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STRUCTURED ABSTRACT 
 
Purpose: We proposed to extend the implementation and evaluation of the EQUIPPED medication safety 
program 1) into a new electronic health record, Cerner, using traditional EQUIPPED implementation practices, 
and 2) to three new sites within one health system using a new hub-and-spoke implementation model – to 
further demonstrate program agility and effectiveness in reducing potentially inappropriate medications (PIMs) 
initiated in the Emergency Department at discharge for adults aged 65 and older. 
Scope: Evaluation of EQUIPPED implementation at four healthcare system Emergency Department sites, one 
in the southeastern US (traditional model) and three in the eastern US (hub-and-spoke model). Study 
participants were physician attendings, physician assistants, nurse practitioners, and EQUIPPED site 
implementation teams.  
Methods: We assessed program effectiveness through change in PIMs proportion (number of PIM 
prescriptions written for older adults at ED discharge/all prescriptions written for this population) from 12-
months baseline through 12-months post implementation, using an interrupted time series design. We explored 
effect on health system utilization at the traditional site. A mixed-methods analysis of provider surveys, 
implementation team interviews and focus groups, meeting minutes, and individual prescriber interviews using 
the RE-AIM framework to assess factors associated with implementation is underway for completion in 2023. 
Results: All sites successfully implemented EQUIPPED using two implementation models. Evaluation of 
monthly PIM prescribing proportions at both traditional and spread sites demonstrated a significant reduction in 
PIM prescribing in aggregate and for several medication classes. Healthcare utilization was non-significantly 
reduced post-implementation. 
Key Words: Geriatrics, Emergency Medicine, Potentially Inappropriate Medication List, Patient Safety, 

Implementation Science. 

 
PURPOSE 
 
The purpose of this study was to achieve the following aims focused on medication management for older 
adults (≥65 years old) discharged from the Emergency Department (ED). 
 
Specific Aim 1: Scale EQUIPPED CDS in two settings 

1a. Adapt EQUIPPED CDS to a novel EHR system, Cerner/PowerChart EHR, through traditional EQUIPPED 

implementation methods. 

1b. Accelerate local CDS implementation of existing Epic-based EQUIPPED CDS through implementation at 3 

additional sites within a healthcare system that had previously implemented EQUIPPED. Under a new scale-up 

model, the previous site became the hub or coordinating site for implementation to three other satellite sites 

within the shared health system. 

Specific Aim 2: Evaluate scale-up using the RE-AIM framework (Reach-Effectiveness-Adoption-

Implementation-Maintenance):  

a. Assess reach via education attendance, order set use, and provider feedback use 

b. Evaluate effectiveness via change in PIM prescribing rates 12 months pre- and post- implementation  

c. Assess adoption factors through interviews with clinicians with greatest and smallest prescribing 

change 

d. Evaluate implementation through implementation team meeting minutes, team focus groups, and 

provider survey 

e. Evaluate maintenance via sustainment of PIM prescribing rates one year post-implementation. 
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SCOPE 
Background: Older adults are a vulnerable population at high risk for medication adverse drug events (ADEs), 

especially when they are discharged from the Emergency Department (ED). More than half of older adults 

discharged from the ED leave with a new prescription medication.1,2 The risk of receiving a new potentially 

inappropriate medication (PIM) upon discharge from the ED ranges from 5.6%-13%.2-7 Prescribing new 

medications for older patients outside the primary care setting increases chances for suboptimal prescribing as 

well as ADEs, both major reasons for repeat ED visits, hospitalization or death.1-8 The emergency care of older 

adults is time and resource intensive and frequently complicated by patients’ underlying chronic medical 

conditions and complex unmet social and physical needs9. One reason for suboptimal prescribing within the 

ED is inadequate time spent on geriatric training within the emergency medicine curriculum10, 11. Medication 

management (including prescribing appropriate drugs) has been identified as one of the core competencies 

called for in the 2010 Geriatric Competencies for Emergency Medicine12 developed in response to a 2008 

Institute of Medicine report calling for geriatric competence within medical specialties.13 Other reasons for 

suboptimal prescribing include inadequate time within a busy ED to handle complex patients such as older 

adults with multiple chronic conditions14; and inadequate clinical decision support (CDS), which can lead to 

unintended consequences,15 or CDS that does not function appropriately because it is not designed for a 

chaotic ED setting.16 

EQUIPPED (Enhancing Quality of Prescribing Practices for Older Adults Discharged from the 

Emergency Department) is a quality improvement initiative designed to equip ED providers with the tools they 

need to reduce PIM prescribing for adults aged 65 years and older who are discharged from the ED to home 

with a prescription.17 EQUIPPED’s CDS bundle is comprised of: 1) didactic education for providers; 2) 

specialized geriatric pharmacy order sets and links to online educational content at point of prescribing; and 3) 

academic detailing including audit and feedback and peer benchmarking. EQUIPPED is informed by the Beers 

Criteria,18 widely used by government agencies and supported by research in various settings1,5,6 as a marker 

of prescribing quality. We aim to reduce PIMs in an ED to less than 5% of all prescription. Our team has 

demonstrated the ability to successfully adapt and implement EQUIPPED in 20 urban and rural Veterans 

Affairs (VA) Medical Centers using the Computerized Patient Record System electronic health record (EHR) 

and in 5 non-VA health systems using the EHR Epic,19-22 with the first 4 sites reducing PIMs from 7.4%-11.9% 

of all medications at pre-implementation baseline to 4.5%-6.1% one year post-implementation.19 Implementing 

EQUIPPED into Cerner/PowerChart for the first time widens the scope of applicability to at least 45% of the 

hospital EHR market outside the VA system.23 Implementing in multiple EDs within the same health system 

extends EQUIPPED to a community hospital, increasing the diversity of providers and patients that are 

touched by the intervention. What we learn from the implementation evaluation will poise EQUIPPED for future 

dissemination.  

