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Abstract 

Background:  Facilitating appropriate care delivery using electronic health record (digital health) tools is increas-
ing. However, frequently used determinants frameworks seldom address key barriers for technology-associated 
implementation.

Methods:  Semi-structured interviews were conducted in two contexts: the national Veterans Health Affairs (VA) 
following implementation of an electronic dashboard, a population health tool, and the Michigan Anticoagulation 
Quality Improvement Initiative (MAQI2) prior to implementation of a similar electronic dashboard. The dashboard is 
designed for pharmacist or nurse use to monitor safe outpatient anticoagulant prescribing by physicians and other 
clinicians We performed rapid qualitative inquiry analysis and selected implementation strategies. Through a stake-
holder focus group session, we selected implementation strategies to address determinants and facilitate implemen-
tation in the MAQI2 sites.

Results:  Among 45 interviewees (32 in VA, 13 in MAQI2), we identified five key determinants of implementation 
success: (1) clinician authority and autonomy, (2) clinician self-identity and job satisfaction, (3) documentation and 
administrative needs, (4) staffing and work schedule, and (5) integration with existing information systems. Key differ-
ences between the two contexts included concerns about information technology support and prioritization within 
MAQI2 (prior to implementation) but not VA (after implementation) and concerns about authority and autonomy that 
differed between the VA (higher baseline levels, more concerns) and MAQI2 (lower baseline levels, less concern).

Conclusions:  The successful implementation of electronic health record tools requires unique considerations that 
differ from other types of implementation, must account for the status of implementation, and should address the 
effects of the tool deployment on clinical staff authority and autonomy. Interviewing both post-implementation and 
pre-implementation users can provide a robust understanding of implementation determinants.
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Contributions to the literature

•	Implementation efforts that leverage technology-
associated tools must address implementation deter-
minants that differ from other types of tools, based 
on available resources, accuracy, and integration into 
workflow

•	Combining interviews with experiences and pre-imple-
mentation sites can help to identify additional determi-
nants of implementation success

•	Baseline levels of autonomy significantly impacts how 
individuals perceive specific barriers to implementing 
new team-based care delivery processes

Background
A potential benefit of rapidly growing electronic health 
record (EHR) use in medicine is the capacity to imple-
ment evidence-based, EHR-guided clinical decision 
support tools, such as the use of best practice alerts (clin-
ical reminders) and population-level dashboards [1–3]. 
While best practice alerts are typically designed for spe-
cific patient-provider interactions, population-level dash-
boards allow clinicians and/or clinical leaders to survey 
a large cohort of patients to identify key trends in care 
delivery. However, few evaluations have addressed the 
operational and social implementation barriers of these 
tools for clinical staff. Additionally, how well an electronic 
tool developed in one clinical setting can be adapted and 
implemented in an alternative setting remains largely 
unknown. To better understand these challenges, we set 
out to study the implementation of a population health 
dashboard for safe anticoagulant prescribing and moni-
toring in two distinct settings, one of which was already 
using the dashboard, the other was not.

All anticoagulant drugs are high-risk/high-benefit med-
ications that are essential for preventing life-threatening 
complications, such as stroke and other thrombotic con-
ditions [4]. For more than five decades, warfarin was the 
only available oral anticoagulant in the USA and much of 
the world. While effective at preventing blood clots, war-
farin has a high risk of harm and is burdensome to dose 
and monitor [4]. Since 2010, oral anticoagulant prescrib-
ing has been slowly transitioning from warfarin to newer 
direct oral anticoagulants (DOACs) [5–8]. This shift 
has led to a substantial change in who manages antico-
agulation prescription changes and how closely patients 
are followed. Specifically, patients on warfarin are often 
monitored at least every month to ensure appropriate 
dosing and drug levels. However, DOAC medications are 
prescribed using fixed doses without any dosing or drug 

level monitoring. Therefore, DOAC-treated patients typi-
cally do not have frequent interactions with anticoagula-
tion experts, such as nurses and pharmacists working in 
anticoagulation clinics.

While safer and dramatically simpler to dose and moni-
tor than warfarin, accurate DOAC prescribing is still 
complicated and adverse events due to incorrect dosing 
remain relatively common. In fact, multiple studies have 
identified that as many as 1 in 7 patients have inappro-
priate DOAC prescriptions [9–12]. Common prescribing 
issues include failure to adjust medication dosing appro-
priately for kidney or liver disease, failure to recognize 
potential drug-drug interactions, and failure to adjust 
dosing for different clinical indications as appropriate. 
When DOACs are mis-dosed, patients are at markedly 
increased risk for costly and potentially deadly bleeding 
or thrombotic/stroke complications.

