1duasnueln Joyny vVd-HIN 1duasnueln Joyny vd-HIN

yduasnuey Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

o WATIG,

Published in final edited form as:
Acad Emerg Med. 2014 March ; 21(3): 274-282. d0i:10.1111/acem.12337.

Reducing Blood Culture Contamination in Community Hospital
Emergency Departments: Multicenter Evaluation of a Quality
Improvement Intervention

Wesley H. Self, MD, MPH?, Joyce Mickanin, MSN, RNP, Carlos G. Grijalva, MD, MPH¢d,
Freda H. Grant, BS, MT, ASCP¢, Michelle C. Henderson, MSN, RN, Glenda Corley, BS, MT,
ASCPf, D. Glen Blaschke Il, MDY, Candace D. McNaughton, MD, MPH2, Tyler W. Barrett, MD,
MSCI&, Thomas R. Talbot, MD, MPHSM, and Barbara R. Paul, MDP

aDepartment of Emergency Medicine, Vanderbilt University School of Medicine, Nashville,
Tennessee

bCommunity Health Systems Professional Services Corporation, Franklin, Tennessee

¢Department of Preventive Medicine, Vanderbilt University School of Medicine, Nashville,
Tennessee

dMid-South Geriatric Research Education and Clinical Center, VA Tennessee Valley Health Care
System, Nashville, Tennessee

eDyersburg Regional Medical Center, Dyersburg, Tennessee
Tomball Regional Medical Center, Tomball, Texas
9Tomball Regional Emergency Physicians, Tomball, Texas

hDepartment of Medicine, Vanderbilt University School of Medicine, Nashville, Tennessee

Abstract

Objectives—Blood culture contamination is a common and preventable problem in the
emergency department (ED). In a previous single-center study, changing the process of ED blood
culture collection from the traditional “clean,” nonsterile procedure to a fully sterile procedure
with standardized use of sterile gloves, large volume chlorhexidine skin antisepsis, and fenestrated
sterile drapes resulted in a substantial reduction in contamination. The objective of the current
study was to evaluate the effectiveness of this sterile blood culture collection process for reducing
blood culture contamination in two community hospital EDs.

Methods—The authors implemented the sterile blood culture collection process in the ED of two
hospitals, including Hospital A, which historically had a contamination rate of approximately 5%,
and Hospital B, with a 2.5% historical contamination rate. Using an interrupted times series design
and segmented regression analysis to adjust for secular trends and autocorrelation, the monthly
percentages of cultures contaminated at each hospital during an intervention period (sterile
technique) were compared to a 10-month baseline period immediately preceding implementation
(clean technique). At Hospital A, the full sterile blood culture collection process was used
throughout the 16-month intervention period. At Hospital B, user feedback indicated poor
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compliance due to difficulty implementing the fenestrated drape component; therefore, the process
was simplified to the modified sterile collection process, in which the fenestrated drape
component was dropped and sterile gloves and large volume skin antisepsis were emphasized.
Hence, at Hospital B, two intervention periods were compared to the baseline period—the 8-
month intervention period 1 (full sterile process) and the subsequent 8-month intervention period 2
(modified sterile process).

Results—Hospital A: During the baseline period 165 / 3417 (4.83%) cultures were
contaminated, while 142 / 5238 (2.71%) were contaminated during the intervention period (p <
0.01). In the segmented regression model, the full sterile blood culture collection process was
associated with an immediate 2.68% (95% confidence interval [CI]: 1.43% to 3.52%) absolute
reduction in contamination and sustained reductions during the entire intervention period. Hospital
B: During the baseline, 63/2509 (2.51%) cultures were contaminated. In intervention period 1 with
the full sterile process, 51/1865 (2.73%) cultures were contaminated (p=0.65), with segmented
regression results showing no changes compared to baseline. After simplification of the process to
address poor compliance, the modified sterile process during intervention period 2 was associated
with a significant reduction in contamination, with 17/1860 (0.91%) cultures contaminated
(p<0.01 compared to baseline). The segmented regression model demonstrated the modified sterile
process was associated with an immediate 1.53% (95% CI: 1.00% to 1.88%) absolute reduction in
contamination with significant sustained reductions.

Conclusions—Changing the method of blood culture collection from the commonly-used non-
sterile technique to a sterile process resulted in significant reductions in blood culture
contamination at two community hospital EDs, including one with low baseline contamination.
Monitoring the implementation process at both sites was important to identify and overcome
operational challenges. At one study site, simplification of the process by removing the fenestrated
drape component was a key for successful implementation.

