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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of evidence reports and technology
assessments to assist public- and private-sector organizations in their efforts to improve the
quality of health care in the United States. The reports and assessments provide organizations
with comprehensive, science-based information on common, costly medical conditions, and new
health care technologies and strategies. The EPCs systematically review the relevant scientific
literature on topics assigned to them by AHRQ and conduct additional analyses when
appropriate prior to developing their reports and assessments.

In 2004, AHRQ launched a collection of evidence reports, Closing the Quality Gap: A
Critical Analysis of Quality Improvement Strategies, to bring data to bear on quality
improvement opportunities. These reports summarized the evidence on quality improvement
strategies related to chronic conditions, practice areas, and cross-cutting priorities.

This evidence report is part of a new series, Closing the Quality Gap: Revisiting the State of
the Science. This series broadens the scope of settings, interventions, and clinical conditions,
while continuing the focus on improving the quality of health care through critical assessment of
relevant evidence. Targeting multiple audiences and uses, this series assembles evidence about
strategies aimed at closing the “quality gap,” the difference between what is expected to work
well for patients based on known evidence and what actually happens in day-to-day clinical
practice across populations of patients. All readers of these reports may expect a deeper
understanding of the nature and extent of selected high-priority quality gaps, as well as the
systemic changes and scientific advances necessary to close them.

AHRQ expects that the EPC evidence reports will inform consumers, health plans, other
purchasers, providers, and policymakers, as well as the health care system as a whole, by
providing important information to help improve health care quality.

We welcome comments on this evidence report or the series as a whole. Comments may be
sent by mail to the Task Order Officer named in this report to: Agency for Healthcare Research
and Quality, 540 Gaither Road, Rockville, MD 20850, or by email to epc@ahrg.hhs.gov.

Carolyn M. Clancy, M.D. Jean Slutsky, P.A., M.S.P.H.

Director Director, Center for Outcomes and Evidence
Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Director Task Order Officer
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Center for Outcomes and Evidence Agency for Healthcare Research and Quality
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Kathryn McDonald, M.M. Christine Chang, M.D., M.R.P.
Lead EPC Investigator and Associate Editor, Task Order Officer,
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Preventing Healthcare-Associated Infections
Closing the Quality Gap: Revisiting the State of the Science

Structured Abstract

Objectives. To update the Agency for Healthcare Research and Quality (AHRQ) Evidence
Report Closing the Quality Gap: A Critical Analysis of Quality Improvement Strategies: Volume
6—Prevention of Healthcare-Associated Infections on quality improvement (Ql) strategies to
increase adherence to preventive interventions and/or reduce infection rates for central line—
associated bloodstream infections (CLABSI), ventilator-associated pneumonia (VAP), surgical
site infections (SSI), and catheter-associated urinary tract infections (CAUTI).

Data Sources. MEDLINE®, CINAHL®, and Embase® were searched from January 2006 to
January 2012 for English-language studies with sample size >100 patients, a defined baseline
period, and reported statistical analysis for adherence and/or infection rates. Articles from the
previous report were screened and those meeting selection criteria were included.

Review Methods. We sought studies that evaluated the following QI strategies to improve
adherence to evidence-based preventive interventions and/or reduce healthcare-associated
infection (HAI) rates: audit and feedback; financial incentives, regulation, and policy;
organizational change; patient education; provider education; and provider reminder systems.
Data were abstracted by a single reviewer and fact-checked by a second. Outcomes were
adherence to preventive interventions, infection rates, adverse outcomes, and cost savings. Study
quality was assessed using relative rankings based on study design, adequacy of statistical
analysis, length of followup, reporting and analysis of baseline and postintervention adherence
and infection rates, and implementation of the intervention independent of other QI efforts.
Combinations of QI strategies were assessed, not individual strategies. Strength of evidence was
judged according to the AHRQ Methods Guide.

Results. Sixty-one articles yielded 71 analyses at the infection level, including 9 articles (10
analyses) from the 2007 report, which evaluated the use of one or more QI strategies to improve
adherence or infection rates and also controlled for confounding or secular trend. Twenty-six
analyses were performed on CLABSI, 19 on VAP, 15 on SSI, and 11 on CAUTI. There were 34
analyses on adherence, of which 31 (91%) showed significant improvement. There were 63
analyses of infection rates, of which 42 (67%) showed significant improvement.

Conclusions. There is moderate strength of evidence across all four infections that both
adherence and infection rates improve when either audit and feedback plus provider reminder
systems or audit and feedback alone is added to the base strategies of organizational change and
provider education. There is low strength of evidence that adherence and infection rates improve
when provider reminder systems alone are added to the base strategies. There was insufficient
evidence for reduction of HAI in nonhospital settings, cost savings for QI strategies, and the
nature and impact of the clinical contextual factors.

Vi
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Executive Summary

Background

The Centers for Disease Control and Prevention (CDC) define a healthcare-associated
infection (HAI) as:

[A] localized or systemic condition resulting from an adverse reaction to the
presence of an infectious agent(s) or its toxin(s). There must be no evidence that
the infection was present or incubating at the time of admission to the acute care
setting.!

The CDC estimates that in 2002 there were 1.7 million HAI and 99,000 HAI-associated
deaths in hospitals. The four largest categories of HAI, responsible for more than 80 percent of
all reported HAL, are central line—associated bloodstream infections (CLABSI, 14%), ventilator-
associated pneumonia (VAP, 15%), surgical site infections (SSI, 22%), and catheter-associated
urinary tract infections (CAUTI, 32%).”

In a CDC report, national costs of HAI were estimated, based on 2002 infection rates and
adjusted to 2007 dollars using the Consumer Price Index for inpatient hospital services.
Estimates of the total annual direct medical costs of HAI for U.S. hospitals ranged from $35.7
billion to $45 billion. Using the same adjustment, the estimates of patient hospital costs for the
four most common HAI ranged from $3.45 billion to $10.07 billion for SSI, $0.67 billion to
$2.68 billion for CLABSI, $1.03 billion to $1.50 billion for VAP, and $0.39 billion to $0.45
billion for CAUTI.® It is estimated that the cost savings of preventing 70 percent of HAI would
be $25.0 billion to $31.5 billion, using the same adjustments.

The prevention and reduction of HAI is a top priority for the U.S. Department of Health and
Human Services (www.cdc.gov/HAI/prevent/prevention.html). A call to action for the
elimination of HAI has been issued jointly by the Association for Professionals in Infection
Control and Epidemiology, Inc., the Society for Healthcare Epidemiology of America, the
Infectious Diseases Society of America, the Association of State and Territorial Health Officials,
the Council of State and Territorial Epidemiologists, the Pediatric Infectious Diseases Society,
and the CDC.* In a consensus statement issued by these groups, a plan for the elimination of HAI
includes the promotion of adherence to evidence-based practices through partnering, educating,
implementing, and investing.

In 2003, the Institute of Medicine (IOM) published a report, Priority Areas for National
Action: Transforming Health Care Quality.” The report identified 20 clinical topics for which
there are quality concerns because of the gap between knowledge of the topic and integration of
that knowledge into the clinical setting. In response to the IOM report, the Agency for
Healthcare Research and Quality (AHRQ) initiated a series of technical reviews on quality
improvement (QI) strategies focused on improving the quality of care for the IOM’s 20 priority
areas.

Objectives

This systematic review updates the AHRQ Evidence Report Closing the Quality Gap: A
Critical Analysis of Quality Improvement Strategies: Volume 6—Prevention of Healthcare-

ES-1



Associated Infections.” From here on, this report is referred to as the 2007 report. The objective
of that evidence review was to identify QI strategies that successfully increase adherence to
effective preventive interventions and reduce infection rates for CLABSI, VAP, SSI, and
CAUTIL.

The current review expands the settings to be considered from primarily hospitals to include
ambulatory surgery centers, freestanding dialysis centers, and long-term care facilities, where the
prevention of HAI needs to be addressed as well.

Where applicable, the current report also applies the recommendation of a report prepared for
AHRQ by RAND Health® in which the impact of context on the effectiveness of patient safety
practices is assessed. The context of an intervention—for example, the type of health care
setting, the leadership structure, the safety culture, the openness to innovation—can have an
important impact on whether preventive interventions are adopted.

Key Questions for this report follow.

Key Question 1. Which quality improvement strategies are effective in reducing the following
healthcare-associated infections?

e Central line—associated bloodstream infections (CLABSI)

e Ventilator-associated pneumonia (VAP)

e Surgical site infections (SSI)

e Catheter-associated urinary tract infections (CAUTI)

a. Which quality improvement strategies are effective in increasing adherence to
evidence-based preventive interventions for the four healthcare-associated infections
listed above?

b. What is the cost, return on investment, or cost-effectiveness for health care providers,
patients, and society as a whole of quality improvement strategies to reduce these
healthcare-associated infections?

c. Which factors are associated with the effectiveness of quality improvement strategies,
including, for example,

1. Type of quality improvement strategy

Clinician education

Patient education

Audit and feedback

Clinician reminder systems

Organizational change

Financial or regulatory incentives for patients or clinicians

g. A combination of the above

Duration of intervention

3. Setting, for example, hospitals (intensive care unit, surgical or ventilator-
dependent patients), outpatient surgical centers, long-term care facilities, and
freestanding dialysis centers, and which kinds of clinicians implement the quality
improvement strategies?

o Qo0 T

no

Key Question 2. What is the impact of the health care context on the effectiveness of quality
improvement strategies, including reducing infections and increasing adherence to preventive
interventions?

ES-2



Analytic Framework

The analytic framework depicts the potential impact of the implementation of QI strategies
on reducing the following HAI: CLABSI, VAP, SSI, and CAUTI (Figure A). Key Question 1
shows the link between QI strategies and health outcomes: decreased infection rates, decreased
complications and mortality, as well as unintended consequences. Key Question 1a shows the
link between QI strategies and process outcomes; that is, adherence to preventive interventions.
There are economic implications from both the process outcomes and the health outcomes, as
depicted by Key Question 1b. Characteristics of the QI strategies, such as type of strategy,
duration of the implementation, and setting, determine the effect of the QI strategies on the
outcomes (Key Question 1c). Link Key Question 2 marks the interaction between the
implementation of QI strategies and contextual factors of the organization. For example,
institutions with an existing patient safety infrastructure may have fewer barriers to
implementing QI strategies than other institutions.

Figure A. Analytical framework for systematic review on quality improvement strategies to reduce
healthcare-associated infections

Characteristics of QI Strategy

--Type --Duration  --Setting --Other

KQ1 J
: : I Strategies to
Patient Q g
aj e : Reduce Process Outcomes Outcomes:
Diverse Settings, . .
Clinicians | —-VAP --Increased adherence to --Reduced Infections
Healthca.n; 71 s8I preventive interventions --Complications, mortality
Leaders --CLABSI --Unintended consequences
--CAUTI

KQlb

I ‘ Economic Outcomes (Costs, Cost-Effectivensss, ROI) ‘

Interaction

Organizational or Health System Factors — External Societal or Regulatory Factors ‘

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
KQ = Key Question; QI = quality improvement; ROE = return on investment; SSI = surgical site infection; VAP = ventilator-
associated pneumonia.

Methods
Input From Stakeholders

This systematic review was developed and written by the Blue Cross and Blue Shield
Association Technology Evaluation Center Evidence-based Practice Center (EPC). Individuals
from various stakeholder groups were invited as Technical Experts and/or Peer Reviewers to
guide this systematic review. The Technical Expert Panel (TEP) reviewed the research protocol
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in two phases: (1) initial draft protocol, (2) revised protocol that incorporated the TEP’s
comments on the draft and findings of a preliminary literature search. The final research protocol
was posted on the AHRQ Web site. Peer reviewers were invited to provide written comments on
the draft report based on their clinical, content, or methodological expertise. The draft report was
also posted for public comment.

All potential Technical Experts and Peer Reviewers were required to disclose any potential
conflicts of interest in accordance with AHRQ policy. The AHRQ Task Order Officer and the
EPC worked to balance, manage, or mitigate any potential conflicts of interest identified. Writing
and editing the report was solely the responsibility of the EPC.

Data Sources and Selection

Articles from the 2007 report’ that met our inclusion criteria were included in this report.
Then the same search strategy used in the prior report” was rerun on MEDLINE®, CINAHL®,
and Embase®. Duplicate records were deleted. The search covered the time period from January
2006, when the search in the last report ended, to April 2011. The search was updated in January
2012 while the draft report was available for public comment, and relevant articles were added.
Additional efforts were made to identify articles on interventions in nonhospital settings, which
are likely to be reported less frequently, by querying the TEP and conducting a specific search on
relevant studies in nursing homes. (See Appendix A for search strategy details.) We also
screened the bibliographies of included articles to identify additional references. Web sites of
entities involved in efforts to reduce HAI, such as the Institute for Healthcare Improvement, were
scanned to ensure that no relevant peer-reviewed publications were missed and to identify
descriptions of implementation strategies for which outcomes have been published in the peer-
reviewed literature.

Titles and abstracts from the literature search citations were placed in a Microsoft Access®
database for the first round of screening. Three trained reviewers conducted the screening. Each
title and abstract was screened and marked as either: (1) retrieve for full-text review, (2) do not
retrieve for full-text review, or (3) uncertain. Studies were marked for retrieval for full-text
review if the citation reported the outcomes of an intervention for any one of the four specified
HAI or a combination of HAI that included at least one of the four. The reasons for excluding an
article were noted. Articles deemed uncertain for full-text review were screened by a second
reviewer. If both reviewers were uncertain, the article was retrieved for full-text review. Articles
were included if the study described an implementation strategy to increase adherence with one
or more preventive interventions with the intent of reducing one or more of the four types of
infections covered in this report. The following implementation strategies were included:
clinician education, patient education, audit and feedback, clinician reminder systems,
organizational change, financial or regulatory incentives for patients or clinicians, or a
combination of these strategies. Articles also had to include statistical analysis comparing
baseline and postintervention infection or adherence rates.

Data Abstraction and Quality Assessment

Following an extensive training process, reviewers abstracted articles selected for inclusion
in the review; a second reviewer conducted a fact check on the abstracted items, using a clean
copy of the article. The abstracter and the fact checker discussed discrepancies; any unresolved
issues were decided through consultation with a third reviewer. Two reviewers independently
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conducted quality appraisals for each article; discrepancies were resolved by discussion or by the
inclusion of a third reviewer, when necessary.

Abstracted data included the following: QI strategies, evidence-based preventive
interventions, adherence and infection rates, unintended consequences, costs, savings, and
contextual factors. Completeness of reporting was not assessed independently. The criteria to
evaluate study quality are as follows:

1. Study design
2. Whether baseline and postintervention adherence rates were reported and analyzed
statistically
3. Whether baseline and postintervention infection rates were reported and analyzed
statistically
4. Whether the statistical analysis was adequate
e Were potential confounders (e.g., baseline patient characteristics) assessed?
e If potential confounders existed, were they controlled for in the analysis?
e For interrupted time-series designs, was an interrupted time-series analysis
used?
5. Whether the intervention was independent of other QI improvement efforts
implemented at the same time
6. Whether the followup period was 1 year or longer

Study design was used for the initial study quality classification so that all controlled trials
were assigned higher quality, interrupted time-series analyses were assigned a quality of
medium, and all simple before-after studies were assigned a quality of lower. Then, for each
study, criteria 2 through 6, listed above, were assigned a plus, minus, or uncertain. Any study
with two or more minuses was moved to the next lower quality ranking. The terms “higher” and
“lower” are used to indicate the relative ranking of quality in this report.

Data Synthesis and Analysis

As in the previous review,’ the articles in this review differed greatly in QI targets, QI
strategies, preventive interventions and methods of measuring adherence to them, contexts, and
study design. Quantitative analyses are not feasible, and the studies are synthesized in a
qualitative manner.

The articles included in this review are divided into two categories, those with infection rates
or adherence rates that were adjusted for confounding or secular trends and those that adjusted
for neither. Because of the extensive challenges to the validity of the latter, they are not included
in the detailed description of the body of evidence or assessment of the strength of evidence.
They are described briefly under each type of infection in the Results chapter of the full report
and enumerated in an appendix.

The overall strength-of-evidence grade was determined in compliance with AHRQ’s
Methods Guide for Effectiveness and Comparative Effectiveness Reviews ° and is based on a
system developed by the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) Working Group.™®
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Results

Overview

The literature review yielded 8,362 abstracts. One hundred and thirty-six articles from the
literature search met all selection criteria for inclusion in the current report. An additional four
articles were identified from a review of article reference lists. Articles from the 2007 report
were screened: 9 articles (generating 10 analyses at the infection level) met selection criteria for
this report and controlled for confounding or secular trend. See the Preferred Reporting Items of
Systematic Reviews and Meta-Analyses (PRISMA) diagram in Figure B for additional details.

Figure B. Search results and article triage

4 additional records 8,362 records identified 9 records identifiead from
identified from article through database searching 2007 report

reference lists

h 4

8,375 records screened 7,461 records excluded

Y

765 full-text articles excluded,
with 10 most common
reasons for exclusion:

914 full-text articles
assessed for eligibility
143 — Not relevant Ql strategy
124 — Not relevant guestion
89 — Not relevant outcome
Y 61 — Letter to the editor
57 — No statistical analysis
55 — Commentary
45 — Guideline
43 — Duplicate publication or
patient population
42 — Review or meta-analysis

149 articles included in
systematic review

37 - Editorial
61 articles (generating 71 88 articles (generating 102
analyses) control for analyses) do not control for
confounding or secular confounding or secular
trend” trend”
v 1
26 CLABSI® 27 CLABSI
19 VAP 25 VAP
15 SSi 34 SSl
11 CAUTI 16 CAUTI

®Ranji SR, Shetty K, Posley KA, Lewis R, Sundaram V, Galvin CM, Winston LG. Closing the Quality Gap: A Critical Analysis
of Quality Improvement Strategies (Vol. 6: Prevention of Healthcare-Associated Infections). AHRQ Publication No. 04(07)-
0051-6. Rockville, MD: Agency for Healthcare Research and Quality; 2007. www.ncbi.nlm.nih.gov/pubmed/20734530.

PEjght of these studies reported on two infections and one, on three infections.

“Five of these articles reported on two infections; three, on three infections; and one, on four infections.

One of these articles has an updated publication 1 year later. In the PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) diagram these studies were cited as a single study.
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The 149 articles (generating 173 analyses at the infection level) were divided into two
groups. The first group consisted of 61 articles, most of which were quasi-experimental studies
that controlled for confounding or secular trend. Eight of these articles reported on two types of
infection, and one article report ed on three infections; each infection reported is treated as a
separate study from this point forward. Sixty-one articles yielded 71 analyses, including 9
articles (10 analyses) from the 2007 report; these studies evaluated the use of one or more QI
strategies to improve adherence or infection rates and also controlled for confounding or secular
trend. There were 26 analyses performed on CLABSI, 19 on VAP, 15 on SSI, and 11 on CAUTI.
The words “analysis” and “study” are used interchangeably and refer to the infection-level
results.

The other 88 articles (102 analyses) did not account for the many potential sources of
confounding and for secular trend. Therefore, their results are at high risk of bias. These were
simple before-after studies or controlled before-after studies (2 of 88) with two group tests, for
example, t-tests and chi-square tests. The two controlled before-after articles were demoted due
to lack of between-group comparisons. Of these 88 articles, 5 articles reported on 2 types of
infection, 3 articles reported on 3 infections, and 1 article reported on 4 infections, for a total of
102 analyses; each infection is treated as a separate study from this point forward. The
characteristics of this second group of studies are summarized in tables for each infection in
Appendix F, but they were excluded from the analysis in this report. Table A provides study
characteristics of the 71 included studies, as well as the study quality characteristics for all 173
studies (149 articles).

Table A. Number of studies in each category by infection type and overall

Study Characteristic Category CLABSI VAP SSi CAUTI All
Cluster RCT 2 2 1 0 5
Individual RCT 0 0 1 1 2
Stepped wedge 1 1 1 1 4
Controlled study 4 2 1 1 8
Design !Srzetﬁ(rersupted time 3 5 1 5 1
if'trgf'e before- 16 9 10 6 41
Total 26 19 15 11 71
5 QI strategies 2 0 0 0 2
4 QI strategies 8 7 2 2 19
Numbe_r of QI 3 QI strategies 7 5 5 2 19
Strategies -
2 QI strategies 5 7 4 4 20
1 QI strategy 4 0 4 3 11
Adherence only 1 1 2 3 7
Ionrfﬁlction rates 16 9 5 2 32
Outcomes Reported
Both adherence
and infection 9 9® 8 6% 32
rates
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Table A. Number of studies in each category by infection type and overall (continued)

Study Characteristic Category CLABSI VAP SSI CAUTI All
Patients 115+to
postintervention 50to 4,671 81t0 4,761 10,617 93t0 1,794 NA
Postintervention Oto 7.7 per 0.7 to 22.5 per 1.8t012.9
Sample Size (Range infection rate 1,000 1,000 0% to 7.7% per 1,000 NA
Across Stlgdies When catheter-days | ventilator-days catheter-days
Reported
ported) . 1841017 per | . 1210397 1.7t0215
Baseline infections per 1.1%to
. . 1,000 per 1,000 NA
infection rate 1,000 15%
catheter-days ; catheter-days
ventilator-days
Mean 20 22 14.4 23 20
Length of Followup Median 23 17 12 17 18
(Months) 1to
Range 3.5to 46° 4to 54 1 to 30° 3to0 61 61
] United States 18 9 11 2 40
Location
Other 8 10 4 9 31
o ' . Multisite 12 4 7 3 26
Multisite or Single Site
Single site 14 15 8 8 45
Higher 1 3 2 1 7
Medium 9 4 3 3 19
Study Quality Lower 16 12 10 7 45
Did not control
for confounding 27 25 34 16 102

or secular trend

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
NA = not applicable; QI = quality improvement; RCT = randomized controlled trial; VAP = ventilator-associated pneumonia;

SSI = surgical site infection.
®0ne study compared two sets of QI strategies, and another compared early and later infection rates.

PPatients may be defined differently across studies within a given infection category—for example, patients on ventilator or

patients on ventilator for at least 48 hours.

‘Four studies did not report length of followup.

One study did not report length of followup.

Analyzing the impact of QI strategies, the objective of this report, is complicated by the fact
that more than one QI strategy was used in most studies (60 of 71). Disentangling the effect of a
single QI strategy is not possible with the available body of evidence. With 71 studies, 16
different combinations of QI strategies were used. The following approaches were considered for
evaluating the effectiveness of the QI strategies, but all had limitations and were rejected.

e Considering each QI strategy individually within each study. The effect of a strategy
cannot be disentangled from the impact of other strategies.

e Using the number of QI strategies. This option was not viable as the types of QI
strategies included may have confounded the effect.

e Identifying the incremental impact of a single QI strategy. This approach could be

measured only by comparing two combinations of QI strategies in the same clinical

context, in which one combination contained the QI strategy of interest and the other did
not. None of the studies identified for this report had such a design.
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Therefore in this report, QI strategies are grouped together based on the combinations of
strategies used in our included studies (Table B). This approach mirrors common practice, which
relies on combinations of QI strategies, and can therefore potentially yield practical insights.

