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INTRODUCTION
Pediatric sepsis is a significant problem. 
A 2015 study across 128 pediatric sites 
in 26 countries reported an 8.2% prev-
alence of severe sepsis with an in-hos-
pital mortality rate of 25%.1 Pediatric 
severe sepsis costs $4–5 billion per 
year, representing 16% annually of U.S. 
healthcare costs for pediatric hospital-
izations.2 Early recognition and initiation 

of appropriate antibiotic therapy have been 
shown to impact sepsis-related outcomes 
significantly.3 Delayed initiation of appro-
priate antibiotics for patients with sep-
sis can lead to increased morbidity and 
mortality. Accordingly, the newest task 
force guidelines on sepsis ask clinicians 
to place urgent attention on rapid recog-

nition and diagnosis of sepsis, but diag-
nostic tools for sepsis are imperfect.4
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Abstract
Introduction: Single center work demonstrated a safe reduction in unnecessary blood culture use in critically ill children. Our objec-
tive was to develop and implement a customizable quality improvement framework to reduce unnecessary blood culture testing in 
critically ill children across diverse clinical settings and various institutions. Methods: Three pediatric intensive care units (14 bed 
medical/cardiac; 28 bed medical; 22 bed cardiac) in 2 institutions adapted and implemented a 5-part Blood Culture Improvement 
Framework, supported by a coordinating multidisciplinary team. Blood culture rates were compared for 24 months preimplementa-
tion to 24 months postimplementation. Results: Blood culture rates decreased from 13.3, 13.5, and 11.5 cultures per 100 patient-
days preimplementation to 6.4, 9.1, and 8.3 cultures per 100 patient-days postimplementation for Unit A, B, and C, respectively; a 
decrease of 32% (95% confidence interval, 25–43%; P < 0.001) for the 3 units combined. Postimplementation, the proportion of total 
blood cultures drawn from central venous catheters decreased by 51% for the 3 units combined (95% confidence interval, 29–66%; 
P < 0.001). Notable difference between units included the identity and involvement of the project champion, adaptions of the clinical 
tools, and staff monitoring and communication of project progress. Qualitative data also revealed a core set of barriers and facilitators 
to behavior change around pediatric intensive care unit blood culture practices. Conclusions: Three pediatric intensive units adapted 
a novel 5-part improvement framework and successfully reduced blood culture use in critically ill children, demonstrating that different 
providers and practice environments can adapt diagnostic stewardship programs. (Pediatr Qual Saf 2018;3:e112; doi: 10.1097/
pq9.0000000000000112; Published online October 16, 2018.)
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Clinicians regard blood cultures as a key test when 
considering the diagnosis of sepsis or bloodstream infec-
tion (BSI). Blood cultures, however, have a yield of only 
5–15%, and up to half are falsely positive.5–7 These 
false-positive blood cultures represent diagnostic errors, 
lead to unnecessary antibiotics and additional testing, and 
are associated with increased lengths of stay and hospital 
costs.8,9 Importantly, increased antibiotic use may lead to 
antibiotic resistance.10 In addition, cultures from central 
venous catheters are more likely to be contaminated than 
those drawn from peripheral venipuncture, and failing to 
obtain cultures from peripheral venipuncture may both 
miss true BSI and overestimate the incidence of cathe-
ter-related BSI.11–13 Blood cultures, therefore, signify a 
prime opportunity to engage in diagnostic stewardship, 
an increasingly important construct in which refined used 
of diagnostic tools can decrease the utilization of tests, 
minimize false-positive results, and ultimately improve 
treatment decisions.14

Prior work at the Johns Hopkins Children’s Center 
(JHCC) has successfully and safely reduced blood cul-
ture use in critically ill children using clinical decision 
support tools.15 These tools consisted of a Fever/Sepsis 
Screening Checklist and a Blood Culture Decision 
Algorithm that clinicians would review and complete 
when considering ordering a blood culture. The JHCC 
project demonstrated a nearly 50% reduction in blood 
culture rate without increase in incidence of mortal-
ity, suspected sepsis, or suspected septic shock; and 
no increase in episodes of sepsis/septic shock in which 
patients received antibiotics in the absence of blood cul-
tures.15 Based on this success, we subsequently imple-
mented a multicenter quality improvement program to 
reduce unnecessary blood culture use in additional pedi-
atric intensive care units (PICUs).