Introduction

Blood cultures are commonly performed in the emergency department (ED) due to the

important diagnostic and prognostic information they can provide clinicians.! Unfortunately,
false positive blood culture results due to specimen contamination with skin bacteria are also

common in the ED.27 These contaminated blood cultures have significant negative
consequences for individual patients and the overall healthcare system, because clinicians

respond to these false positive tests by initiating diagnostic studies and treatments that would

otherwise not have been pursued.8-14 Examples of patient morbidity caused by
contaminated blood cultures include increased hospital length of stay, unnecessary ED
visits, and unneeded tests and procedures, such as echocardiograms and central line
insertions.? The Clinical and Laboratory Standards Institute recommends a national
benchmark for each healthcare institution to maintain a contamination rate < 3%.15

Blood cultures are frequently collected in the ED, because patients with acute infections
often undergo initial, pre-antibiotic testing in this setting.*6:° The proportion of
contaminated blood cultures is frequently higher in the ED compared to other healthcare
settings, likely due to variability in techniques used for specimen collection, relatively high
turnover of staff in the ED, and the need to rapidly collect cultures prior to an initial dose of
antibiotics.246.9 Therefore, interventions that specifically address the increased
vulnerability of the ED for blood culture contamination can have a profound impact on
reducing contamination overall within the healthcare system.

Self et al? developed a new process for collecting blood culture specimens using a fully
sterile procedure with standardized use of sterile gloves, skin antisepsis with 3 ml of a
chorhexidine-based skin wash, creation of a sterile field with a fenestrated drape, and a
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procedural checklist. Implementation of this sterile blood culture collection process in the
tertiary-care, academic hospital ED where it was developed resulted in immediate and
sustained reduction in blood culture contamination compared to the historically high levels
of contamination previously seen in that ED.2

Following the success of that single-center study, important questions about generalizability
were raised, including: (1) Can the sterile blood culture collection process reduce
contamination in other EDs not under direct supervision of the quality improvement team
that developed it? (2) Does the sterile collection process need to be simplified for successful
use in community hospital EDs? And (3) can the sterile collection process reduce
contamination to very low levels (< 1%) in EDs that have maintained contamination < 3%
using usual care, nonsterile collection techniques? In this study, we sought to answers these
questions by implementing the sterile blood culture collection process in two community
hospital EDs and measuring its effectiveness at reducing contamination.

Study Design

This study evaluated the effectiveness of a quality improvement intervention at two study
sites using an interrupted time series design.16-17 The sterile blood culture collection process
was implemented in the EDs of Hospital A and Hospital B, where traditional, non-sterile
techniques were used to collect cultures prior to this study. The impact of this process
change was evaluated by comparing the monthly percentages of contaminated blood cultures
before and after implementation of the sterile blood culture collection process using
segmented regression analysis.18-1° The governing Institutional Review Boards of the
participating hospitals approved this study with waiver of informed consent. Research
funding was provided by the Society for Academic Emergency Medicine, Emergency
Medicine Patient Safety Foundation, and the National Center for Advancing Translational
Sciences. CareFusion, Inc. provided Chloraprep® devices for use during the study. These
funding sources had no role in the conduct of the study or interpretation of its results.

Study Setting and Population

The study was conducted in the EDs of two community hospitals in the United States
(Hospital A and Hospital B). ED and hospital leadership at both sites volunteered for
participation in this study with a goal of reducing blood culture contamination in their EDs.
The study team included quality improvement leaders from the hospitals’ management
company and a collaborating academic medical center, as well as local improvement teams
at both hospitals.