 
Context: As a system-wide approach to increasing patient safety for older adults at the time of ED discharge, 

the EQUIPPED program fits into the Age-Friendly Health System Initiative established by the John A. Hartford 

Foundation and the Institute for Healthcare Improvement which includes medication as one of its four pillars of 

geriatric care.24 Specifically EQUIPPED has been recognized as a means for EDs to receive Geriatric ED25 

accreditation.21,26 Guidelines for geriatric EDs from professional societies representing geriatrics, nursing, and 

emergency medicine highlight the need to tailor pharmacy and ED-based interventions to the older adult 

population to improve prescribing quality and provide high quality ED care.27 Providers often state that they 

have inadequate knowledge about principles of geriatric care and could benefit from point-of-care prescribing 

guidelines and newer decision-support tools.28, 29 Electronic decision support tools and provider audit and 

feedback, two key components of EQUIPPED, are proven provider education tools that can be applied in the 

busy ED setting to improve the safety and quality of prescribing high-risk medications.30, 31 
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Settings: Our site sample included one “traditional” site, modelled after previous EQUIPPED implementation 
efforts, and three spread sites in a single health system using a new hub-and-spoke model. The traditional site 
adapted and implemented all program components itself with the help of the study team. In contrast, the 
spread sites can be conceived as spokes branching off of a hub that had previously implemented EQUIPPED; 
the hub had the experience and infrastructure in place to deliver education, order sets, and provider feedback 
reports to a local known champion who was asked to deliver the provider feedback reports to individual 
providers, speak up at regular ED meetings, and answer questions that arose. The hub-and-spoke sites also 
had access to knowledge and resources of the study team through biweekly meetings. 

Traditional model site: The traditional site is an academic urban hospital in the southeast that has 
almost 50,000 ED visits annually and the highest geriatric patient mix in our sample, at 29%. The site used 
Cerner/PowerChart, an electronic health record into which EQUIPPED had never before been implemented. 
Local efforts to adapt EQUIPPED to this new EHR were led by Camille Vaughan, MD, MS, Section Chief for 
Geriatrics & Gerontology and Associate Professor of Medicine at Emory University School of Medicine, a 
geriatrician and clinical-investigator with expertise in the management of geriatric syndromes among older 
adults with multiple morbid conditions. Dr. Vaughan worked closely with the site champion, an ED physician 
(emergency medicine), in concert with a nurse practitioner and an ED pharmacist. Our data analysts and data 
visualizers determined how to extract data from the clinical data warehouse and prepare provider feedback 
reports using Tableau software. Provider feedback reports were delivered monthly by the site champion.  

Hub and spoke model sites: The hub site is an academic urban hospital in the northeastern United 
States. Both hub and spoke sites use the Epic electronic health record. The hub site facilitated order set 
updating and implementation, data extraction, provider feedback report creation using Tableau software, and 
communication with the hub site champions and ED leadership. Spoke site champions received provider 
feedback reports from the hub site and sent them to each provider in the EQUIPPED cohort. The hub site had 
three site PIs at various phases of the project: initially Dr. Ula Hwang, then Associate Professor at the Icahn 
School of Medicine at Mount Sinai, Departments of Emergency Medicine and Brookdale Department of 
Geriatrics and Palliative Medicine, and a national recognized expert in the development of geriatric ED models 
of care. She was followed by Dr. Nicholas Genes, then Assistant Professor, Department of Emergency 
Medicine at the Icahn School of Medicine at Mount Sinai, with expertise in medical informatics. Finally, Dr. 
Lynne D. Richardson, MD, Professor or Emergency Medicine and Vice Chair for Academic, Research and 
Community Programs of the Department of Emergency Medicine, lead implementation. 

Spread site 1: This academic site is a level 2 trauma center with 102,000 estimated patient visits of in 
a typical year, about 18,000 of which involve geriatric patients. About 40% of the ED patients are on Medicaid. 
Providers typically work about halftime at this site and halftime at spread site 2, though individual schedules 
vary. The two sites are about 60 urban blocks from each other.  

Spread site 2: In a typical year this ED has an annual volume of almost 70,000 patient visits, about 
13,000 of which involve geriatric patients. About 28% of its patients are on Medicaid. Providers typically work 
about halftime at this site and halftime at spread site 1, though individual schedules vary. The two sites are 
about 60 urban blocks from each other.  

Spread site 3: This community-based ED represented a new type of hospital site for the program. Its 

ED has an estimated volume of about 11,700 geriatric patient visits annually and is growing. About 24% of its 

patients are on Medicaid.  

 
Participants: Our target clinicians for EQUIPPED were all attending physicians and advanced practice 
providers (i.e., physician assistants, advance practice nurses) at the 4 hospitals. These clinicians were 
targeted since they are a more consistent and continuously present group of ED clinicians. Additionally, 
attending physicians and advanced practice providers are more reflective of staff employed by most EDs in the 
community setting. The target providers who were on staff at the start of the implementation year became our 
cohort; they were introduced to EQUIPPED and received group education, including training in how to access 
order sets, a 1:1 training session with their site champion, and monthly academic detailing and feedback with 
peer benchmarking for 12 months. We did not update our cohort with newly hired clinicians as time went on. 
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While each site had a targeted cohort of providers for the intervention, all providers in the ED (including 
moonlighters, locum tenens, residents, part-time providers, and new hires) had access to the order sets and 
may have been exposed to information about EQUIPPED through staff meetings or discussion with 
colleagues. Our effectiveness evaluation is inclusive of all prescribers, whether or not they were in our original 
cohort.  
 
