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oBJECTIVE. To evaluate the impact of a multifaceted intervention on compliance with evidence-based therapies and ventilator-associated
pneumonia (VAP) rates.

DESIGN. Collaborative cohort before-after study.

SETTING. Intensive care units (ICUs) predominantly in Michigan.

INTERVENTIONS. We implemented a multifaceted intervention to improve compliance with 5 evidence-based recommendations for
mechanically ventilated patients and to prevent VAP. A standardized CDC definition of VAP was used and maintained at each site, and
data on the number of VAPs and ventilator-days were obtained from the hospital’s infection preventionists. Baseline data were reported
and postimplementation data were reported for 30 months. VAP rates (in cases per 1,000 ventilator-days) were calculated as the proportion
of ventilator-days per quarter in which patients received all 5 therapies in the ventilator care bundle. Two interventions to improve safety
culture and communication were implemented first.

RESULTS. One hundred twelve ICUs reporting 3,228 ICU-months and 550,800 ventilator-days were included. The overall median VAP
rate decreased from 5.5 cases (mean, 6.9 cases) per 1,000 ventilator-days at baseline to 0 cases (mean, 3.4 cases) at 16-18 months after
implementation (P<.001) and O cases {mean, 2.4 cases) at 28-30 months after implementation (P<.001). Compared to baseline, VAP
rates decreased during all observation periods, with incidence rate ratios of 0.51 (95% confidence interval, 0.41-0.64) at 16-18 months
after implementation and 0.29 (95% confidence interval, 0.24-0.34) at 28-30 months after implementation. Compliance with evidence-
based therapies increased from 32% at baseline to 75% at 16-18 months after implementation (P<.001) and 84% at 28-30 months after
implementation (P < .001).

CONCLUSIONS. A multifaceted intervention was associated with an increased use of evidence-based therapies and a substantial (up to
71%) and sustained (up to 2.5 years) decrease in VAP rates.
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Ventilator-associated pneumonia (VAP) is a significant and
common cause of patient morbidity and mortality, as well as
increased healthcare costs.' Numerous interventions have in-
dependently decreased rates of VAP and the associated adverse
outcomes.”” Nevertheless, a gap exists in the translation of
these guidelines into routine clinical practice.*® Interventions
to increase adherence with evidence-based recommendations
are paramount to reduce the serious public health conse-
quences associated with VAP. Our objective was to evaluate
the impact of a multifaceted intervention on compliance with
evidence-based therapies and on VAP rates in a large cohort

of adult intensive care units (ICUs) that participated in a
statewide quality improvement collaborative.

METHODS
Intervention

A multifaceted intervention was implemented to improve ad-
herence to evidence-based practices known to improve care
and reduce VAP rates among mechanically ventilated patients.
This intervention was part of a statewide quality improvement
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collaborative involving the Johns Hopkins University Quality
and Safety Research Group and the Michigan Health and
Hospital Association and known as the Keystone ICU project,
as described elsewhere.®’

The Agency for Healthcare Research and Quality (AHRQ)
funded the project from October 2003 through September
2005. This study reports data collected during the funding
period and for 12 months afterward. Implementation of the
intervention and data collection was voluntary, and ICUs did
not receive financial support to participate. After the AHRQ-
sponsored period, hospitals paid a fee to the Michigan Health
and Hospital Association to participate. As part of the Key-
stone project, ICUs implemented 4 patient safety interven-
tions starting in March 2004. Two interventions that focused
on improving safety culture and communication were im-
plemented first; details of both of these interventions have
been published.*” Two additional interventions that focused
on reducing the incidences of catheter-related bloodstream
infection (CR-BSI)” and VAP were implemented next. Each
site decided which intervention to implement first. The im-
plementation period for each intervention was estimated to
take 3 months.

In brief, the comprehensive unit-based safety program is
a 5-step iterative and validated process to improve safety
culture.’ Before the program began and annually thereafter,
a quantitative assessment of the institutional safety culture
was performed using a validated survey.' A team of frontline
staff, which included at least a physician and a nurse, was
assembled to implement the program. Step 1 educated staff
on the science of improving patient safety, including systems
redesign. Step 2 asked teams to identify defects (defined as
anything clinically or operationally that should not recur).
Step 3 involved “senior executive partnerships” to bridge the
gap between management and frontline staff, to help prior-
itize safety hazards and interventions, and to provide re-
sources to improve safety. Step 4 asked staff to choose and
learn from 1 defect per month,'"""? and step 5 asked teams
to implement tools (eg, daily goals and morning brief-
ings*'***) to help improve teamwork and communication.

The VAP intervention sought to increase caregivers’ use of
evidence-based therapies for the prevention of VAP, including
the ventilator care bundle. The ventilator care bundle has
been an effective strategy to reduce VAP'*" and consists of
5 evidence-based therapies: semirecumbent positioning to de-
crease the risk of VAP; stress ulcer prophylaxis to decrease
gastrointestinal bleeding; prophylaxis to decrease deep venous
thrombosis; adjustment of sedation until the patient can fol-
low commands; and daily assessment of readiness to extubate,
to reduce the duration of mechanical ventilation. Details re-
garding the systematic process to select the interventions,
convert the interventions into process measures, and evaluate
the validity and reliability of the process measures in the
ventilator bundle have been published.'****

Our model for organizational change (engage, educate, ex-

https://doi.org/10.1086/658938 Published online by Cambridge University Press

ecute, and evaluate) builds on the existing literature,” and
the details of our model have been published.** A local ICU
improvement team was established and included the ICU
director and nurse manager, an ICU physician and nurse,
and the senior hospital executive. The teams were trained
through semimonthly conference calls, coaching by study in-
vestigators, and semiannual statewide meetings. Teams were
instructed to partner with their local hospital infection pre-
ventionist(s) to assist with data collection. Relative to the
ventilator bundle, ICU leaders engaged staff by posting their
baseline compliance rates for the ventilator care bundle and
VAP rates and discussing patients who developed VAP in their
unit. To educate teams, study investigators reviewed pub-
lished guidelines for the prevention of VAP? and the evidence
to support interventions in the ventilator bundle during con-
ference calls. These guidelines recommended the orotracheal
route of intubation, change of ventilator circuits for each new
patient and for soiled circuits, use of closed endotracheal
suction systems that are changed for each new patient and
as.clinically indicated, and use of heat and moisture exchang-
ers with weekly changes in the absence of contraindications.
The use of subglottic secretion drainage and kinetic beds
should be considered. Administration of sucralfates and top-
ical antibiotics to prevent VAP were not recommended. We
provided ICU teams with tools (a one-page “fact sheet” sum-
mary, a slide set, and references) to educate their staff.

To execute the intervention, teams were instructed to stan-
dardize care for ventilated patients and investigate all VAPs
by using a structured tool."" To standardize, teams were en-
couraged to modify the “Daily Goals” checklist,® which in-
cluded a section on ventilator care, to meet their needs, and
they were also encouraged to complete the form daily for
each patient during ICU rounds. Teams were advised to create
protocols and standard order sets and to enlist support from
clinicians and family members. For example, respiratory ther-
apists were asked to document use of the care bundle in their
progress notes, and families were instructed to ask whether
patients were receiving the therapies. To evaluate the inter-
vention, teams received their monthly rates of ventilator bun-
dle compliance, number of patients who developed VAP, and
quarterly rates of VAP. Teams also received de-identified re-
ports on other participating ICUs to compare performance.

Data Collection: VAP

We relied on trained hospital infection preventionists, who
already collect data on the number of VAPs and ventilator-
days, and teams obtained this data monthly for the duration
of the study. Using infection preventionists minimized the
potential for diagnosis bias because they are trained to con-
duct surveillance for VAP and other healthcare-associated in-
fections by using standardized definitions and methods pro-
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TABLE 1. Baseline Incidence of Ventilator-Associated Pneumonia (VAP) in Participating
Intensive Care Units (ICUs)

No. of cases of VAP per
1,000 ventilator-days

No. of ventilator-days,

Variable ICUs, % median (IQR) Median (IQR) Mean * SD
All ICUs 81 (100 1,149 (284-1,876) 5.5 (2.6-9.8) 69 + 5.7
Teaching status
Nonteaching 31 (38) 809 (116-1,658) 4.7 (0-8.6) 6.3 £ 6.4
Teaching 50 (62) 1,349 (596-1,956) 6.0 (4.1-10.2) 7.3 £ 5.2
Hospital size
<200 beds 20 (25) 166 (42-801) 3.0 (0-8.0) 5.0 = 6.5
200-299 beds 21 (26) 1,530 (1,138-1,876) 7.4 (4.5-10.7) 7.6 £ 49
300-399 beds 12 (15) 1,216 (363-2,493) 9.3 (5.0-11.1) 9.4 + 64
2400 beds 28 (35) 1,234 (534-2,035) 5.2 (3.3-8.9) 6.7 £ 5.0
ICU type
Mixed 51 (63) 1,138 (199-1,924) 4.76 (0.4-9.4) 6.1 = 6.0
‘Medical 6 (7) 1,458 (1,143-1,612) 5.7 (4.8-6.1) 6.5 + 3.0
Surgical/trauma 13 (16) 1,217 (388-2,936) 7.9 (4.8-10.8) 84 =+ 46
Cardiac 11 (14) 991 (441-1,370) 7.0 (4.8-14.1) 89 £ 6.3
NoTE. IQR, interquartile range; SD, standard deviation.

* Of the 112 participating ICUs, 31 did not contribute data to the baseline period.

vided by the CDC in its National Healthcare Safety Network
(NHSN).

All teams reported use of CDC-NHSN surveillance criteria
for pneumonia applied to patients on mechanical ventilators™
and did not change these criteria throughout the study period.
Monthly VAP data for 3-month periods (quarters) were ag-
gregated. The quarterly VAP rate was calculated as the number
of infections per 1,000 ventilator-days. Data were assigned to
1 of 12 categories on the basis of implementation of the
intervention: at baseline, during the implementation period,
or at 1 of 10 three-month intervals occurring up to 30 months
after implementation. Teams were instructed to submit at
least 3 months of baseline VAP data. Teams were not pre-
vented from implementing the intervention if they did not
submit baseline VAP data.

Data Collection: Ventilator Bundle Compliance

Ventilator care bundle compliance was collected by the ICU
teams daily by using a cross-sectional sampling strategy and
was reported as the proportion of ventilator-days in which
patients received each therapy. Explicit definitions for each
process measure and associated data collection forms were
created (Appendix A).”” The study investigators trained data
collectors through conference calls and face-to-face meetings.
We recommended that teams limit the number of data col-
lectors and collect process measures at 1 time point (pref-
erably during morning rounds). After the first quarter of daily
data collection, teams were allowed to collect process mea-
sures 1-2 days per week (minimum of 15 ventilated patients
per month) to minimize burden.
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Process and Outcome Measures

The primary outcome was the quarterly VAP rate, which was
estimated at baseline and for each of the 12 subsequent quar-
ters. Adherence with the process measures in the ventilator
bundle was calculated as the proportion of ventilator-days
per quarter in which patients received all 5 therapies.

Statistical Analysis

Median values (with interquartile ranges) and mean values
(with standard deviations) were used to summarize the data.
A 2-sample Wilcoxon rank-sum test was used to compare
median values. Compliance with process measures was com-
pared using the Pearson x* test.

