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Abstract

Children in pediatric long-term care facilities (pLTCF) represent a highly vulnerable population
and infectious outbreaks occur frequently, resulting in significant morbidity, mortality, and
resource use. The purpose of this quasi-experimental trial using time series analysis was to assess
the impact of a 4-year theoretically based behavioral intervention on infection prevention practices
and clinical outcomes in three pLTCF (288 beds) in New York metropolitan area including 720
residents, ages 1 day to 26 years with mean lengths of stay: 7.9-33.6 months. The 5-pronged
behavioral intervention included explicit leadership commitment, active staff participation, work
flow assessments, training staff in the World Health Organization “‘five moments of hand hygiene
(HH),” and electronic monitoring and feedback of HH frequency. Major outcomes were HH
frequency, rates of infections, number of hospitalizations associated with infections, and
outbreaks. Mean infection rates/1000 patient days ranged from 4.1-10.4 pre-intervention and 2.9—
10.0 post-intervention. Mean hospitalizations/1000 patient days ranged from 2.3-9.7 before and
6.4-9.8 after intervention. Number of outbreaks/1000 patient days per study site ranged from 9-24
pre- and 9-18 post-intervention (total = 95); number of cases/outbreak ranged from 97-324 (total
cases pre-intervention = 591 and post-intervention = 401). Post-intervention, statistically
significant increases in HH trends occurred in one of three sites, reductions in infections in two
sites, fewer hospitalizations in all sites, and significant but varied changes in the numbers of
outbreaks and cases/outbreak. Modest but inconsistent improvements occurred in clinically
relevant outcomes. Sustainable improvements in infection prevention in pLTCF will require
culture change; increased staff involvement; explicit administrative support; and meaningful,
timely behavioral feedback.

CONTACT Elaine L. Larson, PhD, Ell23@columbia.edu, Associate Dean for Nursing Research School of Nursing, Columbia
University, 617 W. 168th St, Room 330, New York, NY 10032, USA.
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Introduction

While relatively small in number, children with complex, chronic medical conditions have a
disproportionate impact on the US health care system and consume extensive health care
resources and Medicaid dollars; the ongoing long-term care of these children and youth
accounts for 40% of all medical expenditures for children overall,! and this unique
population is growing in complexity and number. Over a 5-year period, hospitalization rates
of children with diagnoses of more than one complex chronic condition increased 100%,
from 83 per 100,000 in 1991-1993 to 166 per 100,000 in 2003-2005.2 Many of these
children receive care in their homes, but others live in approximately 100 US pediatric post-
acute long-term care facilities (pLTCF: http://pediatriccomplexcare.org/) or in skilled
nursing facilities intended for adults due to lack of pediatric facilities in some regions of the
country.

Children in pLTCF represent a highly vulnerable population; outbreaks occur frequently,
resulting in significant morbidity, mortality, and resource use.3 Further, changes to health
care delivery for children have led to increased acuity and device use requiring increased
levels of care and transfer to acute care facilities. Many policies and practices developed for
infection prevention among the elderly in LTCF or for children in acute care facilities may
not be applicable for pLTCF,* but infection prevention policies and practices in pLTCF have
not previously been described and we found no published research designed to prevent
infections in pLTCF.>

The effectiveness of HH in reducing infections has been consistently demonstrated in a
variety of health care and public settings, and both the World Health Organization (WHO)
and the Centers for Disease Control and Prevention (CDC) have published guidelines for
hand hygiene (HH) in health care facilities.5 Nevertheless, HH practices by health care
professionals have remained suboptimal despite a number of interventions.19-12 Authors of a
recent Cochrane review concluded that the quality of interventions to improve HH practices
“remains disappointing” and there is “urgent need to undertake methodologically robust
research to explore the effectiveness of soundly designed and implemented interventions.”13
In preliminary work, we found that the frequency of HH among pLTCF was low and that
many indications for HH were missed.14 Some efforts to improve HH have been attempted
in nursing homes for older adults with varying levels of success.1®16 One recent clinical trial
demonstrated improved HH in children’s day care centers in the Netherlands following an
educational intervention,1” but none have used a behavioral framework. Additionally, to our
knowledge there have been no previous efforts to improve HH in pLTCF.

