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here is increasing recognition of the difficulty in

translating research evidence and clinical guide-

lines into practice, which has resulted in the devel-
opment of many active dissemination and implementation
strategies.! Although there is a substantial amount of pri-
mary research evidence concerning the effectiveness of var-
ious implementation methods, it is extensively dispersed
amongst medical specialties.!

Research evidéncé should ideally inform the development
of clinical practice guidelines (CPGs).2 CPGs are systemati-
cally developed and updated, and are evidence-based.’ They
provide physicians with-a framework for diagnosing, assess-
ing, and treating clinical conditions commonly encountered
in practice, and are developed to promote best practices for
patient populations. The implementation of these guidelines
is important to help improve the quality and consistency
of care in clinical situations by changing physician practice
patterns.’

The Figure demonstrates the steps involved in implement-
ing research findings into medical practice. After dissemina-
tion of CPGs, there are 6 main factors specific to healthcare
providers that effect guideline adoption into practice and
physician behavior: guideline implementation, characteris-
tics of practice, laws and incentives, patient characteristics /
problems, social norms, and knowledge and skills.** Under-
standing the relative effectiveness of guideline implementa-
tion methods is necessary to changing physician behavior
for the better and improving patient outcomes.’

Overall, just a small number of reviews unify different
methods and evaluate the implementation methods proven
most successful in changing physician behavior.? Moreover,
there is a lack of research on intervention methods specific
to surgery.! We have undertaken a systematic review to in-
form changing physician practice patterns by evaluating
methods for implementing clinical research and guidelines.
More specifically, we addressed the following research ques-
tion: in surgical and general practice, through what methods
are clinical research results, as well as guidelines, best imple-

mented to change physician practice patterns? A second-

ABSTRACT

Objectives

There are various interventions for guideline implementation

in clinical practice, but the effects of these interventions are
generally unclear. We conducted a systematic review to identify
effective methods of implementing clinical research findings and
clinical guidelines to change physician practice patterns, in surgi-
cal and general practice.

Study Design
Systematic review of reviews.

Methods

We searched electronic databases (MEDLINE, EMBASE, and
PubMed) for systematic reviews published in English that evalu-
ated the effectiveness of different implementation methods. Two
reviewers independently assessed eligibility for inclusion and
methodological quality, and extracted relevant data.

Results

Fourteen reviews covering a wide range of interventions were
identified. The intervention methods used include: audit and
feedback, computerized decision support systems, continuing
medical education, financial incentives, local opinion leaders,
marketing, passive dissemination of information, patient-mediat-
ed interventions, reminders, and multifaceted interventions. Ac-
tive approaches, such as academic detailing, led to greater effects
than traditional passive approaches. According to the findings

of 3 reviews, 71% of studies included in these reviews showed
positive change in physician behavior when exposed to active
educational methods and multifaceted interventions.

Conclusions

Active forms of continuing medical education and multifaceted
interventions were found to be the most effective methods for
implementing guidelines into general practice. Additionally, ac-
tive approaches to changing physician performance were shown
to improve practice to a greater extent than traditional passive
methods. Further primary research is necessary to evaluate the
effectiveness of these methods in a surgical setting.
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Take-Away Points

This paper compares implementation methods that are currently dispersed among
literature and specialties. Findings show that commonly used passive interventions
in practice today (eg, printed educational material) are less effective than active
methods (eg, continuing medical education workshops and tailored multifaceted

interventions).

B Our study indicates that practices should focus on implementation of active

We searched the electronic databases
EMBASE, MEDLINE, and PubMed for rel-
evant articles published prior to October 6,
2012, using a combination of the identified
search terms (eAppendix Table 1, available

at www.ajmc.com).

methods to change physician behavior and limit use of passive dissemination of

educational material or formal didactic conferences.

B Future research should focus on testing and adapting these implementation

methods to specific environments, such as surgery.

B The cost-effectiveness of these interventions should be studied in future

research.

ary focus of this study was to determine implementation
methods shown to be effective in a surgical setting, specifi-

cally in orthopedics.

METHODS

Assessment of Eligibility

Reviews fulfilling the following criteria (1-4 and ei-
ther condition 5 or 6) were eligible for inclusion: 1) topic
linking research /guideline to practice, 2) education or
other implementation method of guidelines, 3) system-
atic reviews, 4) English language, 5) all surgery types and
postoperative care, and 6) general practice (hospital and
private).

Reviews were excluded for the following reasons: 1)
published before 1970; 2) guidelines publications; 3) con-
ference and letter reviews; 4) reviews focused on non-
surgical topics (ie, those that are too specialized to be
considered general practice, as they only focus on a specif-
ic condition [eg, stroke/cardiology, urology, gynecology,
pathology /bacterial infection, dentistry, rehab, nursing,
palliative care, pharmaceuticals/analgesics, psychiatric,
vaccination, and diabetes]); and 5) literature reviews.

