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Abstract

Background: Blood cultures are overused in pediatric ICUs (PICUs), which may lead to 

unnecessary antibiotic use and antibiotic resistance. Using a participatory ergonomics (PE) 

approach, we disseminated a quality improvement (QI) program for optimizing blood culture 

use in PICUs to a national 14-hospital collaborative. The objective of this study was to evaluate 

the dissemination process and its impact on blood culture reduction.

Methods: The PE approach emphasized three key principles (i.e., stakeholder participation, 

application of human factors and ergonomics knowledge and tools, cross-site collaboration) with a 

six-step dissemination process. Data on interactions between sites and the coordinating team and 

site experiences with the dissemination process were collected using site diaries and semi-annual 
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surveys with local QI teams, respectively, and correlated with the site-specific change in blood 

culture rates.

Results: Overall, participating sites were able to successfully implement the program and 

reduced their blood culture rates from 149.4 blood cultures per 1000 patient-days/month before 

implementation to 100.5 blood cultures per 1000 patient-days/month after implementation, 

corresponding to a 32.7% relative reduction (p < 0.001). Variations in the dissemination process, 

as well as in local interventions and implementation strategies, were observed across sites. Site-

specific changes in blood culture rates were weakly negatively correlated with the number of 

pre-intervention interactions with the coordinating team (p = 0.057), but not correlated with their 

experiences with the six domains of the dissemination process or their interventions.

Conclusions: We applied a PE approach to disseminate a QI program for optimizing PICU 

blood culture use to a multi-site collaborative. Working with local stakeholders, participating sites 

tailored their interventions and implementation processes and achieved the goal of reducing blood 

culture use.
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INTRODUCTION

Over the past two decades, substantial efforts and resources have been devoted to 

improving the quality and safety of health care.1–3 The dissemination of successful quality 

improvement (QI) programs to a broader range of health care settings, however, faces 

different challenges (for example, engagement of local stakeholders, adaptation of QI 

programs to local context).4 While various frameworks with dissemination principles and 

processes have been proposed,5–7 empirical research on effective QI dissemination (for 

example, multi-center QI initiatives) is limited.8

We initiated a QI program for optimizing blood culture use in pediatric ICUs (PICUs) at 

Johns Hopkins Hospital (JHH)9 and pilot-tested it at two additional hospitals.10 The QI 

program was then disseminated to a national 14-hospital collaborative using a participatory 

ergonomics (PE) approach.11 Results on the effectiveness of the QI program across the 

collaborative were reported by Woods-Hill et al. in 2022.12 In the present paper, we evaluate 

the dissemination process and its impact on blood culture reduction. The Johns Hopkins 

University School of Medicine Institutional Review Board approved this study.

The BrighT STAR (Testing STewardship for Antibiotic Reduction) Collaborative

Blood cultures are a key diagnostic test for assessing bacterial bloodstream infection, a 

common condition in PICUs that can lead to significant morbidity and mortality.13 Perceived 

as a low-risk test for a disease with disastrous outcomes, blood cultures are excessively used 

in PICUs,14 and false positive blood culture results may lead to additional laboratory tests, 

unnecessary antibiotic use, prolonged hospitalization, and increased health care costs.15, 16 

In 2014, we developed and implemented a QI program in the PICU at JHH to optimize 

blood culture use. As part of the program, a paper-based clinical decision support (CDS) tool 
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was developed to guide clinicians to consider possible alternative sources of infection (such 

as surgical site infection), evaluate non-infectious sources of fever (for example, opioid 

withdrawal), and carefully review risk factors of patients for bloodstream infections (for 

example, compromised immune system). The implementation of the program resulted in a 

reduction in the total number of blood cultures collected by 45.6% and in the percentage 

of blood cultures collected from central venous catheters from 73.1% to 39.5%, without 

an increased number of episodes of suspected infection and septic shock or a decreased 

proportion of suspected septic shock occurrences with a blood culture obtained.9 The 

program was then adopted by two additional hospitals, who achieved a 27.8% to 51.9% 

reduction in blood culture use.10 Given the initial success of the program, a multi-site 

collaborative called BrighT STAR was created to scale-up the program and assess its 

broader impact on blood culture use, antibiotic use, and patient outcomes.12

Overall Approach for Dissemination.—PE, a macroergonomic approach to promote 

the application of human factors and ergonomics to work system design, emphasizes the 

involvement of people in “planning and controlling a significant amount of their own work 

activities, with sufficient knowledge and power to influence both processes and outcomes 

in order to achieve desirable goals.”11 A PE approach can vary along different dimensions, 

including permanency of the initiative, nature of involvement, level of influence, location 

of decision-making power, mix of participants, requirement of involvement, topics to be 

addressed, extent of involvement, and role of ergonomics specialists.17 While PE has been 

applied across a range of industries (for example, manufacturing,18, 19 construction,20, 21 

mining22), its application in health care has been limited, focusing on task and process 

design in individual health care settings.23, 24

In this study, we broaden the application of PE to facilitate the dissemination of the 

program to the BrighT STAR collaborative. Two key PE principles were emphasized: 

