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Abstract

Objective: Despite increased focus on opioid prescribing, little is known about the influence of 

prescription opioid medication information given to patients in the emergency department (ED). 

The study objective was to evaluate the effect of an Electronic Medication Complete 

Communication (EMC2) Opioid Strategy on patients’ safe use of opioids and knowledge about 

opioids.

Methods: This was a three-arm prospective, randomized controlled pragmatic trial with 

randomization occurring at the physician level. Consecutive discharged patients at an urban 

academic ED (>88,000 visits) with new hydrocodone-acetaminophen prescriptions received one of 

three care pathways: (1) usual care, (2) EMC2 intervention, or (3) EMC2 + SMS text messaging. 
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The ED EMC2 intervention triggered two patient-facing educational tools (MedSheet, literacy-

appropriate prescription wording [Take-Wait-Stop]) and three provider-facing reminders to 

counsel (directed to: ED physician, dispensing pharmacist, follow-up physician). Patients in the 

EMC2+SMS arm additionally received one text message/day for 1-week. Follow-up at 1–2 weeks 

assessed “demonstrated safe use” (primary outcome). Secondary outcomes including patient 

knowledge and actual safe use (via medication diaries) were assessed 2–4 days and 1-month 

following enrollment.

Results: Among the 652 enrolled, 343 completed follow-up (57% women; mean age 42 years). 

Demonstrated safe opioid use occurred more often in the EMC2 group (adjusted odds ratio (aOR), 

2.46; 95% CI, 1.19, 5.06), but not the EMC2 + SMS group (aOR 1.87; 95% CI 0.90, 3.90) 

compared with usual care. Neither intervention arm improved medication safe use as measured by 

medication diary data. Medication knowledge, measured by a 10-point composite knowledge 

score, was greater in the EMC2 + SMS group (Beta 0.57; 95% CI, 0.09, 1.06) than usual care.

Conclusion: The study found that the EMC2 tools improved demonstrated safe dosing, but these 

benefits did not translate into actual use based on medication dairies. The text-messaging 

intervention did result in improved patient knowledge.

Clinical Trial registration: 
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INTRODUCTION

The United States continues to face an epidemic of opioid addiction and overdose, the scale 

of which is unprecedented and has prompted the declaration of a public health emergency.1 

Accordingly, efforts are being made in all parts of the opioid use continuum to decrease 

morbidity and mortality (e.g., decreasing initial prescribing, promoting alternatives to opioid 

therapy, identifying and treating opioid use disorder). Many interventions and guidelines 

appropriately target decreasing the number of opioid prescriptions and the number of pills 

per prescription.2–5 However, in settings such as the emergency department (ED), where 

acute or chronic pain account for almost two-thirds of ED visits,6 use of opioids may be 

appropriate at times, if prescribed safely.2

In those moments of appropriate prescribing, patient education and the physician patient 

interaction at the time of prescribing must be optimized to ensure patients are aware both of 

the risks of opioids and how to take them safely. The ED is widely recognized as a difficult 

environment for ensuring adequate communication due to factors including time constraints, 

unpredicted interruptions, shift changes, overcrowding, and the lack of a preexisting 

relationship with patients.7–10 In this setting, existing ED discharge processes may more 

often than not be inadequate for confirming patient understanding; increasing the risk that 

self-care instructions were not appropriately conveyed or followed.11 This lack of 

knowledge for patients newly prescribed opioids is potentially dangerous, as preliminary 

research indicates patients rarely recall counseling about opioid pain relievers.12,13 When 
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counseling does occur it is highly variable and the potential for addiction is very rarely 

addressed.13–16

The Agency of Healthcare Quality and Research (AHRQ) has made recommendations for 

topics to be covered in conversations with patients about any new prescriptions (not limited 

to opioids) to ensure safe and appropriate use.17,18 Responsible ED prescribing of opioid 

analgesics should include both spoken counseling and written information for patients. 