To develop a workable classification of QI strategy combinations for the purposes of this
report, we hypothesized that organizational change and provider education constitute base
strategies. Face validity is the initial rationale for the hypothesis, as 90 percent of the included
studies used at least one of these two strategies. While this hypothesis is open to debate, the use
of these strategies was ubiquitous, so in practical terms, little distinction could be made between
those studies that used these two strategies and those that did not. In addition, it is difficult to
imagine how any preventive intervention or QI effort could be implemented without at least
some level of organizational change and/or provider education. Further, it is plausible that those
studies that did not report using organizational change or provider education may simply have
taken these elements for granted. Analyzing the effectiveness of specific components of
organizational change would be useful, but the heterogeneity of organizational change across
studies and variations in thoroughness of reporting preclude such an analysis based on current
evidence. Scant information is available in this literature comparing different educational
strategies.

So, for simplicity, from here on we refer to organizational change, provider education, or the
combination of both as base strategies. This concept allowed us to organize our data into
categories of strategies used in combination with the base strategies. These additional strategies
are: (1) audit and feedback plus provider reminder systems; (2) audit and feedback only; (3)
provider reminder systems only. Only two'**? studies reported the use of financial incentives,
regulation, or policy, and two™*** reported on patient education, so these QI strategies are not
treated separately despite their potential importance. The main variation across QI strategy
combinations, therefore, is in the use of audit and feedback and/or provider reminder systems.
For each infection, the QI strategy combinations were grouped into two or three categories in
developing the strength-of-evidence tables. The composition of these groups varies to some
degree from infection to infection, based on which combinations were reported in the included
studies.

Within each study, the intervention period was compared with a period of no intervention
(usual care), which refers to the absence of additional QI efforts other than the standard of care
already in place. Thirteen studies implemented QI strategies in a stepwise fashion and did not
report rates before any intervention in the study was implemented.'**>%* The comparator for
these studies was defined as a low-intensity intervention. Also, a separate strength-of-evidence
evaluation was conducted for studies reporting both adherence and infection rates because
studies that report both outcomes have more reliable results than those that do not. This
evaluation reported results for each QI combination across all four types of infections.

The strength-of-evidence conclusions rely both on the underlying effect of different QI
combinations on outcomes and on the availability of studies to assess the relationship. A low
strength of evidence, therefore, does not necessarily mean that there is no relationship between
the QI strategy and improved outcomes. It is therefore possible that the strength of evidence will
change as additional evidence accumulates.
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Table B. QI strategy combinations across infections

=
=
2 = = 0
g 58 | 25 | 580 S | 82| <
Combination |z & & & 88 |2 g = = % @ . =
of QI S8l 35 | 3% |3EB| =5 | €88 | < o o 2 |
. = c S O S o C O > © O £ o = < N < =
Strategies OOl auw < LL o on o Ll iL S O > (7)) O <
ggg:”tg of . . 3P 3P 1 0 7
Strategies b
(Organizational | *° 0 0 2 0 2
Change and
Provider . 3 1 0 0 4
Education)
. . . © 4 4° 3° 1 12
Variants of
Base o . 0 1 1 0 2
Strategies With
Audit and . . 0 0 1 1 2
Feedback
. . 1 1 0 1 3
Variants of . . . 2 1 2 1 6
Base
Strategies With | . 0 0 1 2 3
Provider
Reminder
System . 1 0 2 3 6
\éz;l:nts of . . . . © 10P 6° 2 b 20
Strategies With
Audit and ° ° ° 1 1 0 0 2
Feedback +
Provider
Reminder ) ) ¢ 1 1 0 0 2
System
Total 55 51 43 39 4 2 26 19 15 11 71

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
HAI = healthcare-associated infection; QI = quality improvement; VAP = ventilator-associated pneumonia; SSI = surgical site
infection.

®These columns indicate the number of studies for each HAI or for all HAI that use the variant of QI strategies indicated in each
row.

®Comparator for one article is low-intensity intervention.

“These two strategies did not define the combinations; therefore, a dot is not included in the definition of the combinations.
One study also includes patient education.

®Two studies also include financial incentives.

Key Questions 1 and l1a. QI Strategies Used To Improve Adherence
and Infection Rates

Central Line—-Associated Bloodstream Infection

Twenty-six studies that addressed the prevention of CLABSI and controlled for confounding
factors or secular trend met the inclusion criteria.*t*2141617:19.20.2427-44 a5t dy was rated
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11,17,20,24,28-32 12,14,16,27,33-44

higher quality,™ 9 studies were rated medium quality, and 16 studies
were rated lower quality. The strength of evidence for the combinations used to target CLABSI
is summarized in Table C.

Table C. Strength of evidence for combinations targeting CLABSI

SOE Combination QOutcome Number/Type of Studies
Base strategies + audit 1 controlled study™’
and feedback + provider | Infection rate 2 interrupted time series'*
reminder system 8 simple before-after'23338-414344
Moderate Eﬁg?eset(rfbtzg;(es: auqtljt Infecti ¢ 1 interrupted time series™
. provider ) Infection rate 6 simple before-after'*1627:3537
reminder system _
Base strategies Infection rate 3 C.OerHEd stud|e328;°
1 simple before-after
1 controlled study®*
Base strategies + audit Adherence: insertion bundle 1 interrupted time series™
and feedback + provider 1 simple before-after*® -
Low reminder system Adherence and infection rates i Isr;:ﬁ;)ﬁ:pgzgoggsﬂseer?ges
Base strategies + audit . . 1 interrupted time series™
and_feedback or provider | Adherence and infection rates 4 simplepbefore-after14'16’35’36
reminder system
Base strategies + au_dit Adherence: maintenance 1 interrupted time series!
and feedback + provider | bundle
reminder system Adherence: hand hygiene 1 interrupted time series™
Base strategies + audit Adherence: multiple measures 1 interrupted time series™
Insufficient ?:r(r:i]ifn%eeolrbse;csl;e%prowder Adherence: hand hygiene 1 simple before-after'
Adherence: multiple measures 1 simple before-after™
. Risk of infection 1 simple before-after™
Base strategies -
Adhe_rence rate and risk of 1 simple before-after®
infection

Abbreviations: CLABSI = central line—associated bloodstream infection; SOE = strength of evidence.
Note: The base strategies are organizational change and provider education.

Moderate Strength of Evidence
All combinations used in studies targeting CLABSI had a moderate strength of evidence for
improving infection rates:
e Audit and feedback and provider reminder systems with the base strategies compared
with usual care
e Audit and feedback or provider reminder systems with the base strategies compared with
usual care
e Base strategies compared with usual care

Ratings of low or insufficient strength of evidence, summarized below for adherence
outcomes, reflect the limited number of studies for each of the results.

Low Strength of Evidence

Low strength of evidence was found for audit and feedback and provider reminder systems
combined with the base strategies, compared with usual care, for improving adherence to an
insertion bundle as well as improving adherence and infection rates. The strength of evidence for
the use of audit and feedback or provider reminder systems with the base strategies, compared
with usual care, for improving both adherence and infection rates was found to be low.
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Insufficient Evidence

The use of audit and feedback and provider reminder systems with the base strategies for
improving adherence to a maintenance bundle or hand hygiene was judged to have insufficient
strength of evidence. The strength of evidence for the use of audit and feedback or provider
reminder systems with the base strategies for improving multiple preventive interventions or
hand hygiene was found to be insufficient. Also, the strength of evidence for the use of the base
strategies alone for improving adherence to multiple preventive interventions, risk of infection,
or both adherence and risk of infection was judged to be insufficient.

Ventilator-Associated Pneumonia
Nineteen studies of implementation of QI strategies to reduce rates of VAP met the inclusion

criteria and also controlled for confounding or secular trend.!315192224-274451 Three stydies

were ranked of higher quality, of medium quality, and 12 of lower quality.**

420,24,25,47

19,45,46

15.21,2226214448-31 The strength of evidence for the combinations used to target VAP is
summarized in Table D.

Table D. Strength of evidence for combinations targeting VAP

SOE Combination Outcome Number/Type of Studies
) 1 controlled study®
Adherence: overall/summary 2 interrupted time series's*
) . 2 controlled studies®*°
Adherence: HOB elevation 2 interrupted time series's*
Base strategies + audit and _ 1 controlled study*®
feedback + provider reminder | Adherence: oral care 2 interrupted time series'>*
system 1 controlled study®™
Infection rate 3 interrupted time series'>%4
3 simple before-after?24+0
Moderate 45
. . 1 controlled study
Adherence and infection rates 2 interrupted time series!®*’
Adherence: overall/summary 2 simple before-after>*
Base strategies + audit and Infection rate 2 interrupted time series®%
feedback 3 simple before-after''**
Adherence and infection rates | 3 simple before-after'®#2
fBeaesdet‘)Z::rl?Tglre;)s;/iTj:ru ;jétme}zger Adherence: readiness to wean 2 controlled studies™*®
P . 1 interrupted time series™
system
Base strategies + audit and Adherence: hand hygiene 1 simple before-after'
feedback
Insufficient | B2se strategies + provider Infection rate 1 simple before-after®

reminder system

Base strategies

Adherence: HOB elevation

1 controlled study*®

Infection rate

1 controlled study*®

2 simple before-after*3!

Adherence and infection rates

1 controlled study*®

Abbreviations: HOB = head of bed; VAP = ventilator-associated pneumonia; SOE = strength of evidence.
Note: The base strategies are organizational change and provider education.
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Moderate Strength of Evidence

Moderate strength of evidence was found for the use of audit and feedback and provider
reminder systems with the base strategies on improving adherence to an overall bundle, head-of-
bed elevation, and oral care. The use of this combination compared with usual care for
improving infection rates alone and with adherence rates was also judged to have moderate
strength of evidence. Furthermore, the evidence for the use of audit and feedback with the base
strategies, compared with usual care, for improving an overall bundle, infection rates, and both
infection and adherence rates was determined to be moderate.

Insufficient Evidence

Insufficient evidence was available to make any conclusions about the use of audit and
feedback and provider reminder systems with the base strategies for improving readiness to
wean. The strength of evidence for the use of provider reminder systems with the base strategies
for improving infection rates was also judged to be insufficient. Use of base strategies to improve
head-of-bed elevation, infection rates, or adherence and infection rates was found to have
insufficient evidence.

Surgical Site Infection

A total of 15 studies were identified from the literature search that used QI strategies to
implement preventive interventions aimed at reducing SSI, controlled for confounding or secular
trends, and met all other criteria for inclusion in this systematic review.*®**®° Two studies were
rated higher quality,’®*® 3 studies were rated medium quality,**°**° and 10 studies®* "% were
rated lower quality. The strength of evidence for the combinations used to target SSI is
summarized in Table E.

Table E. Strength of evidence for combinations targeting SSI

SOE Combination Qutcome Number/Type of Studies
Base strategies + audit and 1 interrupted time series™
Moderate feedback +/- provider reminder | Adherence: antibiotic timing 1 stepped wedge®
system 2 simple before-after®>®°
Base strategies + audit and s . 1 stepped wedge®
feedback +/9 provider reminder Adherence: antibiotic selection 2 simple before-after>>®
system Adherence: shaving 2 simple before-after®®®
Low o 1 controlled study>
Base strategies + provider Adherence: antibiotic timing 2 simple before-after""®?
reminder system Infection rate 1 controlled study™®
: 3 simple before-after®’t%2
o . 1 stepped wedge™
Adherence: antibiotic duration 3 simple before-after>6°s!
Adherence: normothermia 2 simple before-after™>®°
Base strategies + audit and Adherence: glucose control 2 simple before-after™®
feedback +/- provider reminder . 1 interrupted time series®
system Infection rate 4 simple before-after®>©:61.64
1 interrupted time series®
- Adherence and infection rates 1 stepped wedge®
Insufficient 3 simple before-after®6t
Adherence: antibiotic selection 1 simple before-after™
. . Adherence: antibiotic duration 1 simple before-after™
Base strategies + provider —— . =
reminder system Adherence: hair removal 1 simple before-at;tger
Adherence and infection rates L cpntrolled study
2 simple before-after"”®?
. i 1 controlled study®
Base strategies Infection rate 2 simple before-after®®s

Abbreviations:

SOE = strength of evidence; SSI = surgical site infection.
Note: The base strategies are organizational change and provider education.
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Moderate Strength of Evidence
The use of audit and feedback with or without provider reminder systems with the base
strategies, compared with usual care, for improving adherence to appropriate antibiotic timing
was judged to have moderate strength of evidence.

Low Strength of Evidence
The use of audit and feedback with or without provider reminder systems with the base
strategies, compared with usual care, for improving adherence to appropriate antibiotic selection
or shaving was judged to have low strength of evidence. The evidence for the use of provider
reminder systems with the base strategies to improve antibiotic timing or infection rates was
deemed low.

Insufficient Evidence
Insufficient evidence was found to make any conclusions on the use of audit and feedback
with or without provider reminder systems with the base strategies to improve antibiotic

duration, normothermia, glucose control, infection rates, or both adherence and infection rates. In

addition, insufficient evidence was found for the use of provider reminder systems with the base
strategies for improving antibiotic selection, antibiotic duration, appropriate hair removal, or

both adherence and infection rates. Insufficient evidence was also found for the use of the base
strategies alone to improve infection rates.

Catheter-Associated Urinary Tract Infections
The literature search identified 11 studies that addressed the prevention of CAUTI and
controlled for confounding factors or secular trend.'#2*3>6184857L na stydy® was ranked of

higher quality, three

67,69,70

of medium quality, and seven

14,23,35,61,64,68,71

of lower quality. The

strength of evidence for the combinations used to target CAUTI is summarized in Table F.

Table F. Strength of evidence for combinations targeting CAUTI

SOE Combination Qutcome Number/Type of Studies
Base strategies + 3 controlled studies®®>*""
Moderate provider Adherence: overall urinary catheterization 1 interrupted time series®’
reminder system 2 simple before-after®®®
Base strategies + Adherer!ce..approprlate urinary 1 simple before-after™
audit and catheterization
feedback +
provider Infection rate 1 interrupted time series®
reminder system
Base strategies + Adherence: overall urinary catheterization 1 simple before-afterii
. Adherence: hand hygiene 1 simple before-after
audit and . " T4,61,64
feedback Infection rate _ _ 3 s!mple before-after14 o
Adherence and infection rates 2 simple before-after™
Insufficient Adherence: inappropriate urinary 1 controlled study®

Base strategies +
provider
reminder system

catheterization

1 interrupted time series®’

Adherence: correctly inserted urinary
catheters

1 controlled study®

Infection rate

1 controlled study®
1 interrupted time series®’
1 simple before-after®

Adherence and infection rates

1 controlled study®®
1 interrupted time series®’
1 simple before-after™

Abbreviations: CAUTI = catheter-associated urinary tract infection; SOE = strength of evidence.
Note: The base strategies are organizational change and provider education.
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Moderate Strength of Evidence

The use of provider reminder systems alone or with the base strategies, compared with usual
care, for improving adherence to duration of overall urinary catheterization was found to have
moderate strength of evidence.

Insufficient Evidence

The following strategies were used to improve infection rates, but insufficient evidence was
found:

e Audit and feedback and provider reminder systems with the base strategies

e Audit and feedback with the base strategies

e Provider reminder systems with the base strategies

Insufficient evidence was also found for the use of both audit and feedback and provider
reminder systems with the base strategies to improve appropriate urinary catheterization. Use of
audit and feedback with the base strategies to improve overall urinary catheterization, hand
hygiene, or simultaneous improvement of adherence and infection rates was also found to have
insufficient evidence.

Provider reminder systems with or without the base strategies to improve inappropriate
urinary catheterization, correctly inserted urinary catheters, infection rates, and both adherence
and infection rates were found to have insufficient evidence.

Key Question 1b. Cost of QI Strategies

Fourteen studies*!1736:3741.44.46.69.70.72-76 \yere jdentified that provided information related to
the implementation costs and/or savings of QI initiatives to reduce HAI. Ten
studies™7363741:4446.69.70.75 that adjusted for confounding or secular trend reported information
on savings. Four studies that did not adjust for confounding or secular trend provided
information on the costs of the QI initiative. The literature reviewed for this report identified
only one study®® that provided a detailed analysis for net savings, and no studies provided a
comprehensive analysis of return on investment.

Given the limited number of studies that evaluated costs and/or savings and the lack of data
on net cost savings, as well as the variation in QI initiatives used in those studies and the varied
metrics studied related to costs, the strength of evidence related to the overall cost and savings
associated with use of various QI strategies to reduce HAI is insufficient.

Furthermore, no studies were identified that addressed the important questions of the total
cost of the QI program or the return on investment of the various QI initiatives.

Key Question 1c. Factors Associated With Effectiveness of QI
Strategies

We limit this analysis to studies that reported and analyzed changes in both adherence rates
and infection rates because these studies provide the strongest possible causal evidence. To
provide a more generalizable and robust synthesis of QI strategies, the analysis in this section
combines studies across the four HAI. Because all of the included studies were in hospital
settings and there were no direct comparisons between multiple units in a single hospital or
across hospitals, we were unable to conduct any setting comparisons. Since length of followup
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was an aspect of the quality rating, it was not analyzed separately. The focus of this section is on
the type or combination of QI strategies, for which there is the most evidence. Twenty-six
studies analyzed both adherence and infection rates,!!13-16:20:27.31,32,34-36,43.45-47,52,53,55,57,58,60-62.66.67
Four of these studies did not separately analyze adherence rates, but adherence was included in
the regression analysis for infections.'®*4%*°2 Three studies analyzed adherence and infection
rates for multiple individual infections.***>®* These studies are treated as separate studies, one
for each infection, as was done for Key Questions 1 and 1a. This brings the total number of
analyses included in this Key Question to 30. One study®® was excluded from this analysis
because it differentiated between early versus late infection rates and thus was not comparable
with the other studies.

The strength of evidence for the combinations reported to improve both adherence and
infection rates across all four infections is summarized in Table G.

Table G. Strength of evidence for combinations of QI strategies

SOE Combination Outcome Number/Type of Studies

1 controlled study™

Base strategies + audit 1 stepped wedge design®

2

and feedback + Adherence and ; .
Moderate . ) . . 4 interrupted time
provider reminder infection rates . 11153247
series
system 4355

2 simple before-after

1 controlled study®®*®

Base strategies + audit | Adherence and 2 interrupted time

i ~na31,03
Moderate and feedback infection rates SEeries
8 simple before-
afterl ,14,27,60,61,a,b,c
Base stratedies + 2 controlled studies®*®®
; 9! Adherence and 1 interrupted time series®’
Low provider reminder . - .
Svstem infection rates 6 simple before-
Yy afterl635.3657.624
Insufficient Base strategies Adherence and 1 controlled study*®
9 infection rates 1 simple before-after™

Abbreviations: QI = quality improvement; SOE = strength of evidence.
Note: The base strategies are organizational change and provider education.
20ne study also includes financial incentives.

®One study also includes patient education.

“Two of these studies report on more than one infection.

One of these studies reports on more than one infection.

Moderate Strength of Evidence

Audit and feedback plus provider reminder systems with the base strategies and audit and
feedback with the base strategies were found to have moderate strength of evidence for
improving both adherence and infection rates across HAL.

Eight studies reported both adherence and infection rates, and used audit and feedback plus
provider reminder systems with the base strategies, compared with usual care '!1°324345:47,5255
Three reported on CLABSI,**** three reported on VAP,*>**" and two reported on SSI.°%°
One* was of higher quality, four'**2*"*? were of medium quality, and three?**** were of lower
quality.

Eleven studies reported both adherence and infection rates, and used audit and feedback with
the base strategies, compared with usual care.*3420273153.60.61 1,,,q1431 rannrted on CLABSI,
four'342%27 renorted on VAP, three reported on SSI,>*%®! and two reported on CAUTI. >
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13,14,27,60,61

Three?*>% were of medium quality and eight (from five articles) were of lower

quality.

Low Strength of Evidence

Provider reminder systems alone or with the base strategies were found to have low strength
of evidence for improving adherence and infection rates.

Nine studies reported both adherence and infection rates, and used provider reminder systems
alone or with the base strategies, compared with usual care.'>3>%6°758.628667 Thraa sy djes® 30
reported on CLABSI, three reported on SSI,°"°%%? and three reported on CAUTI.%>%067 T8
were of higher quality, one®” was of medium quality, and six (in five articles)****¢>"62 were of
lower quality. Even though this combination of QI strategies was found to have moderate
strength of evidence when used to improve CAUTI rates, there were limited data for this
combination for the other three infections. Therefore, this conclusion was not generalizable
across all four infections.

Insufficient Evidence

There is insufficient strength of evidence that the use of base strategies improves adherence
and infection rates compared with usual care.

Two studies reported both adherence and infection rates and used base strategies, compared
with usual care.3**® One reported on CLABSI** and one reported on VAP.*® One* was of higher
quality and the other®* was of lower quality.

Key Question 2. Effect of Context on Effectiveness of QI Strategies

The 71 studies that controlled for confounding or secular trend were also evaluated to address
the impact of context on the effectiveness of the QI strategies. Context, generally, can be thought
of as the “characteristics of the organization and its environment that influence the
implementation and effectiveness of the patient safety practice.””’ Seven contextual factors, in
addition to organizational characteristics such as institution size, financial status, and location,
were captured in this report, as the authors of the RAND report recommend for use when
evaluating the effectiveness of patient safety practices:®

e Theory behind patient safety practice
Existing patient safety infrastructure
External factors
Patient safety culture and teamwork at unit level
Leadership at unit level
Change in responsibilities at unit level
Availability of implementation and management tools

While contextual factors impact the effectiveness of QI strategy implementation and the
sustainability of the outcomes, reporting these factors is neither standardized nor required.
Another barrier to reporting such information is the required brevity of journal articles.
Investigators of some studies in this review attempted to control for contextual factors in the
analyses, others provided discussions of contextual differences, and still others did not address
contextual issues at all. Our synthesis of context is limited to mapping the frequency with which
contextual factors were reported and providing examples of how contextual factors were
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addressed in some of the studies. Table H provides the frequency of reporting of the seven
additional contextual factors across the four infections.

