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BACKGROUND: Health care–associated infections and antimicrobial resistance

threaten the safety of hospitalized patients. New prevention strategies are neces-

sary to address these problems. In response, the Society of Hospital Medicine

(SHM) in collaboration with the Centers for Disease Control and Prevention

developed and conducted workshops to educate hospitalists about conducting

quality improvement programs to address antimicrobial resistance and health

care–associated infections in hospitalized patients.

METHODS: SHM collected and analyzed data from pretests and posttests adminis-

tered to physicians who attended SHM workshops in 2005 in 1 of 3 major cities:

Denver, Colorado; Boston, Massachusetts; or Portland, Oregon.

RESULTS: A total of 69 SHM members attended the workshops, and 50 completed

both a pretest and a posttest. Scores on the knowledge-based questions increased

significantly from pretest to posttest (x� � 48% vs. 63%, P � .0001); however,

perceptions of the problem of antimicrobial resistance did not change. Most

participants (85%) rated the quality of the workshop as “very good” or “excellent”

and rated the workshop sessions as “useful” (x� � 3.9 on a 5.0 scale).

CONCLUSIONS: Hospitalists who attended the SHM workshop increased their knowl-

edge of health care–associated infections, antimicrobial resistance, and quality im-

provement programs related to these issues. Similar workshops should be considered

in efforts to prevent health care–associated infections and antimicrobial resistance.
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In the United States, hospitalized patients are at risk of acquiring
health care–associated infections that increase morbidity, mor-

tality, length of hospital stay, and cost of care.1 If a health care–
associated infection is caused by an antimicrobial-resistant patho-
gen, treatment efforts may be further complicated.2,3 With the
decreasing effectiveness of antimicrobials and suboptimal adher-
ence to certain infection control measures, new and multifaceted
prevention strategies are necessary to address the problem of
health care–associated infections and antimicrobial resistance.4 –10

One strategy that hospitals can use to reduce the incidence of
health care–associated infections and antimicrobial resistance is
implementation of quality improvement programs. These pro-
grams require clinicians to employ techniques, such as root cause
analysis (RCA), which investigates contributing factors to an event
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to prevent reoccurrence, and healthcare failure
mode effects analysis (HFMEA), which applies a
systematic method of identifying and preventing
problems before they occur.11–13 Programs and
strategies such as these require leadership and
adoption within the hospital. Because of their avail-
ability and specialized role in the hospital setting,
hospitalists are in a unique position to promote and
uphold quality improvement efforts.14 –17 Profes-
sional societies, health care organizations, and gov-
ernmental agencies can play a role in engaging this
group of physicians in improving the quality of
patient care in hospitals by providing educational
programs and materials.18

In 2004, the Society of Hospital Medicine
(SHM) collaborated with the Centers for Disease
Control and Prevention (CDC) to develop a quality
improvement tool kit to reduce antimicrobial resis-
tance and health care–associated infections. The
tool kit was based on the CDC’s Campaign to Pre-
vent Antimicrobial Resistance in Healthcare Set-
tings (Campaign), an educational program targeted
at clinicians.19 The SHM/CDC tool kit contained
campaign materials, a set of slides about quality
improvement, worksheets, and additional materials
such as infection control policies and guidelines to
supplement a 90-minute workshop consisting of
didactic lectures about antimicrobial resistance,
quality improvement initiatives, RCA, and HFMEA;
a lecture and case study about intravascular cathe-
ter-related infections; and small-group activity and
discussion. The complete toolkit is now available
online via the SHM Antimicrobial Resistance Re-
source Room at http://www.hospitalmedicine.org/
AM/Template.cfm?Section�Home&Template�/CM/
HTMLDisplay.cfm&ContentID�7542.

The purpose of the workshop was to present
the tool kit and increase hospitalists’ knowledge
and awareness about antimicrobial resistance,
health care–associated infections, and quality im-
provement programs. We assessed the workshop
participants’ familiarity with the Campaign prior to
the workshop, perceptions of antimicrobial resis-
tance, knowledge gained as a result of the work-
shop, and opinions about the usefulness of the
workshop.

