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ABSTRACT

Introduction: Blood cultures (BCs) frequently
become contaminated during the pre-analytic
phase of collection leading to downstream
ramifications. We present a summary of per-
formance improvement (PI) interventions pro-
vided by four hospital systems and common

factors that contributed to decreased blood
culture contamination (BCC) rates.
Methods: Each hospital independently formed
a multidisciplinary team and action plan for
implementation of their intervention, focusing
on the use of educational and training tools.
Their goal was to significantly decrease their
BCC rates. Pre- and post-intervention data were
compared during the sustainment period to
determine their success.
Results: All hospitals met their goals of post-
intervention BCC rates and with most achiev-
ing and sustaining BCC rates B 1.0–2.0%.
Conclusion: Our report highlights how four
hospitals independently achieved their objec-
tive to decrease their BCC rate with the support
of a multidisciplinary team. We propose a
benchmark for BCC rates of 1.5 to\2.0% as
achievable and sustainable.

Keywords: BCC benchmark; Blood culture
contamination (BCC); Interventions;
Multidisciplinary team; Performance
improvements
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Key Summary Points

Why carry out this study?

Blood cultures are one of the most
common tests performed for evaluation of
patients with suspected bloodstream
infections.

False-positive blood cultures, i.e.,
contaminated cultures, result in delayed
diagnosis, unnecessary use of antibiotics,
and additional health care costs.

What was learned from the study?

Blood culture contaminations were
significantly reduced at four different
hospital systems with a variety of
approaches.

Laboratory-driven, multidisciplinary
teams can devise a number of little to no
cost interventions to drive down blood
culture contamination rates.

We propose a benchmark of 1.5–2.0%
contamination rates that are achievable
and sustainable.

INTRODUCTION

Blood cultures (BCs) are one of the most com-
mon tests performed for the evaluation of
patients with suspected bloodstream infections.
Numerous studies show that the false positivity
rate of BCs, i.e., contaminated BCs, varies across
institutions, ranging from 0.6–12.5% [1]. False-
positive BCs may have negative consequences
for patients including delayed diagnosis,
unnecessary use of antimicrobial agents,
increased length of hospitalization, additional
laboratory testing, and increased overall
healthcare costs [2–6]. Similar issues are appar-
ent in the pediatric population with high BC
contamination (BCC) rates and downstream
effects [7]. Even though there have been several
studies and meta-analyses highlighting

interventions that have successfully reduced
false-positive results [1, 8–17], institutions con-
tinue to face unacceptable BCC rates. Here, we
report experiences of four major US hospital
systems that successfully reduced their high rate
of BCC with the introduction of a multidisci-
plinary change team, and comprehensive and
creative educational programs, along with data
sharing, training, retraining, and a plan to sus-
tain reduced BCC rates.

Results of BCC interventions at Hospital A
and C have been published in part [18–21].

METHODS

Four hospital systems (A–D) independently
planned an intervention(s) to reduce BCC that
was specific for their facility based on assess-
ment of historic BC surveillance data, review of
their processes, and compliance with their
hospital policies. These plans were spearheaded
by a collaborative, multidisciplinary team of
stakeholders to lower their pre-intervention
BCC rates. Per each institution’s BC policy, 2%
chlorhexidine product and 70% isopropyl
alcohol were used for skin and BC bottle septum
disinfection, respectively, followed by collec-
tion of two or more BC sets (i.e., one aerobic
and one anaerobic bottle per set) from separate
peripheral venipuncture sites, newly inserted IV
catheters, or line draws when clinically indi-
cated. Hospital C used a diversion tube along
with skin disinfection when collecting BCs.
Blood culture diversion tubes divert the first
1–2 ml of blood to remove potential skin con-
taminants from entering the BC bottle [22]. All
institutions used BD BACTECTM Blood Culture
media (BD, Sparks, MD), and inoculated BC
bottles were incubated and monitored using the
automated BD BACTECTM FX system. All hos-
pitals complied with the College of American
Pathologists certification requirement to per-
form BCC surveillance and determine their
contamination rates [8, 23]. A standard defini-
tion of a contaminant due to skin flora was used
at each institution, i.e., coagulase-negative
staphylococcus, Bacillus species, not B. anthra-
cis., Corynebacterium spp., Cutibacterium spp.,
viridans group streptococcus, and Micrococcus
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spp. in a single BC bottle or set, out of two or
more sets within 24 h of collection [8, 17, 23].
At least two sets (i.e., 4 bottles) had to be
obtained to define BCC. Hospital D also inclu-
ded saprophytic Neisseria sp. and Moraxella sp.
in their definition of a contaminant. The insti-
tutions’ BCC rate was determined by the num-
ber of contaminated cultures during a given
time divided by the total number of cultures
performed during the same given time. Hospi-
tals A and B were able to identify individual
collectors using codes or names to establish who
needed retraining because of repeat BCC.
Hospitals C and D monitored contamination by
location where the BCs were drawn. BC
surveillance data were acquired through their
information technology (IT) system and shared
on a monthly basis with key stakeholders (e.g.,
Infection Control, Pharmacy & Therapeutic and
Antimicrobial Stewardship committees, Emer-
gency Department (ED), and phlebotomy
manager and staff except for Hospital B who
collected data manually and Hospital C who
shared information on a quarterly basis.