Prevalence: Previous evidence suggests the prevalence of PIM prescribing at ED discharge for older adults 
ranges typically from 5.6%-13%.2-7 Common PIM drug classes prescribed in the ED for older adults being 
discharged include centrally-acting antihistamines, muscle relaxants, and benzodiazepines.  
 
METHODS 
Study Design: Prospective evaluation of the EQUIPPED medication safety program implemented at four sites.  
 

Data Sources: Seven data sources were used to answer our evaluation questions. 
1) Interviews with Implementation Teams: For the traditional site, a 90-minute group interview with the 
implementation team was conducted on July 22, 2020. All members of the implementation team were eligible 
to participate (N=12). We had 4 members representing: ED physician champion, ED clinical pharmacy 
specialist, EQUIPPED physician and project mentor, and project coordinator. The focus group was moderated 
by Dr. Kegler and her staff, experienced in focus group facilitation.32-37 The evaluation team developed a 
discussion guide that contained open-ended questions that focus heavily on the implementation process as 
informed by the consolidated framework for implementation research (CFIR).38 Due to the pandemic 
environment, the focus group data collection was adapted to be conducted over the Zoom video conferencing 
platform. At the hub and spoke sites, the focus group was redesigned as individual 20-minute interviews with 
members of the implementation teams at the hub site and each of the spoke sites. The interview guide was 
adjusted into hub and spoke versions. All implementation team members were invited (N=20) and 6 agreed to 
participate (2 from the hub site, 2 from two sites sharing an implementation team, and 2 from the third site). 
Due to the pandemic environments, these interviews were delayed and conducted in April 2021, also via the 
Zoom videoconferencing network. All interviews were recorded and then transcribed for analysis.  
2) Interviews with ED providers: Midway through the post-implementation period, we conducted an interim 
analysis to identify providers at the hub-and-spoke scale-up satellite sites whose prescribing had changed the 
most or least to date and who also indicated in survey responses their willingness to be interviewed. Providers 
were invited to participate in a 20-minute interview conducted over Zoom and were recruited until 4 were 
interviewed at each of the three sites. Dr. Vandenberg and her staff conducted the interviews, using an 
interview guide that was adapted to each individual’s survey responses. The interviews were transcribed and 
then analyzed qualitatively to identify facilitators and barriers to implementation dose and facilitators and 
barriers to behavior change.  
3) Implementation Team Meeting Minutes: As part of the implementation process, implementation teams 
were formed at each site and met via teleconference. Similar to the VA and subsequent academic site 
implementation strategies, we had EQUIPPED leadership team (including site PIs, ED champions, and key site 
personnel) teleconference twice monthly to discuss site specific factors and strategize solutions through 
collaboration. The evaluation team analyzed agendas and minutes using qualitative methods to identify 
planning steps, timeline for implementation, and barriers encountered in each site. These were used to inform 
the evaluation interviews and understand our implementation fidelity measures. 
4) Academic Detailing Staff Logs: Each site designated at least one individual to serve as an academic 
detailer to have one-on-one meetings with providers to share provider feedback on PIM prescriptions. These 
individuals maintained program records that document which providers have received the feedback and the 
date of the academic detailing meeting. 
5) Provider Surveys on CFIR Constructs: Surveys were administered to characterize the implementation 
environment and identify predictors of implementation success. Data were collected in the 3rd quarter of the 
implementation year for each site. Providers surveyed had at least three months as an ED provider (attending 
MD, APRN, PA) with at least 3 ED shifts worked per month. Measures were adapted from a similar survey 
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developed and tested by Dr. Kegler and members of the Cancer Prevention and Control Research Network 
(CPCRN), a national network of academic, public health and community partners who work together to reduce 
the burden of cancer through dissemination and implementation research.39 The CPCRN developed and tested 
psychometric properties of 16 out of 39 CFIR constructs and sub-constructs.  
6) Organizational profiles: We asked that each site champion facilitate the collection of data from their site 
describing site characteristics during the implementation year.  
7) Local Facility Corporate Data Warehouse: Data were extracted from the clinical data warehouse at each 
implementation site to calculate the proportion of PIMs prescribed to adults aged 65 and over and discharged 
from the ED. Data for the secondary outcomes related to healthcare utilization and contextual factors of ED 
visit flow (volume of patient encounters, age of encounters, and proportion discharged) were also extracted at 
the traditional site.  
 
Interventions: The three core components of EQUIPPED are: a) provider education, b) EHR-based pharmacy 
quick order sets to facilitate provider order entry, and c) provider audit and feedback with peer benchmarking. 
Collectively these interventions are considered EQUIPPED CDS. The interventions were implemented 
differently according to the scale-up model used. 
 
Traditional implementation: The traditional site implemented all EQUIPPED components itself, adapting 
EQUIPPED templates for the local ED culture and different EHR. Local clinical data warehouse extraction 
services wrote code to extract the prescriptions written to patients aged 65 and older who were discharged 
from the ED and to identify relevant ED providers to receive monthly PIMs reports. These services updated an 
evidence-based potentially inappropriate medications (PIMs) list, mapped the list to the site’s formulary, with 
medical chart review spot-checking for confirmation. They refined the data extraction code to match our 
biostatisticians’ parameters for the implementation evaluation after the post-implementation year. The clinical 
team identified drug classes to be mapped to the provider feedback forms that were concordant with the 
formulary and parlance within the local ED in conjunction with the Beers Criteria classes. The data extraction 
fed into an adapted Tableau provider feedback report for monthly distribution by the site champion to the ED 
provider cohort. 