Recent changes to medicine and technology rendered
any evidence published before 1970 of limited relevance
to current and future practice. Reviews were screened in-
dependently in duplicate at the title, abstract, and full-text
stage based on the eligibility criteria. All disagreements
were resolved by a consensus process that required the re-
viewers to discuss their rationale for their decisions.

Identification of Reviews

In order to identify appropriate search terms, 2 review-
ers (whose anonymity will be maintained) each conducted
an independent preliminary electronic search and selected
5 to 6 reviews appropriate to the topic. Key terms were
identified from these reviews to develop a broad search
strategy.

Critical Appraisal Score

The methodological quality of each in-
cluded review was independently graded,
using an adapted version of the AMSTAR
critical appraisal tool.® The AMSTAR tool
has been shown to have good construct validity.® A copy
of this adapted appraisal score tool can be found in eAp-
pendix Table 2.

For the critical appraisal scores, a “yes” to an assessment
question was given a score of 1. The maximum score for
the adapted AMSTAR questionnaire was 11, and the mini-
mum score was 0. We specified that a score of 9 or higher
indicated high methodological quality, 5 to 8 moderate qual-
ity, and 4 or less low quality. The reviewers resolved discrep-
ancies for each item through discussion and re-evaluation
of the study methodology until a consensus was reached.

Assessment of Agreement

Inter-rater agreement for each screening step was con-
ducted using a weighted kappa (k) statistic. Cohen’s  val-
ues of less than O were rated as less than chance agreement;
0.01-0.20, slight agreement; 0.21-0.40, fair agreement; 0.41-
0.60, moderate agreement; 0.61-0.80, substantial agree-
ment; and >0.80, high agreement.’

The inter-rater agreement for the critical appraisal
score was determined using an intraclass correlation coef-
ficient (ICC; 2-way mixed model, single measure). ICC val-
ues were interpreted as follows: 0 to 0.2, poor agreement;
0.3 to 0.4, fair agreement; 0.5 to 0.6, moderate agreement;
0.7 to 0.8, strong agreement; and >0.8, high agreement.

All statistical analyses were conducted using SPSS
v18.0 (IBM Corp, Armonk, New York).

Data Collection and Data Abstraction

Two reviewers independently abstracted data from the
full-text articles using a previously piloted data abstrac-
tion form. They abstracted information on the form of
implementation method, the subject focus group (eg, gen-
eral physicians, surgeons, medical students, etc), number
of included studies’ outcome measures (physician per-
formance outcomes and patient outcomes), definition of
effectiveness, and the most effective and least effective

implementation methods recommended by the review.
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Changing Physician Behavior

B Figure. Steps From Research to Change in Physician Behavior (adapted from Davis, 1997)°

Research
evidence
Guideline Approval by a Dissemination to
development 3 credible association 3 targeted professionals
Factors affecting physician behavior: i

—Guideline implementation
—Characteristics of practice
—Laws and incentives

—Social norms
—Knowledge and skills

Physician behavior change

—Patient characteristics/problems

Patient/healthcare
outcome

After data abstraction, the reviews were grouped based
on implementation method: audit and feedback, continuing
medical education, other interventions, and comparison of
interventions. The “other interventions” category included
reviews that analyzed incentives, decision support systems,
journals, and printed educational materials (PEMs) as single
interventions. The last category consisted of reviews that
compared the effectiveness of 2 or more interventions.

Finally, a spectrum of least effective to most effective
intervention methods was created to summarize the find-
ings of this paper. To create this spectrum, the relative ef-
fectiveness of the different implementation methods was
compared by considering the AMSTAR scores of the
reviews. Results from studies with high methodological
quality were given greater weight than results of studies
with lower methodological quality.®

Statistical Analysis

Descriptive statistics were presented for all systematic
reviews that reported them. For reviews that compared 2
or more interventions, we reported adjusted relative risk

(ARR) and adjusted risk difference (ARD) values if included

in the review. For reviews assessing a single intervention,

we presented the percentage of compliance of physicians
with guidelines or the percentage of studies included in the
review that showed significant change in outcome measure.
Lastly, implementation methods were deduced highly effec-
tive, moderately effective, and ineffective based on descrip-

tion by the authors of the original reviews.

RESULTS

Included Studies

Our literature search identified 1592 potentially rel-
evant citations, of which, 14 reviews were included (eAp-
pendix Figure).

Inter-rater agreement was fair for the title screening
stage (K = 0.480; 95% CI, 0.439-0.52) and moderate for
the abstract screening stage (x = 0.726; 95% CI, 0.661-
0.791) and full text screening stage (k = 0.560; 95% CI,
0.454-0.665).

