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ABSTRACT
Introduction  Despite the current opioid crisis resulting 
in tens of thousands of deaths every year, buprenorphine, 
a medication that can reduce opioid-related mortality, 
withdrawal, drug use and craving, is still underprescribed 
in the emergency department (ED) for treatment of opioid 
use disorder (OUD). The EMergency department-initiated 
BuprenorphinE for opioid use Disorder (EMBED) trial 
introduced a clinical decision support (CDS) tool that 
improved the proportion of ED physicians prescribing 
buprenorphine but did not affect patient-level rates of 
buprenorphine initiation. The present trial aims to build 
on these findings by optimising CDS use through iterative 
improvements, refined interventions and clinician feedback 
to enhance OUD treatment initiation in EDs.
Methods and analysis  The Adaptive Decision support 
for Addiction Treatment (ADAPT) trial employs the 
Multiphase Optimization Strategy (MOST) framework to 
refine a multicomponent CDS tool designed to facilitate 
buprenorphine initiation for OUD in ED settings. Using 
a pragmatic, learning health system approach in three 
phases, the trial applies plan–do–study–act cycles for 
continuous CDS refinement. The CDS will be updated 
in the preparation phase to reflect new evidence. The 
optimisation phase will include a 2×2×2 factorial trial, 
testing the impact of various intervention components, 
followed by rapid, serial randomised usability testing to 
reduce user errors and enhance CDS workflow efficiency. 
In the evaluation phase, the optimised CDS package will 
be tested in a randomised trial to assess its effectiveness 
in increasing ED initiation of buprenorphine compared with 
the original EMBED CDS.
Ethics and dissemination  The protocol has received 
approval from our institution’s institutional review board 
(protocol #2000038624) with a waiver of informed consent 
for collecting non-identifiable information only. Given the 
minimal risk involved in implementing established best 
practices, an independent study monitor will oversee the 

study instead of a Data Safety Monitoring Board. Findings 
will be submitted to ​ClinicalTrials.​gov, published in open-
access, peer-reviewed journals, presented at national 
conferences and shared with clinicians at participating 
sites through email notification.
Trial registration number  NCT06799117.

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This pragmatic study, refining a user-centred clinical 
decision support tool, will take place during routine 
care in emergency departments, helping ensure that 
the findings are generalisable to everyday practice 
and can be implemented effectively.

	⇒ A learning healthcare system approach can system-
atically and rapidly generate new knowledge as part 
of routine care. Specific areas to improve the use 
and usability of the clinical decision support (CDS) 
can be targeted, and the CDS can be adapted to the 
dynamic opioid crisis and evolving best practices.

	⇒ The multiphase strategy also allows for data-driven 
iterative refinement of the CDS interface and work-
flow to maximise use, fidelity and efficiency and 
minimise task abandonment by identifying specific 
improvement targets.

	⇒ The refined CDS package, as with the initial 
EMergency department-initiated BuprenorphinE for 
opioid use Disorder intervention, can be dissemi-
nated nationally through the Epic electronic health 
record (EHR), promoting evidence-based addiction 
treatment at a broad scale.

	⇒ Limitations of this study include potential delays due 
to competing health system operational priorities, 
which could affect the timeline and randomisation 
process within the EHR, and the reliance on clinical 
data without on-site personnel, which may overlook 
important contextual details.
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INTRODUCTION
Background, rationale and objectives
The current opioid crisis is responsible for an alarming 
number of overdose deaths, with over 80 000 opioid-
related fatalities in 2022 alone.1 The opioid crisis rages on 
despite the National Institutes of Health (NIH) adopting 
an ‘all-hands-on-deck’ approach to deliver solutions for 
its mitigation.2 The crisis has evolved for multiple reasons, 
including decreased opioid prescribing3–6 coinciding 
with increased prevalence of synthetic opioids in illicit 
drugs, specifically fentanyl and fentanyl analogues.7–9 In 
response to this crisis, emergency departments (EDs) 
have become critical hubs of intervention, receiving 
2.88 million opioid-related visits annually.10