To ensure the safe use of high-risk medications, many 
health systems are attempting EHR-guided population 
health management programs. One promising method is 
the use of dashboards, such as the one created by a small 
team of pharmacists and programmers at the United 
States Department of Veterans Affairs (VA) health sys-
tem [13, 14]. This DOAC Dashboard assists anticoagu-
lation pharmacists by identifying every VA patient who 
is prescribed a DOAC and performs an asynchronous 
screen from a pre-defined set of alerts for potentially 
risky prescribing. The tool then allows a pharmacist to 
click on an individual patient record, review the details 
of their DOAC prescribing and reason for an alert, and 
take an action. The DOAC Dashboard’s software inter-
face was made available to all VA pharmacists in 2017. 
However, the decision to use or not use the DOAC Dash-
board (site-level adoption) was left up to individual VA 
sites/clinics. Support for implementation was provided 
by the DOAC Dashboard programmer and a small team 
of experienced users through a nation-wide list-serve. 
Currently, the DOAC Dashboard is now in regular use by 
almost all VA anticoagulation pharmacists nation-wide, 
but with varying frequency of use and models for how it 
is incorporated into clinical workflow.

The implementation successes and failures of the 
DOAC Dashboard have not been clearly evaluated. Fur-
thermore, many technological solutions in healthcare 
have failed to address operational and social barriers 
and the potential replicability of the digital tool’s imple-
mentation in sites other than VA are totally unknown. 
Therefore, we set out to discover the negative and posi-
tive determinants (barriers and facilitators) to effec-
tive use of the DOAC Dashboard for VA users as well 
as the determinants among potential non-VA users in 
a quality improvement initiative in the state of Michi-
gan, USA [14]. Our goal was to use the VA experience 
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to inform effective Dashboard introduction in a diverse 
set of hospital systems. We used theory-guided determi-
nants interviews of current VA users of the dashboard 
and potential users in different health systems to identify 
promising implementation strategies.

Methods
Settings and participants
This project leverages two health care contexts. The first 
is the United States VA health system. The VA is the larg-
est vertically and horizontally integrated health system in 
America [15]. Serving over 9 million veterans, it offers ser-
vices at over 150 medical centers and over 1000 outpatient 
clinics. At the time of the interviews, the DOAC Dash-
board had been available to all VA pharmacists for up to 
3 years. Most participants from this setting were special-
ist anticoagulation pharmacists, which matches how anti-
coagulation care is provided in the VA health system. We 
also interviewed pharmacy technicians, and clinic manag-
ers who work in ambulatory anticoagulation clinics as well 
as the programmer who developed the VA DOAC Dash-
board. Participants were identified by clinic managers and 
invited to participate through e-mail communication.

The second setting includes four distinct health systems 
that participate in the Michigan Anticoagulation Quality 
Improvement Initiative (MAQI2). Participating centers 
include both university-affiliated and independent cent-
ers located in urban and suburban regions of Michigan, 
USA. Each center has an anticoagulation clinic staffed 
by nurses and/or pharmacists operating under physician 
leadership. The participants from this setting came from 
a wider variety of professional backgrounds, including 
physician champions and medical directors, nurses and 
pharmacists who work in the ambulatory anticoagula-
tion clinics, and anticoagulation clinic managers. This 
matches the range of caregivers who provide anticoagu-
lation care in the MAQI2 sites. Most of the participants 
are active members of the MAQI2 consortium or were 
identified as important stakeholders by the MAQI2 lead-
ers for each site. Development of a non-VA DOAC Dash-
board was planned for MAQI2 sites at the time of the 
interviews.

In addition to the differences in clinical settings 
between the VA and MAQI2 sites, another important dis-
tinction is that the VA sites all had access to the DOAC 
Dashboard (and most were experienced users) at the 
time of the interviews while the MAQI2 sites had not yet 
implemented their dashboard.