Roughly two-thirds of the studies took place in single sites,
49.51,54-58,62,64,65.6769 9 about half were from the United States.
42,44,45.5052.54-57.62.6365,71 Tha most commonly reported contextual factor was availability of
implementation materials, followed by changes in responsibilities at the unit level and leadership
at the unit level. The contextual factors that were discussed the least were theory behind patient
safety practice and patient safety culture and teamwork at the unit level. Two studies reported no
additional contextual factors other than organizational characteristics.?>>* Twenty-nine studies
(four®®2*27#4 of which reported on two infections each) reported at least half of the additional
contextual factors of interest,'!1216-18:20-24.27,36-33,40-44,52.35.56. 80.70.71 Lo\ yiever, no study reported all
seven additional contextual factors. Because all of the included studies were in hospital settings
and there were no direct comparisons between multiple units in a single hospital or across
hospitals, we were unable to conduct any setting comparisons.

11,13-15,17,21-23,25,26,28-31,33-39,41,42,44-
11-13,18-21,25,27,28,30,32,33,36,40-

Table H. Frequency of contextual factors used in included studies

Contextual Factor CLABSI VAP SSl CAUTI Total
Theory Behind Patient Safety Practice 9 4 0 16
Existing Patient Safety Infrastructure 8 6 2 4 20
External Factors 9 7 5 2 23
Patient Safety Culture and Teamwork at Unit Level 14 10 3 4 31
Leadership at Unit Level 17 12 5 3 37
Change in Responsibilities at Unit Level 14 11 12 7 44
Availability of Implementation and Management Tools 19 13 11 6 49

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
VAP = ventilator-associated pneumonia; SSI = surgical site infection.

Discussion

Key Findings and Strength of Evidence

This report reviews 71 studies (61 articles) of QI strategies targeting healthcare-associated
infections, 10 included in the 2007 review and 61 published subsequently. Four HAI were
reviewed: CLABSI, VAP, SSI, and CAUTI. We limited our synthesis to studies that had
statistical analyses that adjusted for confounding or secular trend, without which no causal
inference can be made about the reported results.

Most studies used multiple QI strategies; only 12 studies used a single QI strategy. Outcomes
of interest to the review were adherence to various preventive interventions, change in infection
rates, and costs and return on investment. Information was also sought on unintended
consequences of QI strategies and contextual factors that might influence the success of a
strategy, but data were sparse. Only one study, which did not control for confounding or secular
trend, was identified that addressed QI strategies to improve adherence to preventive
interventions or reduce HAI rates outside the hospital setting. Most comparisons were with usual
care; for 13 studies, the comparison was with a period of a low-intensity QI intervention.***>2

Evidence synthesis of QI strategies presented considerable challenges. It was not possible to
disaggregate the data into individual strategies or to systematically assess the incremental effects
of adding a particular strategy to a combination of strategies. Moreover, a wide variety of
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combinations of specific QI strategies were used in the studies, making it challenging to
categorize consistent combinations of QI strategies or to compare such combinations with each
other.

As discussed in the Results section, to develop a workable classification of QI strategy
combinations, we hypothesized that organizational change and provider education constitute
base strategies. This simplifying concept allowed us to organize our data into categories of
strategies used in combination with the base case. These additional strategies are: (1) audit and
feedback plus provider reminder systems, (2) audit and feedback only, (3) provider reminder
systems only.

Key Findings and Strength of Evidence Across Infections
Our key findings, shown in Table G, assess the evidence across all four infections, applying
the framework for grading strength of evidence described in Methods Guide for Effectiveness
and Comparative Effectiveness Reviews, which is based on GRADE.**° Only studies that
reported on both adherence and infection rates are included in our key findings across infections:
30 of the 71 studies (42%). All comparisons are with usual care.
e There is moderate strength of evidence that adherence and infection rates improve when
these strategies are used with the base strategies:
o0 Audit and feedback plus provider reminder systems
0 Audit and feedback alone
e There is low strength of evidence that adherence and infection rates improve when this
strategy is used with the base strategies:
e Provider reminder systems alone
e There is insufficient evidence that the base strategies alone (listed below) improve
adherence and infection rates:
o Organizational change plus provider education
o Provider education only

We consider these to be our most robust and generalizable findings. Note that the strength-
of-evidence analysis describes the evidence for only the specified combination of QI strategies
compared with usual care. The conclusions do not imply that one combination is superior to
another. We can only describe the strength of evidence that is available for each combination of
QI strategies. Furthermore, the finding of moderate strength of evidence, given a heterogeneous
incomplete literature, is noteworthy and suggests that these implementation strategies can be
effective in reducing HAI, which is the ultimate objective of the QI efforts.

Findings and Strength of Evidence for Each Infection

Table | displays moderate-strength findings for each infection. There were no QI strategy
combinations for which the strength of evidence was rated high. For each infection, studies
varied in the adherence rates reported and whether significant improvements were found. Thus,
Table | shows the specific adherence rates that were improved with each combination of QI
strategies.

In general, within-infection results concur with the key results across infections displayed in
Table G. There is moderate strength of evidence to support audit and feedback plus provider
reminder systems with the base strategies, as well as audit and feedback alone with the base
strategies. Two differences are worth noting.
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e Studies of CLABSI demonstrate the impact of differing approaches to the QI strategy on
the outcome. Two studies compared simulation-based provider education with traditional
provider education (lecture and/or video-based education).?®*° Both studies found the
simulation-based approach to provider education to be superior to the traditional method.
This finding may warrant further confirmatory research.

e Studies of CAUTI focused on provider reminder systems as the main strategy for
reducing duration of urinary catheterization. There was moderate strength of evidence
that provider reminder systems alone or used in combination with the base strategies
improve adherence related to duration of overall urinary catheterization, compared with
usual care. This finding was not generalizable to other infections given the current body

of evidence.
Table I. Combinations of QI strategies with moderate strength of evidence for each infection
Infection Combination Qutcome
Base strategies + audit and feedback + provider reminder system | Infection rate
CLABSI Base strategies + audit and feedback or provider reminder Infection rate
system
Base strategies Infection rate
Adherence: overall/summary
Adherence: HOB elevation
Base strategies + audit and feedback + provider reminder system | Adherence: oral care
Infection rate
VAP - -
Adherence and infection rates
Adherence: overall/summary
Base strategies + audit and feedback Infection rate
Adherence and infection rates
ss| Base strategies + audit and feedback + provider reminder Adherence: antibiotic timing
systems
CAUTI Provider reminder systems * base strategies Adheren_ce:_overall urinary
catheterization

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
HOB = head of bed; QI = quality improvement; VAP = ventilator-associated pneumonia; SSI = surgical site infection.
Note: The base strategies are organizational change and provider education.

Alternative interpretations may account for these CLABSI and CAUTI results, which cannot
be empirically verified from the evidence available from this review. Simulation-based provider
education may have a greater impact than traditional, more passive teaching techniques.
Alternatively, however, simulation may have attributes that are similar to audit and feedback,
and may even, under some circumstances, constitute a form of audit and feedback. With respect
to CAUTI, might audit and feedback enhance the results of provider reminder systems?
Moreover, in the setting of initiating urinary catheterization, which is addressed by only
of 11 studies, audit and feedback might be more relevant than provider reminder systems. These
alternative interpretations remind us that it is important to understand the potential synergies
among QI strategies and that certain QI strategies may be more effective for some preventive
interventions than others.

314,23,70
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Findings in Relationship to What Is Already Known

2007 Evidence Report
Authors of the 2007 Evidence Report identified several strategies with potential benefit, but
for which further research is needed:

1. Printed or computer-based reminders with use of automatic stop orders may reduce
unnecessary urethral catheterization.

2. Printed or computer-based reminders may improve adherence to recommendations
for timing and duration of surgical antibiotic prophylaxis.

3. Staff education using interactive tutorials (including video and Web-based tutorials)
and checklists may improve adherence to insertion practices for placement of central
venous catheters.

4. Staff education, including use of interactive tutorials, may improve adherence to
interventions to prevent VAP.

The report concluded that the evidence for QI strategies to improve preventive interventions
for HAI was generally of suboptimal quality, and therefore they were unable to reach firm
conclusions.’

Evidence on the results of QI strategies to reduce HAI has shown improvement since the
2007 report. There was improved methodological quality in the included studies of the current
report compared with the previous report. Of the 42 studies included in the 2007 report, only 14
(33%) had a control group or more sophisticated statistical analysis than a two-group test. Of the
173 studies included in the current systematic review, 71 (42%) had a control group or more
sophisticated statistical analysis. Both the absolute number of studies and the proportion of
studies with statistical analysis to control for confounding and secular trend increased. We were
therefore able to reach firmer conclusions. We found moderate strength of evidence to support
several combinations of strategies across all four infections and for specific infections.

In addition, the number of relevant publications per year has increased. This trend continued
while the systematic review was being prepared. An update of the literature search from April
2011 to January 2012 yielded 40 included articles, compared with 103 articles between January
2006 and April 2011.

The 2007 report concluded that:

Investigators should attempt to perform controlled trials of QI strategies when
possible, and should report both adherence rates and infection rates. If performing
a controlled trial is impractical, investigators should perform interrupted time
series studies, involving reporting data for at least 3 time points before and after
the intervention and formal time series statistical analysis.’

We are in complete agreement with the authors’ conclusions. Relatively small changes in
research design and statistical analysis—such as collecting data for three time points before the
intervention and using interrupted time series statistical analysis—could substantially strengthen
the body of evidence.
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Other Studies and Systematic Reviews

Comparing the results of this systematic review with the published literature is challenging.
First, the effectiveness of quality improvement strategies may vary with the context and with the
clinical issue being addressed. A number of other studies, including several Cochrane reviews,
address efforts to change clinical practice regarding use of preventive services, implementation
of guidelines, and prescribing patterns (e.g., Shojania and colleagues,’® Jamal and colleagues,
Grimshaw and colleagues®). The impact may also vary with the context, and as this report
concludes, the usable information available on context remains sparse. Another recent systematic
review of the influence of context on the success of QI in health care concludes that the current
body of work is in an early stage of development (Kaplan and colleagues, 2010%%). The present
report relies on the concepts developed by a blue-ribbon panel of experts and reported in the
RAND report.® The definition and scope of QI strategies also varies (e.g., Scott, 2009;%
Grimshaw and colleagues, 2004%°). For example, in this report, provider education is treated as a
single entity, in accordance with the categorization used in the 2007 report.” A report focusing on
education might break it down into distribution of educational materials, educational meetings,
and educational outreach visits.®® As noted, examining the difference between simulation-based
provider education and traditional provider education might also be worthwhile.

Finally, the approaches to analyzing individual QI strategies, such as audit and feedback,
vary because they often form part of a bundle of QI strategies. Should the focus be on individual
strategies, even if they form part of a bundle of interventions that may vary from study to study?
The advantage is the ability to focus on specific components that may be critical to the success of
an intervention. The disadvantage is the inability to disentangle the effects of different strategies
grouped together. The focus on individual strategies was used in the 2007 report and a number of
other studies.”®® The current report groups combinations of similar strategies, which will help to
account for interactions among individual QI strategies. However, because of the large number
of different QI strategy combinations, the groupings are not entirely homogeneous and there are
fewer studies per combination. The results are also more challenging to present (e.g., base
strategies and audit and feedback or provider reminder systems). Nevertheless, we think this
approach produces more valid and generalizable conclusions because it allows for interaction
effects to a greater degree. Furthermore, in actual practice, bundles of QI strategies are
frequently used.

De Vos and colleagues® conducted a systematic review of controlled studies on the impact
of implementing quality indicators in hospitals. The article included 21 studies from 1994 to
2008, none of which focused on efforts to reduce HAI. Most studies used multiple
implementation strategies, and the most commonly used strategy for incorporating information
on quality indicators was audit and feedback. Fourteen of the studies adjusted for potential
confounders, and the results of these studies appeared to be less effective than those for
unadjusted studies. Effective or partly effective studies (defined by the proportion of improved
measures) appeared to use audit and feedback together with other implementation strategies.
Despite the differences between this article and the current systematic review, the findings
appear to be congruent.

The systematic reviews on provider reminder systems tended to focus on specific types of
reminder systems, e.g., onscreen point-of-care computer reminders.”® Given the diversity of
provider reminder systems used in the studies included in the current report, the findings for
these disparate types of reviews were not compared. One meta-analysis focused on reminder
systems to reduce urinary tract infections and urinary catheter use in hospital patients.®* Based on
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a review of 14 articles published before September 2008, the authors found that the rate of
CAUTI fell by 52 percent (p <.001) when reminders or stop orders were used. There was overlap
between the studies included in this article and in the current report, but Meddings and
colleagues® appear to have included simple before-after studies. Their overall conclusion is
therefore similar to that in the current report, but the size of the effect is likely to be
overestimated.

Comparing the results of the current systematic review with other findings echoes the
challenges encountered in conducting this review. Specifically, the heterogeneity encountered in
articles on implementation of preventive interventions to reduce HAI is magnified in the
literature on QI strategies in general. Overall, however, the results of the current review appear to
be congruent with those of other studies and systematic reviews. They suggest that
improvements in adherence and infection rates may result from use of audit and feedback as well
as provider reminder systems.

Limitations of the Current Review

The limitations of this review are those that are generally encountered in assessments of
complex interventions that are used in complex settings. Such studies are typically
heterogeneous in design, setting, measurement, outcomes, and reporting. The resulting data are
not amenable to quantitative analysis, thus requiring a qualitative approach. As noted above,
evidence synthesis of QI strategies presented considerable challenges. To develop a workable
classification of QI strategy combinations, we hypothesized that organizational change and
provider education constitute base strategies and categorized other QI strategies that were
combined with organizational change and provider education. As is often the case in qualitative
research, the validity of the classification must be demonstrated by its application. Is it a useful
way to organize the evidence? Most importantly, and as yet unknown, is the issue of whether the
classification can be used prospectively to predict success of QI strategies.

Moreover, this review adopted the existing classification system of QI strategies, with
whatever limitations may be inherent in this system. One limitation that is apparent to us is that
the same strategy may in fact incorporate very different interventions. For example, as noted
above, the different provider education methods may vary in intensity, and thus their potential
effect on the outcomes of interest may vary. To this end, the recommendations of Shekelle and
colleagues to advance the science of patient safety include “more detailed descriptions of
interventions and their implementation.”””

Future Research Needs

We found both critical methodologic weaknesses in the literature and gaps in evidence to
address the Key Questions of our review.

Improving Methodologic Quality

Studies selected for this systematic review used either an experimental design with a control
group or a quasi-experimental design. Most studies of QI strategies are effectiveness studies
rather than efficacy studies. The interventions are implemented in a “real-world” setting rather
than using the highly controlled designs that are the standard for efficacy studies. The factors that
can confound the results of such quasi-experimental studies are well known. Although 173
studies met initial selection criteria for this review, 102 were excluded from our synthesis
because they used statistical analyses that did not control for confounding or secular trend. While
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these studies reported an association between QI strategy and outcome, they do not support
causal inference. To advance the science of using QI strategies to reduce HAI, studies need to
demonstrate a causal linkage between improved adherence and reduced infection rates as well.
To evaluate this, studies should report both adherence with the preventive interventions and
infection rates.

The circumstances under which studies of QI strategies are conducted merit a thoughtful
approach to improving the development of evidence. Conducting a rigorous evaluation of a
complex intervention is a challenging undertaking. The usual call to improve the quality of
evidence by producing randomized controlled trials may not pertain to this issue. A more
productive approach would be to improve the quality of quasi-experimental studies through (1)
conducting more rigorous study designs, (2) taking into account secular trends and potential
confounders, and (3) reporting and analyzing both adherence and infection rates. The enthusiasm
of institutions and institutional collaborations might be harnessed by creating toolkits and
accessible consultation so that organizations that are engaged in QI initiatives can make a
meaningful contribution to the accumulation of knowledge about successful QI strategies.

Methodologic quality would also be improved by systematic collection and reporting of
factors that may contribute to the generalizability of QI strategies. Although we abstracted
contextual factors from the studies included in this review, the available data were too disparate
to be synthesized in a meaningful fashion. This is not surprising, as available studies largely
predate the dissemination of recommendations to advance the science of patient safety through
emphasis on the effect of context. Presently, the approach to collecting and reporting on factors
that may influence generalizability is not sufficiently standardized to produce a robust evidence
base. We suggest that availability of toolkits and consultation to organizations undertaking QI
evaluation studies could assist this effort.

Adopting more standardized approaches to measuring adherence would strengthen the body
of evidence. While preventive interventions are well known, the way in which adherence is
measured varied from study to study, thus reducing the comparability of adherence outcomes
across studies. Another potential confounder is that studies varied in how preventive
interventions were implemented—for example, in the frequency of oral care for ventilated
patients or the use of antibiotic-impregnated catheters.

Evidence Gaps

Only one study, which did not control for confounding or secular trend, was found on the use
of QI strategies to reduce HALI in nonhospital settings such as ambulatory surgical centers,
freestanding dialysis centers, and long-term care facilities. Yet a substantial proportion of health
care is delivered outside hospitals.

The studies on using QI strategies to reduce HAI were very limited in providing data about
the implementation costs, cost savings from the implementation, and return on investment from
implementing the QI strategies. The data related to savings are weakened by the number of
simple before-after studies that present information on cost savings when the impact on infection
rates is uncertain. One reason for not adopting successful QI strategies is that they are “too
expensive,” so the lack of data related to this measure is a major deficiency.

Finally, there are limited data related to the long-term durability and sustainability of the
impact of the QI strategies over time. Many studies lasted only 1 year postintervention or less.
To eliminate, or at least reduce, HAI, the QI strategies must show sustained effectiveness over
several years.
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Conclusions

The magnitude of the potential harm caused by HAI and their ubiquity, as well as the recent
reduction in infection rates, highlight the importance and feasibility of identifying the most
effective ways for health care institutions to address their prevention. Although the practical
challenges in measuring the effectiveness of different strategies in a real-world environment are
many, the results of this systematic review demonstrate that it can be done and that practical
lessons can be gleaned even from a less than ideal evidence base. In this update of the 2007
AHRQ report (Ranji and colleagues, 2007),” there is moderate strength of evidence across all
four infections examined that both adherence and infection rates improve when either audit and
feedback plus provider reminder systems or audit and feedback alone are added to the base
strategies of organizational change and provider education. There is low strength of evidence that
adherence and infection rates improve when provider reminder systems alone are added to the
base strategies. There is insufficient evidence for reduction of HAI in nonhospital settings, cost
savings for QI strategies, and the nature and impact of the clinical context. Relatively modest
improvements in research approaches have the potential to substantially strengthen the evidence
and provide further insight into how to protect patients from healthcare-associated infections.
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Introduction

Background

In 2003, the Institute of Medicine (IOM) published a report, Priority Areas for National
Action: Transforming Health Care Quality." The report identified 20 clinical topics for which
there are quality concerns because of the gap between knowledge of the topic and integration of
that knowledge into the clinical setting. In response to the IOM report, the Agency for
Healthcare Research and Quality (AHRQ) initiated a series of technical reviews on quality
improvement (QI) strategies focused on improving the quality of care for the IOM’s 20 priority
areas.” The current systematic review serves to update and expand the 2007 Evidence Report,
Closing the Quality Gap: A Critical Analysis of Quality Improvement Strategies. Volume 6:
Prevention of Healthcare-Associated Infections.®

Healthcare-Associated Infections

The Centers for Disease Control and Prevention (CDC) define a healthcare-associated
infection (HAI) as “[A] localized or systemic condition resulting from an adverse reaction to the
presence of an infectious agent(s) or its toxin(s). There must be no evidence that the infection
was present or incubating at the time of admission to the acute care setting.”* The CDC estimates
that in 2002, there were 1.7 million HAI and 99,000 HAI-associated deaths in hospitals. The four
largest categories of HAI, responsible for over 80 percent of all reported HAI, are central line-
associated bloodstream infections (CLABSI; 14%), ventilator-associated pneumonia (VAP;
15%), surgical site infections (SSI; 22%), and catheter-associated urinary tract infections
(CAUTI; 32%).°

The most recent national HAI data available are on CLABSI and SSI, reported by the
National Healthcare Safety Network (NHSN), a public health surveillance system established in
2005 by the CDC’s Division of Healthcare Quality Promotion (DHQP). Twenty-two states and
the District of Columbia have required or have plans to require their health care facilities to
report HAI to the NHSN; CLABSI and SSI are the infections most frequently mandated by these
states for reporting. In a current report, the NHSN provides Standardized Infection Ratios (SIR)
for CLABSI and SSI nationally and by state, for January 2009 to December 2009. The SIR
measures the relative difference in HAI occurrence during a reporting period compared with a
referent period. The referent period for this report is January 2006 through December 2008. For
2009, the CLABSI SIR is 0.83, which translates to a 17 percent national reduction compared
with the referent period, and the SSI SIR is 0.92, for a national reduction in incidence of 8
percent. However, facility-specific SIRs for both infections showed great variability, with some
facilities showing progress in their preventive efforts, while other facilities demonstrated
increasing rates.”

Burden of Healthcare-Associated Infections

According to the CDC, about one in four patients acquiring a bloodstream infection from the
insertion of a central line dies (www.cdc.gov/VitalSigns/HAIl/index.html). Identifying more
effective ways to treat these patients is essential, but far better to prevent the infections in the
first place. The prevention and reduction of HALI is a top priority for the United States
Department of Health and Human Services (www.cdc.gov/HAl/prevent/prevention.html). A call



to action for the elimination of HAI has been issued jointly by the Association for Professionals
in Infection Control and Epidemiology, Inc., the Society for Healthcare Epidemiology of
America, the Infectious Diseases Society of America, the Association of State and Territorial
Health Officials, the Council of State and Territorial Epidemiologists, the Pediatric Infectious
Diseases Society, and the CDC.” In a consensus statement issued by these groups, a plan for the
elimination of HAI includes the promotion of adherence to evidence-based practices through
partnering, educating, implementing, and investing.

In a CDC report, national costs of HAI were estimated, based on 2002 infection rates and
adjusted to 2007 dollars using the Consumer Price Index (CPI) for inpatient hospital services.
Estimates of the annual direct medical costs of HAI for U.S. hospitals ranged from $35.7 billion
to $45 billion. Using the same adjustment, the estimates of patient hospital costs for the four
most common HAI ranged from $3.45 billion to $10.07 billion for SSI, $0.67 billion to $2.68
billion for CLABSI, $1.03 billion to $1.50 billion for VAP, and $0.39 billion to $0.45 billion for
CAUTI.2 It is estimated that the cost savings of preventing 70 percent of HAI would be $25.0
billion to $31.5 billion, using the same adjustment.®

2007 Technical Assessment of Prevention of Healthcare-Associated
Infections

The objective of the 2007 report was to identify quality improvement (QI) strategies that
successfully increased adherence to effective preventive interventions and reduce infection rates
for the following healthcare-associated infections:

Central line-associated bloodstream infection (CLABSI)
Ventilator-associated pneumonia (VAP)

Surgical site infection (SSI)

Catheter-associated urinary tract infection (CAUTI)

The QI strategies included in this review were those identified in the first volume of the
Closing the Quality Gap series (Table 1).2 Authors of this report concluded that there were no QI
strategies that effectively decreased the rate of SSI, although some did increase adherence to
preventive interventions. Two studies reported lower CLABSI rates when an explicit checklist
was implemented, empowering nurses to stop procedures until preventive interventions were
used. The assessment concluded that several QI strategies, provider education and printed or
computer-based reminder systems, were worthy of further study and possibly wider
implementation, and that higher quality studies on implementation strategies were needed In
many instances, the authors were unable to reach firm conclusions, because of the uncertainty
associated with single-center and simple before-after studies.’