METHODS
Data were collected from pretests and posttests
administered to participants of one of the SHM
workshops in May, June, or July 2005 in Denver,
Colorado; Boston, Massachusetts; or Portland, Or-

egon. One SHM physician leader (D.D.D., coauthor
of this article) presented all 3 workshops. The work-
shops were advertised by SHM using E-mail to local
chapter members. Individual sites used a variety of
methods to encourage their hospitalists to attend,
and participants were provided a complimentary
dinner.

Prior to each workshop, participants completed
a 10-question pretest that had been pilot-tested by
hospitalists in other cities. The pretest assessed de-
mographics; perceptions of the problem of antimi-
crobial resistance using a Likert scale; familiarity
with the Campaign; and knowledge of common
infection sites, RCA, HFMEA, and antimicrobial re-
sistance prevention measures.

Immediately following each workshop, a 13-
question posttest was administered to participants.
This posttest evaluated the workshop and materials
using Likert scales, asked for suggestions for future
programming using open-ended questions, and re-
peated pretest questions to assess changes in per-
ceptions and knowledge.

Data were entered into an Excel spreadsheet
and analyzed using descriptive statistics and t tests
to compare pre- and posttest changes in knowl-
edge. Likert data assessing perceptions were di-
chotomized into “strongly agree” versus all other
scale responses. Qualitative open-ended responses
were categorized by theme.

RESULTS
A total of 69 SHM members attended the work-
shops. Of the 69 participants, 65 completed the
pretest, 53 completed the posttest, and 50 com-
pleted both the pre- and the posttests. Only partic-
ipants who completed both the pretest and the
posttest were included in the analyses (n � 21,
Denver; n � 11, Boston; n � 18, Portland). Of the 50
participants who completed both the pre- and post-
tests, 44 (88%) classified themselves as hospitalists
in practices ranging from 2 to more than 25 physi-
cians. Participants averaged 9.2 years (range � 1-27
years) in practice and 4.9 years (range � 1-10 years)
as practicing hospitalists, with no significant differ-
ences between the 3 groups. Only 17 participants
(34%) were familiar with the Campaign prior to the
workshop, and there was no significant variation
between the 3 workshops. Those familiar with the
Campaign had heard about or received the educa-
tional materials from colleagues (n � 5), their facil-
ities (n � 4), professional journals (n � 4), medical
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conferences (n � 4), or the CDC or SHM websites
(n � 4).

Overall, most participants strongly agreed with
the statement that antimicrobial resistance was a
problem nationally, institutionally, and within their
individual practices (Table 1). These perceptions
did not significantly differ between the pretest and
the posttest. However, statistically significant dif-
ferences were found when comparing perceptions
of the problem of antimicrobial resistance at the
national, institutional, and practice levels; more
participants strongly agreed that antimicrobial re-
sistance was a problem nationally than within their
institutions (pretest, P � .01; posttest, P � .04) or
within their practices (pretest, P � .0001; posttest,
P � .01).

On the knowledge-based questions, the overall
average test score was 48% on the pretest and 63%
on the posttest (P � .0001), with scores varying by
question (Table 2). For example, knowledge of qual-
ity improvement initiatives/HFMEA was low (an
average of 10% correct on the pretest, 48% on the
posttest) compared with knowledge about the key
prevention strategies from the Campaign to Prevent
Antimicrobial Resistance (average of 94% correct
on the pretest, 98% on the posttest). Furthermore,
scores also varied by workshop location. On the
pretest, participants in Boston and Portland scored
higher (both 53%) than Denver participants (40%).
On the posttest, Portland participants scored the
highest (78%) followed by Boston participants
(64%) and then Denver participants (50%). Boston
and Denver participants differed significantly on
pretest knowledge score (P � .04) and Portland and
Denver participants differed significantly on post-
test knowledge score (P � .0001).

