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Preface

The Agency for Healthcare Research and Quality (AHRQ), through its Evidence-based
Practice Centers (EPCs), sponsors the development of systematic reviews to assist public- and
private-sector organizations in their efforts to improve the quality of health care in the United
States. These reviews provide comprehensive, science-based information on common, costly
medical conditions, and new health care technologies and strategies.

Systematic reviews are the building blocks underlying evidence-based practice; they focus
attention on the strength and limits of evidence from research studies about the effectiveness and
safety of a clinical intervention. In the context of developing recommendations for practice,
systematic reviews can help clarify whether assertions about the value of the intervention are
based on strong evidence from clinical studies. For more information about AHRQ EPC
systematic reviews, see www.effectivehealthcare.ahrq.gov/reference/purpose.cfm.

AHRQ expects that these systematic reviews will be helpful to health plans, providers,
purchasers, government programs, and the health care system as a whole. Transparency and
stakeholder input are essential to the Effective Health Care Program. Please visit the Web site
(www.effectivehealthcare.ahrg.gov) to see draft research questions and reports or to join an
email list to learn about new program products and opportunities for input.

We welcome comments on this systematic review. They may be sent by mail to the Task
Order Officer named below at: 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
Stephanie Chang, M.D., M.P.H. James Battles, Ph.D.

Director Task Order Officer

Evidence-based Practice Program Center for Quality Improvement and

Center for Outcomes and Evidence Patient Safety

Agency for Healthcare Research and Quality Agency for Healthcare Research and Quality
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Making Health Care Safer Il: An Updated Critical
Analysis of the Evidence for Patient Safety Practices

Structured Abstract

Objectives. To review important patient safety practices for evidence of effectiveness,
implementation, and adoption.

Data sources. Searches of multiple computerized databases, gray literature, and the judgments
of a 20-member panel of patient safety stakeholders.

Review methods. The judgments of the stakeholders were used to prioritize patient safety
practices for review, and to select which practices received in-depth reviews and which received
brief reviews. In-depth reviews consisted of a formal literature search, usually of multiple
databases, and included gray literature, where applicable. In-depth reviews assessed practices on
the following domains:

e How important is the problem?
What is the patient safety practice?
Why should this practice work?
What are the beneficial effects of the practice?
What are the harms of the practice?
How has the practice been implemented, and in what contexts?
Are there any data about costs?
Are there data about the effect of context on effectiveness?

We assessed individual studies for risk of bias using tools appropriate to specific study
designs. We assessed the strength of evidence of effectiveness using a system developed for this
project. Brief reviews had focused literature searches for focused questions. All practices were
then summarized on the following domains: scope of the problem, strength of evidence for
effectiveness, evidence on potential for harmful unintended consequences, estimate of costs, how
much is known about implementation and how difficult the practice is to implement. Stakeholder
judgment was then used to identify practices that were “strongly encouraged” for adoption, and
those practices that were “encouraged” for adoption.

Results. From an initial list of over 100 patient safety practices, the stakeholders identified 41
practices as a priority for this review: 18 in-depth reviews and 23 brief reviews. Of these, 20
practices had their strength of evidence of effectiveness rated as at least “moderate,” and 25
practices had at least “moderate” evidence of how to implement them. Ten practices were
classified by the stakeholders as having sufficient evidence of effectiveness and implementation
and should be “strongly encouraged” for adoption, and an additional 12 practices were classified
as those that should be “encouraged” for adoption.

Conclusions. The evidence supporting the effectiveness of many patient safety practices has
improved substantially over the past decade. Evidence about implementation and context has
also improved, but continues to lag behind evidence of effectiveness. Twenty-two patient safety
practices are sufficiently well understood, and health care providers can consider adopting them
now.
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Executive Summary

Background

The 1999 Institute of Medicine report “To Err is Human: Building a Safer Health System,” is
credited by many with launching the modern patient safety movement.* A year after this report
was published, as part of its initial portfolio of patient safety activities, the Agency for
Healthcare Research and Quality (AHRQ) commissioned a group from the University of
California, San Francisco-Stanford Evidence-based Practice Center (EPC) to analyze evidence
behind a diverse group of patient safety practices (PSPs) that existed at that time.

The resulting 2001 report, “Making Health Care Safer: A Critical Analysis of Patient Safety
Practices,” hereafter referred to as “Making Health Care Safer,” was both influential and
controversial. A significant number of copies of the report were distributed by AHRQ, and it
became a cornerstone of other efforts (such as the National Quality Forum’s 34 “Safe Practices
for Better Healthcare” list)* to rank safety practices by strength of evidence. However, the low
rankings given to some popular safety practices, such as computerized order entry, raised
fundamental questions about the role of evidence-based medicine in quality and safety practices.

Since the “Making Health Care Safer” report was published, the safety field has matured.
Regulators and accreditors encourage health care organizations to adopt “safe practices” and to
avoid adverse events that are considered wholly or largely preventable. A significant amount of
money and person-hours have been invested in efforts to improve safety, and almost all health-
care delivery organizations regard safety as a primary strategic priority.

However, evidence indicates that progress has not matched the efforts and investment. Some
patient safety practices (PSPs) have resulted in unintended consequences, whereas others have
been shown to be highly context dependent, working effectively in a research setting but failing
during broader implementation. In the past 2 years, three studies have found high rates of
preventable harm in hospitals,*® one of which found no improvement in adverse event rates from
2003 to 2008.

Against this backdrop, AHRQ commissioned an updated research report on the state of PSPs.
Because many of the project team members and much of the methodology were drawn from the
initial “Making Health Care Safer” project, and because most of the relevant practices were
reviewed then, we see this report as a natural sequel to the 2001 report. However, because of the
burgeoning literature relevant to patient safety and the limits of budget and time, we chose to
examine a subset of PSPs (chosen through methods described below). Moreover, part of the
maturation of the safety field has included a deeper appreciation of the importance of context in
patient safety practices, a topic examined by our research team in the 2010 report, “Assessing the
Evidence for Context-Sensitive Effectiveness and Safety of Patient Safety Practices: Developing
Criteria,” hereafter referred to as “Context Sensitivity.”’ Accordingly, this report emphasizes
matters of context and generalizability, as well as unintended consequences, to a greater degree
than the 2001 “Making Health Care Safer” report.

Objectives

The goal of this project was to conduct a systematic literature review evaluating the evidence
for a large number of patient safety practices.
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Analytic Framework

For this report, we adopted the definition of a PSP used in the 2001 “Making Health Care
Safer” report:
A Patient Safety Practice is a type of process or structure whose
application reduces the probability of adverse events resulting from
exposure to the health care system across a range of diseases and
procedures.

The framework for considering the evidence regarding a PSP was worked out as part of the
report on “Context Sensitivity.”” One of the principal challenges in the review of PSPs has been
addressing the question of what constitutes evidence for PSPs. Many practices intended to
improve quality and safety are complex sociotechnical interventions whose targets may be entire
health care organizations or groups of providers, and these interventions may be targeted at rare
events. To address the challenge regarding what constitutes evidence, we recognize that PSPs
must be evaluated along two dimensions: the evidence regarding the outcomes of the safe
practices, and the contextual factors influencing the practices’ use and effectiveness.

These dimensions are represented in Figure A, which depicts a sample PSP that consists of a
bundle of components (the individual boxes), and the context within which the PSP is embedded.
Important evaluation questions, as depicted on the right in the figure, include effectiveness and
harms, implementation, and adoption and spread. We then apply criteria to evaluate the four
factors that together constitute quality (depicted as puzzle pieces in the bottom half of the figure.
They include:

1. Constructs about the PSP, its components, context factors, outcomes, and ways to

accurately measure these constructs

2. Logic model or conceptual framework about the expected relationships among these

constructs

3. Internal validity to assess the PSP results in a particular setting

4. External validity to assess the likelihood of being able to garner the same results in

another setting

We then synthesize this information into an evaluation of the strength of the evidence for a
particular PSP.

ES-2



Figure A. Framework for evidence assessment of patient safety practices
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The principal results of the “Context Sensitivity” report included the following key points.

Whereas controlled trials of PSP implementations offer investigators greater control of

sources of systematic error than do observational studies, trials often are not feasible in

terms of time or resources. Also, controlled trials are often not possible for PSPs

requiring large-scale organizational change or PSPs targeted at very rare events.

Furthermore, the standardization imposed by the clinical trial paradigm may stifle the

adaptive responses necessary for some quality improvement or patient safety projects.

Hence, researchers may need to use designs other than randomized controlled trials to

develop strong evidence about the effectiveness of some PSPs.

Regardless of the study design chosen for an evaluation, components that are critical for

evaluating a PSP in terms of how it worked in the study site, and whether it might work

in other sites, include the following:

o0 Explicit description of the theory for the chosen intervention components, and/or an
explicit logic model for “why this PSP should work”

o Description of the PSP in sufficient detail that it can be replicated, including the
expected change in staff roles

0 Measurement of contexts

0 Explanation, in detail, of the implementation process, the actual effects on staff roles,
and changes over time in the implementation or the intervention

0 Assessment of the impact of the PSP on outcomes and possible unexpected effects
(including data on costs, when available)

o For studies with multiple intervention sites, assessment of the influence of context on
intervention and implementation effectiveness (processes and clinical outcomes)

High priority contexts for assessing any PSP implementation include measuring and

information for each of the following four domains:

o Structural organizational characteristics (such as size, location, financial status,
existing quality and safety infrastructure)

o External factors (such as regulatory requirements, the presence in the external
environment of payments or penalties such as pay-for-performance or public
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reporting, national patient safety campaigns or collaboratives, or local sentinel patient
safety events)

o Patient safety culture (not to be confused with the larger organizational culture),
teamwork, and leadership at the level of the unit

0 Awvailability of implementation and management tools (such as staff education and
training, presence of dedicated time for training, use of internal audit-and-feedback,
presence of internal or external individuals responsible for the implementation, or
degree of local tailoring of any intervention)

These principles guided our search for evidence, and the way in which we presented our
findings in this report.

Methods

We divided the project into three phases: topic refinement, the evidence review, and the
critical review and interpretation of the evidence. The project team performed topic refinement
and conducted the critical review of the evidence jointly with the Technical Expert Panel (TEP),
which had also participated in the “Context Sensitivity” project. This TEP included many of the
key patient safety leaders in the United States, Canada, and the United Kingdom: experts in
specific PSPs and evaluation methods and persons charged with implementing PSPs in hospitals
and clinics.

Topic Refinement

Because the goals of the project were to assess the evidence of the effectiveness of new safe
practices and the evidence of implementation for current safe practices, most PSPs were eligible
for this review. Thus, our first task was to refine the scope of the topic to fit within the timeframe
and budget of the project, a task undertaken by the project team and the TEP. To accomplish this
task, we created an initial list of 158 PSPs that we considered potentially eligible for inclusion.
Through a process of internal team triage, group discussion with the TEP, and formal TEP votes,
we narrowed the list to 41 PSPs for which a review of evidence was judged likely to be most
helpful to providers, policymakers, and patients. However, this number of PSPs was still too
large for us to review the evidence comprehensively within the timeframe. For that reason, we
asked our TEP whether “breadth” or “depth” was likely to be more valuable for stakeholders; in
other words, we asked whether the review should focus on fewer topics in more detail or cover
all topics but with less detail. Our TEP recommended a “hybrid” approach, in which some topics
would be reviewed in depth, whereas other topics would receive only a “brief review.”

Topics could be considered as needing only a “brief review” for several reasons: the PSP is
already well established; stakeholders need to know only “what’s new” since the last time a topic
was reviewed in depth; new evidence suggests the PSP may not be as effective as originally
believed, so it is no longer a priority PSP; or the PSP is emerging with little evidence
accumulated. We ultimately ended up with 18 in-depth reviews and 23 brief reviews.
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Evidence Reviews
In-Depth Reviews

Overall approach. For many of the 18 topics designated to receive an in-depth review, a
systematic review was likely to exist. Thus, a search to identify existing systematic reviews was
usually the project team’s first step. To assess the potential utility of such reviews, we followed
the procedures proposed by Whitlock and colleagues,® which essentially meant addressing the
following two questions: (1) Is the existing review sufficiently “on topic” to be of use? (2) Is the
existing review of sufficient quality for us to have confidence in the results?

If an existing systematic review was judged to be sufficiently “on topic” and of acceptable
quality, we took one of two steps. We either performed an “update” search; that is, we searched
databases for new evidence published since the end date of the search in the existing systematic
review. Or, we conducted a search for “signals for updating.” Such searches generally followed
the criteria proposed by Shojania and colleagues.® The searches involved a search of high-yield
databases and journals for “pivotal studies” that could be a signal that a systematic review is out-
of-date. Any evidence identified via the update search or the “signals” search was added to the
evidence base from the existing systematic review.

Some PSPs had no existing systematic reviews, while other PSPs had prior reviews that were
either not sufficiently relevant or were not of sufficient quality to be used. In those situations, we
conducted new searches using guidance as outlined in AHRQ’s “Methods Guide for
Effectiveness and Comparative Effectiveness Reviews.”*

Evidence about context, implementation, and adoption are key aspects of this review. We
searched for evidence on these topics in two ways:

e We looked for and extracted data about contexts and implementation from the articles

contributing to the evidence of effectiveness.

e We identified “implementation studies” from our literature searches. “Implementation
studies” focus on the implementation process, particularly the elements demonstrated or
believed to be of special importance for the success, or lack of success, of the
intervention. To be eligible, implementation studies needed to either report or be linked
to reports of effectiveness outcomes.

Reporting format. We took the format for in-depth reviews from AHRQ’s “Context
Sensitivity” report. Table A outlines the format of the in-depth reviews.
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Table A. Format for in-depth reviews

How important is the problem?

This section briefly sketches the nature of the target for the Patient Safety Practice.

What is the Patient Safety Practice?

This section describes the practice or practices proposed and evaluated.

Why should this Patient Safety Practice work?

This section describes what has been written about the basis for a proposed Patient Safety Practice, such
as an underlying theory, a logic model for how it should work, or prior data.

What are the beneficial effects of the Patient Safety Practice?

This section provides the review of the evidence of effectiveness, and is the section most similar to
traditional Evidence-based Practice Center reports.

What are the harms of the Patient Safety Practice?

This section contains the evidence of harms. Unlike reviews of most clinical interventions, evaluating
potential harms is not a routine part of Patient Safety Practice evaluations. Thus, for most topics, this section
is underdeveloped.

How has the Patient Safety Practice been implemented, and in what contexts?

This section describes what has been reported about how to implement the Patient Safety Practice and the
range of institutions or contexts of where it has been implemented. When there is sufficient evidence,
implementation studies are evaluated qualitatively for themes regarding effective implementation.

Are there any data about costs?

This section describes the evidence of costs of implementing the Patient Safety Practice, or, in some cases,
cost-effectiveness analyses that have been performed.

Are there any data about the effect of context on effectiveness?

This section describes the evidence about whether or not the Patient Safety Practice has been shown to
have differential effectiveness in different contexts. The “Context Sensitivity” project defined important
contexts for Patient Safety Practices in four domains: external factors (e.g., financial or performance
incentives or Patient Safety Practice regulations); structural organizational characteristics (e.qg., size,
organizational complexity, or financial status); safety culture, teamwork, and leadership involvement; and
availability of implementation and management tools (e.g., organizational training incentives).'*

Brief Reviews

Brief reviews are not full systematic reviews. The goals of the brief reviews covered in this
report varied by PSP according to the needs of stakeholders. The assessment could focus on
either information about effectiveness of an emerging PSP or implementation of an established
PSP; alternatively, the review could explore whether new evidence calls into question the
effectiveness of an existing PSP. Thus, the methods for the brief reviews differed by topic.
However, in general, brief reviews were conducted by a content expert who worked with the
project team. The brief reviews involved focused literature searches for evidence relevant to the
specific need. The evidence was then narratively summarized in a format that also varied with
the particular goal.

Evidence Summary

We judged that users of this report would want a summary of the evidence for each topic.
Such summary messages may facilitate an uptake of the findings. The project team developed
the following summary domains with input from the TEP.
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Scope of the problem. In general, we addressed two issues: the frequency of the safety problem,
and the severity of each average event. For benchmarks, we regarded safety problems that occur
approximately once per 100 hospitalizations as “common;” examples include falls, venous
thromboembolism (VTE), potential adverse drug events, or pressure ulcers. In contrast, events an
order of magnitude or more lower in frequency were considered “rare;” such events include
inpatient suicide, wrong-site surgery, and surgical items being left inside a patient. The scope
must also consider the severity of each event; for instance, most falls do not result in injury, and
most potential adverse drug events do not result in clinical harm. However, each case of inpatient
suicide or wrong-site surgery is devastating.

Strength of evidence for effectiveness. This assessment follows a framework for strength of
evidence that the project team adapted from existing EPC Methods guidance® to increase the
relevance to patient safety practices. This means we included in strength of evidence assessments
evidence about context, implementation, and the use of theory or logic models, in addition to
standard EPC criteria on inconsistency, in precision, and the possibility of reporting bias.

Evidence on potential for harmful unintended consequences. Most PSP evaluators have not
explicitly assessed the possibility of harm. Consequently, this domain includes evidence of both
actual harm and the potential for harm. The ratings on known or potential harms ranged from
high risk of harm to low (or negligible) risk of harm; in some cases, the evidence was too sparse
to provide a rating.

Estimate of costs. This domain is speculative, because most evaluations do not present cost data.
However, we believed that providing at least a rough estimate of cost would be beneficial
information to include in this report. Therefore, we used the following categories and
benchmarks to provide a rough estimate of cost, noting, where necessary, the factors that might
cause cost estimates to vary.

e Low cost. PSPs that do not require hiring new staff or large capital outlays but instead
involve training existing staff and purchasing some supplies. Examples include most fall
prevention programs, VTE prophylaxis, and medical history abbreviations designated as
“Do Not Use.”

e Medium cost. PSPs that might require hiring one or a few new staff members, have
modest capital outlays, or incur ongoing monitoring costs. Examples include some fall
prevention programs, many clinical pharmacist interventions, and participation in the
American College of Surgeons outcomes reporting system ($135,000/year).*®

e High cost. PSPs that require hiring substantial numbers of new staff, have considerable
capital outlays, or both. Examples include computerized order entry (because it requires
an electronic health record), having to hire many nurses to achieve a certain nurse-to-
patient ratio, or facility-wide infection control procedures (estimated at $600,000 year for
a single intensive care unit).

Implementation issues. This section summarizes how much we know about how to implement
the PSP and how difficult it is to implement. To approach the question of how much we know,
we considered the available evidence about implementation, the existence of data about the
effect and influence of context, the degree to which a PSP has been implemented, and the
presence of implementation tools, such as written materials and training manuals.
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For the question of implementation difficulty, we used three categories: difficult, for PSPs
that require large scale organizational change; not difficult, for PSPs that require protocols for
drugs or devices, such as those needed to reduce radiation exposure or to help prevent stress-
related gastrointestinal bleeding; and moderate, for PSPs falling between the extremes.

Critical Review and Interpretation of Evidence

The TEP reviewed the results of the evidence review performed by the project team both in a
written draft document and at a face-to-face meeting in January 2012. One outcome of this
review was a set of recommendations about priorities for PSP adoption.

Results

We completed 18 in-depth reviews and 23 brief reviews. Table B summarizes the findings
according to the five main issues previously described (scope, strength of evidence, harms, costs,
and implementation). The table is organized into two main sections: PSPs aimed at a specific
(single) patient safety target, such as adverse drug events, or general clinical topics, such as
preventing pressure ulcers; and PSPs designed to improve the overall system or to address
multiple patient safety targets, such as nurse-staffing ratios or computerized provider order entry.
In some cases, the text in the PSP column differs slightly from the chapter heading for that PSP.
This is due to the desire by our TEP to include the target safety problem in the table (if targeted
at a specific safety problem), more specification, or an example of the PSP (e.g., adding “such as
a centralized display of consolidated data” to the PSP designated as “operating room integration
and display systems”).

Table B. Summary table*

Patient Safety Practice Scope of the Strength of Evidence or Estimate of Implementation
Problem Targeted Evidence for Potential for Cost Issues:
by the PSP Effectiveness Harmful How Much Do We
(Frequency/ of the PSPs Unintended Know?/How Hard Is
Severity) Consequences it?
Practices Designed for a Specific Patient Safety Target
Adverse Drug Events
High-alert drugs: patient safety Common/Moderate Low Low-to-moderate | Low Little/Moderate
practices for intravenous
anticoagulants;
in-depth review
Use of clinical pharmacists to Common/Low Moderate-to- Low High Little/Moderate
prevent adverse drug events; high
brief review
The Joint Commission’s “Do Not | Common/Low Low Negligible Low Little/Probably not
Use” list; brief review difficult
Smart infusion pumps; brief Common/Low Low Low Moderate Moderate/Moderate
review
Infection Control
Barrier precautions, patient Common/Moderate Moderate Moderate Moderate-to- | Moderate/Moderate
isolation, and routine surveillance (isolation of high
for the prevention of healthcare- patients)
associated infections; brief
review
Interventions to improve hand Common/Moderate Low Low Low Moderate/Moderate
hygiene compliance; brief review
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Table B. Summary table* (continued)

Patient Safety Practice Scope of the Strength of Evidence or Estimate of Implementation
Problem Targeted Evidence for Potential for Cost Issues:
by the PSP Effectiveness Harmful How Much Do We
(Frequency/ of the PSPs Unintended Know?/How Hard Is
Severity) Consequences it?
Reducing unnecessary urinary Common/Moderate Moderate-to- Low Low Moderate/Moderate
catheter use and other strategies high
to prevent catheter-associated
urinary tract infections; brief
review
Prevention of central line- Common/Moderate Moderate-to- Low Low-to- Moderate-to-difficult/
associated bloodstream high moderate Not difficult
infections; brief review (implementation of a
“bundle”)-to-moderate
(understanding
organization culture
and context)
Ventilator-associated Common/High Moderate-to- Low Low-to- Moderate/Moderate
pneumonia; brief review high moderate
Interventions to allow the reuse Common/Low Low Low Low A lot/Not difficult
of single use devices; brief
review
Surgery, Anesthesia, and Perioperative Medicine
Preoperative checklists and Common/Moderate High Negligible Low A lot/Moderate
anesthesia checklists to prevent
a number of operative safety
events, such as surgical site
infections and wrong site
surgeries; in-depth review
The use of ACS-NSQIP report Common/High Moderate-to- Low Moderate Moderate/Moderate
cards and outcome high
measurements to decrease
perioperative morbidity and
mortality; in-depth review
New interventions to prevent Rare/Low Low Negligible Low if it Little
surgical items from being left simply
inside a patient; brief review involves
more
frequent
manual
counting;
high if RFID
is used
Operating room integration and Common/Low-to- Low Negligible Moderate Moderate/Moderate
display systems, such as a high
centralized display of
consolidated data; brief review
Use of beta blockers to prevent Common/High High evidence | High (death, Low NA
perioperative cardiac events; harms may stroke,
brief review equal or hypotension, and
exceed bradycardia)
benefits
Use of real-time ultrasound Common/Low-to- High Negligible Low-to- A lot/Moderate
guidance during central line moderate moderate

insertion to increase the
proportion correctly placed on
the first attempt; brief review
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Table B. Summary table* (continued)

Patient Safety Practice Scope of the Strength of Evidence or Estimate of Implementation
Problem Targeted Evidence for Potential for Cost Issues:
by the PSP Effectiveness Harmful How Much Do We
(Frequency/ of the PSPs Unintended Know?/How Hard Is
Severity) Consequences it?
Safety Practices for Hospitalized Elders
Multicomponent interventions to Common/Low High Moderate Moderate Moderate/Moderate
prevent in-facility falls; in-depth (increased use of
review restraints and/or
sedation)