Table 1. Quality improvement strategies from 2007 report®

QI Strategy Examples
Reminders in charts for providers
Provider reminder systems Computer based reminders for providers

Computer based decision support

Transmission of clinical data from outpatient specialty clinic to primary
Facilitated relay of clinical data to providers | care provider by means other than medical record, e.g., phone call or
fax

Feedback of performance to individual providers

Quality indicators and reports

National/state quality report cards

Publicly released performance data

Benchmarking — provision of outcomes data from top performers for
comparison with provider's own data

Audit and feedback

Workshops and conferences
Provider education Education outreach visits (e.g., academic detailing)
Distribution of education materials

Classes

Parent and family education

Patient education Patient pamphlets

Intensive education strategies promoting self-management of chronic
conditions

Promotion of self-management Materials and devices to promote self-management

Patient reminder systems Postcards or calls to patients

Case management, disease management

Total quality management, cycles of quality improvement
Multidisciplinary teams

Change from paper to computer based records
Increased staffing

Skill mix changes

Organizational change

Provider Directed:
Financial incentives based on achievement of performance goals
Alternative reimbursement systems (e.g., fee for service, capitated
payments)
Licensure requirements

Patient Directed:
Copayments for certain visit types
Health insurance premiums, user fees

Health System Directed:
Initiatives by accreditation bodies (e.g., residency work hour limits)
Changes in reimbursement schemes (e.g., capitation, prospective
payment, salaried providers)

Financial incentives, regulation, and policy

Current Review Modifications

In planning the current evidence review, the continued relevance of the topic was assessed, as
well as whether changes in scope were warranted. Given the continued prevalence of these
infections, despite efforts to reduce them, the topic remains relevant. Many studies have been
published since 2007. Whether the list of infections should be expanded was also considered.
Three possible additions were considered: Methicillin-resistant Staphylococcus aureus (MRSA),
Clostridium difficile (C. difficile), and norovirus. MRSA and C. difficile are already the subjects
of comparative effectiveness reviews under AHRQ’s Effective Health Care Program.®’® The
study on MRSA focuses specifically on the effectiveness of universal screening, while the report
on C. difficile is broader in scope. Serious consideration was given to the inclusion of norovirus,
because the need to include cleaning staff, clinical staff, and others in efforts to reduce infections




might shed more light on the importance of context in influencing the effectiveness of various QI
strategies to implement preventive interventions. However, the Healthcare Infection Control
Practices Advisory Committee (HICPAC) guidelines for norovirus were in draft form when this
project was started. Furthermore, there was concern that the epidemic nature of norovirus
outbreaks would make it more difficult to link specific QI strategies to changes in infection rates.
Basg:d on these factors, this report will focus on the same four infections that the 2007 report
did.”.

The scope of this report was expanded by broadening the list of health care settings included.
Much of the initial work on HAI focused on hospital settings, as is evident in the 2007 report.
Less information is available on HAI in nonhospital health care settings, such as ambulatory
surgery centers, freestanding dialysis centers, and long-term care facilities, but it is clear that
HAI are found in these settings as well and deserve attention.*** CDC has issued guidelines
specifically for other health care settings." Although comparable estimates of the costs of HAI
for nonhospital settings were not found, it is clear that the total direct medical costs of HAI are
higher when other settings are included. This report, therefore, sought to include studies on the
effectiveness of QI strategies in these nonhospital health care settings as well.

The 2007 report focused on “the implementation of preventive interventions that are
recommended for universal use in target patient populations by professional societies and
governmental organizations.” For the current report, we rely on guidelines from CDC, the
SHEA, and IDSA. The CDC Guidelines are developed by HICPAC, which was formed to
provide guidance to the CDC and the Secretary of Health and Human Services regarding
strategies for prevention and surveillance of HAI and includes broad stakeholder input. We also
reviewed SHEA/IDSA Compendium of Strategies to Prevent Healthcare-Associated Infections.
The Compendium highlights evidence-based HAI prevention strategies to be implemented in
acute care hospitals.***°

In reviewing efforts to improve health care quality and specifically to prevent HAI, it is
important to use consistent terminology to differentiate among several concepts.

e The first step in designing a quality improvement project is to identify a quality gap:
According to Ranji and colleagues, a quality gap refers to the difference between health
care processes or outcomes observed in practice and those potentially achievable on the
basis of current professional knowledge.® In this proposal, the quality gaps are the levels
of HAI found in various health care settings.

o Quality improvement target is the outcome process or structure that the QI strategy
is aimed at changing.®

o0 Preventive intervention is a specific infection control practice that has been
demonstrated to reduce the incidence of an HAI.® An example would be using
maximal sterile barrier precautions when inserting a central line.

0 A guality improvement strategy aims to narrow the quality gap for a group of
patients who are representative of those seen in routine practice by increasing the use
of preventive interventions.® An example would be staff training about the use of
maximal sterile barrier precautions and authorizing any member of the team to stop
the procedure if any part(s) of the preventive intervention is not being used.

0 The effectiveness of a QI strategy is dependent not only on the strategy chosen but
also on the context in which it is implemented. According to a recent report prepared
by RAND for AHRQ,? there is no standard definition of context but it may include



barriers and facilitators related to the organizational and policy environment, as well
as information about the processes of implementation.

0 The above terminology is based on the terminology used in the original report on
Closing the Quality Gap: Reducing Healthcare Associated Infections.® Different
terminology is used in other studies, such as patient safety practices in the RAND
report cited above, which also is used to establish the framework for parts of this
report.?° For consistency across this series, the term “quality improvement strategy”
or “Ql strategy” will be used.

Quality Improvement Strategies

How to spur the adoption of preventive interventions has been the subject of considerable
research in recent years. These efforts are taking place in single hospitals or units within a
hospital, as well as across entire states and even multistate collaboration. For example, AHRQ
has funded CUSP (Comprehensive Unit based Safety Program) to bring toolkits from Michigan’s
Keystone project to every other state in the United States and to Puerto Rico (www.hret.org).
The focus will first be on bloodstream infections and then on catheter-associated urinary tract
infections. An interim report released in April 2011 reported a 35 percent reduction in CLABSI
rates from 1.8 to 1.17 infections per 1,000 central line-days among over 350 adult intensive care
units (www.ahrg.gov/qual/onthecusprpt/). While not focused on prevention efforts, a recent
report on infection control lapses in ambulatory surgical centers (ASCs) found that 46 of 68
ASCs audited had at least one lapse in infection control.?* Some efforts have been initiated
internally by dedicated staff. Others have been spurred in part by external forces, such as
Medicare’s policy not to pay for “never events,” which include “patient death or serious
disability associated with the use of contaminated drugs, devices or biologics provided by the
healthcare facility”
(www.qualityforum.org/Publications/2008/10/Serious_Reportable_Events.aspx;
www.cms.gov/MedicareAdvtgSpecRateStats/downloads/oon-payments.pdf). A great deal of
activity in this field since 2007 warrants an update and reexamination of what has been learned.

A corollary of the increase in quality improvement research has been the development of
guidelines for reporting as well as of research frameworks to guide QI efforts. Pronovost and
colleagues developed one research framework,?? whose structure parallels that of pharmaceutical
research with phases from TO through T4. Phase T3 focuses on moving evidence-based
guidelines into practice, through delivery, dissemination, and diffusion research. The focus of
this report falls within this phase.

Consistency in reporting of QI research was addressed in 2008 with the development of the
Standards for Quality Improvement Reporting Excellence (SQUIRE) guidelines, which provide
researchers and journals a checklist of how to report on QI research.”® However, the SQUIRE
guidelines do not provide much detail on how the setting or context in which research takes place
should be described. Additions from the RAND report and other discussions of the impact of
context on research may increase the uniformity of reporting in the body of evidence.?*?*%

The challenges of implementing prevention and surveillance programs for HAI are many.
These efforts are labor intensive and require an infrastructure that coordinates the education and
supervision of staff, and in larger health care facilities, computerized support.”’ There are a
number of steps in creating the evidence base that supports efforts to reduce HAI. Once the
targets of the efforts are identified, for example, the types of infections and most common
locations or patient populations, the next step is to identify preventive interventions that, if



undertaken, are likely to prevent these HAI. Extensive research in this area has resulted in the
development of evidence-based guidelines, such as those produced by HICPAC and
SHEA/IDSA. But knowledge of effective interventions to reduce HAI can be difficult to convert
into practice. As extensive efforts to improve adherence with hand washing have shown, it can
be difficult to translate the knowledge that hand washing can reduce infections into consistent,
appropriate practice. This report will focus on the implementation of QI strategies to prevent
HAI, for example, how to get health care workers to wash their hands and to do so correctly for
each clinical situation.

The field of implementation of QI strategies is evolving, with reviews covering broad topics
such as how to change provider behavior® or how to incorporate guidelines into clinical
practice.?® The reviews have found that studies often combine strategies into multifaceted
approaches, rather than implement a single strategy. While the reviews report that these
multifaceted approaches are more likely to be successful, there are challenges in determining
which components are potentially effective alone, or if all components or a subset of the
components are necessary for efficacy.?® In a health technology assessment on the
effectiveness of guideline dissemination and implementation strategies, Grimshaw et al. report
that the most common intervention strategy implemented was the use of provider reminders.?®
Moderate improvements in the utilization of guidelines were reported when provider reminders
were used. The next most common intervention was educational outreach, which was defined as
the use of a trained person who met with providers in their practice settings to provide
information with the intent of changing the provider’s practice. Educational outreach, which was
often one component of a multifaceted approach, demonstrated modest effects. The assessment
found less evidence on the distribution of printed educational materials, audit and feedback, and
patient directed interventions. The authors conclude that there is not a robust generalizable
evidence base on effective strategies to promote guideline utilization.?®

Reviews that focused on a single QI strategy included studies implementing the QI strategy
alone, as well as studies in which the QI strategy was part of a multifaceted intervention system.
A Cochrane review on the effects of audit and feedback on health care outcomes reported
variable effects.®* For studies with dichotomous outcomes, the adjusted risk difference of
adherence varied from a 16 percent decrease in adherence to a 70 percent increase in adherence.
For studies with continuous outcomes, the adjusted percent change varied from a 10 percent
decrease in adherence to a 68 percent increase in adherence.®! Another Cochrane review focused
on a specific type of provider education strategy, educational outreach visits.*® This review
reports that educational outreach visits, whether alone or in combination with other strategies,
show consistent and small improvements in prescribing patterns, and small to moderate
improvements in other professional performance measures. A review that focused solely on the
effect of health information technology or health information systems on clinicians’ adherence to
evidence-based guidelines has found a positive effect on adherence, but inconsistent effects on
patient outcomes.*? Many reviews cite a difficulty in forming conclusions on the effectiveness of
a particular QI strategy due to the variability among studies, whether the strategy was
implemented singly or as part of a multifaceted intervention.?®%

Shekelle et al. note that context may be the distinguishing factor between evaluating the
impact of a QI strategy versus a clinical intervention.” The RAND report identified important
evaluation questions for QI strategies, reporting requirements, and the elements of context that
may have an impact on the effectiveness of implementing QI strategies, all of which are
incorporated into the present evidence review.



Objectives

This systematic review updates the AHRQ Evidence Report on Closing the Quality Gap: A
Critical Analysis of Quality Improvement Strategies. Volume 6: Prevention of Healthcare-
Associated Infections.® The objective is to identify QI strategies that successfully increase
adherence to effective preventive interventions and reduce infection rates for CLABSI, VAP,
SSI, and CAUTI. Successful strategies help to close the quality gap regarding HAI. The purpose
of this review is to inform and assist health care decisionmakers, patients, clinicians, health
systems leaders, and policy makers.

This review will evaluate the large number of implementation studies that have been
published since 2006, when the literature search for the 2007 report ended. It will not expand
infections included, for reasons previously explained. It will expand the settings to be considered
from primarily hospitals to include ambulatory surgery centers, freestanding dialysis centers, and
long-term care facilities, where the prevention of HAI needs to be addressed as well.

The current report also will apply the recommendations, where applicable, of a patient safety
methodology report prepared for AHRQ by RAND Health.?® The objective of this report was to
identify criteria for assessing the impact of context on the effectiveness of patient safety
practices, which are a type of QI strategy. The context of an intervention, for example, the type
of health care setting, the leadership structure, the safety culture, the openness to innovation, can
have an important impact on whether preventive interventions are adopted. Furthermore, the
ability to transfer a successful QI strategy from one setting to another may depend in part on
whether the contexts differ. For example, cultures in which nurses are able to question a
physician’s adherence to recommended practices may be able to implement an intervention more
successfully than those where they are not.

Key Questions

Key Question 1. Which quality improvement strategies are effective in reducing the following
healthcare-associated infections?

e Central line—associated bloodstream infections (CLABSI)

e Ventilator-associated pneumonia (VAP)

e Surgical site infections (SSI)

e Catheter-associated urinary tract infections (CAUTI)

a. Which quality improvement strategies are effective in increasing adherence to
evidence-based preventive interventions for the four healthcare-associated infections
listed above?

b. What is the cost, return on investment, or cost-effectiveness for health care providers,
patients, and society as a whole of quality improvement strategies to reduce these
healthcare-associated infections?

c. Which factors are associated with the effectiveness of quality improvement strategies,
including, for example,

1. Type of quality improvement strategy
Clinician education
Patient education
Audit and feedback
Clinician reminder systems
Organizational change

Pop o



f. Financial or regulatory incentives for patients or clinicians
g. A combination of the above

2. Duration of intervention

3. Setting, for example, hospitals (intensive care unit, surgical or ventilator-
dependent patients), outpatient surgical centers, long-term care facilities, and
freestanding dialysis centers, and which kinds of clinicians implement the quality
improvement strategies?

Key Question 2. What is the impact of the health care context on the effectiveness of quality

improvement strategies, including reducing infections and increasing adherence to preventive
interventions?



Methods

Scope

As in the 2007 Evidence Report, Closing the Quality Gap: A Critical Analysis of Quality
Improvement Strategies. Volume 6: Prevention of Healthcare-Associated Infections,® the current
report focuses on QI strategies for implementing preventive interventions for the following
healthcare-associated infections (HAI): CLABSI, VAP, SSI, and CAUTI. The scope of the
current report has been expanded from the previous report. Both hospital and nonhospital health
care settings, such as ambulatory surgery centers, freestanding dialysis centers, and long-term
care facilities are included. Also, information recommended for consideration in the recent
RAND report for AHRQ on Assessing the Evidence for Context-Sensitive Effectiveness and
Safety of Patient Safety Practices? is included in the evaluation.

Analytic Framework

The analytic framework depicts the potential impact of the implementation of QI strategies
on reducing the following HAI: CLABSI, VAP, SSI, and CAUTI (Figure 1). Key Question 1
shows the link between QI strategies and health outcomes: such as decreased infection rates,
decreased complications and mortality, as well as unintended consequences. Key Question 1a
shows the link between QI strategies and process outcomes; that is, adherence to preventive
interventions. There are economic implications from both the process outcomes and the health
outcomes, as depicted by Key Question 1b. Characteristics of the QI strategies, such as type of
strategy, duration of the implementation, and setting, determine the effect of the QI strategies on
the outcomes (Key Question 1c). Link Key Question 2 marks the interaction between the
implementation of QI strategies and contextual factors of the organization. For example,
institutions with an existing patient safety infrastructure may have fewer barriers to
implementing QI strategies than other institutions.



Figure 1. Analytical framework for systematic review on quality improvement strategies to reduce
healthcare-associated infections
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Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
KQ = Key Question; QI = quality improvement; ROE = return on investment; SSI = surgical site infection; VAP = ventilator-
associated pneumonia.

Note: Adapted from Shekelle et al.°

Literature Search Strategy

The same search strategy used in the prior report® (Appendix A) was rerun on MEDLINE®,
CINAHL®, and Embase®. Duplicate records were deleted. The search covered the time period
from January 2006, when the search in the last report ended, to April 2011. The search was
updated in January 2012 while the draft report was available for public comment, and relevant
articles were added. Additional efforts were made to identify articles on interventions in
nonhospital settings, which are likely to be reported less frequently. The members of the
Technical Expert Panel (TEP) were queried, and they provided recommendations of experts on
these additional settings. Articles authored by these recommended experts were retrieved. A
search on relevant studies in nursing homes was conducted in July 2011. We also screened the
bibliographies of included articles to identify additional references. Web sites of entities
involved in efforts to reduce HAI, such as the Institute for Healthcare Improvement, were
scanned to ensure that no relevant peer-reviewed publications were missed and to identify
descriptions of implementation strategies for which outcomes have been published in the peer-
reviewed literature.

Article Selection

Titles and abstracts from the literature search citations were placed in a Microsoft Access®
database for the first round of screening. Three trained reviewers conducted the screening. Each
title and abstract was screened and marked as either: (1) retrieve for full-text review, (2) do not
retrieve for full-text review, or (3) uncertain. Studies were marked for retrieval for full-text
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review if the citation reported the outcomes of an intervention for (a) any one of the four
specified HAI, or (b) a combination of HAI that included at least one of the four. The reasons for
excluding an article were noted. Articles deemed uncertain for full-text review were screened by
a second reviewer. If both reviewers were uncertain, the article was retrieved for full-text review.
To ensure the quality of this first round of screening, an investigator not involved with the
screening reviewed a random sample of 114 titles and abstracts that were marked “do not
retrieve.” The investigator agreed with all the exclusions. The project lead reviewed another 101
abstracts marked “do not retrieve,” one-third from each of the three reviewers, and agreed with
all of the exclusions.

The full-text articles were retrieved and a similar process was followed to select the final
group of articles for inclusion and abstraction in the report. Articles were included if the study
described an implementation strategy to increase adherence with one or more of the preventive
interventions listed above, with the intent of reducing one or more of the four types of infections
covered in this report. A listing of studies excluded at the full-text level and reasons for
exclusion can be found in Appendix B. Evidence tables of abstracted data can be found in
Appendix C.

Inclusion and Exclusion Criteria

The same selection criteria were used for this report as for the 2007 report, with the addition

of a criterion related to the setting. Specifically, included studies were required to:

e Report the effect of a QI strategy on the incidence of HAI (CLABSI, VAP, SSI, or
CAUTI), or report the effect of a QI strategy on adherence to evidence-based prevention
interventions.

0 The specific prevention interventions used to reduce infections were selected from
recommendations with a grade of 1A or 1B in the HICPAC guidelines (see
www.cdc.gov/hicpac/pubs.html), analogous to the approach used in the 2007 report,
or with a grade of A-1 or A-1l in the SHEA/IDSA Compendium of Strategies to
Prevent Healthcare-Associated Infections in Acute Care Hospitals.**® The list of
preventive interventions was reviewed and amended by the TEP. The compiled list of
infection-specific preventive interventions can be found in Table 2 as well as
Appendix D.

o If the study did not describe a QI strategy and focused on the effect of prevention
interventions only, such as comparing antibiotic choice to prevent SSI or comparing
antiseptic cleansers for skin preparation prior to surgery, the study was excluded.

e Use either an experimental design with a control group or a quasi-experimental design.

o0 Quasi-experimental studies must have a clearly defined baseline and post-intervention
time period.

o0 Interrupted time series designs, by definition, must report more than one time point of
data before and after the intervention.

o Studies that reported only postintervention data were excluded.

e Report on one of the following settings: hospitals, outpatient surgical centers,
freestanding dialysis centers, and long-term care facilities.

e To be included, studies that report related outcomes, such as costs, health services
utilization, patient or provider satisfaction with care, or unanticipated consequences of an
intervention, must also report infection rates or adherence with preventive interventions.
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e Conduct a statistical analysis comparing baseline and postintervention infection rates or
adherence rates.

o

If a study reported baseline and postintervention infection rates or adherence rates,
but did not perform a statistical analysis to compare the rates, the study was excluded.

e Have a combined baseline and postintervention patient sample size >100.

Table 2. Included preventive interventions for healthcare-associated infections

Infection Prevention Intervention

All HAI hand hygiene
appropriate perioperative antibiotic prophylaxis (including appropriate antibiotic selection, timing,
and duration) (2007 report)
perioperative glucose control (2007 report)
decreasing shaving [or hair removal] of the operative site (2007 report)
specific technique for clinicians when washing hands prior to surgery (CDC/HICPAC IB)
treat infections prior to surgery (CDC/HICPAC IA)
encourage tobacco cessation (CDC/HICPAC IB)
bathe and prepare skin with antiseptic agent (CDC/HICPAC IB)

SSi develop policies to manage infected surgical team (CDC/HICPAC IB)
maintain positive pressure ventilation and minimal 15 air changes per hr during surgery
(CDC/HICPAC IB)
disinfect environmental surfaces (CDC/HICPAC IB)
sterile instruments and surgical wear (CDC/HICPAC IB)
after surgery, protect incision with sterile dressing (CDC/HICPAC IB)
normothermia [recommended by Technical Expert Panel]
intraoperative administration of oxygen (FIO2), for abdominal or colorectal cases [recommended by
Technical Expert Panel]
adherence to maximal sterile barrier precautions (2007 report)
use of chlorhexidine for skin antisepsis (2007 report); If there is a contraindication to chlorhexidine,
tincture of iodine, an iodophor, or 70% alcohol can be used as alternatives. (CDC/HICPAC IA)
avoidance of femoral catheterization (2007 report)
decontaminate hands before donning sterile gloves when inserting a central intravascular catheter
(CDC/HICPAC IB)
do not use arterial or venous cutdown procedures during insertion (CDC/HICPAC 1A)
do not use organic solvents on skin (CDC/HICPAC |A)
clean injection ports with 70% alcohol before accessing (CDC/HICPAC IA)
prepare admixtures using sterile technique (CDC/HICPAC IB)
do not use in-line filters for infection-control purposes (CDC/HICPAC IA)
do not administer systemic antimicrobial prophylaxis routinely prior to catheter insertion
(CDC/HICPAC I1A)
after insertion, remove nonessential catheters (SHEA/IDSA A-Il); Promptly remove any

CLABSI intravascular catheter that is no longer essential (CDC/HICPAC |A)

After insertion, change dressings and perform site care every 5-7 days and change gauze every 2
days (SHEA/IDSA A-l); Replace dressings used on short-term CVC sites at least every 7 days for
transparent dressings, except in those pediatric patients in which the risk for dislodging the catheter
may outweigh the benefit of changing the dressing. (CDC/HICPAC IB)

After insertion, use antimicrobial ointments (SHEA/IDSA A-l); Do not use topical antibiotic ointment
or creams on insertion sites, except for dialysis catheters, because of their potential to promote
fungal infections and antimicrobial resistance. (CDC/HICPAC IB) (Need to resolve inconsistency
based on TEP advice.)