These instructions should not only fulfill new medication counseling recommendations, but 

also directly address the potential for opioid abuse and misuse so patients can be informed 

consumers. With other classes of medications, one-on-one educational counseling efforts 

have been demonstrated to improve patient adherence to physician recommendations about 

medications and to improve medication related outcomes.19

Our team developed an Electronic Medication Complete Communication (EMC2) Opioid 

Strategy with a goal of supporting and improving one-on-one communication to ED patients 

about newly prescribed opioid pain relievers.20 This intervention is an EHR-integrated 

strategy that activates a series of two patient-facing educational tools (a hard copy one-page 

MedSheet about opioids, patient-centered wording on prescriptions [Take-Wait-Stop]) and 

three automated provider-facing EHR-based reminders to counsel patients (directed to ED 

physician, pharmacist, and follow-up physician) when a new prescription for an opioid is 

written. The strategy was designed to not only meet AHRQ recommendations for 

counseling, but also to support patients in all phases of the National Academy of Medicine’s 

Medication Use Process (prescribing, dispensing, self-administration, and monitoring).21 

Herein we describe our intervention and its ability to improve safe use and patient 

knowledge of newly prescribed opioids.

METHODS

We conducted a three-arm, physician randomized pragmatic trial of the ED EMC2 Opioid 

Strategy to improve safe use and patient knowledge of newly prescribed opioids. A 

description of the study protocol and trial is described in greater detail in a previous 

publication.20 In brief, the primary goal of the study was to determine if the EMC2 

intervention could improve demonstrated safe use of newly prescribed opioids. As a ‘point 

of care’ intervention, the need for ‘post visit’ reinforcement of the safe use educational 

messages was also considered. Thus, our approach was tested with and without a short 

message service (SMS) text messaging promotional component, understanding the need for 

a scalable follow-up component within a clinical context that does not routinely track 

patients beyond acute visits. Secondarily, we sought to determine if the EMC2 intervention 

could increase patient knowledge about opioid pain relievers. We hypothesized that 

compared to patients in the usual care arm, patients receiving EMC2 interventions would 

demonstrate higher rates of safe use of their prescribed opioid as measured by a 

demonstrated dosing task and secondarily demonstrate higher rates of opioid-related 

medication knowledge. The institutional review board at Northwestern University approved 

all study procedures, a data safety and monitoring board was established and met annually, 

and the trial was registered at clinicaltrials.gov [].
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Randomized controlled trial study design

The trial employed a cluster-randomized design wherein the prescribing provider was the 

unit of randomization. This choice was made because of the automated nature of the EHR-

based interventions. To increase the chances of having similar patient populations in each 

intervention arm, providers were placed into strata based on their roles (attending physician, 

resident physician and Advanced Practice Providers (APPs)), and historical volume of 

opioid prescriptions dispensed (high, medium, low) over the preceding two years (physician, 

APP) or by post-graduate year (residents). Providers from each strata were then randomized 

to one of three study arms; provider identities were revealed to study personnel after 

randomization was complete. Patients participating in the study received one of three care 

pathways based on the randomization allocation of the treating provider was who was 

ordering their discharge prescription within the EHR.

Participants

All attending and resident physicians and APPs based in the ED were approached for study 

inclusion. Those who agreed to be in the study were randomized as described. After consent, 

physician participants were informed of the changes that would be made to their EHR, but 

were not otherwise given targeted education and were not aware of study outcome measures.

Study participants were patients being discharged from an urban academic ED (annual 

volume >88,000) with a new prescription for hydrocodone-acetaminophen between July 

2015 and August 2017. Patients were eligible for enrollment if they met the following five 

conditions: 1) 18 years of age or older, 2) English speaking, 3) prescribed a tablet form of 

hydrocodone-acetaminophen (non-liquid formulation), 4) responsible for self-administering 

their own medication, and 5) were discharged by a provider who consented to the study. 

Patients were excluded if they were clinically unstable, psychologically impaired or 

intoxicated as judged by the research staff or ED provider, chronically taking opioids (as 

defined by self-report of “daily or near daily” use of opioids for the past 90 days), being 

admitted to the hospital, unable to complete study follow-up, or pregnant. Hydrocodone-

acetaminophen was selected for study because, at the time of study initiation, it was the most 

frequently prescribed medication at the both the study site and nationally.22 Additionally, it 

is commonly abused,23–25 frequently results in ED visits for overdose,26 and is among the 

top prescription opioids related to overdose death.27

Study Arms

The trial had three arms: Usual Care and two intervention arms named EMC2 and EMC2+ 

SMS Text Messaging. In the usual care (control) arm, providers had no modifications to 

their EHR interface, and their patients received discharge instructions, prescription 

instructions, and counseling about safe use per that provider’s customary practice. Of note, 

usual practice of the trial ED did not automatically include medication information sheets 

with discharge paperwork, as is done in some EDs; however, medication information 

documents could be manually added to the discharge documents at providers’ discretion. For 

providers assigned to the EMC2 arm, the three provider facing functions were ‘turned on’ 

and their patients were eligible to receive two of the educational materials from the ED 
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EMC2 Opioid Strategy. Patients of providers in the EMC2 + SMS arm also received daily 

text messages to prompt safe use for one week following their ED visit.

