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BACKGROUND 

 

Healthcare-associated infections (HAIs) are a continuing problem in intensive and critical care, which remain a leading 

cause of morbidity, mortality, 1–3 and excessive length of stay leading to high healthcare costs. 3 In developed countries, 

HAIs concerns 9–37% of those patients admitted to intensive care units (ICUs). Although ICUs account for a relatively 

small proportion of hospitalized patients, infections acquired in these units accounted for >20% of all HAIs. 4 

According to different estimates, approximately 55–70% of cases of catheter-associated bloodstream infections 

(CRBIs) and catheter-associated urinary tract infections and 55% of cases of ventilator-associated pneumonia and surgical 

site infections could be preventable through intensive infection control programs. 3 Despite previous educational 

intervention studies, 5–8 most of the effects have remained small to moderate and have often been short-term. 9 

Proper hand hygiene (HH) has been cited as the single most effective measure for preventing HAIs. 10–11 However, 

critical care nurses’ adherence to HH guidelines has ranged from a low of 6% to a high of 65%, 5–6, 12–16 while the self-

reported adherence has ranged from 59% to 92%. 14, 16–18 In addition, critical care nurses’ awareness of HH guidelines has 

been limited. 17, 19 

In the recent years, advanced, high-fidelity teaching methods that require the participants to behave as they would 

in real life have been associated with improved learning (e.g., cognitive, behavior and psychomotor skills) 20–21 and clinical 

outcomes (e.g., fewer placement failures, arterial punctures, needle passes, and pneumothoraxes, decreased incidence of 

CRBIs).22–24 Accordingly training via simulation could also provide an ideal learning environment with hands-on 

experience while promoting HH behavior. However, the effectiveness of simulation education with verbal feedback in 

improving infection control practices on nursing continuing education is still uncertain due to the lack of published studies 

and robust evidence. 25 

In this study, we aimed to evaluate how critical care nurses’ knowledge of and adherence to current HH guidelines 

differ between randomly allocated intervention and control groups before and after simulation education in both the 

simulation setting and clinical practice. The hypothesis was that in the intervention group, knowledge of and adherence 

to current HH guidelines might increase compared with a control group after simulation education. 
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MATERIAL AND METHODS 

 

Study design 

A longitudinal, single-center, parallel, randomized controlled trial (RCT) with repeated measurements was conducted in 

a single academic center in a 22-bed adult mixed medical-surgical ICU in Finland from February 2012 to March 2014.  

 

Sample and ethical considerations 

The study population, eligibility criteria for participants, sample size, type of randomization, random allocation and 

recruitments have been described elsewhere. 21 Due to the nature of the intervention, a blinded experiment was not 

possible. However, the research assistant and biostatistician who collected the data and assessed the outcomes were 

blinded to group assignment. According to the Medical Research Act (488/1999 and amendments 295/2004), approval of 

the local ethics committee was not required for studies focusing on health care workers (HCWs). However, the study 

protocol was approved by the relevant academic center in fall 2011 and 2013. In addition, written informed consent from 

participants was obtained prior to inclusion in the study (Declaration of Helsinki 2013). 

 

Intervention and study protocol 

Each simulation session was carried out via four phases: 1) An orientation to the simulation center (SimLab, Oulu 

University of Applied Science, Oulu, Finland) and high-fidelity simulation setting, 2) an orientation to mannequin (HAL, 

Gaumard, Miami, FL) capabilities, and 3) actual simulated scenario. Finally, 4) only the intervention group participated 

in a post scenario debriefing session, and received verbal feedback. A structured, 60-minute debriefing took place in small 

groups (n = 8) and was carried out by two independent educators who specialized in simulation pedagogy and key areas 