Weigh the risks and benefits of placing a central venous device at a recommended site to reduce
infectious complications against the risk for mechanical complications (e.g., pneumothorax,
subclavian artery puncture, subclavian vein laceration, subclavian vein stenosis, hemothorax,
thrombosis, air embolism, and catheter misplacement) (CDC/HICPAC IA)

Avoid the subclavian site in hemodialysis patients and patients with advanced kidney disease, to
avoid subclavian vein stenosis (CDC/HICPAC |A)
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Table 2. Included preventive interventions for healthcare-associated infections (continued)

Infection Prevention intervention

Use a fistula or graft in patients with chronic renal failure instead of a CVC for permanent access
for dialysis (CDC/HICPAC IA)

Use ultrasound guidance to place central venous catheters (if this technology is available) to
reduce the number of cannulation attempts and mechanical complications. Ultrasound guidance
should only be used by those fully trained in its technique. (CDC/HICPAC IB)

Use a CVC with the minimum number of ports or lumens essential for the management of the
patient. (CDC/HICPAC IB)

When adherence to aseptic technique cannot be ensured (i.e. catheters inserted during a medical
emergency), replace the catheter as soon as possible, that is, within 48 hours. (CDC/HICPAC IB)
Maintain aseptic technique for the insertion and care of intravascular catheters. (CDC/HICPAC IB)
Antiseptics should be allowed to dry according to the manufacturer’'s recommendation prior to
placing the catheter. (CDC/HICPAC IB)

Use either sterile gauze or sterile, transparent, semipermeable dressing to cover the catheter site.
(CDC/HICPAC I1A)

Replace catheter site dressing if the dressing becomes damp, loosened, or visibly soiled.
(CDC/HICPAC IB)

CLABSI Do not submerge the catheter or catheter site in water. Showering should be permitted if
(continued) precautions can be taken to reduce the likelihood of introducing organisms into the catheter (e.g., if
the catheter and connecting device are protected with an impermeable cover during the shower).
(CDC/HICPAC IB)

Ensure that catheter site care is compatible with the catheter material. (CDC/HICPAC IB)

Monitor the catheter sites visually when changing the dressing or by palpation through an intact
dressing on a regular basis, depending on the clinical situation of the individual patient. If patients
have tenderness at the insertion site, fever without obvious source, or other manifestations
suggesting local or bloodstream infection, the dressing should be removed to allow thorough
examination of the site. (CDC/HICPAC IB)

Do not routinely replace CVCs, PICCs, hemodialysis catheters, or pulmonary artery catheters to
prevent catheter-related infections. (CDC/HICPAC IB)

Do not use guidewire exchanges routinely for non-tunneled catheters to prevent infection.
(CDC/HICPAC IB)

Do not use guidewire exchanges to replace a non-tunneled catheter suspected of infection.
(CDC/HICPAC IB)

Use a guidewire exchange to replace a malfunctioning non-tunneled catheter if no evidence of
infection is present. (CDC/HICPAC IB)

semirecumbent patient positioning (2007 report)
VAP daily assessment of readiness for ventilator weaning (2007 report)
perform antiseptic oral care (CDC/HICPAC A-l)

reduction in unnecessary catheter use (2007 report)

adherence to aseptic catheter insertion and catheter care (2007 report)

maintain a closed drainage system and maintain unobstructed urine flow (CDC/HICPAC IB); do not
disconnect unless irrigation needed (SHEA/IDSA A-1)

CAUTI

Inclusion of Articles From the 2007 Report

Articles included in the 2007 report were screened by a single reviewer using the inclusion
criteria of the current report. Articles with only two-group tests, whether controlled or
uncontrolled, were excluded. Those selected for inclusion were reviewed by a second reviewer.
Both the first and second reviewers assessed study quality; any discrepancies were resolved
through consensus or use of a third reviewer. Selected elements relating to study design,
implementation, and results were abstracted from each article.

Data Abstraction and Data Management

Many of the data elements to be abstracted were qualitative, so an extensive training process
was conducted to increase consistency among abstractors. A list of the data abstraction elements
can be found in Appendix E. Five sample articles from the included articles list were
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independently abstracted by each abstractor. A meeting was held to discuss any differences and
to agree on common strategies. A second meeting was held several weeks after abstraction began
to agree on what to include in fields where there was ambiguity and to add or delete fields as
needed. Abstractors then corrected the previously completed abstractions. When new abstractors
were added, they abstracted the same five articles and were informed about the common
strategies.

Following the training process, reviewers abstracted articles selected for inclusion in the
review; a second reviewer conducted a fact check on the abstracted items, using a clean copy of
the article. Discrepancies were discussed by the abstractor and the fact checker; any unresolved
issues were decided through consultation with a third reviewer. Quality appraisals for each
article were conducted independently by two reviewers; discrepancies were resolved by
discussion, or by the inclusion of a third reviewer, when necessary.

The authors of the RAND report suggested elements should be considered. These elements
were adapted for this review and can be found in the following data elements list.°

The following data elements were abstracted from the included articles:

e Study description

0 Study design
Health care setting and clinical setting
Population size
Population demographic and clinical characteristics
Statistical analyses performed
e Context, adapted from RAND report®

0 Theory or logic model behind the patient safety practice

o Structural organizational characteristics (such as size, location, financial status,

existing quality and safety infrastructure)

o External factors (such as regulatory requirements or incentive systems)

o Patient safety culture, teamwork, and leadership at the level of the unit

o0 Availability of implementation and management tools (such as staff education and

training, use of internal audit and feedback, presence of internal or external
individuals responsible for implementation)

o Description of interveners, intervenees, and their roles in the implementation process
e QI Strategy

o0 Type of QI strategy

e Clinician education
Patient education
Audit and feedback
Clinician reminder systems
Organizational change
Financial or regulatory incentives for patients or clinicians
A combination of the above
0 Preventive intervention

= See Table 2 in Inclusion and Exclusion Criteria section
0 Length of intervention, length of followup
o Target of QI strategy (all clinical staff, physicians, nurses, respiratory therapists, other

ancillary staff, patients, other)

0 Method of allocation into intervention and control groups

O oO0O0oo
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e Qutcome measures
0 Baseline and postintervention infection rates
Baseline and postintervention adherence to preventive interventions
Infection related complications, mortality
Costs, cost-effectiveness, return on investment
Unanticipated complications

O 00O

However, for the update search, only data abstraction fields that were involved in the
synthesis of the report were abstracted.? This was done for efficiency purposes as the addition of
the update was larger than expected.

Individual Study Quality Assessment

Challenges in Evaluating Quality Improvement Efforts

Evaluating the impact of QI efforts is challenging. Most clinical QI interventions occur at the
group level (e.g., hospital, intensive care unit). Therefore, an individual level randomized
controlled trial, the generally preferred research design for other clinical trials, is not
recommended.® For example, if the intervention aims to increase adherence to recommended
strategies to reduce HALI, the clinical staff who adopt the recommended practices may apply
them to most patients, not simply to those randomized to the intervention. Cluster randomized
trials, which randomize the site or group rather than the individual, are the strongest design for
evaluations of QI efforts,* if they are designed and implemented well.

Most studies of QI strategies are effectiveness studies, rather than efficacy studies. The
interventions are implemented in a “real world” clinical setting, rather than the highly controlled
designs typical of efficacy studies. The setting for the QI study may have already implemented
other QI strategies. The specific interventions often vary from study to study, and the way in
which they are interpreted may differ by setting and, in some cases, by health care provider.
Although the definitions of the outcomes—for example, infections—are largely standardized, the
actual measurement may vary from one setting to another. Adherence to preventive interventions
may provide supportive evidence, but may be measured differently or focus on distinct
preventive interventions. These differences do not negate the value of evaluating the impact of
QI interventions. Rather, they highlight the need to interpret the results with careful
consideration of all these issues. Furthermore, a group of studies with similar results provides
stronger evidence than a single study.

There are a number of factors that may confound the results of quasi-experimental studies,
examples of which are listed below. More extensive discussions can be found in a series of
articles addressing efforts to reduce HAI*>*® or in the revision®” of the classic text on quasi-
experimental design by Cook and Campbell.*

e Unlike most clinical trials, QI studies often do not follow the same patients over time.

The patients included in the baseline group may be different from those in the

®The following fields were NOT abstracted for the studies that controlled for confounding and/or secular trend: (1) clinical
characteristics, (2) number of health care staff, (3) interventionists, (4) intervention expected influence on behavior, (5) financial
status, (6) description of incentives, and (7) description of feedback and consequences.

For the studies that did not control for confounding, less was abstracted. Only the following fields were abstracted for this set of
articles: (1) study design, (2) infections reported, (3) QI strategies, (4) intervention and comparator used, and (5) cost data, if
available
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postintervention group a year or two later. Therefore, any differences between the groups
of patients that may increase or decrease the risk of infection should be taken into
account. In a simple before-after study, this can be done using regression analysis. In a
cluster randomized controlled trial, the expectation is that randomization will allocate
these factors evenly between groups. But with smaller sample sizes, this may not always
occur.

Infection (or adherence) rates may have been changing before the intervention was
undertaken. For example, given the increased attention to HALI in the aftermath of
publications of seminal reports by the Institute of Medicine, such as To Err is Human*®
and Closing the Quality Chasm,*® infection rates may have been falling over time in the
institution(s) where the study is conducted. A simple before-after study, even if
differences in patient characteristics are accounted for using regression, may mistake the
effect of the intervention with the underlying trend in infection rates that preceded the
intervention (Figure 2).

Figure 2. lllustration of potential confounding by secular trend

Infection Rate

Intervention

Time
For example, if the baseline point A is simply compared with postintervention point B, it
appears that the intervention has been effective in reducing the infection rate. However, if
several data points are measured before the intervention and several after, the secular
trend before the intervention can be determined. In the example in Figure 2, if the before
and after data points are on line ab, then the intervention does not appear to have had an
impact on infection rates. Rather, infection rates were declining before the intervention
and continued to fall at the same rate (i.e., slope of the line) afterward. On the other hand,
if the data points before the intervention are on line cd, then the infection rate was not
declining before the intervention. After the intervention, the whole line falls down to line
ef, so infection rates did decline after the intervention, with a onetime drop equivalent to
d — e. Many other combinations are possible. The point is that without having multiple
data points to discern the trend and position of the line before or after the intervention,
one cannot tell whether the rate of infection declined solely as a result of the intervention.
A simple before-after study design compares point A with point B and cannot control for
any secular trend that may confound the interpretation of the decline. Interrupted time
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series, with at least three data points before and three data points after the intervention,
permit differentiation between these two scenarios: line ab versus lines cd and ef.

e Another potential factor is regression to the mean. For example, if an intervention is
undertaken because infection rates have spiked, a decrease in infections after the
intervention may be due to regression to the mean. The baseline outcomes may represent
an unusually high infection rate that would have declined to a more typical level even
without the intervention.

e The assumption of independence of observations underlying many statistical approaches
is violated in most of these study designs. First, outcomes for patients within a given site
are unlikely to be independent, because of the common context within a site and the fact
that the patients may be cared for by the same providers, among other possible factors.
This issue may be addressed by using a site level research design, such as the cluster
randomized, controlled trial, or using statistical techniques that account for the
interdependence of observations from the same site. Second, when rates from the same
site are measured over time, as in interrupted time series, the data points for each site are
also related and may be more similar the shorter the time that has elapsed between
measurements. This phenomenon is called autocorrelation and may be tested for (e.g.,
using the Durbin-Watson test) and appropriately addressed once detected or may simply
be taken into account in the original choice of statistical approach (e.g., autoregressive
integrated moving average [ARIMA] model).

e Another possibility is that some external factor caused infection rates (or adherence rates)
to change around the same time as the intervention was implemented. To detect this
situation, the changes before and after the intervention need to be compared with changes
over the same time period in a comparable setting that did not have the intervention. In
other words, adding a contemporaneous control group can be helpful in identifying this
situation.

The strongest evidence of causality possible with these types of studies is when both
adherence and infection rates are reported. One may then observe a potentially causal link
between implementing an intervention using specific QI strategies, an increase in adherence rates
to the preventive interventions, and a decline in infection rates. When only adherence is
measured, one can infer that the infection rate should decline if the adherence rate rises. This is
especially true when there is strong evidence linking the use of the preventive intervention and
infection rates, but one cannot rule out the potential effect of intervening factors. Similarly, if
infection rates decline after an intervention one might assume that the intervention was effective,
but there are other possible factors that cannot be ruled out.

One potentially complicating factor is that measures of adherence may be far more common
than infections. What if the adherence rate shows statistically significant improvement, while the
change in infection rates is nonsignificant? This result could be due to the weakness of the link
between the preventive intervention underlying the adherence rate and the infection rate; to
insufficient power to detect a statistically significant change in infections (infections occurring
relatively rarely); or to other confounding factors (e.g., a rise in infection rates due to increased
prevalence of infectious agents or to other changes in the system of care).
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Evaluation of Study Designs

The evidence on the effectiveness of different QI strategies to encourage the use of
preventive interventions, which in turn may reduce the rates of HAI, is contained in a set of
studies that is heterogeneous in terms of research design, statistical methods, interventions,
settings, and outcomes. The approaches used in these studies differ substantially from those used
in more traditional clinical trials.

These study design categories form the basis for quality evaluation of individual articles.
Several other characteristics are also taken into account, as noted below. Table 3 summarizes
some of the key characteristics of these study types. The table is based on discussions by
Shadish, Cook, and Campbell,*” Wagner and colleagues,** Harris and colleagues,® and Shardell
and colleagues ,*® which provide additional details on these issues.

Evaluation of Study Quality

To assess the quality of the studies included in our review, we initially planned to use the
quality assessment criteria developed by the authors of the 2007 AHRQ Evidence Report on
HAL.® This original plan was altered after an examination of the studies highlighted the
heterogeneity of the research designs, statistical methods, and outcomes. In addition to the study
design, which was emphasized in the 2007 report, the statistical approaches used to analyze the
data are a key determinant of the validity of these studies. Therefore, both study design and
adequacy of statistical analysis are now included as quality criteria. Two items from the 2007
report are included as well: whether both adherence rates and infection rates were reported, and
whether the intervention was independent of other QI efforts. The following item from the RTI
Item Bank® for assessing risk of bias and precision for observational studies was also included:
Is the length of followup sufficient to support evaluation of primary outcomes and harms? One-
year followup was considered necessary to demonstrate durability of results. Some of the validity
criteria used in the last report, for example, whether CLABSI, VAP, and CAUTI rates were
adjusted for device days, were almost universally present and provided no discriminatory power.
Therefore, this criterion was not used to assess quality, but its widespread use is noted.
Completeness of reporting, as described in the SQUIRE guidelines,?® for example, was not
assessed independently. To summarize, the criteria to evaluate study quality are as follows:

1. Study design

2. Whether baseline and postintervention adherence rates were reported and analyzed

statistically

3. Whether baseline and postintervention infection rates were reported and analyzed

statistically

4. Whether the statistical analysis was adequate

a. Were potential confounders (e.g., baseline patient characteristics) assessed?
b. If potential confounders existed, were they controlled for in the analysis?
c. For interrupted time series designs, was an interrupted time series analysis used?

5. Whether the intervention was independent of other QI improvement efforts implemented

at the same time

6. Whether the followup period was 1 year or longer

Study design was used for the initial study quality classification so that all controlled trials
were assigned higher quality; interrupted time-series analyses were assigned a quality of

18



medium; and all simple before-after studies were assigned a quality of lower. Then, for each
study, criteria 2 through 6 listed above, were assigned a plus, minus, or uncertain. Any study
with two or more minuses was moved to the next lower quality ranking.

The terms “higher” and “lower” are used to indicate the relative ranking of quality in this
report. All of these studies were conducted in “real world” situations where the many controls
against bias available in clinical randomized, controlled trials, for example, are not feasible. Such
trials are often precluded for ethical reasons. Furthermore, the focus on the group as the unit of
analysis weakens the study design because the sample size is usually much smaller, taking into
account the number of groups and the intraclass correlation coefficient. All of the quality
assessments and conclusions about evidence were made with this limitation in mind.

Data Synthesis and Grading the Body of Evidence

As in the previous review,’ the articles in this review differed greatly in QI targets, QI
strategies, methods of measuring adherence to preventive interventions, preventive interventions,
contexts, and study design. Quantitative analyses are not feasible and the studies are synthesized
in a qualitative manner.

The articles included in this review are divided into two categories, those with infection rates
or adherence rates that were adjusted for confounding or secular trends and those that adjusted
for neither. Because of the extensive challenges to the validity of the latter, they are not included
in the detailed description of the body of evidence or assessment of the strength of evidence.
They are described briefly under each type of infection in the Results chapter of the full report,
included in Appendix C, and enumerated in Appendix F.
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Table 3. Characteristics of different study designs

Quality
Hierarchy

Study Design

Strengths

Limitations

Higher

Cluster RCT?

Most highly recommended research design when interventions
occur at the group level.

The number of groups may be limited.

The sample size is a function of both the number of groups and the
intraclass correlation coefficient (a measure of the degree of
homogeneity within groups).

Despite randomization, the baseline outcomes may vary substantially
between intervention and control groups, especially when the number
of groups is relatively small.

Individual RCT

Potential advantages are large sample sizes (relative to cluster
randomized trials) and value of randomization.

Generally not an appropriate design to address the questions
considered in this report because the intervention occurs at the group
level.

Design is limited by unit of analysis problem. Issue may be dealt with
using statistical methods, in some cases.

The effects of the intervention may contaminate the control group if
clinicians alter their practice for all patients in the unit.

Controlled
Interrupted Time
Series

Interrupted time series are the most useful quasi-experimental
design for the questions addressed in this report. Looking at
trends over time can determine whether apparent changes in
adherence or infection rates are simply a continuation of a
previous trend. Statistical methods are available to deal with
autocorrelation, which is often an issue with this design.

Adding a control group increases the validity of the study. For
example, if the change seen in the intervention group is mirrored
in the control group, then the change is not linked to the
intervention.

Although some say 3 data points before and 3 data points after the
intervention are sufficient, based in part by guidance from Cochrane
EPOC, others recommend having outcomes data on far more data
points before and after the intervention. Collecting such data may be
difficult and costly.

Controlled Before-
After

By adding a control group to a simple before-after study, an
attempt is made to control for external factors that many
influence both increased adherence and infection rates. If the
expected changes are seen in the intervention group and are not
seen in the control group, the validity of the study increases.
This study design is easier to implement than any of those above
it in this table.

This study design does not directly address secular trends in the
intervention unit, for example, the experience of the control group may
have differed from that of the intervention group before the study
started.

®Stepped wedge designs are a variant of cluster RCTs in which the interventions are randomly assigned to the groups and then a crossover of interventions occurs at varying time points.
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Table 3. Characteristics of different study designs (continued)

Quality
Hierarchy

Study Design

Strengths

Limitations

Medium

Interrupted Time
Series (at least 3
data points before
and 3 after the
intervention)

Interrupted time series is the most useful quasi-experimental
design for the questions addressed in this report. Looking at
trends over time can determine whether apparent changes in
adherence or infection rates are simply a continuation of a
previous trend. Statistical methods are available to deal with
autocorrelation, which is often an issue with this design.

Although some say 3 data points before and 3 data points after the
intervention are sufficient, based in part by guidance from Cochrane
EPOC, others recommend having outcomes data on far more data
points before and after the intervention. Collecting such data may be
difficult and costly.

Without using a control group, the possibility increases that the
change seen in outcomes may be due to factors other than the
intervention.

Lower

Before-after with
adjustment for
individual
characteristics

This study design is easier to implement and requires less
extensive data collection.

Few inferences about causality can be drawn from studies with this
design, because of the inability to differentiate between a continuation
of the baseline trend and a change in trend due to the intervention.
This design may be strengthened if outcomes at additional data points
are collected, while not yet meeting the requirements of an interrupted
time series.

Note: The features of the study design depend in part on the type of statistical analysis undertaken. If simpler analyses are used, the quality of the study may be weakened. Individual-level

characteristics would confound the analysis only if they predicted the outcome and if they “changed in relationship to the time of the intervention.
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The overall strength-of-evidence grade was determined in compliance with AHRQ’s
Methods Guide for Effectiveness and Comparative Effectiveness Reviews* and is based on a
system developed by the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) Working Group.** This system explicitly addressed the following domains:
risk of bias, consistency, directness, and precision. The grade of evidence strength was classified
into the following four categories:

e High. High confidence that the evidence reflected the true effect. Further research was

very unlikely to change our confidence in the estimate of effect.

e Moderate. Moderate confidence that the evidence reflected the true effect. Further
research may have changed our confidence in the estimate of effect and may have
changed the estimate.

e Low. Low confidence that the evidence reflected the true effect. Further research was
likely to change our confidence in the estimate of effect and was likely to change the
estimate.

e Insufficient. Evidence was either unavailable or did not permit estimation of an effect.

Additional domains including strength of association, publication bias, coherence, dose
response relationship, and residual confounding were addressed if appropriate. Specific
outcomes and comparisons were rated depending on the evidence found in the literature review.
The grade rating was made by independent reviewers, and disagreements were resolved by
consensus adjudication.

Originally, we planned to use the modification of the GRADE approach for patient safety
practices proposed in the RAND report,?° but then decided to use the qualitative approach
outlined above, given the heterogeneity of the included studies.

Peer Review, Public Commentary, and Technical Expert
Panel

A Technical Expert Panel (TEP) was formed to provide consultation on the development of
the protocol and evidence tables for the review. Ad hoc clinical questions were also addressed to
the TEP. The TEP consisted of experts in healthcare—associated infectious diseases,
epidemiology, hospital medicine, surgery, critical care, and perioperative nursing.

Experts in hospital-acquired infections and QI implementation fields and individuals
representing stakeholder and user communities were invited to provide external peer review of
this CER; AHRQ and an associate editor also provided comments. The draft report was posted
on the AHRQ website for 4 weeks to elicit public comment. We addressed all reviewer
comments, revising the text as appropriate, and documented everything in a disposition of
comments report that will be made available 3 months after the Agency posts the final CER on
the AHRQ website.
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Results

The literature review yielded 8,362 abstracts. One-hundred and thirty-six articles from the
literature search met all selection criteria for inclusion in this review. An additional four articles
were identified from a review of article reference lists. Articles from the 2007 report were
screened: nine met selection criteria and controlled for confounding or secular trend. See the
Preferred Reporting Items of Systematic reviews and Meta-Analyses (PRISMA) diagram in
Figure 3 for additional details.

