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STUDY PROTOCOL

A pragmatic, stepped-wedge, hybrid 
type II trial of interoperable clinical decision 
support to improve venous thromboembolism 
prophylaxis for patients with traumatic brain 
injury
Christopher J. Tignanelli1,2,3,4*  , Surbhi Shah5, David Vock6, Lianne Siegel6, Carlos Serrano6, Elliott Haut7, 
Sean Switzer8, Christie L. Martin9, Rubina Rizvi2,3, Vincent Peta1, Peter C. Jenkins10, Nicholas Lemke1, 
Thankam Thyvalikakath11,12, Jerome A. Osheroff13, Denise Torres14, David Vawdrey15, Rachael A. Callcut16, 
Mary Butler3,17 and Genevieve B. Melton1,2,3 

Abstract 

Background Venous thromboembolism (VTE) is a preventable medical condition which has substantial impact 
on patient morbidity, mortality, and disability. Unfortunately, adherence to the published best practices for VTE pre-
vention, based on patient centered outcomes research (PCOR), is highly variable across U.S. hospitals, which repre-
sents a gap between current evidence and clinical practice leading to adverse patient outcomes.

This gap is especially large in the case of traumatic brain injury (TBI), where reluctance to initiate VTE prevention 
due to concerns for potentially increasing the rates of intracranial bleeding drives poor rates of VTE prophylaxis. 
This is despite research which has shown early initiation of VTE prophylaxis to be safe in TBI without increased 
risk of delayed neurosurgical intervention or death. Clinical decision support (CDS) is an indispensable solution 
to close this practice gap; however, design and implementation barriers hinder CDS adoption and successful scaling 
across health systems. Clinical practice guidelines (CPGs) informed by PCOR evidence can be deployed using CDS 
systems to improve the evidence to practice gap. In the Scaling AcceptabLE cDs (SCALED) study, we will implement 
a VTE prevention CPG within an interoperable CDS system and evaluate both CPG effectiveness (improved clinical 
outcomes) and CDS implementation.

Methods The SCALED trial is a hybrid type 2 randomized stepped wedge effectiveness-implementation trial to scale 
the CDS across 4 heterogeneous healthcare systems. Trial outcomes will be assessed using the  RE2-AIM planning 
and evaluation framework. Efforts will be made to ensure implementation consistency. Nonetheless, it is expected 
that CDS adoption will vary across each site. To assess these differences, we will evaluate implementation pro-
cesses across trial sites using the Exploration, Preparation, Implementation, and Sustainment (EPIS) implementation 
framework (a determinant framework) using mixed-methods. Finally, it is critical that PCOR CPGs are maintained 
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Contributions to the Literature

• This paper provides a study protocol for a new and 
novel stepped wedge study variation which includes 
external control sites to take into account external 
influences on the uptake of traumatic brain injury 
guidelines nationally

• This paper provides a study design for one of the largest 
trauma pragmatic trials in the U.S. of 9 heterogenous 
hospitals

• This study is also unique and first-in-kind feature as the 
guideline may change over time during the study due to 
the “living” nature of the guideline being implemented.

Introduction
Venous thromboembolism (VTE) is a preventable com-
plication of traumatic brain injury (TBI), which has a 
substantial impact on patient morbidity, mortality, dis-
ability. It is also associated with significant economic 
burden > $1.5 billion per year [1, 2]. VTE is considered 
a preventable medical condition in the majority of cases 
[2, 3]. Unfortunately, adherence with patient centered 
outcomes research (PCOR)-informed VTE prevention 
best practices is highly variable and often poor across 
U.S. hospitals. Compliance with best practice is espe-
cially relevant in the case of TBI as 54% of TBI patients 
will develop a VTE if they do not receive appropriate 
anticoagulation [4]. The delivery of appropriate VTE 
prophylaxis to TBI patients is such an important quality 
measure that adherence is tracked nationally and bench-
marked by the American College of Surgeons Trauma 
Quality Improvement Program (ACS-TQIP) [5]. We have 
previously shown that instituting a hospital-wide VTE 
prevention initiative modeled after the Berne-Norwood 
criteria for VTE prophylaxis in TBI was associated with 
significantly increased compliance with VTE-related pro-
cess and improved outcome metrics [6]. Specifically, we 
observed improved adherence with the Berne-Norwood 
criteria [7, 8], reduced time to initiation of VTE prophy-
laxis, and reduced VTE events [9]. Multiple studies have 