Following a baseline data pull, the ED champion, pharmacist and nurse practitioner met with 
EQUIPPED leaders and selected 7 order set templates deemed to be most relevant and urgent for adaptation 
at this site, based on baseline data: 1) Chronic Obstructive Pulmonary Disease, 2) Anticoagulation for Deep 
Vein Thrombosis, 3) Hypertension, 4) Constipation, 5) Gastroesophageal Reflux Disease/Nausea, and 6) 
Musculoskeletal order sets. These order sets were then adapted to the local formulary and affordances of the 
PowerChart platform. Drafts of each order set were vetted by relevant generalist and specialist physicians, 
pharmacists, and ED directors across the site’s health system. Order sets were first presented to and approved 
by the Formulary Stewardship Committee. The order sets were subsequently presented and approved at the 
Clinical Practice Council in November 2019; the CPC also approved any future changes to these order sets. 
The order sets were built within PowerChart and edited by the implementation team. They are named “ED 
Discharge Prescriptions > 65 years old” and appear under Orders for Signature in the PowerChart navigations 
pane. Geriatric prescribing edits were further inserted into an existing ED Antibiotics discharge order set, for a 
seventh “geriatricized” order set. The EQUIPPED order sets went live for providers on February 25, 2020. 

The local site champion prepared a didactic lecture for presentation to the order set approval 

committees and to ED providers, using a slidedeck template but displaying the navigational path to the new 

orders sets, their contents, and local baseline PIM figures. Other educational strategies were the creation of a 

computer card indicating the Top 5 PIMs during the baseline period that was affixed to each of 24 ED 

computer stations and the offering of the iGeriatrics mobile application to access the American Geriatrics 

Society (AGS) Beers Criteria® for all providers. The champion further emailed individual provider feedback 

reports to provider colleagues as well as a group message indicating strong and weak areas of prescribing.  
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Hub-and-spoke model implementation: The hub site that had formerly implemented EQUIPPED from July 2017 

through June 2018 and needed only to update the order sets according to the 2019 Beers Criteria and activate 

them at the satellite sites for the order sets to be available for providers to use. The hub site also provided a 

didactic lecture to hub-and-spoke sites 1 and 2 on October 15, 2019, and to site 3 on January 15, 2019, 

distributed slides to providers who could not attend those lectures, provided educational tips to the site 

champion, and offered providers iGeriatrics gift cards as was done at the traditional site. They further 

coordinated the creation of the monthly provider feedback reports in Tableau, using previously developed data 

extraction techniques. Therefore, the spoke sites were charged only with distributing the provider feedback 

reports monthly through its ED MD champions and presenting and answering questions about the program at 

staff meetings. 

 
Measures: To assess the RE-AIM constructs, specific measures of interest included the following: 
Reach: Attendance records from training sessions, EQUIPPED staff logs, provider survey assessments to 
determine the aggregate and individual dose of EQUIPPED received by ED providers.  
Effectiveness: Change in the proportion of PIMs to all prescriptions in the ED to show what happened to 
monthly PIM prescription proportions prescribed to patients aged 65 years and older and discharged from the 
ED by MDs and advance practice providers from the baseline through the post-intervention periods. PIMs were 
defined according to the 2019 American Geriatrics Society® Beers Criteria. Supplies were excluded. 
Adoption: Assessed through implementation team interviews and focus groups. In addition, 12 individual 
provider interviews at the hub-and-spoke sites are designed to provide insight into facilitators and barriers to 
dose and to behavior change.  
Implementation: Attendance records from provider trainings, focus groups, implementation team notes and 
agendas provide information about how implementation was achieved and fidelity to the program.  
Maintenance: Focus groups and sustainability of EHR changes over time.  
 
Primary Outcome analysis: 
The primary effectiveness outcome of interest was the monthly PIMs rate. Poisson regression was used to 
compare the percentage of PIMs prescribed in the 12 months before the first EQUiPPED intervention with 12 
months after the completion of the EQUiPPED intervention (see Table 1). Rate ratios (RRs) and their 
respective 95% confidence intervals (CIs) were calculated to compare the pre-EQUIPPED and post periods.  

Additionally, generalized linear models assuming a Poisson distribution for the monthly PIMs rates were 
fitted. The total number of prescriptions served as the offset term in the model, and a piecewise, nonlinear 
regression model was used to evaluate the pattern of PIMs prescriptions over time. All models contained three 
basic parameters accounting for the pre-intervention trend (pre-intervention slope), the change in level at the 
intervention point, and the difference in trend between the two periods (change in slope from pre-intervention). 
Correlograms were used to check for autocorrelation in the residuals using the Durbin Watson test. The 
standard errors were calculated based on the Newey-West method to account for the autocorrelation. Based 
on observed autocorrelation, the post intervention trend was adjusted by a 0-1 month lag depending on the 
institution. We conducted all analyses by using the statistical software R, version 4.1.2 (R Foundation for 
Statistical Computing, Vienna, Austria), and p values of .05 or less were considered statistically significant.  
 
Secondary healthcare utilization outcomes – traditional site:   
We were asked to do an exploratory analysis of the impact of PIM prescribing on health-care utilization post 
ED discharge. We conducted this analysis at the traditional site only. We defined four outcomes of interest (ED 
visit within 72 hours, ED visit within 30 days, inpatient admission within 72 hours, and inpatient admissions 
within 30 days) but created a combined variable due to the small number of health utilization outcomes. We 
used logistic regression to examine what happened to the odds of having a health outcome from pre- to post- 
intervention.  
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Secondary data analysis: Order set usage – traditional site: We were interested to know the degree to which 
order set usage alone influenced PIM prescribing. We identified the two conditions (ICD10 codes) associated 
with the majority of baseline PIMs, musculoskeletal pain for which alternative medications were offered to the 
PIMs through an order set and vertigo for which no order set was offered. We predicted that prescriptions for 
the muscle relaxant cyclobenzaprine and the benzodiazepine diazepam prescriptions would decline and that 
prescriptions for the muscle relaxant alternative baclofen would increase due to the influence of the guidance 
in the musculoskeletal order set. We predicted that prescriptions for the anticholinergic antihistamine meclizine 
would remain about the same due to the lack of an order set that suggested any alternative prescription 
guidance. All prescriptions associated with these ICD10 codes were extracted from the clinical data warehouse 
during the baseline, implementation and post-implementation periods (12 months each). Chi square analysis 
evaluated the proportion of all medications including PIMs over the study periods. 
 