The objective of this project was to develop a customiz-
able framework for implementation of a clinical approach 
to blood cultures intended to reduce unnecessary test-
ing and to evaluate if this framework could successfully 
reduce blood culture use in critically ill children across 
diverse clinical settings and various institutions.

METHODS
Setting
Johns Hopkins University was the coordinating center, 
facilitating quality improvement initiatives at 3 ICUs in 2 
study sites. The Johns Hopkins All Children’s Hospital is a 
tertiary care referral center in St. Petersburg, Florida, with 
a combined medical/surgical PICU and a separate cardiac 
ICU. The University of Virginia Children’s Hospital has 
a combined medical/surgical/cardiac ICU and is a ter-
tiary care referral center in Charlottesville, Virginia. Each 
institution’s institutional review board acknowledged this 
quality improvement project and separately approved 
sharing of de-identified summary level data as nonhuman 
subjects research.

Intervention
The intervention consisted of integrating the content 
of the clinical practice guideline that had been piloted, 
revised, and integrated into practice at the JHCC (the 
Fever/Sepsis Screening Checklist and the Blood Culture 
Decision Algorithm) into a novel 5-part Blood Culture 
Improvement Implementation Framework.15

This framework was built by a multidisciplinary team 
from JHCC with expertise in pediatric critical care, infec-
tious disease, and human factors engineering and was 
intended to guide each participating unit through project 
adaptation and implementation. The general framework 
was identical for each unit, but local improvement teams 
tailored the operationalization of the individual steps to 
the specific environment. The 5 major components of the 
Blood Culture Improvement Implementation Framework 
included:

1)  Completion of a work system assessment during an 
initial site visit. The Systems Engineering Initiative for 
Patient Safety (SEIPS 2.0) model guided creation of 
semistructured interviews. Qualitative content analysis 
of the interviews provided project teams with an under-
standing of current blood culture practices and helped 
identify potential barriers to adopting a new approach 
to blood cultures. The key findings of how people, tasks, 
physical environment, organization, and the external 
environment influence blood culture ordering deci-
sions were then used to inform the rest of the imple-
mentation strategy.16 The interview guide is included as 
Supplemental Digital Content C, available at available 
at http://links.lww.com/PQ9/A48.

2)  Identification of multidisciplinary stakeholders and a 
project champion. Each unit assembled a unique group 
of providers for leading the improvement project but 
integrated the expertise and support of faculty from 
disciplines such as nursing, patient safety/quality, crit-
ical care, infectious disease, cardiology, oncology, and 
surgery into the project team.

3)  Collection and sharing of blood culture data. For 
internal benchmarking, each site first reviewed base-
line blood culture rate data. Subsequently, sites estab-
lished a system for routine transfer of electronic data 
to the coordinating center, to enable the JHCC team 
to monitor progress and to provide coaching and 
support.

4)  Adaptation of clinician support tools by each unit. 
Each site received the 2-part JHCC clinical practice 
guideline in an editable format. Each unit revised and 
adapted the tools for the specific needs of their work 
environment and patient population. Although each 
team created different specific tools, there was a shared 
emphasis on raising awareness about potential nega-
tive consequences of unnecessary blood cultures, per-
forming active consideration of risk factors for bacte-
remia, and evaluation for noninfectious causes of fever 
before blood culture decision.

http://links.lww.com/PQ9/A48
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5)  Communication and analysis of progress throughout 
the implementation process, at varying frequencies, 
both within each site and between the sites and the 
coordinating center. Regular internal communication 
between the local site champion and the clinical teams 
throughout the project was strongly recommended by 
the coordinating center to facilitate successful imple-
mentation. Sites were encouraged to send weekly 
e-mails to attending physicians with feedback on the 
number of cultures sent on their patients as an import-
ant driver of reducing blood culture frequency, which 
had stood out as particularly effective in the JHCC 
implementation.15 In recognition of the different insti-
tutional cultures and workflow, the coordinating center 
did not dictate the exact type and frequency of internal 
communication about project progress.