shown that VTE prophylaxis in trauma patients not only 
reduces VTE events, but also significantly reduces mor-
tality [10]. We noted the same reduction in mortality for 
TBI patients following the initiation of a VTE prophy-
laxis guideline for patients with TBI [11]. Unfortunately, 
despite widely published PCOR-informed best practice, 
nationally there is reluctance to initiate VTE prevention 
due to concerns for progression of intracranial hemor-
rhage. This is despite research which has shown early 
initiation of VTE prophylaxis to be safe in TBI without 
increased risk of delayed neurosurgical intervention or 
death [12–16].

Since approximately 40% of TBI patients do not receive 
DVT prophylaxis in a timely manner, there is a critical 
and timely need to close the gap between current PCOR 
evidence and clinical practice. [17–23]. Clinical decision 
support (CDS) systems are an indispensable solution to 
close this practice gap; however, design and implemen-
tation barriers hinder CDS adoption [24, 25]. Another 
significant challenge to the implementation of CDS is 
that health information technology (IT) needs a com-
mon language for PCOR evidence to translate it into 
practice across multiple organizations [26]. Because of 
these challenges, we will deploy CDS using fast health-
care interoperability resources (FHIR) standards to rap-
idly implement PCOR evidence into practice [27, 28]. We 
hypothesize that, FHIR standards will reduce CDS devel-
opment and maintenance costs, increase PCOR uptake in 
rural and other underserved sites, and speed the develop-
ment timeline to build a comprehensive suite of CDS for 
PCOR evidence [29].

Few studies have investigated specific barriers to and 
facilitating factors for adoption of interoperable FHIR-
based CDS [30]. For example, many current studies 
investigating barriers and facilitators for interoperable 
CDS are limited to expert opinion [30, 31] or lack a for-
mal implementation science framework-guided inves-
tigation [32, 33]. Barriers to and facilitating factors for 
adoption of interoperable CDS following real-life imple-
mentation and multicenter scaling guided by validated 

as evidence evolves. To date, an accepted process for evidence maintenance does not exist. We will pilot a “Living 
Guideline” process model for the VTE prevention CDS system.

Discussion The stepped wedge hybrid type 2 trial will provide evidence regarding the effectiveness of CDS based 
on the Berne-Norwood criteria for VTE prevention in patients with TBI. Additionally, it will provide evidence regard-
ing a successful strategy to scale interoperable CDS systems across U.S. healthcare systems, advancing both the fields 
of implementation science and health informatics.

Trial registration Clinicaltrials.gov– NCT05628207. Prospectively registered 11/28/2022, https:// class ic. clini caltr ials. 
gov/ ct2/ show/ NCT05 628207.

Keywords Traumatic brain injury, Prophylaxis, Venous thromboembolism, Stepped wedge, Implementation science, 
Mixed methods, Clinical decision support, Randomized controlled trial, Learning health system, Health informatics
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implementation science frameworks should be rigorously 
investigated. This study will facilitate comprehensive 
exploration of clinician and environmental (internal and 
external) contextual elements that influence interoper-
able CDS implementation success. In this study, we will 
scale and assess the effectiveness of a CDS system for a 
VTE prophylaxis guideline in patients with TBI and eval-
uate implementation across 9 sites within 4 U.S. trauma 
systems.