Multicomponent interventions to Common/Low Moderate Low Moderate Moderate/Moderate
prevent in-facility delirium; in-
depth review
General Clinical Topics
Multicomponent initiatives to Common/Moderate Moderate Negligible Moderate Moderate/Moderate
prevent pressure ulcers; in-depth
review
Inpatient, intensive, glucose Common/Moderate Moderate-to- High Low-to- NA
control strategies to reduce high evidence (hypoglycemia) moderate
death and infection; in-depth it doesn'’t help
review
Interventions to prevent contrast- | Common/Low Low Negligible Low Little/Not difficult
induced acute kidney injury; in-
depth review
Rapid-response systems to Common/High Moderate Low Moderate Moderate/Moderate
prevent failure-to-rescue; in-
depth review
Medication reconciliation Common/Low Moderate Low Moderate Moderate/Moderate
supported by clinical
pharmacists; in-depth review
Identifying patients at risk for Rare/High Low Low Moderate Little/Moderate
suicide; brief review
Strategies to prevent stress- Rare/Moderate Moderate Moderate Moderate Little/Not difficult
related gastrointestinal bleeding (pneumonia)
(stress ulcer prophylaxis); brief
review
Strategies to increase Common/Moderate High Moderate Low Little/Moderate
appropriate prophylaxis for (bleeding)
venous thromboembolism; brief
review
Preventing patient death or Rare/High Moderate Negligible Low Moderate/Not difficult
serious injury associated with
radiation exposure from
fluoroscopy and computed
tomography through technical
interventions, appropriate
utilization, and use of algorithms
and protocols; brief review
Ensuring documentation of Common/Moderate Moderate Low Low Moderate/Moderate
patient preferences for life-
sustaining treatment, such as
advanced directives; brief review
Increasing nurse-to-patient Common/High Moderate Low High A lot/Not difficult

staffing ratios to prevent death;

in-depth review
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Table B. Summary table* (continued)

Patient Safety Practice Scope of the Strength of Evidence or Estimate of Implementation
Problem Targeted Evidence for Potential for Cost Issues:
by the PSP Effectiveness Harmful How Much Do We
(Frequency/ of the PSPs Unintended Know?/How Hard Is
Severity) Consequences it?
Practices Designed To Improve Overall System/Multiple Targets
Increasing nurse-to-patient staff Common/High Low Low High A lot/Not difficult
ratios to prevent falls, pressure
ulcers, and other nursing
sensitive outcomes (other than
mortality); in-depth review
Incorporation of human factors Potentially Not assessed Negligible Moderate A lot/Moderate
and ergonomics in the design of | applicable to all systematically,
health care practices by hiring an | patient safety but moderate-
expert or training clinicians in problems to-high
human factors; in-depth review evidence for
some specific
applications
Promoting engagement by Common Emerging Uncertain Low Little/Moderate
patients and families to reduce practice (few
adverse events (such as patients studies
encouraging providers to wash available)
their hands); in-depth review
Interventions to promote a Common/Low-to- Low Uncertain Low-to- Moderate/Not difficult-
culture of safety; in-depth review | high moderate to-moderate (varies
(varies) with intervention)
Patient safety practices targeted | Common/High Emerging Uncertain Varies Varies
at diagnostic errors; in-depth practice (few
review studies
available)
Monitoring patient safety Common/Low-to- Low Negligible High Moderate/Difficult
problems; in-depth review high
Interventions to improve care Common/Moderate Low Negligible Moderate-to- | Little/Difficult
transitions at hospital discharge; high
in-depth review
Use of simulation-based training | Common/Moderate- | Moderate-to- Uncertain Moderate Moderate
and exercises; in-depth review to-high high for
specific topics
Obtaining informed consent from | Common/Moderate Moderate Negligible Low Moderate/Not difficult
patients to improve patient
understanding of potential risks
of medical procedures; brief
review
Teame-training in health care; Common/High Moderate Low Moderate Moderate/Moderate-
brief review to-difficult
Computerized provider order Common/Moderate Low-to- Low-to-moderate | High Moderate/Difficult
entry (CPOE) with clinical moderate
decision support systems
(CDSS); brief review
Interventions to prevent tubing Common/Moderate Low Low Low Moderate/Not difficult

misconnections; brief review
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Table B. Summary table* (continued)

Patient Safety Practice Scope of the Strength of Evidence or Estimate of Implementation
Problem Targeted Evidence for Potential for Cost Issues:
by the PSP Effectiveness Harmful How Much Do We
(Frequency/ of the PSPs Unintended Know?/How Hard Is
Severity) Consequences it?
Limiting trainee work hours; brief | Common/Moderate Low Moderate (at High Moderate/Difficult
review least); includes
lack of training
time

Abbreviations: ACS NSQIP=American College of Surgeons National Surgical Quality Improvement Program; NA = not
available; PSP: Patient Safety Practice; RFID = radio-frequency identification.

*In some cases, the text in the “PSP” column differs slightly from the chapter heading for that PSP. This difference is attributable
to our Technical Expert Panel’s desire to include the target safety problem (if the practice is in fact targeted at a specific safety
problem), more specification, or an example of the PSP (e.g., adding “such as a centralized display of consolidated data” to the
PSP designated as “operating room integration and display systems”).

Rating Scales:

Scope of the problem targeted by the PSP (frequency/severity): frequency = rare or common; severity = low, moderate, or high.
Strength of evidence for effectiveness of the PSPs: low, moderate, or high.

Evidence or potential for harmful unintended consequences: negligible, low, moderate, or high.

Estimate of cost: low, moderate, or high.

Implementation issues: How much do we know? = little, moderate, or a lot; How hard is it? = not difficult, moderate, or difficult.

Discussion

Since the 2001 report, “Making Health Care Safer,” a vast amount of new information on
PSPs has emerged. Compared with a decade ago, more agreement is now evident on what
constitutes evidence of effectiveness and the importance of implementation and context. In this
review, we determined that the strength of evidence was at least moderate for 20 PSPs, or about
half of those reviewed. For 26 of the PSPs, we judged that evidence of at least moderate strength
was available on how to implement them.

Thus, sufficient evidence exists about effectiveness and implementation to permit our TEP
members to conclude that some PSPs are ready to be “strongly encouraged” for adoption by
health care providers. Their assessments were based explicitly on the combination of the
available evidence with their expert judgment in interpreting the evidence. The 10 “strongly
encouraged” PSPs are listed in Table C.

Table C. Strongly encouraged patient safety practices

. Preoperative checklists and anesthesia checklists to prevent operative and post-operative events

. Bundles that include checklists to prevent central line-associated bloodstream infections

. Interventions to reduce urinary catheter use, including catheter reminders, stop orders, or nurse-initiated
removal protocols

. Bundles that include head-of-bed elevation, sedation vacations, oral care with chlorhexidine, and subglottic-

suctioning endotracheal tubes to prevent ventilator-associated pneumonia
Hand hygiene

“Do Not Use” list for hazardous abbreviations

Multicomponent interventions to reduce pressure ulcers

Barrier precautions to prevent healthcare-associated infections

Use of real-time ultrasound for central line placement

Interventions to improve prophylaxis for venous thromboembolisms

The TEP members concluded that several other PSPs had sufficient evidence of effectiveness
and implementation, and that they should be “encouraged” for adoption. The 12 “encouraged”
PSPs are listed in Table D.
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Table D. Encouraged patient safety practices

. Multicomponent interventions to reduce falls

Use of clinical pharmacists to reduce adverse drug events

Documentation of patient preferences for life-sustaining treatment

Obtaining informed consent to improve patients’ understanding of the potential risks of procedures

Team training

Medication reconciliation

Practices to reduce radiation exposure from fluoroscopy and computed tomography scans

Use of surgical outcome measurements and report cards, like the American College of Surgeons National
Surgical Quality Improvement Program

Rapid response systems

. Utilization of complementary methods for detecting adverse events/medical errors to monitor for patient
safety problems

. Computerized provider order entry

. Use of simulation exercises in patient safety efforts

The 22 PSPs in Tables C and D represent practices that health care providers can consider for
adoption now. This recommendation particularly applies to the 10 “strongly encouraged”
practices. For these practices, at least in the judgment of our TEP, there is sufficient knowledge
to implement them, and that doing so will likely result in safer care. Future evaluations will
likely further the knowledge of how best to implement the practices to make them most effective.
However, in the meantime, our TEP believes that providers should not delay their consideration
of adopting these practices, as enough is known now to permit health care systems to move
forward.

Limitations

Because of limited resources and time, the current report does not cover the entire patient
safety field, which has grown exponentially since the last report, both in the number of potential
PSPs and in the amount of data about individual PSPs. For that reason, we used an explicit and
transparent process to select which PSPs to evaluate, and our final list of 41 (from the more than
150 candidates) included the PSPs we felt were of highest priority to policymakers and
providers.

Secondly, we did not perform in-depth reviews for all 41 PSPs. To maximize use of the
available time and resources, we tailored our methods to the needs of our stakeholders. In
particular, we targeted the 18 PSPs that were of the greatest interest to our stakeholders, or for
which we likely had the most new information for in-depth reviews. The remaining 23 PSPs
received brief reviews. It is important to note that the decisions about which PSPs would receive
which level of scrutiny and analysis were made by a broadly representative stakeholder
committee.

Thirdly, the in-depth reviews, although thorough, did not conform to all of the criteria for
conducting an evidence review as presented in the Institute of Medicine’s report, “Finding What
Works in Health Care: Standards for Systematic Reviews,”™ or to all the criteria in AHRQ’s
“Methods Guide for Effectiveness and Comparative Effectiveness Reviews?; for example, we
did not publicly post a protocol for each of the individual reviews. We used our collective
experience as EPC team members to adapt existing EPC methods that best preserved the essence
of a systematic review, while allowing for the completion of 18 in-depth reviews within 9
months and within the available budget.

Additionally, over time, we will likely improve our methods for assessing evidence regarding
how patient safety interventions affect health care processes and outcomes. The methods we used
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for this report incorporate new perspectives regarding the importance of implementation and
context, which was the focus of the “Context Sensitivity” report; likewise, in the future, we
expect to increase our understanding of the interactions between multiple intervention,
implementation, and organizational variables and how the variables influence safety outcomes. If
future research reveals that these variables interact in ways that our current understanding of
theory and logic models cannot explain, we will need to modify the methods for evaluating PSPs
again.

Lastly, we relied on the judgment of our TEP at every important step of the project.
Therefore, the results are as much a product of these judgments as are our systematic review
methods. Hence, our results might be sensitive to the selection of particular experts on our TEP.
However, we mitigated this potential bias by including more than double the number of experts
on our TEP as we typically would for an EPC review, which allowed us to include a diverse set
of stakeholders from the U.S., Canada, and the United Kingdom. Stakeholders included PSP
developers and evaluators, patient safety policymakers, and experts in design and evaluation
methods. Rather than regarding the tight linkage between the needs of the stakeholders and the
work of the EPCs as a limitation, we view it as a strength that increases the likelihood that the
results of the review will be meaningful to providers, payors, and patients, and that the report’s
results will lead to meaningful change.

Future Research Needs

Despite over a decade of effort, there is little evidence that patient outcomes (broadly
measured) have significantly improved, yet there has been some success (generally in efforts to
reduce one type of harm, usually using one method of improvement). For example, efforts have
focused on reducing blood stream infections, improving teamwork, or enhancing patient
engagement.

If health care is to make significant improvements in patient safety, research should inform
and guide these efforts. We have learned much about how to improve safety, yet we need to
learn much more. Acquiring this knowledge will require investments in patient safety research,
including investing in “basic” methodological research. To date, investments in patient safety
research have fallen far short of the magnitude of the problem.

To achieve progress in improving patient safety, research is needed in a number of areas,
including the following:

e “Basic” patient safety research to develop new tools and measures, and research to ensure

that the tool matches the problem

e A larger number of valid measures of patient safety

e Better methods to measure context and how an intervention was implemented

e Methods to identify and provide the necessary skills, resources, and accountability (e.g., a

safety management infrastructure) at each level of the health care system
More effective and less burdensome methods of improvement so that clinicians, researchers, and
administrators can work on reducing all potential patient harms, rather than a select few.
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Part 1. Overview

Chapter 1. Introduction

The modern patient safety movement is believed by many to trace its origins to the 1999
publication of the groundbreaking report, “To Err is Human” by the Institute of Medicine.* This
report, which highlighted the 44,000 to 98,000 deaths per year from medical errors in the United
States (U.S.) (the equivalent of the fatalities that would result from the crash of a “jumbo jet a
day”), galvanized the public and resulted in the focus, of widespread media and legislative
attention, for the first time, on the issue of patient safety. Parallel reports from other countries
were similarly influential >

As part of its initial portfolio of patient safety activities, the Agency for Healthcare Research
and Quality (AHRQ) commissioned a team from the University of California, San Francisco
(UCSF)-Stanford University Evidence-Based Practice Center to analyze the evidence behind a
diverse group of patient safety practices (PSPs) in use—or conceptualized—at that time. The
report—"Making Health Care Safer: A Critical Analysis of Patient Safety Practices” (MHCS)—
was published in 2001.% The report analyzed nearly 80 different safety practices on several
dimensions, including potential impact, supporting evidence, and costs and complexity of
implementation. Based on these evidence reviews, practices were ultimately rated on both impact
and evidence, as well as prioritization for future research.

MHCS was immediately both influential and controversial. Several hundred thousand copies
of the report were distributed by AHRQ, and it became a lynchpin for other efforts (such as the
National Quality Forum’s Safe Practices list) to describe PSPs through the lens of evidence-
based medicine. The controversy was generated by the report’s rankings of PSPs—in particular,
the relatively low rankings for certain popular practices such as computerized order entry—
which raised fundamental questions about the role of evidence in assessing the value of quality
and safety practices, questions that continue to be debated to this day.*”

In 2001, hospitals and health care organizations were under relatively little pressure to
implement safety practices. A decade later, the stakes have grown far higher.® Regulators and
accreditors are pushing health care organizations to adopt various “safe practices” or to avoid
particular adverse events that are considered wholly or largely preventable. Many payers,
including the Centers for Medicare & Medicaid Services, have embedded patient safety into pay-
for-performance and “no pay for errors” initiatives. Billions of dollars and millions of person-
hours have been invested in a variety of efforts to improve safety, and virtually every health care
delivery organization now identifies patient safety as one of its top strategic priorities.

Yet the evidence indicates that our progress in eradicating medical errors has not matched the
efforts and financial resources invested in implementing PSPs. Studies of some practices that
have tremendous intuitive appeal, such as reducing resident duty hours and implementing rapid
response teams, have yielded conflicting results.®'° Many examples of unintended consequences
of safety practices have emerged,** and the successful implementation of safety practices has
been shown to be highly context dependent,*? often working effectively in some hospitals but not
others. Although a national initiative to improve safety in the United Kingdom found some
evidence of improvement, control hospitals improved as much as those that participated in a
vigorous intervention.'® Three recent U.S. studies have demonstrated continuing high rates of
preventable harm in hospitals;***° one of these studies showed evidence of no improvement in
adverse event rates from 2003 to 2008.**



Against this backdrop, AHRQ, believing that the time has come to re-examine the state of the
evidence supporting a wide variety of PSPs, commissioned a team led by investigators at RAND
Health, UCSF, and Johns Hopkins to reexamine the evidence behind key PSPs. Many of the
individuals engaged in this task participated in producing the original MHCS report, the MCHS
methodology formed the cornerstone of the present effort, and many of the practices examined
for this report were those previously reviewed in 2001. Thus, we see the present report as a
natural sequel to MHCS.

Because of the burgeoning literature relevant to patient safety and the limits of budget and
time, we selected a subset of PSPs to examine for this present report (chosen through methods
described in Chapter 2) rather than attempt, as we did in 2001, to review all PSPs. Moreover, the
maturation of the safety field has led to a deeper appreciation of the importance of context in
PSPs, a topic examined by our research team in our 2010 report, “Assessing the Evidence for
Context-Sensitive Effectiveness and Safety of Patient Safety Practices: Developing Criteria.”’
Accordingly, this report emphasizes matters of context and generalizability, as well as
unintended consequences, to a greater degree than did MHCS.

Who Will Use This Report, and for What Purpose?

We envision that this report will be useful to a wide audience.

Policymakers may use its contents and recommendations to promote or fund the implementation
of particular practices. Similarly, leaders of local health care organization (including hospitals,
medical groups, or integrated delivery systems) may use the data and analyses to choose which
practices to consider implementing or further promote at their institutions. Because of
consumers’ keen interest in patient safety, the connection between the emergence of an evidence-
based practice and the enactment of an associated accreditation standard, regulation, public
reporting requirement, or payment-based initiative is much tighter for PSPs than it is for clinical
practices. This makes it particularly crucial that policymakers have good data on which to base
their decisions.

Clinicians are increasingly being asked to participate in patient safety activities and want to
know the evidence supporting PSPs that they are being asked to help implement. For trainees
and teachers, patient safety is now seen as foundational to the education of doctors, nurses,
pharmacists, health care administrators, and other ancillary health care personnel. We hope that
trainees and practicing clinicians alike will find the material both interesting and relevant to their
day-to-day practices.

Researchers will find a wealth of potential research opportunities. Those who fund research,
including (but not limited to) AHRQ, will find that we explicitly identified future research needs.
As our understanding of the patient safety field has matured, researchers have become
increasingly aware of the complexity of PSPs. For example, the widespread enthusiasm for the
use of checklists™® (which was largely absent in 2001) has led to cautionary notes from several
patient safety leaders regarding the degree to which even seemingly simple PSPs are dependent
on culture change and local context.***

Patient safety professionals, meaning people directly involved in improving patient safety and
those working in organizations focused on quality and patient safety, overlap with each of the



three groups above, but deserve their own designation here, as they may be the most frequent and
intense users of this report as they seek to improve patient safety at their own institutions.

Finally, while this volume is not primarily written for patients and their families, both groups
have become increasingly involved in patient safety efforts in a variety of ways. We welcome
such engagement and believe that patients, families, and their advocates can help advance efforts
to prevent harm.

A decade ago, our early enthusiasm for patient safety was accompanied by a hope—and
some magical thinking—that finding solutions to medical errors would be relatively
straightforward. Simply adopt some techniques drawn from aviation and other “safe industries,”
build strong information technology systems, and improve culture, and, the hope went, patients
would immediately become safer in hospitals and clinics everywhere.

We now appreciate the naivety of this point of view. Making patients safe will require
ongoing efforts to improve practices, training, information technology, and culture. It will need
top-down resources and leadership, accompanied by bottom-up wisdom and innovation. It will
depend on a strong policy environment that creates appropriate incentives, while avoiding an
environment in which providers’ enthusiasm and creativity are sapped by an overly rigid,
prescriptive bureaucracy and set of rules.

While we have become more sophisticated about the challenges of keeping patients safe over
the past decade, the fundamentals have not changed: we need good and well-trained people,
armed with good data, operating under good policies, working under good leaders to do the right
things for patients. We hope this report contributes to these efforts by helping to identify those
right things.
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Chapter 2. Methods

Topic Development

This topic was nominated by leaders of the Agency for Healthcare Research and Quality’s
Patient Safety Portfolio, part of the Center for Quality Improvement and Patient Safety.
The original goals of the project were stated as follows:

The analysis shall build on and expand upon earlier evidence
reports and current listing of Safe Practices by the National Quality
Forum’s (NQF) ‘Safe Practices for Better Healthcare 2010
Update.” The analysis shall focus on the collection of evidence of
the effectiveness of new safe practices that have been developed
but not included in the 2010 update, evidence of implementation of
current and new safe practices and the adoption of safe practices
by health care providers. This analysis shall include the review of
scientific literature, other appropriate analyses, and extensive peer
review of the draft report. The final report of this project will be
used by AHRQ for strategic planning in its patient safety portfolio
for future project development, implementation of safe practices.
The report will also be used by external organizations such and the
NQF, Joint Commission and others in their patient safety efforts.

The preliminary Key Questions, pending topic refinement, were organized into three
categories.

Design, Development and Testing of New Patient Safety Practices

What new patient safety practices (PSPs) have been developed since 2001 and/or are not
included in the NQF safe Practice list in 2010?

What is the nature of the safety practice i.e. clinical, organizational, or behavioral?
What is the intended risk that the practice is designed to prevent or mitigate?

Describe how the practice is a bundle of individual components or practices, if
applicable.

What is the intended setting for the practice, i.e., in patient, ambulatory, combination,
specialty, or clinical domain, and organizational setting?

What are the nature, quality, and weight of evidence of the practice’s effectiveness?

Implementation of Patient Safety Practice

Was the safety practice implemented outside the developing institution?

What were the contextual settings in which it was implemented?

What were the issues, barriers, problems, successes, and failures in the implementation of
the practice?

What modifications and/or customizations were made (if any) in the implementation
process?

What are the different implementation settings outside the developing institution that
have been reported for this practice?



e Describe how the practice has been sustained in its use after initial implementation.
e Was there any external support for the implementation process, e.g., AHRQ technical
support, use by a collaborative, or quality improvement organization (Q10)?

Adoption/Diffusion

e What is the extent to which the practice has been adopted by multiple institutions or
organizations outside the developing institution?

e Was there any organized activity or program to support the diffusion of this innovation or
practice?

e What, if any, evidence exists on the sustained use of the practice?

e Has the practice become a requirement for use by any accreditation or credentialing
agency or organization?

Project Overview

An overview of the project is depicted in Figure 1. A key aspect of this project is the active
participation of a Technical Expert Panel (TEP) comprising a large number of patient safety
stakeholders and evaluation methods experts. We retained the participation of the TEP that had
participated in a prior AHRQ-supported project, “Assessing the Evidence for Context-Sensitive
Effectiveness and Safety of Patient Safety Practices: Developing Criteria” (hereafter referred to
as “Context Sensitivity”). The TEP comprised many of the key patient safety leaders in the
United States., Canada, and the United Kingdom, including experts in specific PSPs, as well as
experts in evaluation methods and people charged with implementing PSPs in hospitals and
clinics.

We divided the project into three phases: topic refinement, the evidence review, and the
critical review and interpretation of the evidence. The project team conducted the topic
refinement and the critical review and interpretation of the evidence jointly with the TEP; the
project team performed the evidence review.

Topic Refinement

Because the goals of the project were to assess the “evidence of the effectiveness of new safe
practices” and the “evidence of implementation of current...safe practices,” practically all PSPs
were potentially eligible for inclusion in this review. Thus our first task was to refine the scope
of the topic to something that was achievable within the timeframe and budget for the project;
this task was undertaken by the project team and the TEP. Figure 1 presents an overview of how
this task was accomplished. We first compiled a list of potential PSPs for the review, starting
with the 79 topics in the MHCS report (2001)? and adding practices from the National Quality
Forum’s 2010 Update, the Joint Commission, and the Leapfrog Group; practices identified in an
initial scoping search; and those suggested by our TEP. This effort resulted in an initial list of
158 potential PSPs (see Appendix A).



Figure 1, Chapter 2. Overview of the project
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We then conducted an internal project team process that included amalgamation of some topics
and renaming of others, resulting in 96 PSPs. Internal project team triage resulted in our
identifying 35 PSPs we believed must be included, 48 PSPs about which we were unsure, and 13
that we believed could be excluded or folded into other PSPs that were on our “include” list
(Table 1). As indicated, we incorporated some of those 13 topics into other topics, such as the
monitoring topics. We excluded others that we judged to represent more of a quality issue than a
patient safety issue (such as pneumococcal vaccination interventions and regionalizing surgery to
high volume centers), whereas we judged others to be too late (warfarin interventions, in light of
the emergence of new oral anticoagulants) or too early in development (radio-frequency
identification [RFID] devices attached to wandering patients) for consideration.



Table 1, Chapter 2. Initially excluded topics

Topic

Team Comment

Use of computer monitoring for potential ADEs (ADEs
related to targeted classes (analgesics, potassium
chloride, antibiotics, heparin) (focus on detection))

Seems this could be part of a broader focus on patient
safety reporting systems.

Anticoagulation services and clinics for coumadin
(Adverse events related to anticoagulation)

This is likely to become less important in the future with a
move to non-coumadin-based anticoagulants such as
dabigatrin, which do not require the same degree of
monitoring.

Localizing specific surgeries and procedures to high
volume centers (Mortality associated with surgical
procedures)

We could include if the policy recommendation (i.e., the
intervention) was to implement this type of policy. This
became a “safety practice” when Leapfrog included it,
but it's just as easy to argue that it's quality rather than
safety.

Maintenance of perioperative normothermia (Surgical site
infections)

Would bundle in preventing SSI.

Use of supplemental perioperative oxygen (Surgical site
infections)

Intraoperative monitoring of vital signs and oxygenation
(Critical events in anesthesia)

Could add to info on OR data integration and display
systems

Methods to increase pneumococcal vaccination rate
(Pneumococcal pneumonia)

Seems more like a quality issue than a safety issue.

Pain management (overall topic)

Probably not a PSP.

Non- pharmacologic interventions to relieve post-
operative pain (e.g., relaxation, distraction)

Endoscope reprocessors (Healthcare-associated
infections)

Include under reprocessing topic

Laser resistant endotracheal tubes (Surgical fire)

Surgical and exam gloves (i.e., to prevent infection from
clinician to patient)

Not sure if covered in other topic.