The JHCC team performed initial site visits over 1–2 
days to support the integration of this framework. The 
site visits included the formal work system assessment, 
review of the clinical practice guideline from JHCC and 
JHCC results, and question-answer sessions. Follow-up 
site visits occurred 10–12 months later. During the vis-
its, participants reviewed project outcomes, challenges, 
and successes; shared particularly useful or high-impact 
strategies and discussed new or unanticipated barriers 
encountered during the implementation process.

Outcome Measures
The primary quantitative outcomes were the number of 
blood cultures drawn per 100 patient days in each of the 3 
units and the number of cultures drawn from central venous 
catheters (CVCs) versus peripheral venipuncture. Qualitative 
outcomes were 2-fold: the challenges and lessons learned 
during the implementation process from each unit; and how 
certain components of the implementation framework var-
ied uniquely across the 3 units. Including these qualitative 
outcomes allowed the project team to understand drivers 
of successful versus unsuccessful behavior change around 
blood culture practices in the PICU setting.

Statistical Analysis
To measure the effect of this quality improvement program 
on blood culture utilization, we compared patients admit-
ted to each unit in the preintervention period of January 
2014 to December 2015 to the postintervention period of 
January 2016 to December 2017. Statistical process con-
trol methods were used to evaluate changes in the blood 
culture rate over time. The initial centerline occurred at 
the arithmetic mean of the preintervention measurements. 
After setting control limits at 3 SDs from the mean rate, 
standard rules determined centerline changes.17

The effect of the program on blood culture utilization 
was additionally quantified by comparing blood culture 
rates per 100 patient-days in the pre- and postinterven-
tion periods based on a Poisson regression model for the 
number of blood cultures per month, which included the 

main term for intervention and an offset for the monthly 
patient-days. The Poisson regression model was fit using 
generalized estimating equations with an autoregressive 
within unit correlation structure and robust variance esti-
mate to account for any misspecification of the within 
unit correlation structure and violation to the Poisson 
assumption (ie, overdispersion).

Finally, we applied a quasi-experimental interrupt-
ed-time series model to estimate (1) the relative change 
in the blood culture rates per month during the preinter-
vention period; (2) the “immediate” effect of the interven-
tion, reported as the relative change in the blood culture 
rate comparing the first month of the postintervention 
period with the last month of the preintervention period; 
and (3) the sustained effect of the intervention, reported 
as the relative change in the blood culture rate per month 
during the postintervention period. The interrupted-time 
series model estimates derive from extending the Poisson 
regression model described above to include the main 
term for time (linear), the main term for intervention, and 
the interaction between these 2 terms. The CVC blood 
culture rate was analyzed using the same methods as 
described above. Data were analyzed using Stata/IC (ver 
15.0; StataCorp), and figures were generated using R (ver 
3.4.1) and Excel.

RESULTS
Table 1 describes clinical characteristics, census, and staff-
ing models of each of the 3 units.

Quantitative Outcomes
During the preimplementation period, blood culture rates 
were 13.3, 13.5, and 11.5 per 100 patient-days, for Unit 
A, B, and C, respectively (Table 2, Fig. 1). Blood culture 
rates decreased to 6.4, 9.1, and 8.3 per 100 patient-days 
during the postimplementation period for Unit A, B, and 
C, respectively (Table  2, Fig.  1). Comparing postimple-
mentation to preimplementation periods among all 3 
units, the blood culture rate decreased by 32% [95% con-
fidence interval (CI), 25–43%; P < 0.001].