(1) participation of different stakeholders in work system and process redesign and (2) 

application of human factors and ergonomics (HFE) knowledge and tools to work system 

and process redesign. The adaptation and implementation of the program at individual sites 

involved local stakeholders who could affect or be affected by the blood culture ordering 

process and applied different HFE design principles (for example, systems approach, 

shared mental model, usability) and implementation principles (for example, leadership 

support, stakeholder engagement, communication and feedback, learning and training, 

project management).25 In addition, given the nature of the BrighT STAR collaborative, 

cross-site collaboration was emphasized to facilitate peer-to-peer learning26 and create 

isomorphic pressures.27

Structure of the BrighT STAR collaborative.—The BrighT STAR collaborative was 

guided by the coordinating team developing the program at JHH, which consisted of 

one pediatric infectious disease physician, two pediatric intensivists, one human factors 

engineer, one biostatistician, and three program coordinators. Fourteen teaching hospitals 

were recruited to participate in the BrighT STAR collaborative (Table 1). Each participating 

hospital convened a local QI team (Dissemination Process – Step 1), which worked with 

local stakeholders to develop and implement their own interventions, including CDS tools 
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and other changes to the work systems (for example, institutional policy) and processes 

(such as daily rounds or huddles). The local QI teams routinely communicated with the 

coordinating team through various avenues, including an initial webinar, monthly individual 

site calls, monthly all-site calls, individual and group emails, and individual phone calls.

Dissemination Process.—The dissemination process consisted of six steps over a period 

of 27 months (Figure 1). Table 2 describes each step of the dissemination process in detail.

METHODS

A mixed methods study28 was conducted to evaluate the dissemination process and 

its impact on site performance. In addition to quantitative data on blood culture use 

(Dissemination Process Step 6, Table 2), interactions between participating hospitals and 

the coordinating team were qualitatively recorded using site diaries and quantitatively 

summarized using frequencies; site experiences with the dissemination process were 

quantitatively assessed using semi-annual surveys with local QI teams. Data collected by 

site diaries and semi-annual surveys were correlated with the site-specific change in blood 

culture use.

Data Collection

Site Diaries.—To characterize the dissemination process, the coordinating team kept 

a diary for each participating hospital. Two program coordinators recorded real-time 

interactions (for example, emails, phone calls, conference calls) between each site and the 

coordinating team. Each entry included the date, purpose of the interaction, participants, and 

outcomes. Entries were jointly reviewed by the two coordinators on a weekly basis to ensure 

consistency.

Semi-annual Surveys.—Four surveys were conducted during individual site calls with 

local QI teams over time to examine their experiences with the dissemination process. 

A pre-implementation survey was conducted around each site’s kick-off with subsequent 

surveys approximately every six months. The four surveys consisted of similar questions 

assessing six domains of the dissemination process, including (1) leadership support (for 

example, How supportive is your unit leadership of the blood culture program?), (2) 

resources available (for example, How sufficient are the resources allocated for quality 

improvement in your ICU?), (3) engagement of champions (for example, To what extent 

is your blood culture program driven by individual champions who are influential on the 

unit?), (4) engagement of frontline staff (for example, How engaged is your frontline staff in 

the blood culture program?), (5) impact of the larger collaborative (for example, How useful 

has being part of the larger collaborative network been in facilitating your blood culture 

program?), and (6) impact of ongoing QI projects (for example, To what extent is your 

blood culture program hindered by ongoing quality improvement projects with competing 

goals?). All questions were assessed using 5-point Likert scales, with 5 representing the 

most positive response and 1 the most negative response. For each question, members of 

the local QI team were asked to discuss their opinions, achieve consensus, and provide a 

specific answer along the Likert scale. A copy of the pre-implementation survey is included 
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in Appendix A. Minor revisions of the questions were made to align the surveys with the 

time point at which they were conducted.