Methods
Study aims and implementation framework
This trial consists of a stepped wedge hybrid effective-
ness-implementation trial to scale the CDS system across 
4 trauma systems and in parallel evaluate implementa-
tion strategy guided by the Exploration, Preparation, 
Implementation, and Sustainment (EPIS) implementa-
tion framework (Fig.  1a) [34]. We anticipate variability 
in CDS adoption across sites during the implementation 
trial. This variation represents a unique opportunity to 
study implementation at each site and understand what 
strategies, system factors, and engagement of specific 

stakeholders are associated with improved CDS adop-
tion. We will rigorously evaluate each implementation 
phase, guided by The EPIS Implementation Framework 
[34], our determinant framework (Fig. 1b). We will apply 
the EPIS framework to guide assessment of implementa-
tion phases, barriers, and facilitators (Fig.  2) [34]. EPIS 
comprises 16 constructs over 4 domains (outer context, 
inner context, bridging factors, and innovation fac-
tors). We selected EPIS as our determinant framework 
as it includes clearly delineated implementation stages 
and allows for examination of change at multiple levels, 
across time, and through phases that build toward imple-
mentation. While EPIS was initially developed for imple-
mentation in public service, it has since been translated 
to healthcare, especially for complex multi-institutional 
healthcare interventions [34–36].

Trial overview, setting, and inclusion/exclusion criteria
This trial will be conducted at 4 healthcare systems with 
1–3 hospitals per system and is projected to occur over a 
3 to 4-year period. The trial uses a randomized stepped-
wedge design to scale an interoperable CDS system for 

Fig. 1 a Randomized Stepped Wedge design of the SCALED clinical trial. b Parallel, implementation evaluation guided by Explore, Preparation, 
Implementation and Sustain (EPIS) framework
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the Berne-Norwood TBI CPG. Figure 1a provides a sche-
matic for the trial design. The order of health systems and 
sites will be randomly determined. This study will include 
a heterogeneous number of hospitals by trauma verifica-
tion status, electronic health record (EHR) platform, bed 
size, and setting (Table 1). Our target population is adult 
patients admitted with an acute TBI defined as Interna-
tional Classification of Disease 10 Clinical Modification 
(ICD-10-CM): S06.1 – S06.9 or S06.A. Patients who die 
within 24  h of hospital admission and patients docu-
mented as “comfort cares” during the first 72 h of hospi-
talization will be excluded, as they would have a limited 
opportunity to receive adherence with the Berne-Nor-
wood criteria. Additionally, patients with a pre-existing 

VTE or inferior vena cava (IVC) filter at the time of 
admission, and patients with a mechanical heart valve 
or ventricular assist device will be excluded from final 
analysis.

This study will also include up to 3 control sites 
(Fig.  1a), a feature not typically included with historic 
stepped-wedge trial designs, which will strengthen our 
ability to understand external influences on the study 
findings. These control sites, which do not receive the 
CDS intervention and do not have any planned initiatives 
around guideline implementation, will allow the study to 
assess baseline adherence and variation in clinical prac-
tice over the study period.

Fig. 2 Implementation evaluation across study sites

Table 1 Implementation sites for SCALED Trial

Setting Trauma Level EHR Platform TBI patients 
annually

Bed Size

M Health Fairview
 University of Minnesota Medical Center University 2 Epic 180 828

 Southdale Hospital Community 3 Epic 160 334

 Ridges Hospital Community 3 Epic 155 171

Indiana University (IU) Health
 IU Health Methodist Hospital University 1 Cerner 520 625

