
 

 

User-Centered Clinical Decision Support to Implement Emergency Department-Initiated 
Buprenorphine for Opioid Use Disorder:  

Protocol for the Pragmatic Group Randomized EMBED Trial  
 
ABSTRACT  
Introduction 

Emergency Departments (EDs) frequently care for individuals with Opioid Use Disorder (OUD). 

Buprenorphine (BUP) is an effective treatment option for patients with OUD that can safely be 

initiated in the ED. At present, BUP is rarely initiated as a part of routine ED care. Clinical 

decision support (CDS) represents a potential approach to accelerate adoption of this best 

practice into routine emergency care. The goal of this trial is to determine whether 

implementation of a user-centered clinical decision support (CDS) system can increase 

adoption of initiation of BUP into the routine emergency care of individuals with OUD. 

  

Methods 

A pragmatic cluster randomized trial is planned to be carried out in 20 EDs across six 

healthcare systems over 18 months. The study will include clinicians practicing in these EDs 

who care for adult ED patients with an electronic health record (EHR) phenotype consistent with 

OUD not currently taking medication for OUD (MOUD) treatment. The intervention will consist of 

a user-centered CDS integrated into ED clinician electronic workflow and available for guidance 

to: 1) determine whether patients presenting to the ED meet criteria for OUD, 2) assess 

withdrawal symptoms, and 3) ascertain and motivate patient willingness to initiate MOUD 

treatment. The CDS guides the ED clinician to initiate MOUD treatment and to facilitate follow 

up as deemed clinically appropriate. Data will be collected pragmatically from the EHR and the 

CDS web application. The primary outcome is the rate of BUP initiated in the ED (either as 

administration of BUP in the ED and/or prescription of BUP upon ED discharge). Secondary 

outcomes are: 1) rates of receiving a referral appointment for addiction treatment, 2) clinician 

fidelity with the CDS intervention based on a critical action checklist, 3) rates of clinicians 

providing any ED-initiated BUP, 4) rates of clinicians providing referral for ongoing MOUD 

treatment, and 5) rates of clinicians who have received Drug Addiction Act of 2000 training.  

Primary and secondary outcomes will be analyzed using generalized linear mixed models, with 

fixed effects for intervention status (CDS vs. usual care) and pre-specified site and patient 

characteristics and random effects for study site. 

  

Ethics and Dissemination  

eapple
Text Box
20182278



 
2 

 

The study is under review with a central IRB. The local IRBs at each participating sites will 

implement reliance agreements with the central board. No identifiable private information will be 

collected from patients, thus the patients are not considered human subjects. A waiver of 

informed consent will be obtained for data collection of clinicians. As a minimal risk 

implementation study of established best practices, an Independent Study Monitor will be 

utilized in place of a formal Data Safety Monitoring Board (DSMB). Results will be published in 

open-access, peer-reviewed journals, presented at national meetings, and shared with the 

clinicians at participating sites via a broadcast e-mail notification of publications. 

 

Trial registration number: NCT03658642 
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INTRODUCTION 

 

Background & Rationale 

Dependence on opioids is a major public health problem in the United States, taking a 

devastating toll on Americans, their families, and communities.[1,2] An estimated 2.1 million 

people in the U.S. have opioid use disorder (OUD)[3] and more than 33,000 opioid-related 

deaths occur annually.[4] In 2011, there were 605,000 ED visits related to opioids in the United 

States.[5] From 2016-2017, emergency departments (EDs) experienced a 30% increase in visits 

for opioid overdose.[6] The ED offers a unique treatment opportunity for patients receiving care 

for acute and comorbid conditions related to opioid use.  

 

One of the most promising treatments for OUD is buprenorphine/naloxone (BUP), a partial 

opioid agonist combined with an antagonist, that can be prescribed by an appropriately trained 

clinician in an office setting for use at home. BUP decreases mortality as well as symptoms of 

withdrawal, craving, and opioid use.[7,8] In a placebo-controlled randomized trial of 40 OUD 

patients who all received cognitive-behavioral group therapy, weekly individual counseling, and 

weekly urine drug screening, cumulative retention in treatment at one year was 75% for 

individuals in the BUP group compared to 0% in the placebo group (p = 0.0001).[9] A recent 