We hypothesized that the baseline VAP rate would decrease
by the end of the 18-month AHRQ-funded implementation
period and the reduction would be sustained at 28—30 months
after implementation. To explore the relationship between
time since implementation of the multifaceted intervention
and VAP rates, we used a generalized linear latent and mixed
model”*® with a Poisson distribution for the quarterly num-
ber of VAPs. In this model, we used robust variance esti-
mation and included 2-level random effects to account for
nested clustering within the data. In the model, we adjusted
a priori for hospital teaching status (binary variable), hospital
size (continuous variable), and ICU type (4 categories). We
conducted a sensitivity analysis in which only ICUs with con-
tinuous data, including baseline, were included. Reported P
values are 2 sided; a P value of .05 or less was considered
significant. We used Stata software, version 9.1 (Stata Corp.)
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TABLE 2. Ventilator-Associated Pneumonia (VAP) Rates Before and After the Intervention
16~18 months after 28-30 months after
implementation implementation
Keystone cohort, Baseline, no. of cases, No. of cases, Incidence No. of cases, Incidence
no. (%) of ICUs median (IQR) median (IQR) rate ratio® median (IQR) rate ratio®

Variable (n = 112) (n = 81) (n = 106) (95% CI) (n = 80) (95% CI)
All participants 112 (100) 5.5 (2.6-9.8) 0 (0-4.7) 0.51 (0.41-0.65) 0 (0-0) 0.28 (0.24-0.34)
Teaching status

Nonteaching 36 (32) 4.7 (0-8.6) 0 (0-0) 0.23 (0.11-0.49) 0 (0-0) 0.24 (0.14-0.39)

Teaching 76 (68) 6.0 (4.1-10.2) 0 (0-6.5) 0.62 (0.46-0.83) 0 (0-3.6) 0.32 (0.25-0.40)
Hospital size

<200 beds 24 (21) 3.0 (0-8.0) 0 (0-0) 0.36 (0.28-0.46) 0 (0-0) 0.39 (0.11-1.40)

200-299 beds 25 (22) 7.4 (4.5-10.7) 0 (0-4.7) 0.39 (0.27-0.55) 0 (0-5.0) 0.35 (0.17-0.71)

300-399 beds 21 (19) 9.3 (5.0-11.1) 0 (0-4.5) 0.34 (0.23-0.50) 0 (0-2.0) 0.21 (0.17-0.25)

2400 beds 42 (38) 5.2 (3.3-8.9) 0 (0-6.5) 0.70 (0.35-1.39) 0 (0-3.1) 0.29 (0.14-0.58)
ICU type

Mixed 62 (55) 4.7 (0.4-9.4) 0 (04.3) 0.45 (0.37-0.55) 0 (0-2.4) 0.34 (0.22-0.52)

Medical 11 (10) 5.7 (4.8-6.1) 3.0 (0-6.5) 0.50 (0.20-1.21) 0 (0-1.3) 0.23 (0.09-0.64)

Surgical/trauma 22 (20) 7.9 (4.8-10.8) 0 (0-9.0) 0.62 (0.41-0.95) 0 (0-3.7) 0.26 (0.15-0.46)

Cardiac 17 (15) 7.0 (4.8-14.1) 0 (0-0) 0.62 (0.28-1.38) 0 (0-0) 0.20 (0.10-0.40)
NotEe. ClI, confidence interval; ICU, intensive care unit; IQR, interquartile range. '

* A 2-sample Wilcoxon rank-sum test comparing preintervention baseline period with 16-18-month and 28-30-month postimplementation
periods for all subgroups was P<.05, except for ICUs in hospitals with fewer than 200 beds at 28—-30 months (P = .08).

for all analyses. The Johns Hopkins University School of Med-
icine Institutional Review Board approved this research.

RESULTS

A total of 127 ICUs from 82 hospitals participated at some
point in the Keystone ICU project. Of 127 ICUs, 124 sub-
mitted VAP data. Of these 124 ICUs, 12 were excluded be-
cause teams implemented the intervention after the AHRQ-
funded period had ended. Thus, 112 ICUs from 72 hospitals,
reporting data for 3,228 ICU-months and 550,800 ventilator-
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FIGURE 1.

days during the entire study period, were included in the final
analysis. Table 1 summarizes baseline VAP data overall and
according to ICU characteristics.

Table 2 shows median VAP rates at baseline and at 2 post-
implementation periods. Of 112 participating ICUs, 81 con-
tributed data to the baseline period, 106 to the 16-18-month
postimplementation period, and 80 to the 28-30-month post-
implementation period. Of 1,232 eligible ICU-quarters (112
ICUs times 11 quarters), data were reported for 1,110 ICU-
quarters, resulting in 122 ICU-quarters (10%) without com-
plete data. Of 122 quarters, 54 (4%) had missing data, and

Time (Months)

—&— Mean VAP Rate

Quarterly ventilator-associated pneumonia (VAP) rate through 28-30 months after implementation. Shown are the median and

mean (95% confidence intervals) VAP rates over time. P<.001 (2-sample Wilcoxon rank-sum test) for comparison of the preimplementation
baseline period with 16-18-month and 28-30-month postimplementation periods.

https://doi.org/10.1086/658938 Published online by Cambridge University Press


https://doi.org/10.1086/658938

TABLE 3. Incidence Rate Ratios for Ventilator-Associated
Pneumonia (VAP)

Incidence rate ratio*

Variable (95% CI)

Time period for intervention
Baseline
During implementation
After implementation

1.0 (reference)
0.60 (0.48-0.75)

0-3 months 0.67 (0.57-0.78)
46 months 0.47 (0.39-0.56)
7-9 months 0.48 (0.39-0.57)

10-12 months
13-15 months
16~18 months
19-21 months
22-24 months
25-27 months
28-30 months
Teaching status

0.39 (0.31-0.51)
0.48 (0.31-0.74)
0.51 (0.41-0.64)
0.45 (0.35-0.57)
0.32 (0.24-0.43)
0.34 (0.29-0.40)
0.29 (0.24-0.34)

Nonteaching 1.0 (reference)

Teaching 1.15 (0.92-1.45)
Hospital size

<200 beds 1.0 (reference)

200-299 beds
300-399 beds

1.28 (0.87-1.87)
1.03 (0.76-1.39)

>400 beds 1.03 (0.53-1.97)
ICU type

Mixed 1.0 (reference)

Medical 1.04 (0.75-1.45)

Surgical/trauma 1.59 (1.13-2.24)

Cardiac 1.00 (0.70-1.43)

Note. Cl, confidence interval; ICU, intensive care unit.

* The VAP rates during the intervention implementation and the
postimplementation periods were compared to baseline, adjusting
for teaching status, hospital size, and ICU type.

68 (6%) had ICUs that stopped submitting data for this
project.

The overall median VAP rate significantly decreased from
5.5 cases (mean, 6.9 cases) per 1,000 ventilator-days at base-
line to O cases (mean, 3.4 cases) at 16—~18 months after im-
plementation (P < .001) and 0 cases (mean, 2.4 cases) at 28—
30 months after implementation (P < .001) (Figure 1; Table
2). A significant decrease was observed in all ICU subgroups,
except hospital size of fewer than 200 beds, for both post-
implementation periods. Twelve (15%) ICU-months had no
VAP in the baseline period, 203 (67%) in the 16-18-month
postimplementation period, and 172 (75%) in the 28-30-
month postimplementation period.

The multilevel Poisson regression model demonstrated a
significant decrease in VAP rates during all observation pe-
riods compared to baseline, with incidence rate ratios of 0.51
(95% confidence interval [CI], 0.41-0.64) at 16~-18 months
after implementation and 0.29 (95% CI, 0.24-0.34) at 28-30
months after implementation (Table 3). A sensitivity analysis
of data from 57 (51%) of 112 ICUs reporting continuous
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data from baseline onward demonstrated results similar to
those of the primary analysis, with incidence rate ratios of
0.45 (95% CI, 0.31-0.64) at 16-18 months after implemen-
tation and 0.28 (95% CI, 0.19-0.41) at 28-30 months after
implementation.

Compliance with each of the 5 process measures in the
ventilator bundle increased during the study period (Table
4). The composite compliance measure increased from 32%
of ventilator-days with compliance at baseline to 75% at 16—
18 months after implementation (P < .001) and 84% at 28—
30 months after implementation (P < .001) (Table 4; Figure
2).

DISCUSSION

This multifaceted intervention was associated with a signif-
icant increase in the use of 5 evidence-based therapies for
mechanically ventilated patients and a significant and sus-
tained decrease in VAP rates among 112 Michigan ICUs. The
overall median rate of VAP decreased to 0 within 18 months
of implementation of the intervention. While the median VAP
rate was sustained at 0 for another 12 months, the overall
mean rate continued to decrease during this period. Over the
entire study period, the intervention was associated with a
71% reduction in the VAP rate. Our findings suggest that
implementation barriers may exist at larger and academic
hospitals. At the 18-month postimplementation mark, ICUs
in smaller hospitals demonstrated a larger reduction in VAP
rates than did larger hospitals (64% vs 30%), and ICUs in
nonteaching hospitals demonstrated a greater reduction in
rates compared to teaching hospitals (77% vs 38%). However,
these gaps in VAP rates were reduced by the 30-month post-
implementation period.

This large-scale project demonstrated significant reduc-
tions in VAP rates that were likely the result of translating
evidence into practical behaviors and bundling them in a
multifaceted quality improvement intervention that also in-
cluded safety culture and communication improvements.?*°
Studies of single hospitals'*'”** and small multicenter stud-
ies '**** have decreased VAP rates by increasing compliance
with evidence-based recommendations. Our research builds
on these studies by demonstrating that a larger cohort of
ICUs can rapidly and significantly reduce VAP rates with a
focused multifaceted intervention. Importantly, reductions in
VAP rates were sustained for up to 2.5 years.

Evidence supporting the benefit of collaboratives and
knowledge translation efforts to improve quality of care is
inconsistent.” In this project, our change model explicitly
incorporated practical strategies for translating evidence into
practice.” This model focuses on systems of care; engagement
of local interdisciplinary teams to assume ownership of the
project; centralizing support for technical work, including
robust data collection; efforts to improve data quality and
reduce missing data; local adaptation of the intervention;
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TABLE 4.

Rates of Compliance with Components of the Ventilator Care Bundle Before and After Implementation

Component*

Baseline,
proportion (%)
of ventilator-days
with compliance

16-18 months after
implementation

28-30 months after
implementation

Proportion (%) of

ventilator-days
with compliance

Relative risk®
(95% CI)

Proportion (%) of

ventilator-days
with compliance

Relative risk®
(95% CI)

Head of bed elevation

Stress ulcer prophylaxis

Deep venous thrombosis
prophylaxis

Followed commands

Assessment of ability to
extubate

Composite

5,279/6,494 (81)
6,174/6,650 (93)

5,887/6,577 (90)
3,839/5,944 (65)

3,470/5,224 (66)
1,881/5,789 (32)

16,431/16,752 (98)
17,013/17,218 (99)

16,637/16,939 (98)
11,801/13,578 (87)

11,651/12,727 (92)
8,589/11,463 (75)

1.21 (1.20-1.22)
1.06 (1.06-1.07)

1.10 (1.09-1.11)
1.35 (1.31-1.37)

1.38 (1.35-1.41)
2.31 (2.22-2.40)

12,969/13,181 (98)
13,442/13,558 (99)

13,122/13,306 (99)
9,640/10,498 (92)

9,890/10,186 (97)
7,561/8,982 (84)

1.21 (1.20-1.22)
1.07 (1.06~1.08)

1.10 (1.09-1.11)
1.42 (1.39-1.45)

1.46 (1.43-1.49)
2.59 (2.49-2.69)

* Defined in Appendix Table Al.
® A Pearson x’ test was used to compare postintervention values with the preimplementation baseline values; P<.001 for all com-
parisons. Patients were excluded from the numerator and denominator if therapies were contraindicated. Contraindications were

determined locally and documentation of the contraindication(s) was required in the medical record.”

culture improvement; and social networking among partic-
ipating ICUs.” The CR-BSI intervention was implemented
using the same model and resulted in a large and sustained
reduction (up to 66%) in infection rates.’