Table 1 lists hospitals A–D, their demo-
graphics, phlebotomy staff, and annual number
of BCs processed.

Table 2 identifies the elements of each phase
of their intervention led by a multidisciplinary
team. Initially, the leadership team assessed
historical BCC surveillance data, their current
process, where the intervention should occur,
and, at some institutions, other issues such as
staffing and length of the intervention. Subse-
quently, they developed an action plan for
education and training based on their hospital’s
approved BC collection policy. Finally, they
reviewed results comparing their pre- and post-
intervention data, key factors that contributed
to a successful intervention, and what worked
and what did not as part of their sustainment
plan.

For statistical analysis, Fisher’s exact test was
used to compare BCC rates from one time per-
iod to another (GraphPad Prism version 7,
GraphPad Software, San Diego, CA).

Compliance with Ethics Guidelines

Each analysis performed by Hospitals A–D was
performed as part of ongoing quality assurance
programs to monitor BCC rates. As such, these
analyses were considered exempt by each
respective Institutional Review Board.

Table 1 Demographics of four hospital systems performing independent interventions to reduce blood culture
contamination

Hospital A Hospital B Hospital C Hospital D

Healthcare (HC)

type

Academic

Integrated HC system

(IHCS)

Academic community HC

system

Academic IHCS Teaching

community

IHCS

For profit No No No No

Bed number 1229 350 788 580

Patient

population

Adult

Pediatric

Adult

Nursery, NICU

Adult Adult

Pediatric, NICU

Phlebotomy Nursing 70%

Lab 30%

Lab 95%

Nursing 5%

Nursing and lab, hospital

dependent

Nursing 45%

Lab 55%

BC/Year 72,000 16,000 46,934 31,840
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Table 2 Common elements found in process improvement plans designed independently by four US healthcare systems

Elements of interventions Hospital
A

Hospital B Hospital
C

Hospital D

Assessment phase

(1) Multidisciplinary team 9 9 9 9

(2) Historic data 9 9 9 9

(3) BC process review 9 9 9 9

(4) Hospital wide target 9 9 – –

(5) ED target – – 9 9

(6) Intervention period 2007–2014 2014–2018 2014–2017 Dec

2006–March

2007

(7) Goal as low as possible 9 9 9 9

Action plan for intervention phase

Collector codes or ID on BC bottles 9 9 – –

IT captured data 9 – 9 9

Monthly* BCC surveillance reports shared with stake- holders

and feedback

9 9 9

*quarterly

9

Education/training

(1) Online E-learning and exam 9 – – –

(2) Video 9 9 – 9

(3) Skills fairs, nursing days, boot camp 9 – – –

(4) Written guidelines &/or collection policy 9 9 9 9

(5) Observation 9 9 9 9

(6) Training by nurse educators/microbiologist/infection

preventionist/ lab phlebotomists for one-on-one and train-

the-trainers, lectures

9 9 9 9

(7) Engagement of staff 9 9 9 9

(8) Real-time BCC reports to nurse managers for counseling

and retraining

9 – – –

(9) Accountability 9 9 9 9

Sustainment plan

(1) Continued monitoring of BCC and data sharing 9 9 9 9

(2) Retraining of collectors with repeat BCC 9 9 9 9

(3) Quarterly retraining – 9 – –
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RESULTS