Buprenorphine, a partial opioid agonist, can safely 
reduce mortality, withdrawal, illicit drug use and 
craving11–14 and increase engagement in treatment15 in 
people who experience opioid use disorder (OUD) and 
has been demonstrated to be effective in the ED setting. 
However, adoption of this evidence-based, life-saving 
practice into routine care has been slow13 16–21 due to 
multiple barriers, including stigma, patient readiness to 
start treatment, access to ongoing therapy, lack of clini-
cian knowledge and experience and poor electronic 
health record (EHR) integration.17 20–24 While multiple 
studies have demonstrated that health IT-based inter-
ventions can curtail inappropriate opioid prescribing, 
encouraging medication for OUD through EHR-based 
tools is comparatively underexplored.

The EMergency department-initiated BuprenorphinE 
for opioid use Disorder (EMBED) multisite, pragmatic 
cluster-randomised trial was conducted from 2019 to 2021 
to help overcome barriers to ED initiation of buprenor-
phine.25 The EMBED trial evaluated the effectiveness of 
non-interruptive, EHR-based, clinical decision support 
(CDS) to facilitate patient assessment and EHR activities 
to implement ED initiation of buprenorphine in routine 
care.26–28 The EMBED CDS increased the proportion of 
physicians who initiated buprenorphine treatment at 
least once from 34.0% to 44.4% (OR 1.83, 95% CI 1.16 
to 2.89, p=0.01).25 This success led to a nationally scaled, 
vendor-disseminated CDS tool based on EMBED.29 
However, the overall intervention did not significantly 
increase patient-level rates of buprenorphine initiation 
(12.5% in the intervention arm vs 12.0% in the usual care 
arm; OR 1.22, 95% CI 0.61 to 2.43, p=0.58).25 The Adap-
tive Decision support for Addiction Treatment (ADAPT) 
study aims to address this by optimising multiple compo-
nents of EMBED.

A follow-up qualitative analysis30 of EMBED trial 
clinician participants highlighted potential areas for 
enhancement, such as: (1) tailoring the CDS to the local 
environment, (2) providing audit and feedback to clini-
cians on buprenorphine initiation, CDS use and positive 
patient outcomes, (3) creating EHR workflows to priori-
tise patients with OUD, (4) providing written resources 
for patients on treatment options (including harm 
reduction strategies) and (5) decreasing disparities in 

buprenorphine prescription in non-Hispanic Black and 
Hispanic patients.31 32 In addition, two recent, multicom-
ponent intervention strategies incorporating clinician 
feedback demonstrated increased patient rates of ED-ini-
tiated buprenorphine initiation by up to 24.5%.33 34 These 
findings highlight opportunities to increase the EMBED 
intervention’s effectiveness using a more comprehensive, 
multicomponent strategy. To that end, we proposed the 
ADAPT trial, the protocol for which is presented here.

METHODS AND ANALYSIS
Study design
ADAPT will be a Multiphase Optimization STrategy 
(MOST)35 study of CDS for the treatment of OUD in the 
ED focusing on buprenorphine initiation. We will apply an 
empirical, iterative, learning health system36 37 approach 
(figure 1). We will add reproducible best measurement 
and intervention optimisation and evaluation to rapid 
plan–do–study–act cycles following best practices for CDS 
refinement using the 10-step process of McCoy et al’s 
Clickbusters initiative.38–40

The national Epic build of the EMBED CDS will be 
expanded from a stand-alone CDS to a multicompo-
nent intervention including evidence-based, sustainable 
implementation strategies33 34 41 with iterative refinement 
by applying an MOST framework (figure  2).35 42–44 The 
MOST framework includes three phases: preparation, 
optimisation and evaluation. For the ADAPT trial, the 
optimisation phase will be conducted in two stages: (1) a 
randomised factorial trial focused on increasing CDS use 
and (2) rapid, serial randomised testing37 with iterative 
usability refinement to enhance interface and workflow.