Theoretical underpinnings

Reported variations in approaches and results to improve HH may be explained in part by
the fact that they have not been based on behavioral theoretical underpinnings. Two recent
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literature reviews of interventions aimed to improve clinician practices concluded that no
single approach (e.g., academic detailing, feedback, education, reminders) was clearly
superior.18:19 Hysong and colleagues?® conducted a qualitative study to explore the
characteristics of feedback that were associated with high levels of adherence to clinical
practice guidelines. When compared to facilities with low adherence to guidelines, the
characteristics of feedback depicted in Figure 1 (timely, individualized, nonpunitive,
customized), were associated with high levels of adherence. The authors coined the term
“actionable feedback” to describe this model.

A multimodal approach to improve HH conducted in an acute care hospital was associated
with a significant and sustained increase in HH. Small teams from quality assurance,
infection prevention, and clinical staff for each unit were formed to identify barriers, set
goals for compliance, and make detailed diagrams of workflow for common tasks
corresponding to the WHO “5 Moments for HH” (before and after patient care, before an
aseptic procedure, after contact with blood or body fluids, and after touching the patient
environment).2! Their approach fit well with the theoretical constructs of the actionable
feedback model, and is consistent with recent research emphasizing the importance of a
safety culture to reduce health care—associated infections.22:23 In previous work, we
successfully applied these components of the actionable feedback model to develop an
antimicrobial stewardship program,24 which led us to apply this model to the pediatric long-
term care setting. Hence, the aim of this project was to measure the impact of a theoretically
based infection prevention behavioral intervention on HH frequency among staff and
visitors, rates of infection, and number of acute care hospitalizations and outbreaks among
patients in pLTCF.

In this 4-year (7/1/12-6/30/16) quasi-experimental project (5R01HS021470), data were
collected from three pLTCF at baseline and following the intervention based on the
theoretical underpinnings described. The study was approved by the appropriate institutional
review boards with a waiver of documentation of consent for parents and staff.

Sample and setting

Intervention

The three participating pLTCF with on-site schools, described in Table 1, are located in the
NYC metropolitan area. All children who resided at the facilities when the baseline phase
commenced or were admitted during the study period were enrolled.

The Keep It Clean for Kids (KICK) Project included five components.

Component 1: Explicit leadership commitment—Multiple meetings with medical
and nursing administrators in each facility were conducted prior to and throughout the study.
A member of the project research team was present at each site at least weekly, formal and
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informal meetings with administration and staff were ongoing, and leaders were actively
involved in planning interventions and timing.

Component 2: Active participation of the staff—KICK teams were formed at each
site to create “buy-in,” individualize the feedback, and develop tailored interventions. Team
composition and size were determined by the staff and varied by site; members included
clinicians, educational staff, family members, or administrators. Initially, each KICK team
had a structured set of three meetings with the research team in which site staff (a)
determined barriers to HH and infection prevention success and set their own goals and
timelines; (b) discussed relevance of the WHO HH guidelines for their setting2>; and (c)
identified preferences for providing feedback of data obtained from electronic monitoring of
HH frequency, e.g., how often to provide feedback, which data would be meaningful, in
what format, and how often, and (d) planned facility-specific staff communication and
training strategies. Following these structured meetings, teams appointed a staff leader and
were encouraged to continue to meet and develop motivational and informational projects
and materials. Each study site was provided with $1500-2000 per year to develop such
training materials.

Component 3: Conducting work flow assessments—KICK teams identified work
flow patterns for common, repetitive patient care tasks (e.g., diaper change, tracheostomy
care) and developed and distributed visual diagrams to identify HH opportunities.26:27

Component 4: Training staff in the WHO “5 Moments for HH”—The KICK teams
led staff training efforts for the “5 Moments for HH”2% using materials available in WHO
toolkits. Staff also had hands-on experience performing HH observations using a
standardized instrument (http://www.who.int/gpsc/5may/tools/en/).

