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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.
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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).
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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

19



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
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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
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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 important (e.g., hand hygiene,

surveillance and feedback, aseptic insertion, proper maintenance, education).

e Bladder ultrasound may avoid indwelling catheterization.

e Condom catheters or other alternatives to an indwelling catheter such as intermittent

catheterization should be considered in appropriate patients.

e Do not use the indwelling catheter unless you must!

e Early removal of the catheter using a reminder or nurse-initiated removal protocol

appears warranted.

What Is the Cost of Implementing a CAUTI Prevention Program?

The cost of implementing a CAUTI prevention program will vary based on the level of
technology used (e.g., computerized vs. pre-printed catheter orders, and whether portable bladder
ultrasounds are purchased) and the time invested in implementing and evaluating the
interventions. Saint and colleagues, in their study of a written urinary catheter reminder
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generated by a research nurse to remind physicians which of their inpatients had urinary
catheters,*® found that the intervention was either cost-neutral or modestly cost-saving depending
on the assumptions made. More recently, a study® of five hospitals in the Netherlands employed
a multi-modal intervention including reminders in four hospitals, and a stop order in the fifth
hospital. The program was found to be cost-saving, with the mean amount saved being € 537 (or
~$700) per 100 hospitalized patients.

What Methods Have Been Used To Improve the Implementation of
Interventions To Prevent Catheter-Associated Urinary Tract
Infections?

Because reducing unnecessary catheter use often requires changing well-established habits
and beliefs of nurses and physicians, the challenge of implementation should not be under-
estimated. To facilitate implementation of practices to prevent CAUTI, the Michigan Keystone
Bladder Bundle Initiative®® used the Johns Hopkins University collaborative model for
transformational change. This model is based in part on the “four E’s”: Engage, Educate,
Execute, and Evaluate.”® During the “Engage” and “Educate” steps, hospitals were provided
information in multiple formats and a toolkit describing the intervention steps and outcomes
measures. In the “Execute” step, the hospital was strongly encouraged to choose one nurse
champion®® (for example, a case manager, nurse coordinator, or clinical nurse specialist) to lead
the initiative and organize a bladder bundle team, including at least one physician, and to
participate in workshops and conference calls with other participating hospitals to provide
additional expert content and practical coaching. Also during the “Execute” step, daily patient
rounds (which in some hospitals were called a “catheter patrol”) were recommended to assess
catheter presence and necessity, and provide feedback to specific units and re-evaluate strategies
in progress. Hospitals were also encouraged to implement more active strategies for prevention,
such as a catheter reminder system or promoting the use of catheter alternatives by developing
protocols or making sure the necessary supplies were readily available. In the “Evaluate” phase,
hospitals were asked to conduct a baseline assessment of catheter use (point prevalence) and
appropriate use according to specified indications and to conduct periodic reassessments to
assess progress and sustainability.

Implementation challenges within CAUTI prevention should be expected® and managed
accordingly. Qualitative assessment focusing on HAI prevention has identified two important
potential barriers to healthcare-associated infection preventive efforts: “active resisters” and
“organizational constipators.”® Active resisters are hospital personnel who vigorously and
openly oppose changes in practice, as a matter of habit or culture (e.g., “just not how they were
trained”). Management of active resisters often requires those in authority to mandate
compliance, collect data, and provide feedback.>® A “champion” who is influential or a peer of
the resisting staff may also help to overcome active resistance.”** “Organizational constipators”
are usually mid- or high-level executives who act as barriers to change by preventing or delaying
certain actions needed to implement new practices.”® Strategies to address an organizational
constipator are to include this person in early discussions to improve buy-in and motivation,
working around the person, or replacing the constipator.

A unique challenge to expect when implementing urinary catheter removal strategies is
reluctance by some nurses to remove the catheter,”? even when the nurse is “empowered” to do
so. In some cases, nurses may be active resisters due to disagreement with the catheter policy
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and/or a desire to avoid the inconveniences and increased frequency of patient contact required
for the care of incontinence and catheter alternatives. Other nurses report they simply do not feel
comfortable* removing the catheter without explicit orders from the physician, which is ironic
considering that many nurses place catheters without orders. Nursing comfort with catheter
removal can be increased*® with peer support and education, and may be facilitated by directly
addressing the workload concerns associated with the removal of indwelling catheters. Indeed, a
survey of nurses?’ during implementation of a nurse-empowered catheter removal protocol
indicated increased nursing and patient satisfaction, despite the expected increase in workload.

Even though CAUTI is a very common healthcare-associated infection, Krein and colleagues
reported that CAUTI preventive practice use is lagging behind efforts to prevent central line-
associated bloodstream infection and ventilator-associated pneumonia,®* with room for
improvement in adopting catheter removal and CAUTI preventive strategies demonstrated again
in two recent large surveys of hospitals® and ICUs.*® Fortunately, many resources exist
(www.Catheterout.org) to help hospitals develop and implement programs to decrease catheter
use and prevent CAUTI, including a range of tools and educational materials to address
implemens'%ation challenges. Hospital and unit-level leadership also play a key role in preventing
infection.

Monitoring and Providing Feedback on Catheter Use and CAUTI
Rates

Inappropriate urinary catheter use is an easy habit to start and a difficult one to break.'®
Consequently, many studies*"*” have emphasized the importance of on-going surveillance and
feedback as an intervention to reduce healthcare-associated infections such as CAUTI and
sustain prevention efforts. New national efforts to reduce CAUTI
(www.onthecuspstophai.org/stop-cauti/) incorporate periodic feedback to participating units on
urinary catheter use and CAUTI rates. The CAUTI rates evaluated include the National
Healthcare Safety Network (NHSN) and the newly described population-based rates.”® The
population-based CAUTI rate incorporates both the NHSN rate and the device utilization ratio,
to account for interventions focused on reduction in catheter use and improvements in placement
and maintenance.

Important next steps to address CAUTI involve developing strategies to decrease the effort
and resources required to monitor catheter use and CAUTI rates. Advanced informatics tools
have recently been shown to increase the impact of this feedback loop to the extent that rates of
CAUTI were lower in facilities that deployed these tools compared with those that did not.>
Careful selection or development of datasets used for implementing hospital payment changes
and public reporting for CAUTI events is also recommended. Unfortunately, the current
administrative data used to implement non-payment’ for hospital-acquired CAUTIs and to
publicly report hospital performance likely captures few CAUTI events, given documentation
and coding challenges® to translate a urinary tract infection event from a medical record into
hospital-acquired CAUTI in the administrative datasets.

Conclusions and Comment

In summary, hospitals should strongly consider employing interventions to avoid
unnecessary catheter placement and to prompt removal of unnecessary catheters. These
interventions appear to be low cost, low risk and effective strategies to address a common
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hospital-acquired infection in the United States, with some unique but not impossible challenges
for implementation. Furthermore, reducing indwelling catheter use addresses the noninfectious
complications of urinary catheter use such as catheter-related patient discomfort and immobility

(Table 4).
Table 4, Chapter 9. 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-to- |Low Low Moderate/Moderate
high
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Chapter 10. Prevention of Central Line-Associated
Bloodstream Infections: Brief Update Review

Vineet Chopra, M.D., M.Sc.; Sarah L. Krein, Ph.D., R.N.; Russell N. Olmsted, M.P.H., C.I.C;
Nasia Safdar, M.D., Ph.D.; Sanjay Saint, M.D., M.P.H.

Introduction

Central venous catheters (CVCs) are intravascular access devices that terminate within the
great vessels of the neck (superior or inferior vena cava, brachiocephalic veins, subclavian vein
or internal jugular vein), or a site proximal to the heart. CVCs are vital for the care of
hospitalized and critically ill patients, as they provide reliable venous access for clinical activities
such as blood sampling, infusion of medications, and hemodynamic measurement. However,
CVCs are also the leading cause of healthcare-associated bloodstream infections (BSIs) and are
frequently implicated in life-threatening illnesses.'? Infections associated with CVCs are
categorized in the literature as either “central-line associated bloodstream infection” (CLABSI),
or “catheter-related bloodstream infection” (CRBSI), based on whether surveillance or
ascertainment of infection is the desired goal. For instance, the Centers for Disease Control and
Preventions’ (CDC) National Healthcare Safety Network (NHSN) uses the CLABSI definition
for surveillance purposes, defining the term as a laboratory confirmed BSI in any patient with a
CVC present either at the time of, or within a 48-hour period before the detection of infection.>*
Thus, the CDC-NSHN definition overestimates the true incidence of CRBSI, as some BSIs may
be due to infection at other sites (e.g., pneumonia or urinary tract infection) or at sites that are
difficult to detect (e.g., translocation from the gastrointestinal tract or mucositis following
chemotherapy). In contrast, CRBSI is a more precise and rigorous definition that requires either
(a) isolation of the same organism from the catheter and the peripheral blood, (b) simultaneous
quantitative blood cultures with a ratio of 5:1 or higher of those from the indwelling CVC
compared with peripheral blood, or (c) a differential time to positivity of CVC-derived versus
(vs.) peripheral blood culture positivity of more than 2 hours.’> The CRBSI definition is thus
largely used within the context of clinical care and research, whereas the term, CLABSI, is
implemented for epidemiologic surveillance.® For the purposes of this review, we use the term
CLABSI to encompass both of these operational definitions.

Of the approximately 249,000 BSIs that occur in U.S. hospitals each year, 80,000 (32.2%)
occur in intensive care unit (ICU) settings.? Because C\V/Cs are more frequently used in ICUs
than in other areas of the hospital, and the strongest predictor of developing a BSI is the presence
of a CVC, the epidemiology of CLABSI has traditionally focused on the critically ill. With over
15 million catheter days in ICUs annually, the potential impact of CLABSI is substantial in this
population alone.®’” However, in a survey of major medical centers, CVC use was identified in
24.4 percent of patients outside the ICU.® Thus, millions of patients both in and out of ICU
settings are potentially at risk of developing CLABSI. Although the frequency of CLABSI
outside the ICU is largely unknown, Weber and colleagues found that the incidence of CLABSI
decreased when patients transitioned from ICUs to step-down units or non-ICU floors.® Data
from the CDC-NHSN also suggest lower CLABSI rates in patients on hospital wards compared
with those in an ICU setting.'® Furthermore, recent evidence suggests that the incidence of
CLABSI in ICUs is significantly lesser than reported in 2001, likely due to a number of efforts
aimed at preventing this infection.’* These efforts notwithstanding, the increasing use of CVCs

88



such as peripherally inserted central catheters (PICCs) outside of ICUs may reflect an important
shift in the epidemiology of CLABSI to non-ICU settings.*? This change is highly relevant, as
lack of a uniform patient-care team and absence of comprehensive surveillance efforts in non-
ICU settings represent substantial obstacles to addressing CLABSI in these areas.

The economic burden of CLABSI is substantial. A recent analysis estimated that each
CLABSI episode independently increases length of hospitalization from 7 to 21 days, and adds
an attributable cost of about $37,000 (2002 dollars) per patient.*® The annual national cost of
caring for patients who develop CLABSI is estimated to range from $0.67 to $2.68 billion.***°
Similar trends exist in European nations, where the incremental expenditure related to CLABSI
is estimated at €9,154 (€18,241 [$24,558 in 2012 dollars vs. €9,087 [$12233]) per patient.'®
Given this clinical and economic cost, investigators, policy-makers, and regulatory agencies in
the U.S. and abroad have devoted great efforts to curtail CLABSI over the past decade.'”*

CLABSIs are potentially preventable through the use of evidence-based practices.?’ The
original “Making Health Care Safer” report examined the prevalence, strategies, and costs
associated with CLABSI prevention, and found that certain practices (e.g., the use of maximal
sterile precautions) were associated with both a decrease in CLABSI risk and reduced cost,
whereas others (e.g., intravenous antimicrobial prophylaxis) added expense without clear
benefit.?%? In this review, we provide an update to the original report by highlighting the most
clinically and cost effective strategies associated with CLABSI prevention. To compile this
report, we performed a systematic review of the literature and searched multiple databases to
identify relevant studies published between 2000 and 2012 using terms such as “Bacteremia,”
“Catheterization, Central Venous,” and “central line-associated bloodstream infection.” Our
search strategy yielded a total of 1,087 unigue manuscripts of which 337 articles were relevant
for this report.

What Practices Are Associated With CLABSI Prevention?

One of the most important advances in the science of CLABSI prevention has been the
identification of individual risk factors associated with this condition. These include (a) lengthy
hospitalization before venous catheterization; (b) prolonged duration of catheterization; (c) heavy
microbial colonization at the insertion site; (d) heavy microbial colonization of the catheter hub;
(e) femoral or internal jugular vein insertion (rather than subclavian vein); (f) operator-
inexperience or lack of implementation of best practices during CVC insertion; (g) presence of
neutropenia; (h) total parenteral nutrition provided through the catheter; (i) inadequate
care/maintenance of the CVC after insertion; and (j) type of CVC.% Strategies to prevent
CLABSI have evolved from targeting these variables.

The CD’s Healthcare Infection Control Practices Advisory Committee (HICPAC) recently
updated their guidelines to summarize the evidence behind a number of practices associated with
CLABSI reduction.”® As with prior iterations, the update provides levels of recommendation for
each clinical practice based on the theoretical rationale, scientific data, applicability and impact
of the intervention. Based on the level of evidence in their support, recommendations are divided
into five categories, ranging from practices that are strongly recommended and supported by
well-designed experimental, clinical, or epidemiologic studies to those that are of unclear value
owing to insufficient evidence or lack of consensus regarding efficacy (Table 1). From a
conceptual standpoint, these practices can be classified as (a) interventions that may be
implemented at the time of CVC insertion; (b) practices best utilized after placement of a CVC;
and (c) institutional initiatives to reduce CLABSI.
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Table 1, Chapter 10. Categories and recommendations for CLABSI reduction practices from the Healthcare Infection Control Practices
Advisory Committee of the Centers for Disease Control and Prevention

Recommendation Description Category of Recommendation
Hand hygiene prior to catheter Decontaminate hands with either antiseptic-containing soaps or alcohol-based Category 1B

insertion gels/foams before inserting, repairing, replacing, or dressing a CvVC

All inclusive catheter carts or kits A catheter kit or cart contains all the equipment necessary for CVC insertion Category IB

(needle, guidewire, introducers, etc.), and ensures sterility by minimzing
interruptions during line placement

Maximal sterile barrier precautions Use a cap, mask, sterile gown, sterile gloves, and a sterile full body drape when | Category IB
inserting CVCs and PICCs or performing guidewire exchange(s)

Chlorhexidine for skin anti-sepsis Prepare clean skin with chlorhexidine preparation with alcohol before CVC Category 1A
insertion and during dressing changes

Antimicrobial catheters Chlorhexidine/silver sulfadiazine or minocycline/rifampin-impregnated CVCs are | Category IA

recommended only if the catheter is expected to remain in place 5 days or more
AND the CVC will be inserted in an environment where the CLABSI rate remains
high despite a comprehensive reduction strategy

Subclavian vein insertion Whenever possible, use the subclavian site, rather than the jugular or femoral Category 1B
sites in adults
Disinfect hubs and needle-less Minimize contamination risk by scrubbing the access site with an appropriate Category 1A
connectors antiseptic (chlorhexidine, povidone iodine, or 70% alcohol) prior to accessing the
CcvC
Remove non-essential CVCs Daily evaluation and prompt removal of CVCs that are no longer clinically Category 1A

warranted is an important aspect of CLABSI prevention; routine replacement of
CVCs, PICCs, or hemodialysis catheters is not recommended

Chlorhexidine cleansing Daily cleansing using a 2% chlorhexidine solution or impregnated washcloth Category Il
rather than soap and water in ICU- and hemodialysis patients is recommended

CVC dressing Use either sterile gauze or sterile, transparent, semipermeable dressing to cover | Category IA
the CVC site

Chlorhexidine sponge dressing The use of chlorhexidine-impregnated sponge dressings is recommended for Category 1B

patients >2 months of age if the CLABSI rate is not decreasing despite
adherence to basic prevention measures, including education and training,
appropriate use of chlorhexidine for skin antisepsis and use of maximal sterile
barrier precautions

Topical antibiotic use Topical antibiotic use may promote fungemia or bacteremia in non-dialysis Category IB
populations and is recommended only for hemodialysis catheter dressing

Antibiotic or anti-infective “locks Instillation of supra-physiologic doses of an intravenous antibiotic or anti-infective | Category Il
solution into a catheter lumen between periods of CVC access is recommended

only in those at high baseline risk for CLABSI

Systemic antibiotic prophylaxis The use of oral or intravenous antibiotic therapy either during insertion or Category IB
following placement of a CVC is not recommended
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Table 1, Chapter 10. Categories and recommendations for CLABSI reduction practices from the Healthcare Infection Control Practices
Advisory Committee of the Centers for Disease Control and Prevention (continued)

Recommendation Description Category of Recommendation

Educational interventions Education regarding appropriate indications, method of placement, and Category 1A
surveillance for CLABSI are a critical component of a comprehensive CLABSI
prevention program

Catheter bundles or “checklists” The use of five practices in unison at the time of CVC insertion, “the bundle,” is Category 1B
recommended. These interventions include hand hygiene prior to insertion; use
of maximal sterile barrier precautions; chlorhexidine for skin antisepsis;
avoidance of the femoral site of insertion; and prompt removal of catheters when
no longer indicated

Use of specialized CVC insertion The use of trained personnel dedicated to the placement of CVCs in ICU and Category 1A
teams hospitalized patients is recommended

“Categories of recommendations:

Category IA: Strongly recommended for implementation and strongly supported by well-designed experimental, clinical, or epidemiologic studies;

Category IB: Strongly recommended for implementation and supported by some experimental, clinical, or epidemiologic studies and a strong theoretical rationale; or an accepted
practice (e.g., aseptic technique) supported by limited evidence.

Category IC: Required by State or Federal regulations, rules, or standards.

Category II: Suggested for implementation and supported by suggestive clinical or epidemiologic studies or a theoretical rationale.

Unresolved Issue: No specific recommendations exist due to conflicting or insufficient evidence.

Abbreviations: CLABSI = central line-associated bloodstream infection; CVC = central venous catheter; PICC = peripherally inserted central catheter.

Note: Adapted from O’Grady, et al.?°
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Measures To Prevent CLABSI at Time of Central Venous Catheter
Insertion

Hand hygiene before catheter insertion. Hand hygiene is an important practice in the
prevention of CLABSI.*! Hand decontamination with either antiseptic-containing soaps or
alcohol-based gels/foams has consistently been shown to reduce CLABSI rates.®>* A key
strategy in promoting hand hygiene involves educating staff who insert CVCs on the importance
of this practice. In a before-and-after study assessing the impact of an educational initiative on
hand hygiene, the incidence of CLABSI decreased from 3.9 per 1,000 catheter days to 1.0 per
1,000 catheter days (P< 0.001) following education on this topic in an ICU setting.* As the most
common cause of CLABSI is entry of skin pathogens during CVC insertion and maintenance,
ensuring best practice during catheter placement and handling is crucial for CLABSI prevention
(Category 1B).%%

All-inclusive catheter-carts or kits. A study by Young and colleagues found that a systems-
based intervention featuring a catheter kit (that contained a large sterile drape and 2%
chlorhexidine gluconate) led to a significant reduction in CLABSI rates (11.3 per 1,000 CVC-
days vs. 3.7 per 1000 CVCs, P<0.01) in a medical-surgical ICU.*" This approach has been
expanded upon by a number of other investigators to include not only a kit of essential items, but
a mobile cart that contains all of the equipment needed to insert CVCs.*** The use of an all-
inclusive cart or catheter kit minimizes interruptions related to non-availability of necessary
equipment and thus lends itself to CLABSI reduction by ensuring maintenance of a sterile field
during catheter insertion. Furthermore, the use of carts encourages a consistent approach to CVC
insertion by standardizing catheter types, guide-wires, needles, and other essential supplies.
Although the use of catheter-carts and kits is not specifically endorsed by the recent HICPAC
guidelines,”® they are pragmatic, relatively low-cost innovations that have been associated with
lower CLABSI rates.

Maximal sterile barrier precautions. Several studies have demonstrated that the use of
maximal barrier precautions including a cap, mask, sterile gown, gloves, and a sterile full-body
drape when inserting CVCs reduces CLABSI.>*"4%*! Current HICPAC guidelines thus
recommend that maximal sterile barriers are used during insertion of all CVCs (Category 1B).%°
The cost-effectiveness of this practice in preventing CLABSI has been established, as the
expense of sterile barriers is dwarfed by the additional expense of CLABSI and its subsequent
care, even in resource-poor environments.* Despite this evidence, a study of 10 ICUs in major
academic medical centers published in 2006 reported that fewer than 30 percent had
systematically adopted maximal sterile barrier precautions.** However, a more recent national
survey of infection preventionists, which examined the use of evidence-based practices
(including maximal sterile barriers) in Federal and non-Federal hospitals between 2005 and
2009, found that the reported use of this practice is on the rise.* This more recent finding
highlights the fundamental role of translating evidence into practice regarding CLABSI
prevention.

Chlorhexidine for skin antisepsis. In a systematic review and meta-analysis of 8 trials
involving 4,143 unique catheter insertions, skin antisepsis with chlorhexidine was found to be
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associated with a 50 percent reduction in the subsequent risk of CLABSI compared with
povidone iodine.* A formal economic evaluation by the same authors projected that although
costlier initially, the use of chlorhexidine over povidone iodine for insertion site disinfection and
CVC care would lead to a 1.6 percent decrease in the incidence of CLABSI, a 0.23 percent
decrease in the incidence of death, and a savings of $113 per catheter.* Existing HICPAC
guidelines endorse the use of chlorhexidine gluconate for skin antisepsis prior to CVC insertion
(Category 1A).%°

Antimicrobial catheters. The utility of catheters impregnated with a variety of substances
including chlorhexidine-silver sulfadiazine, minocycline-rifampin, benzalkonium chloride, and
silver have been evaluated in more than 20 randomized controlled studies and four recent
systematic reviews and meta-analyses.*”>! Meta-conclusions from these reviews remain limited,
due to heterogeneity arising from differences in the population, design, and conduct of the
pooled studies. For example, in a study involving a pediatric burn population, Weber and
colleagues found significant reductions in CLABSI with the use of minocycline and rifampin
antimicrobial coated catheters over non-coated catheters.>> However, a prospective, double-
blinded, randomized study in adults failed to show a reduction in CLABSI with a second-
generation CVC coated with chlorhexidine and silver sulfadiazine.>® Due to the initial acquisition
cost, variation in benefit according to patient populations, and potential concern for inducing
antimicrobial resistance, routine use of antimicrobial CV/Cs is not recommended.?*>* However,
in facilities where high-rates of CLABSI persist despite deployment and compliance with
comprehensive CLABSI prevention efforts, the use of antimicrobial CVCs is considered
reasonable by current HICPAC guidelines (Category 1A).%°

The subclavian vein as the insertion point of choice. The site of CVC placement may
influence the risk of CLABSI, owing to the differing density of bacterial skin colonization at
each entry site. In a multicenter study of 289 patients randomized to undergo venous
catheterization using either the femoral or subclavian site, CVC placement in the femoral area
was associated with a substantially greater risk of CLABSI than was subclavian insertion (20
versus 3.7 per 1,000 catheter days).> In a recent Dutch multicenter study involving 3,750 CV/Cs
and 29,003 CVC days, insertion into the femoral and jugular vein was independently associated
with an increase in the risk of subsequent CLABSI.*® In a study directly comparing the
subclavian to the internal jugular and femoral sites, the subclavian site was associated with the
lowest risk of infection (0.97 versus 2.99 and 8.34 per 1,000 catheter days, respectively).** For
this reason, whenever medically feasible, the subclavian vein is the preferred site for venous
catheterization in the current HICPAC guidelines (Category 1B).6?°>"° However, this
recommendation remains the subject of on-going debate, as some rigorous studies have found
that the risk of CLABSI from femoral vein CVC insertion is not greater than that associated with
insertion into the subclavian or internal jugular veins.®®

Measures To Prevent CLABSI After Central Venous Catheter Insertion

Following the insertion of a CVC, several practices may decrease the risk of developing
CLABSI. These “maintenance” practices are important aspects of CLABSI prevention,
especially in CVCs that remain in place for an extended period of time.
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Disinfect hubs, needleless connectors, and injection ports prior to CVC use. Contamination
of the catheter hub due to non-sterile access technique is a recognized path for developing
CLABSI. Minimizing contamination by wiping the catheter hub with an appropriate antiseptic
specifically recommended by the device manufacturer, or swabbing the membranous septum of a
CVC with 70% alcohol have been shown to reduce both risk of catheter contamination and
incidence of CLABSI.®*® The practice of disinfecting access sites prior to CVC use,
colloquially dubbed “scrub the hub,” is linked to decreases in both bacterial colonization at
access sites and rates of incident CLABSI.%®®® Educational efforts targeting providers
responsible for CVC care (such as bedside nurses) are an important component in ensuring
dissemination and compliance with this practice.®® Although current HICPAC guidelines
emphasize minimizing the risk of contamination by scrubbing the hub with an appropriate
antiseptic (Category 1A),?° several in vitro studies have demonstrated that even with strict
attention to decontamination, pathogenic organisms can persist in crevices or inside CVC access
valves and/or require prolonged duration of contact with an antimicrobial to significantly
decrease the level of colonization of CVC valves.®* " In response, innovative technologies such
as those that incorporate antimicrobial compounds in the matrix of the CVVC access valve, or
devices that bathe the valve with antimicrobials are being developed and tested.”®"?™ In the
absence of significant clinical experience with these novel devices, recommendations regarding
their widespread use are not possible.