Hospital A

In 2007, based on their monthly BCC data,
Hospital A had BCC rates of 6.0–7.0% in four of
their hospitals and[9.0% in their main hos-
pital ED. An educational intervention to reduce
their BCC rate was initially introduced in 2008
and 2010 in their main 1229-bed hospital
inpatient (IP) units and ED, respectively, and
later in the other three hospitals. The IP inter-
vention was approved by the nursing education
council and fostered by a collaborative multi-
disciplinary committee, i.e., the Infectious Dis-
ease Coordinating Committee co-chaired by the
microbiology director and infectious disease
pharmacist. The intervention included (1) train-
the-trainer, one-on-one training, and educa-
tional materials that were presented to the staff
by the nurse educator and nursing and labora-
tory staff on their nursing units and during
Nurse Education Day, (2) a required yearly
review of an online E-learning tool, (3) an
approved video prepared in September 2009 by
the Laboratory Quality Team (multidisciplinary
team) based on their collection policy and
placed on the internet for required viewing and
competency testing, and (4) collector codes for
laboratory phlebotomists to track their BCC

rate. Originally, they were unable to provide
codes for nurse phlebotomists who collected
most BCs. Once these codes had been enabled, a
BCC report could then be shared with leader-
ship so they could follow up real-time with
collectors for retraining on a case-by-case basis
for those laboratory phlebotomists with repe-
ated BCC.

The ED intervention was initiated by physi-
cians, phlebotomists, and medical technologists
and supported by their vice president, chief
nursing executive, and chief medical officer. In
January 2010, (1) RNs and ED technicians
(EDTs) responsible for collecting most BCs were
trained, (2) collector codes were created for each
phlebotomist to record on BCs they collected to
track and train repeat BCC offenders just like
the laboratory phlebotomists on the IP units, (3)
‘‘Boot Camp’’ was created to educate collectors
on correct BC collection techniques with
emphasis on skin disinfection, and (4) EDTs
were required to perform ten phlebotomies in
the presence of an ED specialist before they were
allowed to draw BCs without observation. Every
time they were responsible for a contaminated
BC, re-education and observation of their
phlebotomy technique were required. Both RNs
and EDTs were also required to participate in an
annual refresher program for proper BC collec-
tion. Compared with 2008, BCC rates for the ED

Table 2 continued

Elements of interventions Hospital
A

Hospital B Hospital
C

Hospital D

(4) Continual education and training through at least yearly

videos, skills fair/nursing days, and/or online E-learning

exercises

9 9 9 9

(5) Component of competency program – – 9 9

(6) Component of annual review – 9 – –

(7) Quality awards 9 – – –

(8) Support from nurse managers, infection preventionists,

administration

9 9 9 9
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showed steady reduction from 5.52 to 1.42% in
2011 and leveled out consistently below 1.6%.
(Fig. 1, Hospital A).

Sustainment of success in decreasing and
maintaining BCC rates\ 1.6% overall on the
nursing units was attributed to manager, nurs-
ing, and phlebotomist accountability, ongoing
education and training, use of the online BC
collection video, and celebrations using Quality
Awards for successful achievement. Overall
success in adhering to the BC policy in the ED
was attributed to accountability, education
using the BC collection video, and ‘‘Boot
Camp.’’ By 2013 and 2014, the rates for IP and

ED nursing showed essentially no difference in
BCC rates and were able to maintain low rates.

Hospital B

In 2012, a private management company was
hired by Hospital B that resulted in elimination
of their laboratory phlebotomy team and 50%
of the laboratory positions. Nursing staff were
assigned to collect most BCs. Despite detailed
education, nursing BCC rates increased to
12.0–15.0%, while laboratory phlebotomy with
few BC draws also increased to[8.0%. In 2014,
the Director of Microbiology provided

Fig. 1 Decrease in blood culture contamination over time in four hospital sytems following interventions. For each hospital
shown in this figure, p values are indicated when significant for comparison of BCC rates from the previous rate
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justification to reinstate the laboratory phle-
botomy team with the same number of phle-
botomists as they had initially, although it took
2 years for the team to be fully staffed. This
team was responsible for all BC collections
except for patients in their Bone Marrow
Transplant Unit and line draws collected by
nursing. A performance improvement (PI) pro-
gram was developed by a multidisciplinary team
spearheaded by the microbiology director and
infection preventionist beginning in 2014 to
reduce nursing and laboratory BCC rates. They
developed a (1) comprehensive education and
training program on proper BC collection
techniques along with (2) an educational video
for the newly reformed laboratory phlebotomy
team.