(e.g., indications for HH, the duration of handrubbing, HH technique, and other aspects of HH listed in Table 1). All 

groups received the same amount of educational input concerning current HH guidelines 11 and the role of HH in reducing 

cases of ventilator-associated pneumonia. 26  

The baseline (initially before the intervention) and initial post-intervention (3 months after the intervention) 

measurements were conducted in the high-fidelity simulation setting (follow-up I). The final post-intervention 

measurements (6 and 24 months after the intervention) were made in clinical practice (follow-up II and III) during the 

morning shift. Critical care nurses’ HH adherence (e.g., HH indications before and after patient contacts, HH technique, 

duration of handrubbing after applying disinfectant, use of gloves, and other aspects of HH) were measured only during 
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endotracheal suctioning events (high-risk contacts) using a direct, non-participatory method of observation, which is 

defined as the gold standard by the World Health Organization. 11 

The method was guided by a validated (S-CVI 0.99), highly structured Ventilator Bundle Observation Schedule 

(VBOS). Identical measurements were taken for the intervention and control groups by the same trained and experienced 

observers. If a participant behaved correctly, they were assigned one point, yielding a HH adherence score ranging from 

0 to 12. 27 The intraclass correlation coefficient (ICC), including 95 % confidence interval (CI), and the Cohen kappa 

coefficient (κ) of each item and the average scale score (VBOS) were tested using a second observer during data 

collection. The ICC of average scale score was >0.9 (95 % CI 0.9–1.0). In addition, the Cohen κ of each item varied from 

0.7 to 1.0, demonstrating substantial or perfect agreement. 28 

The level of critical care nurses’ knowledge of current HH guidelines 11 was evaluated at the end of each 

observational sessions using a validated (S-CVI 1.0) Ventilator Bundle Questionnaire (VBQ). The method was guided 

by a blinded research assistant, who arranged an appropriate time and venue to gather the responses. If a participant 

answered correctly, they scored one point, yielding a HH knowledge score ranging from 0 to 2. 27 

 

Statistical analysis 

The statistical analysis was performed using SPSS 18.0 for Windows (SPSS INC., Chicago, IL) or SAS (version 9.3. SAS 

Institute Inc., Cary, NC, USA). The repeatedly measured data was analyzed using a linear mixed model with a covariance 

pattern model (continuous variables) or by generalized linear mixed model (categorical/dichotomous variables). P values 

reported for repeatedly measured data are as follows: p-time (pt), the overall change over time; p-group (pg), the average 

between-group difference; and p-time*group (pt*g), the interaction between time and group. All participants were included 

in the groups to which they were originally assigned (intention-to-treat analysis). A two-tailed P value less than 0.05 was 

considered statistically significant.  

 

  

http://www.who.int/
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RESULTS  

 

Thirty (n = 30) out of forty (n = 40) initially randomized critical care nurses participated in the baseline measurements, 

of whom seventeen (n = 17) completed all the study procedures. Most of the participants were female (70%), having a 

bachelor’s degree in nursing (96.7%) and permanent employment status (66.7%). The mean age was 35.0 years (SD 10.4). 

The mean experience in the current ICU was 9.5 years (SD 8.7). In addition, 50.0% of participants had received education 

on infection control within the last 12 months. After baseline measurement, the reasons for withdrawal from the 

intervention group were sudden illness (n = 1), job transfer (n = 1), declining to participate (n = 1), and not known (n = 

1). The main reasons for withdrawal from the control group were declining to participate (n = 3), sudden illness (n = 2), 

other reasons (n = 2), and job transfer (n = 2).   

 

Critical care nurses’ knowledge  

During the study period, the average knowledge scores in the intervention group decreased from 60.0% to 40.0% of the 

total score in the final post-intervention measurement. However, the generalized linear mixed model did not identify any 

significant time or time-group interactions between the study groups after two years of simulation education.  

 

Critical care nurses’ adherence  

The average HH adherence score in the intervention group increased from 40.8% (baseline) to 59.2% (follow-up II) and 

then deteriorated to 50.8% (pt = 0.002) of the total score in the final post-intervention measurement (follow-up III). 