The 149 articles (generating 173 analyses at the infection level) were divided into two
groups. The first group consisted of 61 articles, most of which were quasi-experimental studies
that controlled for confounding or secular trend. Eight of these articles reported on two types of
infection and one article reported on three infections; each infection reported is treated as a
separate study from this point forward. These 71 analyses—26 on CLABSI, 19 on VAP, 15 on
SSI, and 11 on CAUTI—form the basis of this report. The words ‘analysis’ and “study’ are used
interchangeably and refer to the infection-level results.

The other 88 articles (generating 102 analyses) did not account for the many potential
sources of confounding and for secular trend. Therefore, as discussed in the Methods chapter,
their results are at high risk of bias. These were simple before-after studies or controlled before-
after studies (2 of 88) with two group tests, for example, t-tests and chi-square tests. The two
controlled before-after studies were demoted due to lack of between group comparisons. Of these
88 articles, five reported on two types of infection and three articles reported on three infections,
and one article reported on four infections; each infection is treated as a separate study from this
point forward. The characteristics of this second group of 102 studies are summarized in tables
for each infection in Appendix F, but they were excluded from the analysis in this report. Despite
concerted efforts to identify studies from nursing homes, dialysis centers, and outpatient surgical
centers, only one study, which did not control for confounding or secular trend, met inclusion
criteria and took place in a nonhospital setting (See Appendix A for search strategy details).

The distribution of the 71 studies (61 articles) analyzed in this report across other dimensions
is also presented in Table 4 with the exception of the study quality category, which includes all
173 studies (149 articles). These articles are also cited and discussed in further detail in their
respective infection sections below.

Adherence rates measured adherence with evidence-based preventive interventions identified
by Healthcare Infection Control Practices Advisory Committee (HICPAC), Infectious Diseases
Society of America (IDSA), Society for Healthcare Epidemiology of America (SHEA), or
members of the Technical Expert Panel. These interventions were supported by studies that
linked their increased use to lower infection rates. Therefore, they are considered direct
outcomes in the strength of evidence tables. Lowering infection rates is the primary objective of
the patient safety initiatives, but many factors may affect these rates besides the interventions
themselves, especially in an environment of heightened attention to the risks posed by HAL.
Therefore, the strongest evidence of the effect of a QI intervention is to see changes in adherence
to the targeted preventive interventions and a change in the infection rate. Because infections are,
fortunately, relatively rare, in some cases changes in adherence rates may not be associated with
a change in infection rates because of a lack of power to detect a significant change in the latter,
rather than due to a lack of impact on infection rates. The majority of studies relied on CDC
NHSN/NNIS criteria for identifying infections. These are generally accepted in the United States
as the standard definition, although they have some limitations, including possible differences in
how they are applied from one setting to another. However, this report focuses on changes in
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infection rates over time, so as long as the method of identifying infections is stable over time,
the results should be fairly reliable.

Figure 3. Search results and article triage

4 additional records 8,362 records identified 9 records identifiead from
identified from article through database searching 2007 report

reference lists

h 4

8,375 records screened 7,461 records excluded

Y

765 full-text articles excluded,
with 10 most common

914 full-text articles reasons for exclusion:

assessed for eligibility
143 — Not relevant Ql strategy
124 — Not relevant guestion
89 — Not relevant outcome

L 61 — Letter to the editor
57 — No statistical analysis
149 articles included in 55 — Commentary
45 — Guideline

RYSERNG tegiehy 43 — Duplicate publication or

patient population
42 — Review or meta-analysis

37 - Editorial
61 articles (generating 71 88 articles (generating 102
analyses) control for analyses) do not control for
confounding or secular confounding or secular
trend” trend”
v 1
26 CLABSI® 27 CLABSI
19 VAP 25 VAP
15 SSi 34 SSl
11 CAUTI 16 CAUTI

®Ranji SR, Shetty K, Posley KA, Lewis R, Sundaram V, Galvin CM, Winston LG. Closing the Quality Gap: A Critical Analysis
of Quality Improvement Strategies (Vol. 6: Prevention of Healthcare-Associated Infections). AHRQ Publication No. 04(07)-
0051-6. Rockville, MD: Agency for Healthcare Research and Quality; 2007. www.ncbi.nlm.nih.gov/pubmed/20734530.

PEjght of these studies reported on two infections and one, on three infections.

°Five of these articles reported on two infections; three, on three infections; and one, on four infections.

One of these articles has an updated publication one year later. In the PRISMA diagram these studies were cited as a single
study
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Table 4. Number of studies in each category by infection type and overall

Chaf‘;é‘t‘gistic Category | CLABSI VAP ssl CAUTI Al
Cluster RCT 2 2 1 0 5
Individual RCT 0 0 1 1 2
Stepped wedge 1 1 1 1 4
Con@rolled 4 > 1 1 8
Design studies :
Lr:atrei(rarsupted time 3 5 1 2 1
Simple before- 16 9 10 6 41
TOTAL 26 19 15 11 71
5 QI strategies 2 0 0 0 2
4 QI strategies 8 7 2 2 19
Number of QI 37 "G ategies 7 5 5 2 19
Strategies -
2 QI strategies 5 7 4 4 20
1 QI strategies 4 0 4 3 11
Adherence only 1 1 2 3 7
Outcomes Ionrflci/ctlon rates 16 9 5 > 32
Reported Both adherence
and infection 9 9® 8 6% 32
rates
e enion | aan | Soatst |00 ssoime  |wa
0to 7.7
Sample Size Postintervention per 1,000 0.7 to 2.2.5 per 1,000 0% to 1.8 to 12.9 per 1,000 NA
infection rate catheter ventilator-days 7.7% catheter days
(Ran_ge Across days
Studies When
Reported)” 1.8410
_Basel_ine 1170%%r 1.9t039.7 ir)fections per |1.1% to 1.7 to 21.5 per 1,000 NA
infection rate ; 1,000 ventilator-days 15% catheter days
catheter
days
Length of Mea_n 20 22 14.4 23 20
Followup Median 23 17 12 17 18
(Months) Range 3.5 to 46° 4to0 54 1 to 30° 3to6l 16th
Location United States 18 9 11 2 40
Other 8 10 4 9 31
Multisite or Multisite 12 4 7 3 26
Single Site Single site 14 15 8 8 45
Higher 1 3 2 1 7
Medium 9 4 3 3 19
Study Quality Lower 16 12 10 7 45
Did not control
for confounding 27 25 34 16 102

or secular trend

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
NA = not applicable; QI = quality improvement; RCT = randomized controlled trial; VAP = ventilator-associated pneumonia;

SSI = surgical site infection.
0ne study compared two sets of QI strategies, and another compared early and later infection rates.

PPatients may be defined differently across studies within a given infection category—for example, patients on ventilator or

patients on ventilator for at least 48 hours.
“Four studies did not report length of followup.
“One study did not report length of followup.
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Analyzing the impact of QI strategies, the objective of this report, is complicated by the fact
that more than one QI strategy was used in most studies (60 of 71). Disentangling the effect of a
single QI strategy is not possible with the available body of evidence. With 71 studies, 16
different combinations of QI strategies were used. The following approaches were considered for
evaluating the effectiveness of the QI strategies, but all had limitations and were rejected.

e Considering each QI strategy individually within each study. The effect of a strategy

cannot be disentangled from the impact of other strategies.

e Using the number of QI strategies. This option was not viable as the types of strategies
included may have confounded the effect.

e Identifying the incremental impact of a single QI strategy. This approach could be
measured only by comparing two combinations of QI strategies in the same clinical
context, in which one combination contained the QI strategy of interest and the other did
not. None of the studies identified for this report had such a design.

Therefore, in this report, QI strategies are grouped together based on the combinations of
strategies used in our included studies (Table 5). This approach mirrors common practice, which
relies on combinations of QI strategies, and can therefore potentially yield practical insights.

To develop a workable classification of QI strategy combinations for the purposes of this
report, we hypothesized that organizational change and provider education constitute base
strategies. Face validity is the initial rationale for the hypothesis as 90 percent of the included
studies used at least one of these two strategies. While this hypothesis is open to debate, the use
of these strategies was ubiquitous, so in practical terms, little distinction could be made between
those studies that used these two strategies and those that did not. In addition, it is difficult to
imagine how any preventive intervention or QI effort could be implemented without at least
some level of organizational change and/or provider education. Further, it is plausible that those
studies that did not report using organizational change or provider education may simply have
taken these elements for granted. Analyzing the effectiveness of specific components of
organizational change would be useful, but the heterogeneity of organizational change across
studies and variations in thoroughness of reporting preclude such an analysis based on current
evidence. Scant information is available in this literature comparing different educational
strategies.

So, for simplicity, from here we refer to organizational change, provider education, or both as
base strategies. This concept allowed us to organize our data into categories of strategies used in
combination with the base strategies. These additional strategies are: (1) audit and feedback plus
provider reminder systems; (2) audit and feedback only; (3) provider reminder systems only.
Only two*“ studies reported the use of financial incentives, regulation, or policy, and two*"*
reported on patient education, so these QI strategies were not treated separately despite their
potential importance. The main variation across QI strategy combinations, therefore, is in the use
of audit and feedback and/or provider reminder systems. For each infection, the QI strategy
combinations were grouped into two or three categories in developing the strength-of-evidence
tables. The composition of these groups varies to some degree from infection to infection, based
on which combinations were reported in the included studies.
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Table 5. QI strategy combinations across infections

=
=
° - - 0
= T X = —
_gtv 32 = E%g = ng) AZT) o
_ E2|I28la|2csg| 58 | 28 | o . E
Combinationof | 58 |3 S|T®|3E®| =5 S0 < o o = o
QlStrategies | 5S [an 2P| &88a| §8 | ©=< ) < 3 ) <
Variant§ of Base 3P 3P 1 0 7
Strategies ° °
(Organizational b
Change and . 0 0 2 0 2
Provider
Education) . 3 1 0 0 4
A ©) 4 4° 3¢ 1 12
Variants of Base
; ; 0 1 1 0 2
Strategies With . .
Audit and
Feedback ¢ 2 0 0 1 1 2
. . 1 1 0 1 3
Variants of Base . . . 2 1 2 1 6
Strategies With
Provider . . 0 0 1 2 3
Reminder
System . 1 0 2 3 6
Variants of Base c be b b
Strategies With . . . . O 10 6 2 2 20
Audit and
Feedback and . . . 1 1 0 0 2
Provider
Reminder 1 1 0 0 2
System . . .

Abbreviations: CAUTI = catheter-associated urinary tract infection; CLABSI = central line—associated bloodstream infection;
HAI = healthcare-associated infection; QI = quality improvement; VAP = ventilator-associated pneumonia; SSI = surgical site
infection.

®These columns indicate the number of studies for each HAI or for all HAI that use the variant of QI strategies indicated in each
row.

®Comparator for one article is low-intensity intervention.

“These two strategies did not define the combinations; therefore, a dot is not included in the definition of the combinations.
One study also includes patient education.

*Two studies also include financial incentives.

The quality of the studies and the strength of evidence for the QI strategy combinations
should be viewed in the context of the clinical issue being addressed. Because these studies
measure effectiveness, not efficacy, and are implemented in actual health care settings, many
factors cannot be controlled for as they would be in a traditional, individual-level randomized,
controlled trial. Some health care facilities would not participate in these studies if they could not
undertake a QI intervention while the study was underway. This position was the reason that a
number of the comparative studies launched multiple interventions simultaneously, even though
the presence of any active QI activity in a control group may increase adherence rates even for
other types of infections. Because of the challenges inherent in studying this field, the highest
rating for strength of evidence was limited to moderate, reflected in the available study designs.
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Due to the heterogeneity of studies and the qualitative nature of the evidence synthesis,
magnitude of effect was not considered quantitatively in evaluating the strength of evidence. We
did not attempt to compare the magnitude across studies, taking into account confidence
intervals, because of the differences in baseline rates, statistical analysis, et cetera. However,
magnitude is sometimes considered qualitatively in judging whether the changes overall appear
large enough to have clinical benefit. Furthermore, some studies appeared to manifest a “ceiling”
or “floor” effect. For example, some sites began the studies with low infection rates and brought
them down to zero for months at a time. The change might not be statistically significant, yet
there was not room for further improvement. In other cases, there were large differences in the
baseline adherence rates. These issues were considered qualitatively in assigning strength of
evidence.

Within each study, the intervention period was compared with a period of no intervention
(usual care), which refers to the absence of additional QI efforts other than the standard of care
already in place. Thirteen studies implemented QI strategies in a stepwise fashion and did not
report rates before any intervention was implemented.*>**®The comparator for these studies was
defined as a low-intensity intervention. Also, a separate strength-of-evidence evaluation was
conducted for studies reporting both adherence and infection rates, because studies that report
both outcomes have more reliable results than those that do not. This evaluation reported results
for each QI combination across all four types of infections.

The strength-of-evidence conclusion relies both on the underlying effect of different QI
combinations on outcomes and on the availability of studies to assess the relationship. A low
strength of evidence, therefore, means that the current body of evidence does not support a
stronger conclusion. Whether or not the strength of evidence will change as additional evidence
accumulates cannot be determined at this time.

In the study summaries that follow, standard deviations, 95% confidence intervals, and p
values are included when they are reported in the article.

Key Questions 1 and 1a. Which QI strategies are effective in
improving HAI and adherence to evidence-based preventive
interventions?

Central Line-Associated Bloodstream Infection (CLABSI)

Overview

The literature search identified 26 studies, and there were four from the 2007
report,*®"®7® that addressed the prevention of central line-associated bloodstream infections
(CLABSI) and controlled for confounding factors or secular trend (Table 6).

There was 2 cluster randomized, controlled trials,>**® 1 nonrandomized stepped-wedge
study,* 3 controlled before-after studies,®*® 1 controlled interrupted time series,* 3 interrupted
time series,***® and 16 simple before-after studies.*®**>%%"® One study implemented five
quality improvement (QI) strategies,* 10 studies implemented four QI
strategies,*®490>66.7L72 7457718 6 st dies implemented three QI strategies,*®°%%467707%. 5 stydies
implemented two QI strategies, ****°*%"3 and 4 studies implemented one QI strategy.®* %3
Twenty two of 26 studies implemented provider education,*#649°8-6870-7476-78 yrganizational
change was implemented in 20 studies.*>#6:49°3:59.6064-68.70-78 Tapa 7 shows the specific attributes

45,46,48,53,58-75
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of organizational change that were implemented for each study. Fifteen studies implemented a
provider reminder system,*>46:49°8.59.65.6669-72.74.75.77.78 pdjt and feedback was implemented in 17
studies,>40:48:4953.58.64-67.71,72.74-78 T\ sty dies™* were subject to financial incentives, regulation,
and policy and another study implemented patient education.*®

One study®® analyzed adherence rates only, 16 studies*®4%°360-636667.71-74.76-78 gnaly7ed
infection rates only, and 9 studies analyzed both adherence and infection rates.*>48:9.6465.68-70.75

Eight studies*®**®%6277L7> \ware conducted in multiple sites while the other 18%°4849:5361-
64.60.68-710.72-74.76-78 50k place in a single tertiary and/or university affiliated hospital. Number of
ICUs involved in each study ranged from one to 103. Three studies were statewide
initiatives.*®®>°" Eighteen studies*40:49°3°9-61.63.65-67.70-74.76.77 \yare conducted in the United
States, 3%2%%% in Europe, 1° in Canada, 1® in Korea, 1%* in Thailand, 1 in Colombia,* and 1" in
Australia.

The sample size for the postintervention period ranged from 50 patients to 4,671 patients,
with many studies not reporting sample size. Infection rates during the postintervention period
ranged from 0 to 7.7 infections per 1,000 catheter-days. Baseline infection rates ranged from
1.84 to 17 infections per 1,000 catheter-days.

The search also identified 27 studies that addressed prevention of CLABSI, but did not
control for confounding or secular trend (Appendix Table F2).>*"%% These studies are not
included in the analysis due to their weak designs and potential for biased results.

Methodological Quality of Included Studies

As displayed in Table 8, 1 study®® was rated of higher quality, 9 studies were
rated medium quality, and 16°©*¢%%578 jower quality. Seventeen studies had data for longer than
1 year after the intervention,*>#:4849.60.63-67.73-71 Tyenty studies were considered to have adequate
control for confounding or secular trend.*>40:48:33:58-6063-74.78 gjy gy djeg?>48364.88:69 gnaly7zed both
adherence rates and infection rates. Only 2 studies*®®* explicitly report being independent of
other QI efforts; this dimension was not applicable for the randomized, controlled trials.>®*

45,49,53,58,61-65
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Table 6. Overview of CLABSI articles that control for confounding or secular trend

©
=
=) -
= c o . = —
No |82 |58 882|282
co| B ® - O S c o | 5§58 c¢e
i = S o | = S =5 |90
Sample size o8 | 23|33 | 3> |=5 gg
Author, location-year Study type Analysis for infection rates (infections) 55 1 288 | 20|52 83| <
Scales, Canada - 2011 Cluster RCT Generalized linear mixed model . . .
Speroff, United States - 2011%° Cluster RCT Hierarchical negative binomial regression . .
. . ) 53 Nonrandomized stepped . . pre: 1529 (19) . .
Lilly, United States - 2011 wedge Logistic regression post: 4761 (29)
Berenholtz, United States - 2004 g;?égolled interrupted time Poisson regression . . . .
control pre: (12)
Khouli, United States - 2011% Controlled before-after Generalized linear model with Poisson control post: ®) .
distribution study pre: (20)
study post: (5)
control pre: (118)
Perez Parra, Spain - 2010% Controlled before-after Poisson regression control pqst: (91) .
study pre: (45)
study post: (34)
control pre: (22)
Barsuk, United States - 2009°% Controlled before-after Poisson regression control pqst: 17 .
study pre: (25)
study post: (4)
. . i 64 . . . pre: 1115 (88) . . .
Apisarnthanarak, Thailand - 2010 Interrupted time series Segmented regression post: 1204 (7)
. i 45 . . . pre: 911 (26) . . . .
Costello, United States - 2008 Interrupted time series Segmented regression post: 936 (11)
Miller, United States - 2010%°/*%° Interrupted time series Generalized linear model . . . .
McKee, United States - 2008 Simple before-after Statistical process control chart . . . .
Frankel, United States - 2005 Simple before-after Statistical process control chart . . .
Wall, United States - 2005 Simple before-after Statistical process control chart . . . .
DePalo, United States - 2010%” Simple before-after Mixed model with Poisson distribution . . .
Pronovost, United States - 2010%® Simple before-after Generalized linear latent and mixed model . . . .
with Poisson distribution
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Table 6. Overview of CLABSI articles that control for confounding or secular trend (continued)

Author, location-year

Study type

Analysis for infection rates

Sample size
(infections)

Organizational
change

Provider

education

IAudit and
feedback

Provider

reminder
systems

Patient

education

Financial

incentives

Render, United States - 2011

Simple before-after

Poisson GEE regression

2006: (681)
2007: (683)
2008: (543)
2009: (404)

Zingg, Switzerland - 2009%

Simple before-after

Cox proportional hazards model

pre: 499 (24)
post: 500 (7)

Barrera, Colombia - 2011

Simple before-after

Poisson regression

total: 14,516 (total #
HAI: 2,398)

Kim, United States - 2011

Simple before-after

Poisson regression

pre: (275)
post: (50)

Harris, United States - 20117

Simple before-after

Logistic regression

pre: 817 (31)
intervention: 601 (19)
post: 961 (15)

Seguin, France - 2010%°

Simple before-after

Poisson regression

pre: 676 (12)
post: 595 (2)

Duane, United States - 2009°

Simple before-after

Poisson regression

pre: 135 (19)
post: 213 (13)

Yoo, Korea - 2001

Simple before-after

Logistic regression

pre: 100
post: 148

Taylor, United States - 2011

Simple before-after

Cox regression

pre: 100 (23)
post: 100 (24)

Schulman, United States - 2011°°

Simple before-after

Stepwise Poisson regression

Burrell, Australia - 20117

Simple before-after

Logistic regression
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Table 7. Specific attributes of organizational change implemented in CLABSI articles that control for confounding or secular trend

Hospital New Protocol Designate Staff Member
Multidisciplinary Executives or Standards Responsible for
Author, Country-Publication Year Team Team Responsibilities on Team Implemented Implementation
Speroff, United States - 2011%° .
Lilly, United States - 2011% .