Intervention

The ED EMC2 Opioid Strategy comprised five changes to the EHR that automatically 

triggered when any prescription for hydrocodone-acetaminophen was signed electronically.

(Figure 1) The first three components targeted providers, whereas the latter two components 

targeted the patient directly. The three prescriber facing components included: 1) a provider 

medication alert reminding the prescribing ED physician to counsel the patient about safe 

use of opioids; 2) an inbox message delivered to the primary care outpatient provider 

informing them of the new prescription, pill quantity, and requesting that they follow-up 

with the patient to provide additional counseling about safe use; and 3) a request to the 

dispensing pharmacist to counsel the patient about safe use (printed automatically on the 

paper prescription requisition). In the event that there was no primary care provider, the 

inbox message could not be sent; however, the other two provider-facing components 

applied to all patients. The last two components of the ED EMC2 Opioid Strategy, both 

patient facing, were plain language MedSheets about hydrocodone-acetaminophen and 

“Take-Wait-Stop” patient-centered medication labeling changes made to the print 

prescription requisition.

The MedSheets were previously developed by our team to provide the patient with 

understandable, actionable information written at an 8th grade reading level or below and 

formatted to result in higher recall of drug information compared to current FDA standard 

Medication Guides.28,29 Preliminary data demonstrated that inclusion of an opioid 

MedSheet in ED discharge instructions increased some aspects of patient knowledge.30

The Take-Wait-Stop prescription wording translates medications prescribed “as needed” into 

plain language with three deconstructed, actionable steps.31,32(Figure 2) The Take-Wait-

Stop label was first developed by members of our team as an extension of the Universal 

Medication Schedule,31,32 and based on tenets of patient-centered prescription label design.
33–37 The prescription wording places emphasis on action terms (“Take-Wait-Stop”) and 

deconstructs the components of PRN instructions to support understanding and recall. 

Anticipating the wording would be unfamiliar to community pharmacists, we additionally 

worked with a national community pharmacy chain manager to ensure the wording fit on a 

standard label. Further, the default Sig (i.e., signetur which is Latin for “let it be labeled”) on 

the print requisitions was changed to “Special Sig” and each prescription contained a “Note 

to Pharmacist: Please print the ‘Take-Wait-Stop’ instructions on the medication label” to 

draw attention to the wording change. This study was a pragmatic trial, so we did not ensure 

that each pharmacy could print the prescriptions, but had a planned analysis of prescription 

bottle implementation.38

The sixth intervention component, only available to patients in the EMC2+SMS study arm, 

was SMS text messaging. Patients in this arm followed instructions on a pre-printed card and 

self-enrolled into an automated texting program that sent one text message per day for the 

week following enrollment. These educational messages focused on safe use, side effects, 

and safe behaviors related to prescription opioids. (Appendix 1)
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The intervention was designed with the dual goal of maximizing communication whilst 

providing a scalable intervention with minimal workflow interruption. Further detail related 

to the pilot work supporting the design of this intervention and detail of each intervention 

component can be found in previous publications.20,30,31

Outcomes and Measures

Patients completed a baseline assessment and follow-up assessments at 2–4 days, 1–2 weeks 

and 1 month after enrollment and completed a paper medication diary for 10 days following 

discharge (returned via prepaid envelope). Baseline questions assessed sociodemographic 

characteristics, including health literacy (measured by the Newest Vital Sign (NVS)39) and 

self-report of prior use of hydrocodone. Visit characteristics (e.g. diagnosis, medications 

received in ED, pain scores) were obtained from the EHR. The 2–4 day and 1 month 

assessments were via telephone. The 1–2 week assessment was initially conducted in-

person. However, due to low retention the assessment was switched to telephone.