BCC gradually decreased to 2.6–3.0% over
the first 2 months of 2014 when the laboratory
phlebotomy team was re-introduced. From
2015 through 2019, phlebotomy BCC rates
fluctuated slightly between approxi-
mately\ 1% to 1.6% (Fig. 1, Hospital B).

Success in decreasing BCC rates for periph-
erally collected specimens was attributed to
using a formal education program given by the
microbiology director, infection preventionist,
laboratory phlebotomy team, use of a video
based on best practices for BC collection, and
the support of the healthcare management
company for re-establishing a laboratory phle-
botomy team. Sustainment was associated with
quarterly retraining and monitoring. Individual
contamination rates also became part of the
collector’s annual performance review.

Hospital C

Hospital C had a process since 2014 whereby
BCC data were downloaded monthly from IT;
line listings were prepared by the microbiology
manager, reviewed by a faculty director who
identified which draws represented BCC based
on skin flora in a single set within 24 h, and
then forwarded to the laboratory medicine data
analyst to generate quality assurance (QA)
reports. Quarterly QA reports were then sent to
the ED quality manager who determined whe-
ther an intervention was needed in the ED to

reduce BCC. From July–September 2014, the
monthly BCC rates in the ED steadily increased
from 2.21%, 3.24%, to 3.92%, respectively. A PI
project led by the ED Quality Group, ED nurs-
ing, and clinical microbiology laboratory lead-
ership was introduced to focus on lowering the
BCC rates. Based on observed trends, the team
developed a (1) multi-prong intervention in the
ED including education with written guidelines,
(2) review of contamination data, (3) additional
training and phlebotomy observation, and (4)
development of new competencies for all ED
nursing staff.

Following implementation of the ED PI
program, the BCC rate dropped to 2.09% in
October 2014 (p\0.003; Fig. 1) Hospital C
showed BCC rates in 6-month intervals through
December 2018. During the 48 months of
monitoring, there were 7 months where BCC
rates were [ 2% (2.04–2.23%) and 25 months
when rates were\ 1.5% (0.78–1.47%). For 12 of
those months, they were approximately 1%
(range 0.78–1.14%). BCC reports continue to be
generated each quarter, and results are shared
with the ED, Pharmacy & Therapeutics (P&T)
Antibiotic Subcommittee, and all hospital units.
Success was attributed to their competency
program, continuous education, and quarterly
retraining.

Hospital D

The ED staff initiated a formal project starting
in December 2006 to address high contamina-
tion rates, decrease BCC as low as possible, and
answer the question ‘‘Is a dedicated phlebotomy
team the answer?’’ They requested collector-
specific information regarding BCC rates.
Trending by collector, completed over a
6-month period, showed many of the 125 ED
nurses and ECTs who collected the majority of
BCs in the ED had repeated BCC. Additional
issues included adding new short-term and
permanent staff were on a regular basis. A
multidisciplinary team was formed including
the ED charge nurse, RN, LPN, ECTs, nursing
clinical leaders, director and manager of
microbiology, Lab Service staff, core laboratory
management team, members of the ED-Lab
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Liaison Committee, Performance Improvement
(PI) Specialist, clinical educator, and Clinical
Research Director and statistician. The follow-
ing interventions were implemented: (1) col-
lectors with higher than expected
contamination rates due to the presence of skin
flora were educated and retrained on proper BC
collection, and (2) additional education and in-
services were provided in 2007–2008 for the ED
nursing staff attending Grand Rounds to reduce
BCC, and (3) in 2011, viewing a video that
showed proper collection of BC collections was
required as part of annual competency for
individuals collecting BCs as well as any new
employees.