Component 5: Electronic HH monitoring and feedback—A wireless
communication technology that automatically captured HH events was mounted into all soap
and hand sanitizer dispensers in each study facility including the schools (DebMed® GMS™
Group Monitoring System, http://debmed.com/usa/debmed-gms/). At the outset of the
project, we validated that electronically generated data matched data obtained by direct
observation. The system provided several standard graphical report options to display HH
frequency for specified locations (e.g., individual dispenser, room, unit, or entire facility)
during specified time frames (e.g., day, week, month, or year). The reports could also be
customized to include goals or benchmarks set by the sites. Data were available for
download in spreadsheet format, allowing each site to tailor what data were presented in
conjunction with the dispenser usage reports, e.g., creating a figure to show HH before and
after an outbreak. This feedback strategy allowed for both individualization to a specific unit
or dispenser as well as customizability regarding frequency and format of reports, essential
components of the actionable feedback.28 We met with infection prevention staff and
administration at each site to discuss how they would like to provide feedback to staff,
including who would receive the feedback (e.g., all staff or selected staff) as well as the
frequency and format (email, signs, personal communication, etc.) of the feedback.

Behav Med. Author manuscript; available in PMC 2018 May 04.


http://www.who.int/gpsc/5may/tools/en/
http://debmed.com/usa/debmed-gms/

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Larson et al.

Page 5

Families received communications and some educational materials from the research team
and we attended health fairs and other family-related events to discuss the project and
provide information regarding HH and infection prevention. We also interviewed a
purposive sample family members as well as staff to assess their knowledge, attitudes, and
reported practices regarding infection prevention.29-30 However, visitors to the children were
quite rare; a large proportion of children had no visitors, a few had visitors several times/
week and there were one or two family caretakers across the three sites who were present
almost daily. Further, most children were unable to perform their own hand hygiene. Hence,
although all HH dispensers in the facilities (in public spaces as well as in patient rooms)
were included in the project, the vast majority of HH was from the staff.

Consistent with the KICK theme, the study had two phases: Revving Up and Taking Off.
The Revving Up period was the planning phase during which the HH monitoring system
was activated to provide baseline data, but no feedback to staff was provided. In addition,
staff KICK teams were formed to plan tailored interventions. During the Taking Off period,
the interventions were “rolled out” and implemented over time. Initiation of phases was
staggered across the three study sites over a 3-month period. Because behavior change has
proven to be exceedingly difficult, we hypothesized that even with an intense and
multifaceted intervention such as those planned with the KICK project, changes would be
incremental and occur over a prolonged period of time. Hence, research staff visited each
setting on a regular basis, generally at least weekly. During these visits, research staff talked
with clinical personnel and administrators to trouble shoot, reinforce the activities of the
KICK teams and infection prevention staff, support KICK teams, and provide educational
materials.

Assessment of outcomes

Each of the study facilities employed a fulltime infection control professional responsible for
surveillance and reporting. A fulltime surveillance officer hired for the study collaborated
with site staff to make weekly site visits and collect data on all primary and secondary
outcomes, using definitions and methods described next.

HH frequency was obtained from the electronic monitoring system.

Rates of infections and hospitalizations—Ongoing medical record reviews to
identify clinician-diagnosed infections were conducted by the research surveillance officer.
Data collected included clinician diagnosis (e.g., pneumonia), signs and symptoms of
infection, diagnostic testing, and associated hospital admissions.3!

Number of outbreaks—\We retrospectively collected outbreaks and the number of
children affected by each outbreak reported, as mandated, from the NY State Department of
Health Nosocomial Outbreak Reporting Application (NORA). For this study, outbreaks of
acute respiratory infections were defined as = 2 cases of the same laboratory-confirmed
pathogen or > 2 cases on the same unit with the same symptoms.32
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Statistical analysis

Results

All analyses were carried out individually by site. For each outcome we calculated overall
means before and after the intervention. However, since means do not accurately reflect
trends over time, interrupted time series analyses were conducted.