Conduct education program, track patients with CVC,

f f 64
Apisarnthanarak, Thailand - 2010 monitor adherence with new protocol

Track nosocomial infections prospectively, to
Costello, United States - 2008% . increase awareness of nosocomial infections, to . . .
provide education for staff members, and to

implement practices changes when indicated

Test and implement QI changes to their care
practices commensurate with the National
Miller, United States - 2010%°/*%® . Association of Children’s Hospitals and Related . . .
Institutions (NACHRI) collaborative’s recommended
CVC guidelines

. ) 66 . Lead team rounds on all PICU patients daily to review . . .
McKee, United States - 2008 patient information and develop a daily care plan
. ) 67 . Educate staff on evidence-based practices and help .
DePalo, United States - 2010 implement CLABSI and VAP bundle
Ensure accurate reporting of CLABSI within the ICU
. ) 46 . and implementation of conceptual model stressing . . .
Pronovost, United States - 2010 CDC guidelines for reduction in BSI. Education of
physicians and creation on central line cart.
Render, United States - 20117 .
Zingg, Switzerland - 2009%® . .
Kim, United States - 20117 .
Harris. United States - 20117 . Led the development of the interventions through the
' Six Sigma method
Duane, United States - 2009 . .
. ) 73 . The team placed and managed all central lines in the . .
Taylor, United States - 2011 hospital.
To identify bundle elements that were pertinent for
Schulman, United States - 2011%° . the NICU to prevent CLABSI and to implement these . . .
items.
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Table 8. Methodological quality for CLABSI articles that control for confounding or secular trend

or
b

(%] Y=o
< E 2
22| 2 E8|ES| T
e | 06T L |EJ|EES3T| 2
T2 8BECSLC |oc3|oS¢®|cs i
53| 2838 |2858/225(89] Fo
ES| 853 |88T|884|82 o <
Author, Location-Year Study Type 22| 2889% |685|6cs|c8| 886 Comments
Scales, Canada - 2011°%8 Cluster RCT - + + - N/A | Medium | Infection rates were not reported.
Speroff, United States - 2011%° Cluster RCT + + ) + N/A | Higher Adherence rates were calculated by followup survey, no
baseline data.
Lilly, United States - 2011% Nonrandomized - + + + ? Medium | Only 3 of the 7 ICUs had followup one or more yrs
Stepped wedge
Controlled interrunted The control group received education. Did not compare
Berenholtz, United States - 2004 - : P + - - + ? Medium | patient characteristics between the intervention and
time series ) . ; .
control ICU or the baseline and postintervention periods.
Khouli, United States - 2011% Controlled before-after - - - + ? Medium | Adherence rates were not reported.
Perez Parra, Spain - 2010% Controlled before-after - - - + + Medium | Adherence rates were not reported.
Barsuk, United States - 2009% Controlled before-after + + - + - Medium | Adherence rates were not reported.
Apisarnthanarak, Thailand - 2010%* | Interrupted time series + + + + - | Medium
Costello, United States - 2008* Interrupted time series + + + + ? | Medium
Miller, United States - 2010%°/*% Interrupted time series + + . + 2 | Medium | Adherence rates were reported, but no pre/post
statistical comparisons were made.
McKee, United States - 2008 Simple before-after + + - + ? Lower Adh_er_ence rates were reported, but no pre/post
statistical comparisons were made.
Used antibiotic-coated catheters in a subset of high risk
Frankel, United States - 2005 Simple before-after + - - + ? Lower | Patients roughly 1 year after starting the Six Sigma
program. Did not compare patient characteristics
between the baseline and postintervention periods.
Wall, United States - 2005’ Simple before-after + - - + 2 | Lower | Did notcompare patient characteristics between the
baseline and postintervention periods.
DePalo, United States - 2010°%’ Simple before-after + + - + - Lower | Adherence rates were not reported.
Pronovost, United States - 2010 Simple before-after + + - + + Lower | Adherence rates were not reported.
Adherence rates were reported, but no pre/post
Render, United States - 2011™ Simple before-after + + - + ? Lower statistical comparisons were made, but there was an
observed inverse correlation between CLABSI rate and
overall bundle compliance.
Zingg, Switzerland - 2009%® Simple before-after - + + + ? Lower
Barrera, Colombia — 2011% Simple before-after + + + + ” Lower simple before-after study that controlled for potential

confounders
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Table 8. Methodological quality for CLABSI articles that control for confounding or secular trend (continued)

BQ % ° B % >
] OT| S = =
= E) “C-’ c i c 8 ﬂ,; 5 “g §
=L WOTE |[SEoy|EZ>c @
55| 8555 |258|258|50| =
o3 2838 |258/2£6|187| To
£8| o£C3 |scT|S8g|l32| o£
Author, Location-Year Study Type 22| 2889% |685|6cs|c8| 886 Comments
Kim, United States - 2011 Simple before-after + + - + ? Lower
Harris, United States - 20117 Simple before-after + + - + ? Lower
Seguin, France - 2010%° Simple before-after - + + + ? Lower
Duane, United States - 2009° Simple before-after ? + - + - Lower | Adherence rates were reported, but no pre/post
statistical comparisons were made.
Yoo, Korea - 20017 Simple before-after - + - + ? Lower | Followup was only 3.5 months.
Taylor, United States - 20117 Simple before-after + + ) + ” Lower No adheren_ce rat_es reported. Infection risk was reported
rather than infection rates.
Schulman, United States - 2011%° Simple before-after - + - + ? Lower Adh_er_ence rates were reported, but no pre/post
statistical comparisons were made.
Study uses a ‘lead in period’, 1 year from start of
Burrell, Australia — 20117° Simple before-after + ) ) ) " Lower intervention, in place of baseline data. This data is

compared to last 6 months of followup. Analysis did -t
control for patient factors across the 37 ICUs.

Note: All studies used standard and consistent infection definitions. CDC methodology was used in all studies except Seguin et al. (2010).%
Infection rates were adjusted for device utilization in all studies.
Independence from other QI efforts was not applicable for randomized controlled trials

4ls the length of followup sufficient (at least 12 months) to support the evaluation of primary outcomes and harms?

P\Were adequate measures taken to control for confounding or secular trend?

“Was change in adherence analyzed?
“%Was change in infection rate analyzed?

*Was the intervention performed independent of other QI efforts or other changes?

‘+’ means ‘yes’
‘- means ‘no’
‘?” means ‘uncertain’
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Descriptions of Studies That Control for Confounding and Secular
Trend

Controlled Studies
Scales et al. (2011)°®

Summary

In a cluster randomized controlled trial, Scales et al. used audit and feedback, provider
education, and provider reminder systems to change adherence to six preventive interventions.>®
Control ICUs implemented a preventive intervention for a different condition. The study was
conducted in 15 community hospital ICUs in Canada, and the duration of the each intervention
period was 4 months. This cluster randomized, controlled trial found a significant improvement
in adherence to a central line insertion bundle. This study did not report infection rates.

Description

The objective of this study was to increase delivery of six practices to improve ICU
outcomes for five clinical conditions, including preventive interventions to reduce CLABSI. The
five conditions were CLABSI, VAP, deep venous thrombosis, early enteral feeding, and
decubitus ulcers. The ICUs were randomized into two groups. Each group was assigned an active
intervention targeting a new preventive intervention every 4 months, while serving as control for
another, unrelated practice. Thus, one group of ICUs received the intervention to improve
adherence to a central line insertion bundle, while another ICU was receiving the intervention for
spontaneous breathing trials. The ICU receiving the active intervention for spontaneous
breathing trials served as the control unit for central line insertion bundle. After the 12-month
study period, control ICUs received the interventions they served as controls for in 3-month
blocks. This period was called the decay monitoring period.

Adherence was analyzed as the odds ratio (OR) for improvement in adoption of the
preventive intervention by comparing rates in the first month to the fourth month; the two groups
were then compared using the summary ratio of ORs.

Results and Limitations

Considering all six preventive interventions, patients in ICUs receiving the active
intervention were more likely to receive the preventive interventions than those in the control
ICUs; summary ratio of odds ratios 2.79 (95% CI: 1.00 to 7.74; p=0.05; Table 9). Adherence to
the central line insertion bundle was the only preventive intervention that had a significant
improvement. In the intervention 1CUs, adherence significantly improved from 10 percent in the
first month of the study period to 70.6 percent in the last month of the study period (OR: 30.1;
95% CI: 11.0 to 82.2; p<0.001). The control ICUs had a nonsignificant change in rates of
adherence from the first to last month of the study period with adherence rates of 31.0 percent
and 51.7 percent, respectively (OR: 1.71; 95% CI: 0.74 to 3.99; p=0.21). When comparing
intervention ICUs with control ICUs, the intervention ICUs had a significant improvement in
adherence to the central line insertion bundle (summary OR: 17.55; 95% CI: 4.72 to 65.26;
p<0.001).

During the decay monitoring period, the control ICUs did not see a significant improvement
in adherence with the insertion bundle. The first month of the decay monitoring period had an
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adherence rate of 54.3 percent and the last month had 69.2 percent (OR: 2.05; 95% CI: 0.69 to
6.07; p=0.19).

Even though there were over 4,000 admissions in each group of ICUs, there were only 64
catheter insertions analyzed in the intervention group and 61 in the control group. The authors
did find a significant result, but there is large variability in the estimate, most likely due to the
small number of insertions analyzed.

Speroff et al. (2011)%°

Summary

Speroff et al. conducted a cluster randomized controlled trial comparing the use of a virtual
collaborative to a toolkit approach.?® The QI strategies involved were organizational change and
provider education. This study was conducted in 60 hospitals across the United States. After 18
months, there was no significant difference in infection rates between the two groups or over
time within either group. There were some tools that were used significantly more in the virtual
collaborative group compared with the toolkit group.

Description

The objective of this study was to prevent CLABSI and VAP in the ICU by improving
adherence to evidence-based practices. The authors compared the use of a virtual collaborative
approach to a toolkit approach. The toolkit approach entailed access to evidence-based
guidelines and fact sheets for preventing CLABSI and VAP, a review of QI and teamwork
methods, standardized data collection tools, standardized charting tools, access to a website that
contained educational seminars, clinical tools, and QI tools. In addition, the ICU was allowed to
implement other changes to prevent CLABSI and VAP. The collaborative group was given
everything the toolkit group was given plus the use of web seminars, teleconferences, individual
coaching, monthly educational and troubleshooting conference calls, and an email list-serve to
encourage communication among teams.

Data were reported in 3-month intervals and analyzed using hierarchical negative binomial
regression models in order to account for change over time, clustering of ICUs within hospitals,
and baseline characteristics.

Results and Limitations

During the baseline period, median CLABSI rates were 1.84 (IQR: 0 to 3.83) and 2.42 (IQR:
0.65 to 6.8) infections per 1,000 catheter-days in the virtual collaborative group and the toolKkit
group, respectively. After 18 months, the rate in the virtual collaborative group increased to 2.76
(IQR: 0 to 4.67) while the rate in the toolkit group decreased to 1.16 (IQR: 0 to 5.46) infections
per 1,000 catheter-days. The regression model found that neither the virtual collaborative group
nor the toolkit group improved CLABSI rates (p=0.75 and p=0.83, respectively) and there was
no difference between the two groups (p=0.71). However, the virtual collaborative group did use
data tools significantly more (p=0.004) and implemented the VAP checklist more than the toolkit
group (p=0.007).

The floor effect may have limited the possible improvement among the ICUs in this study.
The authors list some contextual factors that may have led to the lack of improvement in the
study: slow uptake of data driven quality improvement, lack of infrastructure to implement data
driven improvement, and differential uptake of general knowledge and implementation
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knowledge. Also, giving the toolkit group the ability to implement additional changes at their
discretion introduced some bias into the comparison being made.

Lilly et al. (2011)°®

Summary

Lilly et al. conducted a nonrandomized stepped wedge design study in seven ICUs within an
academic medical center in the United States.> Organizational change, provider education, and
audit and feedback were implemented. After 15 months of implementation, infection rates
significantly improved.

Description

Before the initiation of this study the following factors were established: critical care
governance, team structure (including intensivist-led closed model), call schedules,
interdisciplinary rounds, and staffing models. The focus was on processes of care. Best practices
for venous thrombosis, cardiovascular complications, ventilator-associated pneumonia, and
stress ulcers were standardized. ICU daily goals and an educational program were initiated
before the start of the study.

The study period consisted of initiating the use of a tele-ICU team. The offsite team
participated in key critical care delivery 24 hours a day. The team reviewed the care for each
patient, conducted real time audit of best practices, performed workstation-assisted care plan
reviews, monitored system-generated electronic alerts, audited bedside staff responses to in-room
alarms, and intervened when the responses of the bedside staff were delayed and the patient was
deemed physiologically unstable. Logistic regression was used to analyze dichotomous outcomes
and general linear mixed models were used for continuous outcomes.

Results and Limitations

Adherence rates were not analyzed. During the baseline period, the CLABSI rate was 1
percent while in the postintervention period it was 0.6 percent (OR: 0.50; 95% CI: 0.27 to 0.93;
p=0.005). The tele-ICU group was significantly older, sicker, and was not mechanically
ventilated or a postoperative case as often as the baseline group. Hospital mortality was the
primary outcomes for this study and was rigorously analyzed. It does not seem the same level of
analysis was applied to the outcomes that this report is interested in.

37



Table 9. Outcomes for CLABSI articles that control for confounding or secular trend

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Control: 30.0% — 51.7%
Overall insertion Intervention: 10.0% — 70.6%
Telemedicine Adherence bundle 0 (p=0.02)
Scales. Canad Knowledge Ratio of ORs: 17.55 (95% CI:
zgflesg’ anada- | rranslation 4.72 t0 65.26; p<0.001) Reflects ratio of odds ratio.
program/ Active Infection Rate
Control Group
Costs/Savings
P ion S Virtual Collaborative: 69% Use of tools and strategies was
Adherence U;eeventlon trategy 0 Toolkit Group: 54% accomplished by followup
(p=0.017) survey.
Median Virtual Collaborative: -
Virtual 1.84 (IQR, 0.00 to 3.83) — 2.76 | Clinical tools were used 61% by
Speroff, United Collaborative Infection Overall . (IQR, 0.00 to 4.67) g‘ned\gg;)alljc?#:?l%r;ﬁ'(\i/te ?(;?JUp
States - 2011%°° | Group/Toolkit Median Toolkit: 2.42 (IQR, 0.65 (—om)y group
Group t0 6.80) — 1.16 (IQR, 0.00 to p=v.23).
5.46) Data tools were used 56% by
) the Virtual Collaborative group
Cost/Savings and 30% by the Toolkit group
(p=0.004).
The tele-ICU group was
Tele-ICU Adherence significantly older, sicker, and
(providing care was not mechanically ventilated
Lilly. United from a remote 1% — 0.6% or a postoperative case as often
Stz;/t’es - 20115 location)/ Provider | Infection Overall . (OR=0.50; 95% CI: 0.27 to as the baseline group.
education and 0.93; p=0.005)
checklist for best It is unclear if these covariates
practices Cost/Savings were taken into account for the
outcomes of interest.
During the first month, 32%
Adherence (12/38) of the checklists used
Education. CVC required a nurse intervention.
Berenholtz gzrir:;;onvv;r‘;ent Control: 5.7 — 1.6 (slope There was no significant
United States - checklist, and Infection Rate | Overall . p=0.56) difference in the slopes before

2004

daily assessment
of need/
Education only

Intervention: 11.3 — 0 (slope
p<0.001)

Costs/Savings

Annual additional
cost savings

$1,945,922 ($1,483,844-
$2,408,000)

the interventions were
implemented (p=0.80).

There does not seem to be a
comparison of the slopes after
the initiation of the initiative.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Adherence
Simulation-based Overall MICU . Mean: 3.5 —» 1.0
. . sterile technique
gthac;glsl,_uzrgtlel%l training/ Video- Infection Rate %v:l:?rlcl)I?ICU « | Mean:3.6 > 3.4
o IRR: 0.30 (95% CI: 0.10 to 0.91
(usual care) MICU vs. SICU . :0.30 (95% CI: 0.10 t0 0.91,

p=0.03)

Costs/Savings

Adherence

Overall CLABSI

Mean: 4.22 — 2.94 (p=0.11)

General surgery

Mean: 5.3 — 3.4 (p=0.05)

VAP rates were used as a
control.

Educational ICU CLABSI P-value for overall CLABSI rate
Perez Parra, Intervention/ No . Cardiac surgery . _ . .
Spain - 2010%2 Intervention (usual Infection Rate ICU CLABSI . Mean: 4.2 — 2.7 (p=0.12) ;_ef(ljgcts Poisson regression
- indings.
care
) Medical ICU . | Mean: 3.4 - 2.6 (p=0.31)
CLABSI
VAP rates were not analyzed,
Overall VAP Mean: 13.34 — 15.82 but incidence did increase.
(Control) T )
Costs/Savings
Adherence
Simulation Overall MICU . Mean: 3.20 — 0.5
. Training in
ggtseusk’_ gggggs CLABSI reduction/ | Infection Rate (Ocvoer:?rltl)lflcu . Mean: 4.86 — 5.26 SICU served as control unit.
No Intervention - T -
(usual care) MICU vs. SICU . IRR: 0.16 (95% CI: 0.05 t00.44;

p=0.001)

Costs/Savings
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure Improve | Worsen | NS Change in specific measure Comments
Period 2 and 3 vs. Period 1 vs. Period 2: 45% —
period 1 maximal o 800/.0 (p<0.05) .
sterile barrier Period 1 vs. Period 3: 45% —
81% (p<0.05)

Period 2 and 3 vs. Period 1 vs. Period 2: 42% —
period 1 o 75% (p<0.05)
chlorhexidine skin Period 1 vs. Period 3: 42% —
prep 77% (p<0.05)

Adherence Period 2 and 3 vs. Period 1 vs. Period 2: 50% —
period 1 avoid o 64% (p<0.05)
femoral vein Period 1 vs. Period 3: 50% —
insertion 66% (p<0.05)
Period 2 and 3 vs. ;jor/md ia/%.SPenod 2:8% — Per_mgl 1;12_ n;ozs_(lb;sellne
period 1 overall 0 6 (p<0.05) period), Period 2=12 mos

Apisarnthanarak,
Thailand - 2010**

Period 3: CLABSI
bundle +
intensified hand
hygiene
promotion/ Period
1: No Intervention
(usual care)
Period 2: Bundle -
CLABSI

hand hygiene

Period 1 vs. Period 3: 8% —
53% (p<0.05)

Infection Rate

Medical Ward
period 1 vs. period
2

Mean: 16 — 6.8 (p=0.03)

Medical Ward
period 2 vs. period
3

Mean: 6.8 — 1.5 (p=0.02)

Surgical Ward
period 1 vs. period
2

Mean: 11 — 5.5 (p=0.001)

Surgical Ward
period 2 vs. period
3

Mean: 5.5 — 0.8 (p=0.05)

ICU period 1 vs.
period 2

Mean: 17 — 7.1 (p=0.005)

ICU period 2 vs.
period 3

Mean: 7.1 — 2.1 (p=0.001)

Other Units period
1 vs. period 2

Mean: 9 — 5.2 (p=0.04)

Other Units period
2 vs. period 3

Mean: 5.2 — 0.9 (p=0.14)

Costs/Savings

(bundle implementation), Period
3=12 mos (bundle
implementation + intensified
hand hygiene promotion).

Level of significance reflects the
change in level, not change in
slope from segmented
regression.

Other units included
orthopedics,
obstetrics/gynecology, and
general practice.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments

Full Intervention: Partial vs. Full
Pediatric Intervention CVL % 87% — 94% (p<0.001)
Multidisciplinary Insertion Bundle
CLABSI Bundle/ Partial vs. Full
_Baseli_ne: Low Adherence Intervention CVL 0 85% — 99% (p=0.004)
intensity Maintenance
intervention Bundlg

Costello, United Partial Baseline vs. Full

States - 2008*° Intervention: Intervention Hand 0 38% — 85.5% (p<0.001)
Central venous Hygiene
line (CVL) Partial Intervention . Mean: 7.8 — 4.7 (p=0.029)
insertion bundle, .

Infection Rate

CVL access

bundle, and CVL
maintenance

Full Intervention

Mean: 7.8 — 2.3 (p=0.0002)

Annual attributable

bundle Costs/Savings | . t'cavin gs® $236,000 to $782,000
Insertion bundle® 80% —> 89%"
Adherence - After adjusting for region and
Miller, United Bundle - CLABSI/ bMuar:r(;tlggance 65% — 85%" PICU demographics, the
States - No Intervention maintenance bundle adherence
2010%/*%* (usual care) Infection Rate | Overall . Mean: 5.4 — 3.1 (p<0.0001) was the only significant

Costs/Savings

predictor for CLABSI, p=0.017.

McKee, United
States - 2008°°

CLABSI
education, cart,
checklist, and
nurse
empowerment/No
Intervention (usual
care)

Adherence

Catheter insertion
checklist®

Infection Rate

Overall

Mean: 5.2 — 2.7 (p<0.05)

Costs/Savings

Percent of cases that needed
prompting from a nurse was
reported.

Using statistical process control
chart, infection rates marginally
improve over the study period,
p=0.07. Poisson regression
showed significant improvement
in infection rates in the post-
intervention phase.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Adherence
Six Sigma tection Rae Overall . 11 — 1.7 (p<0.0001)
. Performance Catheters placed Used a statistical process
Frankel, United ; ) 27 — 175
76 Improvement/No between infections control chart to evaluate the
States - 2005 . - : .
Intervention (usual Annual cost effectiveness of the intervention.
care) reduction minus
Costs/Savings | cost of insertion kits $61,000
and antibiotic
coated catheters
Hand hygiene 72% — 89%"

Continuous quality

improvement o b
(CQI) Chlorhexidine prep 58% — 100% Used a statistical process
methodology with | Adherence - - control chart to evaluate the

Wall. United nurse checklist, bMaar)r(iI;nrsl sterile 68% — 87%" effectiveness of the intervention.

e 77 provider - -

States - 2005 education, and ngewwe 19% — 19%° Points above the upper control
progress exchange limit occurred 3 of 6 times after
reports/No Infection Rate | Overall . 70538 the intervention.

Intervention (usual
care) Costs/Savings
Adherence Infection rate was adjusted for
CLABSI education hospital size, teaching status,
. program and . and device-days.
DePalo, United Infection Rate | Overall . Mean: 3.73 — 0.97 (p=0.003)

States - 2010°”

bundle/ No
Intervention (usual
care)

Costs/Savings

Cumulative cost
savings?

$2,016,592

Cost savings was calculated
using number of lives saved and
reduction in ICU days.

Pronovost,
United States -
2010

Keystone ICU
Project/ No
Intervention (usual
care)

Adherence

Infection Rate

Evaluation Period
vs. baseline

Mean: 7.7 — 1.3
IRR: 0.38 (95% CI: 0.26 to 0.56,
p<0.05)

Sustainability
Period vs. baseline

Mean: 7.7 — 1.1
IRR: 0.34 (95% CI: 0.24 to 0.48,
p<0.05)

Costs/Savings

Evaluation period=0-18 mos
after implementation,
Sustainability period=19-36 mos
after implementation.