Our study has several limitations. First, we did not have a
concurrent control group. Consequently, our results may be
influenced by temporal changes in VAP rates or patient pop-
ulation, other interventions, or a Hawthorne effect. However,
ICU teams would not agree to randomization or delayed
implementation. ICUs implemented the intervention at dif-
ferent times, which limited seasonal trends. In addition, no
similarly large reduction in VAP rates was observed nationally
during this time period.*

Second, we did not require a uniform surveillance defi-
nition for VAP. Nevertheless, all teams reported use of CDC-

NHSN surveillance criteria for pneumonia applied to patients
on mechanical ventilators, and teams did not change the
criteria used throughout the study period. While differences
in measuring VAP among hospitals may influence absolute
rates of VAP, trends in VAP should be unbiased. In addition,
we were not able to determine the precise version of CDC
criteria for pneumonia used or to evaluate the reliability with
which infection preventionists applied these definitions. This
lack of validation would render the absolute rate reductions
of VAP less precise, but the relative risks remain sound. We
did not have the resources to perform site visits or to ask
teams to perform independent audits. Rather, we tapped into
the existing infrastructure and used trained hospital-based
infection preventionists who collected data on VAP rates in-
dependent of this project. The use of trained infection pre-

-
o
o

(o] @
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\

N
o

Percent of ventilator-days
patients received all 5 therapies

< Time (Months)

FIGURE 2.
month and 28-30-month postimplementation values.
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Quarterly composite scores for ventilator bundle adherence over time. P<.001 for comparison of baseline value with 16-18-
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ventionists for collection of VAP is well accepted in both
published studies and federally mandated reporting of hos-
pital-associated infections.

Third, we could not evaluate the relative importance of
individual therapies in the ventilator bundle because of a high
collinearity among process measures. For example, patients
that received semirecumbent positioning often received other
therapies in the bundle. Also, the bundle was originally aimed
at reducing complications associated with mechanical ven-
tilation, not VAP prevention specifically. Thus, only 3 of the
5 therapies (semirecumbent positioning, adjustment of se-
dation, and daily assessment of readiness for extubation) are
currently recommended for the prevention of VAP While
the bundle has been published as an effective strategy for VAP
prevention and is advocated by national organizations, there
is significant concern about its internal validity.* We believe
that the bundle should be revised to reflect current recom-
mendations for the prevention of VAP prior to broadscale
implementation.

Fourth, we did not evaluate whether patients were receiving
other interventions such as oral care or strategies to minimize
contamination of the ventilator, which may have contributed
to reductions in VAP. Several teams reported that they im-
plemented oral-care protocols as a result of this study. One
of the benefits of implementing quality improvement efforts
is tailoring the identification and mitigation of risks to the
ICU. We chose to measure the interventions in the ventilator
bundle because our preliminary work found that patients
often failed to receive them. The specific interventions to
reduce VAP (eg, circuit changes) typically happened at a unit
level. That is, all or no patients received them, and we mea-
sured therapies for which there was substantial variation in
use.

Fifth, we did not have sufficient resources to evaluate the
importance of concomitant Keystone project interventions to
improve culture and communication on VAP rates or whether
ICUs had preexisting VAP quality improvement teams. There-
fore, we cannot state that improvements in compliance with
the ventilator bundle were solely responsible for reductions
in VAP. In addition, we had insufficient resources to evaluate
the impact of our intervention on duration of mechanical
ventilation, length of stay, or mortality. Furthermore, it would
be misleading to attribute mortality reductions solely to VAP.
This multifaceted intervention included efforts to reduce CR-
BSI and VAP and to improve safety culture and communi-
cation. A study evaluating the impact of the Keystone project
on mortality and length of stay has been published.*

This study suggests that most VAPs are preventable, which
has important public health implications. Despite a growing
awareness to focus efforts on translating research into prac-
tice, evidence of success is sparse; however, we have dem-
onstrated that VAP can be successfully prevented across a
large and diverse cohort of ICUs. Our multifaceted VAP in-
tervention was implemented without expensive technology or
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funding for the participating ICUs. Broad use of this mul-
tifaceted intervention could significantly reduce morbidity,
mortality, and costs of care attributed to VAP. Furthermore,
the Keystone ICU project may be a model for large-scale
improvement projects in patient safety and public health.
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APPENDIX A

TABLE Al.

Definitions for Ventilator Care Bundle Process Measures

Process measure

Definition

Head of bed elevation
Stress ulcer prophylaxis

Percentage of ventilator-days on which the head of the bed is elevated 3045 degrees
Percentage of ventilator-days on which the patient received any stress ulcer prophylaxis.

Stress ulcer prophylaxis is defined as the use of any of the following drugs: H2 antago-
nists, proton pump inhibitors, sucralfates, or antacids. To meet the intent of this mea-
sure, the use of these drugs is not dose or regimen dependent.

Deep venous thrombosis prophylaxis

Percentage of ventilator-days on which the patient received any deep venous thrombosis

prophylaxis. Deep venous thrombosis prophylaxis is defined as the use of any of the
following drugs: low-dose unfractionated heparin, low-molecular-weight heparins, direct
thrombin inhibitors, or warfarin. To meet the intent of this measure, the use of these
drugs is not dose or regimen dependent. Therapeutic anticoagulation would meet (and
exceed) the requirements for this measure.

Followed commands

Percentage of ventilator-days on which patients followed commands, at least once during

the day if patients had received any sedation. Sedation is defined as the use of any of
the following drugs: lorazepam, midazolam, propofol, fentanyl, morphine, meperidine,
hydromorphone, or Haldol, within the past 24 hours.

Assessment of ability to extubate

Percentage of ventilator-days on which patients were evaluated with a rapid-shallow

breathing index or trial of spontaneous ventilation. A rapid-shallow breathing index is
calculated as respiratory frequency divided by tidal volume, in liters. A trial of sponta-
neous breathing is defined as a period of time where ventilatory support is removed
and the patient is allowed to breathe through either a T-tube circuit or a ventilatory
circuit by using “flow triggering” (rather than triggering by pressure) with a continuous
positive airway pressure of 5 cm of water.

NOTE.

Patients were excluded from the numerator and denominator if therapies were contraindicated. Contraindications were determined

locally, and documentation of the contraindications was required in the medical record.”

APPENDIX B

HOSPITALS PARTICIPATING IN MHA KEY-
STONE ICU PROJECT VAP INTERVENTION

Aleda E. Lutz VA Medical Center; Battle Creek Health System;
Bay Regional Medical Center; Beaumont Hospital-Royal Oak;
Beaumont Hospital-Troy; Borgess Medical Center; Botsford
General Hospital; Bronson Methodist Hospital; Chelsea Com-
munity Hospital; Community Health Center of Branch
County; Covenant Medical Center; Crittenton Hospital Med-
ical Center; Foote Health System (now Allegiance Health);
Garden City Hospital; Genesys Regional Medical Center; Ger-
ber Memorial Health Services; Gratiot Community Hospital;
Hackley Health (now Mercy Health Partners, Hackley Cam-
pus); Harper University Hospital; Henry Ford Hospital;
Henry Ford Macomb; Henry Ford Macomb Hospital Warren
Campus; Henry Ford Wyandotte Hospital; Holland Com-
munity Hospital; Huron Medical Center; Huron Valley-Sinai
Hospital; Ingham Regional Medical Center; Lakeland Re-
gional Health System; Lapeer Regional Hospital; Marquette
General Health System; McLaren Regional Medical Center;
Memorial Healthcare; Memorial Medical Center of West
Michigan; Mercy General Health Partners; Mercy Hospital
Cadillac; Mercy Hospital Grayling; Mercy Medical Center—

https://doi.org/10.1086/658938 Published online by Cambridge University Press

Des Moines, 1A; Mercy Medical Center-Sioux City, IA; Mercy
Memorial Hospital Monroe; Metro Health Hospital;
MidMichigan Medical Center, Midland; Mount Clemens
General Hospital; Munson Medical Center; Northern Mich-
igan Regional Hospital; Oakwood Annapolis Hospital; Oak-
wood Heritage Hospital; Oakwood Hospital and Medical
Center, Dearborn; Oakwood Southshore Medical Center;
POH Medical Center; Port Huron Hospital; Providence Hos-
pital and Medical Centers; St. Agnes Medical Center—Fresno,
CA; St. John Detroit Riverview Hospital; St. John Hospital
and Medical Center, Detroit; St. John Oakland Hospital; St.
John Macomb Hospital; St. John River District Hospital; St.
Joseph Health System, Tawas City; St. Joseph Mercy Health
System; St. Joseph Mercy Hospital, Livingston; St. Joseph
Mercy Oakland; Saint Joseph Regional Medical Center South
Bend, IN; St. Mary’s of Michigan; St. Mary Mercy Hospital
Livonia; Saint Mary’s Mercy Medical Center; Sinai-Grace
Hospital; Sparrow Health System; Spectrum Health; Three
Rivers Health; United Memorial Hospital; University of
Michigan Hospitals and Health Centers; West Shore Medical
Center.
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Abstract

Objective—\Ventilator-associated events (VAE) are associated with increased mortality,
prolonged mechanical ventilation, and longer ICU stay. Given strong national interest in
improving ventilated patient care, the NIH and AHRQ funded a two-state collaborative to reduce
VAEs. We describe the collaborative’s impact on VAE rates in 56 ICUs.

Design—Longitudinal quasi-experimental study.

Setting—56 intensive care units (ICUs) at 38 hospitals in Maryland and Pennsylvania from
October 2012 to March 2015.
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Interventions—\We organized a multifaceted intervention to improve adherence with evidence-
based practices, unit teamwork and safety culture. Evidence-based interventions promoted by the
collaborative included head-of-bed elevation, use of subglottic secretion drainage endotracheal
tubes, oral care, chlorhexidine mouth care, and daily spontaneous awakening and breathing trials.
Each unit established a multi-disciplinary quality improvement team. We coached teams to
establish comprehensive unit-based safety programs through monthly teleconferences. Data were
collected on rounds using a common tool and entered into a web-based portal.

Measurements and Results—ICUs reported 69,417 ventilated patient-days of intervention
compliance observations and 1,022 unit-months of VAE data. Compliance with all evidence-based
interventions improved over the course of the collaborative. The quarterly mean VAE rate
significantly decreased from 7.34 to 4.58 cases per 1,000 ventilator-days after 24 months of
implementation (p=0.007). During the same time period, infection-related ventilator-associated
complication (IVAC) and possible and probable ventilator-associated pneumonia (PVAP) rates
decreased from 3.15 to 1.56 and 1.41 to 0.31 cases per 1,000 ventilator-days (p=0.018, p=0.012),
respectively.

Conclusions—A multifaceted intervention was associated with improved compliance with
evidence-based interventions and decreases in VAE, IVAC and PVAP. Our study is the largest to
date affirming that best practices can prevent VAEs.

Keywords

mechanical ventilation; ventilator-associated pneumonia; intensive care unit; quality improvement;
patient safety; healthcare associated infections

Page 2

Introduction

Approximately 800,000 hospitalized patients undergo mechanical ventilation each year in
the United States, representing 2.7 episodes per 1,000 hospitalizations. These patients are
disproportionately older and chronically ill (1-2). They are at risk for multiple complications
including pneumonia, pulmonary edema, atelectasis, and acute respiratory distress
syndrome. In January 2013, the Centers for Disease Control and Prevention (CDC) released
new surveillance definitions for these complications, termed ventilator-associated events
(VAE) (3). VAEs are associated with prolonged mechanical ventilation, and increased
mortality, antimicrobial use, and intensive care unit (ICU) and hospital lengths of stay (4-7).

Given its high morbidity and mortality, VAE has been proposed as a potential quality metric
for public reporting and pay-for-performance. However, there is a paucity of data
demonstrating that VVAEs are preventable (4,8-10). The National Heart, Lung, and Blood
Institute and the Agency for Healthcare Research and Quality therefore funded a two-state
collaborative to reduce VAEs by improving unit teamwork and safety culture and enhancing
compliance with evidence-based interventions.

Crit Care Med. Author manuscript; available in PMC 2018 July 01.
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Methods

Collaborative Design

The collaborative was organized and led by the Johns Hopkins Armstrong Institute for
Patient Safety and Quality in partnership with the Maryland Hospital Association and the
Hospital and Healthsystem Association of Pennsylvania. All hospitals in Maryland and
Pennsylvania with an adult ICU were invited to participate. ICUs were not compensated for
participation. This was a pragmatic study; we did not conduct a power analysis. The Johns
Hopkins University School of Medicine Institutional Review Board approved this quality
improvement project.