Since 2001, contamination rates were moni-
tored by location and collector. Those collectors
with C 3.0% BCC rates were re-educated and
trained. In 2002, the ED nursing and ECT BCC
rate dropped from 7.4% to a low rate of 2.2% in
2018 (Fig. 1, Hospital D), whereas the laboratory
phlebotomy team (not shown) was 2.3% and
dropped to a low rate of\1.0%. Success was
attributed to the engagement of ED staff, edu-
cational in-services, use of training videos,
standardized retraining of ED staff based on
their BC policy, and demonstrated competency.
A dedicated laboratory phlebotomy team was
not pursued because of the ED’s successful
intervention.

Historical BC data were available at Hospital
D starting in 2002 with rates of 7.4% for BCs
collected by ED nurses (RN, LPN) and emer-
gency care technicians (ECT) compared with
2.3% by dedicated laboratory phle-
botomists. Nursing draws were primarily line
draws that were improved with education and
the institution of training videos and feedback.
In addition, an attempt to collect a peripheral
BC was required along with a line draw
approved by an ordering physician. This low-
ered the contamination rate to\ 3% for line
draws between 2007 ([7%) and 2012 (1.2%).
Also, the total number of line draws decreased
significantly over time from 1497 per year in
2007 to 303 per year in 2018. Results were
reviewed by the Nursing Practice Counsel to
pursue a hospital-wide intervention.

DISCUSSION

Laboratories are challenged to provide a value-
based service that includes accurate, rapid, and
clinically meaningful results that lead to
improved patient care while supporting their
antimicrobial stewardship program. Several
studies and meta-analyses have described suc-
cessful interventions using dedicated phle-
botomy teams, sterile gloves and processes,
collection kits, and diversion devices to
decrease BCC rates [1, 5, 8–10, 12, 14–17, 24];
however, we still do not have one intervention
or combination of interventions that has been
universally accepted to decrease BCC rates
[10, 11, 14]. Perhaps we need national regula-
tions by the Center for Medicare and Medicaid
Services (CMS) as part of their Quality Mea-
surement Program to develop a requirement for
all healthcare facilities involved in BC collec-
tion to develop a BC Stewardship Program [25].

What is an acceptable BCC rate? Many
institutions use B 3.0% BCC as their benchmark
for an acceptable BCC rate, although there does
not appear to be documentation as to where or
how this level was derived [5, 8, 26]. It is clear
from the results obtained from our four hospital
systems and from the literature [14] that BCCs
of much less than 3% are achievable and sus-
tainable by both laboratory and nursing
employees collecting BC samples. Based on our
results, we propose a new achievable and sus-
tainable BC contamination rate benchmark of
1.5 to\2%.

Our report is based on results obtained from
four independent studies performed by major
healthcare systems representing[ 166,774 BCs
per year collected predominantly from adults by
nurses and phlebotomists. Although several
intervention options, e.g., collection kits and
sterile gloves, were introduced early on by
Hospital A to lower their contamination rates,
they did not experience sustained success until
they utilized a multidisciplinary team approach
to lower rates based upon education, feedback,
accountability, and sustainable training to
maintain rates significantly \ 0.35–1.19%
[20, 21].
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Another option that might have been help-
ful is the use of the TeamSTEPPSTM evidenced-
based program developed by the Department of
Defense and the Agency for Healthcare Research
and Quality (AHRQ) and introduced in 1996 by
CMS to provide guidance for successful inter-
ventions [27]. TeamSTEPPSTM has been imple-
mented by healthcare professionals throughout
the USA and internationally to: improve patient
safety and health care teamwork skills. The
program provides a toolkit for introducing a
readiness assessment, detailed plan for training
and implementation of an intervention, and
sustainment of successes. Although the hospi-
tals reported here did not use the Team-
STEPPSTM toolkit, aspects of each phase of this
program were used as in a previously reported
study [16].