The primary outcome was the patients’ ability to safely dose their opioid medication in a 

“demonstrated” dosing task. As part of this task, patients were asked to tell the RA how they 

would take their medication if they were in pain (“starting at 8am”). Participants were 

continually prompted as to when and how they would take their next dose if they were still 

in pain with prompting continuing until either 24 hours was reached or the patient reported 

that they would not take any additional pills. The prompt was left intentionally vague as to 

the degree of hypothetical pain to allow more freedom of response, better simulate the 

medication taking experience at home, and avoid patients feeling as if they had to “take” the 

medication because of “severe” pain. Three error types were assessed in a binary fashion: 

proper number of pills per dose, correct spacing of doses (recommended minimum number 

of hours between doses), and total pills per day (not exceeding the recommended/safe 

number of pills per day). As the prescription details varied patient-to-patient, each 

individual’s performance on the dosing task was assessed according to the wording of their 

prescription at discharge. For patients who did not have a “do not exceed’ statement on their 

prescription, the manufacturer’s recommendation was used (8 tabs daily for hydrocodone/

acetaminophen 5/325 mg strength and 6 tabs daily for the 10/325 mg strength). Each error 

type was reported separately and in aggregate, with the primary outcome being the aggregate 

assessment.

The outcome measure of patient’s demonstrating dosing and frequency was informed by 

nearly decade of research by Michael Wolf and colleagues.35,40–42 Tasks of patient 

demonstration of medications dosing have been applied in studies examining inhaler 

technique in COPD,43 immunosupressants post-transplant,44,45 pediatric liquid dosing,46 

non-prescription acetaminophen use,47 and among patients with complex regimens.48 These 

studies have consistently found that regimen dosing is associated with lower health literacy, 

cognitive function and visual acuity and, in some contexts, predictive of healthcare 

utilization.44

Secondary outcomes assessed included medication knowledge and actual safe hydrocodone-

acetaminophen use. Medication knowledge was assessed using open-ended questions (e.g. 

“Do you know what ingredients are in this medicine?,” “Do you think the type of pain 
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medicine that you were prescribed can be addictive?”). Responses were scored by trained 

RAs and reviewed by the study PI. A composite knowledge score (scale 0–10) was created 

comprised of ten items [(1) medication brand name, (2) acetaminophen as ingredient (3) 

hydrocodone as ingredient, (4) classification as opioid (or narcotic or controlled substance), 

(5) safe amount of alcohol to drink, (6) need to avoid sedating medicines, (7) potential for 

addiction, (8) need to avoid acetaminophen, (9) at least one GI side effect (e.g., nausea, 

constipation), (10) at least one sedating side effect (e.g., sleepy, dizzy, tired)]. Baseline 

knowledge was not assessed to avoid priming patients to knowledge items (e.g., the 

assessment would have been an intervention in and of itself); instead a randomized 

controlled study design was chosen. The EMC2 intervention was expected to optimize 

knowledge on all of the above topics; messages related to # 2, 5, 6, 8, and 9 were 

additionally targeted specifically by text messages.

Safe use in actual practice was assessed from medication diary data. The outcome was 

assessed in two parts: 1) an aggregate of the same three error types for the demonstrated use 

assessment described above (“actual safe dosing”); 2) “actual safe dosing + no sedating 

medications” comprised of the 3 error types above and a binary assessment of concomitant 

use with sedating medications. For the assessment of concomitant use of hydrocodone-

acetaminophen with sedating medications, a list of drug categories was determined a priori 

by an experienced ED Clinical Pharmacist and Doctor of Pharmacy (AEL) based on a 

review of risk level and interaction classification within Micromedex, Lexi-Drugs, Clinical 

Pharmacology and primary literature. This list was reviewed and modified by a board 

certified toxicologist and addiction medicine specialist (PML). (Appendix 2) Patients were 

considered to have concomitant use with a sedating medication if they took a medication on 

the list within the same day as taking their hydrocodone-acetaminophen as it was beyond the 

scope of this study to adjust for other factors that would influence the likelihood of an 

adverse event from concomitant use (e.g., duration of medication action, chronicity of use, 

half-life of individual drugs).