Figure 1  Learning Health System framework used to 
optimise clinical decision support (CDS) for opioid use 
disorder care. This iterative process integrates reproducible 
measurement, the Multiphase Optimization Strategy (MOST) 
framework and rapid improvement cycles.
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MOST preparation phase
In the preparation phase, the EMBED intervention will 
be refined into a multicomponent CDS intervention to 
improve ED initiation of buprenorphine in patients with 
OUD via increased CDS uptake, usability and equity 
(additional details provided in the Intervention section 
below). In addition, the investigative team will prepare 
for the trial across three distinct data needs: (1) CDS 
measure development, (2) phenotype refinement and 
(3) data coordination. Measure development will involve 
implementing measurement science to EHR audit logs to 
conceptualise, specify, test and evaluate novel, reproduc-
ible, scalable outcome measures for assessing CDS uptake 
and usability to implement ED initiation of buprenor-
phine for OUD.45–47 The existing EMBED EHR pheno-
type will be expanded to optimise the identification of ED 
patients experiencing OUD or having both opioid-specific 
and opioid-related visits.48 49 The data coordination team 
will plan for the management of trial data collection, 
retrieval, compliance with NIH and NIDA (National Insti-
tute on Drug Abuse) HEAL (Helping to End Addiction 
Long-term Initiative) regulations, and analysis.

MOST optimisation phase, stage 1: factorial trial
With no interruptive alerts in the EMBED trial, CDS was 
used in only 9.4% of encounters with eligible patients 
who met the EMBED EHR phenotype criteria. Buprenor-
phine was initiated in 61.7% of cases when the interven-
tion was used.25 Therefore, the overarching objective of 

the optimisation phase, stage 1 is to increase CDS use 
(ie, patient reach and clinician adoption) as a means to 
increase buprenorphine initiation rates to a larger portion 
of ED patients with OUD. With a goal of 50% CDS use 
and a corresponding 30% buprenorphine initiation rate 
for encounter with eligible patients, starting in February 
2025, we will conduct a 2×2×2 factorial trial by expanding 
the EMBED intervention to include sustainable imple-
mentation strategies.33 34 41 The factorial trial design allows 
efficient and simultaneous testing of the main effects and 
interaction of several intervention components on CDS 
use in its real-world implementation.

Stage 1 of the MOST optimisation phase will aim to eval-
uate three elements amenable to encounter-level rando-
misation, each with its own reference and comparator 
level in a randomised factorial trial. This 2×2×2 factorial 
trial with 23=8 conditions (figure  3) with component-
dependent definitions of reference and comparator is 
easily amenable to changing or adding components at 
the start of the trial. We anticipate that components iden-
tified for randomisation in the MOST preparation phase 
will fall under the categories of (1) patient-facing mate-
rials, (2) prompts for clinicians to engage with the CDS 
and (3) prompts for nurses to engage with the CDS.

MOST optimisation phase, stage 2: rapid, randomised testing
We will aim to improve CDS usability via serial randomised 
testing to inform iterative refinement of the CDS inter-
face and workflow to minimise user errors, task disrup-
tion and abandonment by identifying specific targets for 
improvement via applying novel CDS outcome measures 
in serial randomised tests.

In this stage, the EMBED CDS interface and workflow 
will be incrementally improved based on rapid, serial 
randomised testing using novel, validated EHR use 
metrics developed to evaluate CDS performance. These 
metrics will measure CDS performance details including 
the time to completion of the intervention, increasing 
the likelihood and efficiency of use and task completion. 
This method will allow systematic, rapid learning of what 
aspects of the EMBED interface and workflow work and 
deimplementation of what is not.37 Once an assigned 
intervention change or component in one randomisation 
group is noted to be superior to another, it will become 
the new standard. Of note, while the EMBED CDS inter-
face and workflow will be optimised, the specific treatment 
approaches (eg, medication dosing and adjunct medica-
tions) promoted by EMBED will not change unless best 
practices change, so front-line staff will not have to alter 
their clinical practices aside from hopefully increasing 
the uptake of recommended practices.