Remove nonessential CVCs. Each day with a CVC increases the risk of developing
CLABSI.”"® Prompt removal of CVCs that are no longer warranted is thus an important practice
to reduce CLABSI. This action necessitates both awareness of CVC presence and an ongoing
risk-benefit assessment of continued central venous access. In a study tracking temporary CVC
use in hospitalized patients, Chernetsky-Tejedor and colleagues reported that patients who
underwent PICC placement for venous access paradoxically also had 5.4 concurrent days with a
peripheral intravenous line (P<0.001), and had more days in which the only justification for the
CVC was intravenous administration of antimicrobial agents (8.5 versus 1.6 days; P=0.0013).
The authors therefore concluded that a substantial proportion of CVC-days might have been
unjustified in this cohort.% In a recent survey conducted in a European hospital, neither the
bedside nurse nor the treating physician knew why a CVVC was in place for 8.3 percent of non-
ICU patients.”” Importantly and relatedly, routine replacement of CVCs at pre-determined time
intervals has not been shown to reduce the risk of CLABSI and is not recommended based on the
available evidence (Category 1A).%°

Chlorhexidine cleansing. Daily bathing of patients with a chlorhexidine-based solution in ICU-
or advanced care settings may lower CLABSI incidence. In a crossover study conducted in a
medical ICU, daily washing with a 2% chlorhexidine-impregnated washcloth significantly
reduced subsequent BSI compared with using soap and water (4.1 vs. 10.4 per 1,000 patient-
days, P<0.05).”® A study in a surgical ICU also found that daily bathing with a 2% chlorhexidine
gluconate impregnated cloth led to significant reductions in CLABSI (12.07 vs. 3.17 CLABSIs
per 1,000 days; 73.7% rate reduction, P= 0.04).” The benefits of chlorhexidine baths may also
extend to high-risk patients outside of ICU settings. In a quasi-experimental before and after
study of the effect of daily washing with 2% chlorhexidine solution on CLABSI incidence,
Munoz-Price and colleagues reported a 99 percent reduction in the CLABSI rate in a long-term
acute care facility.2° However, a recent retrospective study involving patients in a surgical ICU
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suggested that the benefit from chlorhexidine bathing might not apply to all patients.** As the
evidence base for this practice is limited and conflicting, current HICPAC guidelines cautiously
endorse the use of chlorhexidine washes (either in solution form or as a chlorhexidine
impregnated wash cloth), for daily skin cleansing as a means to prevent CLABSI with a
Category Il recommendation.?’ However, the level of evidence for this recommendation may
soon be upgraded, as a recent meta-analysis pooling 12 studies found significant reductions in
CLABSI risk in studies that evaluated chlorhexidine cleansing in a medical ICU setting (OR
0.44, 95% confidence interval, 0.33 to 0.59).%?

CVC dressing, chlorhexidine sponges and topical antibiotic use. The type of dressing and use
of topical antibiotic ointments or creams at the catheter site may affect the risk of CLABSI. In a
meta-analysis of seven studies comparing clear dressings to gauze for CVCs, transparent
dressings were associated with greater risk of catheter tip colonization (Relative Risk [RR] 1.78,
95% confidence interval [CI] 1.30 to 2.30, P<0.05), but not CLABSI (RR 1.63, 95% CI1 0.76 to
3.47).%% Another meta-analysis of randomized controlled trials comparing gauze and tape to
transparent dressings found no significant differences between dressing type and risk of
CLABSI.% Thus, for CLABSI prevention, existing guidelines do not endorse one type of
dressing over the other and leave the choice of CVC dressing to provider/patient preference and
clinical scenario.?

The use of a chlorhexidine gluconate sponge over the site of CVC insertion has been
associated with a decrease in the frequency and cost of CLABSI. In a study involving 1,636
patients with venous and arterial catheters, Timsit and colleagues reported that chlorhexidine
gluconate sponge placement at the site of catheter insertion substantially reduced the incidence
of CLABSI (1.4 to 0.6 per 1,000 catheter days, hazard ratio 0.39, P<0.03). However, severe
contact dermatitis was observed in eight low birth-weight infants (5.3 per 1,000 catheter days),
and the potential for this adverse effect remains an important limitation in the use of
chlorhexidine gluconate sponges in this population.®® In a recent economic evaluation,
chlorhexidine-impregnated sponge use in patients with CLABSI was estimated to save $197 per
patient using a 3-day dressing change strategy vs. $83 using a 7-day standard dressing change
strategy.® In another cost-benefit analysis, a hypothetical 400-bed hospital inserting 3,078 CVCs
annually would avoid a projected average of 35 CLABSISs, 145 local infections, and 281 ICU
days with the systematic use of a chlorhexidine-impregnated foam dressing; potential annual
hospital net savings were projected at over $895,000.8” Owing to important differences in study
design and outcomes involving primarily pediatric populations, current guidelines recommend
the use of chlorhexidine-impregnated sponge dressings only in situations where the CLABSI rate
is not decreasing despite adherence to other prevention measures (Category 1B).%°

The use of topical antibiotic ointment or creams at the insertion site (e.g. povidone iodine) is
recommended only for patients with hemodialysis catheters, where its use has been associated
with suppression of BSI.%*# Interestingly, a recent prospective, non-blinded crossover study
found that chlorhexidine sponge dressings were not protective against BSI in patients with
hemodialysis catheters.*® Conversely, topical antibiotic dressings are not recommended for
CLABSI prevention in non-dialysis patients as their use may paradoxically increase fungemia
and antimicrobial resistance in this category of patients (Category 1B).2%-%

Antibiotic/anti-infective “locks” in high-risk patients. A catheter lock refers to the instillation
of supra-physiologic doses of an intravenous antibiotic or anti-infective solution into a catheter
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lumen between periods of CVC access. Several studies have examined both the utility of specific
antibiotic or anti-infective agents (e.g. vancomycin, cephalosporins, taurolidine, EDTA, ethanol)
and the targeted use of antibiotic locks in high-risk patient populations. In a systematic review
and meta-analysis, vancomycin-based antibiotic locks in patients deemed high-risk for CLABSI
(planned, long-term central venous catheter duration or those with a history of prior CLABSI)
significantly decreased the risk of this outcome (RR 0.34, P=0.04).*® A more recent systematic
review also reported reductions in the risk of subsequent CLABSI using this approach as an
adjunctive treatment, specifically in patients with poor venous access where catheter salvage was
key.* In view of concerns regarding the potential for inducing antibiotic resistance, several
novel compounds have been tested as anti-infective locks. For example, a recent study found a
solution containing minocycline and EDTA to be highly efficacious in preventing CLABSI in
patients with hemodialysis catheters.” In patients receiving prolonged home parenteral nutrition
via a CVC, the antineoplastic compound taurolidine was found to reduce the risk of CLABSI
when used as a catheter lock in a before and after study.’® Even though several studies have
found reductions in CLABSI incidence in specific populations, generalizations beyond these
groups are difficult and not appropriate.””*® Thus, due to important differences in study design,
type of catheter, agent used, and patient population, the use of antibiotic locks should be limited
to those who are at high baseline risk for CLABSI (Category 11).%

Systemic antibiotic prophylaxis. Routine systemic antibiotic prophylaxis during or after CVC
insertion to reduce the risk of CLABSI is not recommended (Category 1B).2° A recent Cochrane
meta-analysis involving patients with cancer found no convincing evidence that prophylactic
peptidoglycan administration prior to CVVC insertion was associated with reduced CLABSI
incidence.’® A recent study examining the effect of prophylactic cefazolin on CLABSI
following port placement similarly found no benefit associated with antibiotic treatment.'*

Institutional Initiatives To Reduce CLABSI

Educational interventions. Educational programs that emphasize appropriate indications for
CVC placement and programs that review proper procedures for catheter insertion and
maintenance have both been shown to reduce the incidence of CLABSI in various settings.
Although teaching CVC insertion using simulation techniques is a growing phenomenon, a
recent systematic review found that this practice was associated with less frequent mechanical
complications, but not CLABSI.**® Reporting and monitoring for infections through a structured
infection control program is a critical component of CLABSI prevention. Consequently,
education and training regarding how to implement and assess infection control measures and
periodic reassessment of this knowledge has also been shown to reduce CLABSI.?%1% Despite
these important studies, a recent survey found that knowledge regarding which practices are most
associated with CLABSI prevention remains variable.'° Educational initiatives thus represent an
important area of opportunity for institutions and health systems interested in controlling
CLABSI (Category I1A).%

103-107

Use of catheter checklists or “bundles.” A standardized approach to CVC placement that
utilizes a set of evidence-based practices represents an important innovation in CLABSI
prevention. In the Michigan Keystone ICU study, Pronovost and colleagues enrolled 103 ICUs in
67 hospitals to test whether an intervention consisting of five evidence-based practices
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implemented at the time of CVC insertion could reduce CLABSI. Notably, these five practices
were selected because they each had strong evidence supporting their efficacy in CLABSI
reduction and the lowest barriers to implementation. These five practices were hand hygiene
prior to insertion; use of maximal sterile barrier precautions; chlorhexidine for skin antisepsis;
avoidance of the femoral site of insertion; and prompt removal of catheters when no longer
indicated. Following implementation of this intervention, the mean rate of CLABSI dropped
from 7.7 per 1,000 catheter days at baseline to 1.4 per 1,000 catheter days at 16 months across
participating sites.®® The use of these five interventions in unison has been called the “checklist”
or “the bundle.” The use of the bundle and variations thereof has been associated with a
sustained decrease in the incidence of CLABSI, not only within the U.S., but internationally as
well *#11118 The bundle has also been found to be cost-effective both in the U. S. and abroad,
leading to its widespread acceptance as a key strategy with which to reduce CLABSI. " The
HICPAC guidelines categorize the use of bundled interventions during CVC insertion as
perfgormance improvement initiatives and recommends this practice to reduce CLABSI (Category
IB).

Specialized CVC insertion teams. Data from several studies suggest that CVC placement by
specialized teams dedicated to this role leads not only to greater placement skills and reduced
insertion complications, but also to reduced rates of institutional CLABSI.?>**3! The yse of
dedicated and trained staff ensures predictable adherence to evidence-based practices such as
hand hygiene and maximal sterile barriers. The advent of nursing-led PICC teams represents an
important transformation in the placement of CVCs in both critically ill and hospitalized patients.
Preliminary studies suggest that these teams are associated with high rates of insertion success
and low rates of mechanical complications in a variety of patient settings.***?® However, no data
comparing the risk of CLABSI in patients who undergo PICC placement by nursing PICC teams
compared with other providers (such as hospitalists or radiologists) are currently available. The
HICPAC guidelines recommend the use of trained personnel to insert CVCs (Category 1A).%°

How Has CLABSI Prevention Been Implemented?

With the realization that CLABSI can be curtailed by the use of evidence-based practices,
CLABSI prevention has increasingly become an attainable goal for hospitals, health care
systems, and payors. The Michigan Keystone ICU study underscored how both technical (e.g.,
asepsis during insertion, standardized surveillance), and adaptive (e.g., buy-in from leadership, a
culture of safety) components were needed to successfully implement a CLABSI prevention
initiative.'** The identification of these two distinct, yet complementary, realms highlights how
engagement and education of staff, consistent execution of the bundle, and rigorous evaluation of
process—critical activities embodied within the CLABSI bundle—are fundamental components
of CLABSI reduction.*? To ensure validity outside of Michigan, this model was replicated and
tested in Rhode Island and in the Adventist multistate health care system, where declines in
CLABSI at participating sites were also observed.*??*%

Fueled by these successes, the U.S. Department of Health and Human Services prioritized
CLABSI reduction by designating it as Tier | of a comprehensive national healthcare-associated
infection prevention program. Ambitiously, the program aimed to reduce the incidence of
CLABSI by 50 percent in ICUs and specific patient populations over a period of 5 years,
primarily by encouraging the use of insertion bundles. A 2011 interim analysis found that
providers are on track with meeting this target, although continued opportunities remain for
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patients in non-1CU settings and those receiving hemodialysis.*?* In similar fashion, the Agency
for Healthcare Research and Quality (AHRQ) funded and launched an implementation program
called “On the CUSP: Stop BSI.” This national venture includes Federal agencies (e.g., CDC),
State organizations, and various professional societies, and aims to reduce the mean CLABSI
rate to less than 1 per 1,000 catheter days in each of the 50 United States.

What Have We Learned About CLABSI Prevention?

A decade’s worth of quality improvement, clinical research and policy change has led to
greater understanding of a number of pivotal aspects of prevention and control of CLABSI.
These important lessons and ongoing challenges are summarized below.

Importance of Organizational Context

CLABSI reduction efforts using bundles have been successful at some sites, but not at others.
This variable success has led to a renewed appreciation of organizational complexities (e.g., local
culture, clinical care team engagement) that influence the implementation of evidence-based
practices in health care settings. In a study that sought to answer why certain hospitals were more
likely to succeed in CLABSI reduction efforts than others, Krein and colleagues found that
themes involving structure and hierarchy within hospitals, politics and relationships between key
stakeholders, a missing sense of mission and value, and lack of commitment and passion
explained why some hospitals were not as successful at implementing CLABSI reduction
practices as others. The authors suggest that the use of externally-facilitated initiatives (e.g.,
infection prevention measures, technology-based solutions or a quality collaborative), may
provide the motivation, and sometimes resources, needed for implementation needed to
implement CLABSI prevention measures and overcome these major obstacles.*® In another
article studying the influence of context on outcomes, Dixon-Woods and colleagues examined
the Michigan Keystone ICU-initiative to develop an ex-post theory of why this quality
improvement program was so successful.*?® These investigators posited that a number of
components ensured the success of the program: (a) recruitment of a large number of ICUs that
created pressure for others to join (e.g., isomorphic pressure), (b) the use of scheduled
teleconferences and meetings that created a sense of a densely networked community,

(c) reframing of CLABSI as a social problem (e.g., one that involved human action and behavior,
not a technical fix), which convinced stakeholders that they should organize to solve this issue,
(d) influencing hospital culture through checklists and integration of nursing and management,
and (e), robust measurement of outcomes as a means to enforce practice.

Similar themes emerged from a multi-ICU study involving the Department of Veterans
Affairs (VA) health care system, one of the largest integrated health care systems in the world.
Render and colleagues studied the effects of a centralized inpatient evaluation center that
supported not only bundle implementation, but also provided support by recruiting leadership,
and providing feedback, learning tools, and mentoring at VA ICUs. Although the bundle was
implemented in all ICUs, the investigators found marked declines in CLABSI specifically at sites
where the additional support tools were well received. In contrast, sites that struggled with
CLABSI reduction lacked a functional improvement team, forcing functions, or real-time
feedback systems, underscoring the importance of these factors in CLABSI reduction.**’

In a national study of 1,212 health care professionals from 33 different hospitals, Flanagan
and colleagues conducted an open-ended survey and also found that poor adherence to
guidelines, lack of culture change, no impetus to change, insufficient resources, and issues
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related to education were perceived barriers to achieving success in CLABSI improvement
programs.*?® In the context of the work by Krein, Dixon-Woods, and others, these findings
highlight the importance of understanding, appreciating, and addressing contextual factors in the
quest to control CLABSI throughout the world.

Need for Accurate and Reliable Reporting

AHRQ has emphasized the reduction of CVC-associated BSI by designating it as Patient
Safety Indicator (PSI)-7 on nationally reported scorecards. Although a technical brief outlining
specifications of measurement for this PSI is publicly available,*® variations in measurement of
this indicator have led to consternation in the literature. In a criterion validity study, Zrelak and
colleagues conducted a retrospective cross-sectional study of 23 U.S. hospitals using trained
abstractors and found that among 191 cases that met PSI-7 criteria, only 104 (positive predictive
value [PPV/] 54%; 95% CI, 40% to 69%) represented true CLABSLI.*® In another study
examining the validity of PSI-7, Cevasco and colleagues used similar methodology and found
that only 42 of 112 reviewed cases represented true CLABSI events (PPV 38%; 95% CI, 29% to
47%).** In both studies, coding-related issues and present-on-admission diagnoses explained a
large fraction of incorrect reporting. Inaccurate measurement is further compounded by
continued variation in public reporting of PSI-7. In a study of 14 states with mandatory CLABSI
monitoring laws, Aswani and colleagues found numerous disparities in how participating sites
selected the time span of their data collection, variably presented their infection rates, used
inconsistent methods of risk adjustment, chose which locations and care settings to report, and
demonstrated significant time lag to reporting.*** Using a standard definition of CLABSI to
retrospectively study institutional variation in reporting bloodstream infections, Lin and
colleagues found marked variability among 20 ICUs when comparing infection preventionists-
reported CLABSI rates to those from a computer-generated algorithm.**? In a provocative study,
Niedner and colleagues showed that more-aggressive surveillance using stricter definitions and
written policies was associated with higher CLABSI reporting rates in 16 pediatric ICUs.**® This
variability in reporting has profound implications in pay-for-performance and benchmarking
applications that use this measure, as those most likely to accurately report CLABSI stand to be
the most penalized. This dilemma underscores the need to standardize, audit, and constantly
evaluate this system of quality measurement.

Importance of Continued Performance Improvement Efforts

Despite major strides involving knowledge generation and dissemination over the past
decade, important gaps remain in the practice of CLABSI prevention. In a cross-sectional survey
of 1,000 randomly selected physician-members of the American College of Physicians-American
Society of Internal Medicine, the reported use of maximal sterile barriers and chlorhexidine
gluconate at the time of CVC insertion remained low among internists who identified themselves
as having recently inserted a CVC."** Similarly, around 15 percent of U.S. hospitals report
routinely changing CVCs at predetermined time intervals despite abundant evidence that this
practice should be discontinued.**** In an audit of staff practice and awareness of post-insertion
catheter care, Shapey and colleagues found multiple breaches involving knowledge about
dressing and catheter hub decontamination.'*® Are these behaviors and practices remediable? In a
36-month followup study of the Keystone Project, zero incidents of CLABSI were found in
participating sites, despite completion of the original study. The durability of this effect suggests
that not only can behaviors be changed, but engagement, education, monitoring, and feedback
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can sustain these behaviors beyond the intervention stage.'** Ongoing performance measurement
and process improvement must thus come to represent a fundamental facet of national and local
efforts directed towards CLABSI prevention.

Identification of New Challenges

Most BSls related to CVCs occur not in those with long-term CVCs, but in patients with
short-term CVCs."*” A major shift in the landscape of short-term CVCs, the remarkable growth
of PICC use in hospitalized and critically ill patients, may therefore bring new challenges to
CLABSI prevention.'?"*?° Despite the rapid growth in the use of PICCs, little is known about
the indications, prevalence, and patterns of use of this device. Consequently, little is known
regarding the adherence to or appropriateness of CLABSI prevention techniques when inserting
and maintaining PICC lines. As PICCs are frequently placed in vulnerable populations such as
children and those with cancer*® and are associated with important complications, further study
of this technology and its association with CLABSI is needed.***** In addition, considerably
less attention has been devoted to the study and testing of best practices in maintaining long-term
CVCs, such as PICCs. As the risk of CLABSI is greatly influenced by the manner in which a
CVC is handled and treated following insertion, this knowledge gap represents an important area
for future study.

Conclusions and Comment

The intervening decade between the original “Making Health Care Safer” report and
this update has borne witness to a number of practices, approaches, and technologies that have
controlled and eliminated CLABSI in specific settings. Despite this progress, a number of
important policy, knowledge, and implementation gaps remain. While a CLABSI bundle that
incorporates five practices that have reasonable evidence underlying their use appears to be
successful in reducing CLABSI within ICUs, the extent to which this bundle is effective at
preventing and reducing CLABSI outside of the ICU is unknown. As the majority of CVCs are
now found in non-1CU settings, a research agenda that targets this population is necessary.
Understanding how best to assess and address the complexities of culture and behavior are
critical in this context, as these factors are likely to vary to a greater extent than ICU settings. A
summary table is located in Table 2, Chapter 10.

18,21,22

Table 2, Chapter 10. 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-to- |Low Low-to- Moderate-to-difficult/
high moderate Not difficult

(implementation of a
“bundle”)-to-moderate
(understanding
organization culture and
context)
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Chapter 11. Ventilator-Associated Pneumonia: Brief Update
Review

Bradford D. Winters, Ph.D., M.D.; Sean M. Berenholtz, M.D., M.H.S.

Introduction

Ventilator associated pneumonia (VAP) is defined as a hospital-acquired pneumonia that
develops within 48 to 72 hours after endotracheal intubation; the diagnosis hinges on a lack of
evidence suggesting that the infection developed prior to intubation. VAP is the most common
intensive care unit (ICU)-acquired infection, accounting for 25 percent of all ICU infections and
50 percent of ICU antibiotic use. At least 250,000 VAPs occur in the United States (U.S.) each
year. This condition causes complications in 8 to 28 percent of mechanically ventilated patients
and carries a mortality risk of approximately 10 percent (range 6% to 27%), resulting in a
possible 25,000 VAP-attributable deaths every year. Patients who develop VAP stay, on average,
4 days longer in the ICU. The per-case cost of VAP is estimated to be $23,000, and the total
incremental costs to the U.S. health care system are high: $2.19 to 3.17 billion USD per year*?
The wide range of these estimates results from the lack of universally accepted, reliable
diagnostic criteria for VAP is present. The diagnosis of VAP may be based on any of a variety of
definitions, including a surveillance definition, a clinical definition, a microbiologically
confirmed definition, or a combination of the three methods. Microbiologically confirmed
definitions also may be differentially based on blind tracheal aspirates, directed bronco-alveolar
lavage, or even protected brush specimens.’

The original “Making Health Care Safer” report examined four interventions related to VAP:
variation of position (semi-recumbent positioning and continuous oscillation), continuous
subglottic suctioning, selective decontamination of the gastro-intestinal tract and the use of
sucralfate. While the data in favor of semi-recumbent positioning was limited (reduced VAP but
did not change mortality), the practice was judged to be easy to implement and had essentially no
cost or adverse effects. Oscillation was less clear in its benefit secondary to poor methodological
quality of the studies. While no evidence for harm was found, there were increased costs,
estimated to be about $100/day at the time of that report. Subglottic suctioning was judged to be
a promising strategy. At the time of the report, it was infrequently used and there were only a
few studies. Harmful effects were felt to be negligible but there were incremental costs for the
specialized endotracheal tubes required for this strategy. Selective gastro-intestinal
decontamination was found to have strong benefit for reducing VAP, though cost-effectiveness
was unclear. Of the trials examined, none reported adverse events from this practice; however,
there is continued concern that this practice may have a deleterious effect on antibiotic sensitivity
in general, leading to more resistant organisms over time in individuals as well as on a
population basis. Sucralfate as a VAP prevention strategy was judged to be inconclusive.
Additionally, sucralfate is inferior compared with H-2 blockers for preventing gastro-intestinal
bleeding. Given the increased risk of mortality with gastrointestinal bleeding and the increased
costs should this complication occur, sucralfate can no longer be recommended for VAP
prevention and H-2 blockers are the preferred agent for preventing gastro-intestinal bleeding in
critically ill patients.