Implementation intervention development
For the larger intervention project, we are follow-
ing a 7-step process to develop our implementation 
intervention (Table  1). This approach is similar to 

implementation mapping as described by Fernandez 
et  al. and utilized recently by Klaiman et  al. [16, 17] 
This manuscript describes steps 3–6 of the process 
(interviews, analysis, implementation strategy selec-
tion, and stakeholder feedback), which focus on under-
standing the determinants of effective implementation 
and guide implementation intervention development. 
Additional methodological details are available in the 
online Additional file  1 supplemental appendix. Steps 
1 and 2, creating the team and identifying the inter-
vention, preceded this work. The team was developed 
based on clinical and quality improvement experience 
related to anticoagulation care or electronic health 
record tool development. Many team members (physi-
cian, pharmacist, information technology programmer) 
has previously worked together on related projects. 
Other team members (project manager, qualitative 
expert) have not previously worked on a project in this 
clinical area.

Data collection (Step 3)
Our semi-structured interview guides (both for VA and 
MAQI2) were developed using pre-specified constructs 
from the Consolidated Framework for Implementation 
Research (CFIR) in addition to the Technology Accept-
ance Model (TAM) framework (Additional file  1 sup-
plemental appendix) [19, 20]. The implementation 
team (GDB, ES, AS, JS) reviewed sample interview 
questions from cfirg​uide.​org and published litera-
ture using TAM. Questions that were anticipated to 
be relevant to this project were adapted. The overall 
interview guide was then tested with two preliminary 
interviewees and edits were made to improve flow and 
clarity. VA sites were selected based on their level of 
DOAC Dashboard use (high, moderate, low/none) as 
calculated by the number of days per month with one 
or more pharmacists accessing the DOAC Dashboard. 
We also selected key VA sites where DOAC Dashboard 
use had changed significantly between 2017 and 2019 
(e.g., high-to-low) to assess what specific determinants 
influenced the change in usage. All four MAQI2 sites 
who currently manage DOAC patients were inter-
viewed. We identified participants at each site (VA and 
MAQI2) by asking managers to identify key front-line 
clinical staff.

Interviews were conducted by trained research staff 
(ES and AR). All participants provided verbal consent 
to participate and for the interviews to be recorded. 
Recordings were transcribed and anonymized by 
removing participant and site names. The interviewees 
collected notes during and after each interview, follow-
ing the rapid qualitative analysis approach.

http://cfirguide.org
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Rapid qualitative analysis (step 4)
We undertook a rapid qualitative analytic approach that 
incorporated elements of a template analysis by using 
pre-existing codes from CFIR and TAM [21–23]. The 
three qualitative researchers (ES, AR, LT) reviewed notes 
taken during the interviews as well as the transcribed 
interviews to identify relevant themes. These were done 
using both pre-defined codes related to individual CFIR 
and TAM constructs as well as any newly emergent 
themes from the interviews.

Selection of implementation strategies (step 5)
A table of key determinants identified from the inter-
views was created and organized according to frequency 
and importance, as determined by the implementation 
team through reviews of the interview transcripts (count-
ing the number of coded themes) and group discussion 
until consensus was reached about importance. Follow-
ing this prioritization activity, implementation strategies 

from the Expert Recommendations for Implementation 
Change (ERIC) project were reviewed and potential strat-
egies were selected by the implementation team to match 
each prioritized determinant [24]. Additional implemen-
tation strategies suggested in the stakeholder interviews 
were also included.

Stakeholder feedback on implementation strategies (step 
6)
The list of prioritized determinants identified from the 
interviews along with suggested implementation strat-
egies were shared with key MAQI2 stakeholders. Prior-
itization was determined by the team members based 
on the frequency and importance (determined in step 
5) and the feasibility of paired implementation strate-
gies selected and adapted from the ERIC project list [24]. 
During this session, two team members (ES and GDB) 
presented findings from the interviews and analysis 
along with a list of potential implementation strategies. 

Table 1  Implementation approach to dashboard development in MAQI2

Step Details

1 – Form implementation team We formed a MAQI2 implementation team consisting of a physician with expertise in 
anticoagulation and thrombosis, stakeholders from the anticoagulation clinic, a project 
manager, an EHR programmer, and staff.

2 – Identify the implementation intervention Our goal is to help anticoagulation pharmacist/nurse staff to identify inappropriate 
DOAC dosing and teach them how to contact prescribers with suggested corrections to 
dosing. Then, we will implement the DOAC Dashboard within each health system’s EHR 
system, train the anticoagulation staff on the use of the DOAC Dashboard, and develop 
clinic policies that encourage regular use the DOAC Dashboard to identify inappropriate 
DOAC prescriptions and correct inappropriate DOAC prescriptions.