MOST evaluation phase
The objective of this third phase is to compare the effec-
tiveness of the optimised, multicomponent CDS package 
to the original EMBED CDS on ED initiation of buprenor-
phine rates in patients with OUD in a randomised 
trial. During this confirmatory phase, the optimised 

Figure 2  Application of the Multiphase Optimization 
Strategy framework to the Adaptive Decision support for 
Addiction Treatment trial. CDS, clinical decision support; 
EMBED, EMergency department-initiated BuprenorphinE for 
opioid use Disorder

Figure 3  Depiction of the eight arms of the 2×2×2 factorial 
trial with 23=8 unique combinations.
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treatment package will be tested in a fully powered two-arm 
randomised trial comparing the efficacy of the optimised, 
multicomponent intervention package to the original 
EMBED CDS on rates of ED initiation of buprenorphine 
in patients with OUD. Based on the results of the optimi-
sation phase factorial trial in conjunction with findings 
from the rapid, serial randomised testing, the optimised 
treatment package will include individual components 
found to increase CDS uptake and all usability and work-
flow improvements found to increase use and efficiency 
in serial randomised testing. This phase will be our trial’s 
final phase, expected to conclude in March 2028.

Participants
Smalley et al distinguish between direct, indirect and 
collateral participants in pragmatic research in which: 
(1) direct participants are intervened on and/or identifi-
able data are collected for research purposes, (2) indirect 
participants are not direct participants but may have their 
rights or welfare affected by the intervention and (3) 
collateral participants are members of other stakeholder 
communities who may be affected by the research.50 For 
the ADAPT trial, the investigative team will not collect 
identifiers for patients or clinicians and the intervention 
will be focused at the patient level, with patients consid-
ered direct participants and clinicians indirect partici-
pants, with process improvement (non-research, such 
as feedback emails) interventions directed at the clini-
cian level, without containing identifiable information. 
These indirect participants will include approximately 80 
attendings (67 faculty and 13 fellows), 74 residents and 
55 advanced practice providers (physician associates and 
advanced practice registered nurses) at one academic 
ED, one community ED and one free-standing ED.

In the EMBED trial, patients with probable OUD were 
identified using a validated EHR-based algorithm to iden-
tify patients aged 18 years or older who were not pregnant 
and not currently receiving medication for OUD.25 51 52 
For the ADAPT trial, we will expand this algorithm to 
include additional opioid-related visits and implement it 
in real time through the EHR (figure 4). Patients will be 
screened for eligibility using deidentified data processed 
securely.48 53 Additional details and phenotype validation 
will be reported separately.

Intervention
To improve the EMBED intervention using a more 
comprehensive, multicomponent strategy, the ADAPT 
trial intervention will include key updates to adapt the 
CDS for broader use, addressing potential risks such as 
precipitated opioid withdrawal after buprenorphine 
administration and enhancing the intervention with audit 
and feedback.34 41 54 Practitioners will retain all control 
of their practice and will have the option whether or 
not to use the intervention (ie, can opt out of use). The 
patient-facing material team will design and formatively 
evaluate educational resources that encourage patient 
engagement and readiness for treatment, with a focus on 

equitable access to OUD medication through deliberate 
community engagement and advisory board involvement, 
as demonstrated in previous successful work with person-
alised risk communication.55 Components amenable to 
patient-level randomisation (patient-facing materials 
and targeted prompts to nurses and clinicians based on 
patient characteristics) will be identified and prepared 
for implementation.24 41