 IU Health Bloomington Community/Rural 3 Cerner 203 297

Geisinger Health
 Geisinger Medical Center Rural 1 Epic 942 552

 Geisinger Community Medical Center Community 2 Epic 292 297

 Geisinger Wyoming Valley Rural 2 Epic 211 300

University of California – Davis
 UC-Davis University 1 Epic 1165 625
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CDS Intervention
TBI diagnosis upon admission will activate an interoper-
able CDS system leveraging the Stanson Health (Char-
lotte, NC) CDS platform [37], which is being expanded 
to include interoperable offerings for TBI VTE prophy-
laxis. This system provides a knowledge representation 
framework to faithfully express the intent of the Berne-
Norwood prevention criteria computationally (Table  2). 
The interoperable FHIR data standard will be used for bi-
directional data transfer between each site’s EHR and the 
CDS platform. Workflow integration includes a combina-
tion of both passive and interruptive provider and trauma 
system leader information and “nudges”. Table  2 repre-
sents the Standards-based, Machine-readable, Adaptive, 
Requirements-based, and Testable (SMART) L2 layer 
[38] of the Berne-Norwood criteria.

CDS user‑centered design
We will complete a rapid cycle CDS evaluation to opti-
mize CDS workflow integration by conducting a user-
driven simulation and expert-driven heuristic usability 
optimization as we have previously done [39]. For rapid 
cycle CDS evaluation, multidisciplinary trauma end-user 
“teams” will complete up to 3 scenarios designed to rep-
resent various extremes in TBI VTE prevention decision 
making. Simulation usability testing will be overseen 
by usability experts, who will catalogue usability issues 
that arise during simulation. Via consensus ranking, 

the development and planning teams will rank usabil-
ity issues from 0 (cosmetic) to 5 (usability catastrophe). 
Using 10 predefined heuristics for usability design [40], 
we will conduct a heuristic evaluation of the CDS, then 
catalogue and rank usability issues. These results will 
inform CDS application design, optimized for TBI work-
flow integration.

Implementation strategy
Following CDS development, our healthcare system 
relies on a time-tested approach for the implementa-
tion and scaling of user-centered CDS: this approach is 
called the Scaling AcceptabLE cDs (SCALED) Strategy 
[41]. This framework integrates multiple evidence-based 
implementation strategies (Table 3).

Study outcomes
The primary implementation outcome is patient-level 
adherence with the CPG: Specifically, did the patient 
received guideline-concordant care? Adherence will be 
measured as an all-or-none measure (binary endpoint 
at the encounter/patient-level). Thus, if a patient is 
low-risk for TBI progression, by 24 h they should have 
risk-specific VTE prevention ordered; if they receive 
this after 24  h, or if they receive the intermediate 
risk VTE prevention regimen, this would be deemed 
non-adherent. The primary effectiveness outcome is 
VTE (binary endpoint at the patient-encounter level). 

Table 2 Traumatic brain injury (TBI) venous thromboembolism (VTE) prevention clinical practice guideline. Modified Berne-Norwood 
criteria for VTE risk in TBI patients

Low Risk Moderate Risk High Risk

• No moderate or high risk criteria • Subdural or epidural hematoma > 8 mm • Placement of an intracranial pressure monitor

• Contusion or intraventricular hemorrhage > 2 cm • Craniotomy

• Multiple contusions per lobe • Evidence of progression at 72 h

• Subarachnoid hemorrhage with abnormal CT

• Evidence of progression at 24 h

• Initiate pharmacologic prophylaxis if repeat 
head computed tomography (CT) stable 
at 24 h

• Initiate pharmacologic prophylaxis if head CT 
stable at 72 h

• Consider placement of an inferior vena cava filter

Table 3 Clinical decision support SCALED implementation strategy

(1) Development of a local change team led by local champions at each implementation site

(2) Multidisciplinary Stakeholder engagement and training to optimize buy-in

(3) Readiness assessment and analysis

(4) Rapid cycle user-centered workflow and experience optimization at each site

(5) Multifaceted end-user training strategy

(6) Site Initiation Visit and “Go Live” Launch Event

(7) Maintenance elements as necessary (i.e. Booster Education sessions, Audit and Feedback)
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Safety outcomes evaluated include: TBI progression, 
in-hospital mortality, and bleeding events. A second-
ary hypothesis is that as the trial scales to additional 
sites, iterative implementations will be more efficient 
(reduced implementation time) and more effective 
(improved adoption). Secondary hypotheses will be 
evaluated using the  RE2-AIM framework [42, 43] and 
are displayed in Table 4.