Cochrane review including 31 trials with 5430 participants found high quality evidence that BUP 

is superior to placebo in retention of participants in treatment and can reduce illicit opioid use 

effectively compared to placebo.[10]  
 

Currently, ED clinicians often provide OUD patients referral to opioid treatment programs rather 

than initiating MOUD treatment in the ED. In a randomized clinical trial involving 329 individuals 

with OUD, we found that ED-initiation of BUP with referral for ongoing MOUD treatment was 

superior to referral alone, resulting in nearly twice the percentage of patients who were engaged 

in formal addiction treatment at 30 days (78% with BUP vs 37% with referral alone vs 45% with 

brief intervention, p < 0.001) and less illicit opioid use.[11] Despite the efficacy of ED-initiated 

BUP with referral for ongoing MOUD treatment, it is currently not offered in routine ED practice 

due to multiple complex medical, regulatory, and logistical barriers.[11–13] Adopting this 

evidence-based practice into routine care would shift the clinical practice paradigm for early 

OUD identification and treatment by initiating treatment at a time when the patient may be 

motivated and particularly vulnerable to morbidity and mortality.[14,15] 
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Clinical decision support (CDS), computerized tools that offer patient-specific assessments or 

recommendations to clinicians, represents one approach to embed this complex intervention 

into routine emergency care.[16,17] However, CDS faces its own challenges, including 

unintended consequences such as alert fatigue and increased cognitive load.[18–22] CDS 

design recommendations suggest careful consideration of the socio-technical environment and 

delivery of the right information, to the right person, in the right format, at the right time in clinical 

workflow to optimize medical decision-making.[23–26]  

 

Objectives 

For these reasons, we employed a user-centered design process to design and formatively 

evaluate the EMBED (Emergency Department-Initiated Buprenorphine for Opioid Use Disorder) 

CDS intervention. The user-centered design and formative evaluation of the EMBED 

intervention is reported elsewhere. Given the current opioid epidemic in the US, there is great 

urgency for prospective trials to identify the best approaches to BUP implementation and 

integration into routine practice. The goal of this multicenter, pragmatic, parallel cluster 

randomized trial is to compare the effectiveness of user-centered CDS for ED-initiated BUP and 

referral for ongoing MOUD treatment to usual care on the rates of ED initiation of BUP and 

referral in ED patients with OUD. We hypothesize that rates of ED-initiation of BUP and referral 

will be higher in the user-centered CDS arm of the trial. 

 

Study Design 

The study design is an 18-month pragmatic, parallel, cluster randomized, superiority trial using 

constrained randomization of clusters to arms (schematic diagram, Figure 1).[27–29] The unit 

of randomization (i.e. cluster) is the ED. EDs will be randomly allocated with an allocation ratio 

of 1:1. Adequate lead time will be allotted to install the intervention in the EHR at all intervention 

sites--including a three month implementation and washout phase. The intervention will then 

begin at the same time across all sites with the CDS intervention fully implemented in the 

intervention sites’ EHRs at the start of the trial. Clinicians at control sites will retain all control of 

their practice and practice as usual without the CDS intervention installed in their EHR.  
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Pragmatic trials study an intervention under the usual conditions in which it will be applied; as 

opposed to an explanatory trial which would test an intervention under ideal conditions.[27,30] 

In cluster randomized trials, treatment intervention is allocated  to clusters (i.e. groups of 

individuals) rather than individuals. This is done to manipulate the physical or social 

environment of the intervention when an individual intervention would likely result in 

contamination between intervention and control participants at the group level.[28] The parallel 

cluster randomized design was chosen over a stepped wedge design due to the high likelihood 

of confounding by temporal trends from ongoing efforts to mitigate the opioid epidemic.[31][32] 

A major challenge of the cluster randomized design is from potential confounding due to a 

limited number of heterogeneous groups.[28] Constrained randomization offers a solution to this 

source of confounding by balancing key cluster-level prognostic factors across the study to 

avoid distorting estimates of treatment effect due to the confounding factors.[29] This allocation 

technique more evenly distributes potential confounders between intervention arms by 

specifying the confounding factors, characterizing each cluster in terms of these factors, 

identifying a subset of randomization combinations of clusters that adequately balance 

confounding factors between intervention arms and randomly selecting one of these 

combinations as the allocation scheme.[29] Potential confounders that will be used for this trial 

are: EHR vendor, ED annual volume, ED type (e.g., academic, community, urban, rural, etc), 

ratio of ED clinicians who have a waiver to prescribe BUP, current rate of ED BUP prescribing, 

resources in ED to facilitate management of patients with OUD, and willingness of staff to adopt 

the practice of ED-initiation of BUP. 