The goals of the collaborative were to decrease VAES by improving compliance with
evidence-based interventions, unit teamwork and patient safety culture. We describe the
collaborative’s results between October 2012 and March 2015.

Participating 1CUs established multi-disciplinary quality improvement teams, including one
physician champion, nurse champion, respiratory therapist, and administrator to implement
the multifaceted intervention. Each team identified a leader as the contact point for the

collaborative organizers (state leads from each hospital association and Armstrong Institute
researchers). ICU teams were encouraged to engage frontline providers in all aspects of the
intervention and meet monthly to review progress, identify obstacles, and develop solutions.

Multifaceted Intervention

The multifaceted intervention included training and coaching to improve adherence with
evidence-based practices for VAE reduction, implementation of the Comprehensive Unit-
based Safety Program (CUSP), and measurement and feedback of performance. It began
with a Delphi process to elicit clinicians’ perceptions of the interventions that were most
important to include in the prevention bundle. These clinicians did not participate in the
collaborative. The structure and results of this process are reported elsewhere (11). We then
organized bimonthly followed by monthly training and coaching webinars to educate
providers about the six interventions identified by the Delphi process: head-of-bed elevation
(HOB), use of subglottic suctioning for endotracheal tubes (Sub-G ETT), oral care (OC) six
times per day, chlorhexidine mouth care (CHG) two times per day, performance of
spontaneous awakening trials (SAT), and performance of spontaneous breathing trials
(SBT).

Teams were encouraged to follow the translating research into practice (TRiP) framework to
improve compliance with these interventions (12): 1) identify an evidence-based
intervention, 2) identify implementation barriers, 3) measure baseline performance, and 4)
ensure all patients receive the intervention by engaging and educating stakeholders, focusing
on the local care delivery system rather than individual providers, and reporting performance
back to staff and senior leaders.

Teams were also trained to implement CUSP on their unit. CUSP is a five-step iterative
program, validated to improve unit safety culture and teamwork (13). Its adoption has led to
improvements in previous ICU projects (14). Team leaders provided feedback to

Crit Care Med. Author manuscript; available in PMC 2018 July 01.
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collaborative organizers regarding progress during individual quarterly coaching calls.
Formal assessments, targeting a spectrum of providers on each unit, were used to
dynamically address barriers, celebrate successes, and address education gaps (15). The
application of TRiP combined with CUSP has been associated with decreased rates of
hospital-acquired infections state- and country-wide (16-19).

A repository of the project materials was accessible to teams on a web-based platform to
support implementation. Materials included literature reviews for the evidence-based
interventions, brief evidence summaries or ‘fact sheets’ to help educate providers, the CUSP
and TRIP toolkits, examples of protocols (e.g. SAT and SBT), and recorded project
webinars.

Data Collection

Teams used a standard data collection tool developed by the project team to collect
intervention data for all mechanically ventilated patients (Supplemental Figure A.1.). They
were encouraged to collect performance data each day during multi-disciplinary morning
rounds to maximize provider input and data accuracy. These were then entered or uploaded
into a web-based portal weekly. Performance data collection started in October 2012.

VAE data were reported to the CDC National Healthcare Safety Network (NHSN) by
infection preventionists. State leads extracted VAE data from NHSN and uploaded these into
the data portal. VAE data collection started in January 2013 following the publication of the
VAE definitions by the CDC.

Reports on intervention compliance and VAE rates over time with comparative rates from
other ICUs were available on the data portal to teams and senior leaders. Teams were
coached on effective ways to use these data to catalyze performance improvement.

Participating ICUs were asked to complete the annual Hospital Survey on Patient Safety
Culture to evaluate teamwork and safety culture. Team leaders also provided feedback
regarding team progress during quarterly implementation assessments. Formal assessments,
targeting a spectrum of providers on each unit, were used to dynamically address barriers,
celebrate successes, and address gaps in education. The results of these will be reported
separately.

Intervention Exposure, Outcome Measures and Hypotheses

The exposure of interest was time since intervention implementation. We divided the study
period into an early intervention phase (October 2012—March 2013) and late intervention
phase (April 2013—-March 2015) and compared performance in the late phase to the early
phase. (Supplemental Table A.1). We divided the analysis in this fashion a priorito allow
participants two quarters to learn how to use the data collection and reporting tools.

The primary outcomes were VAE, IVAC and PVAP incidence rates per 1,000 ventilator-days
(Supplemental Table A.2;(3)). For the early and late intervention periods, compliance with
each of the six evidence-based interventions was calculated as the proportion of
opportunities for the intervention in which patients received the intervention (Supplemental
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Table A.3). Our primary hypotheses were that VAE, IVAC and PVAP rates would decrease
with intervention implementation, and compliance with the evidence-based interventions
would be higher in the late compared to the early intervention phase. Our secondary study
hypothesis was that a higher composite measure compliance, defined as the percentage of
ventilator-days during which there was compliance with the five interventions measured at
patient-day level (HOB, OC, CHG, SAT, SBT), would be associated with decreased VAE
rates.

For the primary outcomes, we reported numbers of events, ventilator-days, and incidence
rates for each event type. To explore the relationship between time since intervention and
VAE, IVAC, PVAP rates, we used generalized linear mixed effects models with a log-link
and Poisson variance for the quarterly numbers of events, including the log of ventilator-
days as an offset term. We adjusted for state (binary), teaching status (binary), location
(urban, suburban, rural), hospital size (<99 beds, 100-499 beds, =500 beds) and ICU type
(mixed, medical, surgical/trauma, cardiac). Unit was included as a random intercept to
account for the longitudinal nature of the data. We modeled the exposure of interest
(quarter) as a continuous variable and estimated average intervention effects per quarter.

The first quarter of 2013 was excluded from the primary analysis of VAE rates because
teams were establishing infrastructure to collect VAE rates using the definitions introduced
in January 2013. We conducted the following sensitivity analyses: including the first quarter
of 2013, including only 1CUs with complete VAE data, using data submitted prior to
September 2014, using negative binomial variance, and for missing data, carrying forward
last known values and multiple imputation (with five datasets), respectively.

We reported individual and composite measure compliance for the early and late
intervention periods and compared these compliance rates using mixed effects logistic
regression models, adjusting for the aforementioned facility characteristics. The relationship
between VAE, IVAC, and PVAP rates and the composite measure was investigated using
similar regression models as described above, in which the centered compliance rate (times
10) was added as a predictor. We used statistical software R 3.2.2 (20).

In Maryland and Pennsylvania, 56 ICUs from 38 hospitals joined the collaborative. Table 1
summarizes their characteristics. Of 56 participating ICUs, 52 submitted VAE outcomes data
between January 2013 and March 2015, providing 1,022 unit-months and 120,519
ventilator-days. Of 416 eligible unit-quarters (52 units times 8 quarters), 113 (27%) were
missing VAE data.

The quarterly mean VVAE rate significantly decreased from 7.34 cases per 1,000 ventilator-
days during the first study quarter to 4.58 cases after 24 months of implementation
(0=0.007; Table 2, Figure 1). During the same time period, IVAC and PVAP rates decreased
from 3.15 to 1.56 cases per 1,000 ventilator-days (=0.018) and 1.41 to 0.31 cases per 1,000
ventilator-days (p=0.012), respectively.
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Regression models demonstrated a statistically significant decrease in VAE rates over time,
with an average 6% (95% CI [2%,9%], p=0.002) quarterly decrease in the incidence rate
(Table 3). IVAC and PVVAP rates demonstrated average quarterly decreases of 11% (95% ClI
[6%,16%], p<0.001) and 17% (95% CI [7%,25%], p<0.001), respectively. Sensitivity
analyses, including the first quarter of VAE data, complete data, using data submitted prior
to September 2014, using Negative Binomial variance, carrying forward last known values,
and multiple imputation (Supplemental Tables A.4-A.9), were consistent with the primary
analysis.

Of 56 participating ICUs, 51 submitted compliance intervention data between October 2012
and March 2015, supplying 796 unit-months and 69,417 ventilator-days. Of 51 participating
units, 50 and 47 units contributed compliance data to the early phase (2 quarters) and the late
phase (8 quarters), respectively, and 46 contributed compliance data to both time periods
(Table 4). Data were reported for 75 (75%) unit-quarters in the early phase and for 226
(60%) unit-quarters in the late phase.

Compliance with each of the six interventions significantly increased from the early to the
late phase (Table 4, Supplement Figures A.2 and A.10). The composite measure compliance
increased from 14% to 20% from the early to the late phase (p<0.024). Contraindication
rates for the interventions remained relatively stable with slight decreases for HOB and Oral
Care, and slight increases for CHG and SAT (Supplemental Figure A.3, Tables A.11-A.12).

Regression models suggested that a 10 percentage point increase in the composite measure
compliance rate was associated with a 12% VAE decrease (IRR=0.88 [0.78,0.99], p=0.032),
and a 16% IVVAC decrease (IRR=0.84 [0.71,1.01], p=0.066). No significant relationship
between PVAP and the composite measure was observed.

Discussion

In this collaborative study, a multifaceted intervention was associated with improved
compliance with six key interventions for ventilated patients and significantly lower VAE,
IVAC, and PVAP rates. There was a significant inverse correlation between VAE rates and a
composite measure of HOB, OC, CHG, SAT, and SBT. Our study is the largest to date
affirming that best practices for ventilated patients can prevent VAEs.

The preventability of VAE and its clinical applicability have been questioned since the CDC
published definitions for ventilator-associated complications (22,23). This study supports
and adds to the nascent literature on VVAE prevention strategies (4,8,21). Muscedere et al.
demonstrated that increased concordance with their bundle was associated with decreases in
ventilator-associated complications and VAP, and that increased compliance with SAT and
SBT was associated with trends towards decreasing VAC (4). The Wake Up and Breathe
collaborative demonstrated that coordinated SAT and SBT prevented VAE (21). And,
Mekontso et al. showed that a fluid restrictive strategy could prevent VAC (8). Our study
builds upon this literature and demonstrates that VVAE is preventable in a large, diverse
cohort of ICUs.
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While care bundle implementation has been associated with improved outcomes, there are
no published standards for bundle development. There is debate regarding bundles targeting
mechanically ventilated patients (9). Current bundles vary widely with respect to care
practices and development approaches. Our collaborative builds on prior work to advance
the science of bundle development. This entailed a structured approach to distill numerous
expert judgments regarding the interventions that were most important and feasible to
implement (11). Our intervention bundle targeted VAP prevention because the evidence base
for VAE prevention was immature at the time our study began. Our ventilator bundle aligns
with the Society for Healthcare Epidemiology of America’s recommendations to prevent
VAP (24).

It has been suggested that VAE and VAP are different complications and VAP prevention
bundles cannot simply be applied to target VAE (9,25). We agree; decreasing VAE entails
decreasing duration of mechanical ventilation and targeting primary conditions associated
with VAE. Our intervention may have been successful because it targeted VAP, one of the
most common causes of VAE (7,26-27), and because some of our key interventions, such as
SATs and SBTs, can prevent multiple complications of mechanical ventilation (21).

We continue to modify our ventilator bundle based on emerging evidence. Early mobility
and low tidal volume interventions are promising candidates to add to ventilator bundles. A
recent meta-analysis, by contrast, suggests that CHG may not prevent VAP in non-cardiac
patients (29). Further interventions to consider for future bundles include conservative fluid
and transfusion strategies (9).

Determining which components of our multifaceted intervention led to its success is
challenging, however, the differential improvement rates in bundle components offers some
clues. HOB compliance remained high and Sub-G ETT compliance remained low
throughout the collaborative, so these were unlikely significantly impactful. By default, then,
we suspect OC, CHG, SAT, and SBT had the most impact. Additional analyses are
underway to evaluate the relative importance of each intervention in the bundle on VAE
rates.