Data Analysis

Site Diaries.—A qualitative content analysis29 of the site diaries was conducted. While 

conference calls included all-site calls and individual site calls, interactions through 

emails and phone calls were classified based on their purposes into five sub-categories: 

(1) data dialogue (for example, collecting monthly data on blood culture use and other 

clinical outcomes), (2) collection of site QI activities (for example, reminding or receiving 

site log detailing QI activities), (3) implementation facilitation (for example, addressing 

site questions about intervention design and implementation), (4) project administration 

(for example, providing support on regulatory logistics of running the project), and (5) 

scheduling (for example, setting up individual site calls). Using this node structure, two 

program coordinators coded the site diaries and swapped their coding for cross-checking. 

Discrepancies were discussed to achieve consensus.

The frequencies of different (sub-)categories of interactions between each site and the 

coordinating team during different phases of the participatory ergonomics process (pre-

intervention, post-intervention, and total) were calculated. Poisson regression models were 

used to estimate the relative mean frequency of each (sub-)category, comparing post- to 

pre-intervention, as well as the relative mean frequency of each (sub-)category across sites, 

separately for each phase. Robust variance estimates were used to account for over- or 

under-dispersion in the data and clustering within site when comparing the different phases.

Semi-annual Surveys.—After each survey, each of the six domains of the dissemination 

process was scored (ranging from 1 to 5) by averaging the responses to all questions related 

to the domain. Next, a radar chart was created for each site to depict the changes of all six 

domain scores across the four surveys. The domain scores were then rescaled to a range of 1 

(most negative and negative response), 2 (neutral response) and 3 (positive and most positive 

response); a hierarchical agglomerative cluster analysis with average linkage and Euclidean 

distance was conducted to define clusters of sites based on their responses to the pre- and 

post-intervention semi-annual surveys.

Impact of the Dissemination Process on Site Performance.—We correlated the 

site-specific change in blood culture rates, post- vs. pre-intervention, with dissemination 

process measures, including the number of interactions with the coordinating team, 

responses to the pre-intervention and post-intervention semi-annual surveys, and whether 

sites developed only CDS tools vs. making additional changes to other work system 

elements. For each process measure, a Poisson regression model was fit for the monthly 

blood culture rate as a function of a main effect of phase, post- vs. pre-intervention, a main 

effect of the process measure, and the interaction. Robust variance estimates were obtained 

to account for the clustering of monthly blood culture data within sites and for possible 

over-dispersion in the data.
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RESULTS

Dissemination Process

Interactions Between Participating Hospitals and the Coordinating Team.—The 

total number of interactions between a site and the coordinating team ranged from 120 

to 205. Table 3 shows the frequencies of different (sub-)categories of interactions during 

the pre- and post-intervention phases. During the post-intervention phase, the sites had 

50% fewer emails and phone calls focusing on implementation facilitation (relative mean 

frequency = 0.5, p = 0.002), but more emails and phone calls focusing on data dialogue (1.3, 

p < 0.001), collection of site QI activities (2.0, p < 0.001), and scheduling (2.4, p = 0.001); 

along with more conference calls in total (1.5, p = 0.002), and more individual site calls (1.8, 

p < 0.001) with the coordinating team compared to the pre-intervention phase.

In addition, across sites, there were significant variations in the total number of emails and 

phone calls (median = 113, interquartile range = [103, 140], p < 0.001) and the numbers of 

emails and phone calls focusing on data dialogue (33, [24, 39], p = 0.003), implementation 

facilitation (22, [17, 26], p = 0.002), project administration (23, [21, 40], p < 0.001), and 

scheduling (22, [18, 28], p = 0.004).

Site Evaluation of the Dissemination Process.—The radar charts and the cluster 

assignments for the 14 sites based on the pre-intervention and post-intervention semi-annual 

survey responses are shown in Appendixes B and C, respectively. At the pre-intervention 

survey, the vast majority of sites responded positively to the leadership support, engagement 

of frontline clinicians, engagement of champions, and larger collaborative domains. 

Variation was observed across sites in responses to the resources and ongoing QI domains, 

with five, four, and five sites responding negative, neutral, and positive, respectively, for 

both domains. When clustering sites according to the post-intervention survey responses, the 

vast majority of sites had stable positive responses to the leadership support, engagement 

of champions, larger collaborative, and ongoing-QI domains. For the resources domain, 

three clusters were identified as stable neutral (n = 7), worsening positive (n = 5), or stable 

positive (n = 2). For the engagement of frontline clinicians domain, four clusters were 

identified as stable positive (n = 7), improving neutral (n = 4), worsening positive (n = 1), 

and increasing then decreasing neutral (n = 1) sites.