Facilitators and barriers to dose and to prescribing behavior change – spread sites only: 
As part of an evaluation study of the association between the dose of EQUIPPED that was self-reported by 
individual provider survey respondents in our cohorts across 7 EQUIPPED sites and the target outcome of 
<5% PIMs, we conducted an interim analysis of provider prescribing at the spread sites 6 months post-
implementation and identified providers whose prescribing had improved the most and the least. We then 
recruited 4 providers at each site who on the survey were agreeable to participate in a follow-up interview. The 
approximate 20-minute interviews were conducted over Zoom, recorded, transcribed, and analyzed 
thematically for facilitators and barriers to dose and to prescribing behavior change. These findings will inform 
a larger analysis underway on the survey-identified CFIR factors associated with provider dose and prescribing 
change.  
 
Limitations: 
The sample size to assess site-level factors influencing implementation was relatively small (n=4) as was the 
sample size of individual providers who completed our surveys (n=61). We therefore are combining survey 
data with those from a previous EQUIPPED study in order to examine these factors at the site and individual 
levels (7 sites, 150 providers). For the secondary outcomes concerning healthcare utilization at the traditional 
site, we were limited by access to data only at the hospital where the index visit took place rather than the 
other 9 hospitals and EDs that were in that healthcare system. Healthcare utilization recorded is therefore likely 
underestimated. In March 2020 the COVID-19 pandemic became the healthcare system’s top priority and 
interrupted implementation completion at all sites. All four sites had to cease one-on-one provider feedback to 
introduce academic detailing through site champions due to the national emergency. Resumption of feedback 
and academic detailing occurred in May 2020 amid dynamic and stressful conditions. In the words of one of 
our EQUIPPED provider interviewees, “There was a firehose of information coming at us basically every week, 
like new protocols, changes in practices, best practices regarding managing COVID, which is mostly what we 
were seeing for a long period of time. So I think that at the time it was rolled out EQUIPPED was probably 
either eclipsed or rolled into just an abundance of outreach about a lot of things all at once.” We appreciated 
the time and attention that our providers gave to the program under these conditions.  
 
RESULTS 
Principal Findings: EQUIPPED CDS to enable safe prescribing for older adults discharged from the ED can 
be spread across health systems with different EHRs using either a traditional implementation model (site 
adapt and implement all components themselves) or a new hub-and-spoke implementation model (spoke sites 
receive order sets, didactic education, and academic detailing reports from a hub site within the same health 
system that had previously implemented EQUIPPED; spoke site champions perform academic detailing). 
Overall PIM prescribing was significantly reduced at all four sites from baseline to post-intervention periods.  
 
Outcomes: 
Site characteristics of the four implementation sites are described in Table 1. The traditional site was a 
Certified stroke center in the Southeastern urban United States that used the Cerner/PowerChart EHR. It had 
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47,955 encounters during the implementation year, 29% with geriatric patients and 56% with Black patients. 
The three spread sites belonged to a single health system in the Northeastern urban United States that used 
the Epic EHR. Their encounter volume ranged from 60,167 to 76,983 encounters during the implementation 
year, 19-21% with geriatric and 27-41% with Black patients. Spread site 3 represented the first non-academic 
community hospital to implement EQUIPPED.  
 
PIM prescribing over time: The proportions of PIMs/medications prescribed are shown in Table 2. All sites 
achieved significant reduction of PIMs from baseline to post-implementation periods. However only one site 
(traditional) was able to reach the EQUIPPED goal of < 5% PIMs in the post-implementation period. PIM 
baseline proportions ranged from a low of 8.86% at the traditional site to a high of 16.16% at the community 
spread site. PIM proportions declined from 8.86% to 3.59% (p<.0001) at the traditional site, from 12.20% to 
7.13% (p<.0001) at spread site 1, 11.30% to 7.48% (p=.045) at spread site 2, and 16.16% to 11.67% 
(p<.0001) at spread site 3 (the community hospital).  

In addition to achieving an overall reduction of PIMs in the ED, all sites were able to significantly reduce 
prescribing for two of the medication classes most problematic to our demographic: skeletal muscle relaxants, 
which accounted for 22.5% to 37.8% of all PIMs prescribed at baseline, and benzodiazepines, which 
accounted for 8-15% of all PIMs. The two spread sites where non-steroidal anti-inflammatory drug PIMs 
(prescribed for greater than 29 days) were among the five most prescribed PIM classes (29.1% of PIMs for 
spread site 1 and 30.9% for spread site 2) achieved significant reductions in those PIMs as well (from 3.5% of 
all medications prescribed to 2% (p=.0004) for site 1 and from 3.5% to 2% (p=.0059)). However, other drug 
classes were recalcitrant. Only spread site 3 was able to significantly reduce anticholinergic antihistamines, 
which constituted 40.3% of all its PIMs, from 6.5% of all medications prescribed to 4.9% (p=.0183), and only 
spread site 2 was able to reduce its GI motility class, which constituted 2.68% of its PIMs, from .3% to 0% 
(p=.0246).  

The time series analyses, which indicated that long-term change in the mean level significantly 
decreased over time for all four sites, are shown in figures 1-4. These figures show the observed PIMs rate 
over time and the overall slope (middle line) with a 95% confidence interval.  