It is possible that units’ participation in such a collaborative is associated with a reduction in
VAE outcomes, beyond the effect of the improvement in bundle compliance due to the
multifaceted nature of the collaborative. A second potential factor driving success was
providing teams with a common surveillance system, including standard definitions for
interventions, data collection tools, and a web-based portal with real-time access to
performance reports. These tools were provided to providers in the context of a clinical
community to foster peer learning, an important attribute of collaborative projects (30).
Additional work is necessary to validate the interventions and measurement definitions, but
this collaborative took the first step to establish definitions for use in diverse setting outside
of research, without sophisticated technology or monetary resources. Prior to this
collaborative, many patients were not receiving recommended interventions, despite
published guidelines, because the field lacked practical definitions and a feasible
measurement infrastructure (24). This hampered efforts to translate evidence into practice.
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Standard measures, along with scalable processes to collect and report performance data, are
mechanisms to reduce preventable harm (31).

The final key collaborative component was pairing a clinical bundle with a practice behavior
and culture change intervention (31). To implement the bundle, teams used a change model
to translate research into practice (TRiP). TriP’s emphasis on the maintenance of local teams
centralizes the technical work and ensures that those delivering care assume ownership of
implementation. Executive engagement creates visibility and facilitates the procurement of
resources to support the project. TRiP facilitates intervention execution by reducing
complexity and providing tools to standardize care. It also encourages robust data collection
and feedback to track performance and motivate performance.

To improve safety culture, communication, and teamwork, teams implemented CUSP.
Establishing and sustaining a safety culture is a national public health priority (32). Multi-
pronged programs like CUSP that promote executive engagement, multidisciplinary rounds,
and use of communication tools, improve staff perceptions of safety and teamwork, along
with care processes and outcomes (33-35). The implementation of other bundles, combined
with TRiP and CUSP, have resulted in improvement in healthcare-associated infections,
including central line-associated bloodstream infections and VAP (16-19). We are in the
midst of evaluating the association of teamwork and safety culture, intervention performance
and VAE rates.

Our study has limitations. First, we did not use a randomized study design, nor a concurrent
control group. It is possible VAE decreases were unrelated to our intervention; our results
may be influenced by temporal trends or other interventions. Second, we were not able to
compare participating ICUs with non-participating ICUs which may have introduced an
inclusion bias. Third, validating intervention compliance and VAE data was beyond the
scope of this collaborative. Teams may have been motivated to demonstrate improvement
and biased results. To minimize this, we standardized data collection techniques and sources
and used the existing infrastructure of infection preventionists who routinely collect and
report VAE data to NHSN. Fourth, we could not evaluate VVAE rates pre- and post-
intervention. There was no pre-intervention period because CDC first released VAE
definitions in January 2013 and hospitals were not formally collecting these data previously.
Fifth, there were missing data which could have biased our results; however, multiple
sensitivity analyses (including the first quarter of VAE data, complete data, using data
submitted prior to September 2014, using Negative Binomial variance, carrying forward last
known values and multiple imputation) demonstrated consistent results. Fifth, we report
VAE rates per 1,000 ventilator-days, not episodes, according to the NHSN definition.
Interventions that decrease ventilator-days may paradoxically increase VAE rates and
underestimate the impact of the intervention on VAE outcomes (9,21). Finally, we were
unable to evaluate duration of mechanical ventilation, ICU and hospital lengths of stay, or
mortality, though other studies have demonstrated improvements in some of these outcomes
(8,21). We did not collect patient identifiers and were unable to reliably estimate total
number of patients to calculate duration of mechanical ventilation per patient. In addition,
the majority of hospitals lacked the infrastructure to collect these data and did not receive
financial support to participate.
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Conclusion

We implemented a collaborative that involved a multifaceted intervention across a large and
diverse cohort of ICUs in Maryland and Pennsylvania that led to significant decreases in
VAE rates. The six technical interventions, or bundle of evidence-based practices, were
executed using models designed to change care practices and improve safety culture.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank Tara McFarlin and CECity for their support in data collection and analysis. We also thank the Maryland
Hospital Association and the Hospital and Healthsystem Association of Pennsylvania for their leadership.

Financial Support: Funding provided by the Agency for Healthcare Research and Quality (HHSA29032002T) and
National Heart, Lung and Blood Institute (1R01HL105903)

Dr. Rawat’s institution received funding from Agency for Healthcare Research and Quality (AHRQ)
(HHSA29032002T) and National Institute of Health (NI1H)/National Heart, Lung, and Blood Institute (NHLBI)
(1RO1HL105903), received support for article research from the NIH and AHRQ, and disclosed paying CECity for
being a vendor. Dr. Yang’s institution received funding from AHRQ, the NIH, PCORI, and the Moore Foundation,
and she received support for article research from the NIH; she disclosed work for hire. Dr. Ali received support for
article research from the NIH. Dr. O Farley received funding from Armstrong Institute, Johns Hopkins Medical
School (independent consultant on the Armstrong research team). Dr. Cohen’s institution received funding from
AHRQ and the NIH/NHLBI, and she received support for article research from the NIH and AHRQ. Dr.
Lubomski’s institution received funding from AHRQ, NIH/NHLBI, and the American Medical Association, and
she received support for article research from the NIH. Dr. Thompson’s institution received funding from AHRQ.
Dr. Winters’s institution received funding from AHRQ. Dr. Cosgrove received support for article research from the
NIH and AHRQ. Dr. Klompas’s institution received funding from AHRQ and the CDC. Dr. Speck’s institution
received funding from AHRQ and the NIH/NHLBI, and she received support for article research from the NIH and
AHRQ. Dr. Berenholtz’s institution received funding from AHRQ and the NIH/NHLBI, and he received support for
article research from the NIH.

References

1. Wunsch H, Linde-Zwirble WT, Angus DC, et al. The epidemiology of mechanical ventilation use in
the United States. Crit Care Med. 2010 Oct; 38(10):1947-53. [PubMed: 20639743]

2. Carson SS, Cox CE, Holmes GM, et al. The changing epidemiology of mechanical ventilation: a
population-based study. J Intensive Care Med. 2006 May-Jun;21(3):173-82. [PubMed: 16672639]

3. Magill SS, Klompas M, Balk R, et al. Executive summary: Developing a new, national approach to
surveillance for ventilator-associated events. Ann Am Thorac Soc. 2013 Dec; 10(6):S220-3.
[PubMed: 24364784]

4. Muscedere J, Sinuff T, Heyland DK, et al. The clinical impact and preventability of ventilator-
associated conditions in critically ill patients who are mechanically ventilated. Chest. 2013 Nov;
144(5):1453-60. [PubMed: 24030318]

5. Boyer AF, Schoenberg N, Babcock H, et al. A prospective evaluation of ventilator-associated
conditions and infection-related ventilator-associated conditions. Chest. 2015 Jan; 147(1):68-81.
[PubMed: 24854003]

6. Zhu S, Cai L, Ma C, et al. The clinical impact of ventilator-associated events: A prospective multi-
center surveillance study. Infect Control Hosp Epidemiol. 2015 Dec; 36(12):1388-95. [PubMed:
26310838]

7. Hayashi Y, Morisawa K, Klompas M, et al. Toward improved surveillance: the impact of ventilator-
associated complications on length of stay and antibiotic use in patients in intensive care units. Clin
Infect Dis. 2013 Feb; 56(4):471-7. [PubMed: 23118272]

Crit Care Med. Author manuscript; available in PMC 2018 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rawat et al. Page 10

8. Mekontso Dessap A, Katsahian S, Roche-Campo F, et al. Ventilator-associated pneumonia during
weaning from mechanical ventilation: role of fluid management. Chest. 2014 Jul; 146(1):58-65.
[PubMed: 24652410]

9. Klompas M. Potential Strategies to Prevent Ventilator-Associated Events. Am J Respir Crit Care
Med. 2015 Sep 23.

10. Klompas M, Li L, Szumita P, et al. Associations between different sedatives and ventilator-
associated events, length-of-stay, and mortality in mechanically ventilated patients. Chest. 2015
Oct 22.

11. Speck K, Rawat N, Weiner NC, et al. A systematic approach for developing a ventilator-associated
pneumonia prevention bundle. Am J Infect Control. 2016 Feb 10.

12. Pronovost PJ, Berenholtz SM, Needham DM. Translating evidence into practice: a model for large
scale knowledge translation. BMJ. 2008 Oct 6.337:a1714. [PubMed: 18838424]

13. Sexton JB, Berenholtz SM, Goeschel CA, et al. Assessing and improving safety climate in a large
cohort of intensive care units. Crit Care Med. 2011 May; 39(5):934-9. [PubMed: 21297460]

14. Pronovost PJ, Berenholtz SM, Goeschel C, et al. Improving patient safety in intensive care units in
Michigan. J Crit Care. 2008 Jun; 23(2):207-21. DOI: 10.1016/j.jcrc.2007.09.002 [PubMed:
18538214]

15. Ali KJ, Farley DO, Speck K, et al. Measurement of implementation components and contextual
factors in a two-state healthcare quality initiative to reduce ventilator-associated pneumonia. Infect
Control Hosp Epidemiol. 2014 Oct; 35(Suppl 3):S116-23. [PubMed: 25222890]

16. Pronovost P, Needham D, Berenholtz S, et al. An intervention to decrease catheter-related
bloodstream infections in the ICU. N Engl J Med. 2006 Dec 28; 355(26):2725-32. [PubMed:
17192537]

17. Berenholtz SM, Pham JC, Thompson DA, et al. Collaborative cohort study of an intervention to
reduce ventilator-associated pneumonia in the intensive care unit. Infect Control Hosp Epidemiol.
2011 Apr; 32(4):305-14. [PubMed: 21460481]

18. Marsteller JA, Sexton JB, Hsu YJ, et al. A multicenter, phased, cluster-randomized controlled trial
to reduce central line-associated bloodstream infections in intensive care units*. Crit Care Med.
2012 Nov; 40(11):2933-9. [PubMed: 22890251]

19. DePalo VA, McNicoll L, Cornell M, et al. The Rhode Island ICU collaborative: a model for
reducing central line-associated bloodstream infection and ventilator-associated pneumonia
statewide. Qual Saf Health Care. 2010 Dec; 19(6):555-61. [PubMed: 21127114]

20. R Core Team. R: A language and environment for statistical computing. R Foundation for
Statistical Computing; Vienna, Austria: 2015. https://www.R-project.org/

21. Klompas M, Anderson D, Trick W, et al. The preventability of ventilator-associated events. The
CDC Prevention Epicenters Wake Up and Breathe Collaborative. Am J Respir Crit Care Med.
2015 Feb 1; 191(3):292-301. DOI: 10.1164/rccm.201407-13940C [PubMed: 25369558]

22. Lilly CM, Ellison RT 3rd. Quality measures for critically ill patients: where does ventilator-
associated condition fit in? Chest. 2013 Nov; 144(5):1429-30. [PubMed: 24189848]

23. Raoof S, Baumann MH. An official multi-society statement: ventilator-associated events—the new
definition. Ann Am Thorac Soc. 2014 Jan; 11(1):99-100. [PubMed: 24460442]

24. Yokoe D, Anderson D, Berenholtz S, et al. Compendium of strategies to prevent healthcare-
associated infections in acute care hospitals: 2014 update. Infect control Hosp Epidemiol. 2014
Aug; 35(8):367-377. DOI: 10.1086/677216 [PubMed: 24602941]

25. Lewis SC, Li L, Murphy MV, et al. Risk factors for ventilator-associated events: a case-control
multivariable analysis. Crit Care Med. 2014 Aug; 42(8):1839-48. [PubMed: 24751498]

26. Klompas M, Khan Y, Kleinman K, et al. Multicenter evaluation of a novel surveillance paradigm
for complications of mechanical ventilation. PLoS One. 2011 Mar 22.6(3):¢18062. [PubMed:
21445364]

27. Klein Klouwenberg PM, van Mourik MS, Ong DS, et al. Electronic implementation of a novel
surveillance paradigm for ventilator-associated events. Feasibility and validation. Am J Respir Crit
Care Med. 2014 Apr 15; 189(8):947-55. [PubMed: 24498886]

Crit Care Med. Author manuscript; available in PMC 2018 July 01.


https://www.R-project.org/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Rawat et al.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

CUSP for Mechanically Ventilated Patients — Ventilator Associated Pneumonia. Armstrong
Institute for Patient Safety and Quality Portal website. https://jh.community360.net/
cusp4mvp.aspx. Published 2012. Accessed March 23, 2016.