Randomisation and allocation of intervention
The randomisation unit for each phase will be the indi-
vidual ED patient encounter. Randomisation will depend 
on study phase. For phase 2 stage 1, the 2×2×2 factorial 
trial, encounters will be randomised in a 1:1:1:1:1:1:1:1 
ratio to each of the eight intervention combinations. 
Therefore, the probability of receiving each interven-
tion will be 0.5 and the probability of receiving a given 
intervention combination will be 0.125. Simple (ie, 
not stratified or blocked) randomisation will be imple-
mented in Epic where the allocation sequence will be 
generated and concealed. To ensure equal intervention 
distribution, a random sequence will be generated with 
a computer-generated algorithm within the Epic EHR.43 
Allocation will be concealed from participants using Epic 
by turning these options on/off in EMBED according 
to the assignment for an encounter. Once a participant 
is identified as eligible based on an automated pheno-
typic evaluation within Epic, they will be randomised and 
intervention components will be automatically turned 
on or off depending on their assignment. Phase 2 stage 
2 will require serial randomised testing. The precise 
nature of the randomisation will depend on the specific 

Figure 4  Illustration of Adaptive Decision support for 
Addiction Treatment’s target population: patients who are 
ready for treatment but are not currently offered treatment. 
OUD, opioid use disorder.
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component targeted for improved workflow; however, 
the ratio of the assignments to each individual compo-
nent intervention will be 1:1 to maximise statistical effi-
ciency (ie, power). During the evaluation phase in which 
the effectiveness of the optimised multicomponent CDS 
package will be compared with the original EMBED CDS, 
we will randomise 1:1 to the two interventions. As in the 
optimisation phase, simple (ie, not stratified or blocked) 
randomisation will be implemented within Epic where 
the allocation sequence will be generated and concealed 
until the participant is enrolled.

Outcomes
As an implementation study of a well-established, effective 
treatment strategy that has been shown to be highly effica-
cious in the ED setting,15 56 the overall primary outcome 
across phases of the ADAPT trial will be encounter-level 
buprenorphine initiation in the ED, defined as the 
proportion of eligible patients who receive buprenor-
phine in the ED or as a prescription at discharge, 
including those interested in buprenorphine treatment 
but not yet in a stage of withdrawal that would warrant ED 
buprenorphine administration who will receive instruc-
tion for after visit initiation. In the optimisation stage 1 
factorial trial, we will also examine, as a primary outcome, 
the proportion of encounters in which the CDS is used, as 
the focus of this phase is increasing CDS uptake, regard-
less of actions taken through the CDS. During the serial, 
rapid randomised testing cycles of optimisation phase, 
stage 2, the primary outcome may vary depending on 
testing cycle goals. As in the EMBED trial, outcomes will 
be evaluated using the Reach, Effectiveness, Adoption, 
Implementation, and Maintenance25 57 58 framework. In 
all trial phases, we will examine the following secondary 
outcomes: (1) attending physician initiating buprenor-
phine in the ED for at least one eligible patient, (2) 
naloxone prescription on ED discharge, (3) attending 
physician prescribing naloxone on ED discharge, (4) 
patient receipt of appropriate opioid-related discharge 
instructions, (5) attending physician giving appropriate 
opioid-related discharge instructions, (6) patient referral 
to ongoing medication for OUD treatment and (7) 
attending physician placing patient referral to ongoing 
medication for OUD treatment.

In addition to these outcomes, in optimisation phase 
stage 1, while focusing on increasing CDS use in the facto-
rial trial, we will also measure meaningful engagement with 
the intervention (reach to patients and adoption by clini-
cians) with implementation outcomes regarding both the 
CDS being launched from the alert and use without the 
alert. In the optimisation phase stage 2 serial randomised 
testing, we will use novel CDS measures developed in the 
MOST preparation phase using measurement science to 
conceptualise, specify, implement, test and validate repro-
ducible, scalable outcome measures for assessing uptake 
and usability of CDS for ED initiation of buprenorphine 
for patients with OUD.41–43 Our approach will be multidis-
ciplinary and iterative, incorporating multiple leadership, 

advisory and interprofessional partner codesign meetings 
to ensure thorough metric conceptualisation, specifica-
tion and validation.