Hospital A is a suburban community hospital with approximately 350 in-patient beds,
34,000 annual ED visits and an average of 350 blood cultures collected monthly in the ED.
Prior to this study, ED nurses and laboratory phlebotomy staff collected blood cultures using
non-sterile techniques, including non-sterile gloves, skin anti-sepsis with a 0.67 ml solution
of 2% chlorhexidine gluconate/70% isopropyl alcohol, and no preparation of distinct sterile
fields. Historically, approximately 5% of blood cultures collected in this ED were
contaminated with skin bacteria. Repeated efforts to reduce contamination by educating
nurses and phlebotomists about skin antisepsis failed to result in sustained improvement.
The local quality improvement team for this study included the ED nursing director, ED
nurse educator, laboratory manager, and ED Medical Staff Director. The study team’s goal
was to use the sterile collection process to decrease the rate of contamination below the 3%
benchmark.
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Hospital B is located in a small city and has approximately 220 in-patient beds, 27,000
annual ED visits and 250 blood cultures collected monthly in the ED. Before this study, ED
nurses and laboratory phlebotomists collected cultures in the ED. Typically, nurses collected
blood for the first set of blood cultures at the time of peripheral intravenous catheter
placement and phlebotomists collected blood for subsequent cultures later during the
patient’s ED stay. Both nurses and phlebotomists used similar collection techniques,
including non-sterile gloves, skin antisepsis with a 1.5 ml solution of 2% chlorhexidine
gluconate/70% isopropyl alcohol, and no sterile draping to create procedural fields.
Historically, the contamination rate was approximately 2.5%, below the 3% benchmark. The
local study team included the ED nursing manager and laboratory manager. The study team
sought to reduce contamination below 1% with implementation of the sterile blood culture
collection process.

Study Protocol

We evaluated the impact of changing the blood culture collection technique from the usual
care, non-sterile methods historically used at each study site to standardized sterile blood
culture collection techniques (Figure 1). Palpation of a venipuncture site with non-sterile
hands after skin antisepsis has been identified as a likely cause of contamination using usual
care techniques.? The sterile collection process allows palpation within a sterile field to
identify veins for venipuncture with minimal risk of introducing skin contaminants.? This
sterile technique has been previously described? and includes application of sterile gloves
and creation of a large sterile field with skin antisepsis using a 3 ml solution of 2%
chlorhexidine gluconate/70% isopropyl alcohol (Chloraprep®; CareFusion, San Diego, CA)
and a fenestrated sterile drape. Sterile blood culture collection kits (packaged by LSL
Industries, Inc.; Chicago, IL) were stocked at the participating sites throughout the study
period. These Kits contained materials needed to perform blood culture collection using the
sterile technique, including the skin antisepsis device, fenestrated drape, butterfly needle and
checklist outlining the procedure.

Study team members visited both participating sites during the implementation process.
During these site visits, local leaders were trained on the sterile blood culture collection
process. These local leaders then trained the nurses and phlebotomists who collected blood
cultures in the ED. Training methods included videos demonstrating the technique, hands-on
workshops, and interactive question-and-answer sessions. Methods to regularly stock the
sterile blood culture kits, monitor blood culture contamination, and elicit feedback about the
program from its front-line users were established at each site.

Consistent with quality improvement methodology,2%-2! ED and laboratory personnel at the
participating sites were aware of the ongoing study throughout the intervention periods and
the intervention was designed to be adaptable based on real-time feedback from these
frontline workers. Contamination rates were consistently shared by the local quality
improvement teams with their nurses and phlebotomists. When blood culture contamination
increased, the study team investigated potential causes and considered changes to the
intervention to improve its performance in the local setting. The intervention was adapted
one time during the study at Hospital B. Approximately 8 months after implementation of
the sterile blood culture collection process at Hospital B, there had been no significant
change in contamination compared to pre-implementation levels. Feedback from nurses and
phlebotomists revealed that compliance with the sterile technique was low because use of
the fenestrated drape was thought to be too cumbersome in their setting. Therefore, the study
team simplified the collection process at this site by eliminating the fenestrated drape
component and focusing on consistently using sterile gloves and performing meticulous skin
antisepsis with 3 ml chlorhexidine devices. The simplified process, called the Modified
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Serile Collection Process, was implemented at Hospital B only (Figure 1C).
Implementation involved hands-on training with each nurse and phlebotomists on
performing sterile collection without a drape.

Study Periods

The study spanned from January 2011 through March 2013 at both sites. At Hospital A,
local leaders calculated contamination percentages monthly and the study period was
divided into 27 months, with the monthly percentage of cultures contaminated serving as the
primary outcome for analysis. During the ten months prior to implementation (January—
October 2011), usual care, non-sterile techniques were used to collect cultures; this was
defined as the baseline period for the study (Figure 2). During November 2011, the study
team completed its on-site visit and local providers were trained on the sterile technique;
November 2011 was considered a transition phase and not included in either the pre-
implementation baseline period or post-implementation intervention period. The full sterile
blood culture collection process was completely implemented in December 2011 and was
used to collect blood cultures for the 16-month intervention period, December 2011 through
March 2013.