Clinical trial data collection methods
Data sources used in this trial include the Stanson 
Health CDS eCaseReport and site trauma registry. 
The eCaseReport is a living registry of all patients, and 
their associated clinical trial data elements, that were 
eligible for the CDS. All sites also maintain a trauma 
registry adhering to the National Trauma Data Stand-
ards [44], a requirement for ACS trauma center verifi-
cation. This dataset is manually annotated by trained 
clinical abstractors. Data will be sent to the biostatisti-
cal team at 6-month intervals. Control and pre-imple-
mentation sites will provide their trauma registry in 
addition to supplemental standards-based EHR extrac-
tion of clinical trial data elements or manual abstrac-
tion. A data dictionary has been created for the study 
and will be made available on the trial webpage.

Multiple methods evaluation of implementation success 
at each EPIS phase
Survey instruments will be prepared using Likert-type 
scales. Outcomes will be calculated based on scor-
ing guides for the following validated scales: Program 
Sustainability Assessment Tool (PSAT) [45], Clinical 
Sustainability Assessment Tool (CSAT) [46], Implemen-
tation Leadership Scale (ILS) [47], and Evidenced-based 
Practice Attitude Scale-36 (EBPAS-36) [48]. Two scales 
do not have scoring rubrics: the Organizational Readi-
ness for Change Questionnaire [49, 50] and the Normali-
zation Measure Development (NoMAD) Questionnaire 
[51–53]. Since both of these scales group questions into 
constructs, they will be analyzed by generating mean Lik-
ert scores and standard deviations per construct, and a 
mean across constructs, at each of the four implementa-
tion phases [54].

To deeply investigate barriers and facilitators of suc-
cessful implementation, semi-structured qualitative 
interviews of key personnel (clinical leadership and end-
users, IT leadership and staff) will be conducted at each 
of the 4 implementation phases. Studies suggest satura-
tion of new ideas occurs after approximately 12  inter-
views [55]. Additional samples will be added as needed if 
thematic saturation is not achieved. Following informed 
consent, interviews will be performed by a trained quali-
tative research assistant, audio recorded, and transcribed 

Table 4 RE2-AIM implementation secondary outcomes

Implementation Outcome Measurement Level

Reach # of total patients that the CDS activated on / # of total eligible TBI patients Patient – Level

Effectiveness • VTE and Bleeding Event Rates (unadjusted and adjusted) Patient—Level

• Transfusion Requirements (unadjusted and adjusted)

• Mortality (unadjusted and adjusted)

Equity • Number of patients that receive adherence across demographic groups (race, ethnic, sex, 
and age)

Patient – Level

• Effectiveness outcomes (VTE, bleeding event rate, and mortality) across demographic groups

Adoption
Implementation

Number of patients that received adherence with the CPG per site or provider/ number of eligible 
patients per site or provider

Hospital, Provider-Level

- All-or-none by implementation site

- All-or-none by trauma provider

- Adoption at hospital level by risk level (low, medium, high)

Fidelity to the CPG: Patient—Level

• Appropriate agent used (e.g. enoxaparin, unfractionated heparin)

• Appropriate dose delivered

• Dose delivered at appropriate time after admission
CDS provider training proficiency by implementation site

CDS order bundle utilization by implementation site

CDS IT integration time (in hours)

Maintenance • Percent of patients that received the CPG at 6 months post implementation Patient / Provider Level

• Provider adoption 6 months post implementation

• Average provider score on guideline proficiency quiz (compared to baseline)
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verbatim. An interview guide, informed by the EPIS 
framework, was developed to collect key informant expe-
riences with CDS implementation with a focus on inner 
and outer context factors [56]. A hybrid approach, pri-
marily deductive and secondarily inductive, approach will 
be applied. All interviews will be independently double-
coded and coding discrepancies will be resolved through 
discussion. A descriptive thematic analysis approach [57] 
will be used to characterize the codes into themes and 
sub-themes representing the barriers and facilitators to 
implementation success.