3 – Stakeholder interviews (see methods) To understand what was and was not effective in a previous implementation, we 
conducted semi-structured interviews with key stakeholders (n=28) at 22 VA sites 
selected for having varied levels of DOAC Dashboard use. These interviews assessed for 
key determinants of successful implementation, focusing on how implementation was 
achieved, and strategies used by sites to implement and encourage effective use of the 
Dashboard to guide adoption in MAQI2.
Then, to understand situations where MAQI2 may differ from VA, we also conducted 
semi-structured interviews with key stakeholders (n=13) at the participating MAQI2 
centers. These formative interviews assessed for key anticipated determinants of suc-
cessful implementation. They jointly focused on information pertinent to the DOAC 
Dashboard development process and to anticipated barriers and facilitators (negative 
and positive determinants) for the upcoming implementation work.

4 – Rapid qualitative analysis (see results and Table 3) We performed rapid qualitative analysis to identify the key determinants of implementa-
tion success. Guided by the Consolidated Framework for Implementation Research and 
Technology Acceptance Model, we identified the most common and impactful determi-
nants from both the VA and MAQI2 centers. We also identified suggested implementa-
tion strategies from the VA interviews.

5 – Select implementation strategies (see results and Table 4) We selected potential implementation strategies for MAQI2 from both the items identi-
fied in the VA interviews, guided by the Expert Recommendations for Implementing 
Change project. These were priopritized based on the importance of their targeted 
determinant and perceived feasibility.

6 – Stakeholder feedback on implementation strategies (see 
results and Table 4)

We gathered stakeholder feedback from MAQI2 site leaders and anticoagulation staff 
about the feasibility and acceptability of individual implementation strategies. Following 
this, we developed a final implementation intervention plan.

7 - Evaluation We will evaluate the success of our implementation using the Reach, Effectiveness, 
Adoption, Implementation, Maintenance framework [18]. We will leverage the existing 
MAQI2 registry for patient-level data and will perform semi-structured interviews with 
anticoagulation clinic staff and other stakeholders to assess success of implementation.
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Stakeholders from each MAQI2 site provided feedback 
as to the feasibility and prioritization for individual 
strategies.

This project was reviewed and approved by the institu-
tional review boards of both the University of Michigan 
and the Ann Arbor VA.

Results
VA interview findings
Interviews were conducted with 32 stakeholders across 
22 VA sites (Table 2). Interviews lasted an average of 38 
min (range 22–61 min).

Five key determinants of implementation success were 
identified during rapid qualitative analysis of the VA 
transcripts. These included (1) clinician authority and 
autonomy; (2) clinician self-identity and job satisfaction; 
(3) documentation, communication, and administrative 
needs; (4) staffing and work schedule; and (5) technology 
integration (Table 3).

Clinician authority and autonomy were commonly 
identified determinants of implementation success at 
VA sites. Specifically, staff expressed a strong desire to 
control their own workflow and identify ways for the 
DOAC Dashboard to fit into their pre-existing work-
flow. Stakeholder interviewees also expressed concerns 
about the level of autonomy they would have for mak-
ing guideline recommended DOAC dose changes when 
the DOAC Dashboard alerted them to an unsafe pre-
scription. This was particularly troubling for some 
pharmacists when they had to alert a prescribing cli-
nician rather than make the change themselves. Once 
they were aware of a DOAC dosing error, they found a 
lack of autonomy limited their ability to enact meaning-
ful changes if the prescribing clinician did not promptly 
respond to their messages. They noted that without the 
knowledge of a DOAC prescribing error identified by 
the DOAC Dashboard, they would not feel an obliga-
tion to “fix” the prescribing error. Importantly, the issue 
around autonomy was not a direct result of the DOAC 

Dashboard but rather the variation in practice author-
ity and autonomy given to pharmacists or nurses across 
the USA.

Clinician self-identity and job satisfaction was closely 
linked to how robustly they integrated the DOAC Dash-
board into their practice. Some pharmacists expressed 
a concern that the computer is replacing their clinical 
judgement or justification for their work. Furthermore, 
many VA pharmacists who were used to seeing patients 
face-to-face feared the loss of direct patient care if they 
no longer had scheduled visits and instead relied only on 
the DOAC Dashboard to identify potential dosing errors.