According to the linear mixed model, there were no significant group or time-group interactions between the study groups 

after two years of simulation education, even though the control group had higher HH adherence throughout the whole 

study period (Table 1).  

During the study period, intervention group HH adherence increased from 60.0% to 72.7% (p = 0.69) before patient 

contact and 20.0% to 70.0% (p = 0.13) after patient contact (Figure 1). In addition, the median duration of handrubbing 

before [7 (25th – 75th pct 6 – 14.5) vs. 14.5 (25th – 75th pct 10 – 15) seconds, p = 0.010] and after [8 (25th – 75th pct 2.5 – 

22) vs. 20 (25th – 75th pct 14 – 25) seconds, p = 0.076] patient contact increased in the final post-intervention measurement 

(Figure 2). However, a majority of values before (13.3% vs. 18.2%) and after (33.5% vs. 45.5%) patient contact remained 

below the recommended limit (Figure 2). In the intervention group, rotational rubbing of thumbs increased from 46.7% 

to 63.6% before patient contact and 46.7% to a high of 90.9% after patient contact in the final post-intervention 
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measurement. However, rotational rubbing with clasped fingers before (13.3% vs. 18.2%) and after (33.3% vs. 27.3%) 

patient contacts were still not consistently followed (Figure 3). 
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DISCUSSION  

 

According to our best knowledge, this is the first longitudinal, parallel, RCT with repeated measurement, conducted to 

evaluate how critical care nurses’ HH practices differ between randomly allocated intervention and control groups before 

and after simulation education in both the simulation setting and clinical practice. The study findings demonstrated that 

critical care nurses’ knowledge of and adherence to every aspect of current HH guidelines was poor. In addition, our 

results demonstrated that a single educational intervention, without audiovisual feedback and retraining possibilities, 

achieved only minor and temporary effects. 

The average HH knowledge score in the baseline measurement was 60% of the total score, which is in line with 

previous studies reporting knowledge scores ranging from 29% to 74% of the total score. 17, 19 The variability of findings 

among the published studies might be due to differences between the demographic characteristics of participants, whereas 

the level of ICU experience (< 5 yrs), age (≥ 40), and gender (female) have been independently associated with higher 

knowledge scores. 11, 29 The level of knowledge was especially disappointing because the majority of participants reported 

that they had received education on infection control during the last 12 months and had more than 5 years ICU experience. 

In the baseline measurement, the average HH adherence score was 40.8% of the total score, which is line with 

previous studies reporting adherence scores ranging from a low of 6% to a high of 65%. 5–6, 12–15 According to Talbot et 

al., however, general HH adherence should be at least 75% of the total score before the incidence of device-associated 

HAIs will decrease. 30 In our study, unfortunately, the required level was not achieved at baseline. Moreover, only 9% of 

the participants achieved it in the final post-intervention measurement. The level of HH adherence was especially 

disappointing because several factors influencing good HH adherence existed (e.g., awareness of being observed, type of 

unit, weekday morning shift, high-risk contact, female gender, participation in previous HH campaign). 11 

The effectiveness of HH on the prevention of HAIs is not only dependent on adherence but also on the proper HH 

technique (involves five simple and effective steps) and adequate duration (20–30 seconds) of HH action. 11 In our study, 

however, adherence to every aspect of current HH guidelines was poor (Table 1). Interestingly, on the other hand, several 

aspects of HH were higher after than before patient contacts, which may suggest a tendency for ritualized behavior mainly 

performed for self-protection rather than protection of patients from cross-infections. 2  