Study Quality

We judged 5 reviews to be of high methodological qual-
ity,”13 5 reviews to be of moderate quality,'*'® and the re-
maining 4 reviews to be low quality (Table 1).25*2 There
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H Table 1. Characteristics of the Studies Included in This Review
Number of Methodological

Type of Target Included Quality
Article Author (Year) Review Population Intervention Review Findings Studies (score)
Cantillon (1999)" Systematic  General CME Personalized feedback and outreach 69 Moderate (5)
review of physicians events had a positive influence on physi-
systematic cian behavior. (qualitative results only)
reviews and
RCTs
Kawamoto (2005)° Systematic  Clinicians Clinical deci-  Decision support systems significantly 88 High (9)
review of (physicians, sion support  improved clinical practice in 68% of
RCTs physician as- systems trials.
sistants, nurse
practitioners)
Jamtvedt (2007)" Systematic  Healthcare Audit and Audit and feedback in a multifaceted in- 118 High (9)
review of professionals  feedback: tervention are more effective compared
RCTs written, with no intervention (ARR of compli-
electronic, or  ance with desired practice ranged from
verbal format  1.03 to 1.36).
Davis (1995)% Systematic  Internists, CME 70% of interventions in the review dem- 99 Moderate (8)
review of medical stu- onstrated a change in physician perfor-
RCTs dents/interns, mance, and 48% of interventions aimed
gynecologists, at patient outcomes produced a positive
pediatricians, change. Effective change strategies
emergency included reminders, patient-mediated
physicians, interventions, outreach visits, opinion
surgeons, leaders, and multifaceted activities.
and general
physicians
Grimshaw (2002)™ Summary Physicians CME, audit Reminders resulted in 13% improve- 279 Low (2)
of a and feedback, ment in physician performance based
systematic reminders, on guidelines. Educational outreach
review passive dis- programs resulted in 6% improve-
semination of ment. Variable results due to audit and
information, feedback.
local opinion
leaders
Bero (1998)' Systematic  Physicians CME, audit Consistently effective interventions 18 Moderate (6)
review of and feedback, Educational outreach visits
systematic patient- Reminders (manual or computerized)
reviews mediated Multifaceted interventions
interventions, Interactive educational meetings
reminders, (workshops that include discussion or
passive dis- practice). (qualitative results only)
semination of
information,
computerized
decision sup-
port systems,
local opinion
leaders,
marketing
Davis (2009)" Systematic  Physicians CME 60% of studies evaluating CME met 105 High (10)
review of objectives relative to changing clinical
systematic performance in prescribing; screening;
reviews and counseling about smoking cessation,
clinical trials diet, and sexual practices; guideline
adherence; etc.
Jamtvedt (2006)" Systematic  Professionals  Audit and Adjusted RD of audit and feedback 118 Moderate (6)
review in healthcare feedback versus no intervention varied from —-0.16
and meta-  setting (@ 16% decrease in compliance with
analysis of guidelines) to 0.70 (a 70% increase in
RCTs compliance).
(Continued)
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M Table 1. Characteristics of the Studies Included in This Review (Continued)

Article Author (Year)

Bloom (2005)'®

Mugford (1991)%

Farmer (2011)"

Davis (1997)°

Flodgren (2011)"

Yen (2006)?

Type of
Review

Systematic
review of
systematic
reviews

Systematic
review of
RCTs

Systematic
review of
RCTs,
CCTs,
CBAs, and
ITSs

Systematic
review of
RCTs and
trials with
objective
measures

Systematic
review of
RCTs,
CCTs,
CBAs, and
ITSs

Systematic
review of
systematic
reviews

Target
Population
General
physicians

Clinicians

Healthcare
professionals

Physicians

Physicians,
dentists,
nurses, allied
healthcare pro-
fessionals (eg,
physical thera-
pists, speech
therapists)
Physicians

Intervention

CME, audit
and feedback,
reminders

Feedback

PEMs

CME, audit
and feedback,
patient-
mediated
interventions,
reminders,
passive dis-
semination of
information,
local opinion
leaders,
incentives
Financial
incentives

CME, audit
and feedback,
reminders,
computerized
decision sup-
port systems,
local opinion
leaders,
PEMSs, aca-
demic detail-
ing, economic
incentives

Number of Methodological

Included
Review Findings Studies
Interactive techniques (audit/feedback, 26

academic detailing/outreach, and

reminders) are the most effective at
simultaneously changing physician care

and patient outcomes. Clinical practice

guidelines and opinion leaders are less

effective. Didactic presentations and dis-

tributing printed information have little or

no beneficial effect in changing physician

practice. (qualitative results only)

Information feedback was most likely to 36
influence clinical practice if it was part

of a strategy to target decision makers

who had already agreed to review their

practice. (qualitative results only)

PEMs compared with no intervention 23
resulted in absolute risk difference me-

dian of +4.3% on physician outcomes

(eg, X-ray requests, prescribing, and

smoking cessation activities) and —4.3%

for patient outcome (eg, screening,

return to work, quit smoking). PEM in
comparisons to education workshops

resulted in risk difference of +0.5%

using physician outcomes of smoking

cessation activities for patients.

Reminder systems, academic 59
detailing, and multiple interventions

result in increased use of guidelines in

practice. (qualitative results only)

Incentives proved to be effective in the 4
form of payment for each service (70%

of studies in the review), payment for

providing care for a patient or specific

population (69% of studies), or payment

for providing a change in the activity or

quality of care (85% of studies).

Multifaceted educational strategies
that incorporate at least 1 active inter-
vention are more effective for changing
physician behavior than any single
intervention.