 

Go live 
 

 

 

Intervention Group: 10 Emergency Departments 

Control Group: 10 Emergency Departments 

M M M t

Ongoing Recruitment:  
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METHODS 

Participants 

There will be 20 participating EDs from hospitals within approximately six health care systems 

(HCS). At the time of writing this protocol, all of the sites have very low (or 0) rates of BUP 

initiation in the ED. The final study sites will be determined based on sample size needs, 

anticipated number of eligible patients per site determined by electronic health records (EHR) 

phenotype,[33–36] and willingness and ability to participate (e.g., EHR integration of the 

intervention, EHR data extraction, availability of BUP in the ED and referral for ongoing MOUD 

treatment in the surrounding community). When finalized, the full study site list will be available 

at clinicaltrials.gov. 

 

The intervention will be conducted at the site level. Patients are not considered human subjects 

since: (1) no identifiable private information will be collected, (2) the intervention does not target 

the patient, and (3) EHR data will be collected retrospectively without interaction with the 

patient. The study sample will include all ED clinicians credentialed to practice in the study site 

EDs. Clinicians who practice at both an intervention and control site will be analyzed with the 

intervention group. Patients under these clinicians’ care at a control site will be excluded from 

the primary analysis.  

 

Adult ED patients (age 18 years or older) meeting an EHR-derived phenotype suggesting 

possible OUD will be included in the analysis: those who are discharged from the ED, not 

pregnant, and not currently taking a MOUD. The CDS will also be available for physicians to use 

when patients do not meet the EHR phenotype. The initial phenotype has been developed by 

the study team and is currently undergoing validation via emergency physician chart review to 

determine the phenotype’s validity in identifying the target patient population.[33] Details of this 

phenotype and its validation will be reported separately. All ED patients meeting the EHR 

phenotype criteria will be eligible for the trial. For patients with more than one ED visit during the 

study period, only the initial ED visit will be eligible for inclusion in the primary analysis. The 

CDS will also be available for clinicians to use for patients who are not identified by the 

phenotype. These patients will be excluded from the primary analyses.  

  

Intervention 
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The intervention for this study includes the user-centered CDS as well as education of ED 

clinicians practicing at all study sites.  

 

The need for flexibility in the graphical user interface of the intervention resulted in the decision 

to develop the CDS as a web application. This provides the ability to access the tool both 

embedded within the EHR or directly over the Internet. The web application was developed as a 

single-page application (SPA) based on React JavaScript library. The CDS is a user-initiated, 

SMART on FHIR (Substitutable Medical Applications and Reusable Technologies on Fast 

Health Interoperability Resources)[37] application that streamlines a flow diagram of our clinical 

protocol for ED-initiated BUP (Figure 2).  

 

The intervention’s graphical user interface (Figure 3) is an intuitive, simple layout presenting 

four care pathways in columns based on the patient’s diagnosis of OUD, the severity of 

withdrawal, and readiness to start treatment. There is additional, optional decision support 

available for guidance to: 1) evaluate OUD severity based on DSM-5 criteria, 2) assess 

withdrawal severity using the clinical opiate withdrawal scale (COWS) score, and 3) motivate 
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patient willingness and readiness to initiate MOUD treatment with a brief motivational 

interview.[38,39] These materials are also available to share with other members of the care 

team via a web address, text messaging, or QR code. The interface also includes a toggle 

switch for the user based on whether or not they have a waiver to prescribe BUP. Non-waivered 

clinicians cannot prescribe BUP but can administer a one-time dose of BUP in the ED for up to 

72-hours.[40] When integrated into the local EHR system, launching a care pathway enables 

the user to: place orders, refer for ongoing MOUD treatment, and update clinical notes. 