The interrupted time series analyses examined what happens before and after ‘interruptions’ such as 
intervention and post-intervention. Table 3 and Figure 5 show these changes at the traditional site. Non-
significant incident rate ratios (IRR) of .996 and 1.15 are indicated for the baseline time period and the 
immediate change in the outcome from baseline to intervention, respectively. However, we do see a significant 
difference between the slope of the line before and after the intervention. This ‘trend change after baseline’ in 
Table 3 represents the sustained effect of the intervention with an estimated IRR of .961 (p=.0166). There is a 
significant decrease in the outcome in the last month of intervention and the first month of post-intervention as 
estimated by the ‘Level change after intervention’ in Table 3. As shown in both Table 3 and Figure 5, there is a 
statistically significant increase in the sustained effect during the post intervention period (as compared to the 
intervention period). 

Table 4 and Figure 6 show these changes at spread site 1. The baseline estimates indicate non-
significant incident rate ratios of .991 and 1.107 for the baseline time period and the immediate change in the 
outcome from baseline to intervention, respectively. However, we do see a significant difference between the 
slope of the line before and after the intervention. This trend change after baseline, called ‘Trend change 
during intervention period’ in Table 4 represents the effect of the intervention compared to baseline with an 
estimate IRR of .959 (p=.0496). There is not a significant decrease in the outcome in the last month of 
intervention and the first month of post-intervention as estimated by the ‘Level change after intervention’ in 
Table 4. Similarly, there is no significant decrease during the post intervention period (as compared to the 
intervention period). 

Table 5 and Figure 7 show these changes at spread site 2. A significant decrease (estimate IRR of 
.963) is observed during baseline but not intervention (“Trend change (during intervention period)”). Table 5 
and figure 7 show a significant increase (estimate IRR of 1.04) during post intervention (“Trend change (during 
post intervention period)”). 
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Finally, Table 6 and Figure 8 show these changes at spread site 3. Non-significant incident rate ratios 

of .989 and 1.168 for the baseline time period and the immediate change in the outcome from baseline to 

intervention, respectively. While the time during intervention decreased, the IRR estimate .963 has a 

confidence interval that includes 1 (i.e., no effect). In addition, there is not a significant decrease in the 

outcome between the last month of intervention and the first month of post-intervention as estimated by the 

‘Level change after intervention’ in Table 6 (although this does not have much meaning in our study since 

intervention was long-lasting). Unfortunately, there is significant increase trend during the post intervention 

period (as compared to the intervention period) with a 1.08 estimated IRR. 

Secondary healthcare utilization outcomes – Traditional site only: The number of index ED discharge 
encounters for patients aged 65 and older dropped from a total of 3577 during the baseline year to 2468 during 
the post-intervention period (i.e., COVID-19 era) and combined health care utilization dropped from 927 to 556, 
respectively. The logistic regression model indicating the probability of having a negative health outcome (re-
presentation ED visit within 72 hours of the EQUIPPED index visit, re-presentation ED visit within 30 days, 
hospitalization within 72 hours, or hospitalization within 30 days) at the traditional site was 2.6% lower during 
the post-implementation period than it was during the baseline period (odds ratio 1.026 (CI - 0.96 - 1.10)), but 
the results did not reach statistical significance (p=0.48). 
 
Secondary data analysis: Order set usage at traditional site only: Cyclobenzaprine and diazepam prescriptions 
for musculoskeletal pain declined significantly during and after the study period (p<0.0001) while meclizine 
prescriptions for vertigo remained constant (p=0.5848). Prescriptions for baclofen, a non-PIM alternative, 
offered in the musculoskeletal pain order set increased (p<.0001). Order set usage increased significantly 

post-implementation (p<.0001) using a Cochran-Mantel-Haenszel (CMH) Test. 

 
Facilitators and barriers to order set usage – spread sites only: 
The qualitative interviews with 12 providers at the spread sites indicated that facilitators to using EQUIPPED 
order set dose were needing a resource for resident teaching and finding order sets to be conveniently placed 
within the workflow. Barriers to EQUIPPED order set dose included preferring champion-provided feedback to 
order sets as clinical decision support, perceiving the order set use to require a change in workflow, finding 
competing priorities in the ED as a deterrent to using the order sets, lacking an engaged and interactive site 
champion at one of the sites, perceiving EQUIPPED to be imposed top-down on providers, and being a night 
attending and therefore not available for meetings at which EQUIPPED was discussed.  
 
Discussion: EQUIPPED clinical decision support for medication safety was successfully scaled to a new 
electronic health system (Cerner/PowerChart) using the traditional model and to three sites within the same 
health system of an initial EQUIPPED site using a new hub-and-spoke implementation model. Statistically 
significant reductions in all PIM prescribing proportions, as well as in the problematic PIM classes skeletal 
muscle relaxants and benzodiazepines, were seen across all of the sites from the 12-month baseline to the 12-
month post-implementation period. However, the PIM prescribing goal of < 5% for the entire ED was reached 
by only one site, the traditional site. This site began the study with the considerably better PIM proportion of 
8.86% at baseline vs. 12.20%, 11.30%, and 16.16% for spoke sites 1-3, respectively. Given the scope of the 
PIM problem at baseline, the relative reduction of 42%, 34%, and 28% at these spread sites, respectively, 
nevertheless appears impressive.  