Both Units A and B demonstrate a sustained reduction 
in blood culture rates, with postintervention average cul-
ture rates that remain within the new, decreased upper 
and lower control limits on Figure 1. Unit C, however, has 
more fluctuation and variability in their postintervention 
blood culture rates, indicating a lack of stable process con-
trol in this period (Fig. 1). The proportion of total blood 
cultures drawn from CVCs pre- versus postimplementa-
tion decreased from 77% to 38% (P < 0.001) in Unit A; 
from 64% to 43% (P < 0.001) in Unit B; and from 61% 
to 55% (P = 0.10) in Unit C). For all 3 units combined, 
there was a 51% reduction in central line blood culture 
rate in the postimplementation period (95% CI, 29–66%; 
P < 0.001; Table 2).

Interrupted time series analysis for the combined 
data for all units demonstrated a statistically significant 
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decrease in the monthly change in the rate of total blood 
cultures during the postintervention period of 4% per 
month (95% CI, 1–6% decrease; P = 0.02; Table  2, 
Supplemental Figure A, available at http://links.lww.com/
PQ9/A45). Analysis of the combined data also revealed a 
6% per month decrease in central venous catheter blood 
culture rates (95% CI, 0–11% decrease; P = 0.04; Table 2, 
Supplemental Figure B, available at http://links.lww.com/
PQ9/A46).

Qualitative Outcomes
The interviews, focus groups, and communication records 
between the JHCC team and the study sites provided 
important qualitative data about the implementation pro-
cess. Study teams across all sites encountered challenges 
during the implementation process. Table 3 summarizes 
the 4 primary challenges along with the corresponding 
solutions/lessons learned during the project.

Table  4 summarizes the unit-specific customizations 
for each component of this 5-part framework. Units 

were similar with regard to engagement in site vis-
its, participation in the work system assessment, and 
data collection. The 3 units differed in the identity and 
involvement of the project champion, the adaptions of 
the clinical tools, and how project progress was mon-
itored and communicated. Site-specific differences in 
implementation approach may have driven some of the 
observed variation in outcomes.

For example, in Unit A, a single local champion main-
tained continuous ownership of the project. The Unit A 
team monitored progress via independent internal data 
distribution and analysis. They maintained unit-wide 
awareness of the initiative by discussing the project during 
dedicated time at monthly meetings, and devised a “cul-
ture competition” as a unique implementation strategy 
to increase enthusiasm among clinicians. Unit A demon-
strated sustained practice change without engaging a spe-
cific infectious disease champion and did not have any 
notable administrative barriers to participating in this 
project, such as changes in staffing or new leadership.

Table 1.  Clinical Characteristics of Participating Units

Unit clinical characteristics Unit A Unit B Unit C

No. beds 14 28 22
Patient days per year 4,500 5,186 5,379
ECMO Yes No Yes
Nonconventional modes of mechanical ventilation Yes (HFOV/JET) HFOV HFOV
Neurosurgical program Yes Yes No
Solid organ transplants Yes No Yes
Stem cell transplants No Yes No
Cardiac surgery program Yes No Yes
Pediatric resident providers Yes Yes No
*Pediatric critical care fellowship program Yes (except for 2016–2017) No No
Nurse practitioner staff Yes Yes Yes
Physician assistant staff No Yes Yes
In-house critical care attending coverage overnight Yes Yes Yes

*Unit characteristics did not change between the pre- and postintervention time periods, except for the status of the pediatric critical care fellowship 
program in Unit A in 2016–2017 as noted above.
ECMO, extracorporeal membrane oxygenation; HFOV, high frequency oscillatory ventilation; JET, high frequency jet ventilation.

Table 2. Total and Central Venous Catheter Blood Culture Rates per 100 Patient Days before versus after a Quality 
Improvement Initiative to Optimize Blood Culture Use in Units A, B, and C

Unit Blood Culture Rate, per 100 Patient-days  
(n, Patient-days)

Central Venous Catheter Blood Culture 
Rate, per 100 Patient-days (n, Patient-days)