This updated review focuses on four strategies as well; elevation of the head of the bed,
sedation vacations, oral care with chlorhexidine and subglottic suctioning.
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What Are the Patient Safety Practices for Preventing Ventilator-
Acquired Pneumonia?

We conducted a systematic review of the literature to update a 2001 review conducted for the
original report. A recent study estimates that 14,000 to 20,000 lives could be saved each year in
the U.S. if best practices to prevent VAP were universally applied to all patients on mechanical
ventilation.® The four primary recommended practices include: elevating the head of the bed to
30 degrees, sedation vacations, oral care with chlorhexidine (CHG), and subglottic suctioning
endotracheal tubes. Ventilator “bundles” usually include other elements such as deep venous
thrombosis (DVT)/pulmonary embolism (PE) prophylaxis and Peptic Ulcer Disease prophylaxis,
but these procedures are designed to prevent other ventilator-associated conditions and do not
address VAP prevention specifically. In fact, Peptic Ulcer Disease prophylaxis may increase the
risk of VAP. Other VAP-specific preventive interventions may include use of closed suctioning
circuits, scheduled circuit changes and a preference for orotracheal over nasotracheal intubation.
The remainder of this section describes the evidence in support of the four primary VAP specific
practices.

Head-of-Bed Elevation

The practice of head-of-bed elevation to prevent VAP has been recommended by several
medical groups including the Canadian Critical Care Trials Group, the American Thoracic
Society and Infectious Diseases Society of America, and the Centers for Disease Control and
Prevention. This recommendation is based on early data showing that being supine was an
independent risk factor for VAP.* Importantly, a study in 1999 by Drakulovic and colleagues®
demonstrated a reduction in VAP with patients in the semi-upright position.’

A recent systematic review by Niel-Weisse and colleagues that applied strict inclusion
criteria (randomized or quasi-randomized trial, published as a full paper and not an abstract, state
the outcome measures used and present data sufficient to calculate the risks in both groups) and
included only three of 208 potential studies, representing a total of 337 patients questioned
whether patients’ head elevation can be maintained continuously above 30 degrees in ICUs, and
point prevalence assessments used in many studies may overstate how often the goal is met.* The
effect of head-of-bed elevation on the incidence of both clinically diagnosed and
microbiologically confirmed VAP was found to be non-significant (RR = 0.47, 95% C1 = 0.19 to
1.17 and RR = 0.67, 95% CI =0.23 to 2.01, respectively). A second study used broncho-alveolar
lavage, and the other two used tracheal aspirates for the microbiological assessment. The third
study found no significant increase in harm (decubitus ulcers); other potential harms (such as
DVT) were not assessed. These same three trials also found no significant impact on mortality
(pooled RR =0.90, 95% CI = 0.64 to 1.27). The data were also judged to be of low quality for
methodological reasons. Despite these findings, an evaluation of the results using an online
Delphi process recommended the practice of keeping the head of the bed elevated by greater than
30 degrees to prevent VAP (most studies had actually used 45 degrees as their target).* The
favorable point estimates (all favored the intervention despite lack of statistical significance) and
the lack of measurable harm may have influenced this recommendation.

Sedation Vacations

The use of sedation vacations, or sedation holds, has been shown to help patients wean from
mechanical ventilation more quickly than when these techniques are not employed.®’ Further,
sedation vacations reduce patients’ exposure and subsequent risk of VAP as well as several other
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mechanical ventilation-associated complications,®’and are, themselves, considered to be safe’.
One pre-post study that examined a sedation protocol that specified daily interruption of
sedatives in combination with spontaneous breathing trials demonstrated reduced ventilator days
and reduced length of hospital stay. Although the sedation interruption group had a higher rate of
self-extubation, the proportion of patients that required re-intubation was similar pre- and post
intervention.” These findings suggest that sedation vacations should be part of all ventilator and
VAP prevention bundles.

Oral Care Using Chlorhexidine

Oral care using chorhexidine (CHG) to reduce VAP is based on evidence that in intubated
patients, gingival and dental plaque become rapidly colonized with bacterial overgrowth due to
loss of natural mechanical elimination and poor hygiene. This microbiological burden becomes a
source for aspiration of bacteria around the endotracheal tube cuff, resulting in pulmonary
infection. Instituting meticulous oral care can reduce this microbiological burden and the
potential for VAP. A systematic review in 2007° that included seven randomized controlled trials
(RCTs; 1,650 patients) evaluating CHG found a statistically significant reduction in the risk for
VAP using a fixed effects model (RR=0.74 95%CI=0.56-0.96). Although the effect was found to
be non-significant when a random effects model was applied, the absolute risk reduction was
slightly better (RR=0.70, 95% Cl= 0.47-1.04).® A sub-group analysis of oral care using CHG in
cardiac surgery patients did support the finding of a statistically significant reduction in the risk
for VAP (RR=0.41, 95% C1=0.17-0.98)

In 2008, the Canadian VAP Prevention Guidelines® advised that oral care with CHG should
be considered for VAP prevention, and the SHEA guidelines™ recommended regular oral care
with an antiseptic solution. Although the SHEA guidelines did not specifically recommend CHG,
all three of the studies that were cited as a basis for the recommendation used CHG.™

A 2011 systematic review of the effects of CHG™ that included 12 RCTs (2,341 patients)
further supported the previous findings. The relative risk of VAP after oral care with CHG was
reduced 28 percent for all patients (RR, 0.72; 95% CI, 0.55 to 0.94); 59 percent for cardiac
surgery ICU patients (RR, 0.41; 95% ClI, 0.17 to 0.98); 33 percent for trauma/surgical ICU
patients (RR, 0.67; 95% CI, 0.50-0.88); and 28 percent for mixed ICU patients (RR, 0.77; 95%
Cl, 0.58-1.02 for mixed ICUs). Evidence has also shown that using a 2% solution of CHG is
superior to a 0.2% solution, which is superior to 0.12%.*

Subglottic Suctioning Endotracheal Tubes

Subglottic suctioning tubes address the tendency for nasal-oral secretions and debris to pool
above the endotracheal tube cuff and below the vocal cords. This pooling creates a rich culture
medium for micro-organisms found in the nasal-oropharynx, which leads to overgrowth and is
thought to be a major cause of VAP. Subglottic suctioning endotracheal tubes use a port or ports
just above the cuff to allow removal of this pooled material so it cannot act as a culture medium
or be aspirated. Some of the systems use a simple single suctioning port, whereas others use an
active lavage system with an inflow and outflow port to “wash “out the material. Our review
identified no studies that directly compared these types of subglottic suctioning tube design (or
continuous vs. intermittent suction); nevertheless, the evidence is strongly in favor of these
devices for the reduction of VAP. Among 13 RCTs (2,442 patients) identified for a recent
systematic review,'? 12 of the RCTs found that subglottic suctioning reduced VVAP; the pooled
risk-reduction was 0.55 (95% CI1=0.46 to 0.66, p<0.00001) with no heterogeneity in the studies.
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This practice also significantly reduced the duration of mechanical ventilation and length of stay
in the ICU, although it had no impact on ICU- or hospital mortality.

How Have Practices To Prevent Ventilator-Acquired Pneumonia
Been Implemented and What Has Been Learned?

Practices to prevent VAP are usually “bundled” into a care package of several elements as
described above. The package may also incorporate elements beyond the four discussed above,
including closed in-line endotracheal suctioning systems, humidification systems, and non-VAP
specific interventions such as DVT/PE prophylaxis, for which ventilated patients are at increased
risk. In a 2005 pre-post study, Resar and colleagues reported a 45 percent reduction in VAP
across 35 ICUs that used such a bundled approach in a collaborative. This particular bundle used
only sedation vacations and head-of-bed elevation as VAP-specific elements.** Subsequent pre-
post studies have also found that bundled elements synergistically reduced the rate of VAP by as
much as 40 percent in both adult and pediatric patient populations.***®

One factor that has been noted in most of these publications is the difficulty of ensuring that
all patients who qualify for the bundle and the individual elements within the bundle (e.g., for
some patients—such as spine surgery patients with a dural tear—head-of-bed elevation may be
contraindicated,) actually receive the bundle’s elements consistently. The Michigan Keystone
Project addressed this quality gap through a process of developing and applying technical tools
such as checklists and ensuring their use through improvements in teamwork and the safety
climate within 112 1CUs. This pre-post study found a 71 percent risk reduction in VAP, while at
the same time demonstrating an increase in the adherence to evidence-based practices from 32
percent at baseline to 84 percent after 30 months.*® This finding suggests that a combination of
effective evidence-based bundle elements reinforced with strategies to improve teamwork and
safety can ensure that patients receive appropriate care and that outcomes improve substantially.

Others have also noted this positive effect of collaboratives on closing the quality gap. In
their evaluation of the routine use of VAP prevention practices, Krein and colleagues (2008)*
found that use of semi-recumbent positioning was much more prevalent than the use of
subglottic drainage (73% vs. 21% of hospitals that reported use of VAP practices). They also
found that use of semi-recumbent positioning was strongly influenced by participation in
collaboratives (such as the Keystone Project) and is considered primarily a responsibility of
nursing staff. In contrast, use of subglottic suctioning endotracheal tubes is not influenced very
much by collaboratives and is primarily a physician decision. It is unclear whether these
differences are secondary to the participation in collaboratives, depend on who has the primary
responsibility for decisionmaking, or both. Interestingly, the authors also noted that whereas the
prevalence of semi-recumbent positioning was dramatically higher than that of subglottic
drainage, when the effectiveness of the techniques was compared, the supportive evidence for
subglottic drainage was found to be much stronger than for semi-recumbent positioning (five
randomized studies vs. two). More recently, Krein (2011)*® reported that the prevalence of use of
VAP prevention measures was also strongly influenced by the threat of non-payment for this
hospital-acquired infection, although the use of any one bundle component for preventing VAP
varied across respondents to their survey. This finding would suggest that efforts to close the
quality gap and improve the prevalence of use of prevention practices will need to be multi-
factorial.

The cost-effectiveness of several VAP prevention practices—both subglottic suctioning
endotracheal tubes and VAP bundles—has been assessed. For subglottic suctioning tubes, it is
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estimated that 11 people need to be treated (number needed to treat) in order to prevent one
VAP. Although the cost of these endotracheal tubes is approximately $18 USD, one model of
continuous washing tubes (inflow/outflow ports with pumping system) costs about $200 USD. In
comparison, the cost of a standard endotracheal tube is approximately $1 USD. If the number
needed to treat is accurate, these special endotracheal tubes (even the most expensive versions)
are cost-effective, especially if reserved for patients likely to remain intubated for more than 48
to 72 hours (the risk for VAP in those requiring intubation less than 48- to 72 hours is considered
low). This conclusion is further supported by Hallais and colleagues,™® who compared the cost of
these tubes to the cost of VAP, using very conservative values. The authors found that averting
only three VAPs would offset the cost of the special tubes. Based on this cost analysis, any ICU
with at least 3 VAPs per year would find that switching to these tubes reduces harm as well as
Costs.

Ventilator bundles have also recently been evaluated for their cost-effectiveness. A Danish
study?® retrospectively examining ventilated patients in a single ICU found that the cost of
preventing one VAP was 4451 € (approximately $6,000 USD), and the cost of preventing one
death was 31792 € (approximately $42,000 USD). While the cost and incidence of each VAP
varies across patient populations, the study concluded that the ventilator bundle would likely be
cost-effective in most environments.

Conclusions and Comment

In conclusion, of the four key practices for preventing VAP, subglottic suctioning
endotracheal tubes have strong evidence to support their ability to reduce VAP and to do it cost-
effectively, based on a systematic review of multiple RCTs. Strong evidence from a recent
systematic review of multiple RCTs also supports oral care using CHG. Evidence from a few
non-randomized studies supports sedation vacations directly. This evidence is of moderate
strength. The maintenance of a head-of-bed elevation of at least 30 degrees (a ubiquitous element
of VAP prevention bundles) is supported by very little evidence, yet remains part of virtually all
recommendations by U.S. quality and safety organizations. This tacit support is likely a result of
its ease and lack of evidence of harm, although the ability to effectively implement this element
consistently has been questioned. Other elements often advocated for VAP prevention but not
specifically addressed in this chapter include using antimicrobial-coated endotracheal tubes
(evidence supports effectiveness),?* closed circuit in-line suctioning systems (evidence does not
support their effectiveness)® and humidification circuits on ventilators (evidence does not
support their benefit).®

Evidence from multiple large pre-post studies also supports the effectiveness of VAP
bundles. While the evidence for each specific VAP prevention bundle element may vary, two
principles are clear. First, VAP is most effectively reduced by the bundling of several elements
together for a potentially synergistic effect, and bundles should be developed locally based on
both institutional expertise and evidence, with ongoing evaluation of the success of the
interventions. Second, the consistent application of each of the bundle elements to all patients
who qualify for them is essential to success. The use of teamwork tools and strategies to ensure
this consistency can have a tremendous impact on closing this quality gap and improving patient
outcomes. Technical work (the bundle) needs to be supported by adaptive work (the processes
needed to apply the bundle consistently) for the best success.'® A summary table is located below
(Table 1).
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Table 1, Chapter 11. 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/High Moderate-to- |Low Low-to- Moderate/Moderate
high moderate
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Chapter 12. Interventions To Allow the Reuse of Single-Use
Devices: Brief Review (NEW)

Meredith Noble, M.S.

Introduction

Many hospitals choose to reprocess single-use devices (SUD)—those intended by the
manufacturer to be discarded after one use--for reuse in additional patients.* Reprocessing
includes cleaning, sterilization, and if necessary, refurbishing. Specific information on the size of
the reprocessing industry is not available.? According to the Association of Medical Device
Reprocessors Web site, disciplines that commonly use reprocessed devices include:
cardiovascular; arthroscopic/orthopedic; general surgery; gastroenterology; laparoscopic surgery.

A wide variety of SUDs are reprocessed. Commonly reprocessed SUDs include: arthroscopic
shavers; biopsy forceps; blood pressure cuffs; clamps and dissectors; compression sleeves;
electrophysiology catheters; external fixation devices; laparoscopic scissors and forceps; opened
but unused items; orthopedic drill bits and burrs; phaco tips; pneumatic tourniquet cuffs; pulse
oximeter sensors; scissors and staplers; soft tissue ablators; trocars. Opened but unused items
are not technically reused but also must be reprocessed.

Using SUDs is money-saving and generally thought to be safe.* However, SUDs are only
required to be demonstrated to the Food and Drug Administration (FDA) as safe for one use;
some manufacturers and the Medical Device Manufacturer’s Association contend that reusing
SUDs is unsafe because the devices are frail and cannot be adequately cleaned and resterilized.*?
Potentizl;ll risks to patients include infection, toxicity, particulate contamination, and mechanical
failure.

Although reuse of single-use devices is common and perhaps even pervasive, little evidence
on its safety and efficacy has been published. To gather the available evidence, a literature search
of PubMed was conducted for English language articles published between January 1, 2001 and
November 2, 2011.

What Are the Practices for Assuring the Safety of Reused Devices?

Reprocessing used SUDs is subject to FDA oversight. On August 14, 2000, FDA issued a
policy on the reuse of single-use medical devices making hospitals and third-party reprocessors
subject to all the requirements of the Federal Food, Drug, and Cosmetic Act—a requirement
formerly imposed only on original equipment manufacturers (OEMSs).* In response, many
hospitals that had been reprocessing SUDs in-house began using third parties to reprocess the
devices. Unused items are not subject to FDA oversight.”

The Medical Device User Fee and Modernization Act of 2002 expanded regulatory
requirements. Premarket notification submissions (510(Kk)s) for certain reprocessed SUDs
identified by FDA must now include validation data. VValidation data include cleaning,
sterilization, and functional performance data, which confirm that each SUD will remain
substantially equivalent to a predicate device after the maximum number of times the device is
reprocessed.* In addition, the reprocessor must be indicated with a mark or label for each
reprocessed SUD.
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According to FDA regulations, “a third-party or hospital reprocessor must comply with the
same requirements that apply to original equipment manufacturers, including:

e Submitting documents for premarket notification or approval for each device and model

reprocessed

e Registering as a manufacturer with FDA and listing all products

e Submitting adverse event reports

e Tracking devices whose failure could have serious outcomes

e Correcting or removing from the market unsafe devices

e Meeting manufacturing and labeling requirements.”

The FDA considers hospitals that reprocess devices as device manufacturers subject to the
requirements of the Quality System (QS) Regulation.® However, most hospitals who use
reprocessed SUDs obtain them from third parties who perform the reprocessing.* An estimated
95% of reprocessing in the U.S. is completed by two firms,* Stryker Sustainability Solutions
(formerly Ascent Healthcare Solutions, Phoenix, AZ) and SteriMed Inc. (Minneapolis, MN).2
According to their Web site, Stryker claims the majority of the reprocessing market and has over
2,000 hospital members. Their service includes delivering orders and picking up used equipment
(which hospital personnel leave in marked bins), and at their facility, sorting, cleaning,
refurbishing/repairing, repackaging, and resterilizing equipment. The FDA has cleared or
approved a variety of sterilizing agents that can be used in reprocessing’ and inspects
reprocessing facilities for compliance with regulations, with steep penalties for violators.

How Have These Practices Been Implemented?

Reprocessing protocols in the peer-reviewed published literature vary but generally include
cleaning and sterilization. Cleaning may consist of manual or automated washing with water and
detergent or enzymatic solution. Sterilization may entail pressurized steaming (i.e., in autoclave),
ethylene oxide (especially for heat sensitive items) or gamma radiation. Quality assurance is
intended to verify sterilization success. The FDA urges the use of biological indicators to verify
that test organisms are killed.® Chemical indicators verify that sufficient temperatures were
achieved or sterilant was present in the sterilizer in each sterilization run. Repairs and part
replacements should be made as necessary. The FDA does not require the use of particular
protocols, but may prefer standard procedures such as those recommended by the Association for
the Advancement of Medical Instrumentation.®

Reprocessing is performed in hospitals or by independent third parties at separate facilities.
Data suggest the majority of hospitals that reprocess devices use third parties.* When such a
vendor is used, implementation for the hospital should not pose challenges. Personnel must
remember to place used devices in bins provided by the reprocessing vendor; the vendor
provides pick up, reprocesses the items, and delivers ready-to-use items. Ordering reprocessed
devices should not differ from ordering new devices.

What Have We Learned About These Practices?

Cleaning. Theoretically, cleaning should remove all debris and sterilization should inactivate
potentially infective viruses, bacteria, and fungi. Literature searches performed for this review
identified nine laboratory studies published in the last 10 years that tested an array of reprocessed
SUDs for microbiological contamination. Devices studied included laparoscopic instruments,®®
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various catheters,'®*? trocars,™ sphincterotomes,'* diathermy pencils,™ and tracheostomy

tubes.'® While most studies could not demonstrate microbial contamination after reprocessing,

four found that reprocessed SUDs were contaminated.®***>*® Two of the studies also reported

damage, incomplete kits, and/or compromised functioning.®*® Another study assessed cleaning
to remove test soils from biopsy forceps and found up to 95% of the material was removed."’

Effect on patient outcomes. The literature search spanning the last 10 years identified only one
randomized controlled study that compared new and reprocessed SUD laparoscopic instruments
used to perform cholecystectomy; the study found no significant differences in outcome.?! This
study is small (125 patients) and may be underpowered to detect rare events. A single study may
not be representative of outcomes in general; devices and protocols will vary.
A meta-analysis of nine studies that compared new and reprocessed hemodialyzers found
reuse was associated with an increased risk of hospitalization but no difference in mortality.?
The U.S. Government Accountability Office (GAO) published a report in January 2008
discussing FDA oversight of reprocessed SUDs and the available information on the potential
health risks of using reprocessed SUDs. The report concluded:
“The limited number of peer-reviewed studies related to
reprocessing that we identified were insufficient to support a
comprehensive conclusion on the relative safety of reprocessed
SUDs. Despite the limitations of available data, FDA’s analysis of
reported device-related adverse events does not show that
reprocessed SUDs present an elevated health risk.”?

Cost savings. If using reprocessed SUDs is as safe as using new devices, saving costs on
materials would free hospital resources for other uses without compromising patient safety. Our
searches identified four cost studies published in the last 10 years. A modeled European study
found that the cost savings for reprocessing cardiac electrophysiology catheters was 33% for
ablation applications and 41% for diagnostic.'® A modeled Canadian study found savings of $0
to $739 per year per patient when hemodialyzers were reprocessed.*® Hemodialyzers are
typically reused only by the same patient. A meta-analysis of nine studies in which various
devices were used had an overall savings rate of 49%, but stipulated that the few studies
identified were of poor quality and had missing data, including adverse event cost data.'® A
meta-analysis of nine studies that compared new and reprocessed hemodialyzers found reuse was
associated with small cost savings, an increased risk of hospitalization, and no difference in
mortality.?’ The Stryker Web site states that member hospitals can save 50% over purchasing
new equipment in acquisition costs, and 70%-80% in operating room medical waste disposal
costs. Reusing devices should also reduce wastes for landfill.

What Methods Have Been Used To Improve These Practices?

Healthcare Risk Control (HRC) is a service ECRI Institute offers for risk managers. HRC
provides resources for a variety of patient safety issues, and specifically recommends that
hospital systems considering use of reprocessed SUDs should “at a minimum, establish written
policies, procedures, and policies for such practices... [and] should be widely circulated
throughout the organization.”* They further recommend establishing a reuse committee
comprised of individuals from multiple departments, including materials management, risk
management and/or hospital legal counsel, infection control, clinical and/or biomedical
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engineering, administration, central sterile supply, surgery, finance, and physician(s) advocating
reuse.* A third party reprocessor should be selected based upon registration with the FDA and
compliance with FDA regulations; the types of devices to be reprocessed; and support (including
logistical support such as device pickup).' Reprocessors usually provide template policies and
procedures to hospitals to support implementation.*

Conclusions and Comment

Reprocessing SUDs with appropriate quality controls should theoretically guarantee
sterilization. Less information is available on the integrity of the devices themselves after
reprocessing; the FDA recommends that reprocessors test all devices to ensure that functionality
IS maintained.

Some laboratory studies in the clinical literature found that various devices were not sterile;
however, quality assurance should prevent unsterile devices from being reused. Some devices
remained unsterile after multiple attempts; use of the protocols or reuse of the particular device
warrants reconsideration in such circumstances.

Clinical literature and data on real-world use are currently not robust enough for the GAO or
independent authors to firmly conclude that reused SUDs are safe. However, one systematic
review found an increased rate of adverse events in patients treated with reused SUDs. The
protocols in the peer-reviewed literature may differ from those used by third party reprocessors.
A summary table is located below (Table 1).

Table 1, Chapter 12. 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 Low A lot/Not difficult
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Section C. Surgery, Anesthesia, and Perioperative
Medicine

Chapter 13. Preoperative Checklists and Anesthesia
Checklists

Jonathan R. Treadwell, Ph.D.; Scott Lucas, Ph.D., P.E.

How Important Is the Problem?

Surgical operations greatly benefit the public health; however, they can also be directly
responsible for substantial morbidity and mortality. In industrialized countries, the rate of
perioperative death directly due to inpatient surgery has been estimated at 0.4 percent to 0.8
percent, and the rate of major complications has been estimated at 3 percent to 17 percent.'?
Sources of these complications are numerous, including wrong-patient/procedure/site surgery,
anesthesia equipment problems, lack of availability of necessary equipment, unanticipated blood
loss, non-sterile equipment, and surgical items (e.g., sponges) left inside patients. The
complexity of most surgical procedures requires a well-coordinated team to prevent these events.