Dissemination Outcomes

Interventions and Implementation Strategies.—The 14 sites developed different 

interventions for improving blood culture ordering practices (Table 4). All sites included 

CDS tools as part of their interventions: four sites developed a checklist to screen for 

signs of sepsis and potential reasons for fever, assess risk factors, and determine if a blood 

culture was indicated (see Figure 2a for an example); five sites developed a flowchart to 

illustrate their blood culture decision algorithm (see Figure 2b for an example); and five 

sites developed both a checklist and a flowchart. While most sites placed paper-based CDS 

tools in the clinician workroom and/or at patient bedside, four sites (sites 3, 8, 9, and 11) 

integrated their CDS tools into the electronic blood culture order set and/or electronic health 

records. In addition to the CDS tools, eight sites made additional changes to their local work 
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systems and processes, including revising institutional policies to standardize blood culture 

ordering practices, integrating discussions about blood cultures into daily rounds or huddles, 

introducing a peripheral blood culture kit, developing educational materials for families, and 

requiring patient exam before ordering a blood culture.

The 14 sites applied various strategies to facilitate the implementation of their interventions 

(Table 4): all sites engaged hospital leadership and key stakeholders through division 

meetings, meetings with specialist groups, and/or direct emails; 11 sites provided training 

on the use of the CDS tools, the updated blood culture policies, and/or the practices 

for obtaining peripheral blood cultures to clinicians; 11 sites shared data on compliance 

measures and blood culture use and discussed specific cases with clinicians; nine sites 

collected feedback from key stakeholders to continuously improve intervention design and 

implementation; and 12 sites sent periodic reminders through emails, newsletters, and/or 

unit posters to keep key stakeholders engaged and informed of the interventions.

Impact of the Dissemination Process on Site Performance.—Overall, BrighT 

STAR collaborative sites reduced blood culture use (monthly number of blood cultures per 

1000 patient days) by 32.7% when comparing the post- to pre-intervention phases (p < 

0.001), with an estimated 149.4 blood cultures per 1000 patient-days/month pre-intervention 

and an estimated 100.5 blood cultures per 1000 patient-days/month post-intervention.12

There was a weak negative correlation between the total number of interactions during the 

pre-intervention phase and the change in blood culture rate (Appendix D). For every five 

additional interactions, the reduction in blood culture rates decreased by ~1% (p = 0.057). 

There was no association between change in blood culture rate and pre-intervention site 

assessment of the six domains of the dissemination process (Appendix C). When comparing 

the eight sites that made additional changes to local work systems and processes to the six 

sites that only developed CDS tools, we found no statistically significant difference in the 

reduction of blood culture use (34% vs. 31%, p = 0.650).

DISCUSSION

In this study, we describe the dissemination of a QI program for optimizing PICU blood 

culture use to a large collaborative with 14 hospitals across the country. Guided by a PE 

conceptual framework and following a general dissemination process, participating hospitals 

were able to successfully implement the program and significantly reduce their blood 

culture use.12 Variations in the dissemination process, as well as in local interventions and 

implementation strategies, however, were observed across sites.

Different sites interacted with the coordinating team with different frequencies. The 

total number of interactions between a site and the coordinating team varied widely. A 

conceivable assumption was that sites having more interactions with the coordinating team 

were more engaged in the collaborative and achieved more reduction in blood culture 

use. However, our data showed weak negative correlations between the number of pre-

intervention interactions and site performance—the more interactions a site had with the 

coordinating team during the pre-intervention phase, the smaller the reduction in blood 
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culture use it achieved. A potential explanation might be that sites having smaller reductions 

in blood culture use had less QI experience or faced more challenges to implementing the 

program and, therefore, required more interactions with the coordinating team. Additional 

studies are needed to understand the specific underlying reasons and explore ways to 

meaningfully engage sites in QI dissemination.

In addition to the frequencies of interactions with the coordinating team, sites had different 

experiences with the six domains of the dissemination process. While most sites were 

able to secure leadership support, engage unit champions, and collaborate with other sites 

in the larger collaborative, some sites had challenges with consistently devoting sufficient 

resources, engaging frontline clinicians, and overcoming the impact of other QI projects 

throughout the dissemination process. The six domains have been identified and included in 

different implementation frameworks as key factors influencing QI programs.30–32 However, 

we did not find significant correlation between site experiences with the six domains 

and their performance in blood culture reduction. Future research is needed to provide 

more empirical evidence demonstrating the importance of these domains to the successful 

implementation of QI programs.