Active interventions shown to im-
prove processes of care over passive
approaches (eg, printed educational
materials). (qualitative results only).

Not given

Quality
(score)

Moderate (5)

Low (3)

High (10)

Low (4)

High (10)

Low (4)

ARR indicates adjusted relative risk; CBA, controlled before-and-after study; CCT, controlled clinical trial; CME, continuing medical education; ITS, interrupted
time series analysis; PEM, printed educational material; RCT, randomized controlled trial; RD, risk difference.
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M Table 2. Term Definitions (adapted fromYen, 2006)?
Terminology Definition

Academic detailing
physician’s office.

Audit and feedback

Active information transfer through presentations by a trained person that occur inside the

Summary of clinical performance on patient care over a specified period based on medical

records, computerized databases, patient surveys, or observation.

Continuing medical education

Information transfer through participation in educational conferences, lectures, workshops,

or meetings that occur outside the physician’s office. Active forms include learning tailored
specifically to the clinical specialty, smaller workshops, outreach, and academic detailing.

Decision support systems

Information systems designed to improve clinical decision making through the analysis of

patient-specific clinical variables (eg, diagnosis, preventive care, disease management, drug

dosing, and prescribing).
Economic incentives

Local opinion leaders
influential”

Multifaceted

Patient-mediated intervention

Financial rewards or penalties to physicians or institutions.

Healthcare providers who are nominated or considered by their colleagues to be “educationally

Combination of 2 or more of the above intervention methods.

Any intervention aimed at changing the performance of healthcare providers for which specific

information was sought from or given to patients.'®

Printed educational materials
(passive dissemination method)

Reminders

was high agreement between reviewers for the critical ap-

praisal score (0.946; 95% CI, 0.848-0.974).

Study Characteristics

Various intervention methods were used, including
audit and feedback, computerized decision support sys-
tems, continuing medical education, financial incentives,
local opinion leaders, marketing, passive dissemination
of information, patient-mediated interventions, remind-
ers, and multifaceted interventions. These interventions
and additional terminology used in this paper are defined
in Table 2. Table 1 also summarizes some of the general
study findings. Six reviews had qualitative measures and
did not define specific parameters on how they identified
implementation methods as highly effective, moderately

effective, or ineffective.>>1416.1820

Audit and Feedback

Three reviews discussed the effectiveness of audit and
feedback in changing physician performance.'®”* The
outcome measures were based on patient outcomes (eg,
blood pressure) and physician performance (eg, prescrib-
ing). Two reviews by Jamtvedt et al (118 studies) evalu-
ated multifaceted interventions, including audit and
feedback, as more effective (ARR of physician compli-
ance ranged from 0.99 to 1.30) compared with no in-
tervention or audit alone or feedback alone.’®” In one

Passive information transfer through the distribution of printed recommendations for clinical
care (eg, clinical practice guidelines, electronic publications, audio-visual materials).

Manual or computerized prompts directed to physicians to perform a specific clinical action.

review, Jamtvedt et al reported that the ARD of audit
and feedback versus no intervention varied from -0.16
(a 16% decrease in compliance) to 0.70 (a 70% increase in
compliance) in different studies; thus, the results were in-
conclusive.!® The review by Mugford et al?® showed that
feedback alone is most effective when presented close to

the time of decision making in clinical practice.

Continuing Medical Education

Four reviews discussed the effectiveness of active
forms of continuing medical education (CME) in chang-
ing physician performance and patient outcome.'"241>
Interventions were considered effective if they lead to
improved professional performance (ie, prescribing be-
havior that complies with evidence-based guidelines)
or patient health outcomes. The majority of the stud-
ies (58%) in a review by Davis et al reported that active
forms of CME improved physician performance by the
physicians meeting practice objectives over a period of
30 days to 1 year or longer.! Within 77% of studies in this
review, internet-based CME, such as webinars or online
teaching modules and Internet, improved or maintained
physician performance.!! Two of the reviews (64 studies)
evaluated multifaceted implementation methods that in-
cluded CME."*? Multifaceted activities—which included
active interventions such as reminders, patient-mediated

interventions, outreach visits, and use of opinion lead-
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Changing Physician Behavior

H Table 3. Examples of Effective Methods for Changing Physician Practice Patterns

Method

Continuing
medical education
(active methods)

Specific Approach

Academic detailing

Outreach programs

Learning based on clinical
practice

Workshop

Example

Health professionals (eg, pharmacists) meet one-on-one with
physicians/surgeons in their work environment and provide educa-
tion (eg, information on new drugs) or behavior change options (eg,
reduced prescribing).®

Similar to academic detailing, trained health professionals provide
education to a group of physicians in their work environment.®

Educational programs (eg, outreach) that are tailored specifically
to the needs of a specific clinic (eg, for type 2 diabetes patients).™

Small-group learning that allows a learner to practice the new mate-
rial, to interact with other learners, and participate in discussion.'