The study was conducted as a pragmatic trial to assess how the intervention would operate in 

the real world if it were “turned on” and left to run without interference or repeated 

instruction. We measured the rate of successful printing of the MedSheet, the prescription 

requisition printing with the Take-Wait-Stop instructions, commercial pharmacies filling the 

pill bottles per the Take-Wait-Stop directions, and successful enrollment in the texting 

platform.

Analysis

Descriptive statistics were calculated for all socio-demographic, ED visit, and opioid 

prescription characteristics. Chi-square, one-way Analysis of Variance (ANOVA), and 

Wilcoxon rank-sum tests were used, as appropriate, to test for balanced randomization. An 

intercluster correlation assessment was conducted to determine the degree of independence 

among individuals in the same cluster. We used generalized linear mixed models on all 

outcomes adjusting for physician clustering. Models were run for dichotomous dosing 

outcomes (adjusted odds rations [aORs] reported) and for continuous composite knowledge 

score (adjusted mean differences reported). Examination for possible associations between 
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patient characteristics and outcome variables were conducted and all models controlled for 

covariates related to that specific outcome. To isolate the additive benefit of the text 

messaging, the two intervention arms were compared to each other on the primary and 

secondary outcomes as well as the individual knowledge questions that comprised the 

knowledge score. Significance for all analyses was set at p < 0.025 to adjust for multiple 

testing.

All analyses were first conducted using an intent-to-treat approach. Subsequently, because 

some patients did not receive one or more pieces of the intervention, the primary outcome 

was analyzed per-protocol, where the same methodology described previously was applied 

only to patients who successfully received all patient-facing pieces of the intervention. 

Patients in the EMC2 arm were included in the per-protocol analysis if they received the 

MedSheet and the patient-centered TWS prescription wording on their bottle. Those in the 

EMC2 +SMS arm were included if they received the MedSheet, TWS prescription wording 

on bottle, successfully enrolled in SMS texting, and received all seven text messages.

The planned enrollment target was for 816 patients to complete the 1–2 week follow-up 

interval, which would have provided 80% power to detect a difference of 11.8% (from pilot 

data)31 between each of the intervention arms and the usual care arm for the primary 

outcome of any error on the demonstrated dosing task. All analyses were performed using 

SAS 9.4 (SAS Institute Inc, Cary, NC).

RESULTS

Participant Flow

Among 126 providers at the study site, 116 (92%) consented and were eligible for their 

patients to be enrolled. A total of 652 patients were enrolled, for an overall cooperation rate 

of 57% of those approached (n=1144). At the first follow up call (2–4 days) retention rates 

were 67.3%, 74.1% and 69.1% in the usual care, EMC2, and EMC2 +SMS groups, 

respectively. The primary outcome was assessed at the second time point (1–2 weeks post 

enrollment); at that time the retention rates were 47.0%, 58.0%, and 51.7%, respectively. By 

the third follow-up call (1 month post enrollment), retention rates were 42.1%, 46.5%, and 

44.9%. A total of 260 (39.8%) medication diaries were returned, including 223 diaries from 

patients who also completed the primary outcome assessment. Attrition rates for follow-up 

calls and medication diary return did not differ by arm; however, they did differ by other 

characteristics with participants completing the study being older (mean age 45 years versus 

40 years among those who dropped out) and higher literacy (48% adequate literacy and 

37.9% limited or marginal literacy completed). For medication diaries, those returning 

diaries were older, with higher educational attainment, literacy and household earnings and 

were less likely to be uninsured or from a racial/ethnic minority (data not shown).

Baseline Data

Participant characteristics, overall and by arm, are summarized in Table 1. At baseline, 

participants had a mean age of 42 years and slightly more than half were female. Overall, the 

sample had a high degree of educational attainment and a similarly high rate of adequate 
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literacy (66.4%). The majority of patients had not been previously prescribed hydrocodone, 

but did receive opioids in the course of their ED visit. The most common diagnosis was back 

pain, and the prescriptions provided were of small pill quantity (mean 15 tabs).

Outcomes

Overall 76.4% of patients demonstrated safe use of their newly prescribed opioid with the 

highest rate of safe use in the EMC2 arm (82.0%). Demonstrated safe use occurred more 

often in the EMC2 group (adjusted odds ratio (aOR), 2.46; 95% CI, 1.19, 5.06), but not the 

EMC2 + SMS group (aOR 1.87; 95% CI 0.90, 3.90) compared with usual care.