The PE conceptual framework used to guide the dissemination of the program emphasized 

the balance between program fidelity and adaptation.33 Following the general dissemination 

process and the evidence base supporting the reduction of blood culture use, participating 

sites were encouraged to engage local stakeholders to develop and implement their own 

interventions. As a result, sites developed CDS tools with varying content and format and 

made additional changes to their work systems and processes. It is unsurprising that no 

significant difference in blood culture reduction was identified between sites with different 

interventions and implementation strategies (for example, sites only developing CDS tools 

vs. sites making additional changes to the work systems and processes), since sites were 

expected to choose the interventions and implementation strategies that fit best with their 

local needs and challenges. The PE approach can be adapted and applied to facilitate the 

dissemination of other QI programs.

While the program was successfully disseminated to the large collaborative, we encountered 

some challenges during the dissemination process, including changes of local QI team 

members at times, difficulties in scheduling individual site calls and all-site calls with local 

QI teams, and difficulties in keeping all participating hospitals actively and consistently 

involved in the collaborative. The coordinating team mitigated these challenges by keeping 

a good relationship with local QI teams, scheduling and preparing meetings far enough 

ahead of time, adapting to the needs of participating hospitals, and appealing to higher 

authority if necessary. The dissemination process took place between January 2018 and 

March 2020 and, therefore, was not influenced by the COVID-19 pandemic. However, 

given the detrimental impact of the pandemic on health care systems (for example, capacity, 

patient population), further investigation is needed to track how the program is sustained at 

participating hospitals during and beyond the pandemic.
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CONCLUSION

QI dissemination is important but challenging. In this study, we illustrated the application 

of a PE approach to the dissemination of a QI program for optimizing PICU blood culture 

use to a multi-site collaborative. Similar diagnostic stewardship programs, which promote 

judicious testing practices to inform safe, effective, and efficient patient management and 

treatment decisions, can be applied for a variety of diseases (for example, infectious 

diseases, respiratory diseases, cancer)34–36 across different settings, including low-income 

and middle-income countries.37

Different from a highly controlled clinical trial, sites participating in this collaborative were 

able to achieve the goal of reducing blood culture use by engaging local stakeholders 

to tailor their interventions and implementation processes. While sites had different 

experiences with the dissemination process (for example, leadership support, resources 

available, engagement of champions, engagement of frontline staff, impact of the larger 

collaborative, impact of ongoing QI projects), the number of pre-intervention interactions 

between a site and the coordinating team was the only process measure associated with site 

performance in blood culture reduction. The analysis, however, was limited by the small 

number of participating sites. Given the broad need for improving health care quality and 

safety, additional studies are needed to provide more empirical evidence on effective and 

feasible strategies for disseminating successful QI programs.
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Figure 1. 
Shown here is the dissemination timeline for the collaborative.
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Figure 2. 
Shown here are examples of a blood culture checklist (a) and a decision algorithm (b).
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Table 2.

Dissemination Process

Steps Descriptions

Step 1: Setup of local 
quality improvement 
(QI) teams

An initial webinar was held in early 2018 with the physician champions from all hospitals to review the 
background, development, and approaches of the program for optimizing blood culture use and discuss the goals, 
timeline, and expectations of the Bright STAR collaborative. After the initial webinar, hospitals confirmed their 
decision to participate in the collaborative, obtained approval from their local institutional review boards, and 
convened their local QI teams. The local QI team at each participating hospital was led by two physician champions 
(a pediatric critical care physician and a pediatric infectious disease physician) and involved representatives of other 
stakeholders (for example,, fellow physicians, nursing leaders, infection preventionists). Five hospitals (sites 6, 11, 
12, 13, 14 in Table 1) also included a trained QI specialist on their team.

Step 2: Assessment of 
baseline blood culture 
practices

After convening local QI teams, participating hospitals completed a survey-based work system assessment, which 
aimed to (1) understand the current blood culture ordering practices, (2) examine beliefs about blood culture 
ordering practices, and (3) identify potential barriers to reducing unnecessary blood cultures.1 Based on the 
Systems Engineering Initiative for Patient Safety (SEIPS) 2.0 model2 and pilot studies at three hospitals, a 50-item 
survey was devised and administered across the collaborative using Qualtrics survey software (Qualtrics Labs Inc., 
Provo, Utah). The coordinating team summarized and shared the survey results with each local QI team during a 
dedicated individual site call. The ensuing discussion and sharing of insights into the results promoted a dialogue of 
how to use the survey results to facilitate program implementation. Following the call, the coordinating team sent 
a copy of the site-specific slide presentation along with a summary of the discussion to the local QI team. Finally, 
the aggregated survey results reflecting responses across the collaborative were shared with participating hospitals 
during an all-site call.