A key to the success of an improvement
program is the development of a multidisci-
plinary change team as recommended in the
TeamSTEPPSTM program comprised of (1) an
executive leader who provides the clout to bring
about change and authority to allocate resour-
ces, motivate, and support the team, (2) clinical
and technical champions who are knowledge-
able, understand processes, have an interest in
driving change, and can serve as instructors and
coaches, and (3) front-line leaders who under-
stand the organizational detail, can effect
change, and oversee data collection and assure
changes are measured [28]. Each of the four
hospitals presented here developed their own
plan based on resources and needs assessment
for decreasing BCC, but all of them used a
multidisciplinary team approach. An assess-
ment of historical pre-intervention BCC
surveillance data provided the necessary infor-
mation for each hospital to set a goal to
decrease contamination rates as low as possible,
target where the intervention would occur, i.e.,
the ED or hospital-wide, and confirm the
readiness of their target site based on staffing
and other activities that might side track the
intervention. Several publications have targeted
the ED where BCC is frequently highest
[3, 9, 16, 24, 29]. Two of the four reporting
hospitals also targeted the ED (Hospital C and
D), while the other hospitals took a whole-
hospital approach. Although we focused our

attention on reducing BCC rates for peripher-
ally obtained BCs, one of the centers, Hospital
D, also addressed line draw BCCs (see Hospital
D results above).

Although there are no guidelines for the
determination of line- or catheter-associated
BCC, Hospital D was able to determine which
BCs collected were from peripheral or line
access. They used the same definition of blood
culture contamination for both processes.
After education, feedback, and limiting line
draws, the contamination rates for line col-
lection fell from[ 7 to 1.2% and were main-
tained at levels B 2%. In a meta-analysis
performed by Snyder et al. [1], they found that
typically, the contamination rates are much
higher in line (catheter) collection than in
venipuncture.

Often the collection through catheters offers
advantages including reduced needle sticks,
ease of collection, and patient comfort; also, for
difficult collections, it offers a method to
rapidly obtain BCs [30]. Recommendations for
collections of line cultures include a collection
of a second culture from a venipuncture site to
compare growth to aid in determining true
infections from contaminants [31]. The Infec-
tious Disease Society of America supports this
recommendation when collecting BCs from
central lines [32]. The evaluation of critically ill
and immunosuppressed patients is difficult.
Clearly the specificity of line draws is lower than
that of peripheral collections, and additional
BCs are needed to determine a true bacteremia
from contamination or line colonization
[10, 33]. Care must be taken in evaluating BC
results that contain organisms associated with
contamination. Upon reviewing results from
BCs with coagulase-negative staphylococci by a
team of infectious disease specialists, they con-
cluded that as much as 85% of these isolates
were contaminants [10, 32].

All locations were deemed ready for an
intervention initiative to accomplish their goal.
Each hospital followed an action plan for the
implementation of their intervention using an
approved BC collection policy as the founda-
tion for their educational and training pro-
grams. Intervention success was measured by
comparing pre- and post-intervention data.
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Whereas many studies highlight the use of
collection kits, diversion devices, sterile gloves,
processes, dedicated phlebotomy teams, etc.,
the successful experiences presented here by
four major hospital systems are based on just a
few key elements for changing the tide in each
of their hospital systems without additional
staff. We conclude by using continuous moni-
toring, appropriate feedback, accountability of
collectors, and continued education, well-
trained nurses and laboratory phlebotomists
alike can achieve low BCC rates. The last and
perhaps most important phase of implementing
a successful intervention, and in the opinion of
the authors the phase most often neglected, is
the development of a plan for sustainment.
Often hospitals experience success, albeit not
long-lived. Without continual training,
retraining, and updating the intervention,
nurse and laboratory phlebotomists may
become disengaged because of high work vol-
umes and changes that overshadow their will-
ingness to follow the BC policy without
exception.

LIMITATIONS

Hospitals A–D all engaged in independent PI
interventions based on their unique needs that
reflect real-world experiences rather than par-
ticipating in a single study at four sites. The
results and recommendations refer only to
peripherally drawn BCs and contamination
rates.

CONCLUSION

We report the steps used by each of four hos-
pital systems based on their resources and needs
assessment to decrease their high BCC rates.
From this information, we extracted aspects of
each plan that were common to most if not all
hospitals to establish a list of key factors con-
tributing to a successful and sustained inter-
vention. We propose a new benchmark for BCC
of 1.5 to\ 2%, which is achievable and sus-
tainable based on our experiences. Other
healthcare facilities may find the plans and list

of key factors useful in developing their own
unique plan to achieve similar successes.
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