Patient-mediated
intervention

Patient feedback

Patients provide feedback for the physician on their interview skills
after their medical appointment.’®

Local opinion leaders

N/A

Local experts and influential educators adopt specific guidelines,
which allows colleagues to see the outcomes of those guidelines in
practice, and presumably, later adopt the guidelines themselves.™

Multifaceted intervention

Combines multiple interven-
tions based on guideline,

Outreach program can be used to deliver educational material on
clinical guidelines, combined with a reminder system to promote and

budget, or specific practice
needs.

prolong adherence.™

Audit and feedback can be integrated into physician practice after
educational meetings."

ers—were shown to be effective in 70% of the reviews."”
See Table 3 for specific intervention examples and recom-
mendations for effective methods. Additionally, learning
linked to clinical practice and self-directed multifaceted
active educational methods both resulted in improved
physician performance.'*

Furthermore, reviews showed that formal didactic
conferences and passive forms of CME, such as bro-
chures or PEMSs, are the least effective methods for
change and, at best, create small changes within prac-
tice.’>® Other forms of passive dissemination, such as
mailing PEMs to clinicians, were also deemed ineffective
in changing physician behavior when used alone.’” One
review (32 studies) reported that PEMs generally had a
small effect, and in comparison to education workshops,
the risk difference (in this case, based on physician out-
comes of smoking cessation activities for patients) was
+0.5% in favor of PEMs."” However, PEMs may be ef-
fective for raising awareness about a specific behavior
change.? It is important to recognize that these passive
approaches represent the most common approaches
adopted by various healthcare organizations. To en-
sure that practice changes, specific strategies to apply
research-based recommendations, including active inter-

ventions, need to be implemented.!’

Other Interventions

Two reviews discussed other intervention methods,
including incentives and decision-support systems,
in changing physician performance and patient out-
comes.” In one review! (42 studies), incentives proved
to be effective in the form of payment for each service
(70% of studies in the review), payment for providing
care for a patient or specific population (69% of stud-
ies), or payment for providing a change in the activity
or quality of care (85% of studies).”> One review (70 stud-
ies) identified that decision-support systems improved
patient results if they were activated automatically as
part of the clinician work flow.” Reportedly, these sys-
tems significantly improved clinical practice in 68% of
studies.’

Comparison of Interventions

Five reviews reported comparing the effectiveness
of several intervention methods in changing physician
performance and patient outcomes.>>!%181° Four of the
reviews compared multiple intervention methods (in-
cluding audit and feedback, reminder, and CME) and
determined that multifaceted interventions were most
effective in changing physician practice patterns.>>!618

Multifaceted interventions included a combination of
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active interventions: audit and feedback, reminders, lo-
cal consensus or marketing, academic outreach, and in-
teractive education. The final review by Grimshaw et al
concluded, based on qualitative data, that multifaceted
interventions are more likely to be effective compared
with single interventions."

Additionally, interactive educational methods were
identified in 3 reviews as highly effective single inter-
vention methods for changing physician practice pat-
terns.>!%8 Interactive educational methods or active forms
of CME are nondidactic or lecture-based learning, focus
on facilitating physician discussion, and link educational
experience to the physician’s clinical cases.’®!® Reminders
(concurrent and automatic) were also recommended due
to consistent positive results.>!%181 Conversely, didactic
lecture-based CME and passive dissemination of PEMs
were identified as weak interventions to change physician
practice patterns.>>161819

Taking into account the methodological quality score
of the review based on AMSTAR, multifaceted inter-
ventions and active forms of CME were rated the most
effective implementation methods to change physician
behavior for a desired outcome.

DISCUSSION

Various implementation methods are utilized to try
to change physician behavior, and implementing the
most effective ones is crucial to success. Our findings
provide a comparison of relative effectiveness of vari-
ous interventions, indicating that active forms of CME
and multifaceted interventions are the most effective.
In general, active approaches to changing physician
performance have been shown to improve practice to a
greater extent than traditional passive methods. Active
CME approaches include academic detailing, outreach
programs, and workshops (more details are provided in
Table 3).

In addition, integrating clinical decision support sys-
tems, reminders, and patient-mediated interventions are
noneducational active methods that help physicians to
change their practice to meet guidelines. In contrast, pas-
sive interventions, including passive dissemination of
information, PEMs, and didactic formal educational pro-
grams, were proved useful for creating awareness, but not
for physician behavioral changes. Several reviews sug-
gest that although less expensive, passive interventions
are clearly less effective.?’ Overall, the evidence supports
implementing active, multifaceted intervention methods

to most effectively change physician performance.

Our findings are similar to those of other systematic re-
views that covered the implementation of guidelines and
research into physician practice. Grimshaw et al?? noted
as well that multifaceted interventions are more effective
than a single intervention; however, they stated that the
effect did not increase incrementally with the number of
components in a multifaceted intervention. The inter-
vention components must be selected to align with the
specific needs of a given clinical practice.” Furthermore,

122 reported that the majority of interven-

Grimshaw et a
tions resulted in modest to moderate improvements in
care. There is an imperfect evidence base to support deci-
sions about which implementation strategies and forms
of guideline dissemination are likely to be most effective
under various circumstances. Grimshaw et al*? outline
several factors to consider, including potential clinical ar-
eas that would benefit from effectiveness activities, likely
benefits and costs required to introduce guidelines, and
likely benefits and costs as a result of any changes in be-
havior by the provider.