Overall, 43 participants (85%) rated the work-
shop as either “very good” or “excellent.” All but 1
participant (n � 49, 98%) would encourage a col-
league to attend the workshop, giving reasons such
as that the workshop outlined a “major program in
delivering good and safe care,” offered “great infor-
mation on antimicrobial resistance and methods of
quality improvement systems implementation,” as-
sisted in “find[ing] new tools for improving hospital
practice,” and addressed a “significant factor in
hospitals related to morbidity [and] mortality.”
When asked for general comments about the work-
shop and suggestions for future improvements,
participants requested “more direction,” “more de-
tail,” “more discussion,” specific examples of anti-
microbial resistance, and protocols and processes
for implementing quality improvement programs.
On a scale from 1 (not useful) to 5 (essential), par-
ticipants rated the usefulness of each workshop
segment: intravascular catheter-related infections
lecture and case study (x� � 4.3, range � 3-5), qual-
ity improvement initiatives lecture (x� � 4.1, range
� 2-5), background on antimicrobial resistance
(x� � 3.9, range � 2-5), RCA lecture (x� � 3.9, range
� 2-5), HFMEA lecture (x� � 3.8, range � 2-5), and
small-group discussion (x� � 3.4, range � 2-5).
These ratings did not vary significantly between the
3 groups.

CONCLUSIONS
To address antimicrobial resistance and health
care–associated infections in the hospital setting,
the SHM and CDC developed a tool kit and pre-
sented a quality improvement workshop to hospi-
talists in 3 U.S. cities. Overall, the participants
scored significantly higher on the knowledge-based
questions on the posttest than on the pretest, indi-
cating that knowledge improved as a result of the
workshop. By providing a format that combined
didactic lectures with case-based education, small-
group activities, and discussion, the SHM workshop
may have optimized its ability to increase knowl-
edge, similar to the findings in previous re-
search.20 –21

There were no significant differences between
the 3 groups in years of practice, perceptions of the
problem, and overall evaluation of the workshop.
However, differences were found in knowledge
gained as a result of the workshop. For example, the
Denver group scored lower on the knowledge-
based questions than did the Boston group on the
pretest and the Portland group on the posttest,

TABLE 1
Percentage of SHM Workshop Participants Who Strongly Agreed That
Antimicrobial Resistance Is a Problem Nationally, Institutionally, and
Within Their Own Practices by 2005 Workshop Location (N � 50)

Nationally Institutionally
Within own
practice

Pretest Posttest Pretest Posttest Pretest Posttest

Denver (n � 21) 100% 100% 86% 95% 67% 86%
Portland (n � 18) 83% 94% 67% 78% 67% 78%
Boston (n � 11) 91% 82% 91% 82% 91% 82%
Average 91% 94% 81% 85% 72% 82%
P value .28 .18 .06

*Likert data were dichotomized as “strongly agree” versus all other responses.
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indicating that knowledge and learning styles may
differ by location. These differences may be attrib-
uted to variations in hospital environments, hospi-
tal-based educational programs, or medical school
and residency training. Differences like these may
impact the effectiveness of a program and should
be a consideration in the program development
process, especially when a program is national in
scope, like the CDC’s Campaign to Prevent Antimi-
crobial Resistance in Healthcare Settings. In addi-
tion, more than 90% of participants correctly iden-
tified key prevention strategies of the Campaign,
whereas only 34% were familiar with the Campaign
itself prior to the workshop. This result may be a
result of the key prevention strategies of the Cam-
paign being derived from well-established and -rec-
ognized evidence-based best practices for patient
safety and care.

Although knowledge changed as a result of the
workshop, overall perceptions of the problem of
antimicrobial resistance did not change signifi-
cantly from pretest to posttest. It is possible this is
because changes in perception require a different
or more intensive educational approach. This result
also may reflect the initial levels of agreement on
the pretest, the measurement instrument itself,
and/or the inability to detect differences because of
the small number of participants.

