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HEALTHCARE PROVIDER TOOLKIT
ADHERENCE
What is Adherence and how is it Different from Compliance? A Team Approach to Establishing COPD Treatment Goals
The World Health Organization defines adherence as “the extent to which a person’s behavior, in terms of medications, following diets, or executing lifestyle changes corresponds with agreed recommendations from a health care provider.”1 In recent years, the term adherence has replaced the term compliance because of increasing recognition that engagement in the management of one’s disease is a partnership between the patient and the medical team, whereas compliance infers that a patient must follow “the doctor’s orders.”
How to Assess Adherence to Medical Treatment Regimens
I have often heard family members, medical students, and even providers say that patients “should just do what they need to do to manage their disease.” This is nice in theory; however, decades of research and clinical practice have shown that many patients are unable or unwilling to adhere to their treatment regimens. Learn more about the "Do's" and "Don'ts" of adherence conversations.
ALPHA-1
The Latest Alpha-1 Clinical Practice Guidelines 
Dr. Robert Sandhaus, co-author of the latest Alpha-1 Antitrypsin Deficiency Clinical Practice Guidelines, describes differences between the newest and former guidelines, their importance for those in primary care settings as well as the current and future Alpha-1 Antitrypsin Deficiency research landscape.
CASE STUDIES & ARTICLES 
Barnes Jewish Hospital 
Debbie Bennett, RRT, BS, supervisor of Pulmonary Rehabilitation at Barnes Jewish Hospital, fills us in on their quality improvement initiative to improve education for their COPD patients. 
[image: CHS communications]Carolinas HealthCare System
Carolinas HealthCare System (CHS) is one of the leading healthcare organizations in the Southeast U.S. and one of the most comprehensive not-for-profit systems in the country. Dr. Dan Howard, Medical Director of the Respiratory service line and Dr. Amy Clary, Assistant Vice President of the CHS Medical Group, gave us a peek into their successful COPD care and readmissions reduction program. 
& CHS profiled in Healthcare IT News. 


Changing Outcomes in COPD through Motivational Interviewing
Dr. Roberto Benzo, clinician, pulmonologist, and behavioral researcher at Mayo Clinic, shares his work in motivational interviewing with COPD patients. Learn more about this guiding style that engages people on the issues that matter most to them on the path to behavior change.
Care Innovation via Transportation
From AHRQ, a collection of articles on the use of EMS and emergency transport to proactively improve care. 
Cone Health
Learn more about Cone Health's gold-star program for people with COPD -- and how it translates to improved health outcomes for their patients.
Effectiveness of Interventions to Teach Metered-Dose and Diskus Inhaler Techniques


This was a randomized study that compared inhaler retention and health care utilization after receiving in-person teach-to-goal (cycles of demonstration and assessment) or brief verbal instructions (BI) for teaching inhaler technique among hospitalized patients with asthma or COPD. While TTG was again superior to BI immediately post hospital-based education, skills waned within 30 days. However, health care utilization was significantly lower among the TTG vs the BI cohort within 30 days post-discharge; this difference was not present at 3 months. These data indicate that teaching inhaler technique with TTG to hospitalized patients can impact health outcomes, while also showing that repeated education is necessary for longer term skill retention and positive health outcomes.
Effects of a post-discharge COPD clinic on readmissions among veterans with COPD exacerbations 
Chronic obstructive pulmonary disease (COPD) results in 700,000 hospitalizations per year, with about 20% of patients readmitted within 30 days. The objective of this report is to summarize readmission rates before and after the implementation of a post-discharge COPD clinic at a veteran’s affairs hospital.
House call program helps COPD patients reduce hospital visits 

As part of Via Christi’s house call program, healthcare providers monitor wellness and troubleshoot obstacles through regular visits to COPD patient’s homes. They are supported by a care team of APRNs, social workers and others. Patients enrolled in the program can reach support by phone 24 hours a day and can also attend virtual appointments with their healthcare providers.

Misuse of Respiratory Inhalers in Hospitalized Patients with Asthma or COPD


This study evaluated inhaler technique among 100 patients hospitalized patients with asthma or COPD and found that 86% of patients misused their rescue inhaler and 71% misused a common controller device. This patient population was high risk with over 80% having been hospitalized within the prior year for their asthma or COPD at least one time (not counting the current admission) and two-thirds having had a near fatal event in their lifetime defined as an ICU admission and/or need for intubation.
Pittsburgh Regional Health
Learn how the Pittsburgh Regional Health Initiative (PRHI) is tackling COPD and avoidable readmissions in western Pennsylvania through improved inter-disciplinary care coordination, attention to comorbidities and an ever-evolving and participatory quality improvement process. PRHI's COPD readmission rates are down 20.4%. 
Prevalence of Low Peak Inspiratory Flow Rate at Discharge in Patients Hospitalized for COPD Exacerbation 
From abstract: Low peak inspiratory flow rate (PIFR) (<60 L/min) among patients with chronic obstructive pulmonary disease (COPD) may result in ineffective medication inhalation, leading to poor bronchodilation. The objectives of this analysis were to evaluate the prevalence of low PIFR at the time of discharge from a COPD-related hospitalization and to examine the real-world treatment patterns and rehospitalizations by PIFR.”
Preventing COPD Readmissions 
Utilizing non-invasive ventilation and comprehensive follow-up care in patients' homes to help ensure they stay there.
Rethinking Hospital Admissions
From NPR’s Marketplace, a report highlighting a facet of care that helped reduce readmissions for one Philadelphia COPD patient. 
Rutland Regional Medical Center 
Since program inception, when the COPD readmissions rate was 20%, rates have steadily decreased; Rutland Regional reports 2015 readmissions rates at 5.4%.
The Effects of a Comprehensive Care Management Program on Readmission Rates After Acute Exacerbation of COPD at a Community-Based Academic Hospital
Select text from abstract: Acute exacerbation of chronic obstructive pulmonary disease (AECOPD) is one of the leading causes of hospitalization in the United States. Prior investigations suggest clinical and physiological parameters are important determinants for AECOPD readmissions. Strategies aimed at addressing these factors have not resulted in a major reduction of readmissions. We compared patients readmitted after an index AECOPD admission with non-readmitted patients. Patients’ age, gender, body mass index, comorbidities (obstructive sleep apnea, chronic hypercapnia, congestive heart failure, lung cancer, pulmonary arterial hypertension, pneumonia, interstitial lung disease, atrial fibrillation, musculoskeletal disorders, cognitive disorders, and anxiety disorders), substance abuse and smoking status were assessed. 
Implementation of a comprehensive care management program (CCMP) was associated with a reduction in readmissions from 21.5% to 13.6% (p<0.01, 95% confidence interval [CI] 2.08-12.45). A CCMP can reduce readmissions through attention to social variables, optimization of in-hospital care, improved coordination of pre- and post-discharge, a system to better identify problems after discharge, and an office setup that accommodates same-day visits.
Teaching the Use of Respiratory Inhalers to Hospitalized Patients with Asthma or COPD: a Randomized Trial


This was a randomized study that compared initial inhaler technique skills after education using in-person teach-to-goal (cycles of demonstration and assessment; TTG) to brief verbal instructions (BI) among hospitalized patients with asthma or COPD. Within each cohort, inhaler misuse was reduced for rescue inhalers, however the TTG had a significantly lower likelihood of misusing rescue devices than the BI cohort. TTG was also more effective than BI for decreasing misuse with Diskus devices.
The Hospital-Dependent Patient
In this New England Journal of Medicine Perspectives piece, Drs. David Reuben and Mary Tinetti explore the concept of the “hospital-dependent patient.” “These patients' readmissions are counted in readmission rates, and their cases may erroneously be considered to represent failures of the transition process. However, the underlying causes of these readmissions are not failed transitions and the approaches to their management must be tailored accordingly.”
Unique Team Helps this COPD Readmissions Reduction Program Get Positive Outcomes
At the Baylor Scott & White Medical Center in Plano, Texas, preventing COPD readmissions begins on the day an individual is brought into the hospital. Their approach involves a coordination of care among physicians, nurses, pharmacists, respiratory therapists and even students to ensure that all of the patient's needs are addressed. More importantly, each member of the team understands every member's role and how they all contribute to the process.


COPD FOUNDATION RESOURCES
PROVIDER RESOURCES
The COPD PRAXIS is the COPD Foundation’s (COPDF’s) one-stop shop for healthcare providers.

Main menu: www.COPDFoundation.org/PRAXIS
Some of the community’s features include:
· A searchable Resource Repository filled with more than 180 best practices, research articles and toolkits designed to improve COPD care across the continuum.

· The PRAXIS Nexus blog, highlighting promising practices, your colleagues in the field and breaking policy news.

[bookmark: _Hlk519602076]The Foundation also publishes a peer-reviewed, open-access journal each quarter. Chronic Obstructive Pulmonary Diseases: Journal of the COPD Foundation is dedicated to publishing free original research, reviews, and communications related to COPD.

Check out the free COPD Pocket Consultant Guide a summary of diagnosis and treatment guidelines packaged in a simple, convenient and portable guide. Download the free app here! (An update to this iOS app – as well as an Android version – will be available in Fall 2018.)

PATIENT RESOURCES

[bookmark: _Hlk519602097]The Foundation also has extensive resources for your patients at www.copdfoundation.org.

Educational materials for patients and caregivers can be found at www.COPDFoundation.org under the “Learn More” menu, covering topics from pursed-lip breathing to pulmonary rehabilitation.

Patients and families can join our active, free online social hub COPD360Social! The community now has more than 36,000 members. Those with Bronchiectasis or NTM now have a dedicated site and social community at https://www.bronchiectasisandntminitiative.org/. 

The C.O.P.D. Information Line – 1-866-316-COPD (2673) – staffed by individuals with COPD and caregivers, is available toll free weekdays from 9 am to 6 pm ET. The line provides one-on-one, peer-to-peer educational, social, coaching, resource and emotional support.Tip: Add the link to our social sites and number for the C.O.P.D. Information Line to your discharge instructions.


Two of our favorite resources for patients & providers: the COPD Action plan and our series of online inhaler instruction videos – take a look!

The COPD Foundation is proud to offer Harmonicas for Health, the first nationwide harmonica program created especially for individuals with COPD and other chronic lung diseases. Learn more here!

[bookmark: _Hlk519598267]We have a variety of research initiatives open for possible participation:

· COPD Patient-Powered Research Network – a research registry of individuals with COPD who have agreed to share their health information and the impact the disease has on their lives.
· The Bronchiectasis and NTM Research Registry – a consolidated database of non-Cystic Fibrosis (non-CF) Bronchiectasis and/or NTM patients from multiple clinical institutions across the United States.
· The O2VERLAP study is designed to test the effectiveness of web-based education and coaching methods on improving adherence to CPAP therapy for patients living with COPD and obstructive sleep apnea (the combination of these diagnosis is referred to as Overlap Syndrome). The study provides free online lessons to individuals living with COPD and OSA who require the use of CPAP at night. We’ll monitor whether and how it improves patients’ adherence to their CPAP prescription and ultimately, how it improves their health.  