At Hospital B, local leaders calculated contamination percentages weekly. In order to more
closely match the monthly time intervals for the data at Hospital A, the study period at
Hospital B was divided into 4-week blocks with the percentage of cultures contaminated
during these 4-week blocks serving as the primary outcome. During the baseline period,
which included ten 4-week blocks from January through mid-October 2011, blood cultures
were collected with usual care, non-sterile techniques (Figure 2). Implementation of the full
sterile blood culture collection process occurred during a 2-week transition phase in October
2011. The following nine 4-week blocks from November 2011 through early July 2012 were
considered Intervention Period 1. Because of reported low compliance with the original
intervention, the modified sterile collection process was introduced and implemented during
a second 2-week transition phase in July 2012. Then, the modified process was used during
Intervention Period 2, which spanned from late July 2012 through March 2013.

Outcome Measures

The primary outcome was the percentage of blood cultures contaminated in each
participating ED. A blood culture was classified as contaminated if one or more of the
following organisms grew in only one culture in a series of blood cultures collected from the
same patient during a single ED visit: Aerococcus species, a-hemolytic Streptococcus,
Bacillus species except anthracis, coagulase negative Staphylococcus species except
lugdunensis, Corynebacterium species, Micrococcus species, and Propionibacterium
species.?

Data Analysis

We evaluated the effectiveness of the sterile blood culture interventions to reduce blood
culture contamination separately at each study site using segmented linear regression
analysis.18-19 This is a statistical technique to evaluate the immediate and sustained impact
of a change in a process while accounting for secular trends over time. At Hospital A, we
compared the percentage of blood culture contaminated after implementation of the full
sterile collection process (intervention period) to the baseline period. At Hospital B, we
compared both Intervention Period 1 (full sterile collection process) and Intervention Period
2 (modified sterile collection process) to the baseline period. Transition phases were not
included in statistical comparisons.
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In initial before-after analyses, percentages of cultures contaminated during each
intervention period were compared to the baseline period at the same hospital using the Chi-
squared test. Next, we built three segmented linear regression models to compare each
intervention period to the baseline period: (1) Hospital A intervention period compared to
Hospital A baseline; (2) Hospital B intervention period 1 compared to Hospital B baseling;
and (3) Hospital B intervention period 2 compared to Hospital B baseline. The dependent
variable for the models was the percentage of cultures contaminated during monthly
intervals at Hospital A and 4-week intervals at Hospital B. The dependent variable
underwent natural log transformation to stabilize variances of these terms. Independent
variables included study period (baseline, intervention 1, intervention 2) and secular trends
during the baseline period and intervention period being evaluated. Terms for secular trends
were included to evaluate the impact of the intervention independent of time trends in the
data. Since error terms of consecutive observations could be correlated, we accounted for
first order autocorrelation using autoregressive integrated moving average (ARIMA)
models.1® Confidence intervals for independent variables in the models were calculated
using robust standard errors.

To quantify the impact of the interventions, we compared contamination percentages
observed during the intervention periods to percentages expected during the same time
period assuming no intervention had been implemented.18-19 The baseline period trend line
was projected into the intervention periods to make these comparisons. We specifically
quantified the absolute and relative impact of the interventions at the first and last time point
during each intervention period.

For power calculations, we used historical blood culture data at each site, the chi-square test
for before-after comparisons, and a familywise type | error of 0.05. We assumed 350
monthly cultures would be collected at Hospital A and 5% of these cultures would be
contaminated during the baseline period. Our goal was to detect a change in contamination
to less than 3% during the intervention period. Using these estimates, the baseline period
and intervention period each needed to be at least 6 months long for 90% power to detect the
desired detectable difference. A single comparison (intervention period to baseline period)
was made at Hospital A, and a two-sided p-value < 0.05 was considered significant. At
Hospital B, we assumed 250 cultures would be collected during each 4-week block and
2.5% of cultures would be contaminated during the baseline period. Our goal at Hospital B
was to detect a change in contamination to less than 1%. At least seven 4-week blocks were
needed during the baseline period and intervention period for 90% power to detect this
change. At Hospital B, two comparisons were made (intervention period 1 to baseline, and
intervention period 2 to baseline); in order to maintain a familywise type 1 error probability
of 0.05, we corrected the significance level for each pairwise comparison with a Bonferroni
adjustment, such that a p-value < 0.025 was considered significant for each pair-wise
comparison.

Power analyses were performed with PS software.23 Other statistical analyses were
conducted with Stata/IC 12.0 (College Station, TX).