Impact on HH frequency—We examined mean HH episodes/day by staff and visitors for
each week using an interrupted time series analysis with segmented regression to compare
changes in HH trends, modeled by slopes and levels before and after implementation of the
intervention. Because only a proportion of the children in the facility attended school each
day and HH in the schools was relatively stable over time, we analyzed the school HH
frequency data separately and did not include those data in the hypothesis testing. Since the
outcome variable was a count of HH events/day for each week, we used a negative binomial
model in form of

log(HH) = py+ T\ + oINT + pINT X T,

where 77 is the number of weeks from the start of the observation. /A7 is a dummy variable
for pre- or post-intervention, 7, is weeks since the intervention. The testing and
interpretation of the model are: By: the baseline intercept; B;: the slope prior to the
intervention; Bo: the change of level immediately after the intervention as we wanted to test
an immediate effect due to the novelty of the intervention; and Bs: the change of slope from
pre to post intervention.

Impact on infections and hospitalizations—Similarly, an interrupted time series
design with logistic segmented regression was used to compare differences in levels and
slopes of infection rates and hospitalization (transfers to acute care) associated with
infection between pre- and post-intervention periods by site. We examined monthly rates,
defined as number of infections or hospitalizations per 1000 patient days.

Impact on number and size of outbreaks—We counted number of reported outbreaks
and number of infections associated with each outbreak per 1000 patient days during the pre
and post intervention periods and assessed trends using the hurdle negative binomial
model33 to simultaneously compare the probability of an outbreak and, when an outbreak
occurred, the number of infections (a zero-truncated count) associated with that outbreak.

In total, 720 residents were enrolled with mean ages of 4.1, 7.1, and 6.3 years and average
lengths of stay of 7.9-33.6 months in the three sites. The majority had feeding tubes, about
one-third had tracheostomies, and smaller proportions were on ventilators and/or had central
venous lines (Table 1). Overall means for HH frequency, infections and hospitalizations are
summarized in Table 2, and Table 3 summarizes changes for HH, infections and
hospitalizations in level immediately after implementation of the intervention and in the
slope/trend in the time series analysis.
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Changes in HH frequency

Mean HH frequency was higher in the post-intervention periods for Sites 1 and 2 and was
slightly lower in Site 3 (Table 2). As depicted in Table 3 and Figure 2, each site
demonstrated a different pattern of HH over time. At Site 1, there was no change in HH level
immediately following the intervention (p = 0.59) and the slope decreased slightly during the
post-intervention follow-up period (p = 0.0003). At Site 2, the HH level decreased
immediately following the intervention (p = 0.0065) and the slope was unchanged during the
post-intervention follow-up period (p = 0.68) At Site 3 the level decreased immediately
following the intervention (o < 0.0001) and the slope decreased during the post-intervention
follow-up period There were no significant changes in HH trends in the schools.

Impact on infection rates

Mean infection rates/1000 patient days ranged from 4.1-10.4 prior to intervention and 2.9—
10.0 following implementation of the intervention. As depicted in Figure 2, Site 1 had been
experiencing a decrease in infection rate prior to the intervention whereas Sites 2 and 3 had
been experiencing increases. At Site 1 there was no change in infection level immediately
following the intervention (p = 0.79); the pre- and post-intervention slopes were significantly
different (= 0.0001) and changed from negative to positive. At Site 2 there was a
significant drop in infections immediately following the intervention (p < 0.0001); the slope
was significantly decreased compared to the pre-intervention period (p < 0.0001), although it
remained positive. At Site 3, there was a significant drop in infections immediately
following the intervention (p < 0.0001); the pre- and post-intervention slopes were
significantly different (o< 0.0001) and changed from positive to negative.