GENERAL READINGS
Patient-centered care
What is patient-centered care? And how do we ensure that as hospitals and individual healthcare providers that patient-centered care is our default approach?
Patient- and Family-Centered Care: It’s Not Just for Pediatrics Anymore 
Advancing the Practice of Patient- and Family-centered Care in Hospitals 
Evidence-based medicine
Evidence-based medicine is not universally employed in COPD care. For example, according to the National Committee for Quality Assurance (NCQA), only 36 percent of Medicare patients diagnosed with COPD have had the diagnosis confirmed through spirometry. But what exactly is evidence-based medicine? And why is it important?
What is evidence-based medicine and why should I care? 
(download free pdf at above link)
Health Disparities & Cultural Competence
Research has shown that lower socioeconomic status is associated with increased burden of COPD and poorer health outcomes. What are these inequities and how can we acknowledge and address them? What does it mean to approach patients and chronic disease in a culturally competent way?
Defining and targeting health disparities in chronic obstructive pulmonary disease
Cultural Competence in Health Care: Is it Important for People with Chronic Conditions?
Health Literacy
Learn more about how low health literacy can impact COPD patients' health care experiences, including their adherence to medication and device regimens. What can we do to gauge the health literacy of our patients and ensure we are meeting their needs?
Health Literacy in COPD 
8 Ways to Improve Health Literacy 
PARTNERSHIPS
Building a Bridge with Post-Acute Providers (article starts on page 24)
From ACMAweb.org, an article on the importance of establishing and logistics of maintaining strong relationships with post-acute providers.
HRET's guide to building effective partnerships
One of the themes common to those most successful in COPD care delivery is the development and nurturing of community partnerships. Health care organizations heighten their impact and extend their reach when they work closely with fellow health care organizations, faith-based groups, transportation companies, businesses and other invested stakeholders. 
[bookmark: _Hlk519604782]
PUBLIC POLICY
The COPD National Action Plan 
Through a collaborative national effort by the COPD community, the National Institutes of Health (NIH) and partners including the COPD Foundation developed the COPD National Action Plan. This first-of-its-kind Action Plan provides a unified framework to guide stakeholders nationwide in their efforts to reduce the burden of the disease. 
Broken into five goals with specific focuses, each goal of the Action Plan covers the entire spectrum of complex issues related to COPD, including the needs of patients and the greater public, health care delivery and practice guidelines, research potential, and policy implications. 
The five goals are: 
· Goal 1: Empower patients, their families, and caregivers to recognize and reduce the burden of COPD 
· Goal 2: Equip health care professionals to provide comprehensive care to people with COPD 
· Goal 3: Collect, analyze, report, and disseminate COPD data 
· Goal 4: Increase and sustain COPD research 
· Goal 5: Turn COPD recommendations into research and public health care actions 
The Action Plan serves as a cohesive tool for stakeholders to use in driving change and supporting activities to change the trajectory of the disease. Everyone in the COPD community has an important role to play in the success of the COPD National Action Plan. To learn more about the Action Plan and to download a free copy of the plan, the COPD National Action Plan At-a-Glance, a PowerPoint presentation and fact sheet, visit https://www.nhlbi.nih.gov/health-topics/education-and-awareness/COPD-national-action-plan.
SMOKING CESSATION
Freedom From Smoking
The American Lung Association's (ALA’s) Freedom From Smoking® program is for individuals who are ready to quit smoking. Because most people know that smoking is dangerous to their health, the program focuses almost exclusively on how to quit, not why to quit. Resources available at this link include Freedom From Smoking Plus, which is accessible via desktop, tablet or smartphone; Freedom From Smoking group clinics; and the ALA’s Lung Helpline (1-800-LUNGUSA).
TOOLS & READMISSIONS TOOLKITS
Case Management Adherence Guidelines for COPD
This Case Management Society of America (CMSA) toolkit provides guidance for front-line healthcare providers on patient-centered diagnosis and treatment adherence recommendations for their COPD patients. The tool covers care across the continuum, from defining and diagnosing COPD to adherence tools and challenges, case management approaches within different settings to successful discharge and follow up. 
Fundamentals of Reducing Acute Care Hospitalizations
This toolkit of resources was developed by the Home Health Quality Improvement National Campaign for use by home health care providers and other healthcare audiences seeking best practices in the management of disease with an eye toward reducing unnecessary readmissions. A main introductory package is included for health systems leadership as well as for specific disciplines, including nursing and therapy. Additional resources include an overview webinar, podcast and presentation slides; case studies and success stories; and patient awareness, education and empowerment materials. A "COPD Zone Tool" is included in both English and Spanish for patients, caregivers and healthcare providers to communicate patient status consistently using green, yellow and red status descriptions. Free registration required.
[image: readmissions reduction in diverse populations ]Guide to Preventing Readmissions among Racially and Ethnically Diverse Medicare Beneficiaries 
The Centers for Medicare & Medicaid Services have released a new publication on preventing readmissions in diverse populations. As minority populations have been shown to be more likely to be readmitted within 30 days of discharge and as health care systems now care for a growing racially and ethnically diverse patient groups, the authors note that attending to issues specific to these populations is of the utmost importance. 
Improving Care Transitions between Hospital and Home Health: A Home Health Model of Care Transitions
This 71-page PDF outlines the Alliance for Home Health Quality and Innovation home health model for care transitions from hospital to home. The document includes an overview of the model; transitional care checklists to ensure essential elements are covered at important time points (e.g., patient education prior to hospital discharge); key components for care transitions tools (e.g., medication lists); transitional care guidance and guidelines; evidence-based tools; and patient resources. 
ISMP's Guidelines for Standard Order Sets
The Institute for Safe Medication Practices Guidelines for Standard Order Sets has been developed to help organizations ensure that the elements of safe order communication have been followed when designing paper-based or electronic order sets. The guidelines focus primarily on medication orders within order sets but also cover general aspects related to the design, approval, and maintenance of all standard order sets. 
My COPD Action Plan[image: ] 
Research has shown that clear action plans may improve health outcomes for people with COPD. One 2011 study showed that adherence to an action plan was associated with more prompt treatment and therefore a reduced exacerbation recovery time; a 2009 study revealed that those employing a COPD action plan as part of their care were significantly less likely to require hospitalization than were their standard of care counterparts. The COPD Foundation created the My COPD Action Plan to be used by patients daily; it should be updated at least every six months. We encourage COPD patients to discuss these regularly with their care team and use the action plan to recognize and act on the signs of an approaching exacerbation. 
My Quality Improvement (MyQI) Guide on Readmissions
This AHRQ toolkit includes: 1) general resources on readmissions reduction programs, 2) case studies and lessons learned, 3) promising practices, 4) resources on care coordination, including medication reconciliation, discharge planning and care transition tools and 5) resources for improving patient communication and education. The toolkit houses a variety of types of resources, including reports, research, websites and checklists.
NCAL Hospital Readmissions Resources
This National Center for Assisted Living (NCAL) resource page includes websites, guides and webinars on a variety of topics related to reducing preventable readmissions, including improving provider communication as well as transitions of care involving long-term care facilities and effecting culture change toward person-centered care.
North Carolina Quality Center Reducing Readmissions – Resources
This extensive online list includes a variety of readmissions reduction resources, including presentations, webinars, tools, tips and guidebooks. The main readmissions reduction toolkit includes 1) a project charter, including timeline, 2) a data manual, 3) a project plan with accompanying instructions for adapting this to your own institution, 4) a change package to guide implementation of these new approaches and 5) tools to create and maintain the newly implemented approach.
NTOCC Health Care Professionals Tools and Resources
The National Transitions of Care Coalition has compiled this group of resources devoted to identifying gaps in and improving transitions of care. Included are tools for distribution to patients, transitions of care guidance and measures, cultural competency materials, a paper on the role of information technology in improving care transitions, specifications for the essential elements of medication reconciliation, and policy and issue briefs. This collection holds resources for health care professionals, health systems administrators and policy makers.
Risk Assessment - 8P’S (Project BOOST)
This Society of Hospital Medicine tool outlines eight factors the Project BOOST team recommends should be documented and analyzed for each patient as part of a structured risk assessment. These include problems with medications, palliative care and principal diagnosis (including COPD). The authors recommend pairing each of the 8 P's with an appropriate intervention available at the user's institution; assigning each of the P's to an individual or role to maintain accountability in implementation; engaging patients and families in the risk assessment and amelioration process; and ensuring the outcomes for assessed variables are communicated to all involved providers.Particular resources of note in the SHM COPD Implementation Toolkit include:
· An example process map documenting participants, key treatments and decisions at each phase of hospitalization (p 14-15);
· Guidelines for developing and implementing a medication reconciliation process (p 79-82);
· Resource tables for health literacy (p 89-90) as well as patient education and self-management (p 93-95) and device education (p 96-97);
· A draft COPD order set (p 127-129).

Root Cause Analysis Tool: Patient Interview Questions
This 22-question COPD Foundation tool assists front-line COPD healthcare providers in root cause analysis to gauge the contributions of certain factors (e.g., medication, support at home) to an individual patient's hospital readmission. A supporting article can be found here. 

Society of Hospital Medicine (SHM) COPD Implementation Toolkit
This 180-page Society of Hospital Medicine (SHM) toolkit is designed to help clinicians, medical directors and healthcare administrators to improve the care of patients who are hospitalized for an exacerbation of chronic obstructive pulmonary disease (COPD). The guide devotes sections to implementing and sustaining a quality improvement project; best front-line care practices, including promising practices in organizing care teams, risk assessment, pharmacologic and non-pharmacologic therapies, ventilation and comorbidities; as well as developing, implementing and evaluating interventions. SHM also has a robust Post-Acute Care Transitions Toolkit, which can be found here. 
The Care Transitions Program

This University of Colorado Denver program is designed to improve care transitions through the use of a transitions coach trained to provide self-management patient and caregiver education via home visits and phone calls. This site details the program, cites key effectiveness findings and case studies, and includes a list of free downloadable program tools. Note that training for program implementation is fee-based and offered in combination web and in-person sessions. In 2014, the New York Times devoted a The New Old Age blog post to this program and its impacts. 

UC Davis Health System ROADTM Center Acute Exacerbation of COPD (AECOPD) Algorithm
Part of this algorithm is the UC Davis ABCDEF checklist tool. The ABCDEF checklist tool can help to reduce COPD symptoms and risks related to COPD. It was created to give both patients and providers an idea of what to expect together in the first step towards a better life living with COPD. It promotes patient safety by informing patients of the many resources (education, exercise, pharmacotherapy aimed to maximize lung function, and if indicated, to reduce AECOPD). When patients understand HOW and WHY they are being treated or routed to certain patient care services, they become more intrinsically motivated to participate in their COPD care.  Patients are held to a higher level of understanding and commitment to a COPD Action Plan and physicians and providers are held to a higher level of service and management that will promote patient safety.
Outcomes in the ROAD program at UC Davis: a reduction in hospital readmissions that has been sustained below 7% for more than 3 consecutive years.
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Effectiveness of Interventions to Teach Metered-Dose and Diskus
Inhaler Techniques
A Randomized Trial
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Abstract

Rationale: The most effective approach to teaching respiratory
inhaler technique is unknown.

Objectives: To evaluate the relative effects of two different
educational strategies (teach-to-goal instruction vs. brief verbal
instruction) in adults hospitalized with asthma or chronic obstructive
pulmonary disease.

Methods: We conducted a randomized clinical trial at two

urban academic hospitals. Participants received teach-to-goal or
briefinstruction in the hospital and were followed for 90 days after
discharge. Inhaler technique was assessed using standardized
checklists; misuse was defined as 75% steps or less correct

(=9 of 12 steps). The primary outcome was metered-dose inhaler
misuse 30 days postdischarge. Secondary outcomes included
Diskus technique; acute care events at 30 and 90 days; and
associations with adherence, health literacy, site, and patient
risk (near-fatal event).

Measurements and Main Results: Of 120 participants, 73%
were female and 90% were African American. Before education,
metered-dose inhaler misuse was similarly common in the teach-to-
goal and brief intervention groups (92% vs. 84%, respectively;

P =0.2). Metered-dose inhaler misuse was not significantly less
common in the teach-to-goal group than in the brief instruction
group at 30 days (54% vs. 70%, respectively; P = 0.11), but it was

immediately after education (11% vs. 60%, respectively; P < 0.001)
and at 90 days (48% vs. 76%, respectively; P = 0.003). Similar
results were found with the Diskus device. Participants did not
differ across education groups with regard to rescue metered-dose
inhaler use or Diskus device adherence at 30 or 90 days. Acute
care events were less common among teach-to-goal participants
than brief intervention participants at 30 days (17% vs. 36%,
respectively; P = 0.02), but not at 90 days (34% vs. 38%,
respectively; P = 0.6). Participants with low health literacy
receiving teach-to-goal instruction were less likely than brief
instruction participants to report acute care events within 30 days
(15% vs. 70%, respectively; P = 0.008). No differences existed

by site or patient risk at 30 or 90 days (P > 0.05).

Conclusions: In adults hospitalized with asthma or chronic
obstructive pulmonary disease, in-hospital teach-to-goal instruction
in inhaler technique did not reduce inhaler misuse at 30 days, but

it was associated with fewer acute care events within 30 days after
discharge. Inpatient treatment-to-goal education may be an
important first step toward improving self-management and health
outcomes for hospitalized patients with asthma or chronic
obstructive pulmonary disease, especially among patients with lower
levels of health literacy.

Clinical trial registered with www.clinicaltrials.gov (NCT01426581).

Keywords: asthma; chronic obstructive pulmonary disease;
patient education as topic; self-care
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ORIGINAL RESEARCH

Asthma and chronic obstructive pulmonary
disease (COPD) are the most common lung
diseases in the United States, accounting
for more than 1 million hospitalizations
annually (1). Medications delivered
through respiratory inhaler devices are
recommended in guidelines for rescue and
controller therapy to decrease symptoms,
exacerbations, and need for rescue
medications and to improve quality of life
and lung function (2-6). However, inhaler
devices require multiple, sometimes
complex steps, making them difficult to use
(7-11). Patients often do not know these
steps or cannot complete them effectively,
resulting in misuse (12, 13).