Difference did exist in perceptions of the prob-
lem of antimicrobial resistance at the national, in-
stitutional, and practice levels. Antimicrobial resis-
tance was perceived to be a greater problem on the

national level than on the institutional and practice
levels. Other studies also have found that clinicians
more strongly agree that antimicrobial resistance is
a problem nationally than within their institutions
and practices.22–24 When antimicrobial resistance is
not perceived as a problem within institutions and
practices, physicians may be less likely to overcome
the barriers to following recommended infection
prevention guidelines or to implementing quality
improvement projects.4 Therefore, educational and
intervention efforts like this workshop should ad-
dress hospitalists’ perceptions of the problem of
antimicrobial resistance on the individual level as a
first step in motivating them to engage in quality
improvement.

Although participants’ knowledge scores in-
creased from pretest to posttest, gaps in knowledge
remained, as indicated by the significantly im-
proved but low overall posttest scores related to
RCA and HFMEA. As hospitalists are in a unique
position to promote quality improvement pro-
grams, these topic areas should be given more at-
tention in future workshops and in training. Fur-
thermore, by adding more specific questions
related to each section of the workshop, associa-
tions among presentation style, knowledge gained,
and perceived usefulness of each section could be
evaluated. For example, the participants signifi-
cantly increased their scores from pretest to post-
test on the catheter-related knowledge-based ques-
tion and rated the lecture and case study on
intravascular catheter-related infections as the

TABLE 2
Pretest and Posttest Knowledge Scores of SHM 2005 Workshop Participants (N � 50)

Question Topic Pretest average Posttest average
Percent difference
(P value)*

Quality improvement initiatives/HFMEA
“Which quality improvement initiative(s) must be performed yearly by
all hospitals (JCAHO accreditation requirement)?” 10% 48% 38% (P � .0001)

Prevention of central venous catheter-associated bloodstream infections:
“Key prevention steps for preventing central venous catheter-associated
bloodstream infections include all of the following except:” 62% 88% 26% (P � .0001)

RCA
“Which of the following is NOT true about root cause analysis?” 20% 38% 18% (P � .01)

Campaign to Prevent Antimicrobial Resistance
“The key prevention strategies from the Campaign to Prevent
Antimicrobial Resistance include all of the following except:” 94% 98% 4% (P � .32)

Common body sites for healthcare-associated infection:
“The most common site of hospital-acquired (nosocomial) infection is:” 52% 44% �8% (P � .29)

Overall average 48% 63% 15% (P � .0001)

*t test.
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most useful sections. Future research may explore
these possible relationships to better guide selec-
tion of presentation styles and topics to ensure that
participants gain knowledge and perceive the sec-
tions as useful. In addition, by addressing the feed-
back from participants, such as offering more de-
tail, examples, and discussion, future workshops
may have greater perceived usefulness and be bet-
ter able to increase the knowledge and awareness of
quality improvement programs for the prevention
of health care–associated infections and antimicro-
bial resistance.

Although there were 3 workshops conducted in
3 areas across the United States, the sample size at
each site was small, and results may not be repre-
sentative of hospitalists at large. In addition, power
calculations should be considered in future studies
to increase the ability to better detect differences
between and within groups. Another limitation of
this study was that the limited data available and
participant anonymity meant it was not possible to
follow-up with participants after the workshop to
evaluate whether the knowledge they gained was
sustained and/or whether they reported changes in
practice. However, possession of knowledge and
skills to inform practice does not mean that prac-
tice will change; therefore, follow-up is necessary to
determine if this workshop was effective in chang-
ing behaviors in the long term.25 Although the SHM
workshop improved knowledge, more intensive ed-
ucational strategies may be necessary to affect per-
ceptions and improve the leadership skills required
for implementation of quality improvement pro-
grams at an institutional level.

Overall, the SHM workshop was found to be a
useful tool for increasing knowledge and outlining
methods by which hospitalists can lead, coordinate,
or participate in measures to prevent infections and
improve patient safety. In addition, through the
workshop, the SHM and the CDC have provided an
example of how professional societies and govern-
ment agencies can collaborate to address emerging
issues in the health care setting.
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