Adjusted for clustering within
ICUs, hospitals, and regions as
well as teaching status and
hospital size.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Adherence to the CLABSI
bundle had a strong inverse
correlation with CLABSI rates
Adherence Complete bundle 85% — 98% (R2=-0.81).
Rates for each bundle item were
also reported, but adherence
was not analyzed.
CLABSI Bundle
collaboration All results compared to 2006
Render, United among VA : . Mean: 3.84 — 3.19 — 2.44 — group.
States - 20117 | hospitals/ No Infection Overall 1.85 (all p<0.004) 2007: IRR=0.83; 95% CI: 0.73
Intervention (usual to 0.94; p=0.0033
care) 2008: IRR=0.65; 95% CI: 0.56
to 0.76; p<0.0001
2009: IRR=0.47; 95% CI: 0.40
to 0.55; p<0.0001
Cost/Savings Four of six hospitals with
highest rates took part in
mentoring and reduced rates by
53% from 2007 to 2008.
ﬁ;’gﬁrear:'eha”d o | 59.1% —> 65% (p=0.466)
Adherence P.rqper hand
Educational disinfection before 0 22.5% — 42.6% (p=0.003)

Zingg,
Switzerland -
2009°%

Program for
catheter care and
hand hygiene/ No
Intervention (usual
care)

and after patient
contact

Infection Rate

Risk of CLABSI

39-1.0
HR: 4.47 (95% CI: 1.86 to 10.2,
p<0.001)

Time to CLABSI

6.5 days — 9 days (p=0.02)

Costs/Savings

Patients in the baseline period
were significantly more at risk of
CLASBI than those in the
postintervention period.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
CLABSI significantly decreased
) 12.7% annually.
Adherence ABHR use O 9.2% annual increase (p<0.001)
ABHR use is an indirect
measure of hand hygiene.
Barrera, Hr?)r;?ort]i)(l)(‘?:/e RI?) 127 Infection rates were controlled
Colombia - P ; Infection Overall . (IRR=0.89; 95% CI: 0.80 to
48 Intervention (usual e a for temporary workers and
2011 0.98; p=0.015) ; ;
care) nurse-to-patient ratio.
Nurse-to-patient ratio was an
Cost/Savings independent risk factor for
CLABSI (IRR=1.11; 95% CI:
1.07 to 1.16; p<0.001).
Adherence
927
Infection Total . (RRR=0.70; 95% CI: 0.59 to
0.77; p<0.00001)
13.9 — 3.1
MICU . RRR=0.78; 95% ClI: 0.66 t
g 85: p<0 0’001)0 ° Total excess cost of CLABSI,
4'5 . 1 9' regardless of organism, was
sicu . (RRR=0.59; 95% CI: 0.11to | eStimated to be $32,254
0.81; p=0.01) (excess LOS + rgplacement
CLABSI bundle 18 _} 14 CVL + drug admin cost + drug
States 20117 | intervention (usual © | ERRe0zB s or s | O
care) 5'2 _>p1— 2‘ Authors felt cost of CLABSI
R . bundle was negligible since cart
Burn ICU (()R&R_ggg'z%% Cl:-0.01to cost $100 for each unit, and
7' ’Bpg 02) staff and equipment already in
-2 lace.
Neuro ICU . | (RRR=0.45;95% CI:-0.30t0 | P3¢
0.77; p=0.08)
85554
CCuU . (RRR=0.36; 95% CI: -0.65 to
0.75; p=0.18)
Cost/Savings
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Outcomes were adjusted for
Adherence patient’s age, sex, and race as
well as insurance coverage,
comorbidities, and specialty of
38531516 treating physician.
(OR=0.86; 95% CI: 0.48 to
Infection Overall . 1.53; OR=0.42;95% CI: 0.22t0 | The adjusted average PICU
Hand hygiene 0.80; p<0.001; compared to cost during the intervention
VAP bundle. baseline) period was -$3,948 (95% CI: -
Harris, United standardizin’g $34,365 (SD $2,446) — $10,678 to $2,782).
States - 20117 central line care/ | Cost/Savings | Average PICU cost 0 $30,175 (SD $2,139) — _
No Intervention $25,938 (SD $1,14§) The adjL_lsted average PICU _
(usual care) (compared to baseline p<0.01) | cost during the postintervention
$54,323 (SD $3,217) — period was -$8,826 (95% ClI: -
Average hospital 0 $46,773 (SD $2727) — $42,071 | $13,950 to -$3,702).
cost of stay (SD $1,700)
(compared to baseline p<0.01) | The adjusted average cost per
hospital stay during the
Projected annual . postintervention period was -
cost savings $12 million $12,136 (95% CI: -$19,058 to -
$5,214).
Median CVC 0 5 4 (p<0.001)
Physici Adherence duration
rerzisrztcjlsrnof Median time to o 9 — 2 (p=0.002) After adjustment for age, SAPS
Seguin, France - . CVC removal ) Il, and admission diagnosis,
2010% catheter duration/ change in infection rate is
No Intervention Infection Rate Overall . Median: 2.8 — 0.7 (p=0.051)

(usual care)

Costs/Savings

marginally significant, p=0.051.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
Group 3: Central
venous line (CVL)
protocol + CVL Adherence Use of checklist® 97.6% — 98% — 100%

Duane, United
States - 2009"°

supply cart +
nurse education +
nurse checklist
and nurse
empowerment/
Group 1: No
Intervention (usual
care)

Group 2: CVL
protocol to reduce
catheterization
duration +
resident education

Mean: 16.5 - 15.0 - 7.7
Group 1 vs. Group 2: (p=0.08)

Infection Rate Overall . Group 1 vs. Group 3:
(p<0.0001)
Group 2 vs. Group 3 (p<0.0044)
Hospital Group 2: $19,615.70 decrease

Costs/Savings

admissions cost
per patient®

compared with Group 1
Group 3: $28,391.87 decrease
compared with Group 1

Lack of CVL protocol and ISS
showed to be independent risk
factors for CLABSI.

Yoo, Korea -
200178

Infection control
week, daily
surveillance with
checklist, and
suggested
correction of
catheter care by
infection control
staff/No
Intervention (usual
care)

Adherence

Infection Rate

Overall

4.2 — 1.3 (p=0.14)

Costs/Savings

During the postintervention
period, those who had a
CLABSI had significantly longer
mean duration of catheterization
(15 vs. 9.5 days, p<0.01).

Duration of ICU admission was
found to be a risk factor for
CLABSI (OR: 1.05; 95% CI:
1.01 to 1.08; P=0.0008).

The intervention period was not
found to be associated to
CLABSI.

There were only 6 infections, 4
during baseline and 2 during
postintervention.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country- Intervention/ Type of
year Comparator outcome Specific measure | Improve | Worsen | NS Change in specific measure Comments
In a stratified analysis by tertiles
of central line duration patients
Adherence with a CV for = 30 days had a
reduced risk of CLABSI during
the intervention period
Percutaneously (HR=0.48; 95% CI: 0.25 t0 0.91;
inserted central p=0.025).
Taylor, United catheters (PICC) . o/ (m
States - 20117 team formed/ No | 'Mfection * | 24% — 23% (p=0.87) Other covariates that were
Intervention (usual associated with decreased
care) CLABSI were postmenstrual
age (HR=0.85; 95% CI: 0.25 to
0.91; p=0.025) and fewer
Cost/Savings respiratory support days
(HR=1.01; 95% CI: 1.004 to
1.021; p=0.005).
Bundle - CLABSI | Adherence

Schulman, United
States - 2011°°

Insertion and
Maintenance/ Low
Intensity
Intervention

Infection Rate

Overall

3.5 — 2.1 (p<0.0005)

Costs/Savings

Utilization of maintenance
checklist was significantly
associated to decrease in
CLABSI rate.
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Table 9. Outcomes for CLABSI articles that control for confounding or secular trend (continued)

Author, country-
year

Intervention/
Comparator

Type of
outcome

Specific measure

Improve

Worsen

NS

Change in specific measure

Comments

Burrell, Australia
-20117

CLABSI Physician
+ Patient Bundles/
No Intervention
(usual care)

Adherence

Physician bundle

74% - 81% (p<0.0001)

Patient bundle

81% -> 92% (p<0.001)

Infection

Overall

3.0 (95% Cl: 2.0t0 4.3) > 1.2
(95% CI: 0.6 to 2.2) (p=0.0006)

Cost/Savings

Outcomes were controlled for
patient bundle, physician bundle
and line-days.

Line days (RR=1.05; 95% CI:
1.02 to 1.07; p=0.001) and
noncompliance with clinician
bundle (RR=2.04; 95% CI: 1.1
to 3.6; p=0.016) were found to
be significant risk factors for
CLABSI.

Risk of CLABSI significantly
reduced in patients with CVLs
inserted by clinicians compliant
with both bundles (RR=0.5; 95%
Cl: 0.4 to 0.8; p=0.004).

CVLs inserted by clinicians that
did not adhere to the clinician
bundle were more likely to be
associated with CLABSI
(RR=1.62; 95%Cl 1.1t0 2.4
p=0.018).

Abbreviations: OR = odds ratio; MICU = medical intensive care unit; SICU = surgical intensive care unit; IRR = incidence rate ratio; PICU = pediatric intensive care unit; HR = hazard ratio;
SAPS Il = simplified acute physiology score Il; ISS = Injury Severity Score
« was used for infection rate outcomes
¢ was used for adherence and costs/savings outcomes
® Reported, but not analyzed

® Numbers were extrapolated from a graph
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Berenholtz et al. 52004)49

Berenholtz et al.*® conducted a controlled interrupted time series to test the efficacy of a QI
strategy including audit and feedback, organizational change, provider education, and provider
reminder systems compared to education alone on reducing hospital infection rate. Details of this
study are found in the 2007 report.

Khouli et al. (2011)%*

Summary

Khouli et al®* conducted a controlled before-after study to determine the efficacy of
simulation-based training with video training versus video training alone of residents. This
provider education intervention took place at a university-affiliated hospital in the United States
and was followed for 18 months postintervention. Sterile technique improved significantly in the
simulation-trained group versus the nonsimulation group. Following this observed improvement,
all medical intensive care unit (MICU) residents were trained with this intervention. A
comparison of the MICU with the surgical intensive care unit (SICU), which had no video or
simulation-based training, showed a significant reduction in the MICU CLABSI rate.

Description

After a baseline evaluation of preparedness in central line sterile technique within a
simulation laboratory, residents were randomized to receive either video-based training or
simulation-based and video-based training. The training focused on current CDC sterile
technique recommendations in the categories of: nonsterile preparation, hand washing, sterile
field/supply preparation, sterile gowning, sterile gloving and sterile draping. The simulation-
based group showed a statistically significant improvement and subsequently all internal
medicine residents in the MICU adopted this training. Sample sizes were not provided. Infection
rates were analyzed using a generalized linear model and Poisson regression controlling for ICU
type and study period.

Results and Limitations

After randomization, baseline sterile technique test results were not significantly different in
any category. A statistically significant improvement in median post-test score in the categories
of nonsterile preparation (p<0.001), hand washing steps (p=0.007), sterile field/supply
preparation (p=0.05), sterile gowning (p<0.001), and sterile draping (p=0.005) was observed for
the simulation-based and video-based training group compared with the video-based training
group (Table 9). An all-or-nothing analysis comparing the number of residents with perfect
scores in each of the sterile technique categories showed an identical pattern of statistically
significant improvement for the simulation-based training group compared with video training
alone. The results of the randomized controlled trial led to the use of combined simulation and
video-based training in the medical ICU. All medical ICU residents were trained in this manner
while surgical ICU residents received no extra training. Eighteen months after the study
intervention, the medical ICU had a CLABSI rate of 1.0 infections per 1,000 catheter-days,
which was a significantly lower rate of CLABSI than the surgical ICU with a rate of 3.4
infections per 1,000 catheter-days (IRR: 0.30; 95% CI: 0.10 to 0.91; p=0.03) when analyzed with
a Poisson regression model. A limitation of this study is adherence rates were not measured
during the post-randomized, controlled trial period of the study.

49



Perez Parra et al. (2010)%

Summary

In a controlled before-after study, Perez Parra et al. reported a month-long educational
intervention for all ICU staff in three units at a tertiary care university-affiliated hospital in
Spain.®? Adherence rates were not reported and overall infection rates did not change
significantly. VAP rates were used as a control in this study and increased over the study period.

Description

The educational intervention was a 15-minute lecture that covered Infectious Disease Society
of America and Center for Disease Control and Prevention guidelines for CLABSI prevention.
The lecture was given to all ICU workers, physicians, residents, nurses, and students, on all
shifts. There was a test before the lecture and a subsequent test 6 months later. Poisson
regression was used to analyze infection rates. VAP rates were used as a control, but analysis
was not performed on the VAP rates, therefore lessening the effectiveness of the control. Also,
there was no analysis done on patient characteristics and no patient characteristics were included
in the final regression model.

Results and Limitations

The overall CLABSI rates were nonsignificantly different from the baseline period to the
postintervention period (4.22 vs. 2.94 infections per 1,000 catheter-days, p=0.11, (Table 9).
While the cardiac surgery (p=0.12) and medical ICUs (p=0.31) did not undergo a significant
change, the general surgery ICU did see a significant improvement in infection rates (p=0.05). In
comparison, VAP rates were 13.34 infections per 1,000 ventilator-days in the baseline period and
15.82 in the postintervention period.

Barsuk et al. (2009)°

Summary

Barsuk et al.”® compared a simulation-based educational program to a traditional educational
program for central line insertion at a tertiary care facility over a 32-month period. A baseline
period and a concurrent control group (surgical ICU) served as the comparators for this study.
Adherence rates were not reported. The medical ICU received the simulation-based intervention
and had significantly lower infection rates than the surgical ICU and the medical ICU during the
baseline period.

63
l.

Description

Residents of both the medical and the surgical ICUs were trained using the traditional
method for the first 16 months of the study, serving as the baseline period. Then the residents in
the MICU received a baseline test. Thereafter, the residents watched a training video and were
given an opportunity for deliberate practice with focused feedback. A post-test was administered
and a minimum score was needed to pass. Further training was given to those who did not pass.
Poisson regression was used to analyze the infection rates. ICU, period, and catheter-days were
also included in the regression model. There was no analysis presented for patient characteristics
and no patient characteristics were included in the final model, but there is mention that a
significant increase in Charlson score was observed in the postintervention period in the MICU
(p=0.009). The diagnosis of sepsis also significantly increased over the study (p=0.02).
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Results and Limitations

Infection rates in the medical ICU dropped significantly from 3.2 infections per 1,000
catheter-days to 0.5 (p=0.001, Table 9). The infection rate in the surgical ICU was similar in both
periods, 4.86 infections per 1,000 catheter-days versus 5.26. The postintervention medical ICU
infection rate was also significantly lower than the surgical ICU rate (IRR: 0.16; 95% CI: 0.05 to
0.44). Residents were aware of their involvement in the study, which may have led to a
Hawthorne effect in the medical ICU.

Interrupted Time Series
Apisarnthanarak et al. (2010)%

Summary

Apisarnthanarak et al. implemented an audit and feedback, organizational change, and
provider education intervention over a period of 3 years in a university affiliated, tertiary care
hospital in Thailand.®* The authors found that adherence to maximal sterile barriers, hand
hygiene, use of chlorhexidine skin antisepsis at central venous catheter (CVC) insertion site, and
avoiding femoral catheterization increased significantly between the baseline and intervention
periods. A significant reduction in CLABSI rate was observed in the postintervention period.

Description

A multidisciplinary team from the hospital was created to conduct an education program,
track patients with CVC, and monitor adherence to the quality improvement protocol. The study
design was broken into three periods. The first period (July 2005 to June 2006) comprised the
baseline; period two (July 2006 to June 2007) introduced alcohol dispensers at the patient’s
bedside and a CLABSI bundle, and period three (July 2007 to June 2008) introduced an
intensified hand hygiene intervention. The CLABSI bundle implemented in period two consisted
of hospital health care worker education on proper hand hygiene, education on maximal sterile
barrier precautions, use of chlorhexidine-based skin preparation, optimization of CVVC practices
and daily review of catheter necessity. The education component of this intervention was a
onetime 45-minute lecture administered to hospital staff. Period three replaced this single
education experience with continued education every four months and promoted adherence with
posters and newsletters.

Results and Limitations

Overall hand hygiene adherence significantly improved from 8 percent at baseline compared
with period two (24%, p<0.001) and period three (53%, p<0.001, Table 9). Adherence to all
components of maximal sterile barrier precautions increased from 45 percent during the baseline
period compared with 80 percent (p<0.05, compared to baseline) during period two and 81
percent during period three (p<0.05, compared to baseline). Correct use of chlorhexidine skin
antisepsis increased from a baseline of 42 percent compared with 75 percent (p<0.05, compared
to baseline) and 77 percent (p<0.05, compared to baseline) in periods two and three, respectively.
Lastly, adherence to avoiding femoral catheter insertion increased from 50 percent in period one
compared with 64 percent (p<0.05) in period two and 66 percent (p<0.05) in period three.

During period one the overall CLABSI rate per 1,000 catheter-days was 14 compared with
6.4 (p<0.001) and 1.4 (p<0.001) CLABSI per 1,000 catheter-days in periods two and three
respectively. In addition, the mean catheter-days was significantly reduced during period two
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(4.9 £ 1.5 days, p<0.001) and period three (4.1 + 1.1 days, p<0.001) compared with baseline
duration of 5.6 + 2.4 days (Appendix Table G2).

Costello et al. (2008)*

Summary

Costello et al. compared full and partial intervention with baseline data on CLABSI at a
dedicated pediatric cardiac ICU.*® The intervention consisted of audit and feedback, financial
incentives, regulations, and policy, organizational change, provider education, and a provider
reminder system. The duration of both baseline and full intervention periods was 9 months, while
the partial intervention period was 15 months. Adherence rates significantly improved between
partial and full intervention for adherence to central venous line (CVL) insertion and
maintenance bundles. Additionally, hand hygiene showed significant improvement from baseline
compared with full intervention. CLABSI rates in the cardiac ICU significantly improved from
baseline after both partial and full interventions. The authors estimate an annual attributable
savings between $236,000 and $782,000 using previously published cost analysis.

Description

A multidisciplinary team was created to track nosocomial infections, educate staff members,
and implement the intervention practice changes. Central venous line insertion, access and
practices were reviewed and a pretest was administered to all cardiac ICU members to identify
weaknesses. Educational tools were developed with a focus on developing optimal CVL
insertion, access, and maintenance technique. Processes for diagnosing patients with possible
nosocomial infections were standardized during the study period. Staggered intervention
implementation occurred between January 2005 and March 2006 and included: CVL insertion
bundle, chlorhexidine based skin preparation, chlorhexidine eluting disk applied to percutaneous
insertion sites, real time feedback on infection rates to cardiac ICU staff, mandatory nurse
education, creation of cardiac ICU based infection control nurse position, CVL access and
maintenance bundle, mandatory physician education, daily goal sheets during rounds, CVL
insertion kit, needleless connector system. The sample size during the baseline period, partial
implementation period and full implementation period was 911 patients, 1,472 patients, and 936
patients, respectively. A chi-square test or Fisher’s exact test was used to analyze adherence with
hand hygiene, CVL insertion and maintenance bundles. Segmented regression was used to
analyze infection rates.

Results and Limitations

Mean CLABSI rates in the cardiac ICU significantly decreased from 7.8 (95% CI: 5.6 to
10.5) infections per 1,000 catheter-days during the baseline period (April 2004 to December
2004) to 4.7 (95% CI: 3.4 to 6.3) infections per 1,000 catheter-days (p=0.029, Table 9) during
the partial intervention period (January 2005 to March 2006). The full intervention (April 2006
to December 2006) had a further reduced CLABSI rate of 2.3 (95% CI: 1.2 to 3.8; p=0.0002).
Adherence with the CVL insertion bundle improved from a partial intervention value of 87
percent to 94 percent in the full intervention period (p<0.001). Adherence with the CVL
maintenance bundle also improved from a partial intervention value of 85 percent versus 99
percent in the full intervention period (p<0.004). Hand hygiene adherence was also improved
from a baseline value of 38 percent to 85.5 percent in the full intervention period (p<0.001).
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The authors discuss several limitations of this study. First, is the use of NHSN surveillance
definitions for CLABSI which are subject to adjudication bias. Second, there is no existing,
validated severity of illness score for pediatric cardiac ICU patients, but indicators of patient
acuity tended to increase over the study duration. Lastly, the adherence rates were collected
intermittently, rather than systematically.

Miller et al. (2010)°>1%°

Summary

Miller et al. compared a central venous catheter insertion and maintenance bundle
intervention to baseline practices among 29 pediatric ICUs in 27 hospitals in the United
States.®>'% Each hospital was a participant in the National Association of Children’s Hospitals
and Related Institutions quality improvement collaborative and implemented interventions
consisting of audit and feedback, organizational change, provider education and provider
reminder systems. The authors demonstrated a significant improvement in overall infection rates
between the baseline and stable effect periods. An analysis to determine the importance of
adherence to insertion and maintenance intervention bundles found that only maintenance bundle
adherence was a significant predictor of CLABSI rate decrease.

Description

Baseline data were collected for each ICU from January 2004 to August 2006. A ramp-up
period of the first 3 months of the collaborative occurred from October 2006 to December 2006
and there was variation in the intervention bundle element implementation. Following this was a
9-month stable effect period from January 2007 to September 2007, when CLABSI efforts were
consistent between ICUs. No sample sizes were reported.

Each ICU selected a multidisciplinary team responsible for testing and implementing CVC
insertion and maintenance bundles. The insertion bundle consisted of appropriate hand washing
before procedure, use of chlorhexidine gluconate, scrubbing of insertion site for children 2
months of age or older, no iodine skin preparation at insertion site, prepackaged insertion cart,
insertion checklist, staff empowerment to stop nonsterile procedures, use of only polyurethane or
Teflon catheters, and slide and video based training for all care providers. The maintenance
bundle consisted of daily catheter needs assessment, catheter site care, and hub cap and tubing
care. While adherence rates were not analyzed, marginal generalized linear models were used to
analyze infection rates.

Results and Limitations

The mean baseline CLABSI rate for all pediatric ICUs was 5.4 infections per 1,000 catheter-
days. During the ramp up period the mean CLABSI rate decreased to 4.3 infections per 1,000
catheter-days (95% CI: 3.1 to 6.4) which further decreased to a stable effect rate of 3.1 infections
per 1,000 catheter-days (95% CI: 2.4 to 4.0; Table 9). Compared with baseline, the stable effect
period CLABSI rate significantly decreased (p<0.0001). This observed association remained
after a more rigorous sensitivity analysis. Miller et al. (2010) also used a hierarchical cluster
regression model to determine significant predictors of the observed decrease in CLABSI rate.
After adjustment for region and pediatric ICU demographics, the only significant predictor of
decreased CLABSI rate was adherence with the CLABSI maintenance bundle (RR: 0.41; 95%
Cl: 0.20 to 0.85; p=0.017).
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Update Publication

In 2011, Miller et al. published an update of this study that included another year of data as
well as cost savings estimates.'®® In addition to what was reported above, a nested
nonrandomized factorial design study was also implemented comparing standard protocols for
the use of the following items: (1) chlorhexidine scrub on central line caps and access points,
(2) chlorhexidine-impregnated sponges with all central line care, (3) both 1 and 2, or (4) control.
There was no significant difference in infection rates between any of the groups. Overall
CLABSI rates fell significantly from 5.2 infections per 1,000 catheter-days in the baseline period
to 2.3 in the postintervention period (RR: 0.44; 95% CI: 0.37 to 0.53; p<0.0001). There was only
one time period, the ramp-up period (October 2006 to December 2006), that had a significant
change in slope, 11 percent decrease per month (95% CI: -3% to -18%; p=0.006). The authors
estimated that these 29 PICUs saved more than $31 million in CLABSI-attributable health care
costs. This is discussed in more detail in key question 1c.

Simple Before-After

McKee et al. (2008)%°

McKee et al. implemented a 30-month QI initiative through audit and feedback,
organizational change, provider education, and provider reminder systems in a tertiary care
facility in the United States.®® Sample size was not reported. Adherence rates were not analyzed,
but a statistical process control chart was used to analyze infection rates. A nonsignificant
change in infection rates was observed (Table 9) using statistical process control chart
methodology and a comparison of incidence rate ratios. During the postintervention period, 10
weeks of zero infections was followed by a dramatic spike in infection rates. An epidemiological
investigation occurred and found that a faulty positive displacement mechanical valve was
associated with the increased infection rates. As soon as the faulty valves were removed from the
hospital, the infection rates decreased dramatically.

Frankel et al. (2005)"°

Frankel et al.”® conducted a simple before after study to test the efficacy of six sigma
performance improvement strategy on reducing hospital infection rates. Details of this study are
found in the 2007 report.

Wall et al. (2005)"’

Wall et al.”” conducted a simple before after study to determine the efficacy of a continuous
QI strategy on reducing hospital infection rate and increasing compliance with hand hygiene, use
of chlorhexidine antisepsis, maximal sterile barriers, and guidewire exchang