Results for all instruments will be primarily stratified 
according to site implementation success at each study 
phase. Additional stratifications may include respondent 
role, discipline, and hospital system. Bar charts display-
ing mean survey domains with integrative quotations 
from the qualitative analysis will be used to facilitate 
data visualization and understanding of key themes rep-
resenting barriers and facilitators to successful CDSS 
implementation.

Statistical analysis
Mixed-effects logistic regression models will be fit to test 
whether or not CDS implementation changes the likeli-
hood of a VTE event during TBI admission (effectiveness 
outcome) and the likelihood that the clinical guideline 
was followed (implementation outcome). The models for 
these outcomes include fixed-effects for month (when 
available, to account for secular trends) and an indicator 
variable for whether the center had the CDS integrated 
in the EHR. The primary test statistic will be a Wald test 
of the coefficient for this treatment indicator. We will 
include random center-specific intercepts to account 
for correlation within center. Assuming there are 9 sites 
enrolled with an average of 400 TBI admissions per year 
and the typical site has between 20%-40% adherence to 
the clinical guidelines, we will have > 80.0% and > 99.9% 
power to detect a 5 and 10 percentage point increase in 
the adherence. Similarly, assuming the typical site has 
between a VTE event rate of 5–6%, we will have > 80.0% 
power to detect a 40%-50% reduction in VTE consistent 
with our published data [11].

Study oversight
This study is overseen by the University of Minnesota 
Surgical Clinical Trials Office and by an independent 
Data Safety Monitoring Board (DSMB). Even though this 
intervention is deploying a TBI clinical guideline that is 
currently considered best practice, we believe the addi-
tion of a DSMB will improve trial safety, data quality, 
and trial integrity [58]. DSMB membership will be inde-
pendent from the study investigators and will consist of 
3 members including: 1 trauma surgeon, 1 informaticist, 

and 1 statistician. Annual reports including data from 
all sites, including control sites, will be shared with the 
DSMB to assure timely monitoring of safety and data 
quality. The trial will not be stopped early in the event 
of CDS efficacy because a critical secondary outcome 
focuses on studying implementation and effectiveness 
over time.

VTE guideline monitoring and maintenance
Given the potential for a changing evidence-base, it is 
possible that best practice VTE prevention guidance may 
change during the study period or afterwards. A critical 
element in improving adherence with PCOR evidence is 
updating guidance based on this evidence – in this study, 
this requires ensuring that the CDS system remains 
current.

We will pilot a model for producing and maintain-
ing TBI VTE prophylaxis ’Living Guidance and CDS’ to 
ensure that the CDS remains current (Fig.  3). The Uni-
versity of Minnesota Evidence-based Practice Center 
(EPC) Evidence Generation team will conduct and main-
tain a “living” systematic review. Systematic review data 
will be uploaded to the AHRQ’s Systematic Review Data 
Repository (SRDR). “Living” implies that every 6 months 
the EPC team will evaluate and synthesize new evidence 
related to TBI VTE prophylaxis, update the existing 
systematic review and deliver it to a multi-stakeholder 
Guideline Committee. The Guideline Committee will 
then use the GRADE (Grading of Recommendations, 
Assessment, Development and Evaluations) evidence-to-
decision (EtD) framework to develop VTE prophylaxis 
guidelines for patients with TBI [59–61]. A computa-
tional representation of these guidelines will be updated 
and maintained within the CDS platform by Stanson 
Health, the CDS Vendor.