Sample size
Sample size calculations were performed using PASS 
V.2019 (Kaysville, Utah, USA) and will vary according to 
the phases of the study.

	► Optimisation phase, stage 1: factorial trial of multiple 
components for CDS uptake.

As each component is allocated to half the participants, 
the sample size to detect main effects in a full factorial 
design depends not on the number of components eval-
uated, but rather the smallest clinically important differ-
ence between the presence and absence of a component. 
Our goal is to determine whether the individual interven-
tion components (OUD patient-facing materials, nurse 
prompt for Clinical Opiate Withdrawal Scale, clinician 
prompt for CDS) will improve CDS use by at least 10%. A 
sample size of 136 per group (total n=1088, across eight 
arms) will provide 90% power at the two-sided 0.05 signif-
icance level to detect differences of 10% (the smallest 
clinically important difference agreed on by the investi-
gative team)28 between the presence and absence of each 
of these components. This sample size was maximised to 
assure at least 90% power to detect an absolute difference 
of 10% regardless of the proportion using the CDS in 
the absence of the intervention component. We did not 
inflate the sample size for clustering by provider, given 
the crossed design, where we expect variance inflation to 
be negligible. We will investigate whether the effect of a 
component is dependent on the levels of other compo-
nents (ie, interactions), but our trial is not powered with 
the intent to detect these interactions.

	► Optimisation phase, stage 2: serial randomised testing for 
usability (user errors and efficiency).

Our goal is to rapidly identify interface and workflow 
solutions to reduce errors and time to completion. Given 
this goal, we will design these serial randomised experi-
ments to have high power to detect large differences.37 59 
We anticipate using a variety of parallel group randomised 
designs (such as two-arm, factorial). A two-sided 0.10 
significance level will be chosen, given the benign conse-
quences of false positive errors. While the sample size for 
a given serial test will depend on the relevant outcome, 
we expect to require between 80 and 150 encounters with 
CDS uptake to rapidly evaluate various solutions. These 
sample sizes will provide 90% power at the two-sided 0.10 
significance level to detect medium-to-large standardised 
differences in proportions (such as errors, abandonment) 
of h=0.48–0.65. We did not inflate the sample size for clus-
tering by provider, given the crossed design, where vari-
ance inflation is expected to be negligible.60

	► Evaluation phase: randomised trial to evaluate optimised 
package.

In the previous EMBED trial, ~12% of patients with 
OUD had buprenorphine initiated. We will conserva-
tively assume the proportion initiating buprenorphine 
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in the original EMBED CDS arm to be 20%. A sample 
size of 412 per group (Total n=824) will be required to 
detect an improvement of 10% (absolute increase from 
20% to 30%)25 28 with 90% power at the two-sided 0.05 
significance level. We did not inflate the sample size for 
clustering by provider given the crossed design, where we 
expect variance inflation is expected to be negligible.

Data collection
All clinical data will be retrieved from our institution’s Epic 
Clarity database. The data will include Epic User Action 
Log (UAL) and Access Log—audit logs hosted locally, 
which will be used in the CDS use measure calculation.

Data management
For the ADAPT project, the investigative team will not 
collect identifiers for patients or clinicians. A third-party 
honest broker61 with access to protected health infor-
mation (PHI) as part of their health system operational 
digital technology role will use study codes on data docu-
ments instead of recording identifying information. They 
will keep a separate document that links the study code to 
subjects’ identifying information locked in an alternative 
location and restrict access to this document. Addition-
ally, any identifiable data will be encrypted prior to collec-
tion and storage. All data documents will be securely 
stored in encrypted, HIPAA-compliant digital environ-
ments within locked locations. The third-party honest 
broker will destroy identifiable data within 6 months of 
study completion.