Unit A   
  Preintervention 13.3 (1,103, 8,301) 10.2 (849, 8,301)
  Postintervention 6.4 (582, 9,110) 2.4 (221, 9,110)
  Relative rate, post- versus preintervention* 0.48 (0.38, 0.61) 0.24 (0.16, 0.35)
Unit B   
  Preintervention 13.5 (2,143, 15,849) 8.7 (1,373, 15,849)
  Postintervention 9.1 (978, 10,705) 3.9 (422, 10,705)
  Relative rate, post- versus preintervention* 0.68 (0.52, 0.87) 0.46 (0.30, 0.70)
Unit C   
  Preintervention 11.5 (1,611, 14,047) 6.9 (975, 14,047)
  Postintervention 8.3 (1,013, 12,242) 4.6 (562, 12,242)
  Relative rate, post- versus preintervention* 0.72 (0.60, 0.86) 0.66 (0.53, 0.82)
Pooled comparison   
  Preintervention 12.7 (4,857, 38,197) 8.4 (3,197, 38,197)
  Postintervention 8.0 (2,573, 32,057) 3.8 (1,205, 32,057)
  Relative rate, post- versus preintervention* 0.68 (0.57, 0.75) 0.49 (0.34, 0.71)
Pooled interrupted time series model   
  Relative rate per month, preintervention* 1.01 (1.00, 1.03) 1.01 (0.99, 1.02)
  Relative rate at time of intervention* 0.79 (0.67, 0.93) 0.74 (0.60, 0.90)
  Relative rate per month, postintervention*† 0.96 (0.94, 0.99) 0.94 (0.89, 1.00)

*Values in parentheses represent 95% CIs for the specified relative rate.
†P for comparing the relative rate per month post- to preintervention periods for blood cultures 0.02 and central line blood cultures 0.04.

http://links.lww.com/PQ9/A45
http://links.lww.com/PQ9/A45
http://links.lww.com/PQ9/A46
http://links.lww.com/PQ9/A46
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Unit B, in contrast, had more fragmented project 
ownership at first; though ultimately, consistent project 
champions emerged. Unit B also initially relied more than 
Unit A on the coordinating center for data feedback and 
analysis. Unit B faced the unique challenge of both a new 
staffing model and new unit leadership concurrent to 
project initiation. A high influx of newer staff members 
with greatly varying approaches to blood cultures made 
it challenging to engage, inform, and achieve the consis-
tent and standardized practice that sites aimed to create. 
Like Unit A, the Unit B team did not have an infectious 
disease stakeholder take a leadership role in this work, 
though infectious disease faculty did participate in Unit 

B’s site visits. Unit B reported that not having more partic-
ipation from this particular discipline made it challenging 
to achieve strong team buy-in, which was not the case for 
Unit A.

Finally, Unit C also experienced early challenges with 
maintaining consistent project champion engagement. The 
coordinating center performed much of the data organi-
zation and analysis for team C at first, with the site later 
independently managing its blood culture data. Like B, 
Unit C perceived its lack of infectious disease stakeholder 
involvement as a barrier to achieving team buy-in, and also 
faced some competing administrative priorities. For Unit 
C, this specifically took the form of separate high-profile 

Fig. 1. Rate of blood cultures in units A, B, and C before vs. after implementation of a quality improvement initiative to optimize use 
of blood cultures. Postintervention time period began January 2016.
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quality improvement work focused on reducing contam-
ination of blood culture specimens (part of existing cen-
tral-line associated BSI reduction efforts). Effort devoted 
to this other work, along with changes to departmental 
leadership, made achieving the required focus on a sepa-
rate, new culture reduction project more difficult.

DISCUSSION
This project demonstrates that blood culture use can be 
reduced in critically ill children in a variety of clinical 
settings (medical/surgical PICU, cardiovascular intensive 
care unit [CVICU], and mixed medical/cardiac ICU) and 
across multiple institutions. JHCC project leads guided 

Table 3. Qualitative Insights: Common Challenges and Potential Solutions for Blood Culture Optimization in Diverse 
Clinical Settings

Challenges Solutions

Achieving high degree of buy-in from clinicians about scope of problem, 
feasibility of intervention, acceptance of safety margins, and risk of 
unintended consequences for patients. (Why is this work needed, and 
is it safe for our patients?)