Using usual care collection techniques during the baseline period at Hospital A, 165 (4.83%)
of 3,417 total blood cultures were contaminated. Comparatively, only 142 (2.71%) of 5,238
cultures were contaminated during the intervention period after implementation of the full
sterile blood culture collection process (p < 0.01). In the segmented regression model,
implementation of the sterile collection process was associated with an immediate absolute
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2.68% (95% confidence interval [CI]: 1.43% to 3.52%) reduction and relative 50.25%
(26.88% to 66.14%) reduction in contamination (Figure 3). At the end of the study period in
March 2013, the sterile collection process was associated with an absolute 4.62% (95% ClI:
1.87% to 5.91%) and relative 65.70% (95% CI: 26.61% to 83.96%) reduction in
contamination compared to projected estimates from the baseline period (Figure 3). These
reductions are represented in Figure 3 by the difference between the solid regression line in
the intervention period and dotted projected line extending from the baseline period.

At Hospital B, 63 (2.51%) of 2,509 blood cultures collected during the baseline period with
usual care techniques were contaminated. During intervention period 1 after implementation
of the full sterile collection process, 51 (2.73%) of 1,865 cultures were contaminated
(p=0.65). The segmented regression model comparing intervention period 1 to baseline
demonstrated no significant change in contamination, with an absolute 0.30% (95% ClI:
-0.83% to 2.16%) change in contamination at the end of intervention period 1 period
compared to projected estimates from the baseline period (Figure 4).

In July 2012, the fenestrated draping component of the intervention was removed, and the
modified sterile blood culture collection process was introduced with renewed emphasis on
sterile glove use and meticulous skin antisepsis. With this modified process, 17 of 1,860
(0.91%) cultures collected during intervention period 2 were contaminated (p < 0.01,
comparing intervention period 2 to baseline). In the segmented regression model comparing
intervention period 2 and the baseline period, implementation of the modified sterile
collection process was associated with a significant reduction in contamination, including a
1.53% (95% CI: 1.00% to 1.88%) absolute reduction at the first point in intervention period
2, corresponding to a 59.48% (95% Cl: 38.90% to 73.12%) relative reduction (Figure 4). At
the last time point of intervention period 2, the intervention was associated with a 1.87%
(95% CI: 1.01 to 2.29) absolute and 69.00% (95% CI: 37.41 to 84.64) relative reduction
compared to projected estimates from the baseline.

Discussion

By converting the process of blood culture collection from a clean, non-sterile procedure to
a sterile technique, we significantly reduced blood culture contamination in two community
hospital EDs.

Hospital A historically had contamination percentages of approximately 5%, which was
higher than the national median and 3% benchmark.1%22 The goal at Hospital A was to use
the sterile blood culture collection intervention to consistently maintain contamination < 3%
by the end of the study. Immediately after implementation of the full sterile blood culture
collection process, contamination percentages fell, but remained in the 3% to 5% range for
four months (Figure 3). At this point, leaders at Hospital A refocused on reducing
contamination by retraining all personnel who collected blood cultures in the ED on the
sterile collection process and ensuring the sterile blood culture kits were readily available in
the ED. Study leaders discussed options for changing the intervention at this point, but
decided to continue with the full sterile blood culture collection process with increased
emphasis on compliance through efforts of local quality improvement leaders. These efforts
were very effective. Beginning with the fifth month after implementation (April 2012),
contamination percentages were < 3% during 10 of the next 12 months.

Hospital B historically maintained contamination at approximately 2.5% in the ED. Despite
this level being lower than the national 3% benchmark, ED and hospital leaders believed
they could reduce contamination even lower, and set an ambitious goal of 1%
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contamination. Implementation of the full sterile blood culture process did not have a
significant effect on contamination (Figure 4). We explored why this process change did not
lead to reduced contamination through a series of interviews with the nurses and
phlebotomists who collected cultures. They expressed reluctance to use a fenestrated sterile
drape for each blood draw, viewing this as an unnecessary and time-consuming step when
contamination rates had been “acceptable” using the old, faster methods. The local clinicians
and study team suspected compliance was poor with all components of the sterile collection
process due to resistance to the fenestrated drape component. Therefore, approximately 8
months after initial implementation of the full sterile blood culture collection process (July
2012), the study team and local leaders modified the intervention by removing the
fenestrated drape and reemphasized use of sterile gloves and meticulous, large-volume skin
antisepsis. This modified sterile blood culture technique led to an immediate and sustained
reduction in contamination with monthly rates < 1.5% and near the 1% goal for nine
consecutive months (Figure 4).