RFID-type tracking of patient location (e.g., for
wandering) (Wandering and elopement in
patients/residents with dementia, or infant abduction)

Interesting topic, but no evidence yet that the team
knows of.

We then sought input from our TEP about these decisions, offering them the opportunity to
change any of the “include/exclude” decisions, and asked for formal votes on the 49 PSPs

classified an “Unsure.”

This effort resulted in 48 PSPs judged to be of highest priority in terms of the need for an
evidence review of effectiveness, implementation, or adoption, still too large a number of topics
to review comprehensively within the given timeframe. Therefore, we asked our TEP to assess
whether “breadth” or “depth” was likely to be more valuable for stakeholders—in other words,
we asked whether the review should focus on fewer topics in more detail or cover all topics but
in less detail. Our TEP recommended a hybrid approach in which some topics would be
reviewed in depth, whereas other topics would receive only a “brief review.” Topics could be
considered to need only a “brief review” for several reasons: the PSP is already well-established;
stakeholders need to know only “what’s new?” since the last time this topic was reviewed in
depth; new evidence suggests the PSP may not be as effective as originally believed, so it is no
longer a priority safety practice to implement; or it is an emerging PSP with limited evidence yet

accumulated about it.

For each of the 48 topics, we then solicited formal input from our TEP about the need for an
in-depth review, a brief review, or no review at all. Table 2 presents the results in terms of the
proportion of TEP members who recommended a topic undergo an in-depth review, a brief
review, or no review at all. We designated all topics that received 50 percent or greater support
for an in-depth review to be reviewed in depth; all other topics were designated for brief reviews.




No topic on the list received 50 percent or greater support for no review at all. The list underwent
further modification, as some PSPs originally designated as separate topics were judged to be
sufficiently similar to be covered together in one review; examples included the topics related to
transitions in care and those related to monitoring.
A final set of modifications to this scope occurred during the course of the reviews.

Our PSP topic on pressure ulcers was modified to focus solely on implementation, as an

EPC review of the effectiveness of pressure ulcer prevention interventions is currently

underway.
[ ]

into a single in-depth review.

[ ]
an in-depth review.

We combined the topics, “diagnostic errors” and “notification of test results to patients”

The body of literature on simulation methods was sufficiently large that we treated it as

The review topics were then divided among the participating EPCs. Weekly teleconference
calls and email were used to promote common practices in the review process.

Table 2, Chapter 2. Proportion of technical expert panelists expressing a preference for the level

of evidence review for each PSP

PSP* [in-Depth [Brief Review  |No Review
In-Depth

Handoff - (Transitions in care) 79% 21% 0%
Medication reconciliation 71% 29% 0%
Rapid response teams 67% 20% 13%
Fall prevention strategies and

interventions to reduce the use of 64% 29% 7%
restraints

D|agnost|p errors - meta-cogpnition, 64% 21% 14%
computerized decision support

Prqtocols for notification of test results to 64% 29% 7%
patients

Geriatric/delirium programs 64% 7% 29%
Monitoring for patient safety problems 57% 36% 7%
Preventlng ventilator-associated 5706 21% 210
pneumonia

Pressure ulcer prevention 57% 36% 7%
Promoting a culture of safety 53% 33% 13%
Unlvgrsal protocol/preoperative checklist 50% 43% 7%
(surgical safety)

Report cards/outcomes measurement o o o
like NSQIP (surgical safety) 50% 43% 7%
Nurse staffing patterns and ratios 50% 36% 14%
Other _mter\_/entlons targetln_g |mp_roved 50% 36% 14%
transitions in care — (Transitions in care)

Intensive insulin therapy for glycemic 50% 36% 14%
control

Use of preoperative anesthesia

checklists (Complications due to 50% 29% 21%
anesthesia equipment failures)

Protocols for high rlsk_drugs, e.g., 50% 29% 21%
nomograms for heparin

Interveqtlons to prevent contrast-induced 50% 36% 14%
renal failure

The patient’s role in preventing errors 50% 21% 29%




Table 2, Chapter 2. Proportion of technical expert panelists expressing a preference for the level
of evidence review for each PSP (continued)

[gastrointestinal bleeding

PSP* In-Depth Brief Review No Review
Human factors —asa gengral top|p, 50% 13% 38%
focus still to be more precisely defined
Brief Review
CPOE and clinical decision support o o o
systems (CDSS) 47% 47% 7%
Bundles and pheckllsts asa generql 47% 40% 13%
strategy (not just for specific indications)
Simulator-based training 46% 31% 23%
Pre_ventlon o_f surgical items left inside 43% 50% 7%
patient (surgical safety)
Medication administration 43% 50% 7%
Display systems 43% 43% 14%
Hand wash_lng + interventions to improve 36% 50% 14%
hand washing compliance
Perioperative beta- blockers 36% 57% 7%
_VTE prophyl_ams and methods for 36% 50% 14%
implementation
[Team training/team practices 36% 43% 21%
lelyng individual provider’s hours of 36% 50% 14%
service
_Smart pumps and other protocols for 36% 50% 14%
infusion pumps
Deylce-rglated stre}tegles for preventing 36% 43% 210
tubing misconnections
Clinical pharmacist consultation services 36% 43% 21%
Prevention of nhosocomial UTls 33% 53% 13%
Usg of real-tlmg uIt'rasou.nd guidance 33% 60% 7%
during central line insertion
Patler_lt understand|ng/|nfqrmed consent 29% 36% 36%
(possibly includes health literacy)
Interventions for ce_ntral venous catheter- 29% 50% 21%
related blood infections
Patient death or serious injury associated

ith prolonged fluoroscopy with 29% 36% 36%
cumulative dose
Death among surgical patients with
serious treatable complications (failure to 29% 36% 36%
rescue)
Barrier precautions, patient isolation,
routine surveillance for patients at 21% 71% 7%
admission
Identifying patients at risk for suicide 21% 64% 14%
Sign your sm? protocols - potentially 14% 79% 7%
part of checklists
P_rocesses relat_ed to reprocessing 14% 50% 36%
single-use medical devices
Do not use abbreviations, acronyms,
symbols, and dose designation 14% 79% 7%
campaign
Ensure documer_ltatlon of_ patients 7% 50% 43%
preferences for life-sustaining treatment
Strategies to prevent stress-related 7% 50% 43%

*The topic titles listed in this table were the exact titles the TEP considered in their decision-making; some of these PSP topics or

titles underwent further revisions to their final title between that assessment and this final report.
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Evidence Assessment Framework

The framework for our consideration of the evidence regarding a PSP was worked out as part
of the prior AHRQ “Context Sensitivity” project.> A principal challenge in previous reviews of
PSPs has been addressing the question of what constitutes evidence for PSPs. Many practices
designed to improve quality and safety are complex sociotechnical interventions whose targets
may be entire health care organizations or groups of providers, and these interventions may be
targeted at extremely rare events. To address the challenge regarding what constitutes evidence,
we recognize that PSPs must be evaluated along two dimensions: (1) the evidence regarding the
outcomes of the safety practices, and (2) the contextual factors that influence the practices’ use
and effectiveness.

Figure 2 presents this framework, depicting a generic PSP that consists of a bundle of
components (the individual boxes) and the context within which the PSP is embedded. Important
evaluation questions, as depicted on the right, concern effectiveness and harms, implementation,
and adoption and spread. We then apply criteria to evaluate each of four factors that together
constitute equality (depicted as puzzle pieces in the bottom half of the figure):

1. Constructs about the PSP, its components, context factors, outcomes, and ways to
measure these constructs accurately;

2. Logic model or conceptual framework about the expected relationships among these
constructs;

3. Internal validity to assess the PSP results in a particular setting; and

4. External validity to assess the likelihood of being able to garner the same results in
another setting.

We then synthesize this information into an evaluation of the strength of the evidence about a
particular PSP.

Figure 2, Chapter 2. Framework for evidence assessment of patient safety practices
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The principal results of the “Context-Sensitivity” project included the following key points.

e Whereas controlled trials of PSP implementations offer investigators greater control of
sources of systematic error than do observational studies, trials often are not feasible, in
terms of time or resources. Also, controlled trials are often not possible for PSPs
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requiring large-scale organizational change or PSPs targeted at very rare events.

Furthermore, the standardization imposed by the clinical trial paradigm may stifle the

adaptive responses necessary for some quality improvement or patient safety projects.

Hence, researchers need to use designs other than RCTs to develop strong evidence about

the effectiveness of PSPs.

e Regardless of the study design chosen for an evaluation, components that are critical for
evaluating a PSP in terms of how it worked in the study site and whether it might work in
other sites include the following:

o0 Explicit description of the theory for the chosen intervention components, and/or an
explicit logic model for “why this PSP should work;”

o Description of the PSP in sufficient detail that it can be replicated, including the
expected change in staff roles;

0 Measurement of contexts;

0 Explanation, in detail, of the implementation process, the actual effects on staff roles,
and changes over time in the implementation or the intervention;

0 Assessment of the impact of the PSP on outcomes and possible unexpected effects
(including data on costs, when available); and

o For studies with multiple intervention sites, assessment of the influence of context on
intervention and implementation effectiveness (processes and clinical outcomes).

e High-priority contexts for assessing any PSP implementation include measuring and
information for each of the following four domains:

o Structural organizational characteristics (such as size, location, financial status,
existing quality and safety infrastructure);

o External factors (such as regulatory requirements, the presence in the external
environment of payments or penalties such as pay-for-performance or public
reporting, national patient safety campaigns or collaboratives, or local sentinel patient
safety events);

o Patient safety culture (not to be confused with the larger organizational culture),
teamwork, and leadership at the level of the unit; and

o0 Awvailability of implementation and management tools (such as staff education and
training, presence of dedicated time for training, use of internal audit-and-feedback,
presence of internal or external people responsible for the implementation, or degree
of local tailoring of any intervention).

These principles guided our search for evidence and the way we present our findings in this
report (see Table 3).

12



Table 3, Chapter 2. Format for in-depth reviews

How important is the problem?

This section briefly sketches the nature of the target for the Patient Safety Practice.

What is the Patient Safety Practice?

This section describes the practice or practices proposed and evaluated.

Why should this Patient Safety Practice work?

This section describes what has been written about the basis for a proposed Patient Safety Practice, such
as an underlying theory, a logic model for how it should work, or prior data.

What are the beneficial effects of the Patient Safety Practice?

This section provides the review of the evidence of effectiveness, and is the section most similar to
traditional Evidence-based Practice Center reports.

What are the harms of the Patient Safety Practice?

This section contains the evidence of harms. Unlike reviews of most clinical interventions, evaluating
potential harms is not a routine part of Patient Safety Practice evaluations. Thus, for most topics, this section
is underdeveloped.

How has the Patient Safety Practice been implemented, and in what contexts?

This section describes what has been reported about how to implement the Patient Safety Practice and the
range of institutions or contexts of where it has been implemented. When there is sufficient evidence,
implementation studies are evaluated qualitatively for themes regarding effective implementation.

Are there any data about costs?

This section describes the evidence of costs of implementing the Patient Safety Practice, or, in some cases,
cost-effectiveness analyses that have been performed.

Are there any data about the effect of context on effectiveness?

This section describes the evidence about whether or not the Patient Safety Practice has been shown to
have differential effectiveness in different contexts. The “Context Sensitivity” project defined important
contexts for Patient Safety Practices in four domains: external factors (e.g., financial or performance
incentives or Patient Safety Practice regulations); structural organizational characteristics (e.g., size,
organizational complexity, or financial status); safety culture, teamwork, and leadership involvement; and
availability of implementation and management tools (e.g., organizational training incentives).4

Evidence Review Process

As already noted, this report presents two types of evidence reviews: in-depth reviews and
brief reviews. In this section, we describe the general methods for each type of review. The
details of the review processes for individual topics (for example, the search strategies and flow
of articles) varied by topic and are described in Appendix C. The evidence reviews were
conducted by the project team. Figure 3 presents an outline of the general methods for each type
of review.

In-Depth Reviews

Many of the 18 topics designated for an in-depth review were likely to have been the subject
of a previous systematic review; thus, the review process usually began with a search to identify
existing systematic reviews. To assess their potential utility, we followed the procedures
proposed by Whitlock and colleagues® which essentially meant addressing the following two
questions:

e s the existing review sufficiently “on topic” to be of use? and

e s it of sufficient quality for us to have confidence in the results?
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Assessment of whether a review was sufficiently “on topic” was a subjective judgment based
on the patients-intervention-comparators-outcomes-timeframe (PICOT) focus of the existing
review. To assess the quality of the systematic review, we, in general, used the AMSTAR criteria
(see Appendix B).® If an existing systematic review was judged to be sufficiently “on topic” and
of acceptable quality, then based on that review, the following searches were undertaken:

e A full update search, in which databases were searched for new evidence published since

the end date of the search in the existing systematic review; and/or

e A search for “signals for updating,” according to the criteria proposed by Shojania and

colleagues,” which involved a search of high-yield databases and journals for “pivotal
studies” whose results might be a signal that a systematic review is out-of-date.

e Based on the results of these searches, the existing review was supplemented with newer

evidence or considered to be up-to-date.

Any evidence identified via the update search or the “signals” search was added to the
evidence base from the existing systematic review.

For some topics, no systematic review could be identified, or those that were identified were
either not sufficiently relevant or not of sufficient quality to be used. In those situations, new
searches were done using guidance as outlined in the EPC Methods Guide.®

As indicated above, evidence about context, implementation, and adoption are key aspects of
this review. We searched for evidence on these topics in two ways:

We looked for and extracted data about contexts and implementation from the articles
contributing to the evidence of effectiveness;

We identified “implementation studies” from our literature searches. “Implementation
studies” focus on the implementation process, especially those elements of the implementation
demonstrated or believed to be of particular importance for the success, or lack of success, of the
intervention. To be eligible, implementation studies needed to either report, or be linked to
reports of, effectiveness outcomes.

Brief Reviews

Brief reviews are explicitly not full systematic reviews or updates. The goals of the brief
reviews varied by PSP, according to the needs of stakeholders. The assessment could focus
primarily on information about effectiveness of an emerging PSP or implementation of an
established PSP; alternatively, the review could explore whether new evidence calls into
question the effectiveness of an existing PSP. Thus, the methods used to conduct the brief
reviews varied according to the various goals of the reviews. . However, in general, brief reviews
were conducted by an expert in the topic in collaboration with the project team, and involved
focused literature searches for evidence relevant to the specific need. This evidence was then
narratively summarized in a format that also varied with the particular goal.
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Figure 3, Chapter 2. Evidence review process
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Assessing Quality of Individual Studies

In general, to assess the quality, or risk of bias, of individual studies contributing evidence of
effectiveness to in-depth reviews, we used the criteria published on the Cochrane Effective
Practice and Organisation of Care (EPOC) Web site.’ This Cochrane Group is devoted to
reviews of interventions designed to improve the delivery, practice, and organization of health
care. Thus, it uses quality/risk of bias assessment instruments that are applicable to numerous
study designs; criteria are available for controlled-before-and-after studies and for time series
studies, as well as for randomized trials.

For the many topics included in this review for which we identified an existing systematic
review as a starting point for our review, we accepted the original review’s assessment of the
quality/risk of bias of included studies. In other words, we did not re-score the original studies
included in an existing systematic review for risk of bias. A consequence of this decision is that
we did not apply the EPOC criteria to assess quality/risk of bias for some topics in this report,
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but instead relied on the criteria originally chosen for that review, for example the criteria of the
U.S. Preventive Services Task Force.

Implementation studies were not assessed for their quality, as we lacked evidence or expert
opinion about the criteria for such an assessment.

Assessing Strength of Evidence for a Patient Safety Practice

Table 4 shows the scheme we employed for assessing the strength of the body of evidence
regarding a specific PSP. This scheme starts with elements taken from the EPC Methods Guide
on strength of evidence,™ which itself borrows largely from the GRADE scheme,***? and
incorporates elements about theory, implementation, and context taken from the prior AHRQ *
“Context Sensitivity” report.® It includes an assessment of the risk of bias, by whatever criteria
were used for a particular PSP, and then adjusts the strength up or down based on standard
GRADE criteria and on criteria about the use of theory and description of implementation. The
points for scoring are meant only as a guide. Implementation studies were not assessed for
strength of evidence.

Table 4, Chapter 2. Criteria for assigning strength of evidence for effectiveness/harms questions

What does the evidence show about the effectiveness of this PSP among those at risk?

Individual study risk-of-bias score: Low (+4); Moderate (+3); High (+2); for Cochrane/EPOC Risk of Bias
instrument, suggest zero “No” answers = Low risk, one to two “No” answers = Moderate risk, and three or
more “No” answers = High risk; suggest taking the median or average as the overall risk of bias for the
evidence base.

Across all study types, decrease score if:

Important inconsistency across studies (-1)

Serious imprecision (-1)

High probability of reporting bias (-1)

No explanation in any of the studies of why the PSP might work, either in terms of theory, logic
models, or prior success in other fields or in pilot studies (-1)

e PSP not described in sufficient detail to permit replication (-1)

Across all study types, increase score if:

e Very strong effect in majority of studies (+1)

e All plausible residual confounding would reduce a demonstrated effect or would suggest a spurious
effect if no effect was observed (+1)

e Use of theory/logic models, assessment of contexts, reporting of implementation process, and
fidelity of implementation (+1)

For observational studies, increase score if:

e Use of observational study designs of stronger internal validity (controlled before-and after, time
series, statistical process control) (+1)

If evidence allows a conclusion, then strength of evidence should be scored as follows:

e 2+4 = High
e +3 = Moderate
e +2=Low

If evidence does not permit a conclusion then the strength of evidence = insufficient
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Summarizing the Evidence

We expected that users of this report would want a summary of the evidence for each topic.
Such summary messages may facilitate uptake of the findings. We summarized the evidence
according to the following domains:

Scope of the problem. In general, we addressed two issues: (1) the frequency of the safety
problem, and (2) the severity of each average event. For benchmarks, we regarded safety
problems that occur approximately once per 100 hospitalized patients, as “common;” examples
include falls, venous thromboembolism (VTE), potential adverse drug events, or pressure ulcers.
In contrast, events an order of magnitude or more lower in frequency were considered “rare;”
such events include inpatient suicide and surgical items left inside the patient. The scope must
also consider the severity of each event: most falls do not result in injury, and most potential
adverse drug events do not result in a clinical harm. However, each case of inpatient suicide or
wrong site surgery is devastating.

Strength of evidence for effectiveness. In general, this assessment follows the framework for
strength of evidence presented above.

Evidence on potential for harmful unintended consequences. Most PSP evaluators have not
explicitly assessed the possibility of harm. Consequently, this domain includes evidence of both
actual harm and the potential for harm. The ratings on known or potential harms ranged from
high risk of harm to low (or negligible); in some cases, the evidence was too sparse to provide a
rating.

Estimate of costs. This domain is speculative, because most evaluations do not present cost data.
However, we judged that readers would want at least a rough estimate of cost. Therefore, we
used the following categories and benchmarks, noting in places the factors that might cause cost
estimates to vary.

e Low cost: PSPs that did not require hiring new staff or large capital outlays, but instead
involved training existing staff and purchasing some supplies. Examples would include
most falls prevention programs, VTE prophylaxis, or medical history abbreviations
designated, “Do Not Use.”

e Medium cost: PSPs that might require hiring one or a few new staff, and/or modest
capital outlays or ongoing monitoring costs. Examples would include some falls
prevention programs, many clinical pharmacist interventions, or participation in the
American College of Surgeons Outcomes Reporting System ($135,000/year).

e High cost: PSPs that required hiring substantial numbers of new staff, considerable
capital outlays, or both. Examples would include computerized order entry (because it
requires an electronic health record), having to hire many nurses to achieve a certain
nurse-to-patient ratio, or facility-wide infection control procedures (estimated at
$600,000 year for a single intensive-care unit [ICU]).

Implementation issues. This section summarizes how much we know about how to implement
the PSP, and how difficult it is to implement. To approach the question of how much we know,
we considered the available evidence about implementation, the existence of data about the

effect of context and the influence of context, the degree to which a PSP has been implemented,
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and the presence of implementation tools such as written implementation materials or training
manuals.

For the question of implementation difficulty, we use three categories: difficult for PSPs that
required large scale organizational change; not difficult for PSPs that required protocols for
drugs or devices such as those to reduce radiation exposure or to help prevent stress-related
gastrointestinal bleeding; and moderate for PSPs falling between the extremes.

Setting Priorities for Adoption of Patient Safety Practices

After obtaining critical input from our TEP about the dimensions and benchmarks used for
summarizing the evidence, we next solicited their views on whether the evidence was sufficient
at present to encourage wider adoption of some of the PSPs. Specifically, we asked our TEP the
following questions:

We are asking for your global judgment of the priority for adoption
of the PSPs that are included in our report. By “global judgment,”
we mean that you will be making a summary judgment, which
considers all the factors discussed in the chapters and listed in the
summary table (the magnitude of the current safety problem [in
terms of frequency and severity], the degree to which the PSP can
improve safety outcomes, any potential for unintended
consequences, what we know and how hard it is to implement the
PSP, and the cost) plus your own experience as a researcher,
provider, policymaker, or PSP developer. We have chosen a four-
category scheme for this judgment:

THIS PSP SHOULD BE STRONGLY ENCOURAGED—We
know enough now that if we were choosing a hospital (or nursing
home or ambulatory care center, etc.) to get care from, we would
choose a hospital (or nursing home or ambulatory care center, etc)
that was implementing this PSP over one which was not. Another
way of thinking about this might be: unless the hospital (or nursing
home or ambulatory care center, etc) knows its outcomes for this
safety problem are already excellent (or the safety problem is not
relevant for the setting, such as failure-to-rescue in an ambulatory
care center), then it ought to be implementing this PSP. We would
expect over the next 3 years that most organizations would
implement this PSP, even if it has substantial cost. “Most” does not
have a precise definition but it does not mean 51% nor does it
mean 95%. Let’s say it means about 70-80%.

THIS PSP SHOULD BE ENCOURAGED—This is a PSP that
we’d like to be implemented at the hospital (or nursing home or
ambulatory care center, etc.) where we would receive our care, but
there’s just enough uncertainty about the effect, or concern about
the cost, or some other factor, to keep us from putting it on the
“strongly encouraged” list. We would expect that over the next 3
years many organizations would implement this PSP, and high cost
might be a significant factor in an organization’s decision.
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THIS PSP IS STILL DEVELOPMENTAL—There’s still more
that needs to be known about this PSP before we should be
encouraging health care providers to adopt it. Organizations
implementing these PSPs should be encouraged to publish
evaluations of their implementation and effectiveness in order to
increase the evidence base for the PSP.

THIS PSP SHOULD BE DISCOURAGED—This PSP is one
where we’re pretty sure the cost or difficulty implementing it is not
worth the potential benefit, or even that the harms or potential for
harms exceeds the evidence of benefit.

As in prior group judgment processes, we also provide a response
option “I DO NOT WANT TO RATE THIS PSP” so that people
are not forced to make decisions about PSPs they feel unprepared
to assess, AND we can distinguish between that decision and an
inadvertent “skipped” PSP.

We received input from 19 of the 21 members of the TEP; the remaining two declined to rate
the PSPs because they judged that making these kinds of clinical and policy decisions was not
within their area of expertise. Based on the judgments of the panelists, we classified the PSPs
according to the following rules:

e Strongly Encouraged: To be classified as “strongly encouraged,” a PSP had to receive a
rating of “strongly encourage” or “encourage” from 75 percent or more of the technical
experts, no TEP member could rate the PSP as “this PSP should be discouraged,” and a
majority of the “strongly encourage/encourage” ratings had to be “strongly encourage.”

e Encouraged: To be classified as “encouraged,” a PSP had to receive a rating of “strongly
encourage” or “encourage” from 75 percent or more of the technical experts, and a
majority of the “strongly encouraged/encourage” ratings had to be “encourage.”

In any such process, the thresholds are somewhat arbitrary and can magnify the apparent
impact of small differences in ratings. Therefore, we also assessed PSP at the threshold between
“strongly encourage” and “encourage” (two PSPs received equal numbers of votes for each
category) and the threshold between “encourage” and no rating (four additional PSPs). For these
additional ratings, we used a four-person subset of our TEP, the people actually responsible for
policymaking or implementing PSPs. For each of our “threshold” PSPs, we judged that three of
these four technical experts needed to either “encourage” or “strongly encourage” the PSP, to
retain its “strongly encouraged” or “encouraged” Classification. This determination resulted in
one PSP being down-rated from *“strongly encouraged” to “encouraged,” and affirmed that all
four PSPs that made it by one vote should be classified as “encouraged.”