Less than half (39.8%, n=260) of patients returned medication diaries. There were no 

differences between arms in either of the actual use aggregate assessments as measured by 

medication diary data (Table 2). Notably, among participants who both returned the 

medication dairy and completed the demonstrated dosing task (n=223), the overall error rate 

on the demonstrated dosing task was 19.7% (23.4% control, 16.5% EMC2, 20.3% 

EMC2+SMS, p=0.57). In contrast, those who did not return medication dairies (n=74) had 

higher demonstrated dosing error rates across all arms (35.1%), but particularly the control 

arm (66.7% control, 21.6% EMC2, 36.4% EMC2+SMS, p=0.01).

Participants in the usual care arm had the highest rates of concomitant use of sedating 

medications (30.7%) compared to the EMC2 and EMC2 +SMS (21.0% and 25.9%, 

respectively) yet again this difference was not statistically significant. (Table 2) The most 

frequently used class of sedating medication was benzodiazepines (13.1%). (additional 

results of co-ingested sedating medications available Appendix 3)

Patients in the EMC2 + SMS arm had higher composite knowledge scores [mean (sd), 6.2 

(1.7); beta (95% CI) 0.57 (0.09, 1.06)] than usual care [mean (sd) 5.6 (1.5)] or EMC2 

participants [5.6 (1.8)]. Specifically evaluating the strength of the deconstructed components 

of the intervention (EMC2 versus EMC2+SMS) revealed that the text messages were 

significantly linked to three knowledge items (able to name acetaminophen as ingredient, 

aware of need to avoid acetaminophen, aware of need to avoid sedating medications) (Table 

3).

Process measures

The processes that occurred at the time of the ED visit had a high level of successful 

inclusion in the discharge documents, with 78% of patients in the intervention arms 

receiving printed MedSheets automatically (91% ultimately received the MedSheet after it 

was noted to be missing and the discharge documents were reprinted). The printing failure 

was a computer programming issue wherein the MedSheet was included if the prescription 

was written through the “orders” interface, but not the “discharge” interface. Sixty two 

percent of intervention patients responded they still had their information sheet. Within the 

EMC2 +SMS arm 93% of patients successfully enrolled in texting. Only 19 patients (10%) 

opted out of the texting intervention before all messages were delivered. Although the Take-

Wait-Stop prescription requisition successfully printed in the ED for 95% of patients in the 

intervention arms, when those same patients were re-assessed at 1–2 week follow-up 

(n=211), only 38 (18.0%) had a label on their prescription bottle that corresponded with the 
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Take-Wait-Stop (verbatim or near verbatim) instructions as written on the requisition. An 

additional 93 patients had wording with three action steps that was considered “adequate” 

implementation of the label, but not per-protocol. In contrast, 96.4% of control arm patients 

had labels with traditional PRN wording. A separate manuscript further evaluates the 

variations in the prescription filling in this sample.38

Per Protocol Analysis

The low rates of the prescription being filled per the protocol prompted a per-protocol 

analysis for the primary outcome. There were no significant differences by arm in baseline 

demographics for participants when analyzed per protocol (data not shown). Compared to 

participants in the usual care arm, those who completed EMC2 and EMC2+SMS “per 

protocol” had 1.48 (95% CI: 0.5, 4.6) and 2.48 (95% CI: 0.6, 9.6) higher odds of 

demonstrating proper dosing respectively when adjusting for physician clustering and health 

literacy level.

DISCUSSION

The ED EMC2 Opioid Strategy, designed to support patient education and counseling about 

safe opioid use, while minimizing burden of providers, had some significant, but overall 

variable influence on the outcomes studied. We evaluated outcomes in multiple domains, 

including demonstrated and actual medication safe use and medication knowledge. The 

EMC2 intervention led to higher rates of safe use when patients were asked to objectively 

demonstrate how they would take medication, yet our strategy did not show any 

improvement in actual use based on how participants recorded their medication taking 

behaviors via daily diaries. In light of the differences on the demonstrated dosing task 

between those who did/did not return the medication diaries, it is possible that the lack of 

difference in actual dosing is related to both low power and low rate of return among 

patients more prone to dosing errors rather than the strength of the intervention. While it is 

unclear to what extent either of these two measures validly represents a patient’s true opioid 

use, there is inherent value in ability of the EMC2 intervention - and specifically the Take-

Wait-Stop label – to assist patients in understanding how to most appropriately dose out their 

medication.