 

The educational plan will be site-specific and tailored to the usual care at that institution. It will 

be administered within three months of the study start date. The details of the plan will be 

developed in partnership with local champions who self-identify an interest in helping to 

implement an ED-initiated BUP protocol at their site. Specifically, the education plan will be 

required to include:  

1. A didactic on opioid use disorder, its diagnosis, assessment of withdrawal severity, and 

local resources for referral for ongoing MOUD treatment 

2. Circulation and posting in each study site ED of the flow diagram of the study’s clinical 

protocol for ED-initiated BUP (Figure 2). Since this protocol is considered best practice, 
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clinicians at control sites will retain all control of their practice and be encouraged to 

follow this protocol even though the CDS will not be available to them. 

3. Intervention sites will include strategies to increase use of the intervention by training 

clinicians on how to launch and use the CDS. Use of the intervention will be tracked with 

site-specific audit and feedback that is consistent with typical quality improvement 

initiatives at that site.  

 

Given the ongoing and escalating opioid epidemic and wide scope of this trial, we anticipate that 

there may be concomitant interventions to stem OUD at study sites during the trial. We plan to 

permit these interventions as long as they are: (1) implemented before randomization so that 

they can be tracked and accounted for in the constrained randomization process, and (2) they 

are not a health IT intervention targeted at clinicians to initiate BUP in the ED.  

 

Outcomes 

The primary study hypothesis is that there will be higher rates of provision of ED-initiated BUP 

with referral for ongoing MOUD with user-centered CDS compared with usual care. Therefore, 

the primary outcome will be BUP initiation in the ED, defined as whether or not an eligible 

patient is administered BUP in the ED and/or prescribed BUP upon discharge from the ED. 

Although this is not a patient-centered outcome, it is a pragmatic and meaningful surrogate that 

will serve as a lead indicator of the CDS intervention’s effect on engaging more OUD patients in 

treatment.  

 

We will also evaluate the effect of user-centered CDS on the following secondary 

implementation outcomes as compared to usual care, including several following the RE-AIM 

framework:[41,42]  

1. Referral to follow-up for ongoing MOUD treatment (patient-level; Y/N)treatment 

2. Prescription for naloxone at ED discharge (patient-level; Y/N) 

3. Receipt of discharge instructions on opioid use, overdose education, naloxone 

education, and buprenorphine education (patient-level; Y/N) 

4. Clinician adoption rates (clinician level): 

a. Provision of any ED-initiated BUP during the trial (Y/N) 

b. Provision of any referral for ongoing MOUD treatment during the trial (Y/N) 

5. Receipt of Drug Addiction Treatment Act of 2000 training during trial (clinician level; Y/N)  
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Additional secondary implementation outcomes to be obtained from the web application include: 

clinician fidelity with the intervention assessed via a critical action checklist[43] and error rate of 

the intervention (using surrogates based on tool usage, e.g., application launched but not used, 

launching a page in the web application and spending less than two seconds on that page). The 

intervention will continue to be made available for use after the trial concludes; three months 

after trial completion, medical record review of eligible patients will be conducted at a subset of 

intervention sites to determine the maintenance rate of the intervention. 

 

Sample Size 

Current rates of BUP use in the ED range from 0-2% with most sites at 0%.  Assuming a rate of 

BUP use in the usual care group of 1%, an increase to 10% would be a convincing and 

meaningful incremental effect of the intervention.  Preliminary data from EDs that will be 

randomized in this trial suggest an Intraclass Correlation (ICC) for BUP use of 0.01. The NIH 

group randomized sample size calculator[44] was used to determine the required number of 

sites to be randomized. With a two-sided type I error of 0.05, a conservative ICC of 0.03, and an 

expected average of 200 participants per site a total of 12 sites will provide 90% power to detect 

a difference of 9%. This estimate is based on the assumption that all sites will have 200 unique 

patient visits during the trial that meet the EHR phenotype. 

 

We evaluated the impact of enrollment variability across sites on the required sample size using 

the formula described by Eldridge et al.[45] We added 2 sites to the total number of sites given 

the use of z-scores rather than t-scores in the estimation. As the coefficient of variation (CV) in 

the number of participants enrolled across sites increases, the required number of sites 

increases (Figure 4). We will randomize a total of 20 sites to accommodate this potential 

variability.  
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Table 1 shows the power to detect different effect sizes given randomization of 20 sites. Even 

with large variability in participant enrollment (CV=1), we will have over 90% power to detect a 

difference of 0.09.  We will have good power (>80%) to detect effect sizes as low as 0.05 

provided the variability in site enrollment is not great (<0.50). 