Dedicated interactive session to discuss prior data and experience, pro-
vide education about blood culture false-positive rates and harm ensu-
ing from unnecessary antibiotics and excessive laboratory testing.

Resistance to “outside-in” model of practice change. (Our unit 
approaches this practice a certain way; would your team’s method 
really work here?)

Conduct early stage interviews and focus groups to understand local cul-
ture and practices before introducing new tools or new guidelines.

Creating and maintaining momentum to move project from conceptual 
stages to concrete and sustainable practice. (How do we put this into 
practice in our workplace?)

Identify a unit champion who takes ultimate responsibility for owning pro-
ject success. Highlight success by providing regular electronic feedback 
of results to team members. Take advantage of existing unit infrastruc-
ture (such as staff meetings, orientations, lunch&learn sessions) to 
maintain project visibility.

Initial implementation has inconsistent or suboptimal results. (What can 
we do differently to improve our results?)

Educate teams to anticipate that sustained behavior change takes time; 
approach the revision process as opportunity to improve outcomes 
rather than as project failure. Embrace rapid cycle tests of change. 
Recognize the impact of competing institutional or administrative priori-
ties on project progress and adjust implementation strategy proactively.

Table 4. Unit-specific Approaches to the Customizable Implementation Framework

Framework Component Unit A Unit B Unit C

Part 1: Completion of the 
work system assessment

Completed in similar way, but with unique results for each site.
For site-specific results please see Reference 16.

Part 2: Identity of the project 
champion

A critical care physician, who worked 
closely with colleagues across vari-
ous disciplines and roles

Two champions initially: the nurs-
ing director of patient quality 
and safety and a physician with 
clinical/leadership roles in the 
department

A dedicated rounding nurse

Part 2: Did the project cham-
pion change during the 
project?

No. Champion maintained responsi-
bility for project progress through-
out each stage.

Yes. After a few months, cham-
pion role transitioned solely to 
the physician.

Yes. The individual fulfilling this role 
changed several times during the 
implementation.

Part 3: Collection and shar-
ing of blood culture data

Shared in similar electronic format across sites. Sites collected and internally distributed 12 months of baseline 
data and shared that baseline data with coordinating center.

Part 4: Adaptation of clini-
cian support tools by each 
unit

Revised JHCC checklist into “thought 
map.”

Decreased surveillance ECMO cul-
tures from daily to weekly.

Kept checklist format; revised 
content specific to risk factors 
for bacteremia (such as duration 
of central venous catheters)

Kept checklist format; added car-
diac transplant and surgical-site 
infection under risk factors for 
bacteremia

Part 5: Internal analysis of 
project progress

Independently analyzed their data 
at regular intervals to monitor 
success.

Running chart of data was shared 
with staff every several weeks.

Initially sent raw data to the coor-
dinating center for assistance 
with analysis, interpretation, and 
preparing graphs for distribution 
back to the local teams. Later, 
independently formatted and 
analyzed data.

Initially sent raw data to the coor-
dinating center for assistance 
with analysis, interpretation, and 
preparing graphs for distribution 
back to the local teams. Later, 
independently formatted and ana-
lyzed data.

Part 5: Internal commu-
nication about project 
progress and monitoring 
for integration of the new 
clinical approach

Shared biweekly electronic feedback 
to teams about the numbers of cul-
tures drawn. B. Discussed project 
as a standing agenda item during 
the unit’s monthly interdisciplinary 
quality improvement meeting. C. 
Held “Culture competition” with the 
“winner” being the person respon-
sible for the fewest cultures drawn; 
but the team was careful to empha-
size that this was simply a strategy 
to increase awareness but should 
not by itself factor into the decision 
to draw or not draw any cultures.

Dedicated resources to con-
sistently educate incoming 
residents each month about the 
new approach to blood cultures 
(residents are primary ordering 
clinicians in this unit).

Designated a specific rounding 
nurse to remind teams to follow 
the new culture algorithm, review 
any cultures ordered, and discuss 
them with the ordering medical 
teams.