Steps 3 and 4: 
Introduction of a 
new clinical approach 
for evaluating patients 
with fever and 
local intervention 
development

Following the survey-based work system assessment, the coordinating team introduced the new clinical approach 
for evaluating patients with fever developed at JHH to local QI teams during a monthly all-site call. Local QI teams 
then worked with their local stakeholders to prioritize areas for improvement (for example, eliminating surveillance 
culturing, reviewing clinical data, and performing a physical exam before ordering a blood culture), customize 
intervention ideas (for example, fever checklist and blood culture collection algorithm, patient and family education 
materials), and formalize implementation strategies (for example, clinician training, audit and feedback). The 
coordinating team held monthly all-site calls to provide general guidance on intervention development (for 
example, conceptual frameworks, human factors and ergonomics design and implementation principles, examples 
of interventions and implementation plans) and encourage participating hospitals to share their experiences with 
each other.

Step 5: 
Local intervention 
implementation

Based on the preparation of the intervention and the execution of the implementation strategies, the QI team at each 
participating hospital determined their readiness for implementation and selected a kick-off date to officially launch 
their intervention. While the kick-off dates of most participating hospitals were between August 2018 and February 
2019, one hospital experienced significant delay and launched their intervention in August 2019. The coordinating 
team continued to hold monthly individual site calls and sent bi-weekly check-in emails to help participating 
hospitals address their local implementation challenges.

Step 6: Collection of 
data on blood culture 
rates and compliance 
with new clinical 
approach

Data on blood culture rates (number of blood cultures collected per 1000 patient days) and other safety metrics 
(such as delay in blood culture collection) were collected monthly from each participating hospital throughout the 
dissemination process. The kick-off date served as a formal marker to separate pre- and post-intervention data. 
In addition, participating hospitals were provided with an audit tool to keep track of adherence to their CDS tool 
at regular intervals during the post-intervention phase. The coordinating team continuously communicated with 
participating hospitals through monthly individual site calls, monthly all-site calls, and individual and group emails.
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Table 3.

Frequencies of Interactions Between Sites and Coordinating Team

Interactions Pre-intervention Median 
(IQR)

Post-intervention Median 
(IQR)

Relative mean frequency† 
(95% CI)

p value

Email / phone calls 47.5 (39, 53) 63.5 (51, 77) 1.3 (0.9, 1.9) 0.143

Data dialogue 7 (4, 10) 25 (17, 34) 3.3 (2.0, 5.5) < 0.001**

QI log collection 3.5 (3, 4) 6.5 (5, 8) 2.0 (1.5, 2.5) < 0.001**

Implementation facilitation 14 (12, 16) 5.5 (4, 10) 0.5 (0.3, 0.8) 0.002*

Project administration 15.5 (12, 20) 7.5 (6, 19) 0.6 (0.4, 1.0) 0.071

Scheduling 4.5 (3, 10) 15 (14, 19) 2.4 (1.4, 4.0) 0.001**

Conference calls 13.5 (11, 16) 20 (19, 21) 1.5 (1.1, 1.8) 0.002*

All-site call 6 (5, 8) 7 (6, 8) 1.1 (0.8, 1.5) 0.512

Individual site call 7 (6, 8) 13 (12, 14) 1.8 (1.4, 2.3) < 0.001**

Total 60 (53, 71) 84 (68, 97) 1.3 (1.0, 1.9) 0.078

*
p < 0.01;

**
p < 0.001.

†
Relative mean frequency of interactions, with 95% confidence interval (CI), derived from a Poisson regression model with main term for phase, 

post- vs. pre-intervention.

QI, quality improvement; IQR, interquartile ratio.
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Table 4.

Interventions and Implementation Strategies

Sites

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Intervention

Clinical decision support tool Checklist X X X X X X X X X

Flowchart X X X X X X X X X X

Other work system and process changes X X X X X X X X

Implementation strategies

Leadership and stakeholder engagement X X X X X X X X X X X X X X

Clinician training X X X X X X X X X X X

Audit and feedback X X X X X X X X X X X

Stakeholder feedback X X X X X X X X X

Reminder X X X X X X X X X X X X
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