Strengths and Limitations

This paper has several important strengths. First, the
quality of each review was taken into consideration so
that our eventual conclusions about the most effective in-
terventions would be compelling. Second, the electronic
searches, study selection, quality assessment, and data
abstraction were all conducted in duplicate to increase re-
liability and to reduce the likelihood of expectation and
reporting bias in the findings.

Although the results of this study may be relevant
to implementing clinical guidelines in practice, some
limitations must be noted. First, the reviews included are
highly heterogeneous, meaning that the interventions
and outcomes differed considerably. For instance, high,
moderate, and low effectiveness are defined by different
parameters in each review. Indeed, some studies do not
report these parameters and only make qualitative judg-
ment on the effectiveness of interventions. Additionally,
many of the included reviews highlight heterogeneity
as a limitation to making conclusive recommendations
when comparing all techniques that attempt to change
physician behavior. We attempted to consider this het-
erogeneity by comparing results of similar interventions,
precluding the pooling of data, and representing all re-
view findings individually. Furthermore, risk of publica-
tion bias may exist since only reviews published in the
English language were included. However, attempts were
made to include articles from numerous countries that

utilized various methodologies (although it must be not-
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ed that results from lower-quality studies were given less

weight in our evaluation).

Future Directions

The focus of the included reviews was on clinicians,
generally. These results may not be generalizable to all
specialties, such as surgery. A secondary focus of this
study was to determine specific implementation methods
proven effective in a surgical setting. However, no studies
were identified that looked at guideline implementation
techniques in surgery, specifically orthopedics. Thus, this
is a sparse area of research, and future studies might fo-
cus on finding the most effective educational programs for
implementing guidelines in surgical practice.

Furthermore, only 1 review covered in this paper
provided a cost-effectiveness analysis for CME,'"® which
concluded that a CME program for physicians on an-
giotensin-converting enzyme inhibitors cost $2062 per
life-year saved.’® Five other reviews recommended that
cost-effectiveness be included when analyzing implemen-
tation methods.>>!%161 Grimshaw et al, in a comprehen-
sive review as well, detailed that the quality of usable data
on the financial cost of each implementation method is
relatively low in current research.” Implementing re-
search findings incurs costs, and, in some circumstances,
these costs can outweigh their potential benefits.?> Deci-
sions about implementation methods for a clinical prac-
tice should consider cost as well as other factors.

Lastly, 1 review included a subset analysis to determine
if CME had long-term effects on physician behavior.!! In
this review, 50% of the studies showed that CME inter-
ventions, including follow-up for a year, resulted in long-
term changes to physician performance.!! Other reviews
recorded that few studies measured the extended effects
of behavior changes,'* although implementation methods
with long-term effects are clearly beneficial because they
sustain positive change in physicians’ practices. Future
research should include a study of long-term follow-up to

determine if implementation interventions are enduring.

CONCLUSIONS

Multifaceted implementation methods and active
forms of CME are highly effective in changing physician
practice, while PEMs were shown to be the least effec-
tive. Given the challenges in this systematic review, addi-
tional longitudinal reviews, which monitor subjects over
an extended period of time to offer clear insights into the
long-term effects on practice, as well as the cost-effective-

ness of the implementation methods, are required. Addi-

Changing Physician Behavior

tionally, focused research is required to look at guideline
implementation methods specific to medical fields such

as orthopedic surgery.
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eAppendix Table 1. Search Terms and Search Strategy Used in MEDLINE, PubMed,

and EMBASE
Search Terms Search Strategy
1. Information storage and retrieval (search as | 1 and 8 9and 11
keyword) 2and 5and 12 6 and 8 and 11
2. Education, medical, continuing? 3and5and 13 11 and 10
3. Medical audit? 2and 3and 4 11and5
4. Feedback, psychological? 2and 3and 5 11and 2
5. Physician’s practice patterns? 6 and 8 and 13 11and 13
6. Evidence-based medicine? 7and8 1l1and 8
7. Clinical laboratory techniques? 8and 9 and 10 11 and 6 and 12
8. Professional practice? 1land 6 and 10 11and 5and 6
9. Decision support systems, clinical? 3and 4 and 5
10. Randomized controlled trials as topic? 2andSand8
11. Clinical research (search as keyword) land 6and 13
12. Decision making? 4and 5and 2
13. Information services? 7and 11

8Includes all subject headings.




eAppendix Table 2: Critical Appraisal Score for Systematic Review (adapted from AMSTAR and JAMA User’s Guide for Critical
Appraisal)!