Studies suggest that 28-68% of
outpatients (10, 14) and 62-86% of inpatients
(13) misuse inhaler devices, placing them at
increased risk for poor health outcomes and
future hospitalizations (15, 16). The cost of
inhaler misuse accounts for $5 billion to
$7 billion of the approximately $25 billion
spent annually on inhalers (17).

Current guidelines address this risk
for misuse by recommending inhaler
technique assessment and instruction
during all healthcare encounters, including
hospitalizations (2, 3). Hospital-based self-
management education may be useful, since
experience with acute illness can be
harnessed as a “teachable moment” (18).
Teach-to-goal (TTG) instruction (12, 13),
based on the testing effect and allowing
memory to be enhanced through the act of
retrieving information while learning (19),
is comprised of tailored rounds of
assessment and instruction to achieve the
goal knowledge or skill (7, 12, 13, 20).

We demonstrated in a prior study that
hospital-based TTG has greater efficacy
than verbal instructions (brief intervention)
immediately after instruction in the hospital
(13). However, the longer-term effects of
hospital-based TTG instruction on inhaler

technique and acute care events after
discharge to home are unknown. This
knowledge may help inform which
methods of education are most effective
in improving outcomes after discharge
among patients using inhalers.

The objectives of this two-center
randomized clinical trial among inpatients
with asthma or COPD were to compare the
effects of hospital-based TTG with brief
instruction on inhaler technique and acute
care events at 30 and 90 days after discharge
to home. We hypothesized that, among
participants with asthma or COPD receiving
inpatient education, metered-dose inhaler
(MDI) misuse would be significantly lower
among TTG participants than among brief
intervention participants at 30 days after
hospital discharge. Some of the results of
these studies have been reported previously
in abstract form (21-23).

Methods

Study Design and Randomization

We conducted a two-site, block-stratified
randomized clinical trial comparing

TTG and brief education interventions.
Participants were assigned to interventions
stratified by site (hospitals 1 and 2) and
health literacy level (adequate health
literacy, low health literacy, or insufficient
vision to complete the health literacy
assessment) (24). Study personnel were
masked to intervention assignments.
Participants received compensation for
their time. The institutional review boards
at University of Chicago Medicine and
Mercy Hospital and Medical Center,
Chicago, approved the study.

Study Participants and Procedures
Patients were eligible if they were aged
18 years or older, hospitalized with a

physician’s diagnosis of asthma or COPD,
and discharged using a pressurized MDI
per the assenting primary clinical team.
Patients were excluded if the treating
physician did not provide assent or if the
patient did not provide written informed
consent.

One trained research assistant collected
information on participant demographics,
health literacy level (Short Test of
Functional Health Literacy in Adults [10, 24,
25]), and vision assessment (Snellen chart)
(10, 24). The research assistant assessed
inhaler technique using previously
validated standardized checklists for both
MDI use with an AeroChamber device
(Geo. S. Trudell Co., London, ON, Canada)
(Cohen’s k =0.94) (12) and the breath-
actuated Diskus device (Glaxo Group
Limited, Brentford, UK) (only among
participants being discharged to home with
a Diskus device in addition to their MDI)
(12, 13). Participants were asked about their
rescue inhaler use at their 30- and 90-day
follow-up visits, as well as about missed
doses of their Diskus devices, when
prescribed. Participants were considered
at high risk if they reported a lifetime
near-fatal event (i.e., intensive care unit
hospitalization and/or intubation).

Intervention

Participants were randomized to TTG or
brief intervention and were provided
instructions on 12-step MDI with spacer
(all patients) and 10-step Diskus (only
those prescribed) instructions, as per our
previously published approach (Figure 1).
Detailed descriptions of the intervention
and its rationale are available as an online
supplement and in our prior publication
(13). The interventions were delivered by
trained research educators who were
masked to the other strategy to prevent

V.G.P. received funding from the National Cancer Institute (KM1 CA156717) to support this project. V.G.P. is currently supported by a career development
award from the NHLBI (K23 HL118151). V.M.A. received funding from the National Institute on Aging Short-Term Aging-Related Research Program

(T35 AG029795) and the National Institute on Aging (K23 AG033763). D.O.M. received funding from the National Institute on Aging Short-Term Aging-Related
Research Program (T35 AG029795), from the Agency for Healthcare Research and Quality through the Hospital Medicine and Economics Center for
Education and Research in Therapeutics (U18 HS016967-01), from the National Institute on Aging through a midcareer career development award

(K24 AG031326-01), from the National Cancer Institute (KM1 CA156717), and from the National Center for Advancing Translational Sciences (2UL1TR000430-06).
E.N. received funding from the National Institutes of Health (U10 HLO98096) and the National Institute of Allergy and Infectious Diseases (U19 A1095230).
S.R.W. received funding from the National Institute of Allergy and Infectious Diseases (U19 Al095230).

Author Contributions: V.G.P.: had full access to all the data in the study and takes responsibility for the integrity of the data and the accuracy of the data

analysis; V.G.P. and J.A.K.: study concept and design; V.G.P. and K.C.T.: acquisition of data; V.G.P., C.L., R.A., F.J.Z., and J.A.K.: analysis and interpretation
of data; V.G.P., K.C.T., F.J.Z., and R.A.: drafting of the manuscript; V.G.P., V.M.A., D.O.M., E.N., S.R.W., and J.A.K.: critical revision of the manuscript for
important intellectual content; V.G.P., C.L., R.A., and F.J.Z.: statistical analysis; K.C.T. and J.A.K.: administrative, technical, and material support; and V.G.P.,

JAK, D.O.M,, and V.M.A.: study supervision.

Press, Arora, Trela, et al.: Interventions to Teach MDI and Diskus Technique

817





ORIGINAL RESEARCH

Admission to Hospital

'

RA: baseline inhaler assessment

|

Randomization

Teach-to-Goal

Brief Intervention

|

[ RE: TTG Round 1

'

[ RE: TTG Round 2

)

RE: Bl Education

'

RE: Disease Education®

!

RA: post-education assessment

v

v

RA: 30 day post assessment

[ )
[ Discharge ]
[ )

'

[ RA: 90 day post assessment ]

Figure 1. Intervention. *Disease education served as an attention control. Bl = brief intervention;
RA =research assessor; RE = research educator; TTG = teach-to-goal.

contamination, and the interventions were
consistent across sites. Participants
returned for in-person study visits at

30 (=7) and 90 (*14) days.

Outcomes

The primary outcome was MDI misuse at
30 days postdischarge. Secondary outcomes
included MDI misuse immediately after
education and at 90 days, Diskus misuse
immediately after education and at 30 and
90 days, rescue inhaler use and adherence
to inhaled controller medications, and
postdischarge acute care events (self-
reported all-cause emergency department
visits or hospitalizations) at 30 or 90 days.

Statistical Analyses

Participant characteristics were described
using proportions, mean (SD), or median
(interquartile range). We used two-sample
t tests and Mann-Whitney U tests to
compare baseline characteristics between
groups, as appropriate. We used two-sample ¢
tests of proportions to compare MDI misuse
in each group over time and x> tests to
evaluate MDI technique at each time point
postdischarge. Technique was dichotomized
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using our prior definition of MDI misuse
(=75% [<9 of 12] steps correct) (12, 13).
The study was powered at 80% for an
effect size of greater than or equal to 20%
improvement of the TTG group compared
with the brief intervention group. To
ascertain whether baseline misuse and/or
other patient characteristics factored into

group differences at the 30- and 90-day time

points, in secondary analyses we examined

MDI misuse as a repeated measures variable,

adjusting for baseline MDI misuse, Diskus

use, health literacy, sex, and race using a

generalized estimating equation model (26).
A post hoc sensitivity analysis was

performed to evaluate MDI technique using

two additional misuse cutoffs: (1) X2

tests were used to dichotomize misuse if
participants missed only “mission critical”
steps as advised by pulmonary specialists
that would, if missed, result in no
medication reaching the lungs (removing
cap, activating inhaler); and (2) linear
regression was used to evaluate misuse
based on the delta score at 30 days versus
immediately after education. Fisher’s exact
tests were used to test for differences in
acute care events between groups.

All analyses were performed using
intention-to-treat analyses. In tests of
significance, we used a two-sided P value
less than 0.05. STATA version 12 software
(StataCorp LP, College Station, TX) was
used in the analyses.

Results

A total of 872 patients were screened to
participate in the study, 120 of whom were
eligible. Participants were randomized into
TTG intervention (n=62) and brief
intervention (n = 58) groups between
September 2011 and February 2013
(Figure 2). Of the 120 participants, 100
were enrolled at hospital 1 and 20 were
enrolled at hospital 2. Among enrolled
participants, the median age was 48.5 years
(interquartile range, 35-58 yr), and the
sample included a preponderance of
females and African Americans.

Most participants returned for their
30-day (overall, n =107 [89%]; TTG, n= 54
[87%]; brief intervention, n = 53 [91%]) and
90-day (overall, n = 103 [86%]; TTG, n =52
[84%]; brief intervention, n =51 [88%])
follow-up visits. Only 32% of participants
were prescribed a Diskus device for use
postdischarge. Eighty-three percent of
participants reported having a healthcare
provider for their asthma or COPD. Two-
thirds were hospitalized at least once in the
last year, and nearly one-half had had a
near-fatal event in their lifetime (Table 1).
Baseline characteristics and inhaler
techniques (MDI and Diskus) were similar
in the TTG and brief intervention groups
(Figure 3A). The average time needed for
TTG education was 6 minutes, and for the
brief intervention group it was 2 minutes.

All 120 participants completed the
pre- and posteducation evaluations in the
hospital. At 30 days after hospital discharge,
there were no significant differences in
participant characteristics between those
who completed the assessments and those
who were lost to follow-up (Table 2).
However, participants with a prior near-fatal
event (53% vs. 24%; P=0.03) were more
likely to return for the 90-day follow-up visit.

MDI technique improved immediately
after education, with decreased proportions
of misuse for both the TTG group (from
92% to 11%; P < 0.001) and the brief
intervention group (from 84% to 60%; P <
0.001). However, the reduction in misuse
was greater in the TTG group than in the
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Figure 2. Participant flow from initial assessment through primary outcome analysis. Bl = brief intervention; HP1 = hospital 1; HP2 = hospital 2;
MDI = metered-dose inhaler; TTG = teach-to-goal.

brief intervention group (81% in TTG
group vs. 24% in brief intervention group;
P < 0.001) (Figure 3A).

Postdischarge Metered-Dose

Inhaler Technique

The proportion of participants who misused
MDIs during the first 30 days after hospital
discharge in the TTG group (54%) versus
the brief intervention group (70%) was not
significantly different (P=0.1). Among
participants who received TTG education,
the proportion of MDI misuse immediately
after hospital education versus 30 days
after hospital discharge increased from
11% to 54% (P < 0.001) (Figure 3A).

The proportion of misuse in the brief
intervention group did not change
significantly at 30 days versus immediately
after hospital discharge (70% vs. 60%;
P=0.1). At 90 days, the proportion of

participants with MDI misuse was significantly
lower in the TTG group than in the brief
intervention group (48% vs. 76%; P = 0.004).

In multivariable analyses that
accounted for baseline MDI misuse, use of
Diskus device, health literacy, sex, and race,
the odds of MDI misuse in the brief
intervention group at 30 days was 4.0 (95%
confidence interval [CI], 1.0-14.0; P = 0.01)
times that of the TTG group. At 90 days,
the results of multivariable analyses also
suggested a higher OR of MDI misuse with
the brief intervention compared with TTG
(OR, 7.0; 95% CI, 2.0-21.0; P = 0.001).

In our sensitivity analysis using the
outcome of any MDI critical step missed, we
found that the OR of MDI misuse was
higher in the TTG group than in the brief
intervention group posteducation (OR,

4; 95% CI, 0.48-32; P =0.004). Using an
outcome of number of MDI steps correct
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was significantly different in the TTG and
brief intervention groups posteducation
(P <0.001) and at 90-day follow-up
(P=0.01), with an average of 4.4 more
steps correct posteducation and 2.4 more
steps correct at 90-day follow-up in the
TTG group versus the brief intervention
group. These data suggest that participants
educated with the TTG intervention
retained knowledge of critical steps in the
use of MDI better than those educated
using the brief intervention.