  Effect Size (Difference in Proportions) 

Coefficient 

of Variation 

in 

Enrollment 

  0.05 0.06 0.07 0.08 0.09 

0 
87% 94% 97% 99% 99% 

0.2 
86% 93% 97% 99% 99% 

0.5 
80% 89% 94% 97% 98% 

0.8 
70% 80% 87% 92% 95% 
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1.0 
62% 72% 80% 87% 91% 

 

Allocation 

Potential study sites that meet readiness criteria at the time of randomization will be allocated 

1:1 to CDS and usual care groups using constrained randomization conducted by personnel in 

the data coordinating center (DCC). The general method will follow procedures and 

recommendations from the literature on group randomized trials.[29] 

 

With a small number of sites that differ in important ways, unconstrained randomization may not 

adequately balance important site characteristics. To improve comparability of treatment and 

control sites, personnel in the DCC under the direction of JDD will list all possible allocations of 

treatment and control groups (with 20 sites, there are about 165,000 combinations of treatment 

and control groups). The imbalance score (�) from Raab and Butcher will be calculated for each 

possible allocation.[46] 

   

where S is the number of variables on which the groups should be balanced, ωl is a weight 

calculated as the inverse variance of the mean of variable l across the hospitals, and the 

represent the means of variable l across the hospitals in the intervention (indexed as 1) and 

control (indexed as 0) groups. A candidate set of 1000 possible allocations with the most 

favorable imbalance scores will be selected, and the final allocation selected at random from 

that candidate set.  

 

Since clinicians must know how to launch and use the intervention, they will not be blinded to 

the allocation of their site as a control or intervention site. Clinicians may inform patients that 

they are using the CDS or not, as they deem appropriate consistent with CDS use in their usual 

practice. All study sites will post information in their ED informing patients of the study. 

 

Data Collection 

Outcome data will be collected via SQL query of the local EHR at regular intervals from data 

routinely collected in each hospital’s EHR. This will facilitate large-scale data collection that 

would not otherwise be practical in an explanatory trial.  

 



 
13 

 

To enable consistent EHR data collection across sites, a master data dictionary of all data 

elements will be created. At each study site, the variables in the data dictionary will be validated 

against the institutional EHR to ensure that the variables are correctly mapped to the EHR field 

that corresponds to the clinical intent of the variable after accounting for documentation 

practices and workflow at each site.[47] In particular, the outcome variables of BUP initiated in 

the ED and referral made for ongoing MOUD treatment will be validated against the EHR to 

ensure accuracy. For data quality assurance, the mapped variables will be validated against the 

EHR to ensure that the data are clinically relevant to the goals of the project and correctly 

represents the clinical data that clinicians use to make decisions. Additionally, data to determine 

compliance, use, and fidelity with the CDS intervention that could not be reliably abstracted from 

the EHR (e.g., DSM-5 OUD score, COWS score) will be abstracted from the web application’s 

use logs. Information on whether the patient attended the referred follow-up visit and whether 

the patient  was prescribed BUP as an outpatient will be abstracted from the EHR if available 

(e.g., if the patient is seen for follow-up within the same system). 

 

Data will be sent from study sites to the study DCC at predetermined, regular intervals. The 

DCC will conduct ongoing data monitoring activities on study data from all participating sites to 

ensure data received is what it is intended to be. Baseline data for the study participants will 

include demographic and clinical data such as age, gender, race, ethnicity, insurance status, 

past medical and psychiatric history, recent medical or psychiatric hospital admissions, recent 

enrollment in formal addiction treatment, active prescriptions for other opioids, and urine drug 

screen results as ascertained by regularly collected data in the EHR. 

 

Data Management 

Study data will only be available to members of the study DCC who are authorized for this 

study.  To ensure the privacy and confidentiality of data for this project, DCC servers hosting 

data repositories are strongly firewalled; access to the repositories is permitted only through 

properly authenticated Web APIs. All data is encrypted both at rest and in transit. The DCC 

database-hosting is certified by the our institution’s Information Security Office as conforming to 

HIPAA and our institution’s data protection guidelines. All personnel who have access to the 

data will pass appropriate HIPAA training coursework. All network communication will transpire 

via security transport layer for web applications. All project computers are stored in locked 

offices within a building having limited, electronic passkey access. All computers are password 

protected and protected by our institution’s firewall which is encrypted using Microsoft BitLocker. 
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Individually identifiable or deducible data will only be by transmitted via secured 

telecommunications, never by unsecured telecommunications like email or electronic File 

Transfer Protocol (FTP). Procedures are in place for rapid recovery from hardware or database 

failure. 