Future Research Needs

To assess future research needs with respect to PSPs, we first devoted 2 hours of discussion
time at the face-to-face meeting of the TEP to this topic. Two project team members recorded
both general and specific topics for future research that the TEP discussed. From these notes we
obtained themes or domains that we used to organize the future research needs. To these we
added future research needs for specific PSPs suggested by the individual team members who
reviewed the literature on those PSPs. We then sought input from the TEP regarding which
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future research needs were highest priority, and classified as high priority those topics receiving
more than 50 percent support.

Peer and Public Review Process

TEP for review.
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Part 2. Evidence Reviews of Patient Safety Practices

The following pages contain the evidence reviews for 41 patient safety practices or
approaches to care. They are organized as follows:

e Practices designed for a specific patient safety target

e Practices designed to improve the overall system/multiple targets

Within the section “Practices Designed for a Specific Patient Safety Target” the topics are
organized according to the target:
e Adverse drug events
Infection control
Surgery, anesthesia, and perioperative medicine
Safe practices for hospitalized elders
General clinical topics

Within each subsection, the topics are organized as follows:
e In-depth reviews
e Brief reviews

In-depth reviews are presented in the following format:

How important is the problem?

This section briefly sketches the nature of the target for the Patient Safety Practice.

What is the Patient Safety Practice?

This section describes the practice or practices proposed and evaluated.

Why should this Patient Safety Practice work?

This section describes what has been written about the basis for a proposed Patient Safety Practice, such as an
underlying theory, a logic model for how it should work, or prior data.

What are the beneficial effects of the Patient Safety Practice?

This section provides the review of the evidence of effectiveness, and is the section most similar to traditional
Evidence-based Practice Center reports.

What are the harms of the Patient Safety Practice?

This section contains the evidence of harms. Unlike reviews of most clinical interventions, evaluating potential harms
is not a routine part of Patient Safety Practice evaluations. Thus, for most topics, this section is underdeveloped.

How has the Patient Safety Practice been implemented, and in what contexts?

This section describes what has been reported about how to implement the Patient Safety Practice and the range of
institutions or contexts of where it has been implemented. When there is sufficient evidence, implementation studies
are evaluated qualitatively for themes regarding effective implementation.

Are there any data about costs?

This section describes the evidence of costs of implementing the Patient Safety Practice, or, in some cases, cost-
effectiveness analyses that have been performed.

Are there any data about the effect of context on effectiveness?

This section describes the evidence about whether or not the Patient Safety Practice has been shown to have
differential effectiveness in different contexts. The “Context Sensitivity” project defined important contexts for Patient
Safety Practices in four domains: external factors (e.g., financial or performance incentives or Patient Safety Practice
regulations); structural organizational characteristics (e.g., size, organizational complexity, or financial status); safety
culture, teamwork, and leadership involvement; and availability of implementation and management tools (e.g.,
organizational training incentives).*

* Taylor SL, Dy S, Foy R, et al. What context features might be important determinants of the effectiveness of patient safety
practice interventions? BMJ Qual Saf. 2011;20(7):611-7.21617166
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Brief reviews use a different format, that varies somewhat depending on the topic. The general
format for brief reviews is: What is (are) the patient safety practice(s)?; How has the patient
safety practices been implemented?; What have we learned about the practice(s)? Brief update
reviews are topics that were covered in “Making Health Care Safer” 2001 and use a format
designed for reader to identify what’s new since then.

References. Each chapter is individually referenced for convenience.
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Part 2a. Practices Designed for a Specific Patient
Safety Target

Section A. Adverse Drug Events

Chapter 3. High-Alert Drugs: Patient Safety Practices
for Intravenous Anticoagulants

Elizabeth Pfoh, M.P.H.; David Thompson, D.N.Sc., M.S., R.N.; Sydney Dy, M.D., M.Sc.

How Important Is the Problem?

High-alert medications are defined as medications that are the most likely to cause significant
patient harm, even when used correctly. These medications are more likely to be associated with
harm due to issues such as narrow therapeutic ranges (increasing the potential for a prescribing
error), and also cause more significant harm when an error does occur because of the significant
nature of the potential adverse effects such as bleeding or hypoglycemia.? Many of these
medications are also more likely to be associated with dosing errors, due to issues such as the
need to frequently calculate dosing based on weight. A study evaluating adverse drug events
found that high-alert medications accounted for 48 percent of the events.?

The Institute of Safe Medical Practices identifies the top high-alert medications to be insulin,
opioids, injectable potassium chloride (or phosphate), intravenous anticoagulants (heparin), and
sodium chloride solutions above 0.9 percent, due to both common use and significance of
associated harm.* Other high-alert medications include chemotherapeutic agents and sedatives.

From 1997 to 2007, 9.3 percent of all hospital sentinel events were medication-related, and
anticoagulants made up 7.2 percent of medication events. Unfractionated heparin was the
anticoagulant most frequently involved in these events.* Administration errors (e.g., dosing and
timing), omission, and prescribing errors constituted approximately 70 percent of heparin errors.’

What Is the Patient Safety Practice?

In the 2001 “Making Health Care Safer report,” this PSP was conceptualized as “Protocols
for High-Risk Drugs: Reducing Adverse Drug Events Related to Anticoagulants.”® The rationale
for focusing on anticoagulants was that, although a number of other classes of medications have
been identified as “high-risk,” and some recommendations to reduce risks apply to multiple
classes of medications, the effectiveness of interventions to reduce risks associated with other
medications have not been as extensively evaluated as interventions to reduce risks associated
with heparin. Because interventions to reduce adverse events may differ significantly by drug
type, and the focus on anticoagulants in the inpatient setting is mainly on heparin, this review
focused on heparin, the most commonly used intravenous anticoagulant, as an illustrative
example rather than addressing issues for high-alert medications overall.

The original report reviewed two types of interventions for heparin:

e The implementation of dosing protocols or nomograms, which normally include standard

initial doses and instructions for monitoring and adjusting doses

e Inpatient anticoagulation services, which provide pharmacist input on dosing and

monitoring

23



Weight-based nomograms use actual patient body weight to calculate an optimum dose that
is patient-specific. In contrast, physician dosing without nomograms often does not account
accurately for patient characteristics.

This current report systematically reviewed the literature to identify effectiveness studies of
any intervention with a goal to reduce adverse events related to intravenous heparin in the
inpatient setting that had a comparison group and was not a qualitative study. Since this PSP is
currently most often conceptualized as focusing on intravenous administration as the most high-
risk route, we did not include subcutaneous or oral anticoagulant administration in this review.
Intravenous anticoagulants are particularly high risk because dosing is complex and the
therapeutic range is particularly narrow. This narrow range increases the opportunity for harm.®*
Although bleeding can occur even at therapeutic doses of heparin, it is much more likely when
the dose is excessive or inadequately monitored. Unfractionated heparin, which is given
intravenously, is widely used as the drug of choice for a variety of clinical conditions where
rapid and closely monitored anticoagulation is needed, such as acute coronary syndromes.*°
However, since the 2001 publication of “Making Health Care Safer,” low-molecular-weight
heparins—which have a less complex dosing regimen, are given subcutaneously, and have been
shown to have equivalent efficacy for many indications—have widely replaced unfractionated
heparin for some clinical conditions such as venous thromboembolism (VTE) prophylaxis.

A wide variety of safety practices are recommended to increase patient safety for intravenous
anticoagulants in general. These practices include limiting the number and dosage of high alert
drugs prescribed (to ensure that only patients who are most likely to benefit receive the
medications or that lower-risk options are used whenever possible), having independent system
checks and balances in place to identify and prevent dosing errors, and having a transparent error
reporting system to aid in the development and implementation of system changes."? Other
practices include removing high-alert medications from nursing units and floor stock,
standardizing medication doses, using single doses or pre-mixed solutions, labeling different
strength solutions clearly to avoid mixups (e.g., Heplock packaging), provider education and
drug-administration protocols and decision support tools that involve double-checking of the
drug and dosing, pump-setting, and dosage.* Health information technology tools may help
reduce errors associated with high-alert medications by preventing significant overdoses (e.g.
tenfold errors in dosing) and verifying that the correct medication is being administered.***2
However, the level of effectiveness of health information technology may vary.**'* Specific
heparin patient-safety practices reviewed here include dosing nomograms and weight-based
dosing interventions, with and without the use of health information technology tools as part of
the intervention.

Why Should This Patient Safety Practice Work?

Numerous patient factors, particularly patient weight, can influence the dosing needs for
heparin. Bleeding risk increases as the dose increases and with inappropriately high dosing.
Patients on intravenous heparin have multiple risk factors for bleeding that may also affect
dosing needs: they often have high acuity conditions such as recent stroke, or are undergoing
high-risk procedures such as coronary artery bypass or continuous hemodialysis. In addition,
dosing ranges for heparin vary by indication; physicians often tend to be conservative and
underdose heparin when not using standard nomograms.'® For these reasons, standardization of
dosing and monitoring of subsequent anticoagulation are vital.
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Heparin-induced adverse effects not related to dosing issues (e.g., heparin-induced
thrombocytopenia) are also important considerations in heparin use, but are not generally
considered patient safety events and were not included in the scope of this review.

What Are the Beneficial Effects of the Patient Safety Practice?

The original “Making Health Care Safer” report® found six studies, mostly of low quality, on
heparin nomograms. All showed a statistically significant improvement in time to achievement
of, or proportion of patients with, appropriate anticoagulation. Two low-quality studies of
inpatient anticoagulation services also showed statistically significant improvements in
anticoagulation. All studies either did not evaluate bleeding outcomes or did not have a sufficient
sample size to measure these outcomes. Four of the six studies of nomograms did show a
statistically significant increase in the proportion of patients with partial thromboplastin time
(PTT) values above the normal range (and therefore at increased risk for over-anticoagulation
and bleeding complications).

For this review, a total of 1,960 unique abstracts were captured by the search strategy. Of
these, 1,936 were excluded during the abstract screening phase. Seven articles met the inclusion
criteria for intervention studies evaluating the effectiveness of interventions to improve the safety
of intravenous heparin administration, published after the “Making Health Care Safer” report
(Table 1). We did not identify any additional recent systematic reviews of high-alert medications
or heparin. We identified five studies evaluating the use of weight-based nomograms, all
published between 2001 and 2005. The only randomized, controlled trial was by Toth and
colleagues, who developed a weight-based nomogram for heparin dosing in transient ischemic
attack (T1A) and/or stroke.™ Out of 206 patients, total complications were significantly reduced
using the nomogram (9 pre [8.5%] vs. 2 post [2%] p=0.04). Additionally, time to
supratherapeutic activated PTT (aPTT) (i.e., adequate anticoagulation) was reduced (1.1 with
nomogram vs. 1.6 without nomogram; p=0.01) and time to therapeutic-range aPTT (i.e.,
therapeutic anticoagulation) was reached with fewer adjustments (18 with the intervention vs. 13
for the control group; p<0.01). Zimmermann and colleagues also used a pre-post design to assess
the effect of a weight-based nomogram for 173 patients with acute coronary syndromes.*®
Median time to first therapeutic aPTT was reduced from >24 to 8.75 hours (p<0.001) and the
mean number of aPTT tests decreased from 4.15 (SD.83) to 3.62(SD.85) (p=0.002). Oyen and
colleagues conducted a pre-post study of 419 patients evaluating the implementation of a
computerized nomogram for acute coronary syndromes targeted at nurses and found
improvements in anticoagulation outcomes (percentage of a PTT in goal range 44% with the
nomogram vs. 27% without); data on complications were not reported. Baird and colleagues®’
used a pre-post study design in a small patient sample (n=68) to test an evidence-based
nomogram that was developed with a team of nurses, doctors, and a pharmacist; no statistics
were reported. Finally, Fraipont et al developed a nurse-directed weight-based nomogram in a
very small study (total n=38); the study found that there were no statistically significant
differenl%es in anticoagulation outcomes or complications between the intervention and control
groups.

The remaining two, more recent, papers assessed the impact of technology along with
processes and procedures for the use of the technology on heparin administration safety. A 2011
study by Prusch and colleagues aimed to improve medication safety through the use of intelligent
infusion devices (I11Ds), a bar-code-assisted medication administration system, and an electronic
medication administration record system using a pre-post design. Monthly compliance with the
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telemetry drug library increased from 56.5 percent (SD: 1.5%) pre-intervention to 72.1 percent
(SD: 2.1%) post-intervention (p<0.001), and the number of telemetry manual pump edits
decreased (56.9 [SD: 12.8] to 14.7 [SD: 3.9]; p<0.001)." Finally, Fanikos and colleagues
assessed the impact of a smart infusion device with a hospital-determined drug library and
programmable software on anticoagulation errors using a pre-post design. After reviewing a total
of 14,012 administered doses of heparin in 3,674 patients, the software generated a total of 501
heparin alerts in 246 patients. No significant difference in anticoagulation errors was found as a
result of the intervention (49 pre- vs. 48 post-intervention).*

Table 1, Chapter 3. Summary table—heparin effectiveness studies

Author, Year Description of PSP Study Outcomes: Benefits
Design
Baird, 2001"" [Single protocol for heparin administration Pre-post Dosing and time to
anticoagulation: No statistics
reported
Fanikos, Smart pump; drug library with point-of-care Pre-post IAnticoagulation medication
2007 decision support; programmable alert errors: No significant differences
Fraipont, Nurse-directed weight-based nomogram Pre-post Time to therapeutic
2003 anticoagulation, complications:
not significant
Oyen, 2005™ [Computerized nomogram for acute coronary |Pre-post Therapeutic anticoagulation
syndromes significantly improved,
complications not reported
Prusch, 2011"|Intelligent infusion devices (IIDs), bar-code-  [Pre-post Telemetry drug library monthly
assisted medication administration system, compliance and manual pump
and electronic medication administration edits: Statistically significant
record system improvement
Toth, 2002  Weight-based nomogram for transient RCT [Total complications,
ischemic attack and/or stroke overanticoagulation, time to
anticoagulation — all statistically
significant improvement
Zimmermann, [Weight-based nomogram for acute coronary |Pre-post Time to anticoagulation
2003 syndromes significant; complications not
significant

In terms of evidence grading, the strength of evidence for this topic was low. Risk of bias
was high due to study design issues: Only one study was an RCT.** Results were inconsistent,
with half of the studies reporting no statistically significant findings; several studies were too
small to measure outcomes meaningfully. Many studies did not report patient safety outcomes,
but instead reported the outcomes for process measures such as time to therapeutic
anticoagulation or compliance with a drug library; many studies that did report complications or
errors did not have sufficient sample size. Finally, regarding precision, a number of different
outcome measures were used, so no conclusions could be made (see Evidence Table on risk of
bias in Appendix D).

What Are the Harms of the Patient Safety Practice?

Neither the original report nor our updated review found studies that reported on harms of the
Patient Safety Practice.
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How Has the Patient Safety Practice Been Implemented, and in
What Contexts?

The effectiveness studies included older studies on weight-based nomograms and
anticoagulation services and newer studies on intelligent infusion devices and other electronic
medication systems, in various populations and types and sizes of hospitals (e.g., community and
teaching). One United States study from 2000 that evaluated the use of a weight-based
nomogram found that utilization was extremely low at approximately 10 percent. Further,
utilization was not improved after an intervention that included education as well as configuring
the computerized order entry system to allow physicians to choose either the weight-based
nomogram, or traditional heparin ordering.?

Are There Any Data About Costs?

Implementation of heparin nomograms is feasible, although institutions often develop their
own systems rather than adapting existing nomograms. The original report found one study that
concluded that the costs of frequent monitoring were offset by the reduction in the number of
heparin boluses required.® One of the nomogram studies identified in our update search'® found a
statistically significant decrease in the number of monitoring blood tests required, which would
reduce the costs to manage patient care.

Are There Any Data About the Effect of Context on Effectiveness?

Data regarding the impact of context on effectiveness is limited. The evidence found in the
studies mentioned above could be divided into three categories: leadership, organizational
characteristics, and administration tools.

Two studies commented on the impact of leadership on the effectiveness of the intervention.
Baird and colleagues reported that leadership was important for protocol development.*” Prusch
and colleagues reported that executive sponsorship and oversight as well as the support of the
pharmacy and therapeutics committee were key to effectiveness.™

Regarding organizational characteristics, one study cited the impact of a multidisciplinary
team and a relationship between the hospital and the intelligent diffusion device vendors on the
development of interoperability between systems.™® Another study™ found that a computerized
nomogram provided greater levels of standardization than a paper-based form, since the paper-
based form was altered by providers more than 50 percent of the time. Additionally, the
computerized version was able to provide feedback on patient states, which improved patient
monitoring and the evaluation of the nomogram. Therefore, through the implementation of the
computerized nomogram, the heparin dosing protocols and monitoring practices were
standardized.

Three studies mentioned external implementation tools, but no details of how these
implementation tools affected effectiveness (overall effectiveness results are described above in
the section on beneficial effects). Prusch and colleagues used new medication administration
technology developed with frontline nurses and pharmacists. Historical data were analyzed to
ensure the drug library had optimal dosing limits and medications. Finally, the technology was
pilot tested prior to implementation.*® Fanikos and colleagues used the software in the smart
infusion device to establish limits for rates programmed into the.* Fraipont and colleagues used
the previously developed Raschke nomogram? in their study.®
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Finally, we identified one additional study which did not meet our inclusion criteria for
reporting effectiveness data but took a broader human factors approach to improving heparin
safety by improving administration. Harder and colleagues evaluated the human factors
associated with improving the safety of heparin administration.?* After completing interviews
with the staff, the authors offered suggestions for improving the heparin administration process
in order to make the computerized heparin dosing interface more user-friendly (e.g.,
automatically converting English and metric measurements.) Iterative refinements were made to
the system after the initial modifications, and an educational program was rolled out to inform
providers about the new heparin administration process.?

Conclusions and Comment

In conclusion, we found low strength of evidence that patient safety practices, including
nomograms and new intelligent medication administration, dosing, and monitoring technology,
can improve outcomes for the use of intravenous heparin (Table 2). Through our systematic
review, we identified no studies of nomograms published after 2005 and no studies of inpatient
anticoagulation services published since 2000, although both the use of protocols (e.g.,
computerized order entry) and indications for heparin have changed dramatically since that time
including concerns regarding dosing in obese patients.?® Only two studies evaluated new
technology, and no studies evaluated other types of interventions to improve heparin safety.
Study quality was generally low, and many studies had small sample sizes, usually insufficient
for the detection of the impact of interventions on complications of heparin administration. We
did not identify any studies evaluating the harms of these patient safety practices, although there
could be some potential harm from errors caused by misunderstanding of protocols or
miscommunication with anticoagulation services, which could also lead to errors in dosing.

Although the standardization of dosing protocols, accomplished with the input of front-line
personnel, is an important component of increasing safety and has been shown to improve the
effectiveness of heparin administration, few studies have evaluated these protocols and had
sufficient sample size for patient safety outcomes. Significant barriers also exist to implementing
these protocols, and no studies have demonstrated the impact of interventions to increase their
use by health care providers. Only a few, small, low-quality studies evaluated other types of
interventions to improve the safety of inpatient anticoagulation, such as human factors,
anticoagulation services, or new technology, such as computerized order entry or intelligent
infusion devices. Because intravenous anticoagulants are one of the most common sources of
patient harm from safety issues with high-alert drugs, research on interventions to improve their
safety should be a priority. Further study is needed to evaluate the implementation, effectiveness,
and context factors for patient safety practices for intravenous heparin, especially in regards to
use of new technological tools.

Table 2, Chapter 3. Summary table

Scope of the Strength of Evidence or Estimate of | Implementation Issues:
Problem Targeted by | Evidence for Potential for Cost How Much do We
the PSP Effectiveness Harmful Know?/How Hard Is it?
(Frequency/Severity) | of the PSPs Unintended
Conseguences
Common/Moderate Low Low-to-moderate |Low Little/Moderate
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Chapter 4. Clinical Pharmacist’s Role in Preventing Adverse
Drug Events: Brief Update Review

Peter Glassman, M.B.B.S., M.Sc.

Introduction

In our original report, “Making Health Care Safer” 2001, Kaushal and Bates noted that over
770,000 people were harmed or died in hospitals annually from adverse drug events (ADE),**
with incidence rates in hospital-based studies ranging from 2 to 7 per 100 admissions.>*” In the
outpatient setting, as they also noted, one study on adults estimated the ADE incidence rate at 3
percent.® The purpose of this review is to update the data on the incidence of ADEs in hospital
settings and to review measures aimed at preventing these events, including the role of the
clinical pharmacist. We searched the literature from 2001 to 2011 and included studies most
relevant to clinical pharmacist interventions on medication errors and adverse drug events in
various health care settings. Our focus was on studies that to some degree addressed the possible
association between clinical pharmacist activities and improved prescribing practices and/or
assessed whether such activities might lead to reduced medication errors and adverse drug
events.

What is the Role of the Clinical Pharmacist in Preventing Adverse
Drug Events?

There have been various patient safety initiatives implemented that involve pharmacists with
the goal of reducing ADEs. These initiatives are often based on the premise that clinical
pharmacists can play an important role in intercepting and acting on possible prescribing errors
and/or recognizing drug-related problems before injury, or further injury, can occur. This
concept has been tested in a variety of settings in a variety of ways.

In the original report, Kaushal and Bates* noted that in a seminal study by Leape and
colleagues,® a clinical pharmacist participating in an intensive care unit team led to “a
statistically significant 66% decrease in preventable ADEs due to medication ordering.” Another
study suggested that ward-based clinical pharmacists may benefit inpatient medication use safety
and quality.’® A single study in a geriatric population found a decrease in medication errors at the
time of inpatient discharge when clinical pharmacists were involved.'! Based on a meta-analysis,
clinical pharmacists were considered to have a modest effect on maintaining acceptable drug
ranges.** In the ambulatory setting, the authors noted that clinical pharmacists may have positive
impacts on a variety of chronic diseases (hypertension, hypercholesterolemia, chronic heart
failure, and diabetes).'®* However, these ambulatory studies had significant limitations and
potential biases, making generalizations problematic.*

At the time of the first review,* the authors noted that, in two studies, physicians were
receptive to and often acted on clinical pharmacist interventions®** attesting to the often
collaborative relationship between the two groups. Overall, Kaushal and Bates concluded that,
“Given the other well-documented benefits of clinical pharmacists and the promising results in
the inpatient setting, more focused research documenting the impact of clinical pharmacist
interventions on medication errors and ADEs is warranted.™
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What Have We Learned About the Role of Clinical Pharmacists?

Recent Reviews and Systematic Evaluations Suggest Clinical

Pharmacists Improve Medication Management

Since the 2001 report, several new systematic reviews, have addressed the role of clinical
pharmacists in different clinical settings. The largest such review was Kaboli and colleagues™
(AMSTAR score 7 positive of 9 relevant domains). This review included studies from 1985 to
2005 that assessed clinical pharmacists’ interventions in inpatient care. Eligible studies were
those using concurrent controls or time series design, and measuring a number of different
outcomes.

Thirty six studies contributed evidence to the review, including 10 studies of pharmacists’
participation on rounds, 11 studies of their participation in medication reconciliation, and 15
studies of drug-specific services (e.g. coumadin, antibiotics). The review was narrative, and
concluded that the evidence “supports the use of clinical pharmacists in the inpatient setting to
improve the quality, safety and efficiency of care,” although noting that the evidence base is still
limited by small sample size, many studies were conducted at only a single institution, and most
studies have differing measures of outcome.

Three other reviews dealt with clinical pharmacists benefit in the care of elderly adults, in
nursing homes, and pediatric patients.

