance of a “booster” session to reinforce the value and patient benefit of the evidence-based intervention over time [37]. In the case of CHG bathing, booster sessions also address educational gaps that may insidiously occur with staff turnover and new-hires.
Our study showed that increase in CAI scores were associated with a decrease in the effect of the intervention on process compliance, yet an associated increase in the effect of the intervention on documentation compliance. The influence of a strong context moderating a negative effect between the interventions and bathing process compliance, but a positive effect on documentation compliance seems paradoxical. Whereas other context tools have been used to explore moderation of an outcome on the intervention, no such study was found using the CAI [38, 39]. Further psychometric testing may be needed to establish the CAI’s validity as a determinant of prospective implementation. It is conceivable that units with lower context may have benefited from the intervention on their bathing process outcome more so than units with higher context. Conversely, units with higher context may have influenced improved documentation compliance more readily than units with lower context. Further exploration of CAI domain sub-scores and factors is indicated to better understand how units may have differed on total scores and what might explain the moderating effects.
Knowledge/perceptions of CHG bathing surveys
Nursing staffs’ knowledge and perception of CHG bathing also improved after the implementation intervention. Nursing staff were more knowledgeable on CHG bathing facts, and also rated the priority they gave to CHG bathing higher. Other studies have also noted an improvement in knowledge and perceptions after tailored, focused education on CHG bathing [16, 17].
CLABSI rates
Our study was not powered to find a statistically significant decrease in CLABSI rates since the event is rare; however, the overall trend of CLABSIs decreased over the study. Twelve months after the intervention, booster sessions were completed with CLABSI rates showing a statistically significant reduction (p = .009). This may indicate that there is a long-term intervention effect on CLABSI rates through implementing audit and feedback and educational outreach visits to improve CHG bathing process and documentation compliance as well as nursing knowledge and perceptions. Several other studies have found significant decreases in CLABSIs after implementing CHG bathing protocols [9, 10, 17]. It is important to continue to monitor CLABSI rates long term to assess for changes and to monitor sustainability of the interventions. In October and November 2019, immediately following the intervention, a national backorder of the CHG cloths occurred, with both hospitals affected. A substitute CHG cloth was used during this time and could have contributed to the lack of significant reduction in CLABSI rates. As CHG bathing became well integrated into the daily workflow, there were sustained effects of CLABSI reduction at 12 months.
As health systems increasingly aim to embed research into practice and rethink the best delivery of care, implementation science strategies serve as the basis for an evolving “learning health system”; one that enables patients and clinicians to more efficiently and effectively integrate existing evidence into the real-world care. Other examples across healthcare push this paradigm forward. One such example is the NIH Collaboratory [40], which efficiently conducts large, cluster randomized trials leveraging health systems to test strategies for embedding evidence-based care into clinical practice. Like the Collaboratory, this study tested two proven implementation strategies, educational outreach visits and audit and feedback, to show improvements in adoption of AHRQ guideline recommendations for CHG bathing across 14 units in two health systems. As a result, evidence for how to effectively implement science is generated and can be evaluated, in addition to existing evidence for what to implement to reduce infections.
Limitations
Whereas this study provides valuable information and adds to the body of implementation science literature, there are several limitations. First, there was a low response rate for the CHG bathing knowledge and perceptions survey, even though electronic reminders were sent out to staff. Additionally, documentation of CHG bathing in the EHR may not always accurately represent nursing practice. Measuring CHG bathing process compliance through observation audits was challenging to obtain. If champions were unable to observe a bath, they received this information via self-report from the staff providing the bath. Self-reported measures may contain bias, yet several studies have noted self-reports to be useful and accurate of actual behavior [41]. Champions reporting process compliance may have been biased and reported higher compliance, as they are invested in their units. Additionally, as shown in Figs. 1 and 2, some clusters saw an increase in compliance scores before starting their active intervention phase. This could be caused by a Hawthorne effect [42], where nurses’ compliance improved simply because they knew their actions were being audited. Whereas we found a significant reduction in CLABSIs and sustained improvements in process and documentation audits 12 months after implementation, this Hawthorne effect may impact sustainability of compliance efforts, as process and documentation audits were only completed for purposes of this implementation science study.
Further, educational outreach visits and audit and feedback strategies are time consuming and resource intensive. Prior to using these strategies, healthcare systems should determine their ability to fully implement them. Lastly, CLABSIs are a relative rare event and we did not have enough sample size to prove the reduction was statistically significant, although it was clinically significant.
Conclusion
In conclusion, using evidence-based implementation strategies tailored to local determinants can improve compliance with evidence-based practices. Educational outreach visits and audit and feedback have been shown to change clinician’s behaviors by providing feedback on their performance and education tailored to their experiences. Moving forward, booster sessions with educational outreach visits and audit and feedback strategies may need to be scheduled for continued monitoring of the sustainability of this intervention. Further, champions involved in the study and nursing leadership from the units will be invited to participate in focus groups to evaluate the study’s implementation strategies. This feedback will provide valuable information to support use of these implementation strategies.
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