Documentation and work performance barriers were 
commonly cited by many VA stakeholder interviewees. 
These include difficulties communicating with primary 
care providers and specialists both within and outside 
the VA health system, a problem that is not unique to the 
DOAC Dashboard itself and often requires additional 
staff time to complete. They also expressed concern that 
staff performance measures may not include DOAC 
Dashboard work if there is not sufficient documentation 
to account for the time spent reviewing charts and com-
municating with other clinicians or the patient.

Having sufficient staff and scheduled time to work with 
the DOAC Dashboard was a common determinant of 
implementation success. Stakeholder interviewees who 
felt the DOAC Dashboard was highly successful tended 
to describe a workflow that included dedicated staff and 
time to review the dashboard and make clinically appro-
priate changes. This included interviewees at sites that 
developed pure “dashboard clinics,” days in which the 
pharmacists would work primarily on addressing flags. 
This would allow them to extend the length between 
visits for patients who did not have flags. In distinction, 
stakeholder interviewees that expressed difficulty using 
the dashboard often worked at sites where the DOAC 
Dashboard was added to existing workflow. This was 
particularly true when sites first began using the DOAC 
Dashboard because of the large number of alerts they 

Table 2  Characteristics of the interviewees

Level of Dashboard use (Veterans Affairs sites) was assessed at time of the interview or as of June 2020 if interview was conducted after that date

Location Dashboard use level Number of sites Number of interviewees Interviewee roles

Veterans Affairs High 19 29 Pharmacist (19), Pharmacy 
technician (2), Manager (7), 
Pharmacy resident (1)

Moderate 2 2 Pharmacist (1), Manager (1)

Low 1 1 Pharmacist (1)

MAQI2 Pre-implementation 4 13 Nurse (3), Pharmacist (4), 
Nurse Manager (2), Pharmacy 
Manager (1), Medical Direc-
tor (3)
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encountered. Over time, this number was reduced, and 
interviewees reported a manageable “steady state.”

Lastly, additional concerns about integration with 
existing information systems were cited by some VA 
interviewees. Two major areas were highlighted, includ-
ing uncertainty around accuracy of the tool and the 
speed with which it loads and can be used. Some phar-
macists expressed a lack of trust in the dashboard, find-
ing it not always accurate and missing individual patients 
for whom the dashboard did not show an alert. This was 
seen as a barrier for clinicians used to reviewing every 
patient that they followed on a regular basis.

Comparison of VA and MAQI2 interview findings
Thirteen stakeholders at four MAQI2 sites participated in 
interviews (Table  2). These interviews lasted an average 
of 42 min (range 27–50).

Four of the five determinants from the VA interviews 
were identified in the MAQI2 interviews. These included 
(1) clinician authority and autonomy; (2) documenta-
tion, communication, and administrative needs; (3) staff-
ing and work schedule; and (4) integration with existing 
information systems (Table  3). Clinician self-identity 
and job satisfaction were not identified in the MAQI2 
interviews. Opinions on documentation and adminis-
trative needs and staffing and work schedule identified 
by MAQI2 interviewees were very aligned with those of 
their VA counterparts. Clinician authority and autonomy 
and technology were notable differences, as detailed 
below.

Regarding authority and autonomy, the MAQI2 stake-
holders identified that regulatory barriers would need 
to be addressed in ways that were not identified in the 
VA interviews (Table  3). Specifically, the nurses and 
pharmacists in the MAQI2 centers work under col-
laborative agreements with specific physician groups 
at their hospitals. Currently, very few patients treated 
with DOACs are individually referred to the anticoagu-
lation clinic for nurse and/or pharmacist monitoring. 
To maximize impact, the MAQI2 DOAC Dashboard is 
designed to monitor all DOAC-treated patients across 
a health system or who are managed by large groups of 
physician organizations, not just those who were spe-
cifically referred to the anticoagulation clinic for moni-
toring. Therefore, many of those agreements will need 
to be updated so that all DOAC-treated patients within 
a health system can be managed by the nurses and/or 
pharmacists in the anticoagulation clinic without individ-
ual referral. Furthermore, the DOAC Dashboard can only 
be used for patients who are being managed by physi-
cians with existing anticoagulation clinic practice agree-
ments and cannot be used to monitor patients managed 
by other physician groups within the hospital or health 

system. This is notably different than the VA system, 
which as a federal agency of the US government oper-
ates under very different rules and regulations from non-
federal health systems. Non-VA nurses and pharmacists 
are required to operate under individual state rules and 
regulations as well as often working with independent, 
self-employed physician groups.