Data monitoring
As a minimal-risk implementation study of established 
best practices, an independent study monitor (ISM) 
will be used in place of a formal Data Safety Monitoring 
(DSM) Board. Interim monitoring will focus on adher-
ence to the protocol, completeness of data retrieval from 
each ED’s EHR and uptake of the CDS intervention. A set 
of monitoring tables will be generated for this purpose. 
The ISM will report directly to the study DCC. The prin-
cipal investigator (PI) will be responsible for monitoring 
the safety and efficacy of this trial, executing the DSM 
plan and complying with reporting requirements. The 
PI will provide a summary of the DSM report to NIDA 
annually as part of the progress report. The DSM report 
to NIDA will also include, when available, the results of 
any efficacy data analysis conducted.

Data analytics team and plan: advisory board
To augment and complement the investigative team’s 
expertise and optimise their scientific approach, the 
ADAPT investigators will be advised and counselled by an 
advisory board of national methodological experts who 
will meet quarterly. It will be composed of two specialists 
for each of the following categories: EHR use measure-
ment, study design for pragmatic evaluation and optimi-
sation trials in routine care, and CDS for OUD in the ED 
and one in health equity.

Data analytics team and plan: analysis plan
Baseline data will be reported with frequencies, percent-
ages, means, SD, medians, and IQRs as appropriate for 
categorical and continuous measures. All statistical tests 
will be two sided, with a 0.05 significance level.

	► Optimisation phase, stage 1: evaluation of components 
in the 2×2×2 factorial design will be performed using 
multivariable random effects logistic regression with 
random effects to accommodate clustering of patients 
by clinician and repeated measures from the same 
patients.60 For this full-factorial design, the model 
will include main effects for each of the three compo-
nents as well as all two-way and three-way interactions. 
The regression will also include baseline covariates: 
age, sex, race, ethnicity, insurance type and status, 
and reason for ED visit (such as overdose, withdrawal, 
soft tissue infection). The mixed logistic regression 
model will be used to estimate marginal outcome 
proportions to compare intervention components. 
Differences in proportions for the presence and 
absence of each component (ie, main effects) will 
be estimated along with 95% CIs. A p value of 0.10 
will be used as a guide to flag potentially important 
interactions which will be explored graphically with a 
particular emphasis on identifying substantial syner-
gistic effects or qualitative (ie, where the impact of 
1 component changes direction depending on the 
presence or absence of another component) effect 
modification.

	► Optimisation phase, stagee 2: given the smaller sample 
sizes required, only first patient encounters will be 
randomised. Random effects logistic regression will 
be used for the analysis of serial randomised experi-
ments for outcomes such as proportion with errors or 
abandonment. The models will include a fixed effect 
for intervention and a random effect for clinicians. 
Differences in proportions for the intervention will 
be estimated along with 95% CIs. Time-based varia-
bles (such as time to completion of CDS) will be eval-
uated using survival analyses. Log-rank tests will be 
used to compare cumulative time to event between 
interventions, and median completion times will be 
presented.

	► Evaluation phase: comparison of the optimised multi-
component package to the original EMBED CDS will be 
performed using multivariable random effects logistic 
regression with random effects to accommodate the 
clustering of patients by clinician and repeated meas-
ures from the same patients.60 The model will include 
the same baseline covariates from the optimisation 
phase, stage 2 (above) for this two-arm parallel group 
trial design. The mixed logistic regression model will 
be used to estimate marginal outcome proportions 
to compare intervention components. Differences in 
proportions for the optimised EMBED compared with 
the original EMBED CDS will be estimated along with 
a 95% CI.
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Patient and public involvement
Creating and refining the novel outcome measures for 
optimisation phase, stage 2 of this project will involve 
reaching a consensus among stakeholders representing 
emergency medicine physicians and administrators, 
addiction medicine experts, nurses, clinical pharmacists, 
clinical informaticists and data scientists, professional 
organisation representatives, EHR analysts and health 
promotion advocates. This group will be recruited to 
assemble a representative group with different perspec-
tives. Final participant selection will balance age, gender, 
race, ethnicity and practice settings for diverse repre-
sentation with oversampling of historically marginalised 
groups.62–65