The medical community recognizes that anesthesia has reached a high level of safety;
however, with increased awareness, it is believed that the risk, particularly morbidity risk, can be
further reduced.® As an example of increasing awareness, in June 2010, the European Board of
Anesthesiology (EBA) and the European Society of Anesthesiology (ESA) jointly adopted the
“Helsinki Declaration on Patient Safety in Anaesthesiology.” Also, the journal Health Devices
listed, “Anesthesia hazards due to incomplete pre-use inspection” as one of the top ten
technology hazards for 2012.°

What Is the Patient Safety Practice?

Preoperative checklists can help prevent errors and complications related to surgery.
Checklists are often implemented within a multifactorial strategy of interventions; therefore they
usually cannot be judged alone as a patient safety practice. The World Health Organization
(WHO) Surgical Safety Checklist is a prominent example of a preoperative checklist intended to
ensure safe surgery and minimize complications; it has been translated into at least six
languages.® Because of its prominence and importance, the majority of our review for this PSP
details the WHO checkilist: its development, pilot testing, context and implementation at different
sites, and degree of adoption and diffusion around the world.

In addition to the WHO checklist, we also reviewed evidence on three other types of
checklists:

e The SURPASS checklist.”*® The checklist encompasses not only the operation itself, but

all events from admission to surgery to discharge

e Checklists specifically intended to prevent wrong-site surgery. Two items on the WHO

checklist address wrong-site surgery (“Has the patient confirmed his/her identity, site,
procedure, and consent?” and “Is the site marked?”). In 2004, the Joint Commission
created the Universal Protocol for Preventing Wrong Site, Wrong Procedure, Wrong
Person Surgery.™ It comprises three sets of steps: pre-operative verification process,
marking the operative site, and a “time out” immediately before the operation. A
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checklist can potentially be used to clarify the details of these three steps. The Universal
Protocol is intended to prevent wrong surgery not just in the operating room but
anywhere an invasive procedure is performed (e.g., interventional radiology unit).*

e Checklists specifically intended to check anesthesia equipment. The WHO checklist also
contains a specific item about preoperative anesthesia (“Is the anaesthesia machine and
medication check complete?”). This single item could itself be addressed by a sub-
checklist. In 2008, the American Society of Anesthesiologists provided general
guidelines about items that should be checked before surgery, and institutions can
implemelrslt the guidelines to tailor the checklist to their specific equipment and clinical
settings.

Checkilists have also been developed, implemented, and assessed outside of the realm of
surgery. The Michigan ICU checklist (also referred to as the Keystone project) has been shown
to prevent central line-associated bloodstream infections (CLABSI).***> This program involved a
multifactorial intervention at 108 Michigan ICUs. Data showed a reduction in CLABSI from 7.7
infections per 1,000 catheter-days before the program to only 1.4 infections per 1,000 catheter-
days at 16 to 18 months after program initiation follow-up. A 2001 study by Dixon-Woods and
colleagues™ proposed six reasons for this reduction, including “creating a densely networked
community with strong horizontal links that exerted normative pressures on members” and
“harnessing data on infection rates as a disciplinary force.” A recent systematic review of this
program (and other PSPs to prevent hospital-associated infections) was conducted by the Blue
Cross and Blue Shield Evidence-based Practice Center; please refer to that report for further
information about the Keystone project.'®

Background Information About Preoperative Checklists

In January 2007, the WHO Patient Safety group started work on the Second Global Patient
Safety Challenge: Safe Surgery Saves Lives. This group of international experts identified four
areas of potential improvement in surgical safety: surgical site infection prevention, safe
anesthesia, safe surgical teams, and measurement of surgical services.!” Based on that work, in
early 2008, the WHO published a guideline for safe surgery.'® This guideline was used as the
basis for the WHO Surgical Safety Checklist, which was launched in June 2008.

The checklist, which was included as a Supplementary file in the original publication,®
contained 19 items in three phases with collaborative involvement of the surgeon, the anesthetist,
and the nursing team:

e Before induction of anesthesia (“Sign In”), covering areas such as patient identification,

anesthesia equipment check, and a pulse oximetry check

e Before skin incision (“Time Out”), covering areas such as team introductions, review of

critical steps, and antibiotic prophylaxis

e Before patient leaves operating room (“Sign Out”), covering areas such as checking

counts of instruments, specimen labeling, and concerns for recovery

The SURPASS checklist (SURgical PAtient Safety System)’ is intended to address any
events that occur between patient admission and discharge. Thus, it encompasses more potential
areas of safety than the WHO checklist, which is focused only on the operating room. An
estimated 53 percent to 70 percent of surgical errors occur outside the operating room.2*%%
Within the operating room itself, the SURPASS checklist is less specific than the WHO checklist
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(for example, the SURPASS checklist does not specifically mention any of the following: pulse
oximetry, difficult airway, risk of blood loss (although it asks whether blood products are
available), team introductions, and anticipation of critical events).

In January 2004, the Joint Commission launched the first version of the Universal Protocol
(UP) for Preventing Wrong Site, Wrong Procedure, Wrong Person Surgery.**?! It comprises
three sets of steps: pre-operative verification process, marking the operative site, and a “time
out” immediately before the operation. The preoperative verifications (of person, procedure, and
site) are supposed to occur not only in the operating room, but also (if applicable) when the
procedure is scheduled, when the patient enters the health care facility, and anytime care is
transferred between caregivers. Site marking should involve only the operative site and should be
visible before the patient is draped. The “time out” is to occur before incision and involve the
entire operating room team. The Universal Protocol is not a checklist,* but it could be
implemented using one or more checklists. Both steps 1 and 3 specifically mention the potential
use of a checklist.

Anesthesia safety guidelines and standards are actively reviewed and modified globally
through organizations such as the WHO and the World Federation of Societies of
Anaesthesiologists (WFSA).? The latest WFSA standard, which was developed as part of the
“Safe Surgery Saves Lives” project, recommends that an appropriate “pre-list check” be
performed prior to the start of each operating list and an appropriate “pre-patient check” be
performed prior to each anesthetic. In addition, individual anesthesia societies are developing
guidelines for pre-anesthesia checks, including the American Society of Anesthesiologists (ASA)
and the Association of Anaesthetists of Great Britain and Ireland (AAGBI). The latest U.S. pre-
use checkout guidelines, entitled “Recommendations for Pre-Anesthesia Checkout (PAC)
Procedures,” were published in 2008 by the ASA.*® These guidelines were a result of a multi-
year effort by an ASA task force consisting of members from the ASA, the American
Association of Nurse Anesthetists (AANA), the American Society of Anesthesia Technicians
and Technologists (ASATT), and major anesthesia system manufacturers. The latest AAGBI
revision was published in 2004 and has been adopted by many institutions around the country.”
Similar to the WFSA guideline checklist, the full ASA and AAGBI checklists were designed to
be used at the start of the day with a subset of the full checklists performed prior to each
procedure. These societies’ sample checklists were developed as a basis for institutions to
develop their individual checklists.

Additional background information about preoperative checklists, including how they were
developed and modified, and the overlap between different checklists, appears in Appendix A.

Why Should This Patient Safety Practice Work?

No formal “model” exists for why preoperative checklists should reduce surgical errors, but
studies have cited several common reasons. These reasons include ensuring that all critical tasks
are carried out, encouraging a non-hierarchical team-based approach; enhancing communication;
catching near misses early, anticipating potential complications, and having technologies to
manage anticipated and unanticipated complications. With regard to anesthesia checklists,
Staender and Mahajan® attribute the reduced anesthesia-related mortality rates to a combination
of interventions, including incident reporting, simulations, and checklists.
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What Are the Beneficial Effects of the Patient Safety Practice?

In this section, the primary issues surrounding checklists involve implementation, rather than
whether they are effective. Consequently, we briefly summarize the primary results, and the bulk
of our work appears later in detailed assessments of the implementation efforts.

World Health Organization Checklist

The 2008 WHO Surgical Safety Checklist was tested at eight sites (Prince Hamzah Hospital
in Amman, Jordan; St. Stephen’s Hospital in New Delhi, India; University of Washington
Medical Center in Seattle, U.S.; St. Francis Designated District Hospital in Ifakara, Tanzania;
Philippine General Hospital in Manila, Philippines; Toronto General Hospital in Toronto,
Canada; St. Mary’s Hospital in London, England; and Auckland City Hospital in Auckland, New
Zealand).® These settings varied greatly in the number of beds (range 371 to 1800), the number
of operating rooms (range 3 to 39), and the income level of the country (four low, four high).
Surgical safety policies prior to implementation of the WHO Checklist also differed regarding
the use of routine intraoperative monitoring with pulse oximetry (six of eight sites), oral
confirmation of patients’ identity and surgical site in the operating room (only two of eight sites),
and routine administration of prophylactic antibiotics in the operating room (five of eight sites).
None of the eight sites had a “standard plan for intravenous access for cases of high blood loss,”
or formal team briefings preoperatively or postoperatively.

Baseline data were obtained at each site for 3 months prior to checklist introduction,
involving a total of 3,733 surgical procedures. In the subsequent 3- to 6-month period after
checklist introduction, involving 3,955 procedures, data showed decreases in patient mortality
(from 1.5% to 0.8%) and inpatient complications (from 11% to 7%). No single site was driving
the findings, as evidenced by the persistence of findings after the removal of any single site in a
sensitivity analysis. Authors found that the performance rates for six specific safety indicators
(e.g., using a pulse oximeter) also increased after checklist introduction, suggesting that the
safety indicators may have been responsible for the lower rates.

In discussing the results, authors acknowledged that the underlying reasons for the
improvements were “most likely multifactorial” and included explanations such as the following:

e The checklist itself

e A Hawthorne effect (i.e., rates may have decreased because operating room personnel
knew they were being measured). The authors argued against this possibility based on
two aspects of their data: (1) that this knowledge was in place both before and after
checklist introduction, and (2) the subset of procedures for which study personnel were
present in the operating room had the same reductions in complications as procedures
where study personnel were absent from the operating room.

e The simple existence of a formal pause or preoperative briefing (which could be done
without a “checklist”). Such a pause is a necessary component of the checklist.

e Increased uptake of safety technologies (e.g., administering antibiotics in the operating
room rather than in preoperative wards). This change could be considered a byproduct of
checklist introduction (i.e., hospitals made more antibiotics directly available in the
operating room because of the presence of an antibiotics-related item on the checklist)

e A broad change in safety culture and teamwork at that site, an explanation supported by
the finding that greater increases in safety attitudes at the pilot sites were associated with
greater reductions in complications.?*
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In a subsequent, 2010, publication, Weiser and colleagues® presented a subgroup analysis of
the 2009 NEJM publication that was focused on urgent surgery (defined as surgery required to
be performed within 24 hours of assessment in order to be beneficial). Complications dropped
from 18 percent in the pre-intervention phase to 12 percent in the post-intervention phase, and
death dropped from 3.7 percent to 1.4 percent. Also, a 2011 study by Haynes and colleagues®*
reported data on the Safety Attitudes Questionnaire (SAQ) in the eight pilot sites before and after
checklist introduction. The SAQ is scored on a 1 to 5 scale, where a 5 represents the most safety-
conscious attitude. Scores on the SAQ were only slightly higher in the phase after checklist
introduction than before introduction (4.01 vs. 3.91, representing an increase of only 2.5 percent
of the scale range; this small difference was nevertheless statistically significant). However, the
change in SAQ scores was associated with reduced complication rates (Pearson r=0.71), meaning
that sites with greater improvements in safety attitude tended to have greater reductions in
complications. The publication also reported that 80 percent of respondents considered the
checklist easy to use, 20 percent believed it took too long, and when respondents were asked if
they would want the checklist used if they were undergoing surgery, 93 percent said yes.

SURPASS Checklist

An empirical test of the 90-item SURPASS checklist was reported in a 2010 study by
DeVries and colleagues.” The design was a 6-month interrupted time series with concurrent
controls; six hospitals using the checklist were matched with five other hospitals that did not, and
researchers measured the rates of surgical complications in both groups. The 11 hospitals were
distributed through the Netherlands and comprised six tertiary hospitals, three academic
hospitals, and two regional hospitals; numbers of beds per hospital ranged from 380-1002. These
hospitals had already been measured for their safety performance, so the potential Hawthorne
effect is lower than it would have been in hospitals just starting to be measured. Regarding
implementation, authors stated that the SURPASS checklist involved extensive time and effort.
A random sample of cases generally revealed good compliance with the checklist (median 80%).

The 3-month period after the checklist was initiated (compared with the 3 months before)
saw numerous improvements: decreases in the percentage of patients with complications (from
15% to 11%), in-hospital mortality (1.5% to 0.8%), patient temporary disability (9.4% to 6.6%),
and reoperations (3.7% to 2.5%). No such improvements were found among the control
hospitals. Interestingly, the extent of improvement was associated with greater compliance with
the checklist: the 566 patients whose surgery involved greater checklist compliance had 7.1
complications per 100 patients, which was considerably lower than the 18.8 per 100 experienced
by the 580 patients whose surgery involved less checklist compliance. This finding provided
greater confidence that the checklist itself was the reason for the improvements. A subsequent
retrospective review of 294 medical claims™® estimated that 40 percent of deaths and 29 percent
of liability incidents might have been prevented if the SURPASS checklist had been used.

Wrong-Site Surgery Checklists

Wrong-site surgery is relative rare: Estimates for various procedures range from 1 in 13,000
procedures for wrong-site anesthesia block to 1 in 4,200 for wrong-side ureteral stents.”® A
general systematic review estimated that the overall rate was 1 to 5 per 10,000 procedures.*’
Given the rarity, demonstrating a statistical reduction would require an unfeasibly large study. A
systematic review searched for literature and concluded there was “no literature to substantiate
the effectiveness of the current JC [Joint Commission] Universal Protocol in decreasing the rate

126



of wrong site, wrong level surgery.”?” Therefore, the preventive benefits of a checklist to prevent
wrong-site surgery, are generally assumed based on clinical expertise.

Anesthesia Equipment Checklists

In evaluating beneficial effects, the same limitations apply to anesthesia checklists as apply
to wrong-site surgery checklists. The rate of mortality associated with malfunction of anesthesia
equipment is 1:100,000, and the rate of severe morbidity ranges between 1:170 and 1:500.°
Future research may be possible to evaluate the severe morbidity rate; however, addressing the
benefits on mortality would require an unfeasibly large study.

A 2000 randomized cross-over study by Blike and Biddle?® compared the effectiveness of the
1994 hard-copy version of the FDA-approved AACR to a researcher-designed electronic
checklist. Machine faults were purposely entered into an Ohmeda Modulus 11 Plus Anesthesia
System. Participants using the electronic checklist were first given a researcher-drafted
“philosophy of anesthesia apparatus checkout,” which outlined basic strategies to reduce
anesthesia apparatus-related patient injury. They reported that the electronic checklist greatly
improved the detection of prearranged anesthesia equipment faults. For 19 of the 20 faults
studied, the electronic checklist was either equal or superior to the AACR. However, the
electronic checklist missed 30 percent of the “difficult” faults (e.g., breathing circuit leak). While
this percentage was better than when the AACR was used (60%), it is still substantial. Studies
like these provided the basis for revising the AACR. For additional references to the
effectiveness of the AACR, we refer the reader to the 2008 ASA guideline; most of this literature
was published prior to 2000.

Ben-Menachem and colleagues® performed a simulation study, published in 2011 that used
the 2008 ASA guideline to measure the performance of anesthesia residents of Sheba Medical
Center (Israel). The residents were instructed to complete the ASA checklists during simulation-
based scenarios, which included two pre-arranged equipment failures. The study showed that 25
of 28 participants correctly performed 70 percent or more of the items on the checklist that is
used before the first-morning case, and 27 of 30 participants correctly performed 70 percent or
more of the items on the between-case checklist. Regarding the pre-arranged equipment failures,
30 of 31 participants identified O, supply and pressure alarms and 30 of 30 participants
recognized an abnormal capnograph waveform.

What Are the Harms of the Patient Safety Practice?

Direct harms of preoperative checklists have not been reported. In 2011, Sewell** reported
that after WHO implementation, the rate of lower respiratory tract infections actually increased
from 2.1 percent to 2.5 percent. Whether this increase was caused by the checklist is unclear;
however the authors attributed rate reductions to the checklist, so they could also have attributed
rate increases to the checklist. In 2011, Kearns™* reported that 3 months after WHO checklist
implementation, 30 percent believed it was an inconvenience in emergency cases; however, this
percentage was lower than it had been prior to implementation of the checklist when staff were
asked hypothetically whether they believed it would be an inconvenience in emergency cases
(53 percent said it would be). In 2010, Thomassen and colleagues® reported user experiences
with their pre-induction anesthesia checklist. In this qualitative study, focus group interviews
were conducted amongst the participating nurses and physicians. Users reported that checklist
use could divert attention from the patient and that it interfered with doctor-nurse workflow,
although the latter improved with increased use.

|30
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How Has the Patient Safety Practice Been Implemented, and in
What Contexts?

World Health Organization Checklist

In 2011, one of the eight pilot sites that piloted the WHO Checklist reported checklist-related
opinions of surgical team members 18 months after checklist introduction.®® Team members
reported high levels of agreement with the questions “Do you think the use of the checklist has
improved patient safety?” “Are you comfortable in reminding other members of the team to
carry out the checklist?” “If you were to undergo surgery would you want the checklist to be
used?” and “Do you think that use of the checklist generally has improved communication
among members of the Operating Room team?” Team members generally estimated that it took
about two minutes to complete the checklist.

We identified nine reports of the implementation of the WHO checklist at other sites;
implementation details at each site appear in Table 1 in Appendix D in the section titled
“Evidence Tables for Chapter 13.” Eight studies used the 2008 WHO checklist as a basis, and
one did not say which version was used. Six studies modified the WHO checklist, according to
either surgical specialty (three studies) or country (three studies). Of six studies that modified the
checklist, five provided their modified checklist within the paper, and of these five, four included
all of the WHO items and one did not (they had deleted some items).

Six studies were case series, and three were before-after studies. Regarding a theory or logic
model, eight of nine provided some statements about why a checklist should work to reduce
complications (e.g., “Checklists may be used to improve patient safety by ensuring that all
elements of a practice are instituted for each new clinical event™).®" Six studies were conducted
in the UK, two in the U.S., and one in Finland. Four studies involved surgical specialties
(pediatrics, OB-GYN, orthopedics, and otorhinolaryngology), and the other five were general
surgery.

Only two studies reported on the pre-existing safety infrastructure: one stated that a core
group of patient safety experts was in place before checklist implementation, and another stated
that a hospital quality infrastructure had been in place for five years prior to implementation.
Two studies reported information on the pre-existing safety culture, and they both measured staff
attitudes specifically about checklist-related items. In one, some safety aspects were fairly good
(knowledge of OR-teams’ names and roles, the rate of recording of postoperative follow-up
instructions, and overall successful communication range from 61% to 93%); however the rate of
discussing risks was only 24 percent. In the other study, most respondents (81% to 85%)
believed that communication in the operating room could improve and that for elective surgery
the checklist would be useful) and only 31 percent already felt familiar with other operating
room team members. However, for emergency surgery, a slight majority (53%) believed that
introducing the checklist would be inconvenient. All of these opinions were hypothetical as they
were solicited before checklist introduction.

The results of the nine implementations appear in Table 2 in Appendix D in the section titled
“Evidence Tables for Chapter 13.” Regarding checklist training, three sites mentioned
educational sessions, three used posters in the operating room, two mentioned a hospitalwide
publicity campaign, two mentioned that training was provided (however, no details were
provided), and two either failed to mention training or stated that only limited training was
provided. Four studies mentioned a pilot testing period; these pilot tests lasted 1 to 3 months and
often involved minor modifications to the checklist. Three studies reported the degree of
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compliance with the checklist; one simply reported 97 percent compliance, and the other two
reported improvement over time (from approximately 60% to approximately 80% in one study,
and from 85% to 95% in another study). One study reported that it took about two minutes to
complete the checklist, and that 20 percent of respondents believed it caused an unnecessary time
delay.

Feedback from surgical teams was generally positive, but support tended to be greater from
nurses and anesthetists than from surgeons. Two studies reported increases in certain attitudinal
variables such as the degree to which people felt familiar with others in the operating room, the
quality of communication, the anticipated safety of patients, and the usefulness of the checklist in
either elective or emergency cases. Behaviorally, one study reported that after 3 months, team
briefings were occurring in 77 percent of operations and time-outs in 86 percent. Another study
reported improvements in anesthetists” knowledge about patients, their check of anesthesia
equipment, and staff knowledge of patient identity/procedure/site.

Reasons cited for success included good training and staff understanding, a local champion,
support from upper management, being able to modify the checklist, distribution of
responsibility, the feeling of ownership by team members, and enhanced communication and
teamwork. Barriers to implementation included general surgeon resistance to changing habits,
the belief that they were already checking those things, awkwardness of self-introductions, steep
interpersonal hierarchy, and a fear of legal responsibility if a complication occurred after they
had signed a form.

One ongoing research project, funded by the Agency for Healthcare Research and Quiality, is
entitled “Factors Associated with Effective Implementation of a Surgical Safety Checklist.”3*
This 2010-2013 project “will examine implementation processes in a large group of U.S. and
international hospitals to identify factors supportive of effective implementation.” Further, the
team will determine how teamwork helps explain the impact of the checklist.

The WHO Web site (www.who.int/patientsafety/safesurgery/en/) provides advice to hospitals
for implementing the checklist.*® This advice includes statements such as “The key to successful
implementation is to start small. Start with a single operating room on day 1 and see how it
works. This will guide you to strategies for altering the checklist to fit your needs, as well as
identify potential barriers to adaptation.”*® Other implementation advice from WHO is available
in the Frequently Asked Questions section
(www.who.int/patientsafety/safesurgery/fag_introduction/en/index.html), the 20-page “Starter
Kit for Implementing the Surgical Safety Checklist”
(www.who.int/patientsafety/safesurgery/testing/participate/starter_Kkit-sssl.pdf), and the
“Checklist Adaptation Guide”

(www.who.int/patientsafety/safesurgery/checklist_adaptation.pdf). Regarding checklist
modification, the Web site states, “Do not hesitate to customize the checklist for your setting as
necessary, but do not remove safety steps just because you are unable to accomplish them.” Also,
regarding feasibility, the WHO states that “It should take no more than a minute to complete
each section of the checklist” (i.e., three minutes in total). The pilot study reported that at various
sites, introduction of the checklist took only 1 week to 1 month.°

The Web site www.safesurg.org also provides additional materials relevant to the WHO
checklist. Those interested in implementing the checklist are encouraged to register with the Web
site. The Web site provides a template for the 2009 checklist (www.safesurg.org/template-
checklist.ntml) in Microsoft Word format (Microsoft Corporation, Redmond, Washington, U.S.),
and an implementation manual is available (www.safesurg.org/implementation-manual.html).
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The Web site also provides a list of other institutions’ modified checklists
(www.safesurg.org/modified-checklists.html), where institutions can submit their modifications
of the WHO checklist to be made publically available. On October 3, 2011, the publically-
available list contained 79 checklists from 25 countries.

The site also provides several downloadable videos (www.safesurg.org/videos.html): one on
how to use the WHO checklist; one on how not to use it; two from the National Patient Safety
Agency in the United Kingdom; one from University Health Network Hospital in Toronto; one
from the Surgical Care and Outcomes Assessment Program in Washington State; two from Great
Ormond Street Hospital in the United Kingdom; one in French from Fattouma Bourguiba
Hospital in Monastir, Tunisia; one in Spanish from la Agencia de Calidad de Andalucia; one
Spanish translation of the WHO how-top video; and two from Auckland City Hospital in New
Zealand.

SURPASS Checklist

We performed a citation search to determine if the SURPASS checklist has yet been
attempted outside the Netherlands; however, no such attempts were identified. The SURPASS
Web site (www.surpass-checklist.nl/home.jsf?lang=en) describes an electronic version of the
checklist (called SURPASS Digital) that can be used by any web-connected computer. The
electronic version allows one to modify the checklist, although the designers of SURPASS
strongly encourage users to avoid modification (www.surpass-
checklist.nl/content.jsf?pageld=FAQ&Ilang=en).