Technological concerns were even more salient in the 
MAQI2 interviews than in the VA. In particular, con-
cerns about reliability/trust in the accuracy of the tool 
and the speed with which the tool loaded (Table 3) were 
very prevalent. Interviewees did not identify resources 
or time needed to initially implement the DOAC Dash-
board as a major barrier. Unlike in VA, the MAQI2 inter-
views frequently cited concerns with how limited access 
to dedicated information technology staff members who 
are ultimately responsible for any changes to the elec-
tronic health record system. Specifically, they felt that 
the limited access to these professionals would harm the 
adoption of the dashboard and how implementing the 
dashboard into the electronic health record might burden 
those information technology staff from other immediate 
needs. They also frequently cited concerns about a lack of 
access to medical records from outside their health sys-
tem, a barrier not frequently noted by VA interviewees 
due to availability of a nation-wide VA EHR records.

Implementation strategy selection and stakeholder 
feedback
Based on the findings from both the VA and MAQI2 
interviews, our implementation team identified a set of 
strategies aimed at addressing key determinants of suc-
cessful implementation (Table  4). These strategies were 
prioritized based on the relative frequency of their tar-
geted determinant and feasibility. These were reviewed 
and endorsed by the MAQI2 stakeholder focus group 
with broad and enthusiastic support regarding feasibility 
and impact.

To address concerns about control over each indi-
vidual’s personal workflow to use the DOAC Dashboard 
effectively (authority and autonomy), the MAQI2 stake-
holders agreed that multi-disciplinary teams should 
pilot and revise workflows as needed. To accomplish this 
work, new clinical teams will need to be created, lever-
aging pharmacists, nurses, pharmacy technicians, and 
administrative assistants. Furthermore, sites agreed to 
create clinic-led medication change guidelines and to 
update institutional policies that allow anticoagulation 
clinic staff to change unsafe DOAC dosing or use.

Within the MAQI2 sites, technological issues, specifi-
cally fears of long loading times and the tool’s accuracy, 
were the most commonly cited potential barrier to a suc-
cessful use of the DOAC Dashboard. To address these 
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concerns, implementing sites decided to work with a cen-
tral IT programmer to promote local technical expertise 
and assistance as well as virtual visits to early adopter 
sites. Rapid cycling to make changes when clinical guid-
ance evolves (e.g., changes in approved DOAC indica-
tions) is a high priority for the MAQI2 implementation 
team. Finally, trialability with the DOAC Dashboard will 
be encouraged to build trust in the digital tool at each 
MAQI2 site. Specifically, after technical implementation, 
sites will have an opportunity to trial use of the DOAC 
Dashboard before developing clinical protocols. During 

this trial, the MAQI2 programmer will be available for 
technical support and all MAQI2 sites will be encouraged 
to provide peer support through regular monthly confer-
ence calls.

While many implementation projects draw from a 
robust list of implementation strategies targeted to spe-
cific determinants, this project had to identify strategies 
that were unique to technology-based implementation. 
The central IT programmer is familiar with the design of 
the dashboard and will assist both local clinical and IT 
partners with technological implementation. He is also 

Table 4  Strategies for MAQI2 implementation endorsed by stakeholder group

Implementation strategy Additional details Targeted determinant of implementation 
success

Create new teams These customized teams (including pharmacists, 
nurses, technologists, and/or administrative 
assistants) at each center will tailor workflow that 
best meets the needs of each anticoagulation 
clinic staff and culture

Clinician authority and autonomy
AND
Staffing and scheduling

Create new guidelines, update policies, and 
revise professional roles

These updates will focus on clinic-lead medica-
tion changes for unsafe DOAC dosing that 
minimize reliance on referring physicians

Clinician authority and autonomy

Develop note and communication templates Ensure these templates are easy to use for com-
municating with physician colleagues within 
and outside each MAQI2 hospital

Documentation, administrative needs, and 
performance evaluation

Capture and share local knowledge Share notes developed at other sites, especially 
early adopter sites. Leverage the learning col-
laborative to share these tools.

Documentation, administrative needs, and 
performance evaluation

Develop and organize a quality monitoring 
system

Build into EHR a means for monitoring DOAC 
Dashboard use and impact to quantify staff 
work.