Klompas M, Speck K, Howell MD, et al. Reappraisal of routine oral care with chlorhexidine
gluconate for patients receiving mechanical ventilation: systematic review and meta-analysis.
JAMA Intern Med. 2014 May; 174(5):751-61. [PubMed: 24663255]

Aveling EL, Martin G, Armstrong N, Banerjee J, Dixon-Woods M. Quality improvement through
clinical communities: eight lessons for practice. J Health Organ Manag. 2012; 26(2):158-74.
[PubMed: 22856174]

Pronovost PJ, Cleeman JI, Wright D, et al. Fifteen years after To Err is Human: A success story to
learn from. BMJ Qual Saf. 2015 Dec 15.

National Patient Safety Foundation. Free from Harm: Accelerating Patient Safety Improvement
Fifteen Years after To Err is Human. Boston, MA: National Patient Safety Foundation; 2015.

Weaver SJ, Lubomksi LH, Wilson RF, et al. Promoting a culture of safety as a patient safety
strategy: a systematic review. Ann Intern Med. 2013 Mar 5; 158(5 Pt 2):369-74. [PubMed:
23460092]

Vigorito MC, McNicoll L, Adams L, et al. Improving safety culture results in Rhode Island ICUs:
lessons learned from the development of action-oriented plans. Jt Comm J Qual Patient Saf. 2011
Nov; 37(11):509-14. [PubMed: 22132663]

Sacks GD, Shannon EM, Dawes AJ, et al. Teamwork, communication and safety climate: a
systematic review of interventions to improve surgical culture. BMJ Qual Saf [Epub]. May.2015
0:1-10. DOI: 10.1136/bmjgs-2014-003764

Crit Care Med. Author manuscript; available in PMC 2018 July 01.


https://jh.community360.net/cusp4mvp.aspx
https://jh.community360.net/cusp4mvp.aspx

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Rawat et al.

Incidence Rate per 1,000 Ventilator Days

[ —

O =MW OGN ®O O =
/
°
\
/

q
p

/

d

b

f%

Page 12

N
o
—h
S
o
=

cD €10¢
€0 €10¢
YO €10¢;
IO ¥102
cO ¥10¢
€0 ¥10¢

o

Figure 1. Cohort-level Ventilator-Associated Events Outcome I ncidence Rates (per 1,
ventilator-days) Over Time

" = VAE = s sfe s a [VAC — PVAP
Ventilator-Associated Event (VAE)

Infection-Related Ventilator-Associated Complications (IVAC)
Probable and Possible Ventilator-Associated Pneumonia (PVAP)

Crit Care Med. Author manuscript; available in PMC 2018 July 01.

IO G102



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Rawat et al.

Characteristics of Participating Facilities

Characteristics Number (%) of Facilities
Hospitals 38 (100)
State
Maryland 20 (53)
Pennsylvania 18 (47)
Academic Facility
No 22 (58)
Yes 16 (42)
Hospital size, beds
a. Small (<99 beds) 5(13)
b. Medium (100-499 beds) 28 (74)
c. Large (=500 beds) 5(13)
Urban/Rural Status
a. Urban 17 (45)
b. Suburban 16 (42)
¢. Rural 5(13)
Units 56 (100)
Unit Type
Mixed 24 (43)
Medical 17 (30)
Surgical/Trauma 9 (16)
Cardiac 6 (11)
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Table 3
Estimated Ventilator-Associated Event Incidence Rate Ratios Based on Mixed Effects Poisson Regression
Models
Model Terms VAE IVAC PVAP
Quarter 0.94[0.91,098]  0.89[0.84,0.94]  0.83[0.75, 0.93]
Maryland Reference Reference Reference

Pennsylvania

0.68 [0.32, 1.44]

0.97 [0.50, 1.89]

0.94 [0.39, 2.24]

Nonteaching

Reference

Reference

Reference

Teaching 0.77[0.29,2.07]  0.69[0.29,1.68]  1.42[0.48, 4.23]
Small (<99 beds) Reference Reference Reference
Medium (100-499 beds) 5.02[0.92,27.48] 6.60[1.04,41.99] NA

Large (>=500 beds) 5.60 [0.90, 34.87] 7.39[1.04,52.65] NA

Urban Reference Reference Reference
Suburban 0.48[0.21,1.09]  0.53[0.25,1.15]  0.77 [0.26, 2.29]
Rural 0.80 [0.19, 3.40] 1.34[0.37, 4.86] 1.27[0.25, 6.54]
Mixed Reference Reference Reference
Medical 0.53[0.25, 1.11] 0.33[0.16, 0.67] 0.38 [0.15, 0.96]

Surgical/Trauma

Cardiac

1.16 [0.46, 2.94]
0.60 [0.20, 1.81]

1.58 [0.76, 3.30]
0.71[0.27, 1.87]

1.75[0.70, 4.35]
0.440.10, 1.89]

Abbreviations: VAE, ventilator-associated event; IVAC, infection-related ventilator-associated complications; PVVAP, probable and possible

ventilator-associated pneumonia.
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Background: Prompted by the high number of central line-associated bloodstream infections (CLABSIs),
our institution joined the national On the CUSP: Stop BSI initiative. We not only report the significant
impact that the Comprehensive Unit-based Safety Program (CUSP) had in reducing CLABSI, but also report
catheter-associated urinary tract infections (CAUTIs) and ventilator-associated pneumonia (VAP) in 2 in-
tensive care units (ICUs).
Methods: At our community-based academic health care system, 2 ICUs implemented CUSP tools and
developed local interventions to reduce CLABSI and other safety problems. We measured CLABSI, CAUTI,
and VAP during baseline, the CUSP period, and a post-CUSP period.
Results: CLABSIs decreased from 3.9 per 1,000 catheter days at baseline to 1.2 during the CUSP period
to 0.6 during the post-CUSP period (rate ratio, 0.16; 95% confidence interval [CI], 0.07-0.35). CAUTIs de-
creased from 2.4 per 1,000 patient days to 1.2 during the post-CUSP period (rate ratio, 0.4; 95% CI, 0.24-
0.65). VAP rate decreased from 2.7 per 1,000 ventilator days to 1.6 during the CUSP and post-CUSP periods
(rate ratio, 0.58; 95% CI, 0.30-1.10). Device utilization decreased significantly in both ICUs.
Conclusions: Implementation of CUSP was associated with significant decreases in CLABSI, CAUTI, and
VAP. The CUSP model, allowing for implementation of evidence-based practices and engagement of front-
line staff, creates sustainable improvements that reach far beyond the initial targeted problem.

© 2016 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier

Inc. All rights reserved.

For over a decade, the Comprehensive Unit-based Safety Program
(CUSP) model, a multifaceted approach to patient safety, has em-
powered units to take action by aligning culture change and quality
improvement models." Implementation of this model has resulted
in a dramatic and sustained decrease in central line-associated blood-
stream infection (CLABSI) rates, with sustained improvements.??
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Stanton Rd, 2nd FL, Office 2E61C, Newark, DE 19718.
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Among health care-associated infections, CLABSI was initially the major
focus of CUSP because of high morbidity and mortality,** excess cost,*®
and a greater understanding of evidence-based prevention mea-
sures compared with other types of infections. However, the CUSP
model can, and is intended to, be applied to any patient safety issue.
CUSP is sufficiently structured to provide a strategy for health care
organizations to improve culture and learn from mistakes, but is flex-
ible enough for units to focus on risks that they perceive as most
important, given their context. Subsequent evaluations of CUSP dem-
onstrate improved safety and teamwork climate,’ decreased nursing
turnover, and decreases in other health care-associated infections.!%?

Since the initial project describing CUSP success with CLABS]I, the
CUSP model has been applied in intensive care units (ICUs) to reduce
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infections nationwide, initially focusing on CLABSI but then expand-
ing to develop and implement interventions to reduce catheter-
associated urinary tract infection (CAUTI)'® and, most recently,
ventilator-associated pneumonia (VAP) and other complications of
mechanical ventilation.' In each of these initiatives, there is a
well-described distinction between the technical work (ie, evidence-
based practices to decrease infections) and adaptive work (ie,
change in culture, communication, teamwork, and other practices
necessary to sustain behavior change and infection reduction). Im-
plementation of CUSP demonstrated that most CLABSI are preventable
through consistent application of evidence-based practices, and these
reductions can be sustained over extended periods of time.?

Based on the prior success of CUSP implementation, the Agency
of Healthcare Research and Quality funded the On the CUSP: Stop
BSI initiative and challenged state hospital associations nationally
to reduce CLABSI rates to <1 per 1,000 central line days, and in 2009,
the U.S. Department of Health and Human Services set a national
goal for a 50% reduction in CLABSI by 2013.2 The On the CUSP: Stop
BSI initiative was implemented in sequential groups of state hospital
associations who were tasked with enrolling at least 15 hospitals
in their state to participate in the collaborative. In 2010, cohort 4
of CUSP was launched statewide in Delaware, with full participa-
tion in 100% of acute care hospitals (n=8) and a total of 14 CUSP
unit teams.'®

Christiana Care Health System (CCHS) joined the On the CUSP:
Stop BSl initiative, prompted in part by high CLABSI rates in one ICU
in particular, in addition to implementing other complementary
systemwide initiatives. Despite significant improvement com-
pared with 2004-2005, CLABSI rates at CCHS had increased beginning
in mid-2009. This study describes the impact of CUSP implemen-
tation in 2 CCHS ICUs, the Wilmington intensive care unit (WICU)
and the Christiana Hospital medical intensive care unit (MICU), that
participated in the On the CUSP: Stop BSI initiative.

METHODS
Setting

CCHS, headquartered in Wilmington, Delaware, is one of the coun-
try’s largest health care providers, ranking 22nd in the nation for
hospital admissions with >53,000 annually. A not-for-profit, nonsec-
tarian community-based academic health system, CCHS includes 2
major teaching hospitals with >1,100 patient beds and 5 adult ICUs.
CCHS is the major health care provider in Delaware, with approxi-
mately 50% of the hospitalizations statewide and 90% of the adult
non-Veterans Affairs hospitalizations in the county. CCHS is 1 of 8
Delaware hospitals that participated in the On the CUSP: Stop BSI
initiative.

The WICU, a 9-bed closed unit at the smaller Wilmington Hos-
pital, provides services to a diverse mix of adult medical and surgical
patients. The WICU is unique as the only ICU on the Wilmington
Hospital campus. The MICU, a 22-bed closed unit located at Christiana
Hospital, cares for medical critical care patients. Case mix data for
2015 (MICU: 2.698, WICU: 2.389) and top diagnoses (eg, septice-
mia or severe sepsis; respiratory system diagnosis with ventilator
support) indicate the 2 units are similar in patient acuity. The health
care provider team for both units consists of intensivists on site, res-
ident coverage, and critical care physician assistants, along with a
tele-ICU model allowing remote critical care nursing and physician
supervision. The WICU and MICU share intensivists that rotate on
a weekly basis, 2 of which are medical directors for the units, and
physician assistants that rotate on a regular basis. There is no cross-
over for nursing management and staff. In addition to the delivery
of expert patient care, critical care coverage extends outside the
boundaries of these units, including response to code blues and rapid

responses throughout the campus. The units participate in a medical
critical care leadership group which is a collaborative of the 2 units
to work on major goals that would be the same for each unit.