Hanlon and colleagues™ found a number of benefits for elderly adults, in a variety of
settings, in optimizing prescribing (i.e., improving quality of pharmaceutical care) and reducing
drug-related problems. While there was scant evidence on reducing adverse drug events, they
commented on the difficulty in designing a study that would show ADR reduction, noting that to
detect a 25% decrease in adverse effects, due to a pharmacist intervention, would require
randomizing at least 800 to 1400 elderly patients. This review scored 4 of 9 relevant AMSTAR
domains. In a narrative review of interventions in nursing homes, Marcum and colleagues
included five randomized controlled studies assessing the impact of clinical pharmacists on
various outcomes, including drug-related adverse events; they also included two studies with a
pharmacist or pharmacologist as part of a multidisciplinary approach. While some studies
showed significant differences in the numbers and/or choices of (or changes in) drugs, clinical
outcomes--measured in various ways--were mixed, tending overall to show inconsistent and/or
nominal impacts.’” This review scored 6 of 9 relevant AMSTAR domains. Sanghera and
colleagues™ noted that pharmacists provide important improvements on drug therapy for
children. Many of the 18 studies in the review were older, and methodologies differed (e.g.,
measuring outcomes in various ways, by various designs and definitions), but an overall positive
impact was consistently seen in the studies reviewed. Most of the studies were in the inpatient
setting, and only three were in the outpatient area. Even so, the review highlighted that
pharmacists play a crucial role in detecting and correcting medication errors, such as dosing
mistakes, sometimes potentially lethal ones. The authors concluded, “...pharmacists reviewing
medication charts is very important in identifying medication-related problems; hence it is likely
to be the most effective factor in improving drug therapy in children.” It should be kept in mind
that many of the studies pre-dated the electronic era. This review scored 7 of 9 relevant
AMSTAR domains.

Another review, by Cohen and colleagues,* included 16 studies of pharmacist activities in
the Emergency Department (AMSTAR score 6 positive of 9 relevant domains). Again noted was
the wide diversity of tasks in which pharmacists were engaged, including (but not limited to)
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providing drug information, patient counseling, precepting, toxicology case assistance and
various forms of therapeutic consultations, interventions and managements, including medication
error prevention (though included studies were limited in this latter regard).

By and large, these reviews support clinical pharmacist activities in improving medication
management. In general, three issues emerge from the literature. First, clinical pharmacists are
engaged in a multitude of patient level activities, including recognizing, intercepting, and
documenting drug-related problems, as well as assisting in optimizing pharmaceutical choices
for patients and, in some cases, engaging in specific interventions or in specific disease
management practices. Second, it is problematic to accurately capture all that pharmacists do at
either an individual patient level or at an organization level,* which makes it that much more
difficult to assess their impact, especially since clinical pharmacists do not work in isolation but
rather with other clinicians and, frequently, within hospitals or health care systems or settings.
Third, studies that attempt to show the benefit of pharmacists engaged in various activities from
a larger vantage point (e.g., assessing whether adding a pharmacist to a ward team reduces
medication errors or adverse drug events) often have challenges in their interpretation, including
lack of concurrent control groups, indeterminate definitions of suboptimal prescribing, varying
definitions of medication errors and preventable adverse drug events, different methods of error
and event capture and reporting, and varying clinical outcome assessments. Even so, while
individual studies do not always demonstrate benefits from an organizational perspective, the
body of work suggests that pharmacists provide substantial value to patient care, clinical teams,
institutions, and health care organizations.

Original Studies Not Included in the Systematic Reviews Show that
Interventions With Clinical Pharmacists Tend to Reduce Adverse

Events

As with the systematic reviews we again focused on studies that attempted to address the
relationship between clinical pharmacist activities and improved prescribing and/or a reduction
in adverse events. We identified eight new studies not included in the systematic reviews already
discussed. Of note, many of the more recent studies have had limited success in overcoming
some of those methodological issues seen in some of the older studies. As above, we focused on
studies from the United States and other English speaking countries. The studies are summarized
in Table 1, Chapter 4.

Table 1, Chapter 4. Summary of studies

Study, Year Population and Intervention Outcomes Findings
Controls Measured and
Timing

Kaushal, 2008

Pediatric ICU or
general ward with
paper charting;
matched units did
not receive
intervention

Part or full-time
clinical pharmacist
rounding and
monitoring drug

dispensing, storage,

and administration

Medication errors
and adverse events
pre/post, identified
by nurse and
reviewed by 2
blinded physician
reviewers; 6-8 weeks
baseline, 3-month
intervention period

Full-time clinical
pharmacist
decreased
medication errors
(29 to 6 per 1000
patient days);
increase in
medication errors in
controls; part-time
pharmacists did not
decrease error rate.
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Table 1, Chapter 4. Summary of studies (continued)

Study, Year

Population and
Controls

Intervention

Outcomes
Measured and
Timing

Findings

Wang, 2007

Pediatrics unit of a
community teaching
hospital

Addition of CPOE to
existing clinical
pharmacist system

Medication errors,
near misses, and
adverse events over
a 3-month period

Clinical pharmacist
intercepted 78% of
111 potentially
serious prescribing
errors but none of 32
harmful
administrative errors
and few of the
transcribing (6/25) or
monitoring errors
3/7)

Rivkin, 2011%

General medical ICU

Inclusion of clinical
pharmacist in
rounding

Clinically important
drug-drug
interactions pre/post
over a 10-week
period

Drug interaction
rates decreased
significantly ( 65%)
when compared
retrospectively
(historically) to a 10-
week period earlier

in the year
LaPointe, 2003** Cardiac ICU Rounding and Medication error Incidence of
participation in interventions (e.g., medication errors
patient-oriented dose or medication increased from
activities (e.g., taking | changes, missing around 15 to nearly
medication histories, | medications, allergy- | 24 per 100
discharge drug admissions, and a
counseling), and contraindications) higher trend was
provider level pre/post over 5 years | seen during times of
activities (e.g., giving house staff transition
in-service talks to
house staff and
communicating with
physician and
nursing staff)
Stoner, 2000° Outpatient Pharmacist testing/ Movement disorder A majority of

psychiatric setting
(235 sets of
evaluations in 83
patients on anti-

recommendations
regarding patients on
antipsychotics who
had movement

(extrapyramidal)
symptoms

recommendations
(82% of 130
evaluations) were
followed by

psychotics) disorder complaints clinicians; of these,
or who were taking 93% led to a
drugs to counter resolution or
movement disorders reduction in
extrapyramidal
symptoms
Simpson, 2004°° Neonatal ICU Pharmacist-run Medication errors Significant decrease

education program
on medication orders
and IV fluid review
implemented at
month 4 of 12
months plus other
process changes

pre/post; case
finding by incident
reporting

in medication errors
(from 24 to 5 per
1,000 neonatal
activity days/month);
error rate increased
during summer
staffing change
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Table 1, Chapter 4. Summary of studies (continued)

Study, Year Population and Intervention Outcomes Findings
Controls Measured and
Timing
Bond, 2006 584 hospitals Pharmacy staffing Adverse drug Pharmacist

encompassing
>35,000 Medicare
patient stays

and presence or
absence of various
pharmacy services

reactions (ADRs)

involvement in 8
services (in-service
education, drug
information services,
adverse drug
reaction
management, drug
protocol
management,
cardiopulmonary
resuscitation teams,
medical rounds and
completing
admission drug
histories) as well as
higher staffing rates
decreased ADRSs;
however, pharmacist
participation in total
parenteral nutrition
teams increased
ADRs

Bond, 2007%®

885 U.S. hospitals
with data on 2.8
million Medicare
patients

14 different clinical

pharmacy services

and several staffing
models

Severity-adjusted
mortality rates

In-service education,
drug information,
adverse drug
reaction monitoring;
participation in drug
protocol
management,
cardiopulmonary
resuscitation teams
and medical rounds;
and completing
admission drug
histories were
associated with
reduced mortality as
were two staffing
variables

Brown, 2008’

Large rural hospital
Emergency
Department

Review of
medication orders
and identification of
errors via
retrospective review
by an independent
reviewer.
Pharmacists also
documented their
interventions.

Medication Errors, 1
month when
pharmacist was not
present to check
medication orders
versus 1 month
when pharmacist (s)
was (were) present;
time periods for
assessment were
one year apart

Pre-post analysis
showed significant
decrease (66.6%)
from error rates of
approximately 16 to
5 per one hundred
medications orders
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Table 1, Chapter 4. Summary of studies (continued)

Study, Year Population and Intervention Outcomes Findings
Controls Measured and
Timing

Rothschild, 2010%°

Four academic
Emergency
Departments

Observational study
in which pharmacy
residents conducted
226 sessions (787
hours) of observing
pharmacist activities;
the study included
over 17,000
medications ordered
or administered to
nearly 6,500 patients

Identification of
medication errors at
various stages of
prescribing or
administration by
unblinded,
continuous
observation. Data
collection was via
templated forms.
Captured elements
included errors of
interest, ranging
from those
intercepted before
reaching the patient
to caught after
reaching the patient
but before harm
could occur to
ameliorated adverse
events (collectively
these together were
known as recovered
medication errors) .
Case reviewers
independently
assessed suspected
error interventions.

Pharmacists
identified over 500
recovered
medication errors,
with an overall rate
of about 3 per 100
medications or about
8 per 100 patients.
Approximately 90%
were intercepted
before reaching the
patient.

Cesarz, 2012%

An academic
medical center’'s 32-
bed Emergency
Department, serving
pediatric and adult
populations

Prospective
observational study
looking at activities
of four pharmacists
during relevant shifts
in reviewing
discharge
prescriptions. Data
collection was over a
3 week period and
used standardized
forms for reporting
interventions. All
recommendations
were provided to the
ordering physician
who made the
determination to
change a
prescription

Self-report of
interventions on
discharge
prescriptions. An
independent
reviewer determined
whether the
intervention was
categorized as error
prevention or
therapeutic
optimization

Of 674 discharge
prescriptions
reviewed, ED
pharmacists
intervened on about
10%; roughly half of
the 68 interventions
(54%) concerned
error prevention.

A number of the studies contained design flaws that prevented ruling out the contribution of
other process modifications or even secular changes to the observed results. Nevertheless,
overall, these newer studies continue to support the important roles of clinical pharmacists in
reducing prescribing mishaps as well as in improving several patient-level outcomes in various
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settings. With the exception of one study, studies in which pharmacists participated in a greater
number of clinical processes seemed to show stronger effects.

Clinical Pharmacist Interventions Show Little Potential for Harm

Virtually no study has shown an outright potential for harm, apart from an occasional
isolated finding such as an ADR rate increase with pharmacist participation on total parenteral
nutrition teams (a result that, given its oddity, must remain questionable).?” Theoretically
speaking, as noted in the original report,* involvement of clinical pharmacists and
implementation of their review processes may result in some delays in dispensing medications.
But if these interventions reduce errors (and/or clarify prescribing), this outcome cannot truly be
considered a harm, though perhaps it is bothersome and time consuming for patients or
providers.

Benefits of Implementation May Outweigh Costs

In terms of resource utilization and costs, the decrease in ADRs that should result from
improved prescribing practices should lead to financial savings and/or mitigations in the costs of
care. However, information in that regard is limited and generally unclear. Of the two primary
studies noted in the 2001 report that estimated annual savings, one based on interventions in an
intensive care unit and another based on pharmacist activities in a large university hospital,
estimated savings ranged from $270,000 to almost $400,000 per year.**? Because of differences
in outcomes and how they are measured, true costs and/or savings are hard to gauge and, not
surprisingly, vary widely. For example, in a review of economic benefits from hospital-based
interventions by De Rijdt and colleagus,® financial outcomes, generally stated in estimated
annualized savings, ranged anywhere from less than $10,000 to over $500,000, depending on the
study and the clinical or interim outcome measured as well as the method of financial evaluation
and whether pharmacist costs were included.*® From another perspective, Bond and Raehl®
estimated that the legal settlement costs avoided by the reduction in preventable deaths in the
patient population they studied (Medicare) would be nearly $2.4 billion for hospitals that
incurred adverse events. While cost or savings estimates depend on a set of assumptions as well
as the financial costs of pharmacists’ time and effort, these widely varying estimations bring
home the point that reduction in medication errors or preventable ADEs can have subsequent
“down the line” effects and that financial changes may accrue at a variety of levels depending on
the intervention and the seriousness of clinical outcomes (or outcomes avoided).®* A major driver
of the cost-effectiveness of a clinical pharmacist intervention is whether new pharmacists need to
be hired or if the program can be implemented by reallocation of existing resources and/or the
use of lower cost pharmacy technicians for some roles, and thus increase the availability of
clinical pharmacists to directly interact with patients and physicians.

Conclusions and Comment

Clinical pharmacists play important roles in a variety of health care settings, and their
activities appear to benefit individual patients as well as health care organizations in a multitude
of ways, many of which are difficult to isolate when studying whether these interventions
objectively lower medication errors or ADEs. Many of the studies are not methodologically
strong, and the literature lacks consistency and comparability. Nevertheless, systematic reviews
and recent evidence generally supports that pharmacist involvement in intensive care units,
particularly when engaging in bedside rounds improves medication management and/or reduces
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medication errors and preventable ADEs. The existing data for other inpatient and for outpatient
care settings are also supportive of a role for pharmacists but less robust than in intensive care
units. Data from nursing homes are not as clear as for other settings, but, logically speaking,
since medication and prescribing errors occur in this setting, and patients are elderly and more
prone to polypharmacy, it is likely by analogy that drug safety in nursing homes will be
improved by clinical pharmacist interventions. Similarly, evidence from emergency departments
is limited but given the high intensity of care activities and of prescription utilization, it is logical
that benefits will accrue from pharmacist interventions. More and better designed studies should
help determine the magnitude of the benefit(s), to the extent that such benefits exist, in various
health care settings. A summary table is located in Table 2, Chapter 4.

Table 2, Chapter 4. Summary table

Scope of the Strength of Evidence or Estimate of Implementation Issues:

Problem Targeted by | Evidence for Potential for Cost How Much do We
the PSP Effectiveness Harmful Know?/How Hard Is it?
(Frequency/Severity) | of the PSPs Unintended
Conseguences
Common/Low Moderate-to- |Low High Little/Moderate
high
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Chapter 5. The Joint Commission’s “Do Not Use” List: Brief
Review (NEW)

Peter Glassman, M.B.B.S., M.Sc.

Introduction

Medication errors stem from a variety of causes, including miscommunication between
prescribers and pharmacists in the form of misunderstood and/or illegible abbreviations. The
potential hazards of certain abbreviations started receiving heightened attention approximately
twenty years ago. Most notably, as one of its National Patient Safety Goals, the then named
Joint Commission on Accreditation of Healthcare Organizations (JCAHO, hereinafter referred to
as the Joint Commission for consistency) in 2003 announced that nine abbreviations and/or
shorthand notations—a Do Not Use list--should be banned in its accredited hospitals by April
2004.%% The list included the following inappropriate abbreviations: “U” or “u” instead of unit;
“IU” instead of International Unit; “Q.D.” or similar instead of once daily; “Q.0.D” or similar
instead of every other day, “MS”, “MS0O4” and “MgS04” instead of writing morphine sulfate or
magnesium sulfate; and use of zeros, either when trailing an ordinal number (1.0 instead of 1) or
lack of a zero before a decimal point (.9 instead of 0.9)** (See Figure 1).

Figure 1, Chapter 5. Official “do not use” list

Official “Do Not Use” List'

Do Not Use Potential Problem Use Instead
U, u {unit) Mistaken for “0° (zero), the Write "unit”
number "4 {four) or "ec”
U (International Unit) Mistaken for [V {infravencus) Write "Internaticnal Unit"
ar the number 10 {ten)
Q.0., QD, g.d., qd [daily) Mistaken for each olher Write *daily”
Q.0.0,, QOD, g.0.d, god Period after the Q mistaken for Write “every ofher day™
(every other day) "I and the "0 mistaken for "
Trailing zero (X.0 mg)® Decimal point is missed Wite X mg
Lack of leading zero (X ma) Write 0.X mg
MS Can mean merphine sulfate or Write "morphine sulfate”
magnesium sulfate Write "magnesium sulfale”™
ME0,. and MgS0, Cenfused for one another
" Agplies to all orders and 2l ated doc on that is handwritten (including freeext

computer entry) or on pre-printed forms.

*Exception: Atrailing zero” may be used cnly where required 1o demonstrate the kevel of precision of the:
value being reponed, such as for laboratory results, Imaging studies thal report size of leslons, or
catheter/lube sizes. It may not be used in medication erders or other madication-related documentation

Addits Abbraviati .
y nd 3y
{For possible future inclusion in the Official "Do Mot Use™ List)

Do Not Use Potoatial Problom Use Instead

> (greater than) Misinterpreted as the number Write “greater than™
< {less than) 7" (seven) or the letter *L° Write “less than™
Cenfused for one anather
Abbrevialions for drug names  Misinterpreted due to similar Wite: drug names in full
abbreviations for
multiple drugs
Apothecary units Unfamiliar te many Use medric units
practiticners
Confused wilh melric unils
@ Mistzken for the number Wrile “at”
2" (two)
cC Mistaken for U {units) when Write "mL”
poorly writlen or "mi® or “milliliters”
('mL” is preferred)
vy Mistaken for mg (milligrams)  Write "mecg™ or “micrograms”
resulting in one thousand-fold
overdose

&1

Figure taken from the JCAHO Web site.*
© The Joint Commission: “Joint Commission on Accreditation of Healthcare Organization. Facts about the Official “Do Not
Use” List. 2011. Reprinted with permission.
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Avoiding potentially hazardous abbreviations was initially intended to pertain to handwritten
documents (e.g., written prescriptions), but the over-riding plan was to extend this stipulation to
all forms of patient-specific communications including printed, electronic or handwritten
materials, with targeted compliance rates of 90% for handwritten and electronic formats and
100% for printed material by 2005.2°

As part of the initial Joint Commission safety program, health care organizations were to add
three abbreviations to their specific banned list, depending on the type of organization and their
own experiences with abbreviation errors; the Joint Commission provided an additional list of
abbreviations, symbols and acronyms for consideration.* The Joint Commission is not the only
organization to provide lists or recommendations. The Institute for Safe Medication Practices
provides an even more extensive list for consideration® and in 2006 began collaborating with the
Food and Drug Administration to reduce hazardous abbreviations.®”

The magnitude of harm due to abbreviations and other shorthand notations such as acronyms
and symbols is not entirely clear. In a study completed after the Joint Commission’s patient
safety goal was disseminated, Brunetti et al., using data from the United States Pharmacopeia
MEDMARX™ program— which in turn uses the National Coordinating Council for Medication
Error Reporting and Prevention Index for Categorizing Medication Errors, found that between
2004 and 2006 a total of 29,974 medication errors out of 643,151 (4.7%) reported to the
MEDMARX program were associated with abbreviations.? Of those with sufficient information
to ascertain a description of the error (n = 18,153), about 43% were due to using the term “QD”
(once daily). In addition, roughly 13% involved the abbreviation “U” (units), and approximately
13% “cc” (milliliter); nearly 10% used MSO4 or MS (morphine sulfate), and 3% “HS” (at
bedtime); almost 4% were attributed to decimal errors (e.g., no leading zero or a trailing zero).
Of the errors assessed, 0.3% led to patient harm, and most of those involved the abbreviation
“U” in some manner.

Most errors (81%) occurred during prescribing; not surprisingly, medical staff were
responsible for roughly 79% of abbreviation errors. Abbreviation use varied among staff groups,
with physicians often using “sc”, “hs” and “cc.” While the study was limited by the constraints
of voluntary reporting, the data suggest that relatively few abbreviations and notations are
responsible for perhaps 5% of related medication errors—and this number may well be larger
since not all errors are likely to be reported.

The purpose of this narrative literature review is to understand the degree to which health
care organizations have succeeded in implementing procedures to prevent inappropriate
abbreviations, and to identify which method(s) work well. We searched PubMed in October
2011 using major heading search terms “abbreviation and safe or unsafe or adverse or harm” for
English language articles published starting in the year 2000. Titles and abstracts were retrieved,
and relevant articles were retained for review. We expanded the search by using Google to
search for possibly pertinent articles and links; we identified additional articles by looking at
cited references from various publications. We focused on United States-based studies. Clinical
trials, observational studies, reviews, and anecdotal reports on implementation were our primary
resources and given priority in the order above.

What Are the Procedures for Reducing Prescribing Errors?

As Kuhn (2007) noted, there are three primary methods for addressing the safety issues
posed by abbreviations: “education, enforcement and leadership.”® In addition, the advent of
electronic prescribing with clinical decision support may impact on abbreviation use.
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Unfortunately, in all of these areas, the relevant United States’ literature is sparse, and
implementation efforts have had mixed results.

How Effective Have These Procedures Been?

Educating Providers to Reduce Potentially Unsafe Abbreviations. Abushaiga et al. studied
the strategy to decrease six specified unsafe abbreviations (unit instead of U; microgram instead
of ug; 3 times a week for TIW; avoiding the degree symbol for hour, and avoiding trailing zeros
and lack of leading zeros).® The setting was a 340-bed hospital in Detroit. Educational materials
included pocket cards, chart dividers in patient charts, and traffic sign look-alike stickers.
Providers were sent memorandums and electronic mail. In-service programs were also
completed: prescribers using banned abbreviations or symbols were asked to clarify their orders
and received instruction on why to avoid banned abbreviations.

The evaluation period, including a baseline assessment, lasted from September 2003 to April
2004. Unsafe abbreviations dropped from about 20% in the pre-intervention phase to about 3%
by the end of the intervention period, with a total of over 20,000 orders reviewed. Sustainability
of the program was not addressed, but the authors noted that in April 2004 the facility started
utilizing the Joint Commission’s Do Not Use list and in July 2004 the hospital no longer
accepted orders with unsafe abbreviations.®

On the other hand, Garbutt et al. focused on 20 “safe prescribing behaviors” using a multi-
faceted educational intervention at an urban teaching hospital in St Louis. The prescribing errors
included dangerous abbreviations such as potential dosing errors (e.g., trailing zeros, leading
zeros) and frequency measures (e.g., QD, QOD, TIW, HS). The intervention program included
an academic component (e.g., grand rounds or lecture format) as well as reminders and prompts
to emphasize desired prescribing practices. Overall, prescribing errors for surgical house staff
declined but paradoxically increased for medical house staff. Notably, neither group decreased
use of potentially hazardous abbreviations.*

Leonhardt and Botticelli studied an effort in Milwaukee, in 2003 to 2004, involving seven
independent health care organizations.™ The safety collaborative included local hospitals that
partnered with the local business community as well as retail pharmacies. The goal was to
completely eliminate nine abbreviations/shorthand notations from hospital medication orders and
five abbreviations/shorthand notations from outpatient prescriptions (including abbreviations
associated with units, once daily, every other day, trailing zeros and lack of leading zeros).
Interventions and strategies included banning the prohibited abbreviations, educational programs
(at various times during the intervention period) and providing informational materials (e.g.,
printed documents, wallet cards, posters); in addition, there was feedback to physicians who
continued to use banned abbreviations. In outpatient clinics the intervention was passive
education (i.e., newsletters).

The program improved prescribing for hospital-based medication orders but not for
outpatient-based prescriptions. More specifically, appropriate documentation (i.e., no banned
abbreviations or notations) rates, evaluated at thirteen hospitals, increased from approximately
62% at baseline to about 81% after the intervention (P < 0.0001). For clinic-based prescriptions,
evaluated at nine retail pharmacies, rates of appropriate prescriptions increased a non-significant
amount, from about 69% to 73% (P = 0.11).
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Leadership and Enforcement Effects on Abbreviation Use

We found no formal studies that isolated enforcement and/or leadership efforts, although the
Abushaiga study clearly included some enforcement. There were some anecdotal success stories,
mostly after lack of success with educational programs. For example, at Children’s Hospitals and
Clinics in Minneapolis, prescribers were mandated to re-write orders with prohibited
abbreviations; no details were provided on the magnitude of the effect(s). Another hospital in
Tennessee contacted providers to ask for clarification of orders with designated abbreviations,
and a medical staff chairperson discussed abbreviations with individual prescribers identified as
using such; abbreviations in medication orders reportedly declined from around 30% to 6%. An
Ohio hospital retrospectively routed prescriptions that contained designated abbreviations
(apparently after filling the prescription) back to prescribers with feedback that the order had an
unacceptable abbreviation(s). This program reportedly had “no noticeable decrease” in
abbreviation use.'?

Impact of Electronic Prescribing on Hazardous Abbreviations

Electronic prescribing provides a ready venue for focusing on abbreviation misuse. First,
electronic prescribing eliminates illegible handwriting. Second, clinical decision support may be
configured to prompt providers to avoid abbreviations and/or to auto-correct or translate
abbreviations to preferred terms (e.g., using Q.0.D. would yield “every other day” on the
prescription). However, there are limited data on how using electronic prescribing affects
abbreviation use.