 

Data Monitoring  

As a minimal risk implementation study of established best practices, an Independent Study 

Monitor will be utilized in place of a formal Data Safety Monitoring Board (DSMB). Interim 

monitoring will focus on adherence 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 Independent Study Monitor will report directly to the study DCC. No interim 

analyses for effectiveness are planned.  

 

Analysis Plan 

General Considerations: This is a cluster randomized trial to test the hypothesis that there will 

be higher rates of provision of ED-initiated BUP and referral for ongoing MOUD with user-

centered CDS compared with usual care. Analyses will be conducted as intention to treat 

including all individuals regardless of intervention receipt. While the unit of randomization is at 

the level of the ED, the unit of analysis will be the patient or clinician. Analyses of primary and 

secondary outcomes will be conducted using generalized linear mixed models (GLMM) to 

account for clustering from the EDs and clinicians in patient outcome models. [31] Analyses will 

be performed in SAS v9.4 (Cary, NC) with a two-sided type I error of 0.05 (unless otherwise 

specified). For the primary and secondary analyses described below, only the first ED encounter 

for an individual patient will be used.  Supportive analyses will include patients with repeated ED 

visits. 

 

Comparability of Baseline and Intervention Patients: Distributions of baseline demographic and 

clinical characteristics will be described during baseline and intervention periods. Comparability 

for continuous variables will be examined graphically and by summary statistics (means, 

medians, quartiles, etc.).  Categorical variables will be examined by calculating frequency 

distributions. 

 

Analysis of Primary Outcome: The primary outcome, initiation of BUP in the ED, will be 

assessed for all patients that meet the criteria for the EHR phenotype. Intervention differences 
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(CDS vs usual care) for this dichotomous outcome will be examined using  mixed effect logistic 

regression (GLMM). This model will contain a fixed effect for intervention (CDS vs usual care). 

Random effects will be included for ED and the primary clinician to account for clustering of 

responses. The model will also include cluster-level covariates included in the constrained 

randomization and patient-level covariates that may be associated with the delivery of BUP 

(age, gender, race, ethnicity, insurance status, past medical and psychiatric history, recent 

medical or psychiatric hospital admissions, recent enrollment in formal addiction treatment, 

active prescriptions for other opioids, and urine drug screen results). Linear contrasts will be 

used to estimate treatment differences along with 95% confidence intervals in the proportions of 

ED patients that received BUP in intervention vs. usual care. Given the relative advantages of 

GLMM and Generalized Estimating Equations, sensitivity analyses will compare treatments 

using a logistic regression with Generalized Estimating Equations, clustering on ED. 

 

Analysis of Secondary Outcomes: Secondary outcomes such as referral for MOUD 

appointment, attendance at an MOUD appointment (if available in the EHR), prescription for 

naloxone at ED discharge and receipt of discharge instructions. will be evaluated using random 

effects logistic regression as described above. Assessments of the clinician including provision 

of any ED-initiated BUP during the trial, provision of any referral for ongoing MOUD treatment 

during the trial and receipt of Drug Addiction Treatment Act of 2000 training during the trial will 

be compared between intervention and usual care using a GLMM. These models will be 

stratified by the number of eligible patients the clinician encountered during the trial and will 

include a fixed effect for intervention, cluster-level covariates included in the constrained 

randomization, and a random effect for ED. Discrete numeric outcomes such as clinical fidelity 

will be compared using the GLMM with an log link and a negative binomial distribution. 