ECMO, extracorporeal membrane oxygenation.
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local teams using a novel 5-part framework and achieved 
significant practice change through site-specific revisions, 
flexibility in approach, and multidisciplinary collabora-
tion. Including a formal work system assessment to inform 
implementation strategies was a unique strength of this 
project, demonstrating the critical role of human factors 
engineering principles in diagnostic stewardship initiatives.

There were important outcome differences between 
the units. Overall, the most robust results were in Unit 
A, compared with Unit C, which had a smaller decrease 
in blood culture rates and more variability in the post-
implementation period. In the context of these quantita-
tive results, the qualitative differences in implementation 
strategies across each site (Table  4) suggest important 
lessons for larger-scale implementation efforts. Certain 
factors or ingredients may be necessary for optimal out-
comes of blood culture stewardship efforts, even as many 
components of the 5-part framework can be uniquely 
customized. A consistent project champion, strong unit-
wide engagement, and awareness of competing organi-
zational or administrative factors appears critical to suc-
cessful, sustained practice change. In contrast, the role 
of infectious disease leadership is likely quite important, 
but may not be uniformly necessary for all institutions 
or all teams interested in launching this type of initiative. 
Supplemental Digital Content D (available at available 
at http://links.lww.com/PQ9/A47) summarizes these key 
factors into a brief primer on using the Blood Culture 
Improvement Implementation Framework. This may 
guide readers interested in beginning this type of improve-
ment work in their own units.

Finally, the qualitative information summarized in 
Table 3 suggests a core set of issues that are universal to 
attempted behavior change around PICU blood culture 
practices: achieving an appropriate degree of multidisci-
plinary buy-in, accepting the project’s safety and feasibility, 
and tailoring the approach to the local work environment. 
Thematically, these emerged as fundamental tasks that 
each site needed to accomplish as part of the implemen-
tation process. How well these were mastered likely influ-
enced the magnitude of project success. These preliminary 
insights will inform future larger scale implementation 
work by helping the study team to anticipate common con-
cerns that local teams at prospective sites may raise and 
to prepare strategies to address these concerns proactively.

Participation of only 3 units limits the generalizabil-
ity of our findings, and work to implement this project 
in a larger number of centers is currently underway. 
Analysis of only 24 months of postimplementation data 
may limit conclusions about sustainability, so ongoing 
monitoring is needed. The authors also acknowledge the 
importance of balancing metrics in quality improvement 
work. Previous work at JHCC answered important safety 
questions about reducing blood culture use in critically 
ill children.15 This project, in distinction, was focused 
on the development and dissemination of a quality 
improvement framework in diverse centers rather than 

re-demonstrating the outcomes or safety of the clinical 
approach. Participating units did not have the resources 
to repeat such an in-depth analysis of data about the inci-
dence of sepsis or timely diagnosis of sepsis.

CONCLUSIONS
Integrating a clinical practice guideline focused on diag-
nostic stewardship into a novel 5-part blood culture 
improvement framework facilitated site-specific, locally 
driven innovations and adaptations that successfully 
reduced blood culture use in 3 PICUs across 2 institu-
tions. This project demonstrates that diagnostic stew-
ardship is possible on a large scale in critically ill chil-
dren, and takes important steps forward in reducing 
unintended patient harm from unnecessary testing. The 
potential downstream impacts of such a practice change, 
specifically regarding potential for reduced unnecessary 
hospital costs and reduced use of broad-spectrum antibi-
otics, are far-reaching and deserve further investigation.

ACKNOWLEDGMENTS
The authors acknowledge Denise Remus from All 
Children’s Hospital for her valuable assistance in proj-
ect implementation and staff engagement. The authors 
acknowledge the ICU staff in each participating unit for 
their commitment to quality improvement and patient 
safety.

DISCLOSURE
The authors have no financial interest to declare in rela-
tion to the content of this article.