Wrong-Site Surgery Checklists

No implementation advice was found on the Joint Commission Web site or in other
published documents. In August 2010, the Joint Commission conduced an online survey of over
2,100 people.*® The Web site did not report how many questions were asked or the wording of
any given question. The Web site reports five findings from the survey: 1) 88 percent agreed that
their organizations could fully implement the Universal Protocol; 2) 87 percent to 92 percent
agreed that the three steps are appropriate; 3) More than 90 percent agreed that “there is benefit”
in using it in the operating room, ambulatory surgery, and hospital units performing invasive
procedures, but the rates of agreement of benefit were lower for ambulatory clinics and physician
offices; 4) the need to modify policies and procedures varied greatly across respondents; and 5)
no differences were found between different types of respondents (e.g., type of hospital, bed
size).

We identified four sites describing pertinent checklists (see Table 3 in Appendix D in the
section entitled “Evidence Tables for Chapter 13”). These sites were located in Switzerland,
Sweden, the United Kingdom, and North Carolina:

The Swiss study®’” was conducted in a large anesthesiology service and focused on verifying
two key aspects: patient identity and surgical site. The protocol was developed by an
interdisciplinary team and required patient participation in the verification of identity and
surgical site (answering open-ended questions rather than closed-ended questions). Compared
with the first 3 months of implementation, the next 3 months saw better compliance in checking
patient identity (63% up to 81%) and proportion of surgical site checks performed (77% up to
93%). Compliance was stable in subsequent periods. Barriers to implementation included 1)
surgeons saying they already knew the patients or the surgical site was obvious, and 2) the
failure to include the input of all surgical services in developing the protocol.
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The Swedish study® involved two hospitals, each of which had a recent wrong-site surgery
incident, and a root-cause analysis suggested that a time-out procedure might help. A time-out
checklist was implemented, and one year later, a questionnaire was sent to all 704 team
members. Of the 331 responders, 93 percent expressed the belief that the checklist contributes to
increased patient safety (either “without a doubt,” or “probably”). When asked about eight
specific components of the time-out checklists, the percentage of respondents who believed the
component was “very important” varied widely, from a low of 14 percent for the introduction of
team members to highs of over 80 percent for patient identity, correct procedure, and correct
side.

The English study®® was conducted at a children’s hospital in which staff had incorporated an
eight-item correct-site surgery checklist into an existing preoperative checklist. Five people were
required to sign the documentation: marking surgeon, operating surgeon, ward nurse, scrub
nurse, and anesthetist. Comparing 2008 to 2006, correct completion was unimproved for four of
the eight items (ward nurse signed, operating surgeon signed, scrub nurse, signed, and operating
department practitioner signed) but was improved for the other four (mark site documented, no
mark required documented, entries legible, and marking surgeon signed).

The North Carolina study®” implemented a checklist to prevent wrong-site surgery that was
tailored to the hospital’s preferences and procedures. Previously, the staff was using a
cumbersome form to document their compliance with the Universal Protocol. Champions
demonstrated the checklist during educational staff meetings, and new staff were given a primer.
Staff commented favorably that they no longer had to remember everything.

The Association of PeriOperative Registered Nurses (AORN) Comprehensive Surgical
Checklist (www.aorn.org/uploadedimages/Images/Images/comprehensive_surgical_checklist_
RGB961.jpg) was a collaborative effort between AORN, the developers of the WHO checklist,
and the Joint Commission. The Web site states that the checklist, created in April 2010, was
“created to support a facility’s need to use a single checklist that includes the safety checks
outlined in the World Health Organization’s (WHQ) Surgical Safety Checklist, while also
meeting the safety checks within The Joint Commission’s Universal Protocol in order to meet
accreditation requirements.” Our searches identified no empirical studies of this checklist.

Another combined checklist (called a “crosswalk’”) combining the WHO checklist and the
Universal Protocol was published in November 2011 by the Pennsylvania Patient Safety
Reporting System.*° This document also addresses checking preparedness for surgical fires, as
well as two intraoperative checks specifically for spinal surgery involving precise locations. Due
to the recency, no studies exist yet on this crosswalk.

Anesthesia Equipment Checklists

The ASA guidelines identify 15 items: 7 to be performed only before the first procedure of
the day, and 8 to be performed prior to each procedure. Similarly, the AAGBI guideline
recommends that 11 items be checked prior to each operating session and that 3 of these items
are to be checked again prior to each new patient procedure. These guidelines are to be
implemented by individual hospitals and tailored to their departmental needs. As stated by the
ASA on their Web site (ASA, 2011), “the updated recommendations are intended to serve as
general guidelines for individual departments and practitioners to design pre-anesthesia checkout
procedures specific for the delivery systems and the needs of the local practice.” Further, they
state, “Guidelines are systematically developed recommendations that assist the practitioner and
patient in making decisions about health care. These recommendations may be adopted,
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modified, or rejected according to clinical needs and constraints and are not intended to replace
local institutional policies. In addition, practice guidelines are not intended as standards or
absolute requirements, and their use cannot guarantee any specific outcome. Practice guidelines
are subject to revision as warranted by the evolution of medical knowledge, technology, and
practice. They provide basic recommendations that are supported by a synthesis and analysis of
the current literature, expert opinion, open forum commentary, and clinical feasibility data.”**

The ASA encourages institutions to submit their version of the Pre-Anesthesia Checkout
(PAC) for publication on the ASA Web site (www.asahq.org/For-Members/Clinical-
Information/2008-ASA-Recommendations-for-PreAnesthesia-Checkout/Sample-
Procedures.aspx). Currently, sample PACs are posted for the following anesthesia system
models: (1) General Electric AESTIVA®, (2) Draeger Apollo, (3) Draeger Narkmoed GS,

(4) Draeger 6000, (5) Draeger B/C/GS, and (6) Draeger Fabius GS. Eight U.S. hospitals are
currently represented on the ASA collection of sample checkouts.

As an additional international example of implementing anesthesia checklist guidelines, the
Columbian 2009 version of their “Minimum Safety Standards in Anaesthesia” states that
anaesthesiologists and surgeons must collaborate in completing an overall check list, which is to
include at least the items in the WHO checklist. In addition, before applying anaesthetic, the
anaesthesiologist must complete a pre-anaesthetic checklist.*?

In referencing earlier implementation strategies for aviation checklists, a 2000 article by
Blike and Biddle*® propose the “three P’s” for successful implementation of their anesthesia
machine electronic checklist. They refer to the three P’s as “a guiding philosophy, with
procedures designed to achieve the goal of the philosophy using consistent policies for
implementation.” They concluded that the earlier AACR was deficient in that the associated
published checklist had no supporting philosophy.

Regarding staffing, the 2008 ASA guidelines identify particular aspects of the PAC that
could be performed by a qualified anesthesia and/or biomedical technician. However, “regardless
of the level of training and support by technicians, the anesthesia care provider is ultimately
responsible for proper function of all equipment used to provide anesthesia care.”*?

Are There Any Data About Costs?

Costs of implementing a checklist mostly involve checklist development (or checklist
modification if the WHO checklist is used), formal staff notification that use of the checklist is
expected, staff training, and additional operating room time. In 2010, Semel and colleagues®
performed a hypothetical decision analysis of checklist introduction in a U.S. hospital. The cost
of implementing the checklist was estimated using the “opportunity cost of the work that would
have otherwise been performed by the three department checklist champions and the
implementation coordinator,” which was an estimated $12,635 in 2008 dollars; per-use cost was
only $11. The cost of a major surgical complication was estimated at $13,372. In the base-case
analysis, checklist introduction actually saved money. Regarding time, Sewell 2011*° reported
that 20 percent of staff thought the WHO checklist caused an unnecessary time delay. However,
in 2011, Taylor and colleagues™ reported that the WHO checklist took only about two minutes
on average.

With regard to operating room time, a 26-item anesthesia checklist developed in 2010 by
Thomassen and colleagues** was completed with a median time of 88.5 seconds (n=502
patients). Additionally, when cases were compared before and after implementation, checklist
completion did not cause any significant difference in pre-induction time (25.1 vs. 24.3 minutes).
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An additional potential cost benefit relates to reduced litigation claims. With regard to
anesthesia, comparing the period prior to the1990s to the period from 1990 to 2003, the
proportion of claims with substandard care decreased (from 39% to 22%), and payments were
made less frequently (from 58% to 42% of the time).?

Are There Any Data About Adoption and Diffusion of This Patient
Safety Practice?

On February 22, 2012, the WHQO’s Surgical Safety Web Map indicated that as of February 1,
2012, 4,120 hospitals had expressed interest in using the checklist and 1,790 of these hospitals
have used the checklist in at least one operating theatre (Figure 1). On the map, red crosses
represent those expressing interest, and yellow crosses represent previous/current users.

Figure 1, Chapter 13. Screenshot of adoption and diffusion of the WHO surgical safety checklist
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Note: This figure is a screenshot taken on 2/22/2012 of the WHO Surgical Safety Web Map
(http://maps.cga.harvard.edu:8080/Hospital/). Red crosses represent hospitals who have expressed interest in using the WHO
Surgical Safety Checklist (as of 2/1/2012); yellow crosses represent hospitals that have used the checklist in at least one operating
theatre. Using the right-hand panel, the map can also be configured to display locations of endorsing organizations, international
endorsing organizations, pilot sites, and countries with nationwide implementation. Granted permission by the World Health
Organization.

Our searches found that a number of professional organizations have recommended adoption
of the WHO checklist (Table 1).
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Table 1, Chapter 13. Governmental and nongovernmental organizations adopting or

recommending adoption of the WHO checklist

Organization Web site

Details

The Institute for www.ihi.org/offerings/
Healthcare MembershipsNetworks/
Improvement MentorHospitalRegistry/Pages/
(www.ihi.org) SurgicalSafetyChecklist.aspx

In December 2008, then-president Donald Berwick
issues the Surgical Safety Checklist Challenge: to have
each hospital use the checklist in at least one
operating room by April 1, 2009. To assist facilities in
implementing the checklist, the IHI Web site provides a
list of eight “mentors” throughout the United States who
have already implemented the checklist. The
demographics of these eight sites are provided to
enable facilities to match themselves up with similar
mentor facilities.

National Patient
Safety Agency
(NPSA) in the UK

www.nrls.npsa.nhs.uk/alerts/
?entryid45=59860

NPSA mandated in February 2010 the use of the
checklist in all of its Trusts in England and Wales.*
The NPSA Web site contains downloadable materials,
videos, and three tailored WHO surgical checklists (for
radiological interventions, cataract surgery, and
maternity cases). Also, the Surgical Checklist
Implementation Project, funded by the National Health
Service (NHS), involves four studies of implementing
the WHO checklist at 20 NHS Trusts
(www.safesurgery.org.uk/).*® The topics of the four
studies are (1) perception of the checklist and possible
barriers to use; (2) additional quantitative data on staff
perceptions of the checklist; (3) how the checklist is
actually used in operating rooms; (42 the impact of
checklist use on clinical outcomes.”

France NA France mandated the use of the WHO checklist in all
its 8000 hospitals in 2010.*
Canadian Patient NA The CPSI has endorsed the checklist, and checklist

Safety Institute
(CPSI)

implementation is now an accreditation standard for
Canadian hospitals.*®

The Canadian province of Ontario mandated use of the
checklist in 2011.*

Washington State
Surgical Care and
Outcome
Assessment Program
(SCOAP)*

www.scoap.org/
checklist/index.html

SCOAP stated a goal of having all of its hospitals use
the WHO checklist in every operating room by the end
of 2009 . The February 2010 SCOAP version of the
WHO checklist is available on the Web site. The Web
site also states that “According to the Washington
State Hospital Association, 100% of Washington State
hospitals have either implemented a standardized
surgical checklist or are in the process of doing so.”
Hospitals can also order a 2x3 foot laminated SCOAP
checklist from the Web site.

The South Carolina
Hospital Association
(SCHA)

The SCHA, in the fall of 2010, planned to institute the
checklist in all the state’s hospitals over the next few
years.*’

Ireland and Jordan

Ireland and Jordan each plan to require checklist
implementation in all its hospitals.*

Spanish Ministry of NA
Health and Spanish
Association of

Surgeons

The Spanish Ministry of Health and the Spanish
Association of Surgeons have joined the initiative.>*
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Table 1, Chapter 13. Governmental and nongovernmental organizations adopting or
recommending adoption of the WHO checklist (continued)

Organization Web site Details

Australia and New NA These organizations developed a modified version of
Zealand: the Royal the WHO checklist.* The checklist was launched in
Australasian College August of 2009 with the endorsement of national

of Surgeons, the government health departments in both countries.

Australian and New
Zealand College of
Anaesthetists, the
Royal Australian and
New Zealand College
of Obstetricians and
Gynecologists, the
Australian College of
Operating Room
Nurses, and the
Australian
Commission for
Safety and Quality in
Health Care

The webcast event “Check a Box, Save a Life” was launched on October 22, 2009 to
promote the use of the WHO checklist.>® The event, run mostly by medical students, involved
182 hosting sites from 121 medical institutions and an estimated 1,400 online viewers. A
Facebook page had enrolled 111 medical students who agreed to host the event at their
institutions. At the Institute for Healthcare Improvement forum 6 weeks later, 15 case reports
were presented that detailed checklist-related projects.

In January 2010 in the UK, just before the mandatory requirement to use the WHO checklist
was instituted by the NPSA, Sivathasan and colleagues® conducted telephone interviews with
238 hospitals in the UK (randomly selected from some 540 hospitals, therefore representing
about 44% of UK hospitals). Almost all (99%) of the hospitals had heard of the checklist, and its
use was already compulsory in 65 percent of them. In hospitals where it was not required, 81
percent used it voluntarily, and 75 percent had a plan to make it mandatory in the future.
However, some operating rooms reported partial use of the checklist, i.e., intentionally skipping
items or skipping the entire checklist because of time constraints.

In June 2009, the journal OR Manager received online data from 136 subscribers regarding
use of the WHO checklist.>> About half (48.5%) said they had implemented the checklist, and
64 percent said the checklist has improved safety in the operating room. However, 11 percent of
respondents stated that the checklist was not well accepted by surgeons, and another 63 percent
said surgeons did accept it but “with reservations.” Nurses were believed to have a somewhat
greater degree of acceptance, with only 2 percent “not well accepted” and 52 percent “accepted
with reservations.”

A survey in October/November 2009 of 12 oral and maxillofacial consultants in Yorkshire
England found that all were aware of the WHO checklist, but only 5/12 were actually using it.*®
Ten of 12 expressed the belief that it would improve patient safety, but four of 12 said it would
not improve team communication.

Regarding the Universal Protocol, accredited hospitals are required to comply. Therefore the
“diffusion” of the Universal Protocol is large, by mandate. However, as stated earlier, the
Universal Protocol is not a checklist. We found no published information on how many hospitals
actually use a checklist in their efforts to comply.
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Regarding anesthesia checklists, in 2009, Winters and colleagues®’ at Johns Hopkins
University republished the AAGBI checklist and discussed resistance of physicians to adopting
anesthesia checklists in general. They cited the cases of some physicians who claimed to be
insulted, whereas others expressed doubt that a checklist will prevent a medical mistake. They
counter this argument by mentioning the complexity of modern medicine, which may
inadvertently introduce devastating risks. In 2000, Thomassen and colleagues** of Haukeland
University Hospital in Norway developed an anesthesia checklist designed to identify “pre-
induction deficiencies” (i.e., missing equipment or inadequate preparation). The checklist was
improved over the course of 502 inductions. They reported that in 17 percent of the cases,
missing items were identified, the most critical being lack of availability of a second
laryngoscope, the introducer not having been fitted to the endotracheal tube, the endotracheal
tube cuff not having been tested, and no separate ventilation bag available. Thomassen’s 2010
study® reported user experiences: Some of the senior physicians were skeptical of the usefulness
of the checklist. They concluded that the success of implementation of the checklist depends on
physician leaders having a positive attitude. The checklist itself improved confidence in
unfamiliar contexts (see Table 4, Chapter 13 in Appendix D).

Conclusions and Comment

Several prominent authorities in the field of patient safety have proposed checklists in an
attempt to prevent mistakes related to surgery. These checklists have been developed carefully
by experts in the field, and have evolved over time to capture only the most essential
considerations. Numerous implementation issues remain, including how to modify a given
checklist to a specific hospital setting, or to a specific anesthesia system, or to a specific surgical
staff. A recurrent theme in the literature on preoperative checklist is the explicit encouragement
of a team-based approach. Further adoption and diffusion of these checklists will depend on the
continued demonstration of effectiveness in preventing errors, checklist modifications to
improve clarity and prevent misuse, proof that the benefits are worth the added time and cost,
and flexibility to changes as needs arise. A summary table is located below (Table 2).

Table 2, Chapter 13. 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 High Negligible Low A lot/Moderate
References
1 Gawande AA, Thomas EJ, Zinner MJ. et al. 3. Staender SE, Mahajan RP. Anesthesia and

patient safety: have we reached our limits.
Curr Opin Anaesthesiol 2011 Jun;24(3):349-
53. PMID: 21330916.

The incidence and nature of surgical adverse
events in Colorado and Utah in 1992.
Surgery 1999 Jul;126(1):66-75. PMID:

10418594, 4. Helsinki declaration on patient safety in
5 Kable AK, Gibberd RW, Spigelman AD. anesthe5|.ology.. Actual Anestesiol Reanim
. . . . 2010 Jul;20(3):136-9.
Adverse events in surgical patients in
Australia. Int J Qual Health Care 2002 5. ECRI Institute. Guidance article: top 10
Aug;14(4):269-76. PMID: 12201185. technology hazards for 2012. Health

Devices 2011 Nov;40(11):358-73.

136



10.

11.

12.

13.

14,

15.

Haynes AB, Weiser TG, Berry WR, etal. A
surgical safety checklist to reduce morbidity
and mortality in a global population. N Engl
J Med 2009;360(5):491-9.
content.nejm.org/cgi/content/full/NEJMsa08
10119. PMID: 19144931

de Vries EN, Prins HA, Crolla RM, et al.
Effect of a comprehensive surgical safety
system on patient outcomes. N Engl J Med
2010 Nov 11;363(20):1928-37. PMID:
21067384

de Vries EN, Hollmann MW, Smorenburg
SM, et al. Development and validation of
the SURgical PAtient Safety System
(SURPASS) checklist. Qual Saf Health Care
2009 Apr;18(2):121-6. PMID: 19342526.

de Vries EN, Dijkstra L, Smorenburg SM, et
al. The SURgical PAtient Safety System
(SURPASS) checklist optimizes timing of
antibiotic prophylaxis. Patient Saf Surg 2010
Apr 13;4(1):6. PMID: 20388204.

de Vries EN, Eikens-Jansen MP, Hamersma
AM, et al. Prevention of surgical
malpractice claims by use of a surgical
safety checklist. Ann Surg 2011
Mar;253(3):624-8. PMID: 2120959.

Facts about the universal protocol.
[internet]. Oakbrook Terrace (IL): The Joint
Commission; 2004 [accessed 2008 Jan 9]. [1
pl-
www.jointcommission.org/assets/1/18/Univ
ersal%20Protocol%201%204%20111.PDF.

Using surgical checklists to comply with the
universal protocol. Jt Comm Perspect
Patient Saf 2011 Jul;11(7):9-11.

ASA Committee on Equipment and
Facilities. 2008 recommendations for pre-
anesthesia checkout procedures. Park Ridge
(IL):American Society of Anesthesiologists;
2008.

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

Dixon-Woods M, Bosk CL, Aveling EL, et
al. Explaining Michigan: developing an ex
post theory of a quality improvement
program. Milbank Q 2011 Jun;89(2):167-
205. PMID: 21676020.

137

16.

17.

18.

19.

20.

21,

22,

23.

AHRQ Effective Healthcare Program.
Closing the quality gap: prevention of health
care-associated infections. [internet].
Rockville (MD): Agency for Healthcare
Research and Quality (AHRQ); 2011 Aug 3
[accessed 2011 Nov 4]. [20].
www.effectivehealthcare.ahrg.gov/index.cf
m/search-for-guides-reviews-and-
reports/?productid=738&pageaction=display
product#toc.

Surgical safety checklist. Geneva: World
Health Organization (WHO); 2009 Jan. 1 p.
whglibdoc.who.int/publications/2009/97892
41598590 _eng_Checklist.pdf.

World Alliance for Patient Safety. WHO
guidelines for safe surgery. Geneva: World
Health Organization (WHO); 2008.

Greenberg CC, Regenbogen SE, Studdert
DM, et al. Patterns of communication
breakdowns resulting in injury to surgical
patients. J Am Coll Surg 2007
Apr;204(4):533-40. PMID: 17382211.

Griffen FD, Stephens LS, Alexander JB, et
al. The American College of Surgeons’
closed claims study: new insights for
improving care. J Am Coll Surg 2007
Apr;204(4):561-9. PMID: 17382214,

Mulloy DF, Hughes RG. Chapter 36.
Wrong-site surgery: a preventable medical
error. In: Patient safety and quality: an
evidence-based handbook for nurses [AHRQ
Publication No. 08-0043]. Rockville (MD):
Agency for Healthcare Research and Quality
(AHRQ); 2008 Apr. p. 1-15.
www.ahrg.gov/qual/nurseshdbk/docs/Mullo
yD_WSS.pdf.

Merry AF. Role of anesthesiologists in
WHO safe surgery programs. Int
Anesthesiol Clin 2010 Spring;48(2):137-50.
PMID: 20386233.

Association of Anaesthetists. Checklist for
anaesthetic equipment 2004. London (UK):
Association of Anaesthetists of Great Britain
& Ireland; 2004. 2 p.
www.aagbi.org/sites/default/files/checklista
404.pdf.



24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

Haynes AB, Weiser TG, Berry WR, et al.
Changes in safety attitude and relationship
to decreased postoperative morbidity and
mortality following implementation of a
checklist-based surgical safety intervention.
BMJ Qual Saf 2011 Jan;20(1):102-7. PMID:
21228082.

Weiser TG, Haynes AB, Dziekan G, et al.
Effect of a 19-item surgical safety checklist
during urgent operations in a global patient
population. Ann Surg 2010
May;251(5):976-80. PMID: 20395848.

Quarterly update on preventing wrong-site
surgery [draft]. Plymouth Meeting (PA):
ECRI Institute; 2012. 13 p.

Devine J, Chutkan N, Norvell DC, et al.
Avoiding wrong site surgery: a systematic
review. Spine (Phila Pa 1976) 2010 Apr
20;35(9 Suppl):S28-36. PMID: 20407349.

Blike G, Biddle C. Preanesthesia detection
of equipment faults by anesthesia providers
at an academic hospital: comparison of
standard practice and a new electronic
checklist. AANA J 2000 Dec;68(6):497-505.
PMID: 11272956.

Ben-Menachem E, Ezri T, Ziv A, et al.
Identifying and managing technical faults in
the anesthesia machine: lessons learned
from the Israeli Board of Anesthesiologists.
Anesth Analg 2011 Apr;112(4):864-6.
PMID: 21288969.

Sewell M, Adebibe M, Jayakumar P, et al.

Use of the WHO surgical safety checklist in
trauma and orthopaedic patients. Int Orthop
2011 Jun;35(6):897-901. PMID: 20730425.

Kearns RJ, Uppal V, Bonner J, et al. The
introduction of a surgical safety checklist in
a tertiary referral obstetric centre. BMJ Qual
Saf 2011 Sep;20(9):818-22. PMID:
21693466.

Thomassen O, Brattebo G, Heltne JK, et al.
Checklists in the operating room: help or
hurdle? A qualitative study on health
workers’ experiences. BMC Health Serv Res
2010;10:342. PMID: 21171967.

Taylor B, Slater A, Reznick R. The surgical
safety checklist effects are sustained, and
team culture is strengthened. Surgeon 2010
Feb;8(1):1-4. PMID: 20222395.