Impact on hospitalizations

Monthly mean hospitalizations/1000 patient days ranged from 2.3-9.7 before and 6.4-9.8
after intervention. The change in slope for hospitalizations decreased significantly for all
three sites.

Impact on number and size of outbreaks

Mean observation time for outbreaks was 1217 days pre- and 975 days post-intervention.
Number of outbreaks per study site ranged from 9-24 pre- and 9-18 post-intervention (total
= 95); number of cases/outbreak ranged from 97-324 (total cases pre-intervention = 591 and
post-intervention = 401, Table 4). Again, sites differed in results. At post-intervention when
compared with baseline, Site 1 had more outbreaks (p = 0.08) and similar cases during each
outbreak (p < 0.5); at Site 2 the number of outbreaks was similar (o = 0.32), but there were
fewer cases per outbreak (p < 0.001); and there were fewer outbreaks (p = 0.05) and more
cases during an outbreak (p < 0.001) at Site 3. One or more respiratory viruses were
identified as the primary cause of 90.5% (86/95) of outbreaks and 90.4% (897/992) of the
individual infections.

Discussion

In this intervention, there were statistically significant but small reductions in infections in
two sites, reductions in hospitalizations in all sites, and varied changes in the numbers of
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outbreaks and the number of cases associated with each outbreak. All of the study sites
experienced modest HH increases prior to the implementation of the intervention, possibly
due to the installation of the monitoring system and/or our team’s initial communication
with the facilities during the pre-intervention phases. At Sites 1 and 3, this upward trend was
not sustained during the intervention period. Site 1 had no significant change in HH level
immediately after the intervention, and the slope changed significantly from positive prior to
the intervention to negative following the intervention. Site 3 had a drop in HH level
immediately after the intervention, and this downward trend continued, resulting in a
significant decrease in slope. At Site 2, there was a drop immediately following the
intervention, although after that brief decrease, the HH frequency rose again and continued
to steadily improve at the same rate it had prior to the intervention, resulting in no change in
slope.

Improving suboptimal HH behaviors has been shown to be feasible, but exceedingly
difficult, requiring intensive, long-term, multifaceted interventions.21:34-39 Knowing that, we
developed this theoretically based intensive intervention implemented over a period of
several years in three pLTCF, a relatively untapped research setting. Despite extensive
efforts, overall results of the intervention were inconsistent; given the time and effort
expended over several years, the costs were high with no evidence of sustainability. Since
the majority of infections in these study facilities were respiratory it is possible that social
distancing and other interventions would have a stronger impact on curtailing transmission,
but such interventions may be difficult given the high levels of mobility and interaction
among of the children and staff in pLTCF.

Challenges to change

There are likely three major reasons for the minimal impact of our intervention. First,
children in these facilities stay for long periods of time, often their entire lives. Some of the
children are mobile, all have frequent and close interactions (including hugging, kissing)
with staff as well as other children, and essentially all of the children intermingle in school
and group programming which is ongoing throughout the day. This setting is vastly different
than a hospital where patients are often bed-bound or have limited activity outside their
rooms. Hence, the ability to “contain” microorganisms in pLTCF is limited, and the potential
for reducing the number of outbreaks is also limited. A promising result in our study was
that when an outbreak did occur, there were significantly fewer cases in two of the three
study sites following the intervention, suggesting that control measures or other ongoing
efforts may have been more effectively implemented.

Second, while the electronic HH monitoring system could generate graphs presented in
multiple ways, despite multiple meetings and seminars with staff and administrators to teach
them how to access and use the data, there were challenges in providing staff with feedback.
Each site decided how to disseminate the HH data. At some sites, the graphs were available
only to certain individuals such as the infection control officer or administrator and other
sites displayed results on monitors and in areas frequented by staff, but when we queried
staff members, many were either unaware or only vaguely recalled seeing the data, and
others could not interpret the meaning of the graphs or relate them to their daily work. Some
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staff reported that the numbers were meaningless because they did not trust the accuracy of
the monitoring system. In fact, lack of accuracy of electronically collected HH data and the
potential punitive use of these data have been cited in other studies as major concerns of
staff.28:40 Others have shown that when feedback was provided only to managers, HH rates
were not improved, but when staff received direct feedback, performance improved
significantly.41