Interestingly, patients were able to report more awareness of the need to avoid sedating 

medicines, but there were no differences in actual concomitant use between the groups. This 

finding supports the notion that possessing knowledge about medication risks is likely 

necessary but not sufficient to ensure safe use, as medication taking behaviors are often 

influenced by complex factors in addition to knowledge such as health literacy, self-efficacy, 

and attitudes.49 Although not influenced by the intervention, the data reveal the prevalence 

in this population of using opioids with sedating medications. Nearly one-third of the overall 

sample were taking their newly prescribed opioid during the same day as a sedating 

medication [both newly prescribed (e.g., cyclobenzaprine) and chronically used (e.g., 

alprazolam)]. Concomitant use of opioids with sedating medications, particularly 

benzodiazepines, is emerging as a significant contributor to opioid-related mortality50 and 

underscores the need to translate the knowledge gains we achieved with the intervention into 
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action. The physician writing the newly prescribed opioid may be the better target for 

eliminating this form of “misuse.” Although the data are reported on a patient level, the root 

cause of the error is more likely on the prescriber side as the physician ordering the opioid 

should be aware of the risks of concomitant use with both chronically used and newly 

prescribed sedating medications and consider alternate analgesics.

Patients in the EMC2 + SMS arm had higher composite knowledge scores than both patients 

in the usual care and EMC2 arms supporting the use of SMS text message delivery after the 

visit to increase knowledge. Although the score was higher, it is unclear if this finding is 

clinically meaningful. The higher knowledge on the need to avoid both sedating medications 

and acetaminophen are arguably among the more “important” components of the score 

because co-ingestion of opioids with both sedating medications and acetaminophen are 

linked to mortality.50–52 Several other recent studies have employed a variety of 

interventions to achieve knowledge gain about opioids in the ED including nurse led teach-

back,53 medication information sheets,30 web-based education (delivered in the ED)54 and 

video discharge instructions.55 However, the studies have used different knowledge metrics, 

making it difficult to compare the interventions’ relative strength.

The variable success of the text messages in our trial raises questions as to why some 

messages changed knowledge and others did not. Effectively communicating risk is 

challenging, particularly in the ED, and additional research is needed to determine the best 

way to communicate risk,56 particularly the risk of addiction—an item on which our 

intervention was not successful. While SMS texting has been used previously in the setting 

of medication adherence to encourage routine use from the ED (e.g., diabetes, hypertension, 

antibiotics);57–59 the goal of our text messages was not to encourage routine use, but rather 

to reinforce the salience of educational messages delivered at the time of the ED visit or 

provide a cue to action. The success of the SMS texting component is one of several recent 

examples of extending the reach of emergency care into the post-visit time period through 

technology (text messaging, mobile applications, telehealth), a growing and promising 

avenue for behavioral interventions.59–67 We believe that technology delivered interventions 

such EMC2 + SMS have great potential in the context of pain management, not only because 

of their reach into the post-visit space wherein the patient is less distracted, but also because 

the interventions are scalable and can be delivered at the time of the behavior being targeted 

(e.g. medication taking, pill disposal).68

LIMITATIONS

Patients were recruited from a single site in an urban area with a patient population that was 

relatively well educated and earned a high household income, limiting generalizability. Due 

to the study design and intervention delivery, patients needed to be consented post 

randomization, introducing selection bias. Additionally, the trial met with several 

recruitment challenges that we have detailed in Appendix 4 along with steps taken to 

improve recruitment, retention and medication diary return. Although overall recruitment 

and retention did improve, some of the changes, including the switch from in-person to 

telephone interview may have influenced measurement. Despite these attempts to improve 

recruitment, ultimately, the biggest limitation of the study was not reaching the planned 
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enrollment target. In addition to the recruitment and retention challenges noted above, we 

had a low rate of return of the medication diaries limiting generalizability from that data 

source.

An additional limitation is the use of dose demonstration and medical diaries. Demonstrated 

dosing is an abstraction of actual dosing that may overestimate errors by prompting the 

patient to take the medications maximally for a 24 hour “day.” Medication diaries are 

subject to patient recall bias and had a low rate of return, particularly in patients who 

performed more poorly on the demonstrated dosing task and may be at higher risk for label 

misunderstanding due to lower literacy.