Results of this study combined with previous work suggest implementation of sterile blood
culture collection techniques can reduce ED blood culture contamination in many settings,
including large academic hospitals,? pediatric hospitals,* and community hospitals with both
high (Hospital A in this study) and low (Hospital B in this study) baseline contamination.

Success of sterile blood culture collection at Hospital B only after simplification of the
process based on feedback from frontline users suggests that continuous monitoring and
communication with the local implementation team are important the success of this process
change. Furthermore, this suggests the fenestrated drape may not be an essential component
of the process. After the success at Hospital B using the modified sterile process without the
fenestrated drape, we discussed the potential of similar modifications at Hospital A.
However, leaders at Hospital A preferred to continue with the full sterile process, believing
that the drape helped focus nurses and phlebotomists on maintaining sterility and was
important at their site, given their history of very high contamination rates and initial success
with the full sterile process. We believe both the full sterile technique and modified
technique are viable strategies. Future work will focus on quantifying the impact of specific
components of the sterile process, including the fenestrated drape. For EDs seeking to
reduce blood culture contamination, a pragmatic approach may be to develop a local sterile
blood culture collection protocol that maintains the central concept described here—creation
of sterile fields during blood culture collection to enable nurses to palpate veins with
minimal risk of introducing contamination—while modifying specific elements of the
process based on local experience to facilitate enthusiasm for change and adherence to the
New process.

Limitations

In this quality improvement study, we evaluated the effect of a multifaceted improvement
bundle. Using this design, we were not able to separately evaluate the impact of individual
components of the bundle, such as the use of sterile gloves or specific skin antisepsis
devices. Success of the modified sterile process at Hospital B suggests the fenestrated drape
component of the process may be unnecessary and potentially interfere with implementation
in some settings. Further study is needed to understand the utility of including the
fenestrated drape in the process. Administrative leaders and the ED staff at both
participating hospitals volunteered for this study and were highly motivated to improve their
contamination rates. This internal motivation was likely a key component to reducing
contamination and the results of this study may not be generalizable to other settings without
supportive leadership or enthusiasm for change. We gauged adherence with the new process
for blood culture collection via frequent communication with the nurses and phlebotomists
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who collected the cultures. Direct observation of blood culture collection by the study team
would have provided more precise measurements of adherence, but was not feasible in this
study due to the nature of ED blood culture collection occurring 24 hours per day, seven
days a week. Similar to previous blood culture studies,>14:22 we used a “series definition”
for contamination with a culture classified as contaminated if only one culture within a
series collected from the same patient grew the same skin contaminant organism. This
definition may overestimate or underestimate the true contamination rate.

Conclusions

Implementing sterile techniques for blood culture collection resulted in significant
reductions in specimen contamination at two community hospital EDs. Changing the
procedure for blood culture collection from commonly-used non-sterile methods to a sterile
process is feasible and can be effective at reducing contamination in busy community
hospital EDs, even in departments with baseline contamination levels less than the 3%
benchmark. A simplified sterile collection process that does not include fenestrated draping
is an alternative to the full sterile technique and was successful at reducing contamination at
one site that had difficulty implementing the full sterile process. Real-time evaluation of the
implementation process, feedback from end-users, and adaptation of the intervention to
overcome local barriers of implementation appear to be important components to
successfully reducing blood culture contamination using a standardized sterile collection
process.
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Figure 1.

Description of blood culture specimen collection techniques, including (a) non-sterile
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technique used during the baseline periods; (b) full sterile technique; and (c) modified sterile
technique. Key steps that are different among the techniques are highlighted with bold,

dashed outlines.
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Figure 2.

Definition of study periods at both study sites, Hospital A and Hospital B. Trans: transition

phase.
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Figure 3.

Segmented regression analysis of blood culture contamination at Hospital A. Each data point

represents the percentage of blood cultures contaminated during a single month. The

transition phase in November 2011 is denoted by a vertical line. Solid lines represent best-fit

linear regression lines, while the dotted line is the baseline regression line projected into the

intervention period.
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Figure4.
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Segmented regression analysis of blood culture contamination at Hospital B. Each data point
represents the percentage of blood cultures contaminated during a 4-week block. Two-week
transition phases between the periods are denoted with vertical lines. Solid lines represent
best-fit linear regression lines. The dotted lines are the baseline period regression line

projected into intervention period 1 and intervention period 2.
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