The hub-and-spoke model did not appear to offer a clear advantage over the traditional on-site model in 
terms of speed or quality of implementation. Although each of the two models was implemented independently 
by different teams, each ended up taking a complete year to implement. The hub-and-spoke model was a 
relatively “light touch” approach to implementation, with local sites needing only to deliver academic feedback 
to all providers in the cohort (rather than, for example, also preparing the reports). However, communication 
challenges introduced by decentralizing some tasks across the hub and spokes may have slowed delivery. In 
addition, both models in their respective major metropolitan EDs were interrupted in March 2020 by the 
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COVID-19 pandemic, and this world emergency continued to preoccupy the ED throughout the rest of the 
study. Our implementation analysis to understand factors related to implementation success and downstream 
effects on PIM prescribing is on track to be completed in 2023.  

We did not find a significant difference in healthcare utilization following the index visits in the baseline 
vs. the post-implementation periods. However, this null finding is likely due to the many limitations of our data, 
including confining the analysis of hospitalizations and ED visits to the original index site. A future exploratory 
analysis could be refined by controlling for age and health conditions at presentation and also to capture ED 
revisits and hospitalizations at all hospitals and EDs within one health system. 
 
Conclusions: The EQUIPPED CDS can be successfully and effectively implemented using two 
implementation models. Evaluation of monthly PIM prescribing proportions at both traditional and spread sites 
using the hub-and-spoke model demonstrated a significant reduction in PIM prescribing. All sites were also 
able to significantly reduce prescribing of skeletal muscle relaxants and benzodiazepines. Evaluation of site 
and provider-level factors implementing EQUIPPED implementation is on track for completion in 2023.  
 
Significance: It is feasible to scale EQUIPPED clinical decision support to multiple electronic health record 
systems and with a hub-and-spoke as well as a traditional implementation model. The fact that EQUIPPED 
was successfully implemented in the midst of the major COVID-19 challenge emphasizes how feasible the 
project is in the busy, dynamic, and unpredictable ED clinical setting.  
 
Implications: The adaptation of EQUIPPED to Cerner/PowerChart may enable scale-up within the VA system 
as it transitions from the Computerized Patient Health Record System to Cerner. A hub-and-spoke model frees 
the local implementation site to concentrate on provider academic detailing through a site champion and may 
allow large health systems to scale up the EQUIPPED medication safety program. 

  



Table 1: Emergency Department site characteristics during the intervention year (July 2020-June 2021) 

 

 

Domain Traditional Site 1 Spread Site 1 
 

Spread Site 2 
 

Spread Site 3 

Location Southeastern urban 
United States  

Northeastern urban 
United States 

Medical system type Academic Academic Academic Community 

Complexity level Certified stroke center Level 2 trauma center Certified stroke center Certified stroke center 

Patient population  47,955 encounters 76,983 encounters 60,167 encounters 62,105 encounters 

Sex  58% female 51% female 46% female 50% female 

Race 56% Black 41% Black 27% Black 17% Black 

Insurance 34% public 64% public 52% public 41% public 

% Aged 65+ 29% geriatric 21% geriatric 19% geriatric 20% geriatric 

% Aged 65+ discharged 22.5% geriatric discharged 54% geriatric discharged 57% geriatric discharged 58% geriatric discharged 

Provider population  
(size and makeup) 

33 attendings 
36 residents yearly 
8 Physician assistants 
21 Nurse practitioners 
0 pharmacists 
0 geriatric pharmacist 

43 attendings 
60 residents 
9 physician assistants 
0 nurse practitioners 

  1 pharmacist 
   0 geriatric pharmacist 

42 attendings 
60 residents 

9 physician assistants 
0 nurse practitioners 

   1 pharmacist 
   0 geriatric pharmacist 

15 attendings 
  0 residents 
12 physician assistants 

0 nurse practitioners 
0 pharmacist 
0 geriatric pharmacist 

Electronic health record Cerner/PowerChart Epic 

Discharge order  
sets prior to EQUIPPED 

Discharge antibiotics for 
 common infections 

0 discharge order sets 

EQUIPPED  
order sets  
implemented  

Infections – Antibiotics 
   geriatricized 
Cardiology - Antihypertensive 
Constipation 

Chronic Obstructive  
Pulmonary Disease 

Gastroesophageal reflux 
disease/Nausea 
Musculoskeletal Pain 

Infections 
Cardiology 
Dermatology 
Diabetes Mellitus 
Gastrointestinal 
Gynecology/Urology 
Neurology/Pain 
Rheumatology 
Pulmonary 



Table 2. Pre-post PIM prescribing and specific PIM drug classes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*percentages for specific PIM classes represent the % of that class among all medications prescribed 
**p-value represents general time series model assuming a Poisson distribution

 % of all PIMs at 
baseline 

Pre-EQUIPPED (%) 
(95% CI for all 
medications)* 

Post-EQUIPPED (%) 
(95% CI for all 
medications)* 

Pre- to Post change  
p-value** 

Traditional: Site 1      

All PIMs 100 8.86 (8.12-9.60) 3.59 (3.59-9.60) < 0.0001 

Skeletal Muscle Relaxant 37.8 (33.6-42.2) 3.34 (2.89-3.84)  .85 (.59-1.18) <.0001    

Anticholinergic Antihistamine 20.8 (17.3-24.6) 1.8 (1.5-2.2) 1.4 (1.1-1.8) .1272 

Benzodiazepine 15 (12.03-18.34) 1.3 (1.05-1.65) .33 (.18-.56) <.0001 

Anticholinergic Antispasmodic 10.2 (7.72-13.13) .9 (.67-1.18) .74 (.5-1.06) .473 

GI Motility 8 (5.82-10.73) .7 (.51-.96) .4 (.22-.63) .0562 

Spread: Site 1      

All PIMs 100 12.20 (11.20-13.19) 7.13 (6.14-8.14) < .0001 

Anticholinergic Antihistamine 32.3 (28.3-36.5) 3.9 (3.4-4.5) 3.4 (2.7-4.1) .2578 

Non-Steroidal Anti-Inflammatory Drugs 29.1 (25.2-33.2) 3.5 (3.0-4.1) 2.0 (1.5-2.6) .0004 