Further, a minority of the intervention patients received the verbatim Take-Wait-Stop label 

on their pill bottle. The reasons for this low implementation are likely multiple, including: 

pharmacist unfamiliarity with the label and additional time and workflow interruption to 

manually type the label rather than using preprogramed “quick codes.”

CONCLUSION

We found that the intervention improved demonstrated safe dosing of opioids and increased 

patient knowledge. However, there was no influence of the intervention on actual safe 

medication use amongst the portion of the sample returning medication diaries. While not 

discounting the importance of bedside communication, future ED interventions may opt to 

focus on post-discharge communication as the greatest increases in knowledge in this 

sample were amongst patients receiving the text-messaging portion of the intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig1. 
ED EMC Opioid Strategy.
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Fig2. 
Take-Wait-Stop prescription wording.
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Fig. 3. 
Consort flowchart. SMS = short message service.
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Table 1:

Participant Demographic, ED Visit, and Prescription Characteristics Overall and by Study Arm

Characteristic
Total Usual Care Arm EMC2 Intervention Arm EMC2 +SMS Intervention 

Arm

N=652 n=202 n=243 n=207

Demographic Characteristics

Age, mean years (SD) 42.2 (14.0) 43.3 (14.2) 42.3 (14.4) 41.3 (13.3)

Female gender, % 57.1 55.9 55.6 59.9

Race, %

 White 46.9 47.3 45.5 48.3

 African American 30.8 32.8 29.3 30.4

 Other 22.3 19.9 25.2 21.3

Education, %

 High school grad or less 18.0 17.3 18.1 18.4

 Some college 31.8 34.7 31.3 29.6

 College graduate 31.3 26.2 33.7 33.5

 Graduate degree 18.9 21.8 16.9 18.4

Income Level, %

 <=$40,000 30.6 32.6 30.9 28.0

 >$40,000-$100,000 34.7 37.0 35.0 32.0

 >$100,000 34.7 30.4 34.1 40.0

Health Literacy, %

 Low+Marginal 33.6 35.1 32.9 32.9

 Adequate 66.4 64.9 67.1 67.1

Primary Insurance, %

 Medicaid 18.0 17.9 19.2 16.7

 Medicare 7.6 10.9 6.3 5.9

 Private/Managed Care 63.5 58.7 65.7 65.5

 Self or no insurance 6.4 6.5 5.9 6.9

 Other 4.5 6.0 2.9 4.9

Self-Reported Health Status, %

 Excellent 14.9 14.9 16.1 13.6

 Very Good 35.9 31.8 38.0 37.4

 Good 31.7 33.3 29.8 32.5

 Fair 15.3 18.9 12.8 14.6

 Poor 2.2 1.0 3.3 1.9

Previously Prescribed Hydrocodone, % 38.9 36.9 39.1 40.6

ED Visit characteristics

Triage Acuity, %

 1 & 2 8.3 7.5 7.9 10.0

 3 54.7 53.7 55.6 56.5

 4 & 5 35.9 38.8 36.4 33.5
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Characteristic
Total Usual Care Arm EMC2 Intervention Arm EMC2 +SMS Intervention 

Arm

N=652 n=202 n=243 n=207

Triage pain score, mean (sd) 7.7 (2.3) 7.6 (2.2) 7.7 (2.4) 7.7 (2.3)

Total Length of Stay (hours), median (IQR) 3.9 (2.9–5.2) 3.6 (2.6–5) 3.9 (2.8–5) 4.1 (3.1–5.8)

Exposure to Opioids in the ED, % 86.4 86.6 84.4 88.2

Diagnosis category

 Back Pain 18.9 21.8 16.5 18.8

 Fractures/Dislocations 15.5 14.4 17.7 14.0

 Extremity injuries (non-fracture) 16.9 14.4 20.6 15.0

 Kidney Stone 14.7 14.9 16.1 13.0

 Other 34.1 34.7 29.2 39.1

Opioid Prescription characteristics

Daily MME prescribed, mean (sd) 30.8 (13.4) 29.4 (12.3) 30.2 (12.2) 32.7 (15.3)

Tabs of opioid prescribed, mean (sd) 15 (6.9) 14.7 (6.4) 16 (7.8) 14 (5.9)
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