When we examined potential
differences between subgroups, we found no
significant differences between sites for MDI
technique at each time point analyzed.
There were also no differences in MDI
misuse between the TTG group and the brief
intervention group by health literacy group
at 30 days; those with adequate health
literacy had a lower OR of MDI misuse at
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Table 1. Participant characteristics

Characteristic

Sociodemographic
Age, years, median (IQR)
Asthma vs. COPD
Female sex
African American*
Hispanic or Latino
Ever-smoker'
Insufficient vision*
Less than adequate health literacy$
Postdischarge inhaler prescribed
MDI
Diskus
Study site
Hospital 1
Hospital 2
Healthcare services

Healthcare provider for asthma/COPD care!

Hospitalized in the last 12 mo, =1 time,
excluding study period

Near-fatal respiratory event, =1 ICU admission

or intubation for asthma or COPD

All Participants
(n =120)

48.5 (35-58)
82 (68%)
88 (73%)

108 (90%)
10 (8%)

83 (69%)

18 (15%)

23 (23%)

120 (100%)

38 (32%)

100 (83%)
20 (17%)

99 (83%)
79 (66%)

59 (49%)

Brief Intervention

Teach-to-Goal

(n=58) Intervention (n = 62)
49 (39-57) 48 (35-59)
36 (62%) 46 (76%)
41 (71%) 47 (76%)
52 (90%) 56 (90%)

5 (9%) 5 (8%)
41 (71%) 42 (68%)

8 (14%) 10 (16%)
10 (20%) 13 (25%)
58 (100%) 62 (100%)
18 (31%) 20 (32%)
49 (84%) 51 (82%)

9 (16%) 11 (18%)
51 (88%) 48 (77%)
34 (59%) 45 (73%)
26 (45%) 33 (53%)

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; IQR = interquartile range; MDI = metered-dose inhaler.
All data are presented as number (%) unless otherwise indicated.
*Other races: white (12%), American Indian or Alaska native (1%), and native Hawaiian or other Pacific Islander (1%).
TEver-smoker was defined as more than 100 lifetime cigarettes versus never-smoker.
*Hnsufficient vision was defined as worse than 20/50 vision in both eyes using the Snellen chart.
SHealth literacy was assessed in 102 participants with brief intervention (n = 50) or treat-to-goal intervention (n = 52). The remaining subjects had
insufficient vision to complete assessments (n = 18). Less than adequate health literacy was defined as a score less than 23 of 36 on the Short Test

of Functional Health Literacy (24).

lidentified either a general physician, specialist physician (pulmonologist or allergist), or nurse practitioner as providing care for participants’ asthma or COPD.

90 days in the TTG group than those in the
brief intervention group (P =0.03) (Figure 3B).
We did not observe effect modification
by health literacy on the association between
MDI misuse and TTG versus the brief
intervention group immediately after
education or at 30- or 90-day follow-up.
Additionally, using multivariate analysis
after adjusting for sex, race, and health
literacy level, we found that the OR of MDI
misuse remained significantly lower in the
TTG group than in the brief intervention
group immediately after education (P <
0.001) and at 90-day follow-up (P =0.005),
but not at 30-day follow-up (P = 0.06). This
analysis suggests that TTG was broadly
applicable and superior to brief intervention
for MDI in the different subgroups and
literacy levels in our patient population.

Postdischarge Diskus Technique
Among patients who were prescribed a
Diskus device, TTG education was superior
to the brief intervention, with a significantly
lower proportion of misuse immediately
following education (5% vs. 61%; P = 0.001).

820

In the TTG group, Diskus misuse increased
from 5% immediately after education to
53% at 30 days postdischarge (P =0.001).
There was no significant change in Diskus
misuse in the brief intervention group
during the same time period (61% vs. 59%;
P=0.9). We did not observe a significant
change in Diskus misuse at 90 days compared
with 30 days postdischarge in either the TTG
group (38% at 90 days vs. 53% at 30 days;
P=0.3) or the brief intervention group

(62% at 90 days vs. 59% at 30 days; P=0.5).
In addition, at 90 days, Diskus misuse was
common and not significantly different
between the TTG and brief intervention
groups (38% vs. 63%; P=0.2).

Multiinhaler (Metered-Dose Inhaler +
Diskus) Technique

For patients using both MDI and Diskus
(n=38), 39% misused at least one device
(15 of 38) and 18.4% (7 of 38) misused both
devices posteducation (P =0.005). We
observed higher risk of misuse among
those using multiple devices at baseline
(P=0.02), but not after teaching began

(P> 0.05). Among the 34 participants
using both devices at 30 days postdischarge,
we observed a significant association
between MDI and Diskus misuse (P = 0.04).
For instance, of the participants who
misused at least one device (24 [71%]

of 34), more than half misused both
devices (14 [58%)] of 24). Among the 32
participants using both devices at 90 days
postdischarge, the association between MDI
and Diskus misuse remained (P =0.01). Of
the 21 participants misusing at least one
device (66%), 13 individuals misused

both devices (62%). In our analysis of
confounding by multiple device use, we
found no significant differences in misuse
between the TTG and brief intervention
groups at any time point (posteducation,
P=0.06; 30 days postdischarge, P=0.19;

90 days postdischarge, P =0.06).

Acute Care Events Postdischarge
Overall, 23% (28 of 120) of participants
reported an acute care event at 30 days after
hospital discharge (Figure 4). Fewer events
(9 [17%] of 54) occurred in the TTG group
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Figure 3. (A) Proportion of participants misusing either (a) metered-dose inhaler or (b) Diskus inhaler. (B) Proportion of participants who misused metered-
dose inhaler with (a) adequate literacy, (b) low literacy, and (c) insufficient vision. Bl = brief intervention; MDI = metered-dose inhaler; TTG = teach-to-goal.

*Significant association at the P < 0.05 level.

than in the brief intervention group
(19 [36%] of 53) (P=0.03). At 90 days
postdischarge, 36% (43 of 120) of
participants reported an acute care event
due to any cause (43 [36%)] of 120 reported
an emergency department visit; 26 [22%)] of
120 reported a hospitalization). There were
no longer any differences in the proportion
with acute care events in the TTG group
compared with the brief intervention group
(34% vs. 38%; P=0.6).

Participants with low health literacy
(n =23) were more likely than participants
with adequate health literacy (n=79) to
have an acute care event within 30 days
after discharge (39% vs. 18%; P =0.03).
However, among participants with low
health literacy, those receiving TTG
education were less likely than those
receiving the brief education intervention to
report an acute care visit within 30 days
after discharge (15% vs. 70%; P =0.008).
We did not find that TTG mitigated acute
care visits among participants with adequate
health literacy at 30 days (P =0.08). No

differences by level of health literacy, within
or across participant groups, were found for
acute care events at 90 days. There were no
differences by site or patient risk (high risk
defined by at least one lifetime near-fatal
event) at 30 or 90 days after hospital
discharge (P > 0.05).

Rescue Use and Controller

Adherence Postdischarge

Participants did not differ across the TTG
and brief intervention groups with respect to
their use of rescue MDIs postdischarge.
Participants reported at the 30-day follow-
up visit (overall, n = 107; TTG, n = 54; brief
intervention, n = 53) that they had, on
average, used their rescue MDIs on 2.5 of the
last 7 days (2.4 d in TTG group vs. 2.5 d in
brief intervention group; P=0.8) and on 7.7 of
the last 30 days (7.9 d in TTG group vs.

7.6 d brief intervention group; P =0.8).
Similarly, at the 90-day follow-up visit (overall,
n=103; TTG, n = 52; brief intervention,

n = 51), participants reported, on average, that
they had used their rescue MDIs on 2.5 of the
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last 7 days (2.3 d in TTG group vs. 2.8 d in
brief intervention group; P = 0.3) and on 9.2 of
the last 30 days (8.1 d in TTG group vs.
10.3 d in brief intervention group; P=0.2).
Participants also did not differ with
respect to adherence to their Diskus device.
Among the 34 participants returning at the
30-day follow-up visit (TTG, n=17; brief
intervention, n = 17), exactly the same
number of participants in each group (TTG,
n = 4; brief intervention, n =4) reported
missing more than one dose of their
controller medication (P > 0.999). Among
the 32 participants returning at the 90-day
follow-up visit who used the Diskus device,
almost equal numbers of participants (TTG,
n = 3; brief intervention, n = 2) reported
missing more than one dose in the last
30 days (P=0.6).

Discussion

To our knowledge, this is the first study of
hospitalized patients with asthma or COPD
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Table 2. Comparison of participants completing the study with those lost to follow-up

Characteristic Completed 30 d of Follow-Up Completed 90 d of Follow-Up
Yes (n=107) No (n=13) P Value Yes (n=103) No (n=17) P Value

Age, yr, median 48 50.6 0.4 48 51 0.4
Female sex 79 (74%) 9 (69%) 0.7 75 (73% 13 (77%) >0.99
African American 97 (91%) 85 0.6 95 (92%) 13 (76%) 0.07
Ever-smoker* 73 (68%) 10 (77%) 0.8 69 (67%) 14 (82%) 0.4
Insufficient vision® 15 (14%) 3 (23% 0.4 13 (13%) 5 (29%) 0.1
Inadequate health literacy* 21 (23%) 2 (20%) >0.99 21 (23%) 2 (17%) >0.99
Hospitalized in the last 12 mo, =1 time, 71 (66%) 8 (62%) 0.8 69 (67 %) 10 (59%) 0.6

excluding study period
No providerS 17 (16%) 4 (31%) 0.2 18 (17%) 3 (18%) >0.99
Near-fatal respiratory event, =1 ICU admission 54 (50%) 5 (38%) 0.6 55 (53%) 4 (24%) 0.03

or intubation for asthma or COPD
Site, hospital 1 vs. hospital 2 91 (85%) 9 (69%) 0.2 86 (83%) 14 (82%) >0.99
Asthma vs. COPD 76 (71%) 6 (46%) 0.1 73 (71%) 9 (53%) 0.3

Definition of abbreviations: COPD = chronic obstructive pulmonary disease; ICU = intensive care unit.
All data are presented as number (%) unless otherwise indicated. Baseline completers, n = 120; 30-day completers, n= 107 (lost to follow-up, n=13);
90-day completers, n=103 (lost to follow-up, n=17).

*Ever-smoker was defined as more than 100 lifetime cigarettes versus never-smoker.
TInsufficient vision was defined as worse than 20/50 vision in both eyes using the Snellen chart.
*Health literacy was assessed in 102 participants with brief intervention (n = 50) or treat-to-goal intervention (n = 52). The remaining subjects had
insufficient vision to complete the assessment (n = 18). Less than adequate health literacy was defined as a score of less than 23 of 36 on the Short

Test of Functional Health Literacy (24).

SDid not identify a general physician, specialist physician (pulmonologist or allergist), or nurse practitioner as providing care for participants’ asthma or COPD.

involving a direct comparison of hospital-
based education strategies regarding their
durability and lasting effects for inhaler
technique and acute care events after
discharge to home. Two principal findings
emerged. First, TTG is superior to a brief
education intervention for reducing initial
inhaler misuse. However, the overall benefit

of TTG wanes, such that the difference in
MDI misuse between the two groups is not
significant by 30 days. Second, the group
that received TTG education was significantly
less likely to have acute care events at 30 days
(but not at 90 d) after hospital discharge.
Further, TTG appeared to be particularly
protective for patients with low health literacy.

Post-Discharge Acute-Care Visits

207 | p=0.03 |

HED

1

N w
e e

Acute-Care Visits

o
it

[OHospitalization

p=0.64

1

Bl 30d TTG 30d

Bl 90d TTG 90d

Follow-up Visit

Figure 4. Postdischarge acute care visits. A total of 107 participants (89%) returned at 30 days
postdischarge (TTG, 54 of 62; brief intervention, 53 of 58), and a total of 103 (86%) returned at

90 days (TTG, n=52 of 62; brief intervention, n=51 of 58). There were fewer acute care visits
(emergency department visits and/or hospitalizations) among teach-to-goal participants than among
brief intervention participants (9 [17%] of 54 vs. 19 [36%)] of 53, respectively; P =0.03) at 30 days,
but not at 90 days (21 [40%] of 52 vs. 22 [43%] of 51, respectively; P = 0.64) after hospital discharge.
Bl = brief intervention; ED = emergency department; TTG = teach-to-goal.
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Importantly, together, these findings
suggest that TTG may be a superior initial
strategy for inhaler instruction and that
improved clinical outcomes may be gained
by providing TTG inpatient inhaler
education, especially for patients with lower
health literacy levels, but that reinforcement
of inhaler technique is required after
discharge to achieve long-lasting skill
retention and improved health outcomes.