In a small study of faculty providers practicing in an outpatient setting, Galt et al. conducted
a prospective, randomized controlled trial looking at how a personal digital assistant (PDA)
affected prescribing by 78 office-based primary care physicians.*® Practices were randomized to
either usual handwritten prescribing or to entering prescriptions using a PDA-based clinical drug
application. However, intervention offices could, when desired, use handwritten prescriptions.
Duplicate prescriptions were gathered by printing an extra electronic prescription or by using
carbon copies of written ones. The analysis compared the intervention group pre and post PDA
use—that is, during the period when handwritten prescriptions were used, and then during the
PDA use period, when physicians entered 43% of prescriptions via electronic means.

The study found that illegibility decreased from about 9% to 3% (though not to zero since not
all prescriptions were via PDA) and, among other errors, various abbreviations and shorthand
methods fell numerically (P-values not provided) including abbreviations for drug name (from
about 3% to 2% of errors), administration route (from about 63% to 37%), frequency (from
roughly 86% to 51%), and symbols on the prescription (from about 77% to 47%). In both time
periods, issues with zeros were relatively rare (< 1%); interestingly dosing abbreviations rose
from 61% to approximately 71%, as some of these were allowed in the application.™

Devine et al. studied the impact of a basic computerized provider order entry program in a
multispecialty clinic system in Washington State. Using a pre/post study design, evaluating
handwritten (pre-intervention) prescriptions from January to March to 2004 and electronic
prescriptions (post-intervention) from July 2005 to April 2006 at three retail pharmacies, they
found that illegible prescriptions decreased from just under 3% to less than 0.1% and
inappropriate abbreviations fell from around 5% to 0.4%.*

In a small prospective study of faculty providers practicing in an outpatient setting,
Abramson et al. found that reducing abbreviation error rates was the primary driver in reducing
overall prescribing errors when transitioning from an older to a newer electronic prescribing
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system. The older, locally derived system had automatic conversion of inappropriate
abbreviations installed on some computers; it also allowed for free text entries on the ordering
template. It had minimal clinical decision support and did not send prescriptions directly to
pharmacies. The newer system had a commercially available clinical decision support package,
but did not auto-correct abbreviations. The system was able to send prescriptions to pharmacies.
The newer system included two alerts to providers when they entered and completed a
prescription containing an inappropriate abbreviation. In this yearlong study, data were available
on seventeen physicians in the academically affiliated clinic. Rates of inappropriate
abbreviations (per 100 prescriptions) fell from about 24 at baseline to just under 11 at 6 months
and then to approximately 6 at 1 year after implementation (p-values < 0.001). Interestingly,
non-abbreviation error rates rose at 12 weeks, but were similar at one year post-
implementation.™

What Have We Learned About Procedures for Reducing
Prescribing Errors?

The U.S. literature on programs designed to reduce prescribing errors is sparse. Studies that
assessed the success of programs to educate providers report mixed results. We found no studies
that focused specifically on enforcement or leadership, but anecdotal reports are also mixed. No
studies address sustainability.

Electronic prescribing systems may hold promise. However the data on avoiding
abbreviations are limited, and it is not clear which technology or technologies will work best for
reducing shorthand methods of prescribing.

Conclusions and Comment

Abbreviations and other shorthand notations on prescriptions and orders increase the risk of
medication errors, and the majority of errors and subsequent harms are caused by relatively few
abbreviations or notations, and more specifically, “QD” (once daily), “U” (units), “cc”
(milliliter); MSO4 or MS (morphine sulfate), and “HS” (at bedtime); in addition, decimal errors
(e.g., no leading zero or a trailing zero) are also troublesome. Various organizations, most
notably the Joint Commission in the form of its “Do Not Use” list, have taken a strong stand
against using certain abbreviations. However, the available literature on various implementation
efforts is limited, and no clear route to success has been described. Moreover, we found no
studies that address sustainability of efforts and no studies on whether reducing abbreviations
leads to less patient harms, though logically this would seem to be the case.

All in all, abbreviations can lead to misunderstandings and miscommunications between the
prescribers and the pharmacists and in turn may lead to incorrect prescriptions being given to
patients. Most errors are caused by relatively few abbreviations. Harms from such errors are
uncommon but preventable. Although it is not clear how the Joint Commission’s “Do Not Use”
List (or any other list of hazardous abbreviations) can best be implemented across the spectrum
of U.S. health care organizations it is important to note that there is no obvious patient harm to
implementing such a list and data, to the extent that it exists, suggests that avoiding certain
heightens prescribing safety. The cost and burden of implementation will depend on the
stringency and/or comprehensiveness of the method(s) used. For example, electronic prescribing
and decision support tools may offer the best chance of successfully reducing abbreviations on
the “Do Not Use” list. However, it will take some time before prescribers are universally using
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these systems and the cost and effort is not insubstantial to newly utilizing electronic prescribing.
Another alternative would be enforcing a zero tolerance policy on handwritten prescriptions and
medication orders. However, this might create a substantial burden for prescribers and
pharmacists, particularly in the outpatient and retail pharmacy areas, not to mention mail out
facilities. In the meantime, a low-cost approach of implementation, such as through ongoing
education and/or feedback, focused on avoiding selected harmful abbreviations whenever and
wherever possible seems reasonable and feasible. A summary table is located at Table 1, Chapter

5.
Table 1, Chapter 5. Summary table
Scope of the Strength of Evidence or Estimate of Implementation Issues:
Problem Targeted by | Evidence for Potential for Cost How Much do We
the PSP Effectiveness Harmful Know?/How Hard Is it?
(Frequency/Severity) | of the PSPs Unintended
Conseguences
Common/Low Low Negligible Low Little/Probably not difficult
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Chapter 6. Smart Pumps and Other Protocols for Infusion
Pumps: Brief Review (NEW)

James Reston, Ph.D., M.P.H.

Introduction

Medication errors represent a serious issue affecting the U.S. health care system, accounting
for the largest category of patient safety incidents within the larger category of medical errors.
One report estimated that at least 1.5 million preventable medication errors occur in the U.S.
each year.! A list of high-alert medications (those with the highest potential for patient harm if
used in error) published by the Institute for Safe Medication Practices (ISMP) includes several
medications delivered by intravenous (V) infusion (e.g., insulin, propofol, heparin).?

Because IV delivery is more rapid and leads to higher systemic concentrations of drugs
compared with other delivery methods, adverse drug effects tend to be more rapid and severe
when associated with 1V infusion. Because traditional infusion pumps are typically programmed
in milliliters per hour (mL/hr) and volume-to-be-infused (VTBI) in mL, they are particularly
vulnerable to errors in drug administration and monitoring.! Such errors include administration
of the wrong dose or the wrong drug as well as erroneous infusion to the wrong patient.

What Are the Practices for Reducing IV Medication Errors?

To address the shortcomings of infusion pumps, manufacturers have added technology to
recent models of general-purpose (large volume),® syringe,* and patient-controlled analgesia
(PCA) pumps° specifically designed to prevent medication errors. Smart pumps include a
software program (also referred to as a dose error reduction system [DERS]) that provides a
customized drug library alerting users to predetermined minimum and maximum dose limits for
each drug.

The program provides soft alerts (also known as soft stops) that prompt users to reconsider a
given drug dosage but allow them to administer that dosage if they choose, as well as hard alerts
(or hard stops) that prevent users from going beyond the stated dose limits.* These systems
permit the development of dosing limits for continuous and bolus deliveries, as well as clinical
advisories (point of care notifications) and area-wide default settings for alarm thresholds.

In addition, some smart pumps have incorporated barcode technology that allows verification
of patient identity, thereby preventing delivery of the wrong drug or delivery to the wrong
patient.®” One PCA pump offers an integrated bar code scanner for automatically locating the
correct drug entity (e.g., drug name and concentration), and a handful of hospitals have created
interfaces between their general purpose pump servers, barcode-enabled point of care (BPOC)
systems, and documentation systems to make sure that the pump is programmed according to the
medication order and that administration is automatically documented.®

Unlike traditional infusion pumps, smart pumps can alert health care workers when they have
selected inappropriate dosages for a given drug. Soft alerts have the shortcoming that they are
merely reminders that can be overridden by the user although overrides are captured in a DERS
log and can frequently be associated with a user. Hard alerts have the potential to be more
effective because they do not allow easy circumvention, although they can still be circumvented
by determined users (e.g., by bypassing the drug library and entering the infusion rate and
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volume manually).® A significant drawback is that inappropriately programmed hard alerts may
impede delivery of care, and circumvention of hard alerts can lead to serious errors.’

Smart pumps with DERS plus BPOC can additionally prevent drug delivery to the wrong
patients.>** As long as users comply with such alerts and prompts, smart pumps have the
potential to reduce the number of infusion errors. Compliance with safety features can be
improved by programming prompts that increase ease of use, and by emphasizing a culture of
safety within the organization. Smart pumps also contain a data log that can be used to identify
programming errors or show that the pump prevented adverse events.®

However, the basic limitation of smart pumps is that they can correct only errors of
administration; other types of medical errors can occur during ordering or prescribing,
dispensing, transcribing, and monitoring of patient response.™ For this reason, smart pumps
function best not as standalone devices but when integrated into a larger medication safety
system that connects them with computerized provider order entry (CPOE), BPOC, and
electronic medication administration records (eMARSs).® Such interconnected systems can target
not only errors of administration but also errors of ordering, dispensing, and transcription.*

How Have These Practices Been Implemented?

A recent systematic review by Hertzel and Sousa (2009) identified nine studies published
from 2003 to 2008 that assessed the use of smart pumps for prevention of medication errors. The
majority of studies evaluated smart pumps with soft alerts. The review summarized the study
findings and identified lack of user compliance with soft alerts as an important factor that
compromised the efficacy of smart pumps in the majority of studies. The authors concluded that
“well-designed research is still lacking with respect to the effectiveness of smart pumps in
preventing medication errors.” The most relevant studies mentioned in this review are
summarized in more detail below, along with more recent studies published subsequent to the
review’s publication date.

Smart Pumps With Soft Alerts

Nuckols et al. (2007) performed a retrospective review of 4,604 critically ill patients in ICUs
at two hospitals to determine how often preventable IV adverse drug events (ADES) matched
smart pump safety features. These consisted of drug libraries with dose limits that triggered soft
alerts, which could be addressed or overridden. The study evaluated ADEs before and after smart
pump implementation. Of 100 preventable ADEs, only four (two before and two after smart
pump implementation) matched the safety features of smart pumps.*?

Rothschild et al. (2005) performed a prospective time series study of smart pumps with
intervention (decision support on) and control (decision support off) periods to determine the
impact of integrated decision support on the incidence of medication errors and adverse drug
events in 735 cardiac surgery patients. Preventable adverse events (11 intervention, 14 control)
and non-intercepted potential adverse events (82 intervention, 73 control) did not differ
significantly between groups. Serious medication error rates were 2.41 and 2.03 per 100 patient-
pump days in the intervention and control periods, respectively (P = 0.124). Caregivers violated
infusion practice 25% of the time (571 infusions) by bypassing the drug library during the
intervention periods. Medications were administered without physician documentation 7.7% of
the time (intervention and control periods combined). The smart pumps were not programmed to
give hard alerts, which cannot be easily overridden; therefore, it was easy for caregivers to
override alerts or bypass the drug library. Poor caregiver compliance with the drug library and
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dosage limits may have explained the lack of advantage of smart pump decision support in this
study.”® This study used an early version of smart pump technology that was opt-in rather than
opt-out, which made it easier for users to skip the library rather than look for it.

Larsen et al. (2005) performed a retrospective before-after study in pediatric patients that
compared medication infusion errors 12 months before and 12 months after adopting a new
protocol using a combination of smart pumps, standard drug concentrations, and human-
engineered (user-friendly) medication labels. The smart pumps included a modifiable drug
library and provided soft alerts to users who attempted to use doses that exceeded the safety
limits. The infusion error rate dropped from 3.1 to 0.8 per 1000 doses from the pre-intervention
to the post-intervention period, a risk reduction of 2.3 (95% CI 1.1-3.4, P <0.001)."* However,
since this was a combination of three interventions, it is unclear what percentage of the error
reduction can be attributed to smart pumps alone. Data were obtained from the hospital-wide-
incident-reporting system, which tends to underreport errors, but the reported pre- and post-
intervention error rates should be representative of the relative number of errors.™

Adachi and Lodolce (2005) conducted a retrospective before-after study (one year pre-
intervention, one year post-intervention) to determine whether a new intervention (revised
standard order sets and smart pumps with soft alerts) could reduce IV dosing and administration
errors. Although they found that only a small reduction occurred in overall dosing errors (59 to
46), a larger reduction occurred in pump-related errors (24 to 10, or from 41% to 22% of dosing
errors). Standard concentrations eliminated errors related to the wrong drug concentration. Nine
out of the 10 post-intervention pump programming errors occurred because users did not use the
pump software.’®

Three uncontrolled studies illustrate compliance issues associated with smart pump soft
alerts. Eckel et al. (2006) reported a high frequency of programmings (44.4%) due to users
bypassing the drug library when selecting a drug. Furthermore, users overrode 88.5% of soft
alerts.’® Fields and Peterman (2005) reported 506 medication errors due to users overriding soft
alerts.’” However, a third study (Breland 2010) reported that a community hospital was able to
improve compliance with pump alerts from 33% (when smart pumps were first introduced) to
97% three years later.™

Smart Pumps With Soft and Hard Alerts

Schilling and Sandoval (2011) performed a retrospective before-after study (4 months pre-
and 4 months post-intervention) of smart pumps with soft and hard alerts in a community
hospital setting. Use of rescue medications and heparin infusions decreased substantially from
pre- to post-intervention, and length of stay in patients receiving antimicrobial agents also
decreased substantially. Regarding dosage alerts, 86.2% were soft alerts and 13.8% hard alerts.
About 61% of soft alerts were overridden by users and 39.% were modified to comply with
accepted rates; users complied with every hard alert.*®

Fanikos et al. (2007) conducted a retrospective before-after study evaluating the impact of a
smart pump with soft and hard alerts in an academic medical center. After reviewing
anticoagulation errors in 3,674 patients, the authors found no significant decrease in errors post-
intervention (49 pre vs. 48 post). This lack of difference may reflect the fact that only a relative
minority of events were infusion-related errors (19/97 total events). Infusion errors were
substantially higher in the period prior to smart pump implementation (15 errors) compared with
the post-intervention period (4 errors).?
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Smart Pumps With Soft and Hard Alerts Plus Barcode Technology

Trbovich et al. (2010) conducted a simulation study comparing nurses’ ability to avoid
medication errors using a traditional pump, a smart pump, and a pump with an integrated bar
code scanner (the latter two had soft and hard alerts). The study was conducted in a laboratory
setting using patient mannequins with bar-coded wristbands and medication bags with bar-coded
labels containing patient ID; errors were assessed by type. Wrong drug errors did not differ
significantly by pump type. Patient ID errors were remedied by significantly more nurses using
pumps with barcode scanners (88%) than with the smart pumps without barcode scanners (58%)
or traditional pumps (46%). Significantly more nurses remedied critical overdose errors when
using pumps with barcode scanners (79%) and smart pumps without barcode scanners (75%) due
to hard alerts than with traditional pumps (38%). Wrong dose soft alerts did not result in
significant differences in fixing overdose errors among different pumps (errors remedied by 75%
of nurses using pumps with barcode scanners, 63% with smart pumps without barcode scanners,
and 50% with traditional pumps). This was because many nurses overrode soft alerts.” While this
study provides perspectives on error rates, it does not faithfully simulate a clinical environment:
auto-programming in a clinical setting is limited at this time but is typically accomplished
through interfaces with BPOC systems instead of through printing medication labels with patient
ID.

Smart Pumps With Soft and Hard Alerts Integrated With Barcode

Technology and eMARs

Prusch et al. (2011) conducted a prospective before-after study evaluating a program
integrating intelligent infusion devices (11Ds) with a BPOC system and an eMAR system.?
Monthly compliance with the telemetry drug library increased from 56.5% pre to 72.1% post
intervention (p<0.001) and the number of telemetry manual pump edits decreased (56.9 to 14.7;
p<0.001). Pump programming errors related to i.v. unfractionated heparin occurred at a rate of
16.9 events/10,000 opportunities pre-implementation and 11.3 events /10,000 opportunities post-
implementation, but the rate decrease was not statistically significant (P = 0.17). However, smart
pumps were used before and after the implementation period, the only difference being that the
smart pumps became fully integrated with BPOC and eMAR in the post-implementation period.
Therefore, the true impact of smart pumps on infusion error rates is unclear from this study.

None of the studies described above identified harms to patients that could be attributed
specifically to the use of smart pumps in place of traditional infusion pumps.

What Have We Learned About These Practices?

Implementation of smart pump technology by health systems and hospitals generally requires
considerable planning, including identification of stakeholders, evaluation of software
capabilities, evaluation of hospital-specific practices, decisions regarding standard operating
systems and procedures, building of drug libraries, and education of staff before the pumps can
be deployed.?? Successful implementation usually involves multidisciplinary teams that include
pharmacists, nurses, and physicians. With minor variations, this overall process has been
described in several published studies.*”*32%24

In their guidelines for safe implementation and use of smart infusion pumps, ISMP identifies
several key steps necessary for implementation. These include:
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e Ownership of the process at the executive level (assessment of culture and budget
resources, forming a multidisciplinary team, performing a Failure Mode and Effects
Analysis [FMEA] to identify barriers to compliance)

e Technological readiness (ensure that information technology [IT] systems can interface
with pumps and that IT staff levels are sufficient, update drug libraries and download
medication safety information efficiently [preferably via a wireless network], consider
wireless network communication upgrade if it is unavailable prior to smart pump
implementation)

e Physical environment and equipment (ensure sufficient number of pumps, policies for
cleaning, storage, and distribution, short-term pump rental from outside vendors [if
necessary], ensure rental pumps are programmed with the renting facility’s drug library
and dose limits, ensure sufficient number of electrical outlets for pump operation in
patient areas and for recharging internal batteries when not in use)

o Staff education (plan for several weeks of staff education, train super-users, ensure
ongoing education, explain purpose of and procedures for soft and hard stops, inform
staff about drug library updates, develop champions in each clinical area devoted to
safety culture, do smart-pump simulation exercises, emphasize benefits of smart pump
technology)

e Specialized patient care areas (make plans to address needs of specific therapies or
patient care areas such as pediatrics/nursery, pain management, operating room,
oncology, emergency department, and patient transport)

e Vendor support (to help define implementation timetable, provide sample drug libraries,
online tutorials, live telephone assistance, post-implementation follow-up visits,
assistance in data evaluation, and external support groups)

e Rollout (prioritize sequence of patient care areas receiving pumps, select areas with
adequate staff and resources, select educators and champions from pilot units, vendor
support should be available, evaluate rollout process)®

Creation of safe and effective customized drug libraries is essential for proper utilization of
smart pumps. Institutions must evaluate their clinical practice when determining what drugs and
dosage limits to select for their library. Drug libraries should at least include all high-alert drugs
with standard concentrations as well as soft and hard stops for various dosage limits. Once drug
libraries have been developed, considerable time must also be devoted to maintaining and
updating the libraries. Wireless communication technology in an organization’s infrastructure
allows easier adjustment or updating of drug libraries, which otherwise would require manually
updating each pump separately.®

Breland (2010) reported that a community hospital was able to increase compliance rates
with pump alerts from 33% at baseline (when smart pumps were first introduced) to 97% three
years later. This was done by having nursing directors and managers stress the importance of the
safety software and how it could improve patient safety. Compliance data were shared with staff
nurses and unannounced twice-weekly inspections were performed by pharmacy to determine
why safety software was not being used in individual cases. Continual reeducation and
customization of drug libraries for the needs of specific critical care areas (CCAS) also helped to
improve compliance. Compliance rates for individual CCAs were distributed to nursing
directors, who also emphasized to the staff the legal liability entailed in noncompliance. In
addition, a review of edits and overrides led to a drug library revision to eliminate unnecessary
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alerts by changing some dosage limits to reflect actual dosing practices (which were determined
to be safe).™®

Conclusions and Comment

The evidence supporting efficacy of smart pumps for prevention of medical errors is limited
by the relatively small number of studies and the use of observational study designs with
inherent susceptibility to bias (Table 1). In addition, most published studies have evaluated only
smart pumps with soft alerts; study findings are somewhat variable, ranging from suggesting no
effect to a limited effect of soft alerts in reducing the rate of medical errors. This appears to be
partly due to user compliance, which although somewhat variable among different institutions, is
usually low because users can easily override soft alerts. Hard alerts and barcode technology
should theoretically have more impact on error rates, but too few studies have evaluated these
features to judge their relative effectiveness. Smart pumps have the most potential to reduce
medication errors when integrated into a larger medication safety system that connects them with
CPOE, BPOC, and eMARs.

Implementation of smart pump technology by health systems and hospitals generally requires
considerable planning, including identification of stakeholders, evaluation of software
capabilities, evaluation of hospital-specific practices, decisions regarding standard operating
systems and procedures, building of drug libraries, and education of staff before the pumps can
be deployed. Successful implementation usually involves multidisciplinary teams that include
pharmacists, nurses, and physicians. Once drug libraries have been developed, considerable time
must also be devoted to maintaining and updating the libraries. Wireless communication
technology in an organization’s infrastructure allows easier adjustment or updating of drug
libraries, which otherwise would require manually updating each pump separately.

Table 1, Chapter 6. Summary table

Scope of the Strength of Evidence or Estimate of | Implementation Issues:

Problem Targeted by | Evidence for Potential for Cost How Much do We

the PSP Effectiveness Harmful Know?/How Hard Is it?

(Frequency/Severity) | of the PSPs Unintended

Conseguences

Common/Low Low Low Moderate Moderate/Moderate
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Section B. Infection Control

Chapter 7. Barrier Precautions, Patient Isolation, and Routine
Surveillance for Prevention of Health Care-Associated
Infections: Brief Update Review

Marin Schweizer, Ph.D.

Introduction

Healthcare-associated infections are linked to high morbidity, mortality, and costs
worldwide. In 2002, an estimated 1.7 million healthcare-associated infections were seen in U.S.
hospitals, resulting in approximately 99,000 deaths.* In 2005, 18,650 patients with methicillin-
resistant Staphylococcus aureus (MRSA) died, more than the number of Americans who died
from HIV/AIDS in that same year.? In 2007, Clostridium difficile was ranked among the 20
leading causes of mortality among Americans over 65 years of age. Despite decades of infection
control interventions, health care-associated infections continue to be a major burden on U.S.
hospitals.”

Currently, there is a rising wave of new emergent healthcare-associated infections, including
multi-drug resistant strains of Acinetobacter baumannii and Klebsiella pneumoniae.
Additionally, reports of vancomycin-resistant S. aureus have appeared sporadically across the
Nation.>” No effective antibiotics are available for some strains of these pathogens, and few new
antibiotics are in the developmental pipeline. For example, since 2007, only two new antibiotics
have been developed. Thus, prevention, not treatment, is the most sustainable strategy to control
health care-associated infections.

Findings of Original Report

When “Making Health Care Safer” was first published in 2001, the main healthcare-
associated pathogens of interest were vancomycin-resistant enterococci (VRE) and C. difficile.
Three types of barrier precaution interventions were actively being studied, including (1) gowns
and gloves for all contact with patients with VRE or C. difficile followed by immediate hand
hygiene, (2) use of dedicated or disposable examining equipment for patients with VRE or C.
difficile, and (3) patient and/or staff cohorting for patients with VRE or C. difficile.

Nearly all of the studies that assessed the effectiveness of barrier precautions were simple
before-after studies with small cohorts of patients. Additionally, these studies usually assessed a
large bundle of practices to prevent infections, thus it was difficult to elucidate which
components of the bundle were effective.

Although results varied, the majority of the studies demonstrated significant reduction in the
incidence of VRE or C. difficile following barrier precaution interventions. A review of the
literature published just before the publication of “Making Health Care Safer” noted that there
had been little progress in assessing the psychological effects of contact isolation. However, it
was noted that attending physicians may examine patient on barrier precautions less often. The
barrier precautions chapter of “Making Health Care Safer” concluded that barrier precaution
interventions are effective and called for future studies of the long-term efficacy of barrier
precaution interventions as well as the cost-effectiveness of barrier precaution interventions.

55



This update review focuses on what we have learned about infection prevention measures
and their effectiveness since the publication of the original report. We conducted a search of the
health care and health services literature for the time interval 2001 to 2011 and reviewed all
studies relevant to this topic.

What Are Infection Prevention Measures?