 

Plan for Missing Data: Several strategies will be imposed to accommodate the likelihood that 

missing data will occur during this study. Prevention is the most obvious and effective manner to 

control bias and loss of power from missing data.[48] As noted in the Data Collection section 

above, prior to the trial we will pilot data collection procedures. Variables with large proportions 

of missing will be excluded from collection. We will follow the intent to treat principle, requiring 

follow-up of all EDs randomized regardless of the treatment received.[49] Regular data retrieval 

from EHR combined with monitoring and missing data reports will trigger protocols for tracking 

and obtaining missing data. Despite these prevention efforts it is reasonable to assume missing 

data will occur. Our primary analysis is valid under the assumption that missing data is missing 
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at random (MAR).[50] We will evaluate the plausibility of this assumption by determining the 

extent of missing data and use logistic regression to identify factors associated with missing 

data. As appropriate, we will conduct sensitivity analysis using pattern-mixture and selection 

models under missing not at random (MNAR) assumptions to examine the robustness of 

conclusions of the primary analysis to missing data.[48,50] 

 

ETHICS AND DISSEMINATION 

We plan to obtain all necessary regulatory and human subjects protection approvals and 

procedures including central review board (IRB) approval for all study sites for the conduct of 

the trial. The local IRBs at each participating site will implement a rely agreement with this 

central board. We anticipate a waiver of informed consent under the Common Rule (45 code of 

federal regulations (CFR) 46.116 given that:[51,52] (1) the research involves no more than 

minimal risk to the subjects;[53] (2) the waiver or alteration will not adversely affect the rights 

and welfare of the subjects; (3) the research could not practicably be carried out without the 

waiver or alteration; and (4) subjects will be provided with additional pertinent information after 

participation.  

 

Patients are not considered human subjects by HHS regulation 45 CFR 46.102(f)[52] since: (1) 

no identifiable private information will be collected, (2) the intervention does not target the 

patient, and (3) EHR data will be collected retrospectively without interaction with the patient. 

Therefore, consent is not applicable to this population. Furthermore, all recommendations 

included in the CDS intervention are considered best practices in treatment of OUD. The OUD 

population has a high underlying risk of morbidity/mortality (approximately 5% risk of death in 12 

months).[8] Patient rights and welfare will be protected per standard practice. Therefore, the risk 

to a patient with OUD who is not receiving MOUD treament in their ordinary daily lives greatly 

exceeds the risk of the EMBED intervention. All study sites will post details about the study in a 

location visible to patients to make them aware of the option to receive BUP and referral to 

treatment so as best to offer an informed decision for requesting care. Patients will retain the 

right to request MOUD treatment at any study site.  

 

Clinicians at all study sites will have access to all standard OUD medications and services to 

which they would otherwise have access to treat OUD patients. Clinicians will retain all control 

of their practice and at intervention sites have the option whether or not to use the intervention 

(i.e., can opt out). Clinician identifiers will be collected in order to follow practice patterns. 
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However, the investigators will be blinded to both site and clinician identifiers. Each system will 

use an Honest Broker to protect the welfare and identity of each site and clinician and allow 

adjudication for analyses. Clinicians will be made aware of the study, its outcomes, the data to 

be collected and, at intervention sites, how to use and opt out of using the CDS via broadcast e-

mail and direct communication by site champions. A flow diagram of the study’s clinical protocol 

(Figure 2) will shared with clinicians and posted in the clinical work area of all study sites. Since 

this protocol is considered best practice, clinicians at control sites will retain all control of their 

practice and be encouraged to follow this protocol even though the CDS will not be available to 

them. As this is a pragmatic trial focused on implementing this intervention in a way that is as 

close to routine care as possible, consenting clinicians would not be consistent with routine CDS 

implementation and could jeopardize the scientific validity of the CDS intervention to overcome 

barriers to adoption of this practice[51]. Given the stigma[11] associated with treating individuals 

with OUD, the additional burden of the consent process could be a deterrent for clinicians to 

provide MOUD treatment to appropriate patients and bias the sample to clinicians with less 

stigma toward treating these patients. For this reason and since clinician data will be de-

identified and unavailable to the investigators, we propose a waiver of consent of the clinicians 

to ensure the scientific validity of our findings. There is precedent for such a waiver in a similar 

situation.[54] Results will be published in open-access, peer-reviewed journals, presented at 

national meetings, and shared with the clinicians at participating sites via a broadcast e-mail 

notification of publications. 
 

Because this study uses no investigational agents or devices, and instead uses a health IT 

intervention to promote recommended clinical practices, an Independent Study Monitor will be 

utilized in place of a formal DSMB.  
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