During the study period, the overall HH adherence increased only by 10 percentage points. This non-significant 

result was inconsistent with the findings reported by other researchers. 20, 22–24, 30–33 In previous studies, promising results 

have been obtained after combining the following training tools and strategies: pre-course materials (e.g., e-learning, 

articles, textbooks) and assessments, didactic lectures, hands-on-experiences with a patient simulator, audiovisual 
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feedback (e.g., video review, immediate, tailored feedback) and retraining and reassessment possibilities in simulation 

training.  The positive results from these efforts clearly indicate that the employed methods would provide more 

significant and long-lasting improvements than a single verbal debriefing without any retraining or reassessment 

possibilities used in this trial. 20, 22–24, 30–33 However, the overall amount of training time to achieve minimum competency 

standards is unknown. 31–33 

In this study, the main and clear limitation and potential source for bias is related to limited sample size which 

was, however, based on power analysis. The study was conducted in a single center and the number of dropouts was 

substantial, which may limit the generalizability of the results. In addition, the study design was not in keeping with what 

we nowadays know to be the best practices in simulation education. Unfortunately, follow-up simulation education, which 

could potentially improve our disappointing results, was not possible in our study approach. 

In the future, more attention should be paid to well-defined goals and audiovisual feedback, which would allow 

participants to view and reflect upon their performances. Moreover, participants should identify their errors and should 

then be allowed to practice those steps they missed. 34–35 In addition, more attention should be paid to regularly repeated 

educational sessions, which have been associated with significant improvements in HCWs’ infection control practices. 20, 

22, 24, 31–33, 36  
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TABLE 1. Critical care nurses’ hand hygiene practices before and after simulation education. 

 
Baseline 1   Follow-up I 1 

(3 months after the 

intervention) 

 Follow-up II 2 

(6 months after the 

intervention) 

 Follow-up III 2 

(24 months after the 

intervention) 

 (pt) 3 (pg) 4 (pt*g) 5 

 Intervention 

group  

(n = 15) 

Control 

group  

(n = 15) 

Intervention 

group  

(n = 13) 

Control 

group  

(n = 12) 

Intervention 

group  

(n = 13) 

Control 

group  

(n = 10) 

Intervention 

group 

(n = 11) 

Control 

group 

(n = 6) 

   

Total score (range, 0–12) 4.9 (1.5) 5.2 (2.2) 4.6 (1.2) 4.7 (1.1) 7.1 (1.9) 5.5 (1.9) 6.1 (2.2) 6.8 (2.3) 0.002 0.77 0.17 

High-risk contact:             

Indications for hand hygiene n (%)            

Before patient contact  9 (60.0) 11 (73.3) 6 (46.2) 11 (91.7) 10 (76.9) 9 (90.0) 8 (72.7) 5 (83.3)    

After patient contact 3 (20.0) 2 (13.3) 7 (53.8) 4 (33.3) 10 (76.9) 4 (40.0) 7 (70.0) 3 (50.0)    

Hand hygiene technique n (%)            

Before patient contact 2 (13.3) 4 (26.7) 1 (7.7) 3 (25.0) 3 (23.1) 0 (0.0) 2 (18.2) 2 (33.3)    

Rubbing palm to palm  14 (93.3) 13 (86.7) 6 (46.2) 11 (91.7) 13 (100.0) 10 (100.0) 9 (81.8) 6 (100.0)    

Rubbing palm over dorsum   12 (80.0) 12 (80.0) 5 (38.5) 8 (66.7) 13 (100.0) 10 (100.0) 9 (81.8) 6 (100.0)    

Rubbing fingers interlaced  13 (86.7) 12 (80.0) 6 (46.2) 9 (75.0) 13 (100.0) 8 (80.0) 9 (81.8) 6 (100.0)    

Rotational rubbing with clasped 

fingers 

2 (13.3) 5 (33.3) 0 (0.0) 2 (16.7) 4 (30.8) 0 (0.0) 2 (18.2) 1 (16.7)    

Rotational rubbing of thumbs  7 (46.7) 12 (80.0) 4 (30.8) 9 (75.0) 9 (69.2) 6 (60.0) 7 (63.6) 6 (100.0)    