With the goal of equitable treatment for people experi-
encing moderate to severe OUD,31 32 the ADAPT project 
will seek community stakeholder perspectives and input 
from community members with lived experience with 
OUD as well as experience in study conceptualisation 
and design, CDS design and execution, and patient-
facing communication. This community advisory board 
will inform intervention refinement by helping to iden-
tify priorities and concerns of patients with lived experi-
ence with OUD, understand social will drivers of health 
and identify opportunities to expand intervention reach. 
In particular, involving the community advisory board 
will help and ensure that community members can see 
themselves represented appropriately in patient-facing 
materials.

Ethics and dissemination
We will secure all required approvals and protocols for 
regulatory compliance and human subjects protection. 
The protocol has received approval from our institution’s 
institutional review board (protocol #2000038624) with a 
waiver of informed consent for collecting non-identifiable 
information only. Any relevant modifications in protocol 
will be submitted to our institution’s institutional review 
board as amendments. Consistent with the initial EMBED 
trial,25 28 we have obtained a waiver of informed consent 
under the common rule (45 code of federal regula-
tions 46.116),66 67 since this research involves observa-
tion of routine care that would be altered if consent was 
obtained. Any patient who has opted out of research in 
their personal health record (Epic MyChart) will not be 
included in this study. Additionally, posters with infor-
mation on how patients may opt out will be placed at 
study sites. We will also have informational meetings with 
nurses, residents and attending physicians describing the 
study, informing them of this research activity. We plan to 
anonymise clinical staff, reducing the only risk to staff (ie, 
individual identification). Paradoxically, opting out would 
create the greatest likelihood of identification. There-
fore, instead of providing a standard opt-out for staff, we 
will use an embedded consent model, where all practi-
tioners are informed that data from routine practice may 
be analysed in anonymised form. This approach (clear 
communication about the study purpose, data handling 

and confidentiality) will ensure that practitioners are 
aware of the study without requiring an explicit opt-out, 
which could draw attention to those who choose to opt 
out. Moreover, there will be no collection or analysis of 
identifiable health information, and there is minimal risk 
in implementing evidence-based best practices for OUD.

No private information for patients with OUD will 
be collected. Patients will instead be distinguished 
by a unique study identifier. It will be mandatory 
that the identifier that is used is not an identifiable 
piece of PHI and that special administrative access 
is required to the local EHR to use this identifier to 
link back to patient data. Data collected from health-
care providers will include Epic Access Log, UAL, 
flowsheet data, alert data and medication order data 
associated with ED workflow for physicians, advanced 
practice providers, nurses and pharmacists involved 
in the encounters in question. This ‘audit log’ data, 
including time spent on specific activities, will allow 
for a granular analysis of CDS use. Additional provider 
data may be obtained from the NPPES (National Plan 
and Provider Enumeration System) National Provider 
Identifier (NPI) Registry, publicly available for down-
load. An honest broker will then link providers in 
Epic to this data set via NPI and provide a deiden-
tified report containing provider gender, role, title/
degree and number of years since NPI was issued as 
a proxy for clinician’s age and years since medical 
school graduation, binned by decade. Throughout 
this study, it is important to note that physicians 
and other healthcare providers will have access to 
all standard-of-care medication for OUD and other 
interventions they normally would and retain full 
autonomy to make clinical decisions, including not 
using the proposed intervention (ie, opt-out).

Findings from this study will be published in open-
access, peer-reviewed journals, as well as publicised 
through additional strategies, such as dissemination to 
the community via channels suggested by the community 
advisory board and informing EHR vendors.
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