138

34.

35.

36.

37.

38.

39.

40.

41.

Singer SJ. Grants awarded in FY 2010.
Factors associated with effective
implementation of a surgical safety
checklist. In: Researching implementation
and change while improving quality: grant
awards. Fact sheet. Rockville (MD): Agency
for Healthcare Research and Quality
(AHRQ); 2011 Oct. p. 3.
www.ahrg.gov/qual/qualimp.pdf.

Safe surgery saves lives. [internet]. Geneva:
World Health Organization; [accessed 2011
Sep 22].

www.who.int/patientsafety/safesurgery/en/.

Follow-up Survey on Universal Protocol.
[internet]. Oakbrook Terrace (IL): The Joint
Commission; 2010 Dec 14 [accessed 2011
Oct 18]. [2 p].
www.jointcommission.org/follow-
up_survey_universal_protocol/.

Garnerin P, Ares M, Huchet A, et al.
Verifying patient identity and site of
surgery: improving compliance with
protocol by audit and feedback. Qual Saf
Health Care 2008 Dec;17(6):454-8. PMID:
19064662.

Nilsson L, Lindberget O, Gupta A, et al.
Implementing a pre-operative checklist to
increase patient safety: a 1-year follow-up of
personnel attitudes. Acta Anaesthesiol
Scand 2010 Feb;54(2):176-82. PMID:
19719811.

Owers C, Lees E, Roberts J. Correct site
surgery - Are we up to standard? Cent Eur J
Med 2010 Aug;5(4):407-10.

Possible integration of actions to satisfy
Joint Commission universal protocol and
WHO surgical safety checklist. [internet].
Harrisburg (PA): Pennsylvania Patient
Safety Authority; 2011 [accessed 2011 Nov
21]. [1 p].
www.patientsafetyauthority.org/Educational
Tools/PatientSafety Tools/PWSS/Documents
[crosswalk.pdf.

2008 ASA recommendations for
preanesthesia checkout: sample procedures.
[internet]. Park Ridge (IL): American
Society of Anesthesiologists (ASA);
[accessed 2011 Nov 11]. [2 p].
www.asahqg.org/For-Members/Clinical-
Information/2008-ASA-Recommendations-
for-PreAnesthesia-Checkout/Sample-
Procedures.aspx.



42.

43.

44,

45,

46.

47,

48.

49,

50.

51.

52.

53.

Ibarra P, Robledo B, Galindo M, et al.
Minimum standards 2009 for practising
anaesthesiology in Colombia: Safety
Committee. Rev Colomb Anestesiol 2009
Jul;37(3):235-53.

Semel ME, Resch S, Haynes AB, et al.
Adopting a surgical safety checklist could
save money and improve the quality of care
in U.S. hospitals. Health Aff (Millwood)
2010 Sep;29(9):1593-9. PMID: 20820013.

Thomassen O, Brattebo G, Softeland E, et
al. The effect of a simple checklist on
frequent pre-induction deficiencies. Acta
Anaesthesiol Scand 2010 Nov;54(10):1179-
84. PMID: 21069898.

Mahajan RP. The WHO surgical checklist.
Best Pract Res Clin Anaesthesiol 2011
Jun;25(2):161-8. PMID: 21550541.

The objectives and study aim of the Surgical

Checklist Implementation Project. [internet].

London (UK): Imperial College; [accessed
2011 Oct 6]. [1 p].
www.safesurgery.org.uk/.

Robbins J. Hospital checklists.
Transforming evidence-based care and
patient safety protocols into routine practice.

Crit Care Nurs Q 2011 Apr-Jun;34(2):142-9.

PMID: 21407009.

Warnock GL. Of surgeons and safety
checklists. Can J Surg 2010 Dec;53(6):364-
6. PMID: 21092427.

National push for surgical safety checklist
under way. Hosp Peer Rev 2009
May;34(5):53-7. PMID: 19453097.

WHO?’s patient-safety checklist for surgery.
Lancet 2008 Jul 5;372(9632):1. PMID:
18603137.

Grande L. [Improving safety in the
operating room reduces hospital mortality].
Cir Esp 2009 Dec;86(6):329-30. PMID:
19783243.

Gough 1. A surgical safety checklist for
Australia and New Zealand. ANZ J Surg
2010 Jan;80(1-2):1-2. PMID: 20575868.

Henderson D, Carson-Stevens A, Bohnen J,
et al. Check a box. save a life: How student
leadership is shaking up health care and
driving a revolution in patient safety. J
Patient Saf 2010 Mar;6(1):43-7.

139

54.

56.

57.

Sivathasan N, Rakowski KR, Robertson BF,
et al. The World Health Organization’s
‘Surgical Safety Checklist’: should
evidence-based initiatives be enforced in
hospital policy? JRSM Short Rep
2010;1(5):40. PMID: 21103132.

Patterson P. In survey, about half of ORs are
using the WHO checklist. OR Manager
2009 Sep;25(9):1, 6-8. PMID: 19824166.

Abdel-Galil K. The WHO surgical safety
checklist: are we measuring up. Br J Oral
Maxillofac Surg 2010 Jul;48(5):397-8.
PMID: 20153096.

Winters BD, Gurses AP, Lehmann H, et al.
Clinical review: checklists - translating
evidence into practice. Crit Care
2009;13(6):210. PMID: 20064195.



Chapter 14. Use of Report Cards and Outcome
Measurements To Improve Safety of Surgical Care: American
College of Surgeons National Quality Improvement Program
(NEW)

Melinda Maggard-Gibbons, M.D., M.S.H.S.

How Important Is the problem?

Over 40 million operative procedures are performed in the United States (U.S.) each year.!
Postoperative adverse events occur all too commonly. Mortality for complex operations in the
Medicare population ranges from 7.5 percent to as high as 17.7 percent for gastrectomy and 3.1
percent to 13.3 percent for pancreatectomy.? Overall morbidity for three complex procedures
combined ranged from 44.3 percent to 38.9 percent. Even in less complex cases such as
colectomy (250,000 cases are performed each year), surgical site infections occur approximately
10 percent of the time.® These adverse events increase hospitalization length and cost. A surgical
site infection is estimated to add $27,631 to the cost of a surgical stay.* Even a simple wound
opening is estimated to cost $1,426. A urinary tract infection can add $675 or up to $2,800 if
accompanied by bacteremia.’ Following respiratory complications, length of stay increases
attributable to post-operative complications range from 3 to 11 days.® A single case of ventilator-
associated pneumonia adds $50,000 to the baseline cost of a surgical admission.”® Patients who
develop postoperative pulmonary embolism/deep venous thrombosis require readmission in 44
percent of cases, with annual cost ranging from $7,594 to $16,644.°

What Is the Patient Safety Practice?

The largest and best known intervention for measuring and reporting surgical outcomes in
the U.S. is the American College of Surgeons National Surgical Quality Improvement Project
(ACS NSQIP), now implemented at 431 sites. This multicomponent intervention grew out of
efforts initiated by Veterans Affairs (VA) Health System researchers and clinicians in the late
1980s. The original idea for VA NSQIP was to feedback data to facilities and surgeons on their
performance as a stimulus for quality improvement. To implement that original idea a number of
elements needed to be developed: methods to collect data consistently across sites, methods for
data sharing, and models for calculations observed-to-expected outcomes. Later, in VA NSQIP,
the need to bring sites together for learning and sharing across sites was recognized as necessary
to catalyze improvement and this was added to the “intervention.” Thus, the “intervention” has
changed over time in the components used to implement the original idea of feedback for
performance data. An example of observed to expected ratio reporting for ACS NSQIP is located
in Figure 1.

The current ACS NSQIP collects prospective, clinical data that are used to provide risk-
adjusted assessments of outcomes that are fed back to the hospitals and surgeons for comparative
purposes, with the ultimate goal of quality improvement. A benchmarked, peer-controlled
database allows hospitals to compare 30-day outcomes across hospital types. With support from
ACS NSQIP, individual sites work to design quality initiatives to achieve better outcomes and
care in the areas of need.
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The intervention comprises five basic components. First, a trained surgical clinical reviewer
(SCR) prospectively collects data on preoperative and clinical variables and on 30-day outcomes
(outcomes are described in more detail, below). The number of variables depends on the
particular Program option chosen (which in turn depends on the needs and size of the particular
hospital) but is typically 46 or 69 for each case. A predetermined number of cases is reported,
which again depends on the Program option (also referred to as Use Option) the hospital has
elected to use. The second component is development and maintenance of models of expected
mortality and morbidity by risk and types of procedures performed. The third component is the
calculation of the observed-to-expected (O/E) 30-day mortality and morbidity ratios. Data are
then fed back to individual sites as observed-to-expected ratios of, typically, 21 morbidities, such
as wound, respiratory, central nervous system, urinary and cardiac complications, as well as
mortality. Data are provided alongside blinded national results from the other participating sites.
Sites are designated as being a high (worse than expected) or low outlier (better than expected)
for each category of morbidity and for mortality.

Figure 1, Chapter 14. Example of observed to expected ratio reporting for American College of
Surgeons national surgical quality improvement program

LOW OUTLIER: If the upper bound of the O/E confidence [ Low outiier
interval is <1.0, the hospital’s outcomes are statistically better I Confidence interval I High Outlier
than expected.

HIGH OUTLIER: If the lower bound of the OfE ratio is
=1.0, the hospital's outcomes are statistically worse than
expected.

Figure 1 accessed from the ACS NSQIP Web site, December 2011. Reprinted by permission of American College of Surgeons
NSQIP.

Lastly, institutions then identify areas where they are a high outlier and improvement is
needed. Auditing by the ACS NSQIP staff occurs randomly and for cause, that is, site reports
many high risk patients but a low complication rate. Individual surgeon-level data are provided
to the participating hospital if they request it. While the responsibility for making changes and
addressing areas in need of improvement remains with the individual sites, the administrative
ACS NSQIP body provides support in terms of case reports, best practices, national meetings,
and monthly supportive conferences calls with the surgeon champions and surgical clinical
reviewers.

Why Should This Patient Safety Practice Work?

The concept that measurement and reporting of hospital outcomes can be useful for
improving quality and safety goes back more than 100 years. E.A. Codman in 1913 told the
Philadelphia Medical Society “We must formulate some method of hospital report showing as
nearly as possible what are the results of the treatment obtained at different institutions. This
report must be made out and published by each hospital in a uniform manner, so that comparison
will be possible. With such a report as a starting point, those interested can begin to ask
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questions as to the management and efficiency.” In 1914, Codman started his own hospital in
Boston, the End-Result Hospital, to study the quality of surgical care.

Two precedents helped inform the rationale for ACS NSQIP. In 1994, in response to
concerns about high complication rates in the VA, a system to collect and report clinical
variables and outcomes across all VA sites was established (ultimately coined VA NSQIP).
To compare results to non-VA hospitals or among VA sites fairly, these investigators needed to
correct for how sick patients were. Lisa lezzoni coined the phrase, the “algebra of effectiveness,”
which means that outcomes are a function of patient factors, effectiveness of the care provided,
and random variation.*? Patient factors include the severity of target illness plus their
comorbidities. Thus, the VA developed a database of preoperative risk factors (severity of illness
and comorbidity) along with the database used to collect postoperative outcomes. In an attempt
to level the playing field for cross-institutional comparisons, the investigators developed risk-
adjustment models. The perceived success of the VA program led to its adaption for non-VA
hospitals, now known as the ACS NSQIP.

The second precedent for ACS NSQIP was the apparent success of programs like the New
York State Cardiac Surgery Reporting System (CSRS).* In this program, which began about 20
years ago, the State Department of Health collects and distributes data from all New York State
hospitals performing coronary artery bypass grafting, with the aim of promoting accountability
and quality improvement. While originally envisioned as a confidential feedback system, public
and court pressure led to the public release of results, and the CSRS became a public reporting
system. Evaluation of the impact of the CSRS has been complicated by secular trends and the
lack of a widely-accepted comparison group, but systematic reviews of public reporting have in
general concluded that the preponderance of the evidence supports a causal relationship between
the CSRS and greater declines in cardiac surgery morbidity and mortality than would be
expected from the long-established secular trends alone.**** The basic concepts of the New York
State CSRS have been adopted by other states (California, Pennsylvania) and have expanded
across the U.S. through the efforts of the Society of Thoracic Surgery (STS) Registry, which
incorporated public reporting. Measurement and reporting of cardiac surgery outcomes has also
spread to England.*®

The rationale for how NSQIP improves care is multifaceted. To improve care and reduce
complications, surgeons must first know the outcomes of their own procedures. The data used to
provide this feedback must be high quality and reliable, and the method of risk-adjustment must
be adequate to allay concerns about comparing “apples to oranges.” Lastly, the program must
establish an impetus for change: In this case, it is the comparison of care at one’s own site to that
of other representative sites, that is sites with similar elements and the same risk-adjustment.
This comparison allows surgeons and hospitals to see how they compare in terms of poor
outcomes, which in turn promotes accountability and stimulates work to correct the problems.
Most sites, 59 percent of those surveyed, were unaware of their hospital’s adverse event rates, let
alone how they compare to other hospitals, until after they enrolled in ACS NSQIP.*

One of the great strengths of the ACS NSQIP program is that it relies on prospective clinical
data. Administrative and claims data are limited, as they lack sufficient clinical data elements
and vary considerably in terms of quality (coder variations, subjective reporting, focus on
payment rather than on outcome reporting). A study comparing administrative and claims data
collected by the University Health System Consortium (UHC) program showed that the ACS
NSQIP identified 61 percent more total complications than were identified by UHC, including 97
percent more surgical site infections and 100 percent more urinary tract infections.’

10,11
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Furthermore, NSQIP focuses on 30-day outcomes and is not limited to adverse events
associated with the index admission. Studies show that more than 50 percent of complications
happen after discharge. For colectomies, 45 percent of deep surgical site infections, 39 percent of
organ space infections, and 28 percent of deep venous thrombosis (DVT) occur after patients
have left the hospital.'® Identifying complications that occur outside the hospital is the
prerequisite first step to developing changes in care to help prevent those complication, which in
turn should result in reduced morbidity and mortality and save costs.™

What Are the Beneficial Effects of the Patient Safety Practice?

Evaluating the effect of the measurement and reporting of outcomes is complicated by the
fact that these measurement systems have almost always resulted from policy decisions that
affect large geographic areas; thus, with no access to natural control institutions, investigators are
relegated to using time-series data within interventions sites, observational comparisons to non-
intervention sites, and focused process-and-outcome evaluations seeking to explain observed
changes in outcomes over time. As alluded to earlier, the first such evaluations emanated from a
congressional mandate in 1986 for the VA to perform a National VA Surgical Risk Study
(NVASRYS), with the aim of developing surgical risk-adjustment models to predict outcomes and
compare the quality of surgical care among facilities. Between 1991 and 1993, 44 VA medical
centers used clinical nurse reviewers to collect preoperative and intraoperative clinical data and
30-day outcomes on major surgical procedures. Variations in the 30-day morbidity and mortality
outcomes were identified across VA facilities.?>?? The success of this initial study led to VA
NSQIP, which was officially launched in 1994 and has provided continuous monitoring of the
outcomes of surgical care in the VA. A review of over 400,000 cases performed between 1991
and 1997 showed that 30-day mortality and morbidity rates for major surgery fell 9 percent and
30 percent, respectively.? Reductions in one post-operative complication alone, surgical
pneumonia, are estimated to have saved the VA $9.3 million annually, and the overall reduction
in postoperative morbidity may have saved $46 billion over the lifetime of the program.

In the late 1990s, non-V A hospitals became interested in applying the VA experience to their
data reporting and quality improvement programs. A pilot study in three civilian hospitals
(University of Michigan, Emory University, University of Kentucky) showed the feasibility in
the private sector.?* Following this pilot, in 2001, the American College of Surgeons took the
lead to expand efforts to a broader group of hospitals (14 sites), and in 2004, the formal ACS
NSQIP began.?

The potential impact of participating in ACS NSQIP on complication rates and mortality has
been reported by individual hospitals and collaboratives and posted on the ACS NSQIP site.
Although reported improvements in morbidities have been large, improvements in mortality have
ranged from none to modest. However, many general and vascular surgery procedures tend to
have low 30-day mortality rates to start. Most of the reports of improvement in single institutions
or collaborative have not been published but have been presented in other venues. At the most
recent ACS NSQIP national meeting in July 2011, 20 presentations reported reductions in
morbidity following an intervention. In all these cases, ACS NSQIP data enabled the hospital or
hospitals to target an area with worse-than-expected outcomes and to intervene, with resulting
improvement. Eleven additional examples of programs that have recently begun participating in
NSQIP, have identified areas of need, and are in the process of implementing change, although
results are not yet available (see Table 1 for examples). An advantage of the annual national
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conference is the opportunity it provides to network and collaborate on quality improvement

planning and projects.

Table 1, Chapter 14. Example of interventions and associated impact on outcomes in American
College of Surgeons national surgical quality improvement program for hospitals/collaboratives

Hospital

Complication

Intervention

Impact

Hershey Medical Center,
Penn State *°

19.3% SSI in diabetics; 8%
in non-diabetics
VTE 3.4% (2008)

Glucose control protocol
VTE risk assessment and
order set

Reduction of SSI O/E 1.31
to 0.78

Reduction of VTE rate
3.4% to 0.2% (2008-2009)

University of Virginia®’

17.6% SSI (national
average 8.1%) colorectal
resections. High BMI was
a risk factor.

Protocol for wound wicking
for BMI >25 kg/m?, SCIP
measures, glycemic
control

Reduction of SSI from
17.6% to 11.2% (36%
reduction)
(2003-2006)

Massachusetts General
Hospital®’

Vascular surgery morbidity
O/E ratio=1.19, [99% CI
0.93 to 1.48]

UTI rate 7.0% vs 4.7%
(P<0.087)

physician order entry
templates, foley catheter
removal algorithm, silver-
coated catheters for select
patients, identify
procedures not requiring a
catheter, educational
campaign for clinicians

Reduction of UTI 7.0% to
1.8%.

Morbidity O/E ratio went
from 1.19 [99% CI 0.93 to
1.48] to 0.93[(99% CI 0.67
to 1.48]

(76% reduction)
(2003-2004)

Hospital A Identified a rise in organ Standardized orders, Organ space infection
space infections proper antibiotic use, increase attributed to
morbidity conference increased leak rates and
presentations, skin identified surgical
preparation changes technique issues and saw
improvements, but rate still
high.
(2005-2010)
Hospital B VTE 17.6% Risk stratification, best VTE decreased from 17.6
practices, standardized to 2.3%; O/E 1.88 to 1.05
orders (2006-2010)
Hospital C Unplanned reintubation 3% | Tracking tool, risk TBD
(O/E=1.56) assessment, improved
Ventilator >48 hrs 3.84% pulmonary toilet
(O/E=1.71) intervention
Hospital D Ventilator >48 hrs 2.24% Tracking tool, standardized | Ventilator >48 hrs 2.24% to
(O/E=1.7) orders, patient teaching 1.19%
(O/E=1.7 t0 0.83)
(2008-2010)
Hospital E Overall orthopedic DVT Identified variations in DVT | Reduction of overall

3.1%
Knee Arthroplasty DVT
rate 10.1%

prophylaxis practice,
surgeon specific review,
standardized care

orthopedic DVT rate 3.1%
to 1.1%

Reduction of knee
arthroplasty DVT rate
10.1% to 1.6%
(2008-2010)

Notes: DVT, deep venous thrombosis; VTE, venous thromboembolism; Hospital A-E are representative examples taken from
ACS NSQIP Data Portal Web site, accessed December, 13, 2011. Reprinted by permission from the American College of

Surgeons NSQIP.

Almost all these studies have a pre-post design, with no control groups, and therefore have
all the limitations common to studies of that design, including regression to the mean. Yet, in
aggregate, these reports consistently show that hospitals identified as high outliers in some
particular outcome that respond by implementing a targeted intervention experience a decrease in
that outcome. The magnitude of some of these decreases cannot be explained by regression to the
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mean or confounding; for example the decrease in DVT rate from 10 percent to 1 percent in one
study or from 3.2% to 0.2% in another study.

Two published longitudinal studies have reached divergent conclusions on the effects of
reporting. The first study looked at changes over three years (2005 to 2007) in ACS NSQIP-
participating sites (N=183) for all outcomes measured and surgical specialties using risk-
adjustment and accounting for hospital procedure volume (Hall B, 2009).*® For the most recent
time period, 2006 to 2007, 118 hospitals were enrolled and were participating long enough to
produce clinically useful data. The authors found that 82 percent (97 of 118) of hospitals had
improved morbidity and 66 percent (78 of 118) had improved mortality. The adjusted absolute
difference in observed to expected (O/E) ratio was -0.114 for morbidity and -0.174 for mortality
(negative numbers meaning less morbidity and mortality). Similar results were seen when the
researchers accounted for institutional volume. They also found that the number of high outliers
(those with worse outcomes) decreased over time and the number of low outliers (those with
better outcomes) increased. Additionally, high outliers were more likely to improve and had
larger mean changes in outcomes. For large hospitals, it was estimated that an average of 200 to
500 complications and 12 to 36 deaths may have been avoided."® This study was conducted by
investigators affiliated with ACS NSQIP.

The other study compared ACS NSQIP to another private sector collaborative, which was
based at the University of Michigan Medical Center.?® The data file provided by ACS NSQIP
included Michigan and non-Michigan hospitals. The Michigan Surgical Quality Collaborative
(MSQC) includes 34, largely community (68 percent) hospitals, unlike the ACS NSQIP-
participating hospitals, which are primarily academic/teaching. Sixteen MSQC hospitals were
included in the analysis, which assessed two time periods: April 2005 to March 2007 compared
with April 2007 to December 2007. Results were also compared with the 126 non-Michigan
NSQIP hospitals over the same time period. All hospitals used a similar data reporting system.
This analysis found that the MSQC hospitals had a decrease in morbidity from 10.7 percent to
9.7 percent (9% reduction, P=.002; odds ratio=.898) over the 3 years, whereas morbidity did not
change for the ACS NSQIP hospitals in either time period (12.4%; odds ratio=1.0). Mortality
rates did not change for either group of hospitals.?® This study was conducted by investigators
affiliated with MSQC. One possible explanation for the difference in results between the two
studies is that the length of time the hospitals were enrolled in the program may have been too
short to see improvements, especially in the larger hospitals, which predominated among the
non-Michigan ACS NSQIP hospitals.

What Are the Harms of the Patient Safety Practice?

Few published studies have assessed the potential and actual harms of this program. Most of
the concerns are speculative. A primary concern has always been that surgeons will avoid high-
risk cases for fear of adversely affecting their observed-to-expected outcomes assessments. This
issue was raised early in the process of implementing report cards when anecdotal evidence
appeared to suggest that as the result of implementing the New York CSRS, high-risk CABG
patients were being diverted instead to the Cleveland Clinic.”® However, subsequent and more
comprehensive analyses could not document any systematic exclusion of high-risk patients from
CABG operations, and that, on the contrary, the severity of illness and comorbidities of operated
patients has increased over the years.’*3 The longitudinal ACS NSQIP study also supported this
finding, showing that the risk profile and illness severity for surgical patients has increased over
time.'® Another concern is that the outcomes for outpatient cases or for a hospital or surgeon who
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performs a small volume of procedures might need longer follow-up, possibly more than a year,
to accurately assess quality.*® Concerns have also been raised that surgeons could alter treatment
plans or surgical options for patients based on their operative risk rather than give the patient the
option of a procedure with a potentially better long-term functional outcome. An example would
be in vascular surgery, where a high-risk patient eligible for a distal bypass would be
recommended an amputation instead.

How Has the Patient Safety Practice Been Implemented, and in
What Contexts?

Detailed steps for hospital enrollment are provided on-line (acsnsqip.org) or can be requested
directly from ACS NSQIP. The steps are also summarized here.