TTG’s superior effect compared with a
brief education intervention on reducing
inhaler misuse among inpatients,
initially reported in earlier work (13), was
redemonstrated in this study. However, a
new finding in this study is that these
observed differences in MDI misuse
between TTG and brief intervention groups
at later time points were smaller, and,
although the differences favored the TTG
group at both 30 and 90 days, the
differences were not consistently
significantly different. Despite their
decaying skills, however, TTG participants
returned less often for acute care events
within 1 month; this was true even for
participants with low health literacy and
did not differ with respect to medication
adherence postdischarge. Of note, within
3 months, differences in acute care use
did not differ by group, despite differences
in MDI misuse. In future work, researchers
should explore the relationship with
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longer-term skill retention and the impact
on clinical outcomes.

The implications of these two findings
are that TTG provides initial improvement
in inhaler technique and that these
enhanced skills may persist long enough
to provide initial postdischarge benefit.
However, due to patients’ declining skills
and the lack of persistent differences in
clinical outcomes by 3 months, additional
education sessions or “doses” may be
needed for ongoing effective technique and
longer-term beneficial health outcomes.

Participants’ decaying inhaler
technique skills were not surprising,
because, based on the cognitive psychology
literature, skill decay is expected with
complex tasks (27). Decay of MDI skills is
based on many factors, including the nature
of the task and time between uses (28).

TTG may have an advantage over brief
intervention through its repeated cycles,
as TTG provides an opportunity for
“overlearning” (28) and uses the cognitive
psychology phenomenon of the “testing
effect” that can mitigate skill decay (19, 28).
This may be observed when looking within
groups between the 30-day postdischarge
proportion with MDI misuse compared
with baseline misuse. MDI misuse at
30 days postdischarge among TTG
participants was half what it was before
TTG education, while brief intervention
participants’ MDI misuse was down by only
about 10% from baseline. However, even
the TTG use of “overlearning” and the
testing effect phenomenon would not be
expected to be sufficient to completely
overcome skill decay. Therefore, repeated
dosing of skill education is supported
both by clinical guidelines that suggest
assessing and teaching self-management
skills at all health encounters and by
psychology literature which says that
regular repetition is required to avoid skill
decay (28). In the present study, since the
misuse largely plateaued by 30 days, most of
the skill decay had already likely occurred.
Therefore, the ideal time for the repeated
education would be before 1 month
postdischarge.

Strengths and Limitations

Our study has multiple strengths, including
random allocation to two different
educational strategies, masking of research
personnel to avoid contamination of
educational interventions between study
groups or biased collection of outcomes, and
high postdischarge follow-up rates.

The study also has potential limitations.
The findings derived from our largely high-
risk population, nearly half of which had a
prior near-fatal respiratory exacerbation,
and with its preponderance of African
American subjects, may not be applicable to
other patient populations. The interventions
in our study were delivered by trained
research staff. Whether such interventions
are effective when delivered by trained
clinical staff needs study. We assessed acute
care events after hospital discharge, as well
as inhaler use and adherence, on the basis of
patient self-report. Problems with recall and
lack of objective verification may result in
less accurate data. However, the follow-up
rates at 30 days were similarly high in both
groups (nearly 90%), and it is unlikely that
patients in the two groups would have
differential recall. In future work,
investigators can employ objective
adherence monitoring for MDI use.

Our sample size for participants using
Diskus was only one-third of the enrolled
population; therefore, the findings regarding
Diskus, including multiple inhaler use
results, require further study. Participants
with both asthma and COPD were included
in this study, and important differences by
subpopulation may exist, whether due to
disease type, age, or other potential mediators.
In future work, researchers can delineate if
and how the effects of TTG versus brief
intervention differ between the two groups.
Further, our patient population had a high rate
of lifetime near-fatal events, indicating a
patient population that may learn differently
from a healthier population. Effects of TTG on
outpatients’ ability to learn and retain MDI
technique skills is warranted.

Finally, while TTG is a relatively
inexpensive strategy compared with expenses

associated with exacerbations, the need for
in-person educators may be cost and/or time
prohibitive in some settings. Therefore, in
future work, investigators can explore the
development of alternative strategies that
allow for harnessing the strengths of TTG
without resource burden of personnel.

Conclusions

The findings of the present study emphasize
the need for self-management training

in inhaler technique at all healthcare
encounters. The results of our study
provide justification for developing and
implementing hospital-based strategies,
such as TTG, to educate patients about use
of their respiratory inhalers. In addition,
they suggest the need for postdischarge
education, such as when patients present
for care in the ambulatory setting, or

even at home. Strategies including novel
technology-based educational platforms
that can be provided initially in the hospital
and then extended postdischarge may add
value to chronic disease self-management
education.

Our data emphasize the critical need
for postdischarge educational reinforcement
of hospital-based education. The ideal
timing, method, and location of this
additional education, as well as more robust
evaluation of inhaler technique skill, with
regard to adherence and health outcomes are
important considerations for future work. M
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BACKGROUND: Patients are asked to assume greater
responsibility for care, including use of medications,
during transitions from hospital to home. Unfortunate-
ly, medications dispensed via respiratory inhalers to
patients with asthma or chronic obstructive pulmonary
disease (COPD) can be difficult to use.

OBJECTIVES: To examine rates of inhaler misuse and
to determine if patients with asthma or COPD differed
in their ability to learn how to use inhalers correctly.
DESIGN: A cross-sectional and pre/post intervention
study at two urban academic hospitals.
PARTICIPANTS: Hospitalized patients with asthma or
COPD.

INTERVENTION: A subset of participants received in-
struction about the correct use of respiratory inhalers.
MAIN MEASURES: Use of metered dose inhaler (MDI)
and Diskus® devices was assessed using checklists.
Misuse and mastery of each device were defined as
<75% and 100% of steps correct, respectively. Insuffi-
cient vision was defined as worse than 20/50 in both
eyes. Less-than adequate health literacy was defined as
a score of <23/36 on The Short Test of Functional Health
Literacy in Adults (S-TOFHLA).

KEY RESULTS: One-hundred participants were enrolled
(COPD n=40; asthma n=60). Overall, misuse was com-
mon (86% MDI, 71% Diskus®), and rates of inhaler
misuse for participants with COPD versus asthma were
similar. Participants with COPD versus asthma were
twice as likely to have insufficient vision (43% vs. 20%,
p=0.02) and three-times as likely to have less-than-
adequate health literacy (61% vs. 19%, p=0.001). Parti-
cipants with insufficient vision were more likely to
misuse Diskus® devices (95% vs. 61%, p=0.004). All
participants (100%) were able to achieve mastery for
both MDI and Diskus® devices.
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CONCLUSIONS: Inhaler misuse is common, but cor-
rectable in hospitalized patients with COPD or asth-
ma. Hospitals should implement a program to assess
and teach appropriate inhaler technique that can
overcome barriers to patient self-management, in-
cluding insufficient vision, during transitions from
hospital to home.
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INTRODUCTION

Transitions in care from hospitals to home are increasingly
recognized as a vulnerable period in which patients and their
caregivers are asked to assume greater responsibility for their
healthcare,'™ particularly medication management.*® This
may be especially problematic for patients with asthma or
chronic obstructive pulmonary disease (COPD) who are com-
monly prescribed medications dispensed through respiratory
inhalers.®” Although inhaled medications offer the advantage
of targeted delivery to the site of action (airways), they can be
difficult to use® and require multiple-steps for use.®"'®> More-
over, symptom control and prevention of exacerbations often
require combination therapy with two or more types of inhalers
(e.g., metered-dose-inhalers [MDI], Diskus®), requiring
patients to learn and master a different series of device-specific
instructions. At times, these instructions are in direct conflict,
causing confusion. For instance, patients should inhale slowly
when using MDIs, but inhale quickly when using Diskus®
devices.

Studies to date on inhaler use focus on patients with
asthma and use of MDI devices, *'!''*!5 and have found
multiple risk factors for high rates of inhaler misuse, including
the use of multiple devices,!! inadequate instruction,'*'® and
low health literacy.*'%''° Our study is novel from two perspec-
tives. First, although COPD is as prevalent as asthma in the
United States and is associated with substantially higher
mortality than asthma, data regarding inhaler misuse in
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hospitalized patients with COPD are limited.2° For example, it
is unclear if hospitalized patients with COPD have high rates of
inhaler misuse and what barriers may exist in the ability of
patients with COPD to learn inhaler technique. Because COPD
primarily affects older patients who are at increased risk of
poor vision®! and low health literacy,?* hospitalized patients
with COPD may have high rates of inhaler misuse.

Second, to our knowledge, no studies have examined the
use of Diskus® devices in hospital settings, even though they
are routinely prescribed at hospital discharge. Incorrect use of
Diskus® devices can cause inadequate dosing or distribution
of medication.?® Thus, incorrect use of Diskus® inhalers may
represent a missed-opportunity for patients to benefit from
highly efficacious therapy.>*2° It is not known how common
misuse of Diskus devices is for hospitalized patients with
asthma or COPD.

Guidelines for asthma and COPD recommend assessing and
correcting inhaler technique at all healthcare encounters,
including hospitals.'”"'® Therefore, the objective of this study
was to extend the existing literature by examining rates of
misuse of respiratory inhalers for both rescue and controller
medications among hospitalized patients with either asthma or
COPD. The secondary objective was to determine if patients
with asthma and COPD differed in their ability to learn how to
use inhalers correctly.

METHODS

Study participants

The study was conducted from September 2007 to March
2009. Research staff reviewed electronic admission-logs Mon-
day through Friday to identify patients hospitalized with
asthma or COPD. Patients who met all inclusion criteria (age
of 18-years or older and hospitalized on a medical service with
a physician diagnosis of asthma or COPD) and none of the
exclusion criteria (inability to provide informed written consent
[e.g., non-English speaking, too ill to participate], or previous
participant of the study) were eligible to participate. Patients
who provided written consent and whose physicians assented
were included. The study was approved by the University of
Chicago Medical Center and Mercy Hospital and Medical
Center Institutional Review Boards.

Study procedures

Participants completed an interviewer-administered survey
collecting information on sociodemographics (age, sex, ethnic-
ity, race [white vs. non-white]), and smoking history (ever vs.
never). Further, participants’ utilization of several health-
services for asthma or COPD was evaluated and included 1)
whether participants had a healthcare provider who treats
their asthma or COPD (generalist [general practitioner, inter-
nist, family medicine physician, nurse practitioner]; specialist
[pulmonologist or allergist], or none); 2) number of hospitaliza-
tions for asthma or COPD in the past 12-months; and 3) near-
fatal respiratory events (intensive care unit admission or
intubation in their lifetime).

Health literacy was measured using the Short Test of
Functional Health Literacy in Adults (S-TOFHLA).?¢2” The
S-TOFHLA measures reading comprehension by having
participants read sentences (font-size 14) from medical
scenarios with missing key words and having them select
words from a multiple-choice list to complete the sen-
tences. Participants have up-to seven minutes to complete
the 36-item instrument and receive one point for each
correct answer. Participants were classified as having less-
than-adequate (score <23) or adequate (score >23-36)
health literacy.26 Prior to administration of the S-TOFHLA,
vision was assessed (Snellen screening chart).2® Patients
who used corrective-lenses were instructed to use them.
Vision was defined as insufficient to complete the S-
TOFHLA instrument if vision was worse than 20/50 in both
eyes.?®

Lung function was measured using the KoKo PFT System
for spirometry (version 4.3; PDS, Louisville, Colorado). For
safety reasons, participants were excluded from spirometry
if systolic and diastolic blood pressures were higher than
180 millimeters-mercury (mmHg) and/or 100 mmHg, re-
spectively, or if trained research assistant did not consider
them to be medically stable.

Inhaler technique was assessed utilizing detailed check-
lists (12-steps for MDI, 10-steps for Diskus®, [Text boxes 1
and 2]). Participants were eligible for assessment of inhaler
technique if they had been prescribed the device prior to
hospitalization. There is no consensus on the most appropri-
ate threshold for defining correct versus incorrect use of
respiratory inhalers. Previous studies demonstrate a wide-
range of definitions for incorrect inhaler technique (i.e.
inhaler misuse), from anywhere less than 60% of steps
correct to less-than 100% of steps correct. °~'® In the current
study, misuse of MDI or Diskus® was defined as <75% of
steps correct for each respective device (< 9 of 12 steps for
MDI; < 8 of 10 steps for Diskus®). Our threshold is a
conservative mid-point that falls within the broad-range of
definitions above. The checklists used in this study were
developed based on a review of package-inserts and the
published literature,®?~'® and modified by the research team
to explicitly identify individual inhaler steps to improve inter-
rater reliability (sample of n=10, kappa for MDI =0.94, kappa
for Diskus® =1.0).