Documentation, administrative needs, and 
performance evaluation

Alter performance measures Engage clinic leadership to alter staff perfor-
mance measures that include DOAC Dashboard 
use

Documentation, administrative needs, and 
performance evaluation

Access new funding Use additional funding to support additional 
team members to work with or support DOAC 
Dashboard use. This will require robust metrics 
to demonstrate return on investment.

Staffing and scheduling

Stage scale up To address the initial volume of alerts, temporary 
staff or a planned role out over time can be used 
to reduce burden

Staffing and scheduling

Provide and prioritize local technical assistance Alert information technology teams months in 
advance of required implementation needs to 
allow for appropriate prioritization

Technology integration

Centralize technical assistance A single developer with provide technical assis-
tance to all MAQI2 sites

Technology integration

Early adopter demonstration Use data from the early adopter sites to demon-
strate the accuracy of the DOAC Dashboard

Technology integration

Trialability and customization Allow sites to try out the DOAC Dashboard and 
make customizations (e.g., which patients are 
included, thresholds for alerts).

Technology integration

User-centered design approach Follow a user-centered design approach to initial 
development of the DOAC Dashboard based 
on early adopter site feedback. Improve layout 
and load time of the tool. Build the tool directly 
within EHR to maximize workflow integration 
and security.

Technology integration
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able to identify technical problems at one site and quickly 
disseminate potential solutions at the other sites. Unlike 
many implementation projects that do not rely heav-
ily on IT tools, this project requires unique skills that 
rarely are found within clinical champions. Therefore, it 
is paramount that the IT and clinical teams work closely 
together to achieve successful implementation.

Discussion
Through interviews with 45 diverse stakeholders, we 
identified five key determinants of implementation suc-
cess for an EHR-based tool for safe medication use. These 
include clinician authority and autonomy, clinician self-
identity and job satisfaction, documentation/communi-
cation and administrative issues, staffing and scheduling, 
and integration with existing information systems. These 
concerns were similar for the VA providers who have 
been using the dashboard as for the MAQI2 providers 
who will be adopting the tool. For each set of impor-
tant implementation determinants, we have also identi-
fied key implementation strategies that our stakeholder 
group feel are feasible and impactful. Many of these have 
already been successfully used at some or all MAQI2 
sites.

Differences between VA and MAQI2 interviews
Two important distinctions between the VA and MAQI2 
interviews warrant discussion. First, clinician self-iden-
tity and job satisfaction were not identified as a concern 
in the MAQI2 interviews. Though this issue may emerge 
after the MAQI2 complete implementation, it may reflect 
important differences between the VA and MAQI2 anti-
coagulation clinics and their staff. In the VA, most anti-
coagulation clinic staff are pharmacists who practice at 
the top of their license. While phone-based contact with 
patients is used, face-to-face anticoagulation care is quite 
common. Additionally, many anticoagulation clinics in 
the VA serve not only to adjust warfarin dose based on 
monthly labs, but they also support perioperative man-
agement and assist with other related care practices. In 
contrast, at the four MAQI2 anticoagulation clinics, the 
clinicians are predominantly nurses, all care is phone-
based, and patients prescribed DOAC medications are 
rarely referred for care to the anticoagulation clinic. As a 
result, the clinical training and work tasks most common 
in each setting may dictate the importance (or presence) 
of certain implementation determinants for new pro-
grams that aim to fundamentally change the way clinical 
care is delivered.

The second important difference was that only MAQI2 
interviewees expressed strong concerns with the avail-
ability of sufficient information technology (IT) resources 
and ability to prioritize this digital tool project. Many 

MAQI2 interviewees shared concerns with prior EHR 
implementation efforts that were not accomplished as 
quickly as desired. This likely reflects that the DOAC 
Dashboard had not yet been implemented at these cent-
ers when the interviews occurred, while all VA interview-
ees had used the VA Dashboard. This shows how much 
the timing of an assessment is an important considera-
tion for comparing experienced to novice users or sites 
in any implementation project. Concerns about IT pro-
grammer workload and prioritization for IT implementa-
tion have been identified as important barriers in similar 
work across other clinical domains [25]. While decen-
tralized technology-associated solutions (e.g., SMART 
on FHIR application programming interface) have been 
proposed to reduce the programmer burden at individual 
sites, these tools are not yet widely implemented at many 
health centers. Furthermore, institutional leaders (e.g., 
chief medical information officers) have variable desire 
to control the logic and flow of information when digital 
tools are implemented outside of (but interfacing with) 
their EHR system.