After patient contact 5 (33.3) 5 (33.3) 4 (30.8) 1 (6.7) 4 (30.8) 0 (0.0) 5 (45.5) 2 (33.3)    

Rubbing palm to palm  13 (86.7) 9 (60.0) 8 (61.5) 7 (58.3) 13 (100.0) 10 (100.0) 11 (100.0) 5 (83.3)    

Rubbing palm over dorsum   13 (86.7) 8 (53.3) 8 (61.5) 6 (50.0) 13 (100.0) 9 (90.0) 11 (100.0) 5 (83.3)    

Rubbing fingers interlaced  11 (73.3) 9 (60.0) 7 (53.8) 4 (33.3) 13 (100.0) 8 (80.0) 11 (100.0) 5 (83.3)    

Rotational rubbing with clasped 

fingers 

5 (33.3) 5 (33.3) 3 (23.1) 1 (8.3) 3 (23.1) 0 (0.0) 3 (27.3) 1 (16.7)    
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Rotational rubbing of thumbs  7 (46.7) 9 (60.0) 11 (84.6) 5 (41.7) 11 (84.6) 5 (50.0) 10 (90.9) 5 (83.3)    

Duration of handrubbing (20–30sec)             

Before patient contact 2 (13.3)  6 (40.0) 0 (0.0) 2 (16.7) 7 (53.8) 4 (40.0) 2 (18.2) 2 (33.3)    

After patient contact 5 (33.3) 4 (26.7) 1 (7.7) 2 (16.7) 7 (53.8) 1 (10.0) 5 (45.5) 3 (50.0)    

Other aspects of hand hygiene            

Keep natural nails short n (%) 10 (66.7) 11 (73.3) 9 (69.2) 7 (58.3) 9 (69.2) 7 (70.0) 9 (81.8) 6 (100.0)    

Remove rings, watch, and bracelets n 

(%) 

14 (93.3) 14 (93.3) 11 (84.6) 10 (83.3) 13 (100.0) 10 (100.0) 11 (100.0) 5 (83.3)    

Used gloves disposed of in a manner that 

prevents contamination from 

secretions n (%) 

5 (33.0) 3 (20.0) 5 (38.5) 2 (16.7) 11 (84.6) 7 (70.0) 4 (36.4) 3 (50.0)    

1 Simulation setting. 2 Clinical practice. NOTE. Values for total score are given as mean (SD). Values (valid percent) for compliance are presented as n (%). P values reported for repeatedly measured data 

are as follows: 3 the overall change over time (pt), 4 the average group difference (pg) and 5 the interaction between time and group (𝑝𝑡∗𝑔). A P < 0.05 is considered significant.  
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FIGURE 1. Critical care nurses’ adherence to handrubbing before and after simulation education remained below targeted behavior rates. The baseline and initial post 

intervention measurements (3 months after the intervention) were conducted in the simulation environment (follow-up I). The final post intervention measurements (6 and 24 

months after the intervention) were made during the morning shift (7 AM – 3 PM) in clinical practice (follow-up II – III).Values are given as percentage rates.  
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FIGURE 2. The duration of handrubbing before and after simulation education remained below the recommended limit of 20 – 30 seconds. The baseline and initial 

postintervention measurements (3 months after the intervention) were conducted in the simulation environment (follow-up I). The final post intervention measurements (6 and 

24 months after the intervention) were made during the morning shift (7 AM – 3 PM) in clinical practice (follow-up II – III). Values are given as seconds. 
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FIGURE 3. Proper hand hygiene technique was followed before patient contact, except for rotational rubbing of thumbs and rotational rubbing with clasped fingers, which 

were improperly executed. The baseline and initial postintervention measurements (3 months after the intervention) were conducted in the simulation environment (follow-up 

I). The final post intervention measurements (6 and 24 months after the intervention) were made during the morning shift (7 AM – 3 PM) in clinical practice (post-tests II – 

III).Values are given as percentage rates.  
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