The Joint Commission mandates monitoring of HH practices and has set a high standard for
adherence, but has not specified monitoring methods. Direct observation is still considered
the “gold standard” despite data confirming that observation is costly, has poor validity and
reliability, and overestimates actual practice.*2-4> A meta-analysis of 19 studies concluded
that effective feedback should be frequent and accompanied by specific suggestions for
improvement.#® In this study, data were made available primarily to a small number of
individuals, and frontline staff were often uninformed or unaware of what actions could/
should be taken in response to the results. Electronic HH monitoring has a number of
advantages over the current observational standard, including increased accuracy,
minimizing the “Hawthorne Effect,” and saving time.#347 Clearly however, as electronic
monitoring of HH becomes increasingly adopted it will necessitate considerable orientation
and buy in from administrators and staff before it can effectively influence behavior rather
than used solely for the purpose of surveillance.

The third possible reason for minimal impact of the intervention related to the perceived
needs and priorities of staff members. Despite evidence to the contrary,142% individual staff
members reported to us that their own infection prevention behaviors were fine, and that
others were the problem. Further, in qualitative interviews we conducted, staff members
expressed doubt about the efficacy of alcohol-based sanitizers and stated that they preferred
to continue with what they had done for years—use soap and water handwashing.3° The
direct care providers reported that they treated the children like their family members and
many staff members prioritized this role over that of being a health care provider. Family
members we interviewed often shared staff views, reporting, for example, that they “always”
washed their hands, as did staff, and expressed the opinion that infections were inevitable in
their children.

The major limitation of the current study was that the intervention was based on a theory
that feedback results in behavior change, but the feedback staff received was inconsistent
across sites and often did not even reach frontline providers of care. Hence, it was not
possible to fully evaluate the potential impact of the actionable feedback model. As with any
field trial, many factors likely varied across study sites and temporal changes occurred
throughout the pre- and post-intervention periods which may have had an impact on our
outcomes of interest. For example, although we used the NYS Department of Health NORA
system to identify outbreaks, there was no standard definition regarding how many children
constituted an outbreak and sites used their own discretion in reporting outbreaks. Further,
personnel and/or environmental changes over time likely affected reporting as well as
clinical practices. Because planning for this study occurred over a long period, it is possible
that some changes in HH frequency occurred during the baseline period. Finally, we were
unable to establish a denominator for the HH monitoring system and provide staff feedback
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regarding compliance percentages, which has been done successfully in acute care settings.
48-50

Conclusions

These findings highlight challenges for identifying effective infection prevention strategies
in post-acute pediatric settings and potentially in other skilled nursing facilities and home
care. Although the patient populations and environmental settings in such health care
settings pose a “perfect storm” for outbreaks and cross-transmission, deeply ingrained
attitudes and practices are unlikely to change without a culture shift involving front-line staff
and administration. It is likely that our varied results were reflective of pre-existing and
long-standing differences in the culture of each site and staff readiness for change.

In acute care settings we and others found incremental but sustained increases in HH only
when there was explicit, overt support from top level administrators and frontline staff
members who planned and “owned” the practice change and served as role models.51:52
Since participants did not consistently receive feedback and given the theory on which the
treatment was based, this may explain the lack of more significant improvements.
Sustainable improvements and next steps for infection prevention in chronic care and home-
like settings will likely require ongoing long-term efforts to inculcate infection prevention
into the institutional culture, increasing staff involvement and mindfulness, assuring explicit
administrative support, and providing meaningful and timely feedback on behavior.53
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Actionable FeedbackInterventions in the KICK Program (Adapted from Hysong, 2006)

Individualized

Customizable

- Available in realtime
with electronic
monitoring system

Figure 1.