We also evaluated whether patients differed in their
ability to learn inhaler technique by testing a standardized
educational intervention called “teach-to-goal” (TTG) using
a pre/post study design. This component of the study was
added to the initial cross-sectional study because baseline
rates of misuse were so high at the mid-study interim
analysis (May 2008). Therefore, all participants enrolled
after this interim-analysis received TTG education. TTG is
an intervention that assesses skills or knowledge at base-
line, then reassesses with patient “teachback” after an
educational intervention is performed; this cycle is contin-
ued until mastery of the skill or knowledge has been
attained. ??® The TTG technique is often used in patient
safety, has been endorsed as a patient safety standard by
the National Quality Forum for informed consent,?® and
has been successful among hospitalized with asthmatics.®
In this study, trained research assistants first screened
participants’ inhaler technique; those who did not have
mastery were provided with both verbal instructions and a
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1. Removes cap of inhaler and spacer

closes lips around mouthpiece

7. Activates inhaler by pressing down on canister 1 time

11. Breathes normally for at least 30-60 seconds

12. Repeats sequence for second puff

MDI WITH SPACER

Trained assessor to read to participant: “Please show me exactly how you use your MDI at home.”

2. Shakes inhaler up and down o0, Wrong 0O;Correct
3. Attaches inhaler to back of spacer 0, Wrong 0O;Correct
4. Breathes OUT fully 0o Wrong 0,Correct
5. When breathing out fully (step #4), does so away from spacer/MDI 0o, Wrong 0,Correct
6. Puts spacer mouthpiece or MDI mouthpiece (if not using spacer) into mouth, 0o Wrong 0,Correct

8. Breathes IN SLOWLY, filling lungs with medicine. No whistle should be heard © ,Wrong 0,Correct
9. Holds breath for at least 5 seconds (with or without spacer in mouth) 0o Wrong 0O,Correct

10. Removes spacer/MDI from mouth before breathing normally 0o Wrong 0O,Correct

0o Wrong 0O,Correct

0o Wrong 0O,Correct

0o Wrong 0,Correct

0o, Wrong 0,Correct

Score:____ /12

9. Removes Diskus® before breathing normally

DISKUS®

Trained assessor to read to participant: “Please show me exactly how you use your Diskus® at home.”

1. Uses thumb or finger in thumb grip to open device until the mouthpiece appears 0o Wrong 0,Correct
2. Keeps Diskus® horizontal prior to Step #3 & until Step #7 completed 0o Wrong 0,Correct
3. Slides lever once until it clicks 0o Wrong 0,Correct
4. Breathes OUT fully o, Wrong 0,Correct
5. When breathing out fully (step #4), does so away from Diskus® o, Wrong 0,Correct
6. Presses lips tightly above & below mouthpiece opening o, Wrong 0,Correct
7. Breathes IN QUICKLY, filling lungs with medicine o, Wrong 0,Correct
8. Holds breath for at least 5 seconds (with or without Diskus® in mouth) 0o Wrong 0,Correct

10. Closes Diskus® by placing thumb or finger in the thumb grip & sliding it closed oo Wrong 0,Correct

O

o Wrong o,Correct

Score: /10

demonstration of proper technique. After the first-round of
the TTG teaching session, participants were asked to re-
demonstrate how to use the inhaler correctly (i.e. “teach-
back”). A second-round of teaching was provided, if the
participant did not demonstrate mastery during the parti-
cipants’ teach-back

Statistical analyses

Descriptive statistics used means, standard deviations, and
proportions. T-tests were used to test for differences in
means. Chi-squared or Fisher’s exact test was used to test
for bivariate associations for our primary objectives of
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comparing inhaler misuse for patients with asthma com-
pared to COPD and our secondary objective of comparing
participants’ ability to learn inhaler technique for those with
COPD compared to asthma. A two-tailed p-value of less than
0.05 defined statistical significance. Computations were
performed using STATA version 10 (StataCorp).

RESULTS

Demographic and descriptive data (Table)

Of the 146 patients that were eligible, 100 participants
(68%) were enrolled (Fig. 1). Reasons for declining to
participate included not feeling well, not feeling as though
they needed education about inhaler use, or simply declin-
ing without further explanation. The mean age was 52 years,
and the majority of participants had asthma, were African
American, female, had been hospitalized within the past
12 months, and had a history of a near-fatal respiratory
event. Further, the majority of participants had a healthcare

Total Screened for Eligibility

n=296
Ineligible
n=150
e Less-than 18 years of age (n=06)
I
e Unable to consent (e.g., due to
mental status, acuity of illness
or spoke language other than
English, or unable to approach
prior to discharge) (n=139)
v e Physician declined assent (n=5)
Eligible
n=146
’ Participant Declined
n=46
Enrolled
n=100

TTG intervention
—_— n=42
(MDI=42/42; Diskus®=41/42)

Completed Study
n=100
(MDI n=99; Diskus® n=70)

Figure 1. Flow diagram of screening and enroliment. Participant
eligibility, enroliment, and study completion.

provider (approximately half saw a generalist, and one-third
saw a specialist). More than one-in-four participants had
insufficient vision. Of these 29 participants, 3 (10%) were
never prescribed corrective lenses, 18 (62%) were prescribed
corrective-lenses but did not have them available in the
hospital, and 8 (28%) were wearing their corrective-lenses.
Of the 71 participants with sufficient vision to complete the
S-TOFHLA, approximately one-third (n=23, 32%) had less-
than-adequate health literacy.

Asthma vs. COPD

In general, participants with COPD and participants with asthma
had similar characteristics Table 1. However, compared to
participants with asthma, COPD participants were older, more
likely to be an ever smoker, had worse lung function, were twice
as likely to have insufficient vision, and had less-than-adequate
health literacy (19% vs. 61%, p=0.001).

Misuse of respiratory inhalers

All enrolled participants had been previously prescribed an
MDI and/or Diskus® device. Nearly all participants with
asthma or COPD had been prescribed an MDI (100% vs.
98%, respectively) and the majority had been prescribed a
Diskus® device (75% vs. 68%, respectively). Misuse rates
for MDI and Diskus® were similarly high (86% and 71%,
respectively, p=0.07). For MDI devices, the majority of patients
were unable to perform the following steps: attaching the
spacer (step 3, incorrect in 83% of participants), breathing
out fully (step 4, incorrect in 77% of participants) and away from
the device (step 5, incorrect in 83% of participants). Similar
steps were misused by the majority of patients for the Diskus®
device: breathing out fully (step 4, incorrect in 77% of partici-
pants) and away from the device (step 5, incorrect in 81% of
participants). There were no significant differences in the
percent of patients with asthma vs. COPD performing any of
the MDI steps correctly (p-values: 0.09 to >0.999) or Diskus
steps correctly (p-values: 0.35 to >0.999). [Fig. 2]

Misuse of inhalers was similarly common in participants
with COPD vs. asthma (MDI, 85% vs. 86%, p>0.99; Diskus®,
81% vs. 65% p=0.18). Among participants who had been
prescribed both a MDI and a Diskus® (n=69), MDIs were more
often misused, although this difference was not statistically
significant (83% vs. 71%, p=0.07).

Participants with insufficient vision were more likely to
misuse Diskus® devices compared to those with sufficient
vision (95% vs. 61%, p=0.004). However, differences in inhaler
misuse were not significantly different between groups based
on vision for MDIs (89% vs. 84%, p=0.75). Health literacy was
not significantly associated with MDI or Diskus® misuse (MDI
misuse in patients with less-than-adequate health literacy vs.
adequate health literacy: 83% vs. 85%, p=0.74; Diskus® 63%
vs. 61%, p=0.58).

Ability to learn inhaler technique with TTG strategy

Forty-two participants were enrolled after the mid-study
analysis, and therefore participated in the TTG intervention.
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Table 1. Participant characteristics (total n=100; asthma (n=60); COPD' (n=40))"

All participants Asthma COPD p-value

Age, years (mean [sd*) 51.7 [17.4] 43.1 [15.2] 64.6 [11.7] <0.001
Female 73 (73) 47 (78) 26 (65) 0.14
Non-white race® 89 (89) 55 (92) 35 (85) 0.30
Hispanic or Latino 5 (5) 3 (5) 2 (5) >0.99
Ever smoker 77 (77) 39 (65) 38 (95) <0.001
Insufficient vision 29 (29) 12 (20) 17 (43) 0.02
Less-than adequate health literacyqI 23 (32) 9 (19) 14 (61) 0.001
Healthcare provider (asthma/COPD care)

None 15 (15) 14 (23) 1(3) 0.33

Generalist” 52 (52) 26 (43) 26 (65)

Specialist™ 32 (32) 19 (32) 12 (33)

Not known 1(1 1(2) 0 (0)
Hospitalized in the last 12 months

0 times 17 (17) 10 (17) 7 (17) 0.96

1time 25 (25) 16 (27) 9 (23)

>2 times 58 (58) 34 (56) 24 (60)
Near-fatal respiratory event ' 66 (66) 45 (75) 21 (53) 0.02
Lung function**
FEV1/FVC (mean [sd]) 62.3 (13.9) 66.2 (13.9) 55.6 (12.7) <0.001
FEV1, % predicted (mean [sd]) 44.6 (17.3) 49.3 (17.0) 36.6 (14.9) 0.001

*All data are presented as n (%) unless otherwise indicated
+COPD: chronic obstructive pulmonary disease (COPD)
fsd: standard deviation

§Nonwhite: Black, American Indian, Alaska native, native Hawaiian or other Pacific Island

[ Insufficient vision: worse than 20/50 vision in both eyes

qLess-than adequate health literacy: health literacy was assessed in 71 participants; asthma (n=48); COPD (n=23); remaining subjects had insufficient
vision to complete assessment; less-than adequate health literacy was defined as score of <23/36 on Short Test of Functional Health Literacy (S-TOFHLA)

#Generalist: family practice, internist, general practitioner, nurse practitioner

**Specialist: pulmonologist or allergist

ttNear-fatal respiratory event: intensive care unit admission or intubation for asthma or COPD in their lifetime.
t$Lung function: assessed in 81 participants; asthma (n=51); COPD (n=30); for safety reasons, participants were eligible for spirometry if blood pressure
was lower than 180/100 millimeters-mercury and could tolerate the procedure; FEV1 =Forced expiratory volume in one second; FVC = forced vital

capacity

Baseline participant characteristics (age, gender, race, smok-
ing status, level of health literacy, and vision), diagnosis (COPD
vs. asthma), and rates of MDI and Diskus® misuse were
similar for those who received TTG compared to those enrolled
prior to the mid-study analysis (and therefore did not receive
TTG; data not shown).

MDI device

After one-round of TTG instruction, 86% (36/42) of partici-
pants achieved MDI mastery. There was no difference in ability
to learn inhaler technique for patients with asthma compared
to those with COPD (87% vs. 84%, p=0.57), after one-round of
TTG. After a second-round of TTG, all participants (42/42,
100%) achieved MDI mastery. Participants with insufficient
vision were less-likely to achieve mastery after one-round of
TTG compared to those with sufficient vision (58% vs. 97%, p=
0.005). Level of health literacy was not associated with mastery
after one-round of teaching (less-than-adequate vs. adequate
health literacy: 92% vs. 100%, p=0.4).

Diskus® device

As with MDIs, the majority of participants (32/41, 78%)
achieved mastery after one-round of TTG instruction. Again,

there was no difference in ability to learn inhaler technique for
patients with asthma compared to those with COPD (74% vs.
83%, p=0.37) after one-round of TTG. Similar to MDI, after a
second-round of TTG, all participants (100%) achieved mastery
for the Diskus® device. Additionally, participants with insuffi-
cient vision were less-likely to achieve mastery of Diskus® after
one-round of TTG compared to those with sufficient vision,
though statistical significance was not demonstrated (83% vs.
67%, p=0.41). While health literacy was also not associated
with mastery of Diskus® after one-round of teaching, results
approached statistical significance (less-than-adequate vs.
adequate health literacy: 64% vs. 94%, p=0.05).

DISCUSSION

Our study demonstrates that rates of respiratory inhaler
misuse are high among hospitalized patients with asthma
and COPD. This is interesting since patients with COPD have
higher rates of potential risk factors including insufficient
vision and less-than-adequate health literacy. Although great-
er than one-in-four participants had insufficient vision, and
these participants were twice-as-likely to misuse Diskus®
devices, we also found that all participants, regardless of
diagnosis, were able to learn and master both MDI and
Diskus® technique.