REFERENCES
 1. Weiss SL, Fitzgerald JC, Pappachan J, et al.; Sepsis Prevalence, 

Outcomes, and Therapies (SPROUT) Study Investigators and 
Pediatric Acute Lung Injury and Sepsis Investigators (PALISI) 
Network. Global epidemiology of pediatric severe sepsis: the sepsis 
prevalence, outcomes, and therapies study. Am J Respir Crit Care 
Med. 2015;191:1147–1157.

 2. Hartman ME, Linde-Zwirble WT, Angus DC, et al. Trends in the 
epidemiology of pediatric severe sepsis. Pediatr Crit Care Med. 
2013;14:686–693.

 3. Weiss SL, Fitzgerald JC, Balamuth F, et al. Delayed antimicrobial 
therapy increases mortality and organ dysfunction duration in pedi-
atric sepsis. Crit Care Med. 2014;42:2409–2417.

 4. Singer M, Deutschman CS, Seymour CW, et al. The Third 
International Consensus Definitions for Sepsis and Septic Shock 
(Sepsis-3). JAMA. 2016;315:801–810.

 5. Bone RC, Fisher CJ Jr, Clemmer TP, et al. Sepsis syndrome: a valid 
clinical entity. Methylprednisolone Severe Sepsis Study Group. Crit 
Care Med. 1989;17:389–393.

 6. Lamy B, Dargère S, Arendrup MC, et al. How to optimize the use of 
blood cultures for the diagnosis of bloodstream infections? A state-
of-the art. Front Microbiol. 2016;7:697.

 7. Shafazand S, Weinacker AB. Blood cultures in the critical care unit: 
improving utilization and yield. Chest. 2002;122:1727–1736.

 8. Alahmadi YM, Aldeyab MA, McElnay JC, et al. Clinical and eco-
nomic impact of contaminated blood cultures within the hospital 
setting. J Hosp Infect. 2011;77:233–236.

http://links.lww.com/PQ9/A47


Dissemination of a Novel Framework to Improve Blood Culture Use

8

Pediatric Quality and Safety

 9. Balogh EP, Miller BT, Ball JR, eds. Improving Diagnosis in Health 
Care. Committee on Diagnostic Errors in Health Care; Board on 
Health Care Services; Institute of Medicine. Washington, D.C.: 
National Academies Press (US); 2015.

 10. Goff DA, Kullar R, Goldstein EJC, et al. A global call from five 
countries to collaborate in antibiotic stewardship: united we suc-
ceed, divided we might fail. Lancet Infect Dis. 2017;17:e56–e63.

 11. Garcia RA, Spitzer ED, Beaudry J, et al. Multidisciplinary team 
review of best practices for collection and handling of blood cul-
tures to determine effective interventions for increasing the yield of 
true-positive bacteremias, reducing contamination, and eliminating 
false-positive central line-associated bloodstream infections. Am J 
Infect Control. 2015;43:1222–1237.

 12. Dawson S. Blood culture contaminants. J Hosp Infect. 2014;87:1–10.
 13. Handrup MM, Møller JK, Rutkjaer C, et al. Importance of 

blood cultures from peripheral veins in pediatric patients with 

cancer and a central venous line. Pediatr Blood Cancer. 2015;62: 
99–102.

 14. Morgan DJ, Malani P, Diekema DJ. Diagnostic stewardship-le-
veraging the laboratory to improve antimicrobial use. JAMA. 
2017;318:607–608.

 15. Woods-Hill CZ, Fackler J, Nelson McMillan K, et al. Association 
of a clinical practice guideline with blood culture use in critically ill 
children. JAMA Pediatr. 2017;171:157–164.

 16. Xie A, Woods-Hill CZ, King AF, et al. Work system assessment to 
facilitate the dissemination of a quality improvement program for 
optimizing blood culture use: a case study using a human factors 
engineering approach. J Pediatric Infect Dis Soc. 2017. pix097, 
https://proxy.library.upenn.edu: 2101/10.1093/jpids/pix097.

 17. Benneyan JC, Lloyd RC, Plsek PE. Statistical process control as a 
tool for research and healthcare improvement. Qual Saf Health 
Care. 2003;12:458–464.

https://proxy.library.upenn.edu