Spreading successful results beyond study sites
The ultimate goal of this study is to spread successful 
CDS tools and strategies to broadly improve TBI VTE-
related care processes and outcomes. The research out-
lined above will surface sharable insights about what 
information needs to be presented to which people in 
what formats through what channels at what times to 
reliably deliver guideline-based care – i.e., specific instan-
tiations of the “CDS 5 Rights Framework” applied to this 
target [62]. We will use Health Service Blueprint tools to 
describe our recommended implementation approaches; 
these tools are being applied in an increasing number of 
public and private care delivery organizations as a struc-
tured approach to ‘get the CDS 5 Right right’ for various 
improvement targets. We will further adapt and apply 
Health Service Blueprint foundations supported by VA 
and AHRQ [63] to capture VTE care transformation 
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guidance in Health Service Blueprint tooling [64]. Pre-
senting recommended CDS-enabled workflow, infor-
mation flow – as well as and related implementation 
considerations and broader healthcare ecosystem impli-
cations – in this structured format will help organiza-
tions beyond the initial study participants put study 
results into action efficiently and effectively.

Discussion
In this paper, we present the protocol for the SCALED 
trial, a stepped-wedge cluster randomized trial of a CDS 
intervention to improve adherence with VTE prevention 
best practices for patients with TBI. As a hybrid type 2 
trial, this study will evaluate both implementation and 
effectiveness outcomes. In addition to investigating effec-
tiveness, we will also be able to provide insight into the 
implementation challenges for deploying interoperable 
CDS across heterogenous health systems. In our pilot 
study [9], while patients who received guideline-concord-
ant care had significantly improved outcomes, we noted 
that not all patients receive guideline concordant care 
following implementation. Additionally, best strategies 
for scaling interoperable CDS systems are poorly studied. 
Thus, this study represents one of the earliest implemen-
tation evaluations of scaling interoperable CDS systems 
across heterogeneous health systems.

This study has several strengths. First, it will rigor-
ously test implementation of a CPG for VTE prevention 
across 9 U.S. trauma centers using a multi-faceted CDS 

platform supporting both passive and interruptive deci-
sion support. Second, it will rigorously investigate scal-
able and interoperable CDS strategies to deploy CPGs. 
Third, this study leverages a centralized eCaseReport 
generated by the CDS system, a solution which can 
drive data collection for future pragmatic trials. Impor-
tantly, this study takes place at trauma centers which 
are geographically distinct, utilize different EHR ven-
dors, include both ACS-verified level 1 through level 
3 trauma centers, and include rural, community, and 
university-based trauma centers. In addition to help-
ing spread recommended care transformation strate-
gies beyond additional study sites, documenting these 
approaches in Health Service Blueprint tools will also 
support creation of learning communities for sharing, 
implementing, and enhancing these strategies.

This study also has limitations. First, we are only 
investigating 4 trauma systems which already have fairly 
advanced informatics divisions and experience imple-
menting interoperable CDS systems. Thus, these find-
ings may not be broadly applicable to health systems 
with less informatics experience and expertise. Second, 
we are only investigating implementation across two 
EHR vendors: Epic and Cerner, thus these findings may 
not be applicable to health systems with different EHR 
vendors such as Meditech or Allscripts. However, the 
Health Service Blueprint implementation strategy rep-
resentations should still enable users of other systems 
to glean valuable insights about components of the 

Fig. 3 Pilot process for “Living Guideline”
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transformation approach less dependent on specific 
EHRs used.

In summary, this study will implement and scale a 
CDS-enabled care transformation approach across 
a diverse collaborative CDS community, serving as 
an important demonstration of this critical health-
care challenge. We will integrate lessons learned for 
a planned national scaling in collaboration with U.S. 
trauma societies. Finally, we will pilot an approach for 
the “Living Guideline” and use that to maintain evi-
denced-based decision logic within CDS platforms.
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