The reservoir for many healthcare-associated infections is primarily colonized or infected
patients. Transiently colonized health care workers and contaminated items in the environment
are often intermediates in the patient-to-patient transmission of these pathogens. Thus, breaking
transmission from these reservoirs is the most important strategy to prevent healthcare-associated
infections. Multiple interventions can prevent transmission. Vertical interventions, in which
specific organisms are targeted, include active surveillance plus contact isolation or nurse
cohorting. Horizontal interventions, in which all healthcare-associated infections are targeted,
include universal contact precautions in high-risk settings.®

Active Surveillance and Isolation

Active surveillance is the process of testing patients for asymptomatic colonization. Active
surveillance is usually only performed for MRSA or VRE, since these organisms have
established reservoirs and valid screening tests.” Universal active surveillance entails testing all
admitted patients for colonization, while targeted active surveillance only tests patients at high
risk for colonization (e.g., patients who recently received antimicrobials).

Patients found to be colonized through active surveillance are then isolated from other
patients in order to prevent transmission. Isolation can be performed through nurse cohorting or
contact isolation. Nurse cohorting is defined as physical segregation of colonized or infected
patients from patients not known to harbor the specific pathogen in a distinct area of the same
ward, and nursed by designated staff.!® When a patient is placed on contact precautions, health
care workers are required to wear a gown and gloves when they come in contact with the patient
then remove the gown and gloves and wash their hands after the contact, to prevent transmission
to other patients via their hands or clothing.

Contact isolation includes contact precautions but the patient is also placed in a single room. If a
single room is not available, contact isolation can be performed by cohorting patients colonized
or infected with the same pathogen in the same room. Currently, most of the studies that assess
active surveillance or universal contact precautions have only assessed these interventions in
intensive care units (ICUs), since ICU patients are at high risk of healthcare-associated
infections.**™3

What Have We Learned About Infection Control Practices Since the
Original Report?

Increasing Resistance and Changing Epidemiology Among

Staphylococcus aureus
Since the publication of the “Making Health Care Safer” report in 2001, Staphylococcus
aureus has gained considerable attention due to a number of factors. First, healthcare-associated
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methicillin-resistant S. aureus infections increased rapidly with a high mortality rate.>” However,
since 2007 rates of healthcare-associated MRSA have begun to decline.* Second, community-
associated MRSA infections caused by the USA300 clone emerged between 1999 and 2001."
USA300 MRSA has caused severe infections in previously healthy people with no prior contact
with the health care system, thus alarming both health care professionals and the general
public.”® Additionally, USA300 MRSA infections have not replaced healthcare-associated
MRSA infections (e.g. USA100), rather they have occurred as a separate epidemic leading to an
increasing number of MRSA infections.™ Third, isolated cases of vancomycin-resistant S. aureus
(VRSA), first recognized in 2002, have led to fears that failure to control VRE and MRSA
transmission may lead to a new epidemic of VRSA, which will be very difficult to treat.>”

Hypervirulent Strains of Clostridium difficile Have Emerged

The epidemiology of C. difficile has also changed since the publication of the “Making
Health Care Safer” report. A ‘hypervirulent’ strain known as PCR ribotype 027, restriction
endonuclease analysis group Bl, and North American PFGE pulsotype 1 (027/BI/NAP1) has
emerged worldwide and is associated with increased morbidity and mortality.*"*® In fact, U.S.
mortality due to C. difficile increased from 793 deaths in 1999 to 6,372 deaths in 2007.*> Many
countries, including the United States, have also reported an increased incidence of community-
associated C. difficile infections among previously healthy people.!’**

What Methods of Infection Control Are Currently Being Studied?

There is great debate in the field of infection control over whether vertical or horizontal
approaches should be used to prevent healthcare-associated infections.® Active surveillance, a
vertical approach because it focuses only on one organism, has been credited with the low rates
of morbidity and mortality from MRSA in northern Europe and in Western Australia.”***
Proponents of active surveillance argue that active surveillance and isolation, which has
prevented spread of other nosocomial pathogens such as smallpox and severe acute respiratory
syndrome, can also be used to contain MRSA or VRE.?*?% Proponents of active surveillance
acknowledge that a single-pathogen approach is not ideal; however, current horizontal
approaches have not decreased healthcare-associated infection rates significantly.?’ Furthermore,
active surveillance and isolation for asymptomatic carriers could prevent transmission of MRSA
or VRE through multiple routes such as directly from one patient to another, via health care
workers’ contaminated hands or clothing, and via the environment.?

In contrast, proponents of a horizontal approach argue that hospitals should implement
interventions that will decrease the spread of all healthcare-associated infections, which would
decrease the overall rate of healthcare-associated infections.®#>?® Advocates of a horizontal
approach also argue that strategies focusing on active surveillance and contact isolation for
MRSA or VRE will not prevent spread of susceptible S. aureus or enterococcus, spread of other
resistant organisms, or endogenous infections in patients already colonized with MRSA or VRE.
Also, active surveillance programs that only assess one body site will miss colonization of other
body sites.”® The increasing burden of antibiotic-resistant infections, including highly
transmissible pathogens such as Acinetobacter baumannii, cannot currently be prevented through
active surveillance.””?® Furthermore, the costs for active surveillance may decrease the funds
available to implement other important infection prevention interventions.?

Even current guidelines disagree over the use of active surveillance for MRSA or VRE. The
Society for Healthcare Epidemiology of America (SHEA) Guideline for Preventing Nosocomial
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Transmission of Multidrug-Resistant Strains of Staphylococcus aureus and Enterococcus, as
well as Dutch and British guidelines, recommend routine screening of high-risk patients for
MRSA or VRE. However the Centers for Disease Control and Prevention Healthcare Infection
Control Practices Advisory Committee (CDC HICPAC) Guideline on Management of
Multidrug-Resistant Organisms in Healthcare Settings, as well as an Australian guideline,
recommend active surveillance as a targeted measure to be implemented only when the incidence
or prevalence of MRSA or VRE is not decreasing despite other infection control strategies.”?*

Evidence for Effectiveness of Infection Control Practices

Multiple systematic literature reviews concluded that the evidence for interventions for the
prevention and control of multidrug-resistant organisms were of poor quality and that definitive
recommendations could not be made.'®¥* However, a large number of new articles have been
published on these topics including multiple studies with large patient populations and have not
been included in these systematic reviews.32+3¢37

Four large studies have assessed the effectiveness of active surveillance plus contact isolation
for preventing spread of MRSA or VRE. Robicsek et al. performed a three-phase quasi-
experimental study in three hospitals. Phase one was a baseline assessment in which no
intervention was performed. Phase two included surveillance for MRSA in ICUs and contact
isolation for MRSA carriers. Phase three expanded to whole-hospital universal surveillance for
MRSA, contact isolation for MRSA carriers, and decolonization of MRSA carriers with topical
mupirocin. These investigators demonstrated that the aggregate hospital-associated MRSA
disease prevalence density decreased by 36.2% (P=0.17) from baseline to ICU surveillance and
by 69.6% (P =0.03) from baseline to universal surveillance.®

Similarly, investigators in the Veterans Health Administration performed a quasi-
experimental study to assess their nationwide MRSA Prevention Initiative. This initiative was
composed of an MRSA prevention bundle which included (1) hand hygiene promotion, (2) an
infection prevention culture change, and (3) whole-hospital universal surveillance for MRSA and
contact isolation for MRSA carriers. In their analysis of all 153 Veterans affairs hospitals, they
found that the rates of healthcare-associated MRSA infections declined by 45% in non-ICUs and
by 62% in ICUs after the Initiative was implemented.*

In contrast, Harbarth et al. implemented active surveillance for MRSA carriers in six surgical
wards while six other surgical wards served as a control. After a washout period, the intervention
and control wards were switched. MRSA carriers identified by active surveillance received a
bundled intervention which included contact isolation, adjustment of perioperative antibiotic
prophylaxis, and topical decolonization (nasal mupirocin ointment and chlorhexidine body
washing). This study did not find a significant change in MRSA infections (adjusted incidence
rate ratio, 1.20; 95% confidence interval, 0.85-1.69; P=0.29).%

Finally, the STAR*ICU Trial was a cluster-randomized trial of 18 ICUs. This study
randomized eight ICUs to standard of care and ten ICUs to a bundle that included universal
surveillance for MRSA and VRE, contact isolation for MRSA or VRE positive patients, and
universal gloving until surveillance culture results were negative for all other ICU patients. That
study found no difference between the intervention and control groups in terms of mean ICU-
level incidence of colonization or infection with MRSA or VRE per 1,000 patient-days (40.4£3.3
and 35.6+3.7 in the two groups, respectively; P = 0.35).2

These four studies differed in multiple ways. First, the two studies with positive results
assessed their interventions both in the ICUs and universally throughout the health care
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institutions, while the two studies with negative results only assessed their interventions in ICUs
or surgical wards. Each study implemented a unique bundle in which the only common factor in
all four bundles was active surveillance plus contact precautions. For example, both the Harbarth
and Robicsek included nasal decolonization while the other two studies did not. The studies also
varied in how their laboratory testing was performed. For example, in the Veterans Health
Administration study, surveillance samples were tested at the local clinical microbiology
laboratory. In contrast, in the Star*ICU study, all surveillance samples were mailed to the
Clinical Microbiology Laboratory of the National Institutes of Health Clinical Center.
Interestingly, when comparing all four of these studies, the studies with negative results had
stronger study designs.

The studies above assessed active surveillance among ICU patients. Admission to the ICU is
a large risk factor for healthcare-associated infections, therefore, it may be cost-effective to
target only ICU patients for active surveillance rather than the entire hospital.*® The high cost of
active surveillance has led to multiple cohort studies with the goal of establishing a rule to
predict which patients are at high risk for MRSA or VRE colonization.* A prediction rule would
help infection prevention staff determine which patients are likely to carry MRSA or VRE and,
thus, could transmit MRSA or VRE to other patients or could acquire an MRSA or VRE
infection. Ideally, screening the patients identified as high risk of colonization would be more
cost-effective and take less time than testing all patients for MRSA or VRE using traditional
active surveillance. Many prediction rules include recent admission to the hospital, which is a
strong predictor of MRSA and VVRE colonization, with sensitivities ranging from 44% to 77%
and specificities ranging from 46% to 98%.%%* prediction rules have also included risk factors
for colonization such as prior operation, hemodialysis, prior history of MRSA or VRE, transfer
from long-term care facility, age, antimicrobial use during the past year, and a current wound. If
these prediction rules were applied, the proportion of MRSA or VRE colonized patients who
would be missed ranged from 15% to 43%.%3%%*® Thus, current prediction rules have had varying
success.

Similarly, three studies have created prediction rules to predict patients at high risk for C.
difficile infection.*®*" The first prediction rule included age, C. difficile infection pressure, recent
admission to the hospital, severity of illness score, days of high-risk antibiotic use, low albumin
level, ICU admission, and receipt of laxatives, gastric acid suppressors or antimotility drugs.*®
The second rule only included the Waterlow score, a nursing tool routinely used to assess a
patient’s risk of developing a pressure ulcer.*” The third rule included age, hemodialysis and
length of ICU stay.*® The sensitivity of the C. difficile infection prediction rules ranged from
60% to 70% and the specificity ranged from 89% to 95%.**’

Horizontal approaches to infection control could utilize contact precautions without the use
of expensive laboratory surveillance tests. A single ICU, quasi-experimental study of a bundle
which included universal contact precautions found that not only did this bundle stop an outbreak
of multidrug-resistant Acinetobacter baumannii, it also led to a decrease in MRSA acquisition
from 14% to 10%, and VRE acquisition from 21% to 9%.** Two quasi-experimental studies
compared universal gloving (wearing a new pair of gloves for each patient) to active surveillance
and contact precautions in a single ICU.***° Active surveillance and contact precautions included
VRE and MRSA surveillance cultures on admission and every 4 days with contact precautions
for patients colonized or infected with VRE or MRSA. Both studies found no difference in
MRSA or VRE colonization no matter which intervention was implemented. However, one study
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found an increase in nosocomial infection rates during the universal glove period, potentially due
to decreased compliance with hand hygiene after removal of gloves.*

Another horizontal approach would be to place patients at high risk for acquiring a
healthcare-associated infection under pre-emptive contact precautions.>*? One ICU found that
their intubated patients were eight times more likely to acquire healthcare-associated MRSA
compared with non-ventilated patients, thus they performed a quasi-experimental study to assess
an intervention where all intubated patients were placed under pre-emptive contact precautions.
In the first phase of the study, active surveillance for MRSA was performed at ICU admission
and weekly with contact precautions for MRSA positive patients. In the second phase of the
study, active surveillance and contact precautions for MRSA remained, however all intubated
patients were also placed on contact precautions. This study found a decrease in healthcare-
associated MRSA infections for both intubated patients (p=0.02) and in all ICU patients
(p<0.05).%

Less is known about optimal methods to prevent C. difficile transmission compared with
VRE and MRSA.>® Most studies of C. difficile prevention are simple quasi-experimental studies
that test a bundled intervention. Multiple recommendations and guidelines suggest contact
isolation for symptomatic C. difficile infected patients only.'”*** Contact isolation for C.
difficile infected patients should include single rooms with private toilets if possible.'” According
to the SHEA/IDSA Expert Panel, the only two approaches to preventing C. difficile with good
evidence to support them are wearing gloves when caring for an infected patient and
antimicrobial stewardship.* No data currently support isolating asymptomatic C. difficile
carriers.>*>* An unresolved issue is whether to place symptomatic patients with a history of C.
difficile infection under contact precautions.*’

Some Potential for Harm Is Associated With Contact Precautions

At the time that “Making Health Care Safer” was published, very few studies assessed the
potential harm associated with contact isolation. Recent studies, including a systematic literature
review, found that contact precautions have been associated with less patient-to-health care
worker contact, changes in systems of care that produce delays and more noninfectious adverse
events (e.g., falls, pressure ulcers), increased symptoms of depression and anxiety, and decreased
patient satisfaction with care.>>°

Costs and Implementation of Infection Prevention Interventions Have

Been Examined

Both vertical and horizontal interventions to prevent healthcare-associated infections require
upfront investments to pay for components of the intervention such as supplies (e.g., gowns and
gloves) and laboratory resources (e.g., tests, personnel).” However, a business case can be made
for these interventions since the estimated median cost of a healthcare-associated infection
ranges from $26,424 to $34,657 for MRSA and from $17,1438 to $36,380 for VRE.®* Two
studies found that clinical active surveillance of ICU patients for VRE or MRSA colonization
was cost effective compared with the cost savings of preventing these infections.®*® Similarly,
another study found that active surveillance and isolation for VRE colonization among high-risk
patients cost effective.’® A mathematical model compared whole hospital universal active
surveillance for MRSA to targeted active surveillance for MRSA and found that targeted
surveillance was more cost effective.®’
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The cost-effectiveness studies estimated that the cost of active surveillance and contact
isolation strategies for MRSA or VRE to range from $1,913 to $10,545 per month.®*®>% The
mathematical model found that the average cost of targeted active surveillance of high risk
patients ranged from $4,100 to $12,508 per infection adverted depending on MRSA prevalence
and screening test used, while the average cost of universal active surveillance ranged from
$5,799 to $21,195 per infection adverted.®” When these costs were itemized, 13% to 99% of the
total cost was spent on specimen collection and laboratory testing while the remaining proportion
was spent on isolation (e.g., gowns, gloves, nurse time to don gowns and gloves).?***®" The vast
differences in these proportions were due to how labor costs were accounted for. Studies varied
as to how they assessed the cost of laboratory technologists, cost of nursing time to collect
swabs, and cost of nursing time to don and remove gowns and gloves.

Although cost-effectiveness analyses have not been performed for universal contact
precautions to prevent healthcare-associated infections, an analysis by Wenzel et al., compared
the cost-effectiveness of active surveillance and contact precautions for MRSA to a population-
based infection control approach. This analysis assumed that active surveillance for MRSA
would cost approximately $600,000 while the population-based approach would cost
approximately $300,000. If the active surveillance program reduced MRSA infections by 50%
and the population-based approach reduced healthcare-associated infections by 50%, then the
active surveillance program would save $245 million to $980 million nationally while the
population-based intervention would save $1.75 billion to $7 billion nationally.?®

As with all health care interventions, health care worker support and implementation of the
intervention is necessary for the intervention to be successful. The STAR*ICU trial noted
suboptimal implementation of their interventions. That study demonstrated that when contact
precautions were specified, gloves were used for 82% of contacts, gowns for 77% of contacts,
and hand hygiene was performed after gloves were removed for 69% of contacts. Additionally,
when universal gloving was specified, gloves were used for 72% of contacts and hand hygiene
was performed after gloves were removed for 62% of contacts.™® The Veterans Health
Administration’s MRSA initiative includes a dedicated MRSA coordinator at each acute care
hospital responsible for implementation of the initiative. From the beginning of the initiative in
2007 to the end of the study period in 2010, compliance with surveillance nasal screening for
MRSA increased, with the percentage of patients who were screened at admission rising from
82% to 96%, and the percentage who were screened at transfer or discharge rising from 72% to
93%. However adherence to contact precautions was not reported.** Two studies by Bearman
and colleagues found that observed compliance was higher during a universal glove intervention
compared with observed compliance with contact precautions (gowns and gloves) during an
active surveillance plus contact precaution intervention. However, the studies found conflicting
results as to when hand hygiene compliance was greater. The first study found that the active
surveillance and contact precautions intervention was associated with greater compliance with
hand hygiene compared with hand hygiene compliance during the universal gloving
intervention.*® The second study, which included hand hygiene in-service trainings, found that
compliance with hand hygiene was higher during the universal gloving phase compared with the
active surveillance and contact precautions phase.*

Upcoming Studies

Of late, two multicenter cluster-randomized trials of contact precautions have been
implemented. The Cluster Randomized Trial of Hospitals to Assess Impact of Targeted versus
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Universal Strategies to Reduce MRSA in ICUs (REDUCE — MRSA trial) recently finished
collecting data on the effectiveness of the following strategies: (1) MRSA active surveillance of
ICU admissions, followed by contact isolation if positive, (2) MRSA active surveillance of ICU
admissions followed by nasal decolonization if positive, and (3) universal nasal decolonization
of ICU admissions without screening.?® The Benefits of Universal Glove and Gowning Study
(BUGG Study) is currently comparing the effectiveness of universal contact precautions to
standard of care in multiple ICUs in order to determine whether universal gowns and gloves
decrease the overall burden of healthcare-associated pathogens in the ICU setting. The results of
these studies should be available soon and will add to the growing body of evidence on
interventions to control healthcare-associated infections.2

Conclusions and Comment

Although many studies have been performed since the “Making Health Care Safer” report, there
is still much debate as to which interventions should be implemented to prevent healthcare-
associated infections. Vertical interventions, such as active surveillance for MRSA or VRE, have
been studied the most; however, these studies have had conflicting results. Horizontal
approaches, such as universal gloving, have the potential to reduce the burden of all health care-
associate pathogens; however these approaches have been understudied. Current evidence should
be considered by individual institutions to determine which interventions are right for their
institution based on their patient population, problem pathogens, and ability to implement
interventions.®® For example, universal active surveillance for MRSA may be optimal for
hospitals with endemic MRSA throughout their hospital, whereas ICU-level universal contact
precautions may be recommended for hospitals with multidrug-resistant Acinetobacter
baumannii transmission in their ICU. Interventions such active surveillance, contact precautions,
and contact isolation should not be performed alone. Rather, these interventions must be
performed in conjunction with other infection control interventions such as hand hygiene and
antimicrobial stewardship. In conclusion, high quality studies are still needed to determine the
optimal interventions to reduce healthcare-associated infections. A summary table is located at
Table 1, Chapter 7.

Table 1, Chapter 7. Summary table

Scope of the Strength of Evidence or Estimate of | Implementation Issues:
Problem Targeted by | Evidence for Potential for Cost How Much do We
the PSP Effectiveness Harmful Know?/How Hard Is it?
(Frequency/Severity) | of the PSPs Unintended
Conseguences
Common/Moderate Moderate Moderate Moderate-to- Moderate/Moderate
(isolation of high
patients)
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Chapter 8. Interventions To Improve Hand Hygiene
Compliance: Brief Update Review

Elizabeth Pfoh, M.P.H.; Sydney Dy, M.D., M.Sc.; Cyrus Engineer, Dr.P.H.

Introduction

Healthcare-associated infections account for approximately 80,000 deaths per year in the
United States.> A worldwide systematic review found that the incidence of healthcare-
associated infections ranged from 1.7 to 23.6 per 100 patients. Hospital costs directly related to
healthcare-associated infections ranged from $28.4 to $33.8 billion in 2007 U.S. dollars.” Yet
these infections are frequently preventable through hand hygiene.

Substantial epidemiologic evidence supports that hand hygiene reduces the transmission of
healthcare-associated pathogens and the incidence of health-care associated infections.” The link
between hand hygiene and improvements in healthcare-associated infections is hard to prove
definitively in modern-day health care. However, the importance of hand hygiene is universally
acknowledged by organizations such as the Joint Commission, World Health Organization
(WHO) and Centers for Disease Control (CDC), which recommend or require hand hygiene
practices and interventions to improve hand hygiene compliance in order to reduce health care-
acquired infections.>” This review will therefore focus on interventions to improve compliance
with hand hygiene, rather than on the efficacy of hand hygiene for reducing healthcare-
associated infections.

Compliance with hand hygiene practices among health care workers has historically been
very low, averaging 39 percent.” The review on hand hygiene compliance and interventions
aimed at improving it that was conducted for the original 2001 “Making Health Care Safer”
report found that poor compliance has been documented in studies across hospital unit types and
in various other settings. Workers tend to underestimate the importance of compliance and often
overestimate their compliance with hand hygiene procedures.* The report concluded that future
research studies needed to identify reasons for poor compliance and design sustainable
interventions that target these factors. The aim of this review is to assess the evidence for the
impact of interventions on hand hygiene compliance since that report.

What Is Hand Hygiene Compliance?

Hand hygiene is a general term for removing microorganisms with a disinfecting agent such
as alcohol or soap and water.! Hand hygiene should be conducted by health care workers before
seeing patients, after contact with bodily fluids, before invasive procedures, and after removing
gloves.® The WHO offers a slight variation by recommending five key moments when health
care workers should practice hand hygiene: before patient contact, before an aseptic task, after
bodily fluid exposure risk, after patient contact, and after contact with patient surroundings.’ The
National Quality Forum’s “Safe Practices for Better Healthcare 2010 Update” and the Joint
Commission recommend that organizations should implement CDC or WHO guidelines,
encourage staff compliance with guidelines with category Il evidence, and ensure staff comply
with orgGa7nizati0naI rules regarding hand hygiene (see section below on implementation for
details).”
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Monitoring health care workers’ compliance with hand hygiene practices is vital for
evaluating whether interventions are successful. WHO recommends using a validated
methodology for training observers to directly monitor hand-hygiene using “My five moments
for hand hygiene.” Other methods for monitoring include patient-observations, measuring of
hand hygiene product consumption (either by volume of product used or through electronic
counting devices), and electronic hand hygiene compliance monitoring systems (e.g. real-time
location systems, dedicated monitoring systems or video monitoring).®

Hand hygiene interventions include both single and multi-level interventions. These
interventions include staff and/or patient education and involvement, feedback initiatives,
cultural change, organizational change, social marketing, additional sinks or alcohol dispensers,
or a combination of the above.**

Advocates of hand-hygiene improvement interventions recommend that multimodal
interventions are needed to induce sustained hand-hygiene practice improvements, and should be
based on theories of behavior change. On the individual level, the intervention should target
provider education and motivation regarding hand-hygiene practices; on the interpersonal level,
patient empowerment and cues to action should reinforce proper hand-hygiene practices; and on
the orgaanation level, organizational structure and philosophy needs to be supportive of proper
practices.

How Have Interventions To Improve Hand Hygiene Compliance
Been Implemented?

Several major hand hygiene compliance programs have been developed and made publicly
available from the CDC, Institute for Healthcare Improvement, Joint Commission, and WHO,
and are widely implemented in health care institutions.