Our findings extend the results of previous studies mainly
done in outpatient and emergency room settings, that found
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Figure 2. Figure 2a: MDI. Percentage of participants demonstrating
correct inhaler technique for each of the 12 MDI steps. Data for all
participants (All), participants with asthma (Asthma), and participants
with chronic obstructive pulmonary disease (COPD) are presented
above. There were no statistically significant differences in percent-
age of participants demonstrating correct inhaler technique for any of
the steps when comparing patients with asthma to those with COPD.
See Table 1 for the description of each MDI step. Figure 2b: Diskus®.
Percentage of participants demonstrating correct inhaler technique
for each of the 10 Diskus steps. Data for all participants (All),
participants with asthma (Asthma), and participants with chronic
obstructive pulmonary disease (COPD) are presented above. There
were no statistically significant differences in percentage of partici-
pants demonstrating correct inhaler technique for any of the steps
when comparing patient with asthma to those with COPD. See Table 1
for the description of each Diskus step.

high rates of inhaler misuse (from 32%-100% of patients).g’
13.29.30 purther, our study is unique in that it examines the
use of respiratory inhalers for both rescue (e.g., MDIs) and
controller medications (e.g., MDI and Diskus® devices) in
hospitalized patients with asthma or COPD, two of the most
common lung conditions, accounting for more than 50 million
individuals in the United States.®' Our results suggest that
providing hospital-based instruction can overcome barriers to
self-management, such as insufficient vision.

One unexpected finding was the high prevalence (more
than one-in-four participants) of insufficient vision in our
study population. The majority of participants with insuffi-
cient vision did not have their corrective-lenses with them in
the hospital; the remainder either had corrective-lenses that
were not adequate or had not previously been prescribed
corrective-lenses. Vision in the range of 20/50 to 20/100 is
considered “disabling” in occupations that require work with
numbers or extensive reading, thereby making sufficient
vision essential to one’s ability to perform certain vocations
or tasks.’® Similarly, this concept can be applied to an
individual’s ability to manage chronic diseases on a daily
basis. For instance, insufficient vision may serve as a
barrier to self-management of asthma or COPD, including
the use of medications (e.g., respiratory inhalers). For
example, one study reported that poor vision is related to
the inability of patients to open medication containers.?

Our study demonstrates that insufficient vision is a newly
identified barrier to appropriate inhaler use. This finding is
not surprising since patient education is heavily weighted with
written materials that are not only too complex for patients with
lower levels of literacy, ' but may also include font-sizes too small
to be legible for patients with insufficient vision.>* For example,
font-sizes on package-inserts for MDI and Diskus® devices are
well below the size 14-font used with the S-TOFHLA, instru-
ment,>>3% presenting a potential challenge for patients with
insufficient vision.

However, insufficient vision does not appear to fully
explain inhaler misuse. For instance, although COPD
patients had higher rates of insufficient vision, they had
similar rates of misuse compared to patients with asthma.
Further, while insufficient vision was significantly associat-
ed with Diskus® misuse and the inability to learn MDI
technique, we did not find significant associations between
insufficient vision and MDI misuse, nor did we find signif-
icant associations between insufficient vision and ability to
learn Diskus® technique. One potential reason is the
relatively modest sample size for some of the tests of
associations. It is also possible that unmeasured patient
confounders such as cognitive status or hearing, among
others, play a role in inhaler misuse and ability to learn
inhaler technique. There could also be device-specific factors
that increase risk for misuse that need to be better
evaluated in future studies. These potential unmeasured
patient-specific factors may also explain why, even though
patients with COPD have higher rates of inadequate health
literacy and insufficient vision, patients with asthma are
just as likely to misuse inhalers. Larger prospective studies
should evaluate the role of insufficient vision, along with
other important patient factors, in inhaler misuse and
ability to learn inhaler technique.

It was encouraging that the TTG intervention was able to
overcome potential barriers, such as insufficient vision, for
learning inhaler technique. Our findings suggest that com-
parative studies to evaluate the relative effectiveness of
intensive approaches (e.g., TTG), compared to less-intensive
approaches to inhaler instruction, are needed.

Unlike earlier studies, we did not detect an association
between health literacy and inhaler misuse.?'? Although
rates of mastery after instruction were larger for patients
with less-than-adequate health literacy (compared to ade-
quate health literacy), differences between the groups were
not statistically significant. Because we could not measure
health literacy for all study participants, we were inadequate-
ly powered to detect a statistically significant association
between lower-levels of health literacy and inhaler mastery.

Our study has some limitations. Because we enrolled a
predominately minority population with frequent exacerba-
tions and hospitalizations, it is not clear if our findings
would be generalizable to all hospitalized patients with
COPD or asthma. We did not include a control group when
evaluating the effectiveness of TTG; thus we cannot provide
information about the relative effectiveness of intensive
versus less-intensive approaches. TTG employed trained
research assistants to provide the intervention, as opposed
to clinicians; additional studies are needed to determine
whether TTG is effective and feasible when delivered by
clinicians. Although TTG was successful at teaching patients
while hospitalized, we have no long-term follow-up data from
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this study to determine its effectiveness post-hospital dis-
charge (retention), or the cost-effectiveness of TTG. Finally,
this was a modest-sized study conducted at two urban
academic healthcare centers. Larger multi-center studies
are need to confirm our findings and more fully examine
vision, health literacy, inhaler technique, and ability to learn
inhaler technique during transitions in care.

In conclusion, most patients hospitalized with asthma or
COPD were unable to use inhalers correctly, and poor vision is a
surmountable barrier to inhaler misuse. Comparative effective-
ness studies are needed to examine different approaches to
assessing and improving inhaler technique in this high-risk
population during transitions from hospital to home.
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BACKGROUND: Hospitalized patients frequently mis-
use their respiratory inhalers, yet it is unclear what the
most effective hospital-based educational intervention
is for this population.

OBJECTIVE: To compare two strategies for teaching
inhaler use to hospitalized patients with asthma or
chronic obstructive pulmonary disease (COPD).
DESIGN: A Phase-II randomized controlled clinical trial
enrolled hospitalized adults with physician diagnosed
asthma or COPD.

PARTICIPANTS: Hospitalized adults (age 18 years or
older) with asthma or COPD.

INTERVENTIONS: Participants were randomized to
brief intervention [BI]: single-set of verbal and written
step-by-step instructions, or, teach-to-goal [TTG]: BI
plus repeated demonstrations of inhaler use and par-
ticipant comprehension assessments (teach-back).
MAIN MEASURES: The primary outcome was metered-
dose inhaler (MDI) misuse post-intervention (<75%
steps correct). Secondary outcomes included Diskus®
misuse, self-reported inhaler technique confidence and
prevalence of 30-day health-related events.

KEY RESULTS: Of 80 eligible participants, fifty (63%)
were enrolled (BI n=26, TTG n=24). While the majority
of participants reported being confident with their
inhaler technique (MDI 70%, Diskus® 94%), most
misused their inhalers pre-intervention (MDI 62%,
Diskus® 78%). Post-intervention MDI misuse was
significantly lower after TTG vs. BI (12.5 vs. 46%, p=
0.01). The results for Diskus® were similar and
approached significance (25 vs. 80%, p=0.05). Partic-
ipants with 30-day acute health-related events were
less common in the group receiving TTG vs. BI (1 vs. 8,
p=0.02).
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CONCLUSIONS: TTG appears to be more effective
compared with BI. Patients over-estimate their inhaler
technique, emphasizing the need for hospital-based
interventions to correct inhaler misuse. Although TTG
was associated with fewer post-hospitalization health-
related events, larger, multi-centered studies are need-
ed to evaluate the durability and clinical outcomes
associated with this hospital-based education.
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INTRODUCTION

Health care reform and recent efforts to improve patient
safety have fostered the development, testing, and imple-
mentation of novel strategies to coordinate and improve
transitions of care at hospital discharge.'” These interven-
tions have largely focused on broad concepts such as
medication reconciliation,” patient-care handoffs,** and
adherence to prescribed therapies. The use of hospital-
based education to improve patient self-management skills
is an under-studied component of this care.” Self-manage-
ment skills allow patients to participate in their care post-
hospital discharge, empowering patients and thereby aiming
to reduce adverse post-discharge events such as emergency
department visits, hospitalizations, and deaths. However,
the most effective approach to providing this hospital-based
education is still not known.

Asthma and chronic obstructive pulmonary disease
(COPD), two of the most common lung disorders, together
result in over a million hospitalizations in the United
States annually and require significant patient self-man-
agement for optimal health.® There is increasing national
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interest in improving the quality of care for both of these
conditions.'®!" COPD, for instance, is the third leading
cause of 30-day hospital readmissions.'” Clinical practice
guidelines for both asthma and COPD recommend that
clinicians assess and teach respiratory inhaler technique
at all points of care, including during hospitaliza-
tions."*'* However, studies that we and others have
conducted have found that the vast majority of patients
hospitalized with asthma or COPD misuse their
inhalers.'>'® Improving patients’ ability to use inhalers
may help prevent adverse events post-hospital discharge,
including hospital readmissions.'” "’

Although a handful of randomized trials have dem-
onstrated beneficial effects of hospital-based patient self-
management education for asthma,’®?® these studies
employed multi-faceted, time-intensive interventions that
were compared to usual care. While this literature
encourages the use of hospital-based education, direction
is lacking as to which intervention or component is most
effective. Data are even more limited for patients with
COPD. Therefore, data are necessary to demonstrate the
effectiveness of educational strategies with discrete com-
ponents, such as inhaler technique. The objective of our
study was therefore to compare two hospital-based
interventions to teach inhaler use for inpatients with
asthma or COPD.

METHODS
Study Design

A Phase-II, block randomized, stratified clinical trial was
used to compare two educational interventions to instruct
hospitalized patients with asthma or COPD on respiratory
inhaler technique. A biostatistician generated the random
allocation sequence (investigators were masked to the
block sequences) and assigned participants to interven-
tions. Study investigators and research assessors (RAs)
were masked to the intervention. The study was approved
by the University of Chicago Institutional Review Board
(16900A).

Study Participants

Research staff screened electronic admission-logs Monday
through Friday. Patients who met all inclusion criteria and
none of the exclusion criteria were eligible to participate.
Inclusion criteria included: age of 18-years or older,
hospitalized on an inpatient medical service, had a
physician diagnosis of asthma or COPD, expected to be
discharged home on metered dose inhaler [MDI] by their
inpatient physician. Exclusion criteria included: currently in

intensive care, no physician assent, unable to provide
written informed consent, or previous study participant.
Patients who provided written informed consent were
enrolled.

Study Procedures

Participants completed interviewer-administered surveys
collecting participant demographics (e.g., age, sex, His-
panic vs. non-Hispanic ethnicity, white vs. non-white race)
and smoking history (ever [>100 lifetime cigarettes] vs.
never). Participants’ baseline utilization of healthcare
services for asthma or COPD was assessed by: 1)
determining if the participants had sought care in the
outpatient setting for their asthma or COPD prior to
admission; 2) the number of hospitalizations for asthma or
COPD in the past 12-months; and 3) any lifetime near-
fatal respiratory event (=1 intensive care unit admission(s)
and/or intubation).

Participants rated their confidence in their ability to use
respiratory inhalers using a 5-point Likert scale (1 =
strongly disagree to 5 = strongly agree) using the following
question: “I am confident that I know how to use this [insert
MDI or Diskus®] respiratory inhaler correctly.” Inhaler
technique was assessed by a trained RA using detailed
checklists for MDI (12-steps) and Diskus® (10 steps).'’
Misuse was defined as <75% of steps correct for each
device (<9/12 steps for MDI; <8/10 steps for Diskus®)."”

Because inadequate health literacy is associated with
poor inhaler technique,>*> participants’ health literacy was
measured using the Short Test of Functional Health Literacy
in Adults (STOFHLA),***” a 36-item written comprehen-
sion test (scores: range 0-36); less-than-adequate: <23/36;
adequate: >23/36.%° Participants with screened visual acuity
better than 20/50 in >1 eye were eligible to complete the
STOFHLA.*

Intervention

Upon completion of the initial assessments, participants
were randomized to one of two alternate educational
strategies, “teach-to-goal” [TTG] and “brief intervention”
[BI]. (Text box 1, Fig. 1) The TTG intervention was
chosen based on preliminary results from prior work that
demonstrated its success as a hospital-based approach for
teaching the use of respiratory inhalers.'>'® A variety of
alternative comparators were considered, including usual
care. Because usual care may vary by institution and
provider, a standardized but limited educational strategy,
dubbed “brief intervention” (BI) was chosen. The time it
took to complete the inhaler education was recorded for
both interventions.
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Text box 1. Side-by-Side Comparison of TTG" vs. BI' Education

Step of Educational Strategy TTG BI
RA! Baseline Inhaler Assessment of MDI +/- + +

Diskus®

Provide demonstration with verbal + +

instructions and a copy of the written
instructions on correct use of MDI

First-round post-education MDI assessment is + -
obtained

Participant is asked to “teach-back” by + -
showing how they would now use MDI

If participant uses Diskus®, provide + +

demonstration with verbal instructions and a
RES | copy of the written instructions on correct use

of Diskus®

First-round post-education Diskus® + -
assessment is obtained

Participant is provided with a patient + +

education pamphlet on their pulmonary
diagnosis (asthma or COPD).