The first step is to review the program requirements (information can be requested on-line)
and contact the ACS to ask questions or schedule a teleconference. The program information
needs to be presented to a surgeon champion, quality improvement personnel, and
administrators, and permission to proceed must be granted by those on-site. Budget approval
must be made for the surgical clinical reviewer and the annual administrative fee. The annual
cost is estimated to be $135,000 per year, which includes the full time employment (FTE) of the
data collector (meaning the surgical clinical reviewer).?* The online program application form
needs to be submitted and approved by the ACS. A Hospital Participation Agreement and
surgical clinical reviewer job description are given to the hospital and a surgical clinical reviewer
should be recruited. Experience from the program has shown that the person best qualified for
this position will have a bachelor of science degree in nursing or an advanced degree as well as
surgical clinical experience (meaning in the operating room, surgical intensive care unit, or
cardiac surgery). The candidate should ideally have additional experience with quality
improvement and the clinical hospital system. Full-time effort in the initial phases of
implementation is required.

The surgical clinical reviewer then undergoes training (online modules with a test). ACS
NSQIP assists with implementing the program on-site. The complete process of enroliment and
training ranges from a few weeks to months in duration. Six to 12 months is needed to obtain
results that are acceptable for quality assessment.

The program requirements include site administrative support, a surgeon champion, and
participation in a series of conference calls and the national ACS NSQIP meeting. Commitment
from a surgeon champion (Chief of Surgery or appointed surgeon) is needed to oversee the
program. Their involvement includes quarterly conference calls and attendance at the national
meeting. Data reporting is mandated to follow particular rules, such as accrual of particular data;
complete 30-day follow-up on participating patients, including follow-up attempts; and searches
of public death records. ACS NSQIP personnel perform audits to help maintain data quality. For
small hospitals, the effort and cost may be less than for larger facilities, depending on the volume
of cases.

ACS NSQIP has been implemented in a variety of settings including large academic
hospitals, smaller community hospitals, and statewide consortia (both large and small scale). As
the need became apparent for new program models to accommodate differing clinical needs, four
program options have evolved (Table 2). Program options vary in terms of number of variables
collected, surgical specialty, if procedures are specifically targeted, and case sampling required.
The percent of the FTE for the surgical clinical reviewer varies by program option, as the smaller
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program can use less effort. FTE calculators are available on-line to calculate the amount

required.

Table 2, Chapter 14. Comparison of American College of Surgeons national surgical quality
improvement program use options

Elements Classic Essential Small & Rural Procedure
Targeted
Eligibility Any hospital Any hospital <1680 cases per year | Any hospital
or Rural (RUCA) data
code 7.0-10.6
Variables 69 clinical variables 46 clinical variables 46 clinical variables Core of 46 clinical
Collected (subset of Classic) (same as Essential) variables +

Procedural specific
variables (same as

Essential)
Surgical Specialty | General/Vascular General/Vascular Multispecialty General/Vascular
Versions Multispecialty Multispecialty Multispecialty

Case Volume
Requirements

General/Vascular
=1680 cases/yr (or all
if <1680)
Multispecialty=20%
case volume by
specialty

General/Vascular
=1680 cases/yr (or all
if <1680)
Multispecialty=20%
case volume by
specialty

Maximum=1680
cases/yr

Minimum =1680
cases/yr (depends
on # and volume)

Case Sampling

General/Vascular =40
cases/8 day cycle
Multispecialty=may be
>40 per 8 day cycle

General/Vascular =40
cases/8 day cycle
Multispecialty=may be
>40 per 8 day cycle

All cases (100%)

15 Core cases per 8
day cycle

25 Procedure
targeted cases per 8
day cycle

FTE requirement

1 FTE May be more
for Multispecialty
(#cases required
/1680=# FTE
required)

1 FTE May be more
for Multispecialty
(#cases required
/1680=# FTE
required)

Y4 FTE <400 cases
% FTE < 800 cases
¥ FTE < 1200 cases
1 FTE <1680 cases

1 FTE (minimum)
May be more if
target more than
1,000 procedures
per year

Adapted from ACS NSQIP Information Sheet dated January 1, 2011. Reprinted by permission from the American College of

Surgeons NSQIP.

The minimum number of cases the surgical clinical reviewer will enter is 1,680 (however,

this number may be smaller or larger, depending on the program chosen). If data can be entered
automatically from the electronic medical record, then an estimated 2,000 to 2,300 cases can be
reviewed per year.

Currently, 431 sites are enrolled in ACS NSQIP, which represents roughly 10% of the almost
4,500 hospitals in the United States. A geographic map of 258 sites that had reported clinically
useful data (from the July 2011 semi-annual NSQIP report) shows the distribution within and
outside of the U.S. (Figure 2).
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Figure 2, Chapter 14. Geographic distribution of American College of Surgeons national surgical
guality improvement program participating sites

Number of Participating Sites by State and Region (258)

CANADAS ACS NSQIP Adult
MIDWEST 77

UNITEDARAB
EMIRATES 1

x e A ‘
; % e SOUTHS7

Figure 2 provided from ACS NSQIP Web site, from July 2011 semi-annual NSQIP report, accessed December, 2011
Reprinted by permission from the American College of Surgeons NSQIP.

Of participating sites, 49 percent are teaching or academic centers. The majority of these
hospitals are high volume, as only 3 percent perform fewer than 100 cases per year, 7 percent
perform 100-299 cases per year, 43 percent perform 300-499 cases per year, and 47 percent
perform more than 500 cases per year. This skewed distribution of hospital size means that the
10 percent of hospitals participating in ACS NSQIP represent 32 percent of the procedures
performed (based on Medicare data from ACS NSQIP, personal communication with Clifford
Ko). Certain complex procedures are captured at an even higher rate, for example 57 percent of
esophagectomies and 53.4 percent of pancreatectomy cases billed to Medicare are performed at
ACS NSQIP sites (Table 3).

Table 3, Chapter 14. Percent of Medicare surgical cases covered by the national surgical quality
improvement program

. MC cases Percent
Procedure MCNCSaSFPS n NOT in ngaslelzc covered by
NSQIP NSQIP
Esophagectomy 1158 875 2033 57.0
Cystectomy 3346 4501 7847 42.6
Abdominal Aortic
) 3762 6448 10210 36.8
Aneurysm Repair
Pancreatectomy 3901 3399 7300 53.4
Colectomy 32444 103056 135500 23.9
Proctectomy 6745 15767 22512 30.0
Aortolliac bypass 2255 4974 7229 31.2
LEB 12203 30100 42303 28.8
Liver Resection 2465 2201 4666 52.8
Hip Fracture Repair 40030 151140 191170 20.9
Abdominoplasty 1058 1829 2887 36.6
Lung Resection 16065 27391 43456 37.0
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Table 3, Chapter 14. Percent of Medicare surgical cases covered by the national surgical quality
improvement program (continued)

. MC cases Percent
Procedure MCNCSaSFF? n NOT in ngaslel\gc covered by
NSQIP NSQIP
Endovascular
Abdominal Aortic 8944 17324 26268 34.0
Aneurysm Repair
Nephrectomy 9727 16375 26102 37.3
Hysterectomy 17954 45108 63062 28.5
Total Hip 56700 195528 252228 22.5
Arthroplasty
Laminectomy 60650 154858 215508 28.1
TURP 11345 42928 54273 20.9
Ventral Hernia 19360 57735 77095 25.1
Carotid 20588 59710 80298 25.6
Endarterectomy
Total Knee 72916 279642 352558 20.7
Arthroplasty
Prostatectomy 10677 18808 29485 36.2
Breast recon 455 700 1155 39.4
Appy 8802 31635 40437 21.8
Thyroid 5358 12598 17956 290.8
Gastrectomy 3782 7382 11164 33.9
Carotid stent 3648 7883 11531 31.6
Small Bowel 10784 30836 41620 25.9
Resection
Mastectomy 6417 21378 27795 23.1
Cholecystectomy 29386 117327 146713 20.0
Total 32.0

Notes: LEB=Lower extremity bypass; TURP= Transurethral resection of the prostate.

Collaboratives are a main feature of the ACS NSQIP. The collaboratives have taken many
different forms—a handful of geographically close hospitals or all of the hospitals in a state—
that work together as a team to implement the program and initiate quality improvement. They
also can represent a disease or patient population; thus a collaborative of hospitals need not be
geographically close. Collaboratives provide a collective voice for bargaining with potential
sources of funding. One reported approach is for the main insurer for the hospitals in the
collaborative to pay for 50 percent of the cost of the program over a set number of years.
Sometimes an option to renew the financial support is given if certain milestones are met or
improvements are shown. Some payors have judged there to be a business case for helping
support ACS NSQIP participation due to perceived cost-savings (detailed below). Table 4 shows
the current list of active collaboratives in ACS NSQIP.

Table 4, Chapter 14. List of American College of Surgeons national surgical quality improvement
program collaboratives including type, number of sites, and payor

Group Type # of Sites Payor Involvement
Canadian National Surgical Quality . . .
Improvement Collaborative (CAN-NSQIP) Regional 6 Canadian Health Authorities
Connecticut Surgical Quality Coalition . L
(CTSQC) Regional 5 None at this time
Department of Defense/TRICARE \/Sv?/dséem- 16 Department of Defense/TRICARE
Florida Surgical Care Initiative (FSCI) Regional 63 BlueCross BlueShield of Florida
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Table 4, Chapter 14. List of American College of Surgeons national surgical quality improvement
program collaboratives including type, number of sites, and payor (continued)

Group Type # of Sites Payor Involvement
Fraser Health Systems (Canada) \?V?/dséem- 3 Fraser Health Authority
lllinois Surgical Quality Improvement . L
Collaborative (ISQIC) Regional 12 None at this time
Kaiser Permanente Northern California Svstem-
Regional NSQIP Collaborative w?lde 21 Kaiser Permanente Northern California
(KPNCRNCQC)
Kaiser Permanente Southern California Svstem-
Regional NSQIP Collaborative W?/de 8 Kaiser Permanente Southern California
(KPNCRNC)
MaineHealth Collaborative \?V?/dséem- 6 MaineHealth
Mayo Clinic Surgical Quality Consortium System- -
(MCSQC) wide 5 Mayo Clinic
Northern California Surgical Quality . L
Collaborative (NCSQC) Regional 4 None at this time
Nebraska Collaborative Regional 2 BlueCross BlueShield of Nebraska
Oregon NSQIP Consortia Regional 8 None at this time
Pennsylvania NSQIP Consortia Regional 10 None at this time
Partners HealthCare \/Sv?/dséem- 5 BlueCross BlueShield Massachusetts
Surgical Quality Action Network — British . . . .
Columbia, Canada (SOAN) Regional 21 BC Patient Safety & Quality Council
Tennessee Surgical Quality Collaborative Regional 10 BlueCross BlueShield of Tennessee
(TSQQC) 9 Health Foundation
Up;tqte New York Surgical Quality Regional 7 Excellus
Initiative
ACS NSQIP Colectomy Collaborative Virtual 36 None at this time
ACS NSQIP Glucose Control . o
Collaborative (Pending) Virtual 4 None at this time
ACS NSQIP Rural Collaborative (Pending) | Virtual 5 None at this time
ACS NSQI.P Re5|depcy Training Virtual TBD None at this time
Collaborative (Pending)
Indiana Collaborative (Pending) Regional 7 None at this time
Maryland Collaborative (Pending) Regional 3 None at this time
Texas Collaborative (Pending) Regional 16 None at this time
Virginia Collaborative (Pending) Regional 11 None at this time
Wisconsin Collaborative (Pending) Regional 6 None at this time

Abbreviation: TBD= to be determined
Adapted from ACS NSQIP Annual Meeting, July 2011
Reprinted by permission from the American College of Surgeons NSQIP.

A pilot pediatric collaborative for ACS NSQIP collects data for patients under age 18.3**

Variables have been modified to pediatric surgery practices and needs.
Henry Ford hospital recently reviewed their lessons learned after implementing ACS NSQIP
over 5 years ago.*® Their findings were summarized into 12 steps (Figure 3).
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Figure 3, Chapter 14. The 12 steps to implement the national surgical quality improvement
program

Secure multi-area leadership support

Develop the infrastructure

Develop a surgical quality improvement team

Encourage surgeon buy-in through data transparency

Map the patient’s surgical experience

Understand where problems lie through data review

Use data analysis to select a target for improvement

Communicate the target selection at the surgical quality
improvement conference

Engage surgeons and hospital administration throughout the
process

Embrace additional support

Engage other specialties in the quality improvement process

Communicate and celebrate success

Adapted from Velanovich V, Rubinfeld I, Patton JH Jr, Ritz J, Jordan J, Dulchavsky S. Am J Med Qual. 24(6):474-9. © 2009 by
Sage Publications. Reprinted by Permission from the SAGE Publications.

Are There Any Data About Costs?

The costs of participation vary depending on the program type in which the hospital enrolls.
An annual administrative fee varies by hospital size and level of participation, salary for the
surgical clinical reviewer, and sometimes additional bonus to support the effort of the surgical
champion or quality improvement team. This fee ranges from $10,000 (rural and hospitals that
perform <2000 cases/year) to $25,000 (>2,000 cases). Hospitals have opportunities to lower their
costs by participating in a collaborative or in a hospital system. The annual fee covers the 2-day
training for the surgical clinical reviewer, audits, and the semi-annual data report, as well as the
additional support provided by the ACS NSQIP in terms of materials and help with quality
improvement.

The salary for the surgical clinical reviewer, who collects data and assists with the quality
improvement, makes up the bulk of the expense of participation. Previously, the clinical reviewer
had to be a nurse, but because individuals without nursing degrees have turned out to be some of
the best surgical clinical reviewers, that requirement was dropped. As such, the full time
employment (FTE) for this person will vary, based on their experience, level of training, and the
region. For example, an FTE for an experienced person with a bachelor’s degree may be around
$40,000 per year, but may be somewhat less for someone with experience but without a degree,
or may be upwards of $100,000 for a registered nurse (with benefits).

Many hospitals suggest that paying the surgeon champion (such as $5,000 annually) is
helpful in increasing their interest and efforts, although, a recent survey of surgical champions
(109 ggespondents) found that 72.5 percent did not receive salary support to compensate their
time.

The total cost of participating has been estimated at $135,000, which includes the full time
employment (FTE) in addition to $10,000-$25,000 annual administrative fee; however, this
would be the high end estimate for a large hospital that hires a registered nurse as the surgical
clinical reviewer.***” Most participating hospitals in fact pay considerably less that this estimate.

Since the overarching goal of ACS NSQIP is to reduce complications, which are costly, the
business case for participating is that the cost of the program translates into cost savings to the
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hospital. Examples of such savings reported by NSQIP sites are shown in Table 5. Shown are
pre-post data without control groups; thus, inference of a causal relationship is limited by the

study design.

Table 5, Chapter 14. Example of reductions in complications and associated costs

Hospital

Complication Reduction

Savings

Surrey Memorial Hospital®’

Reduced SSI over four years: 13%,
10%, 7.5%, 7.2%

$2.54 million savings

Henry Ford Hospital™

Reduced LOS by 1.54 days over 4
years for general surgery, vascular

$2 million annual savings (increased
billing by $2.25 million/yr as

and colorectal procedures underhillings were identified )

VA® Surgical pneumonia alone 9.3 million in savings annually

University of Michigan Medical Respiratory complication

$51,409 per event. A reduction of
Center’

two such complications per year
pays participation.

Additional cost attributable to a
postoperative complication=$16,371.

Hershey Medical Center;

Avoiding one postoperative
Penn State®

complication equals cost savings of
$9052

One cost-effectiveness analysis of participation in ACS NSQIP has been published. It
compared costs and outcomes for 2,229 general surgery and vascular surgery cases at one large
academic hospital between two pre-intervention time periods and two post-intervention times,
the first post-intervention period being the 6 months following implementation and the second
being the 12 months following implementation. The perspective was the hospital’s costs. The
study found that the incremental cost of the program were $832 and $266 per patient for the two
time periods, meaning the cost per patient of the program declined after the initial 6 months of
implementation. Postoperative events also declined over time, from 17% to 13%. The
incremental cost-effectiveness ratio to avoid 1 postoperative event was $25,471 in the first 6
months, declining to $7,319 in the second time period, meaning that the longer the institution
participated in the program, the more cost-effective the program became.?®

Are There Any Data About the Effect of Context on Effectiveness?
Lessons Learned From Implementation at Different Sites.

Many examples are available of successful program implementation as well as the challenges
facing different hospital types, including varieties of collaboratives. The collaboratives are
proving to be an effective approach for many hospitals, as the group can bargain for financial
support from a variety of sources, shape the program for their own specific needs, and work
together to make quality improvement changes. One example of the experience faced by a
community of hospitals in starting a small state-wide collaborative, the Tennessee Surgical
Quality Collaborative (TSQC), is detailed below. A second example is described of a group of
hospitals across a state that embarked on constructing a collaboration, the Florida Surgical Care
Initiative (FSCI).

During the recent national ACS meeting (October 2011), the Tennessee Surgical Quality
Collaborative gave a detailed presentation of how they started. In 2004, after being introduced to
the newly started ACS NSQIP at the national ACS meeting, a member of a community hospital
in Tennessee returned home and approached his hospital’s CEO. One year later they signed the
contract to enroll in the program. Two other Tennessee hospitals started the application process
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around the same time. Then at the State Chapter ACS meeting, the idea was posed to develop a
statewide collaborative and use a funding mechanism modeled after that in Michigan, where
some funding support would be provided from major payors in the area (in this case, Blue
Cross/Blue Shield). Discussions with the payor were initiated, and the surgical leaders made a
site visit to Michigan to learn more about developing a collaborative. The collaborative included
the hospitals (and the chapter), Blue Cross/Blue Shield (BC/BS), and the Tennessee Hospital
Association. Ultimately, it was decided that control of the collaborative (meaning the data)
would remain with a leadership committee that comprised four surgeons who were appointed by
the Chapter, along with two hospital CEOs and one member of the Tennessee Hospital
Association. The proposal included funding for participation of eight hospitals (three hospitals
that were currently enrolled and five new ones) estimated to be $2,550,000 for 3 years. The
money would cover half the expense of the surgical clinical reviewer at each site, and provide for
some salary support for each site surgeon champion ($5,000 each per year) and the cost of the
administrative Tennessee Center for Patient Safety (TCPS), which would house the data. By
2008, three more hospitals wanted to join, and BC/BS increased their support to include them.
This example highlights many of the key components to building a successful program—surgical
leaders taking a role, supportive administration, collaborating with other hospitals.

A new and strikingly different collaborative is underway in Florida. The story of how this
collaborative started was outlined at the national meeting. In brief, the drive to participate in
NSQIP and improve care started with the hospitals. The Florida Hospital Association (FHA) was
aware of the high surgical mortality demonstrated by the Dartmouth Atlas project (which is
dedicated to identifying and showing disparities in access and utilization of health care) in their
State. The FHA, along with the payor, BC/BS, collaborated to generate a financial incentive for
hospital participation. According to the model, the first step was to identify the surgeon
champions. In order to make the program financially viable to many of the smaller hospitals and
to reach more hospitals, the ACS NSQIP along with the FHA devised a new version of the
program that would collect only four outcomes, thus lowering costs. Currently, 64 hospitals are
participating in the Florida Surgical Care Initiative (FSCI) and participation of 39 more is
pending. This example demonstrates additional features that help encourage participation:
individuals at the State level and hospital administration taking a lead, flexible program design to
fit the needs of the collaborative, and the role of the local payor to incentivize hospital
participation.

Conclusions and Comment

Although no randomized trials have assessed the use of outcomes measurements and
reporting in surgery, the strength of the evidence that doing so improves operative mortality and
morbidity has to be considered moderate or even high, given the strong theoretical rationale for
why it should work, the evidence that outcome reporting has likely improved surgical outcomes
in other settings (e.g., the New York State CSRS), the numerous reports from ACS NSQIP sites
of implementation of quality and safety initiatives following identification of high outlier status,
and the ensuing, sometimes dramatic, improvements in those outcomes. A great deal of
experiential evidence exists on how to implement the ACS NSQIP—it has been implemented in
more than 400 hospitals—suggesting that the program can be more widely implemented. Some
of the key components of ACS NSQIP (collecting complications data, sharing models of
observed-to-expected results, multi-site data collection systems across institutions that provide
results back to the sites for benchmarking, contexts for learning and sharing tools that appear to
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be effective across sites) are similar to those of other successful patient safety practices such as
the Michigan Keystone ICU Project to reduce catheter-related bloodstream infections.*® Despite
ACS NSQIP and the Keystone ICU Project having started with different original “interventions”
(the feedback of procedure-specific surgical outcome data to surgeons and a checklist of
processes to reduce infections) the observation that the current version of the interventions
include so many similar components probably suggests something generalizable about the
implementation of certain kinds of practices across hospitals.

ACS NSQIP provides hospitals and providers with usable clinical data that are otherwise not
available to them. Currently, all hospitals use administrative data to some degree to assess
quality through the Centers for Medicare and Medicaid Services’ Hospital Compare program or
the Surgical Care Improvement Project (SCIP). These data lack clinical information and are
limited by the variables reported for claims. More importantly, the correlation between
administrative data and actual complications or diagnoses is inadequate. For example, urinary
tract infections are poorly reported in administrative data. Furthermore, studies show that
adherence to SCIP measures do not correlate to better outcomes. ACS NSQIP has the power to
show providers the most problematic clinical data.

The greatest benefit has been seen in the larger hospitals in the procedures with the higher
complication rates. Whether the above improvements will translate to low risk but common
procedures, such as out-patient procedures is unclear. Also, most of the early adopters have been
large academically affiliated hospitals. How successfully and widely it can be implemented at
smaller hospitals remains to be seen. A summary table is located below (Table 6).

Table 6, Chapter 14. 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/High Moderate-to- |Low Moderate Moderate/Moderate
high
References
1. Hall MJ, DeFrances CJ, Williams SN, et al. 3. Englesbe MJ, Brooks L, Kubus J,
National hospital discharge survey, 2007. Luchtefeld M, Lynch J, Senagore A,
U.S. Department of Health and Human Eggenberger JC, Velanovich V, Campbell
Services. Centers for Disease Control and DA Jr. A statewide assessment of surgical
Prevention. National Center for Health site infection following colectomy: the role
Statistics. National Health Statistics Report. of oral antibiotics. Ann Surg. 2010
Number 29, Oct, 26, 2010. Sep;252(3):514-9; discussion 519-20.
PMID: 20739852.
2. Ghaferi AA, Birkmeyer JD, Dimick JB.
Hospital Volume and Failure to Rescue 4. NSQIP ROI calculator.
With High-risk Surgery. Med Care. 2011 http://site.acsnsqip.org/wp-
Dec;49(12):1076-81. PMID: 22002649. content/themes/nsqip/extras/flex2/ROICalc.
html. December 2012.
5. Saint S, Elmore JG, Sullivan SD, et al. The

efficacy of silver alloy coated urinary
catheters in preventing urinary tract
infection: a meta-analysis. Am J Med
1998;105:236-241.

154



10.

11.

12.

13.

Silber JH, Rosenbaum PR, Trudeau ME,
Chen W, Zhang X, Kelz RR, Mosher RE,
Even-Shoshan O. Changes in prognosis after
the first postoperative complication. Med
Care. 2005 Feb;43(2):122-31. PMID:
15655425.

Dimick JB, Chen SL, Taheri PA, Henderson
WG, Khuri SF, Campbell DA Jr. Hospital
costs associated with surgical complications:
a report from the private sector National
Surgical Quality Improvement Program. J
Am Coll Surg. 2004; 199(4):531-537.

Dimick JB, Weeks WB, Karia RJ, Das S,
Campbell DA Jr. Who pays for poor surgical
quality? building a business case for quality
improvement. J Am Coll Surg.
2006;202(6):933-937.

Codman EA. The product of a hospital. Surg
Gynecol Obstet. 1914;18:491-496.