The CDC has published a guideline, interactive training and educational materials, and
posters for hand-hygiene compliance.’® The guideline provides suggestions for health care
worker educational and motivational programs; these suggestions include stating a rationale for,
and providing information regarding, when hand-hygiene is required; and providing proper hand
hygiene techniques, methods to maintain skin health, expectations of managers, and indicators
for glove use.™ The interactive tools include a set of PowerPoint® slides and speaker notes that
provide background information on the importance of hand-hygiene, indications on when to use
hand-hygiene practices and how to properly clean ones’ hands, and educational/motivational
programs.*? Promotional posters aiming to demonstrate proper hand-hygiene and remind health
care workers of the importance of hand-hygiene are also available.®

The Institute for Healthcare Improvement, in collaboration with the CDC, the Association for
Professionals in Infection Control and Epidemiology, and the Society of Healthcare
Epidemiology of America, created a how-to guide on improving hand-hygiene among health
care workers for organizations. This guide includes evidence-based interventions, goal-setting
suggestions, evaluation suggestions, and measurement tools. The intervention is a multi-faceted
approach with four key aims: (1) to improve knowledge of proper hand hygiene practice; (2) to
have workers demonstrate hand hygiene knowledge; (3) to ensure the availability of alcohol-
based rub and gloves at the point of care; and (4) to ensure that competency in hand hygiene is
regularly verified, compliance is monitored, and appropriate feedback loops are in place.™

The Joint Commission created a monograph to help health care organizations properly
measure hand hygiene performance. Content for the monograph came from examples of methods
and tools submitted through the Consensus Measurement in Hand Hygiene Project and published
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literature.* The monograph includes a comprehensive review of three measurement methods,
including surveys, measuring product use, and directly observing hand hygiene. Additional
information includes a review of ways to display data, intervention strategies, and additional
supplementary resources.

In 2009, the WHO published an extensive report, including a background on transmission of
infections, guidelines for proper hand-hygiene protocol; social, cultural, and behavioral aspects
of hand-hygiene; consensus recommendations; process and outcome measurement; and patient
involvement in hand-hygiene.®> A multimodal strategy was found to be necessary to improve
compliance; therefore recommendations for proper hand hygiene span different levels. For
providers, washing hands when visibly dirty, and using alcohol-based hand rub before and after
contact with a patient, contaminated surface, or medicine is critical. Additionally, they should
not wear artificial nails. Organizations should provide information to workers regarding hand-
hygiene practices that reduce skin irritation and provide lotions or creams to minimize the
occurrence of skin irritation. When designing an intervention to increase proper hand hygiene, a
multi-faceted, multi-modal intervention should be used, practices should be monitored, and
feedback loops should be implemented. Health care administrators should ensure structural and
cultural factors are conducive to hand-hygiene practices, including ensuring access to alcohol-
based hand-rub and/or a continuous water supply at the point of care, and making compliance
with a multi-faceted intervention an institutional priority.> Individual factors, such as normative
beliefs (peer behavior), perceived control, and attitude (awareness of being observed) should also
be addressed since they were found to be important predictors of hand hygiene adherence. The
WHO provides training and education tools such as a template for creating an action plan, an
observation form for monitoring hand-hygiene compliance, training films, and educational
brochuresS. All tools were tested in eight official pilot sites in seven countries before being
finalized.

What Have We Learned About Hand Hygiene Interventions?

A recent review determined that a successful hand hygiene educational program has several
key features. These features include reinforcement of hand hygiene messages; knowledge of
health care workers’ perceived importance of hand hygiene and its role in prevention of
healthcare-associated infections; monitoring and feedback of hand hygiene practices; practical
education tools; role-modeling by senior staff; and supportive infrastructure and management.
Interventions should be multimodal, and teaching methodology should be progressive and
include different types of methods. The educational program itself should be designed to include
local structure, priorities, and resources.” Additionally, as stated above, across several studies,
the 2009 WHO report found hand hygiene practices should be multimodal, and structurally and
culturally tailored to improve compliance with hand hygiene.”

What Methods Have Been Used To Improve Hand Hygiene
Compliance?

The 2001 “Making Health Care Safer” report discussed studies that aimed to improve hand
hygiene through education, feedback, installation of sinks and alcohol-based solution, and
organizational changes.! “Making Health Care Safer” included 14 non-randomized controlled or
before-after studies, 13 of which measured hand hygiene compliance through direct observation,
most in the intensive care unit setting. Interventions included increasing sink or alcohol-based
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solution availability, education, and multifaceted interventions, including feedback. Ten studies
found a statistically significant increase in compliance, and four did not. Three studies evaluated
longer-term results and found that compliance rates decreased after the intervention ended.

Impact of Interventions on Hand Hygiene Compliance

Since 2001, two major systematic reviews have been published on the impact of
interventions on hand-hygiene compliance.

A 2010 Cochrane systematic review (an update of a 2007 review) found insufficient evidence
that hand-hygiene interventions improve hand hygiene in the hospital setting.” The review
included randomized controlled trials, controlled clinical trials, controlled before and after
studies, and interrupted time series analyses that met the criteria of the Cochrane Effective
Practice and Organization of Care Group from 1980-2009. Eligible outcomes included indicators
of compliance with hand hygiene or proxy indicators such as use of product; operating room
studies were excluded. Four studies were included, with one study finding a statistically
significant improvement in hand hygiene 4 months post-intervention, two studies finding a
statistically significant increase in product use which was sustained at one site for 2 years, and
one study finding no effect in the intervention compared with the control group 3 months post-
intervention. Studies focused on educational campaigns and promotion of guidelines, as well as a
multifaceted intervention to improve compliance. Simple substitution of a product with alcohol-
based hand rub did not significantly increase product use.’

A 2008 systematic review addressed studies evaluating hand-hygiene interventions and
healthcare-associated infections in acute and long-term care settings (not the impact of the
interventions on compliance with hand hygiene).'® Studies included multifaceted initiatives,
introduction of new hand-hygiene products, and implementation of infection control practices
and policies, surveys, and electronic monitoring. The review included before and after studies
with and without control groups and cohort studies with no controls. Eighteen of 31 included
studies (58%) reported a statistically significant reduction in healthcare-associated infections
with the intervention compared with the control group; some studies also included other factors
that may have influenced the reductions in healthcare-associated infections.

Patient Engagement

A 2011 review by McGuckin and colleagues found evidence of the importance of patient
engagement or empowerment and multi-model strategies in hand-hygiene interventions. The
authors found that patient empowerment comprised patient participation, knowledge, skills, and
a facilitating environment for their participation in hand hygiene. The majority of patients agreed
that they would ask their health care workers to wash their hands (80% to 90%), especially if
encouraged to ask. However, the authors found scarce literature on the efficacy of patient
empowerment interventions to improve health care worker hand hygiene and were unable to
conduct a traditional evidence-based review.'’

Conclusions and Comment

In conclusion, although it is well-accepted that hand hygiene is a critical patient safety
practice for reducing healthcare-associated infections, compliance with this practice is often low.
Well-developed tools are available for implementing hand hygiene interventions, although high-
quality evidence demonstrating which interventions are most effective is lacking. Reviews have
found that the results of hand hygiene compliance interventions were mixed, with effectiveness
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waning over the long term. A recent systematic review focusing on higher quality evidence
found only four studies, three of which showed a significant impact. Another recent review
found mixed results for the impact of hand hygiene interventions on rates of healthcare-
associated infections. A variety of interventions to improve hand hygiene are being implemented
and promoted by various U.S. and international organizations, particularly educational programs,
monitoring, and feedback. Interventions should be multimodal, addressing providers’
knowledge, attitudes, and beliefs regarding hand hygiene, as well as strategies for behavioral
change, and should ideally be tailored to institutional needs as well as different provider groups
and health care situations. Health care administrators embarking on a hand hygiene intervention
should take advantage of the tools developed by the CDC and the WHO. New strategies, such as
patient engagement in hand-hygiene interventions, are an emerging area with only a few studies
assessing their effectiveness, and need further research on how best to implement them
effectively. Finally, research may be directed toward understanding the effectiveness of specific
elements of hand hygiene interventions, and the context in which they are implemented, in order
to understand which combinations lead most reliably to success. A summary table is located in
Table 1, Chapter 8.

Table 1, Chapter 8. Summary table

Scope of the Strength of Evidence or Estimate of Implementation Issues:

Problem Targeted by | Evidence for Potential for Cost How Much do We
the PSP Effectiveness Harmful Know?/How Hard Is it?
(Frequency/Severity) | of the PSPs Unintended
Conseguences

Common/Moderate Low Low Low Moderate/Moderate
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Chapter 9. Reducing Unnecessary Urinary Catheter Use and
Other Strategies To Prevent Catheter-Associated Urinary
Tract Infections: Brief Update Review

Jennifer Meddings M.D., M.Sc., Sarah L. Krein Ph.D., R.N., Mohamad G. Fakih M.D., M.P.H.,
Russell N. Olmsted M.P.H., C.I.C., Sanjay Saint M.D., M.P.H.

Introduction

Urinary tract infection has long been considered the most common healthcare-associated
infection (HAI), with the vast majority of these infections occurring after placement of the
convenient, often unnecessary," and easily forgotten urinary catheter.* With an estimated one
million catheter-associated urinary tract infections® (CAUTIs) per year, associated with an
additional cost of $676 per admission (or $2836 when complicated by bacteremia),’ it is not
surprising that CAUTIs were among the first hospital-acquired conditions selected for non-
payment by Medicare as of October 2008, and have been further targeted for complete
elimination® as a “never event,” with a national goal to reduce CAUTI by 25% and reduce
urinary catheter use by 50% by 2014.%*° These national initiatives renewed public and research
interest in the prevention of CAUTI, prompting updates of several comprehensive guidelines™™*
and re\gews of strategies to prevent CAUTI released since the 2001 “Making Health Care Safer”
report.

What Strategies May Prevent Catheter-Associated Urinary Tract
Infections?

Similar to other hospital-acquired infections — such as central line-associated blood stream
infection (CLABSI) — many CAUTI prevention strategies have been “bundled” into multi-
modal sets of interventions known as “bladder bundles,”*® consisting of educational interventions
to improve appropriate use and clinical skill in catheter placement, behavioral interventions such
as catheter restriction and removal protocols, and use of specific technologies such as the bladder
ultrasound. Despite some early success in implementing a “bladder bundle™® to reduce urinary
catheterization rates,"” CAUTI prevention has proven challenging for several important reasons.
For example, monitoring urinary catheter use and CAUTI rates to inform and sustain urinary
catheter-related interventions is very resource intensive. Perhaps more importantly, improving
practice regarding urinary catheter placement and removal also requires interventions to change
the expectations and habits of nurses, physicians, and patients about the need for urinary
catheters.

To help organize and prioritize the many potential interventions to prevent CAUTI, we use
the conceptual model of the “lifecycle of the urinary catheter™® to highlight that the highest yield
interventions to prevent CAUTI will target at least one of the four “stages” of the catheter’s
“life.” As illustrated in Figure 1, the “lifecycle” of the catheter (1) begins with its initial
placement, (2) continues when it remains in place, day after day, (3) ceases when it is removed,
and (4) may start over if another catheter is inserted after removal of the first one.
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Figure 1, Chapter 9. Lifecycle of the urinary catheter'®

This conceptual model illustrates four stages of the urinary catheter lifecycle as targets for

interventions to decrease catheter use and catheter-associated urinary tract infections.
Catheter Placement

Catheter

Catheter
Re-insertion v

Care

Catheter Removal

Meddings J, Saint S. Disrupting the Life Cycle of the Urinary Catheter. Clin Infect Dis. 2011; 52(11): 1291-3 by permission of
Oxford University Press.

Because avoiding unnecessary urinary catheter use is the most important goal in prevention
of CAUT], this chapter reviews the evidence on two types of interventions that target
unnecessary urinary catheter use: (1) protocols and interventions to decrease unnecessary
placement of urinary catheters (catheter lifecycle stage 1), and (2) interventions that prompt
removal of unnecessary urinary catheters (catheter lifecycle stage 3).

The evidence summarized in this chapter was generated using a literature search conducted for a
prior systematic review and meta-analysis™ along with a focused update of the published peer-
reviewed literature (from August 2008 to February 2012) through a MEDLINE search for
intervention studies to reduce use of unnecessary urinary catheters in the acute care of adults. A
CINAHL database search was also performed for interventions developed and implemented by
nurses related to urinary catheter use. Studies were included if at least one outcome involving
catheter use or CAUTI events (Table 1) was reported as a result of the intervention, and with a
comparison group (either pre- vs. post-intervention or a separate control group).
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Table 1, Chapter 9. Description of outcomes evaluated (adapted from the prior meta-analysislg)

Number of CAUTI episodes per 1,000 catheter-days was recorded and a rate ratio was

Measures of calculated to compare pre- vs. post-intervention. When rates of both asymptomatic and
Catheter-Associated | symptomatic CAUTI were reported separately,20 the rates of symptomatic CAUTI were used
Urinary Tract for the meta-analysis."™
Infection (Cauti) Cumulative risk of CAUTI during hospitalization (i.e., the percentage of patients who
Development developed CAUTI) was also extracted for each study, and a risk ratio was calculated to

compare risks before and after the intervention for the meta-analysis.19

Mean number of days of urinary catheter use per patient was recorded before and after
the intervention, and a standardized mean difference (SMD) was calculated to compare the
two groups for the meta-analysis.*

Measures of Urinary | Percentage of patient days in which the catheter was in place was calculated before
Catheter Use and after the intervention, and a standardized mean difference (SMD) was determined for
each study for the meta-analysis."®

Daily catheter prevalence, defined as the number of patients with catheters in place
during a specific time period, is reported for some of the more recent studies.

Need for Catheter Re-catheterization need was extracted as the number and percent of patients who
Replacement required replacement of a catheter after prior removal of an indwelling catheter.

The table in Appendix D summarizes the intervention studies described in this review, including study designs, patient
populations, and the interventions employed to avoid unnecessary catheter placement or to prompt catheter removal.
Meddings J, Rogers MA, Macy M, et al. Systematic review and meta-analysis: reminder systems to reduce catheter-associated
urinary tract infections and urinary catheter use in hospitalized patients. Clin Infect Dis. 2010;51(5):550-60 by permission of
Oxford University Press.

What Strategies May Reduce Unnecessary Catheter Use?

Strategies To Avoid Unnecessary Placement of Indwelling Urinary

Catheters

Simply put, patients without urinary catheters do not develop CAUTI. Yet, multiple studies
show that between 21 and 63 percent'>** of urinary catheters are placed in patients who do not
have an appropriate indication and therefore may not even need a catheter. Over the past decade,
several studies have employed interventions to decrease unnecessary catheter placement
(described in Appendix D Table). Although educational interventions are a common and
important first step to decrease inappropriate catheter use, more effective and potentially more
sustainable interventions go a step further by instituting restrictions on catheter placement.
Protocols that restrict catheter placement can serve as a constant reminder for providers about the
appropriate use of catheters, can suggest alternatives to indwelling catheter use (such as condom
catheters or intermittent straight catheterization), but perhaps most importantly, can generate
accountability for placement of each individual urinary catheter. A fairly typical approach for
developing a catheter restriction protocol is to begin with a basic list of appropriate catheter uses
(such as provided in the Centers for Disease Control and Prevention’s Healthcare Infection
Control Practices Advisory Committee (HICPAC) guideline™); this list (Table 2) can then be
tailored to include other indications based on local opinion and specialized patient populations.
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Table 2, Chapter 9. Indications for indwelling urethral catheter use (from the 2009 CDC'’s
guideline”)

A. Examples of Appropriate Indications for Indwelling Urethral Catheter Use

Patient has acute urinary retention or bladder outlet obstruction

Need for accurate measurements of urinary output in critically ill patients

Perioperative use for selected surgical procedures:

o Patients undergoing urologic or other surgery on contiguous structures of genitourinary tract

o Anticipated prolonged surgery duration; catheters inserted for this reason should be removed in post-anesthesia
care unit

o Patients anticipated to receive large-volume infusions or diuretics during surgery

o Need for intraoperative monitoring of urinary output

To assist in healing of open sacral or perineal wounds in incontinent patients

Patient requires prolonged immobilization (e.g., potentially unstable thoracic or lumbar spine, multiple traumatic
injuries such as pelvic fractures)

To improve comfort for end of life care if needed

B. Examples of Inappropriate Uses of Indwelling Catheters

As a substitute for nursing care of the patient or resident with incontinence

As a means to obtain urine for culture or other diagnostic tests when patient can voluntarily void

For prolonged postoperative duration without appropriate indications (e.g., structural repair of urethra or contiguous
structures, prolonged effect of epidural anesthesia, etc.)

The technology required to implement catheter placement restrictions ranges from low
technology strategies such as a hospital or unit policy on appropriate catheter placement or pre-
printed catheter orders with limited indications to higher technology strategies such as
computerized orders?*?# for catheter placement. Catheter restriction protocols have been a
common component of successful multi-modal interventions to decrease catheter use and/or
CAUTI rates, including hospital-wide? interventions and interventions tailored for specific
environments such as the emergency department,??° inpatient units*’ (including general
medical®?*"?®-surgical®® wards and ICU%***), and in the peri-procedural® setting. Urinary
retention protocols®*?82%3234 are a type of catheter restriction protocols that often incorporate the
use of a portable bladder ultrasound®?%3234% tq verify retention prior to catheterization, and
recommend use of intermittent catheterization rather than indwelling catheters to manage a

common and often temporary issue.

Strategies To Prompt Removal of Unnecessary Urinary Catheters
Urinary catheters are commonly left in place when no longer needed.®** In most hospitals,
four steps are required to remove a urinary catheter:'® (1) a physician recognizes the catheter is in
place, (2) the physician recognizes the catheter is no longer needed, (3) the physician writes the
order to remove catheter, and (4) a nurse removes the catheter. Thus, by default, hours and
sometimes days may pass before an unnecessary catheter is recognized and removed. Because
every additional day of urinary catheter use increases the patient’s risk of infectious and non-
infectious catheter-related complications, interventions that facilitate prompt removal of
unnecessary catheters can have a strong impact. We describe below the evidence regarding
strategies that may accelerate or bypass some of these four steps to prompt catheter removal.
Perhaps the most important CAUTI prevention strategy after placement of the catheter is to
maintain awareness of the catheter’s existence (in lifecycle stage 2 of Figure 1), as health care
providers commonly forget the catheter is in place.* Thus, a key step in prompting removal of
unnecessary catheters is frequently (by day or by shift) reminding nurses and physicians that the
catheter remains in place. Catheter reminder interventions include a daily checklist?*34%33%37 or
verbal/written reminder®:***? to assess continued catheter need, a sticker reminder on the
patient’s chart®*** or catheter bag,*® or an electronic® reminder that a catheter is still in place.
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Reminder interventions can be generated by nurses, physicians or electronic order sets, and can
be targeted to remind either nurses or physicians about the catheter. Some reminder interventions
have employed nurses dedicated to detecting unnecessary catheters.”>*> Reminder interventions
can also serve to remind clinicians of appropriate catheter indications.

Unfortunately, reminder interventions can also be easy to ignore® and catheters may remain
in place without action. The next type of intervention to prompt removal of unnecessary
catheters, which goes a step further, is a “stop order” that requires action. Stop orders prompt the
clinician (either nurse or physician) to remove the catheter by default after a certain time period
has elapsed or condition has occurred, unless the catheter remains clinically appropriate. For
example, catheter stop orders can be configured to “expire” in the same fashion as restraint or
antibiotic orders, unless action is taken by a clinician. Stop orders directed at
physicians?>#?83%42 require an order to be renewed or discontinued on the basis of review at
specific intervals, such as every 24 to 48 hours after admission or post-procedure. Stop orders
directed at nurses either require the nurse to obtain a catheter removal order from
physicians,?’*2*° or can empower nurses to remove the catheter without requesting a physician
order?®?830:3447-49 o the basis of an appropriate indication list. Admittedly, implementing a
nurse-empowered catheter removal protocol may be less effective than anticipated, as early
qualitative research of nurse-empowered interventions indicate some nurses are uncomfortable
with this autonomy*® and might not remove catheters as expected.

What Is the Impact of Strategies To Avoid Unnecessary Urinary
Catheter Use?

Impact of Interventions To Avoid Unnecessary Catheter Placement

Multiple before-and-after studies of interventions to decrease inappropriate catheter
placement (such as catheter placement restrictions and urinary retention protocols) have resulted
in a decrease in the use of urinary catheters, 22328293133 3 |ower proportion of catheters in place
without a physician order??*?>% and a reduction in the proportion of catheters in place without
an appropriate indication.*%32%%

Impact of Reminder and Stop Order Interventions on Catheter Use

and CAUTIs

A systematic review and meta-analysis of 14 studies™ published prior to August 2008
(including nine reminder interventions and five stop order interventions) demonstrated that the
rate of CAUTI (episodes per 1,000 catheter-days) was reduced by 52 percent (p<0.001) with the
use of either a reminder or stop order. Based on this meta-analysis, reminders and stop orders
could result in large numbers of avoided CAUTI episodes per 1,000 catheter-days, particularly
when baseline rates of CAUTI are high (Table 3, adapted from a previous meta-analysis'®).

Table 3, Chapter 9. Number of avoided CAUTI episodes per 1,000 catheter-days

Baseline rate of CAUTI Number of avoided CAUTI episodes per 1,000 catheter-days
episodes per 1,000 anticipated by the type of intervention to prompt catheter removal
catheter-days Reminder Stop order Overall
5 2.8 2.0 2.6 (95%Cl, 1.6-3.6)
10 5.6 4.1 5.2 (95%Cl, 3.2-7.2)
20 11.2 8.2 10.4 (95%Cl, 6.4-14.4)
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This meta-analysis™ also suggested that the mean duration of urinary catheterization
decreased by 37 percent, with 2.61 fewer days of catheterization per patient in the intervention
vs. control groups. The pooled standardized mean difference (SMD) in the duration of
catheterization was -1.11 overall (p=0.070); a statistically significant decrease in duration was
observed in studies that used a stop order (SMD -0.30; p=0.001) but not in those that used only a
reminder intervention (SMD -1.54; p=0.071)."® An update of the literature review since this
meta-analysis yielded 12 additional studies with reminder and/or stop order interventions. Figure
2 illustrates the major findings of the 14 studies for catheter use and CAUT]I events as reported in
the prior meta-analysis;*® Figure 3 illustrates the major findings for the 12 subsequent studies,
including eight that reported measures of catheter use, and eight that reported CAUTI events.
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Figure 2, Chapter 9. Summary of CAUTI and urinary catheter outcomes from 14 studies

Before Intervention or Control

B After Intervention
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Figure 3, Chapter 9. Summary of CAUTI and urinary catheter outcomes from 12 additional studies
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Potential for Unintended Harm by Catheter Removal Interventions

Interventions that facilitate removal of urinary catheters do pose the risk of premature urinary
catheter removal, with patients then requiring unnecessary recatheterization; any catheterization
event is associated with procedure-related discomfort and other potential complications. Thus,
monitoring the need for re-catheterization is important to avoid unintended patient harm. In the
meta-analysis of reminder and stop order studies, only four of the 14 studies reported rates of re-
catheterization®®?>3%*® with low re-catheterization rates noted in both intervention and control
groups. None of the 12 more recent studies involving reminders or stop orders to prompt catheter
removal reported data on potential patient harm, such as premature removal.

Summary of Other Strategies To Prevent CAUTI

Several recent evidence-based guidelines** have focused on preventing CAUTI and have
assessed the evidence and provided recommendations for implementing prevention strategies.
Key recommendations in the CDC guideline,*! in addition to appropriate catheter use (Table 2),
include (1) aseptic insertion of urinary catheters by properly trained personnel, using aseptic
technique and sterile equipment (with an exception being that clean technique is appropriate for
chronic intermittent catheterization), and (2) proper urinary catheter maintenance with a sterile,
closed drainage system permitting unobstructed urine flow. Aseptic insertion is primarily
recommended as a standard of care for which limited evidence exists. Stronger evidence
(epidemiological and clinical) supports the importance of a sterile, closed, unobstructed urinary
drainage system.

A more controversial topic is the use of antimicrobial catheters. Based on the current
evidence, the CDC guideline recommends'* that antimicrobial catheters should not be used
routinely to prevent CAUTI. It also suggests that further research is needed both on the effect of
silver-alloy coated catheters in reducing the risk of clinically significant CAUTI outcomes and
on the benefit of silver-alloy coated catheters in selected patients at high risk of infection.

Bundles of interventions are also an important strategy, as part of a multi-modal approach
that focuses efforts on high-yield interventions. For example, one strategy that includes several
of the components from the “Bladder Bundle” implemented by the Michigan Health and
Hospital Association (MHA) Keystone Center for Patient Safety & Quality is the “ABCDE”
approach:®

e Adherence to general infection control principles is imp