1 | Was an a priori design provided? O Yes

The research question and inclusion criteria should be established before the conduct of the review. O No
a N/A

2 | Was there duplicate study selection and data extraction? O Yes
There should be at least 2 independent data extractors, and a consensus procedure for disagreements O No
should be in place. a N/A

3 | Was a comprehensive literature search performed? O Yes
At least 2 electronic sources should be searched. The report must include years and databases used (eg, a No
Central, EMBASE, and MEDLINE). Keywords and/or Medical Subject Headings (MESH) terms must be a N/A
stated and where feasible, the search strategy should be provided. All searches should be supplemented by
consulting current contents, reviews, textbooks, specialized registers, or experts in the particular field of
study, and by reviewing the references in the studies found.

4 | Was the status of publication (ie, grey literature) used as an inclusion criterion? O Yes
The authors should state that they searched for reports regardless of their publication type. The authors O No
should state whether or not they excluded any reports (from the systematic review), based on their a N/A
publication status, language, etc.

5 | Was a list of studies (included and excluded) provided? O Yes

O No
O N/A

6 | Were the characteristics of the included studies provided? O Yes
In an aggregated form such as a table, data from the original studies should be provided on the a No
participants, interventions, and outcomes. In all the studies analyzed, the ranges of characteristics (eg, a N/A
age, race, sex, relevant socioeconomic data, disease status, duration, severity, or other diseases) should be
reported.

7 | Was the scientific quality of the included studies assessed and documented? U Yes
A priori methods of assessment should be provided (eg, for effectiveness studies if the author[s] chose to O No
include only randomized, double-blind, placebo-controlled studies, or allocation concealment as inclusion | 1 N/A
criteria); for other types of studies, alternative items will be relevant.




1. Shea BJ, Grimshaw JM, Wells GA, et al. Development of AMSTAR: a measurement tool to assess the methodological

quality of systematic reviews. BMC Med Res Methodol. 2007;7:10.

8 | Was the scientific quality of the included studies used appropriately in formulating conclusions? O Yes
The results of the methodological rigor and scientific quality should be considered in the analysis andthe | No
conclusions of the review, and explicitly stated in formulating recommendations. 0 N/A

9 | Were the methods used to combine the findings of studies appropriate? O Yes
For the pooled results, a test should be done to ensure the studies were combinable, to assess their O No
homogeneity (ie, y* test for homogeneity, 12). If heterogeneity exists, a random effects model should be used | Q N/A
and/or the clinical appropriateness of combining should be taken into consideration (ie, is it sensible to
combine?).

10 | Was the likelihood of publication bias assessed? O Yes
An assessment of publication bias should include a combination of graphical aids (eg, funnel plot, other a No
available tests) and/or statistical tests (eg, Egger regression test). 0 N/A

11 | Was the conflict of interest stated? O Yes
Potential sources of support should be clearly acknowledged in both the systematic review and the a No
included studies. 0 N/A

References




eAppendix Table 3. Summary of the Results From Reviews Looking at Effectiveness of

Audit and Feedback in Changing Physician Performance

Audit and Feedback Jamtvedt (2007) Jamtvedt Mugford
(2006) (1991)
(feedback
only)
Outcome Patient Blood pressure, smoking | None None
Measure Outcome status
Physician Compliance with Percent Usage of tests,
Performance | guidelines, use of compliance reduced office
laboratory tests, with the costs, rates of
prescriptions, guideline use of specific
vaccinations operative
procedures,
prescriptions,
compliance
with protocol
Conclusion | Most Audit and feedback ina | Risk Feedback is
Effective multifaceted intervention | difference of | effective:
Method are more effective multifaceted | presented close
(adjusted risk ratio intervention | to time of
[ARR] of 1.03-1.36 (audit and decision
compared to no feedback making,
intervention) with another | physicians
intervention) | previously
is compliant to
significantly | other
higher than implementation
audit and methods, as
feedback part of a
alone; multifaceted
however, intervention
confidence
intervals
overlap—
indeterminate
results
Less Audit and feedback Audit and Feedback is
Effective alone have small to feedback necessary but
Method moderate effect (ARR of | alone not sufficient
0.99-1.30 compared to for change
no intervention)




eAppendix Table 4. Summary of the Results From Reviews Looking at Effectiveness of
Continuing Medical Education in Changing Physician Performance and Patient Outcome

Continuing Medical Cantillon Davis (1995) | Davis (2009) | Farmer
Education (1999) (2008)
*Focuses
only on
printed
Educational
Materials
(PEMs)
Outcome Patient Patient test | Smoking None Blood
Measure Outcome results, status, patient pressure,
patient survey number of
quality results caesarean
surveys sections
Physician Test Compliance | Prescribing; | Number of
Performance | ordering, with screening; tests ordered,
prescription, | preventative | counseling prescriptions
compliance | care protocol, | about for a
with test usage, smoking particular
guidelines observed cessation, drug
behavior diet, and
sexual
practices;
guideline
adherence
Conclusion | Most Locally 70% 77% of PEMs
Effective created effective: studies generally
Method guidelines reminders; changed have small
implemented | patient- physician effect
by learning | mediated performance:
linked to interventions; | multiple PEMs
clinical outreach instructional | compared to
practice; Visits; media (eg, educational
personalized | opinion live events, | workshop:
feedback; leaders; and | Internet Risk
outreach multifaceted | events) difference
events; and | activities +0.5% in
self- 62% of favor of
directed, studies PEMs
multi- changed
faceted physician
methods of performance:
education multiple
educational
techniques