- Formation of KICK
teams to identify
infection control
barriers, setgoals, plan
interventions, and
teach staff

- Workflow diagrams of
HH opportunities

- Identify 'positive
deviants' for leadership
- Provide group
feedback(no
individuals singled out)

- Staff decide
frequency, type, and
methods forfeedback

Actionable feedback model with intervention components included.
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Daily hand hyglene prer bed

Page 15

Manthly infections per 1,000 residentsdays

Site 1 Site 2 Site 3

Figure2.
Top: Markers depict total daily HHHH events per bed, excluding school units. Vertical line

is date of onset of intervention. Generalized linear mixed models with negative binomial
distribution were used to assess post-intervention changes in HHHH events accounting for
clustering by unit. Bottom: Markers depict total monthly infections per 1000 resident-days.
Slopes represent estimated means (95% confidence intervals) modeled using logistic
segmented regression. Note. Graph axes differ by site.

Behav Med. Author manuscript; available in PMC 2018 May 04.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Larson et al.

Page 16

Table 1
Characteristics of Study Facilities and Children.
Sitel Site2 Site3
Beds 54 137 97
Resident rooms 14 63 52
Classrooms 5 14 4
Total children enrolled 93 205 422
Mean (range) age at enroliment 6.29 years (1 day-19 7.36 years (20d-20 4.16 years (1d-26
years) years) years)
n (%) males 50 (54) 99 (48) 212 (50)
Race
n (%) caucasian 49 (53) 28 (14) 93 (22)
n (%) black 14 (15) 69 (34) 138 (33)
n (%) Asian 8 (9) 27 (13) 67 (16)
n (%) other or unspecified* 22 (24) 81 (40) 124 (29)
Length of stay for enrolled children 33.6 months (7 d-10 15.7 months (1 day-20 7.9 months (1 day-21
years) years) years)
n (%) with feeding tubes (nasogastric, jejunostomy, gastrostomy, 83(89) 168 (82) 287 (68)
or gastrostomy-jejunostomy)
n (%) with central venous catheter 5 (5) 1(0.7) 41 (10)
n (% with tracheotomy 35(38) 90 (44) 93 (22)
n (%) with ventilator 9 (10) 19 (9) 20 (5)
Staff
Physicians/nurse practitioners 1 4 10
Registered nurses 45 141 100
Nursing assistants 65 18 100
Therapists (e.g., recreational, respiratory, art, rehabilitation) 29 78 44
Total 140 241 254
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Mean Changes by Study Site in Daily Hand Hygiene/Bed and Mean Infections and Hospitalizations/1000
Patient Days Before and After Initiation of the Intervention.

Pre-Intervention: Revving Up

Intervention: Taking Off

Sitel

Study period

Mean daily hand hygiene frequency per bed (+/- standard deviation)
Mean infections/1000 patient days (+/- standard deviation)
Hospitalizations: mean/1000 patient days (standard deviation)

Site2

Dates

Mean daily hand hygiene frequency per bed (+/- standard deviation)
Mean infections/1000 patient days (+/- standard deviation)
Hospitalizations: mean/1000 patient days (standard deviation)

Site3

Dates

Mean daily hand hygiene frequency per bed (+/- standard deviation)
Mean infections/1000 patient days (+/- standard deviation)

Hospitalizations: mean/1000 patient days (standard deviation)

Sept ’12 — Mar "13
19.52 (2.00)

10.39 (3.72)

2.26 (3.98)

Oct *12 - Apr ’13
17.01 (1.44)

4.47 (3.05)

6.81 (6.39)

Nov *12 — May ’13
29.46 (1.09)

4.09 (1.92)

9.70 (6.00)

Apr’13 — Dec ’15
21.17 (1.84)
10.03 (6.02)

9.83 (6.58)

May 13 — Dec ’15
21.02 (3.15)

5.51 (2.00)

7.94 (4.62)

Jun 13 - Dec "15
28.17 (1.48)

2.89 (1.33)

6.40 (3.91)
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