CUSP development

Leadership and physician engagement were key components in
CUSP development. Enrollment in the On the CUSP: Stop BSI ini-
tiative required CCHS leadership support and stakeholder
engagement, including support from the chief executive officer. The
infection prevention department oversaw program participation and
worked with senior leadership to identify an executive champion
for each participating ICU. At the onset of the project, each unit
formed their CUSP team, including a team leader, physician cham-
pion, executive champion, nurse manager, infection preventionist,
and a multidisciplinary team of nurses, nurse educators, respira-
tory therapists, and vascular access nurses. As needed, team members
from other departments (eg, emergency department, hemodialy-
sis, respiratory) were invited to be members. To take full advantage
of the transdisciplinary nature of CUSP, CCHS engaged a variety of
stakeholders to implement evidence-based practices, including in-
formation technology, the virtual education and simulation training
center, clinical engineering, logistics, and environmental services.

CCHS participated in the On the CUSP: Stop BSI initiative from
July 2010-June 2012. The CUSP framework is comprised of 5 steps:
train staff in the science of safety; engage staff to identify defects;
senior executive partnership and patient safety rounds; continue
to learn from defects; and implement tools to improve teamwork
and communication. The specific goals of CUSP implementation at
CCHS were to work toward eliminating CLABSI, aiming for a target
of zero CLABSI per 1,000 central line days, to improve the culture
of safety by 50% based on the Agency of Healthcare Research and
Quality Hospital Survey on Patient Safety Culture, and to learn from
all defects. The CUSP teams underwent the initial On the CUSP: Stop
BSI Web-based immersion program to learn the science of safety,
CUSP principles and tools, and CLABSI prevention and conducted
a baseline culture of safety survey and staff safety assessment.

Interventions

The CUSP teams implemented many efforts to help set the ex-
pectation of zero CLABSI, including but not limited to, CUSP training
and the technical strategies endorsed by On the CUSP: Stop BSI. These
initiatives may be grouped into distinct categories: culture change,
learning from experience, observation, evidence-based practice, and
education (Fig 1). Units participated in monthly meetings to review
current practice, discuss evidence-based practice for infection pre-
vention and strategies for implementation, and perform gap analysis
at a unit level. This interdisciplinary gathering provided opportu-
nities to investigate each defect using an internally developed CLABSI
investigation tool to conduct a root cause analysis of any identi-
fied CLABSI. All infections were reported at CUSP monthly meetings,
and each defect was thoroughly investigated. The resulting actions
were foundational (actions that depend on staff to remember their
training or remember what is written in policy), including educa-
tion, training, and demonstration; intermediate (actions somewhat
dependent on staff remembering to do the right thing, but they
provide tools to help staff to remember or to promote clear com-
munication), including electronic checklists; and strong (actions that
do not depend on staff to remember to do the right thing; the action
may not totally eliminate the vulnerability but provide very strong
controls), including a central line cart and nurse in room for every
line insertion and executive unit rounding. Unit-level gap analysis
and investigations of any CLABSIs revealed line maintenance as the
primary opportunity for eliminating CLABSI. The team undertook
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Traditional CUSP Training

Web-based education (Science of Safety)
Submission of baseline and monthly data

Team check-up tool

Complete Hospital Survey on Patient Safety Culture
(HSOPS)

Immersion and conference calls/ face-to-face state
wide meetings

Monthly unit patient safety meetings

Enhance team membership

Data transparency

Review best practices and identify
gaps in current practice

Executive unit rounding

Culture
Change

Review of monthly data with
Infection Prevention
Comprehensive unit review for each
infection

Individualized unit data collectionto
look for safety defects

Sharing data and unit results with
staff, patients, and families via
bulletin boards, posters, etc

Learning from
Experience

Proper hand washing

Donning of masks

Proper cleansing with ChloraPrep
Correct Biopatch placement
Application of occlusive dressing for
all central venous accesses and
dialysis catheters

Observation

Evidence
Based-
Practice

CUSP Initiatives

Procedure and device committee instituted center-
wide changes consistent with CDC recommendations
Improved protocol process for: blood draws, scrub the
hub, site scrub, Biopatch CHG impregnated disc,
dressing chances, IV tubing changes

Electronic central line insertion checklist

Central line cart standardization

Daily goals checklist during rounds

Simulation training for all incoming residents
IHI Central Line Bundle
* Hang hygiene

Maximal sterile barriers

Chlorhexidine skin asepsis

Optimal catheter site selection

Necessity of central line

Demonstrations
+ Central line dressing maintenance
- Return of blood draws

Education B S
= Medication administration

Efforts

Existing policies including:
Dressing change
IV intermittent and continuous IV tubing
changes
Completion of central line insertion checklist
for catheters including hemodialysis catheters
Weekly clave cap changes
Scrub the hub campaign
Consolidation of lab specimens
Proper handling of multi-dose and single-
dose medications

Fig 1. Initiatives implemented during the CUSP period. CDC, Centers for Disease Control and Prevention; CHG, chlorhexidine gluconate; CUSP, Comprehensive Unit-based

Safety Program; [HI, Institute for Healthcare Improvement; IV, intravenous.

standard of care and culture modifications to adopt evidence-
based practices related to insertion and maintenance.

Two systemwide initiatives, in particular, required multidisci-
plinary efforts that were facilitated via the CUSP teams: a central
line checklist and inclusion of nurses in the placement process. All
teams put forth major effort to implement a central line insertion
checklist to require an independent observer to ensure that all
nonemergent central lines were placed under full sterile condi-
tions (and to empower the observer to halt the procedure if
necessary). The CCHS'’s infection prevention department had pre-
viously developed a paper-based central line insertion checklist that
was fairly detailed but infrequently completed. Given On the CUSP:
Stop BSI's focus, the device and procedure-related infection task force
(a subcommittee of the infection prevention committee) worked
with the CUSP teams and information technology to rapidly develop
a simpler electronic version (implemented in October 2010). More
importantly, the CUSP teams worked together to ensure that nurses
were notified when central lines were about to be placed so they
could be present; and nurses were empowered to stop the proce-
dure if any aspect of the checklist was overlooked. Based on another
On the CUSP: Stop BSI recommendation, task force members, ICU
staff, and logistics staff sought to improve the central line place-
ment process by developing standardized carts specific to the
insertion needs. An iterative process was used with staff in each unit
to determine the optimal supplies needed.

Several other technology solutions were piloted and ultimately
adopted by CCHS systemwide during the CUSP period, via the ICU
CUSP teams. The first was BioPatch (Ethicon, Johnson & Johnson, Somer-
ville, NJ), a chlorhexidine gluconate-impregnated disk that surrounds
the central line exit site, limiting bacterial growth and reducing

infections.'®” Because the CUSP teams noted that many infections
were occurring later, therefore suggesting maintenance issues, Site-
Scrub (CR Bard, Murray Hill, NJ) was adopted to improve nurses’ ability
to effectively scrub the hub prior to accessing every central line.'® The
successful implementation of each of these technologies was heavily
dependent on the CUSP teams’ input and feedback.

In addition to these 2 initiatives, the units focused on improv-
ing culture. In our experience, CLABSI reduction requires a change
in culture among interprofessional staff. We educated staff regard-
ing current evidence-based recommendations for CLABSI prevention
and engaged them in efforts to adapt CUSP based on local needs
and to develop sustainable interventions. For example, units de-
veloped a multidisciplinary daily rounding tool to identify central
line utilization and management practices. Between 2009 and 2010,
the units introduced a performance improvement monitoring process
that helped track progress of actionable items identified as impact-
ing patient safety. Examples of actionable items include assessing
central lines for dressing change information and intactness, label-
ing of intravenous catheters and intravenous tubing, and hand
hygiene. Every staff member assumed responsibility for monitor-
ing adherence with an evidence-based recommendation, shared
responsibility and authority to coach colleagues if they identified
opportunities to improve. This approach led to a unit-level culture
of accountability and ownership of outcomes (both positive and neg-
ative). Although the units’ initial focus was on CLABSI prevention,
over time the CUSP teams evolved a CUSP-like approach to other
infection types, including CAUTI, and other safety issues in their units.

Similar to discussions of each CLABSI, the teams held discus-
sions regarding CAUTI incidents at monthly meetings, and with the
help of the infection prevention team, investigated each infection
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and developed interventions to assist with barriers. Every nurse was
provided education on cleaning the patient prior to catheter inser-
tion and every 8-hours. Additionally, the team reinforced the
use of leg straps and early removal and assessed the need when
the order was written. These specific project items became part
of the performance improvement monitoring process. VAP has been
addressed consistently in the critical care setting, including data col-
lection, monitoring, and daily round discussion. The units ensured
that specific project items, such as elevation, teeth brushing, and
oral suctioning, were included in the same discussion as other harm
prevention measures.

Data collection

CCHS has been a participant in the Centers for Disease Control
and Prevention’s National Healthcare Safety Network (NHSN) since
1995, and each ICU had a certified infection preventionist who de-
termined CLABSI or CAUTI infection rates using NHSN definitions and
began reporting back to the units in real time (or at least weekly) of
any potential or confirmed infections in the unit. In addition to in-
fection investigations, trends of the weekly monitoring (including
central line checklist completion, weekly Clave cap changes (ICU
Medical Inc, San Clemente, CA), proper BioPatch placement, and
occlusiveness of dressing) were visually presented on a unit surveil-
lance board at the CUSP monthly meetings. The data collection snapshot
provided opportunities for education and improvement. Specific to
On the CUSP: Stop BSI data collection, infection preventionists col-
lected central line days, patient days, and number of CLABSIs observed
and submitted to the On the CUSP: Stop BSI National Database.

For the current report, we combined the MICU and WICU patient
days, device days, and infections for CLABSI, CAUTI, and VAP from
January 2009-December 2014 based on unit similarity and for sim-
plicity of data visualization. Rates were calculated by dividing the
total number of device-associated infections by the total number
of device days and then multiplying the result by 1,000. We calcu-
lated device utilization ratios for devices by dividing the number
of days of device use by the number of patient days. We calcu-
lated quarterly rates for each infection type both by device days (as
per NHSN definitions'®) and by patient days. The reason for the latter
calculation is that one of the main strategies to reduce any device-
related infection is avoidance or prompt removal of the device, which
decreases the denominator (device days) and therefore the rate may
not fully represent the improvement in reducing infections.?°
We also calculated quarterly device utilization ratios (device days/
patient days) for the combined units. Data were assigned to 1 of 3
categories on the basis of implementation of the CUSP interven-
tions: a 1.5-year baseline (pre-CUSP) period (January 2009-June
2010), two 1-year CUSP periods (year 1: July 2010-June 2011; year
2:July 2011-June 2012), and 2 post-CUSP periods (year 3: July 2012-
June 2013; year 4: July 2013-December 2014).

We calculated rate ratios for years 1-4, all compared with the
baseline period, using OpenEpi version 3.03,%' and standardized in-
fection ratios using NHSN data for each period. The standardized
infection ratio is a ratio of observed and expected infections based
on historical data (2006-2008 for CLABSI; 2009 for CAUTI) from all
hospitals reporting to the NHSN, adjusted for unit type and size and
affiliation with a medical school. Other quality and patient safety
measures included restraints and hand hygiene compliance.

RESULTS

Over a 6-year period, CLABSI rates in the MICU and WICU de-
creased 84%, from a combined average of 3.9 infections per 1,000
central line days at baseline to 0.1 per 1,000 central line days
post-CUSP (Table 1 and Fig 2). CAUTI increased slightly at the
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Table 1

Combined CLABSI rates, standardized infection ratios, and rate ratios for the MICU and WICU (combined), January 2009-December 2014

Device
utilization ratio

Rate ratio per patient days

CLABSI rate per
1,000 patient days

Patient

Rate ratio per device days  Standardized infection

CLABSI rate per

Device

(vs baseline) (95% CI)

days

cn

5%

1,000 device days (vs baseline) (95% CI) ratio (9

days

Infections

Timeframe

0.68
0.68
0.61
0.51
0.52

2.6
0.8

12,520

0.48-1.38)
0.13-0.78)
0.22-1.00)

0.22-111)

0.30(0.12-0.65)"

8,877
8,995
8,793
13,462

0.30(0.12-0.64)"

0.8

0.26 (0.10-0.59)"

0.7

0.03 (0.001-0.15)!