Impact beyond the DOAC Dashboard
Our work has proven very helpful as we prepare to 
implement the DOAC Dashboard within the MAQI2 
centers. We also hope that this can become a general-
ized approach to high-stakes technological implemen-
tations in other spheres of medicine. While much work 
in implementation science has focused on the use of 
non-electronic interventions, there has been less focus 
understanding how to effectively operationalize and use 
digital tools as implementation strategies aimed at pro-
moting safe and effective medication management [26, 
27]. Emblematic of this, commonly used determinant 
frameworks include very few items specific to technol-
ogy [18, 19, 28]. Specifically, CFIR does not include infor-
mation technology/systems as a construct in its current 
form while the Tailored Implementation of Chronic Dis-
eases checklist has a single item for “Information System.” 
In contrast, emerging health information technology 
frameworks are being developed to detail the numerous 
factors that influence successful EHR- and technology-
based implementation within health care delivery [29, 
30]. Integrating these frameworks/checklists is an impor-
tant area of future research.

Similarly, compiled lists of implementation strategies 
do not include a diverse array of technology-associated 
options [24]. Nonetheless, healthcare delivery in the 
twenty-first century is becoming increasingly depend-
ent on technology with the rapid adoption of EHRs 
in both the hospital- and ambulatory-care settings. 
Our project, which aims to leverage EHR technology 
to facilitate safe anticoagulant prescribing, is just one 
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example of how clinicians can leverage technology to 
ensure evidence-based practices are followed. Notably, 
three distinct etiologies of implementation determi-
nants were identified from our stakeholder interviews: 
(1) variation in external environments/policies that 
differentially limit pharmacist or nurse autonomy, (2) 
direct effect of the digital tool on how clinicians view 
their decision-making capacity, and (3) interaction 
between clinician workflow/environment and the digi-
tal tool.

The second issue parallels commonly cited barri-
ers by many physicians who see guidelines as limiting 
individual clinical judgement in favor of “cookbook 
medicine.” [31, 32] Future work should explore how 
technology serves both as a determinant of implemen-
tation success (i.e., resources required to install and 
use the DOAC Dashboard) and how it can be used as 
a strategy to overcome key barriers (i.e., use a DOAC 
Dashboard to identify overlooked prescribing errors 
by non-experts). This work will likely require that 
technology-associated efforts are described in detail so 
that the individual elements can be tested for impact 
on evidence-based practice.

Our implementation intervention development has 
important limitations that must be acknowledged. 
First, most of our stakeholder interviews were con-
ducted with VA clinicians who were identified by 
clinic managers. It is not yet clear how well these expe-
riences translate to the non-VA healthcare setting. 
We plan to conduct post-implementation interviews 
with MAQI2 stakeholders to assess for any important 
differences. We also cannot exclude a potential for 
selection bias in our participants. However, the large 
number of interviews and intentional inclusion of sites 
with varied DOAC Dashboard use should minimize 
this impact. Second, while the MAQI2 DOAC Dash-
board was developed to closely mirror the VA DOAC 
Dashboard, it is inherently different given the differ-
ent EHR systems. However, the underlying elements 
(patient identification, rules for medication alerts) 
are the same and therefore should not meaningfully 
impact the implementation or evaluation. Third, while 
we often included multiple interviewees from a sin-
gle site, some sites were only able to identify a single 
stakeholder to participate in the interview. Finally, the 
findings from this study may not be applicable to the 
development and implementation of other EHR-based 
tools for other medications or clinical care delivery. 
For instance, not all medications have such complex 
dosing regimens (e.g., anti-hypertensive medications) 
or are titrated based on factors not commonly col-
lected within the electronic health record (e.g., anxiety 
symptom control).

Conclusion
In summary, we have identified several key operational 
and social barriers to EHR tool implementation within 
the health care system. Using a theory-informed process, 
we have developed a set of implementation interven-
tions aimed at improving evidence-based anticoagulant 
prescribing using an EHR-based population health tool. 
Future work will evaluate this implementation interven-
tion in a diverse set of health systems. Additional work 
to better incorporate granular technology issues in key 
implementation determinants frameworks and imple-
mentation strategies lists will greatly benefit teams look-
ing to leverage this powerful and rapidly expanding 
healthcare tool.
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