Khuri SF, Daley J, Henderson W, Barbour
G, Lowry P, Irvin G, Gibbs J, Grover F,
Hammermeister K, Stremple JF, et al. The
National Veterans Administration Surgical
Risk Study: risk adjustment for the
comparative assessment of the quality of
surgical care. J Am Coll Surg. 1995
May;180(5):519-31. PMID: 77495

Khuri SF, Daley J, Henderson W, Hur K,
Gibbs JO, Barbour G, Demakis J, Irvin G
3rd, Stremple JF, Grover F, McDonald G,
Passaro E Jr, Fabri PJ, Spencer J,
Hammermeister K, Aust JB. Risk
adjustment of the postoperative mortality
rate for the comparative assessment of the
quality of surgical care: results of the
National Veterans Affairs Surgical Risk
Study. J Am Coll Surg. 1997
Oct;185(4):315-27. PMID: 9328380.

lezzoni LI. Measuring the severity of illness
and case mix. In: Goldfield N, Nash DB,
eds. Providing Quality Care: the Challenge
to Clinicians. Philadelphia, Pa: American
College of Physicians; 1989:70-105.

Hannan EL, Kilburn H Jr, Racz M, Shields
E, Chassin MR. Improving the outcomes of
coronary artery bypass surgery in New York
State. JAMA 1994;271:761- 6.

155

14.

15.

16.

17.

18.

19.

20.

Fung CH, Lim YW, Mattke S, Damberg C,
Shekelle PG. Systematic review: the
evidence that publishing patient care
performance data improves quality of care.
Ann Intern Med. 2008 Jan 15;148(2):111-
23. Review. PubMed PMID: 18195336.

Marshall MN, Shekelle PG, Brook RH,
Leatherman S. Use of performance data to
change physician behavior. JAMA. 2000
Sep 6;284(9):1079.

Westaby S, Archer N, Manning N, Adwani
S, Grebenik C, Ormerod O, Pillai R, Wilson
N. Comparison of hospital episode statistics
and central cardiac audit database in public
reporting of congenital heart surgery
mortality. BMJ. 2007 Oct
13;335(7623):759.

Steinberg SM, Popa MR, Michalek JA,
Bethel MJ, Ellison EC. Comparison of risk
adjustment methodologies in surgical quality
improvement. Surgery. 2008
Oct;144(4):662-7; discussion 662-7. PMID:
18847652.

Ko C. ACS NSQIP Conference and
Semiannual Report Overview. Presentation
as the 2009 ACS NSQIP National
Conference, July 2009

Hall BL, Hamilton BH, Richards K,
Bilimoria KY, Cohen ME, Ko CY. Does
surgical quality improve in the American
College of Surgeons National Surgical
Quality Improvement Program: an
evaluation of all participating hospitals. Ann
Surg. 2009 Sep;250(3):363-76.

Daley J, Khuri SF, Henderson W, Hur K,
Gibbs JO, Barbour G, Demakis J, Irvin G
3rd, Stremple JF, Grover F, McDonald G,
Passaro E Jr, Fabri PJ, Spencer J,
Hammermeister K, Aust JB, Oprian C. Risk
adjustment of the postoperative morbidity
rate for the comparative assessment of the
quality of surgical care: results of the
National Veterans Affairs Surgical Risk
Study. J Am Coll Surg. 1997
Oct;185(4):328-40. PMID: 9328381.



21.

22.

23.

24.

25.

Khuri SF, Daley J, Henderson W, Hur K,
Gibbs JO, Barbour G, Demakis J, Irvin G
3rd, Stremple JF, Grover F, McDonald G,
Passaro E Jr, Fabri PJ, Spencer J,
Hammermeister K, Aust JB. Risk
adjustment of the postoperative mortality
rate for the comparative assessment of the
quality of surgical care: results of the
National Veterans Affairs Surgical Risk
Study. J Am Coll Surg. 1997
Oct;185(4):315-27. PMID: 9328380.

Khuri SF, Daley J, Henderson W, Barbour
G, Lowry P, Irvin G, Gibbs J, Grover F,
Hammermeister K, Stremple JF, et al. The
National Veterans Administration Surgical
Risk Study: risk adjustment for the
comparative assessment of the quality of
surgical care. J Am Coll Surg. 1995
May;180(5):519-31. PMID: 7749526.

Khuri SF, Daley J, Henderson W, Hur K,
Demakis J, Aust JB, Chong V, Fabri PJ,
Gibbs JO, Grover F, Hammermeister K,
Irvin G 3rd, McDonald G, Passaro E Jr,
Phillips L, Scamman F, Spencer J, Stremple
JF. The Department of Veterans Affairs’
NSQIP: the first national, validated,
outcome-based, risk-adjusted, and peer-
controlled program for the measurement and
enhancement of the quality of surgical care.
National VA Surgical Quality Improvement
Program. Ann Surg. 1998 Oct; 228 (4):491-
507. PMID: 9790339.

Fink AS, Campbell DA Jr, Mentzer RM Jr,
Henderson WG, Daley J, Bannister J, Hur
K, Khuri SF. The National Surgical Quality
Improvement Program in non-veterans
administration hospitals: initial
demonstration of feasibility. Ann Surg. 2002
Sep;236(3):344-53; discussion 353-4.
PMID: 12192321.

Khuri SF, Henderson WG, Daley J,
Jonasson O, Jones RS, Campbell DA Jr,
Fink AS, Mentzer RM Jr, Neumayer L,
Hammermeister K, Mosca C, Healey N;
Principal Investigators of the Patient Safety
in Surgery Study. Successful
implementation of the Department of
Veterans Affairs’ National Surgical Quality
Improvement Program in the private sector:
the Patient Safety in Surgery study. Ann
Surg. 2008 Aug;248(2):329-36. PMID:
18650645.

156

26.

27.

28.

29.

30.

31.

32.

33.

34.

Hollenbeak CS, Boltz MM, Wang L,
Schubart J, Ortenzi G, Zhu J, Dillon PW.
Cost-effectiveness of the National Surgical
Quality Improvement Program. Ann Surg.
2011 Oct;254(4):619-24. PMID: 22039608.

Rowell KS, Turrentine FE, Hutter MM,
Khuri SF, Henderson WG. Use of national
surgical quality improvement program data
as a catalyst for quality improvement. J Am
Coll Surg. 2007 Jun;204(6):1293-300.
PMID: 17544087.

Campbell DA Jr, Englesbe MJ, Kubus JJ,
Phillips LR, Shanley CJ, Velanovich V,
Lloyd LR, Hutton MC, Arneson WA, Share
DA. Accelerating the pace of surgical
quality improvement: the power of hospital
collaboration. Arch Surg. 2010
Oct;145(10):985-91. PMID: 20956768.

Omoigui NA, Miller DP, Brown KJ, et al.
Outmigration for coronary bypass surgery in
an era of public dissemination of clinical
outcomes. Circulation 1996;93:27-33.

Halm EA, Chassin MR. Why do hospital
death rates vary? N Engl J Med. 2001 Aug
30;345(9):692-4. PMID: 11547726.

Hannan EL, Chassin MR. Publicly reporting
quality information. JAMA. 2005 Jun
22;293(24):2999-3000; author reply 3000-1.
PMID: 15972560.

Raval MV, Hamilton BH, Ingraham AM,
Ko CY, Hall BL. The importance of
assessing both inpatient and outpatient
surgical quality. Ann Surg. 2011
Mar;253(3):611-8. PMID: 21183845.

Hammermeister K. The National Surgical
Quality Improvement Program: learning
from the past and moving to the future. Am
J Surg. 2009;198:569-73.

Raval MV, Dillon PW, Bruny JL, Ko CY,
Hall BL, Moss RL, Oldham KT, Richards
KE, Vinocur CD, Ziegler MM; ACS NSQIP
Pediatric Steering Committee. American
College of Surgeons National Surgical
Quality Improvement Program Pediatric: a
phase 1 report. J Am Coll Surg. 2011
Jan;212(1):1-11. PMID: 21036076.



35.

36.

37.

Raval MV, Dillon PW, Bruny JL, Ko CY,
Hall BL, Moss RL, Oldham KT, Richards
KE, Vinocur CD, Ziegler MM; ACS NSQIP
Pediatric Steering Committee. Pediatric
American College of Surgeons National
Surgical Quality Improvement Program:
feasibility of a novel, prospective
assessment of surgical outcomes. J Pediatr
Surg. 2011 Jan;46(1):115-21. PMID:
21238651.

Velanovich V, Rubinfeld I, Patton JH Jr,
Ritz J, Jordan J, Dulchavsky S.
Implementation of the National Surgical
Quality Improvement Program: critical steps
to success for surgeons and hospitals. AmJ
Med Qual. 2009 Nov-Dec;24(6):474-9.
PMID: 19584373.

Ingraham AM, Richards KE, Hall BL, Ko
CY. Quality improvement in surgery: the
American College of Surgeons National
Surgical Quality Improvement Program
approach. Adv Surg. 2010;44:251-67.
PMID: 20919525.

157

38.

39.

Raval MV, Bentrem DJ, Eskandari MK,
Ingraham AM, Hall BL, Randolph B, Ko
CY, Morton JM. The role of Surgical
Champions in the American College of
Surgeons National Surgical Quality
Improvement Program--a national survey. J
Surg Res. 2011 Mar;166(1):e15-25. PMID:
21176914,

Pronovost P, Needham D, Berenholtz S,
Sinopoli D, Chu H, Cosgrove S, Sexton B,
Hyzy R, Welsh R, Roth G, Bander J, Kepros
J, Goeschel C. An intervention to decrease
catheter-related bloodstream infections in
the ICU. N Engl J Med. 2006 Dec
28;355(26):2725-32.



Chapter 15. Prevention of Surgical Iltems Being Left Inside
Patient: Brief Update Review

Jonathan R. Treadwell, Ph.D.

Introduction

Leaving surgical items inside patients is a rare but potentially deadly mistake. The most
common such item is a surgical sponge. Researchers at the Mayo clinic found that during the
four-year period from 2003 to 2006, the rate of retained foreign objects was 1 in every 5,500
operations,* and 68 percent of the retained objects were sponges. The greatest subsequent risk to
the patient is infection, which can be fatal. Other risks include perforations and granulomas.

Risk factors for such incidents were explored by Gawande and colleagues (2003),> who
examined factors surrounding 42 retained sponges and 19 retained instruments. The majority
required reoperation, and one patient died. Compared with control incidents, item retention was
more likely to occur in the context of emergency surgery, an unexpected change in surgical
procedure, high body-mass index (an x-ray is recommended), and the lack of item counts.

A review of the literature on the topic of retained surgical sponges conducted for the original
report identified only one study (a case series) that attempted to assess the use of sponge and
instrument counts to prevent retention. The goals of the present review were to identify
interventions implemented since the previous review and to report on studies assessing their
effectiveness. We conducted a review of the literature from 2001 to 2011 and reviewed all
studies relevant to methods used to prevent surgical items from being left inside patients during
surgical procedures.

What Are the Practices Aimed at the Prevention of Leaving Surgical
Items Inside Patients?

To prevent leaving surgical items inside patients, the Association of periOperative Registered
Nurses (AORN) recommends counting all sponges, sharps, and related miscellaneous items at
five different times: (1) before the procedure to establish a baseline, (2) before closure of a cavity
within a cavity, (3) before wound closure begins, (4) at skin closure, and (5) at the time of
permanent staff relief of either the scrub person or the circulating nurse.* In addition, specifically
for surgical instruments, AORN recommends counting only at times 1, 3, and 5 above. AORN
also recommends all counts be documented in the intraoperative record. If a discrepancy occurs
between counts, surgical staff must search for the lost item (usually a sponge). If it is suspected
in the OR that an item was left inside the patient, a radiograph may be necessary.

For comparison, the Surgical Safety Checklist of the World Health Organization requires a
post-prgcedure count, but the checklist suggests neither pre-procedure counts nor intraoperative
counts.

What Supplementary Methods Have Been Used To Improve Counts
of Surgical Items?

Three technologies can enhance the accuracy of the count, thereby further lowering
(theoretically) the risk of leaving items inside patients: (1) bar coding, (2) radiofrequency tagging
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without unigue item ID numbers (abbreviated RF), and (3) radiofrequency tagging with unique
item ID numbers (RFID). Bar coding is an established and low-cost technology, but a direct line
of sight between the bar code scanner and the item’s bar code label is needed in order to scan it,
and blood-soaked items may be difficult to scan accurately. The RF technologies (a penny-sized
or smaller chip implanted into the device) allow items to be detected by a specialized wand that
is waved over the patient’s body during and after the procedure. This scan can prevent the need
for a radiograph, which itself can increase surgical risk because of the added time on the
operating table and under anesthesia. RFID represent an advance from the simpler RF
technologies because if each item is assigned a unique ID number, then the manual count can be
checked against the RFID system’s baseline count.

The FDA has cleared four products relevant to the above technologies for marketing in the

United States (U.S.):

1. Safety-Sponge™ System, (SurgiCount Medical, Temecula, California).® This system
comprises bar-coded sponges.

2. RF Surgical Detection System™ (RF Surgical, Bellevue Washington). This technology
permits detection of devices but does not provide a count, because items do not receive
unique ID numbers. The detection wand is single use. The system can be used with
sponges, laparotomic pads, gauze, and towels, but not surgical instruments or sharps.

3. SmartSponge™ System (Clear Count Medical, Pittsburgh Pennsylvania). This system
assigns a unique ID for each device, so it is used for both detection and counting. As the
procedure progresses and staff remove sponges or other items, they put the items into a
specialized bucket fitted with an antenna that detects and counts the RFID items. If a
discrepancy occurs between the baseline counts and the final counts, it notifies the OR
team with auditory and visual warnings, thereby initiating a search for the lost item(s)
using a detection wand. This system also can be used with sponges, laparotomic pads,
gauze, and towels, but not surgical instruments or sharps.

4. ORLocate™ (Haldor, Boston, Massachusetts).” This system also assigns a unique ID for
each device, so it is used for both detection and counting. Unlike the two systems
described above, it can be used for instruments and sharps as well as sponges and other
non-metallic items

What Have We Learned About Methods To Improve Counts of
Surgical Items?

Greenberg and colleagues (2008)® randomized 298 patients to undergo operations involving
either manual counting (148 patients) or bar-coded sponges (150 patients). Twice as many
sponge count discrepancies were detected in the bar-coded group (24 operations) as in the
manual counting group (12 operations). This difference was mostly explained by miscounted
sponges (nine operations in the bar-code group vs. one operation in the manual counting group)
rather than by misplaced or retained sponges (17 in the bar-code group vs. nine in the manual
counting group). Interestingly, in these same operations, no difference was seen between the
groups in count discrepancies for non-bar-coded surgical instruments (11 in the bar-code group
vs. ten in the manual counting group).

A 2009 systematic review by Stawicki and colleagues® on risks and measures to prevent
retention of surgical items that considered a variety of case reports, case series, registry reports,
and position papers concluded that “the most important preventive measure is to accurately count
all the pieces of surgical gauze and surgical instruments used during an operation.” Authors also
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listed additional factors that could help minimize this type of mistake: (1) Knowledge of risk
factors, (2) Use of modern technology, (3) Improved perioperative patient processing systems.

Methods May Be Time Consuming and Present Technical Challenges
In the 2008 study by Greenberg and colleagues,® 17 incidents of technological difficulties
occurred because of the bar-code system (2.04 per 1000 sponges counted), issues that would not

have arisen with manual counting. Further, of 150 operations with bar-coded sponges, the
surgical team abandoned the bar-code system in five operations (3%) due to the extra time
required. However, the authors concluded that the use of the bar-code technology was well
tolerated by staff members. The amount of time needed to count items can potentially cause
harm to patients if other key surgical steps are missed or rushed as a result of counting.
Greenberg and colleagues)® found that the bar-code-sponge method required more than twice as
much time to count sponges as the manual method (5.3 minutes vs. 2.4 minutes).

Other Implementation Issues May Arise

One consideration for hospitals regarding the use of RF and RFID technologies is that if only
a portion of the hospital’s surgical devices are RF-enabled, confusion might result. Staff may
mistakenly assume that all devices are RF-enabled, and a post-procedural scan would miss any
non-RF-enabled device inside the patient. Thus, it is recommended that RF-adoption be all or
none.'® Also, wand technique can be important when using RF devices, because scanning too far
away from the body, or too early—the surgeon may need to use additional tagged items—can
fail to locate all items. Also, because adipose tissue can increase the distance between the wand
and tagged items, some items may be missed when scanning obese patients.

In the 2008 study of bar-coded sponges by Greenberg and colleagues®, a post-study survey of
41 providers found moderately high ratings for ease of us (average rating 7.3 on a 0-10 scale)
and confidence in the ability of the system to track sponges (average rating 7.5 on a 0-10 scale).
Opinions on whether the bar-code system benefitted the counting protocol were mixed but
slightly positive (on a scale from -5 to +5, the average was +1.6). Authors stated that “some
providers felt that the system was especially useful in large operations with high blood loss and
many sponges, whereas others felt that the system was difficult to use in these types of
operations.”®

Questions About Cost-Effectiveness

The medical and liability costs of a surgical item left inside a patient can exceed $200,000.*
In 2009, Regenbogen and colleagues™* performed a cost-effectiveness analysis of six strategies to
prevent this type of incident. In their simulation, manual counting prevented 82 percent of the
simulated incidents at a cost of $1,500. In comparison, the other five strategies performed as
follows:

e Bar-coding the sponges raised the effectiveness to 97.5 percent, and the cost-per-
prevented-retained-sponge was $95,000.

e RF-enabling the sponges (without a unique ID for each sponge) raised the effectiveness
to between 97.5 percent and 100 percent, and the cost-per-prevented-retained-sponge was
between $620,000 and $720,000.

e Three radiographic strategies were dominated by the two bar code strategies with respect
to cost and effectiveness: 1. Do not count but always X-ray before closure; 2. Count, and
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always X-ray before closure; 3. Count, and also X-ray before closure only for high-risk

operations).

Conclusions and Comment

To prevent leaving items (typically sponges) inside patients during surgery, manually
counting all items is widely recommended. Although several supplementary technologies exist,
their use must remain limited to that of supplementing or aiding counting. These technologies
include bar coding and radiofrequency tagging (with or without unique ID numbers). For each of
these technologies, specific institutional hurdles (e.g., cost, confusion with older non-tagged
devices, and wand technique with RF and RFID systems) must be overcome before their use can
be considered both reliable and cost effective. A summary table is located below (Table 1).

Table 1, Chapter 15. 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
Rare/Low Low Negligible Low if it simply |Little
involves more
frequent manual
counting; high if
RFID is used
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Chapter 16. Operating Room Integration and Display
Systems: Brief Review (NEW)

Fang Sun, M.D., Ph.D.

Introduction

Patient monitoring is one of the central tasks in operating rooms (ORs). Because of the
increasing use of advanced technologies in surgical procedures, today’s ORs are commonly
crowded with freestanding devices, support systems, and monitors. In addition to the traditional
monitors that continuously present the patient’s hemodynamic, respiratory, and
electrophysiological signals, many innovative devices recently introduced into the OR feature
their own platforms for data display. These devices may fall into one of four categories:*

e Surgical machine-controlled applications (e.g., robotics, minimally invasive surgery,

video-endoscopic surgery, master-slave systems)

e Designated diagnostic and real-time navigation devices (e.g., magnetic resonance
imaging, computed tomography, three-dimensional ultrasound)

e Information technology (IT) applications generating a real-time connection between the
OR and the hospital medical record archives (e.g., picture archiving and communication
systems [PACS], videos, electronic medical records (EMRs), hospital information
systems, and other laboratory data)

e Telecommunication and teleconferencing systems connecting the OR in real time with
other medical centers

The increasing use of these devices leads to a congestion of data displays in the OR, compels
OR staff members to increase the time devoted to monitoring the displays, and may divide their
attention between monitoring and other tasks.* Meanwhile, the proliferation of freestanding
devices and displays in the OR makes coordination difficult.? Surgeons, nurses, and
anesthesiologists have their own perioperative devices or systems on which to focus. Human
coordination of multiple electromechanical devices may lead to misunderstandings and delay
action.

As some experts have commented, what is currently lacking in most ORs is a high-level
overview of all the information that is already available in the room.*® The lack of integration of
patient data makes ORs inefficient, overcrowded, and less safe. When patient data are not
displayed to caregivers in an integrated fashion, OR staff have to frequently with multiple
displays to obtain updates and exert control over the various devices at their disposal.*>

OR integration is an emerging technology that has the potential to address the long-standing
problem of segregated data display in ORs. This technology organizes and consolidates patient
data for clinicians during a surgical procedure. This chapter focuses on the latest form of the
technology, which features a centralized data display platform.

163



What Are the Practices for Integrating Operating-Room Display
Systems?

An OR is integrated if users can control the routing of audio/video (AV) signals from a
central location.®® These AV signals can originate from within an OR (e.g., endoscopes, wall-
mounted cameras) or outside an OR (e.g., PACS, AV feed from another OR). Depending on
configuration, an OR integration system may also permit centralized control of certain clinical
devices (e.g., insufflators and electrocautery units) and nonclinical equipment (e.g., lighting and
room climate controls).®” Some OR integration systems may allow signals to be sent outside the
room (e.g., to a conference room or to a central display used by the OR scheduling nurse) or
exchange data with an EMR system.®’

Current-generation OR integration systems offer a range of capabilities. ECRI Institute has
identified at least 10 vendors that offer products meeting the basic definition of OR integration
(i.e., with centralized control of AV routing in the OR).>’

Centralized display of consolidated data. OR integration technology continues to evolve as
new features are added. One of the latest developments in the field is the consolidation of real-
time patient data from different devices and systems (e.g., physiologic monitors, anesthesia
systems) for display on a “dashboard” format single screen that can be viewed simultaneously by
all clinicians in the OR.®” We believe this new development represents the future of OR
integration; thus, we focus this chapter exclusively on OR integration systems that can display
consolidated data on a single screen. We exclude conventional OR integration systems that lack
the capacity to present data in a centralized, single-screen format.

Two studies published by ECRI Institute in 2008 identified at least two vendors that offered
OR integration systems featuring a centralized repository/display of consolidated data sent from
a number of monitors and devices in real time.>’ These two systems are the OR-Dashboard ™
(LiveData, Inc., Cambridge, MA, U.S.) and the ICIS (integrated clinical information system)
Dashboard (Global Care Quest, Inc., Aliso Viejo, CA, U.S.). Both systems have the capacity to
interface with numerous medical devices, patient monitors, and information systems without
encountering compatibility problems. Data may be collected from patient progress logs, OR
scheduling software, real-time vital signs, anesthesiology systems, medical infusion pumps, radio
frequency identification tracking systems, PACS, EMRs, clinical laboratory systems, in-room
cameras, endoscopic systems, clinical notes and rounding lists, bidirectional video conferencing,
and audio note recording. The data can be displayed on large, wall-mounted, flat-panel screens
and on accessory monitors in the OR. Both systems allow clinicians to monitor time trends of
various waveforms, such as respiration, blood pressure, and cardiac activity.®"®

The central display of the OR-Dashboard changes to reflect one of four procedural stages:
case setup, time out (safety pause), intraoperative, and closing. Case setup mode displays
information such as surgical supplies and blood availability. The time out mode assists the
surgical team in verifying patient and case information. Intraoperative mode displays information
such as physiologic status, fluid status, and current readings from ventilators and infusion pumps.
Closing mode includes information on equipment counts, postanesthesia care unit assignment,
and family waiting status.®”® This display arrangement is intended to improve situation
awareness during the surgery.®

Used with other products provided by LiveData, the OR-Dashboard allows
videoconferencing between the surgical team and other departments to monitor procedures
remotely or consult specialists throughout the hospital in real time.”® The OR-Dashboard can
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also securely archive all case data, including video, using various device and information
protocols to permit case review after the surgery.”® With additional software provided by Global
Care Quest, the ICIS Dashboard provides secure access to the collected patient data in real time
through wireless mobile devices, including personal digital assistants and “smart” phones that
clinicians can use where a wireless connection is available.’

Contribution to operative and perioperative safety. OR integration technology with
centralized data display can potentially help improve operative and perioperative safety in
several ways. First, the technology allows easy, just-in-time access to patient information from
disparate devices or systems that is often unseen, unrealized, or unused.®® Increased access to
this information may improve team situation awareness (TSA