(eg, case-
based
learning,
group
discussion,
lectures)

Less
Effective
Method

Formal
conferences,
widely used
formal CME
program

PEMs vs
educational
outreach: no
significant
difference

PEMSs vs no
intervention:
median
absolute risk
difference
4.3% (may
be to due
statistical
chance)




eAppendix Table 5. Summary of the Results From Reviews Looking at Effectiveness of Incentives, Decision Support Systems,
Journals, and Printed Educational Materials in Changing Physician Performance and Patient Outcome

Other Intervention | Outcome Measure Conclusion
Methods: Patient Physician Most Effective Method Least Effective Method
Outcome Performance
Incentive | Flodgren | Participation Rates of performing | Payment for each service, episode, or | N/A
(2011) rates in prevention, visit: 70% of studies found effective
immunization diagnosis, and
programs or treatment behaviors | Payment for providing care for a
mammography | (eg, immunization, patient or specific population: 69% of
screening blood pressure studies found effective
programs measurement,
prescription, Payment for providing a prespecified
referral) level or providing a change in activity
or quality of care: 85% of studies
found effective
Decision | Kawamo | Improved Physician Decision support systems: provided Passive dissemination:
support (2005) patient results compliance with automatically as part of clinician work | generally ineffective
systems guidelines, tests, and | flow, delivered at the time and
reminders location of decision making,
recommendations provided, and
computer-based




eAppendix Table 6: Summary of the Results From Reviews Comparing Effectiveness of Several Intervention Methods in Changing
Physician Performance and Patient Outcome

Comparison | Outcome Measure Conclusion
of Patient Outcome | Physician Most Effective Method Less Effective Method
Interventions Performance
Grimshaw Proportion Proportion of Reminders (13% improvement in Audit and feedback and local
(2002) receiving correct | physicians who outcome) and educational outreach opinion leaders showed variable
treatment managed based on | (6% improvement in outcome). results
the guidelines Passive dissemination useful for
raising awareness
Bero (1998) N/A Prescription Multifaceted interventions Passive dissemination generally

decisions,
provision of
preventive care,
and the general
clinical
management of
patients

(combination of audit and feedback,
reminders, local consensus processes,
or marketing).

Interactive educational meetings
(workshops that include discussion or
practice)

ineffective

Bloom (2005)

Improved quality
of life, treatment,
and test results

Compliance with
screening tests,
immunizations

Interactive education, audit and
feedback, reminders, and academic
outreach.

Computer-based clinical reminders
(OR: 1.77) significantly more
effective than audit and feedback (OR:
1.09)

Didactic programs, information
only, are not effective

Opinion leaders have moderate
effect

Davis (1997)

Improved test
results compared
to baseline

Prescriptions,
number of referrals
to specialists

Most consistently positive results:
concurrent reminders, community-
based academic detailing, or
multifaceted intervention

Weak interventions: didactic
lecture-based continuing medical
education [CME] and mailed,
unsolicited materials




Moderate interventions: audit
and feedback, opinion leaders

Yen (2006)

None

Immunizations,
screening, tests and
prescription use,
protocol adherence

Active interventions (eg, academic
detailing, reminders, clinical decision
support systems) in multifaceted
interventions are most effective

Audit and feedback and local
opinion leaders, have variable
results

PEMs and formal CME are
ineffective

Insufficient data for financial
incentives




eAppendix Figure 1. Screening Flow Diagram

Potentially relevant articles
identified from initial
search on Medline,
EMBASE, and PubMed
(n=1592)

Article abstracts retrieved
for further screening
(n=725)

Articles excluded based on title (n = 867):

Guideline publication for a specific procedure (n = 97)
Conference reviews and reviews of editorials (n = 75)
Topics specific to nonsurgical stroke/cardiology, urology,
gynecology (n = 129)

Specific topics in pathology/bacterial infection, dentistry,
rehabilitation, nursing, palliative care, pharmaceuticals/
analgesics, psychiatry, vaccination, diabetes (n = 404)
Any article before 1970 (n = 53)

Does not target clinicians (n = 109)

Full-text articles retrieved
for further screening
(n=151)

Articles excluded based on abstract (n = 574):

Not a systematic review or a review (n = 312)

Not in English (n =57)

Not related to general practice or surgery (n = 63)
Publication of guidelines (n = 33)

Intervention was not a form of guideline/clinical research
evidence implementation method (n = 109)

Articles included in review
(n=14)

Articles excluded based on full text (n = 137):

Not a systematic review or a review (n = 32)

Duplicate result of a more updated article (n = 4)

Not related to general practice or surgery (n = 19)
Intervention was not a form of guideline clinical research
evidence implementation method (n = 54)

Does not target clinicians (n = 28)
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