Skeletal Muscle Relaxant 27.1 (23.3-31.2) 3.3 (2.8-3.9) 1.1 (.8-1.6) <.0001 

Benzodiazepine 8.7 (6.46 -11.51) 1.1 (0.77-1.4)                .3 (0.17-0.66) .0021 

GI Motility 1.2 (0.52-0.02) .1 (0.06-0.31) .1 (0.01-0.27) .7186 

Spread: Site 2      

All PIMs 100 11.30 (10.14-12.56) 7.48 (6.35-8.78) .04466 

Anticholinergic Antihistamine 32.2 (26.99-37.72) 3.6 (2.96-4.42) 3.9 (3.08-4.90) .7068 

Non-Steroidal Anti-Inflammatory Drugs 30.9 (25.77-36.37) 3.5 (2.83-4.25) 2.0 (1.46-2.78) .0059 

Skeletal Muscle Relaxant 22.5 (18.03-27.61) 2.5 (1.98-3.21) 0.77 (0.45-1.27) <.0001 

Benzodiazepine 9.4 (6.41-13.15) 1.1 (0.72-1.52) .33 (0.14-0.72) .0098 

GI Motility 2.68 (1.19-5.09) .3 (.13-.59) 0 .0246 

Spread: Site 3      

All PIMs 100 16.16 (14.91-17.40) 11.67 (10.30-13.04) <.0001 

Skeletal Muscle Relaxant 33.3 (29.41-37.48) 5.4 (4.64-6.18) 3.2 (2.51-4.05) .0003 

Anticholinergic Antihistamine 40.4 (36.27- 44.62) 6.5 (5.70- 7.39) 4.9 (4.05- 5.92) .0183 

Benzodiazepine 8.0 (5.85-10.50) 1.3 (0.94-1.72) .33 (0.15-0.67) .0006 

GI Motility 8.0 (5.85-10.50) 1.3 (0.94-1.72) .76 (0.46-1.21) .0897 

Non-Steroidal Anti-Inflammatory Drugs 5.6 (3.81-7.80) 0.9 (0.61-1.27) .95 (0.60-1.45) .9613 



Figure 1: General Time Series Analyses of Trend PIM rate – Traditional Site (Poisson distribution) 

 

 
Figure 2: General Time Series Analyses of Trend PIM rate – Spread Site 1 (Poisson distribution) 
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Figure 3: General Time Series Analyses of Trend PIM rate – Spread Site 2 (Poisson distribution) 

 
 
 
Figure 4: General Time Series Analyses of Trend PIM rate – Spread Site 3 (Poisson distribution) 
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Table 3. Interrupted time series estimates (baseline vs. intervention vs. post-intervention) – Traditional 
site 

 

Variable Exponentiated estimate (95% CI) P value 

Time (Pre-trend) 0.996 (0.98- 1.01) 0.557 

Level change after baseline 1.147 (.954,1.379) 0.1436 

Trend change (during intervention period) 0.961 (.929,.993) 0.0166 

Level change after intervention 0.631 (.456,.873) 0.0055 

Trend change (during post intervention period) 1.066 (1.03,1.104) .0003 

 
 
Figure 5. Interrupted time series of baseline vs. intervention vs. post-intervention – Traditional site  

 

 
 
 

Table 4. Interrupted time series estimates (baseline vs. intervention vs. post-intervention) – Spread site 
1 

 

Variable Exponentiated estimate (95% CI) P value 

Time (Pre-trend) .991 (.973-1.009) 0.4777 

Level change after baseline 1.08 (0.836- 1.405) 0.5386 

Trend change (during intervention period) .959 (0.919- 0.9998) 0.0496 

Level change after intervention 1.36 (0.917- 2.0) 0.1254 

Trend change (during post intervention period) 1.01 (0.958- 1.07) 0.7005 
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Figure 6. Interrupted time series of baseline vs. intervention vs. post-intervention – Spread site 1 
 

 
 

Table 5. Interrupted time series estimates (baseline vs. intervention vs. post-intervention) – Spread site 
2 

Variable Exponentiated estimate (95% CI) P value 

Time (Pre-trend) 0.963 (0.950- 0.977) <.0001 

Level change after baseline 1.141 (1.009- 1.289) 0.0349 

Trend change (during intervention period) 1.020 (0.997- 1.044) 0.0851 

Level change after intervention 0.780 (0.657- 0.925) 0.0043 

Trend change (during post intervention period) 1.036 (1.012- 1.060) 0.0028 

 
 

Figure 7. Interrupted time series of baseline vs. intervention vs. post-intervention – Spread site 2 
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Table 6. Interrupted time series estimates (baseline vs. intervention vs. post-intervention) – Spread site 
3 

 

Variable Exponentiated estimate (95% CI) P value 

Time (Pre-trend) 0.989 (0.966- 1.014) 0.38674 

Level change after baseline 1.168 (0.908- 1.50) 0.22461 

Trend change (during intervention period) 0.963 (0.926- 1.002) 0.06225 

Level change after intervention 0.980 (0.680- 1.404) 0.91249 

Trend change (during post intervention period) 1.079 (1.026- 1.134) 0.00309 

 
 

Figure 8. Interrupted time series of baseline vs. intervention vs. post-intervention – Spread site 3 

 
 

Table 7. Site prescriptions decline during the COVID-19 pandemic 
 

Site Baseline 
July 2018-June 2019 

Intervention 
July 2019-June 2020 

Post-Intervention 
July 2020-June 2021 

Traditional – Site 1 5660 5272 3901 

Spread – Site 1 4152 3692 2590 

Spread – Site 2 2638 2507 1818 

Spread – Site 3 3350 3003 2156 
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