0.1

0.002-0.24)

0.84
0.35
0.51
0.53
0.05

3.9
12
13
13

0.1

8,555

33

Baseline (January 2009-June 2010)

CUSP period

0.30 (0.12-0.66)*

6,001

7
7
6

1

Year 1

0.33(0.14-0.72)*

Year 2 5,481

(July 2010-June 2012)

Post-CUSP

0.35(0.13-0.79)*

4,458

Year 3

0.04 (0.002-0.20)*

6,937

Year 4

(July 2012-December 2014)

(I, confidence interval; CLABSI, central line-associated bloodstream infection; CUSP, Comprehensive Unit-based Safety Program; MICU, Christiana Hospital medical intensive care unit; WICU, Wilmington intensive care unit.

*P<.01.
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Fig 2. Combined quarterly CLABSI rate and 12-month moving average for MICU and WICU (combined), 2009-2014. The shaded box represents the period of the On the
CUSP: Stop BSI initiative. CLABSI, central line-associated bloodstream infection; MICU, Christiana Hospital medical intensive care unit; Q, quartile; WICU, Wilmington in-

tensive care unit.

beginning of the CUSP period, but then began to decrease partic-
ularly during year 2 of the CUSP project. When calculated per
device day, CAUTIs decreased from 3.5 per 1,000 catheter days at
baseline to 2.1 per 1,000 catheter days in year 4, which was not sta-
tistically significant (Table 2 and Fig 3). However, when calculated
per patient day, the decrease from 3.0 per 1,000 patient days at
baseline to 1.0 per 1,000 patient days, indicating a 67% reduction
in infections, was highly significant (Table 2). Accordingly, the device
utilization ratio for Foley catheters decreased by nearly half from
0.87 (indicating 87% of ICU patients had a Foley catheter) to 0.45
(Fig 4). The device utilization for central lines also decreased from
0.68 to 0.52. Combining years 3 and 4 to a single 2.5-year post-
CUSP period demonstrated 0.6 CLABSI per 1,000 device days (84%
reduction) and 1.2 CAUTI per 1,000 patient days (32% reduction).

During the baseline period, the combined VAP rate in the 2 ICUs
was 2.7 per 1,000 ventilator days. This rate decreased to 1.6 per 1,000
ventilator days during CUSP (rate ratio, 0.58; 95% confidence in-
terval [CI], 0.30-1.10). The post-CUSP period was abbreviated because
of substantial changes in the NHSN VAP definition in January 2013;
the combined unit rate during this period (July 2012-December 2012)
was also 1.6 per 1,000 ventilator days. The VAP rate ratio of the com-
bined CUSP and post-CUSP periods, compared with baseline, was
0.58 (95% CI, 0.30-1.10). Of note, the device utilization decreased
from 61% at baseline to 57% during CUSP to 49% post-CUSP, indi-
cating decreased ventilator days in both ICUs. The number of VAP
cases per 1,000 patient days decreased from 1.6 at baseline to 0.7
during CUSP, and stabilized at 0.9 during the post-CUSP period (rate
ratio compared with baseline, 0.5; 95% CI, 0.30-0.98).

Quality and safety measures significantly affected by nursing care
are collected through a combination of medical record review and
administrative data. MICU and WICU have been below the Nation-
al Database Nursing Quality Indicator benchmark mean for restraint
use for their units since early 2013. Reported hand hygiene obser-
vations and compliance by electronic survey has also been
consistently above the hospital mean goal of 90%, with at least 100
observations completed per month in both units, with rare excep-
tions. Compliance with the central line insertion checklist increased
in MICU from 80.9% (November-December 2010) to 100% (June
2011). Additionally, subjective feedback from unit staff regarding
the standardized central line cart was uniformly positive, citing avail-
ability of needed supplies, increased staff efficiency, decreased traffic

in and out of patient rooms during central line insertion, and ease
of use.

DISCUSSION

MICU and WICU team members used CUSP principles to create
a process improvement culture in which staff amplified existing re-
sources to improve patient care, learn innovative strategies through
peer monitoring, and enhance organizational developments. The
program allowed for a grassroots, frontline team-based approach
and peer monitoring, allowing individual staff to have a signifi-
cant role in the process and contribute to effective problem-
solving. These efforts not only improved accountability but also
increased teamwork within the units. Subjective and objective mea-
sures during and post-CUSP periods demonstrate significant system
improvements, including discernible process change and reduced
infection rates.

In a comparison of CLABSI rates from baseline to 2.5 years post
the official CUSP period, CLABSI rates in the MICU and WICU de-
creased 84%. CLABSI leads to significant morbidity, mortality,
increased length of stay, and significant costs. With >15 million
catheter days in ICUs annually, the potential impact of CLABSI is sub-
stantial in this population alone.?? Using institutional data, CCHS
determined that each CLABSI increases costs by $18,079 per patient.
The successes experienced during this initiative demonstrate im-
proved patient outcomes in addition to reduced economic burden.

Although the ultimate measure of success for CUSP was the re-
duction of CLABSI rates, the teams achieved significant improvement
in additional quality and patient safety measures, including CAUTI,
VAP, device utilization, falls, pressure ulcers, and restraints. The CUSP
framework became a way of thinking about safety defects because
the principles extended beyond CLABSI and CAUTI prevention mea-
sures to general safety measures. Preventing patient falls and related
injuries, preventing pressure ulcers, and use of restraints in acute
care settings have been elusive goals for many hospitals, and these
incidents affect the quality of care and patient outcomes. The MICU
and WICU have demonstrated improved sustained progressive
metrics for these measures.

Culture change, in large part, is attributed to formal and infor-
mal leadership that believed and communicated continued support
during the program. In a leadership role, the unit-based medical
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Table 2

Combined CAUTI rates, standardized infection ratios, and rate ratios for the MICU and WICU (combined), January 2009-December 2014

Device
utilization ratio

Rate ratio per patient days

CAUTI rate per
1,000 patient days

Patient

Rate ratio per device days Standardized infection

CAUTI rate per
1,000 device days

Device

(vs baseline) (95% CI)

days

ratio (95% CI)
1.1(0.48-2.14)
1.96 (1.37-2.74)

(vs baseline) (95% CI)

days
10,867

Infections

Timeframe

0.87

3.0
44

21

12,520

38

Baseline (January 2009-June 2010)

CUSP period

0.86

145 (0.92-2.27)
0.70(0.39-1.20)

8,877

1.45 (0.93-2.28)
0.78 (0.44-1.35)
0.85(0.45-1.55)

0.60 (0.31-1.11)

5.1

2.8

39 7,610

19

Year 1

0.76
0.53
0.45

8,995
8,793
13,462

1.21(0.75-1.86)

6,818

Year 2

(July 2010-June 2012)

Post-CUSP

0.52 (0.28-0.95)"

1.6
1.0

1.3 (0.75-2.15)
0.93 (0.52-1.56)

4,644
6,061

14

Year 3

0.32 (0.16-0.59)"

21

Year 4

(July 2012-December 2014)

K. Miller et al. /| American Journal of Infection Control 44 (2016) 969-76

CAUTI, catheter-associated urinary tract infection; CI, confidence interval; CUSP, Comprehensive Unit-based Safety Program; MICU, Christiana Hospital medical intensive care unit; WICU, Wilmington intensive care unit.

*P<.05.

P<.001.

director attended monthly meetings, encouraged the team, and in-
formed his peers about improvements in the unit. The engagement
of physicians, including partnership with physicians and physi-
cian assistants, for line insertion was crucial to the units’ success.
Interdisciplinary daily rounding provides active discussion of central
line usage and prompt removal when no longer indicated, mini-
mizing device days and improving compliance with evidence-
based practice. However, best central line management for
appropriate line removal or exchanging a femoral line transcends
all nursing and physician shifts.

Accountability for ensuring the safety of patients contributed to
significant and sustained improvement. Specific to central line in-
sertions, nursing staff were in charge of the room and the procedure.
Conducting a timeout using the checklist provided staff the ability
to not only monitor but also stop the procedure if appropriate to
follow the policy. In essence, they mandated a standardized, flaw-
less approach to ensure patient safety. Nursing became the advocate
for discontinuation of the line when not needed. Ultimately, the units
took full ownership of their infection rates, and the infection pre-
vention staff became partners with them in prevention rather than
being seen as the police or just bearers of bad news when infec-
tions were reported.

The ability to individualize CUSP to each unit’s culture and the
teamwork that ensued contributed to the decreased infection rates.
CCHS has a proven track record of teaching and supports provid-
ers to conduct process improvement. Small tests of change approach
allows providers to test an idea temporarily, trialing a change and
assessing its impact. With the variety of interventions introduced,
team members were able to implement change and use data to
reflect on what was learned before planning the next change cycle
or full implementation. The model, based in scientific method, pro-
vides an iterative process to determine appropriate interventions
at a unit level. An important driver of success is the understand-
ing that educational efforts are never stagnant; there will always
be room for improvements or new initiatives based on trending
data. Benefits secondary to program goals include improved data
availability and timely presentation of data and trends to staff. Ad-
ditionally, the opportunities for units to share via a common CUSP
Web site, CCHS meetings, and statewide meetings and teleconfer-
ences contributed to the vigor of the program. The sustained success
of the program is demonstrated with CUSP-involved staff sharing
and encouraging the next generation of providers and nurses.

In addition to the objective success demonstrated in these units,
subjective feedback from unit staff verified significant culture change
as the foundation of process improvement. Staff conveyed that not
only did infection rates drop below the national average, but also
that the whole thought process of the units changed. During the
CUSP period, the mindset shifted from zero infections is impossi-
ble to the belief that zero is attainable, motivating the team to sustain
the implemented changes. Anecdotally, staff also identified that the
participation of multiple teams in CUSP was a driving factor for
change based on camaraderie and competition, further driving
success. The momentum that changed the units’ mindset came in
part from the minor and major successes occurring throughout the
program. As the infection rates began to drop in each unit, staff were
motivated to achieve the same success, truly believing that zero was
attainable.

There are obvious limitations to the study because the results
represent 2 ICUs from a single health care system. The collabora-
tion of the units has grown over the years because the units share
providers. At times, the process is spelled out specifically for both
units to follow, and other times, units have flexibility that allows
for differences in logistics. Although multiple units participated in
CUSP, these 2 ICUs had the most impactful results, suggesting that
there may be unique characteristics of these units or their unit
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Fig 3. Combined quarterly CAUTI rate and 12-month moving average for MICU and WICU (combined), 2009-2014. The shaded box represents the period of the On the CUSP:
Stop BSI, cohort 4, national initiative. CAUTI, catheter-associated urinary tract infection; MICU, Christiana Hospital medical intensive care unit; Q, quartile; WICU, Wilmington

intensive care unit.
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Fig 4. Quarterly central line, Foley catheter, and ventilator utilization ratios for MICU and WICU (combined), 2009-2014. MICU, Christiana Hospital medical intensive care

unit; Q, quartile; WICU, Wilmington intensive care unit.

leaders that led to continual sustained efforts. Understanding what
these characteristics may assist in obtaining buy-in for future ini-
tiatives. Challenges remain with communication across multiple
individuals and teams, sharing of best practices and lessons learned,
maintaining low infection rates, and sustainability of program efforts.
The primary lesson learned was to establish relationships in order
to guide efforts and be an inspiring stimulus for change.

The national implementation collaborative designed to improve
safety culture provides a structured strategic framework for safety
improvement and draws from frontline providers, those that have
the most knowledge of safety hazards and the means to lessen the
severity of those hazards. The principles of CUSP did not end with
the completion of the official CUSP period. Because of CUSP’s success,
the institution adopted CUSP-like value improvement teams for all
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inpatient care units and additional departmental levels to address
specific quality and safety issues. Larger units, such as the MICU,
have even developed value improvement subteams or task forces;
for example, the MICU CLABSI value improvement team was formed
in November 2011 and has evolved to become forefront leaders in
infection prevention by improving culture and teamwork with medical
and ancillary staff hospitalwide. Therefore, CUSP and the lessons
learned from it remain a flexible and effective way to engage front-
line staff to successfully promote continued process improvement.
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