Participant is provided verbal summary of - +
information in education pamphlet (attention

control)

Post-education inhaler assessment is obtained + +

RA

for MDI +/- Diskus®

“TTG: Teach-to-Goal
"BI: Brief Intervention
*RA: Research Assessor
SRE: Research Educator

TTG

RA: baseline inhaler

assessment A A A
RE: TTG Round 1 RE: TTG Round 2 RA: Post Education
R B e RE Bl Divews Education  Assessment
4 v v v

KEY

RA: Research Assessor
RE: Research Educator
Randomization *dttention control

Figure 1. Schematic of in-hospital baseline assessment, randomization, and education (comparing BI with TTG). [BI: brief intervention;

TTG: teach-to-goal].
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TTG Intervention

The TTG educational strategy employed repeated rounds of
assessment and education with the aim of participants’
mastering inhaler technique (i.e., 12/12 steps correct for
MDI; 10/10 steps correct for Diskus®).'> The first step of
the TTG intervention utilized trained, masked RAs to
evaluate participants’ baseline inhaler technique. The RA
left the room and a trained research educator (RE) provided
a demonstration of correct inhaler use, followed by re-
assessment of participants’ technique (i.e., “teachback”™).
The cycle was repeated for up to two rounds for any
participant who did not demonstrate mastery. Finally,
participants received written instructions and a pamphlet
describing basic information about their condition (asthma
vs. COPD). After completion of the educational interven-
tion, the RA performed a final assessment of participants’
technique.

Bl Intervention

Participants randomized to BI also underwent an initial
assessment by the masked RA. The trained RE then entered
and simply provided the participant with verbal instructions
(i.e., read each step out-loud without any demonstration) as
well as a copy of the written instructions. To make the
treatments approximately equal in time, the BI group
received verbal education on the pamphlet for their
condition (asthma vs. COPD). After completion of the
education, the RA performed a final assessment of the
participants’ technique.

Follow-up Interviews

Symptom questionnaires and utilization of health care
services was collected at 30-days post-hospital discharge
using a 10-minute phone interview. Acute health-related
events were defined as one or more event for a participant
that included: all-cause emergency department visits,
hospitalizations, or deaths within 30 days after hospital
discharge.

Statistical Analyses

Outcomes were determined a priori. The primary outcome
was differential post-education prevalence of inhaler misuse
for MDI. Secondary outcomes included differential post-
education prevalence of inhaler misuse for Diskus®, acute
health-related events at 30 days, and self-reported confi-
dence for inhaler use. Descriptive statistics included means,
standard deviations, and proportions. Two sample t-tests
were used to test for differences in means. Chi-square or
Fisher’s exact test was used to test for differences in the

prevalence of MDI or Diskus® misuse and acute health-
related events at 30 days in the TTG vs. BI groups. Self-
reported confidence for inhaler use was analyzed as a
dichotomous variable using McNemar’s test. A two-tailed
p-value of less than 0.05 defined statistical significance. As
this was a Phase-II trial, power calculations were not
performed; rather the data were collected in part to be used
to estimate treatment effect size. SAS 9.3.1 was used to
create the randomization schedule by random number
generation. All statistical analyses were performed using
STATA version 11 (College Station, Texas: StataCorp LP).

RESULTS
Baseline Characteristics

Of 80 eligible participants, 50 (63%) were enrolled and
randomized into TTG (n=24) or BI (n=26) between July
2009 and April 2010. (Fig. 2) Participants’ mean age was
54 years. The majority had a diagnosis of COPD, were
African American, female, and had been hospitalized within
the past 12 months. Almost half had had a near-fatal
respiratory event. Almost all participants had a healthcare
provider for their asthma or COPD. Among the 50% who
had sufficient vision, one-quarter had less-than-adequate
health literacy. All participants had previously been pre-
scribed MDIs; 18 had been prescribed Diskus® devices.
Baseline characteristics were similar in both groups,
although there was a higher proportion of less-than-
adequate health literacy in the BI versus TTG group.
(Table 1)

The majority of participants misused MDI and Diskus®
devices (BI vs. TTG: 78% vs. 65%; 80% vs. 75%,
respectively) at baseline. (Fig. 3) Of the 72% who were
confident in their MDI technique, more than two-thirds
(69%) misused their MDIs. Almost all participants (94%)
were confident in their Diskus® technique. Among these
participants, three-quarters (76%) misused their device.

Outcomes

Inhaler Technique. TTG took three times longer than BI
(mean of 6.3 vs. 2 minutes, p<0.0001) to teach inhaler
technique. The proportion who misused MDIs post-
intervention decreased in both groups. Among the 50
participants tested for MDI misuse, prevalence of misuse
significantly decreased both post-BI education compared to
pre-BI education (78 vs. 46%, p=0.008) and post-TTG
education compared to pre-TTG education (65 vs. 13%, p=
0.01); however, TTG post-education MDI misuse
prevalence was significantly lower for those receiving
TTG compared to those receiving BI education (13% vs.
46%, p=0.01). (Fig. 3a) There was also a non-significant
decrease in prevalence of Diskus® misuse after TTG
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Assessed for Eligibility (n=223)

Excluded (n=173)

v

»| © Not meeting inclusion criteria (127)
e Declined to participate (n=30)
e Unable to approach prior to discharge (n=16)

Randomized (n=50)

l

\4

Allocated to Bl intervention (n=26)
* Received allocated intervention (n=26)

l

Lost to follow-up (n=6)
* Phone number disconnected, did not answer
phone, and/or did not return phone call

Discontinued intervention (n=0)

l

Analyzed primary outcome (n=26)

Analyzed secondary outcome [Diskus®] (n=10)
o Excluded if not on Diskus® (n=16)

Analyzed secondary outcome [Confidence] (n=26)

Analyzed secondary outcome [Follow-up] (n=20)
¢ Excluded if missing data (n=6)
o Sensitivity analysis performed

Allocated to TTG intervention (n=24)
* Received allocated intervention (n=24)

Lost to follow-up (n=5)
o Phone number disconnected, did not answer
phone, and/or did not return phone call

Discontinued intervention (n=0)

l

Analyzed primary outcome [MDI] (n=24)

Analyzed secondary outcome [Diskus®)] (n=8)
o Excluded if not on Diskus® (n=16)

Analyzed secondary outcome [Confidence] (n=26)
Analyzed secondary outcome [Follow-up] (n=19)

o Excluded if missing data (n=5)
¢ Sensitivity analysis performed

Figure 2. Flow diagram of screening and enrollment. Participant eligibility, enrollment, and study completion.

compared to BI. Among the 18 participants tested for
Diskus® misuse, prevalence of misuse post-BI education
compared to pre-BI education remained the same (80 vs.
80%, p>0.999). While prevalence of misuse decreased
post-TTG education compared to pre-TTG education (75
vs. 25%, p=0.13), the findings were not statistically
significant. TTG post-education Diskus® misuse
prevalence was lower for those receiving TTG compared
to those receiving BI education (25 vs. 80, p=0.05,
borderline significance). (Fig. 3b)

Acute Health-Related Events Within 30 Days Post-
Discharge. Thirty-nine participants (78%) had follow-up

data (BI n=20, TTG n=19), the remainder were lost to
follow-up. Compared to those with follow-up data,
participants without data were just as likely to misuse
MDI and Diskus® devices at baseline (77 vs. 73%; 75 vs.
100%, respectively), be hospitalized within the previous
12 months (59 vs. 55%), or have had near-fatal respiratory
events (44 vs. 45%) prior to this admission. Nine

participants had one or more all-cause acute health-related
events at 30 days post-discharge (BI n=8, TTG n=1).
Individuals with an event(s) were eight-times as common in
the BI group than in the TTG group (40 vs. 5%, p=0.02).
There were 6 participants with ED visits and/or
hospitalizations (BI n=5, TTG n=1), and 3 separate
participants who died (BI n=3, TTG =0) prior to 30 days
post-discharge. Due to missing data on post-discharge
health events, a sensitivity analysis was performed. The
prevalence of replacing participants’ missing data with ‘no
event,” vs. replacing with an ‘event” was 18% (TTG 31 vs.
BI 4%, p=0.024) vs. 40% (TTG 54 vs. BI 25%,
p=0.048).

DISCUSSION

Hospital-based education is successful in reducing inhaler
misuse in this patient population. TTG was generally more
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Table 1. Participant Characteristics”

All participants N=50 BI" N=26 TTG® N=24 p-value

Sociodemographics

Age, years (mean [sd]) 53.8 [16.4] 51.0 [13.6] 56.4 [19.0] 0.25

Asthma (vs. COPD) © 20 (40) 11 (42) 9 (38) 0.92

Female 35 (68) 18 (69) 16 (67) 0.85

Non-white race 39 (78) 22 (85) 17 (71) 0.31

Non-Hispanic or Latino 49 (98) 26 (100) 23 (96) 0.48

Ever smoker 34 (68) 17 (52) 17 (48) 0.68

Insufficient vision® 25 (50) 12 (46) 13 (54) 0.57

Less-than adequate health literacy” 6 (25) 5 (36) 19 0.18
Healthcare services

Healthcare provider for asthma/COPD care 45 (90) 23 (89) 22 (92) 0.71

Hospitalized in the last 12 months ( >1 time) 29 (58) 15 (58) 14 (58) 0.87

Near-fatal respiratory event' 22 (44) 11 (42) 11 (46) 0.80
Previous Inhaler Use'

MDI ¥ 50 (100) 26 (100) 24(100) N/A!

Diskus® 18 (36) 10 (39) 8 (33) >0.99
Lung Function ™(mean [sd])

FEV1% predicted 449 [16.7] 44.1 [18.6] 47.4 19.5] 0.71

“All data are presented as n (%) unless otherwise indicated
bBI: Brief Intervention

‘TTG Teach-To-Goal

dsd: standard deviation

°COPD: Chronic Obstructive Pulmonary Disease

TNonwhite: Black, American Indian, Alaska native, native Hawaiian or other Pacific Island

EInsufficient vision: worse than 20/50 vision in both eyes

"Less-than adequate health literacy: health literacy was assessed in 25 participants; BI (n=14); TTG (n=11); remaining subjects had insufficient
vision to complete assessment, less-than adequate health literacy was defined as score of <23/36 on Short Test of Functional Health Literacy

(STOFHLA)

‘Near-fatal respiratory event: intensive care unit admission or intubation for asthma or COPD in their lifetime.
/Participants were assessed for baseline technique if they had been prescribed an inhaler (MDI plus/minus Diskus®) prior to hospital admission

“MDI: Metered-dose Inhaler
'N/A: not applicable

"Lung function: assessed in 21 participants; BI (n=16); TTG (n=15); for safety reasons, participants were eligible for spirometry if blood pressure
was lower than 190/100 millimeters-mercury and could tolerate the procedure; FEV = Forced expiratory volume in one second

effective than BI in reducing misuse of MDI and Diskus®
devices, though differences were significant only for MDI.
Moreover, we found that participants in the TTG group had
significantly fewer acute health-related events at 30 days
than those in the BI group.

Our study extends the literature on hospital-based
assessment and educational interventions for inpatients with
asthma or COPD. While studies have evaluated patient
preference for inhaler devices,”** to our knowledge, this is
the first study to directly compare inhaler technique
confidence versus technique. These findings suggest that
hospital-based interventions for assessment and instruction
on respiratory inhaler use may be required for all
hospitalized patients with asthma or COPD, not only those
who self-report the inability to use inhalers. Further, it is the
first randomized trial that we are aware of that specifically
evaluates hospital based self-management education for
patients with COPD. Our study is also unique in that it
directly compares two interventions for patients with
asthma or COPD. Finally, the educational strategies studied
a single component, inhaler technique, that can be replicat-
ed and inform future studies and/or practice.

The finding that the TTG intervention was superior to BI
for providing this hospital-based education on respiratory
inhaler use may be due to a phenomenon termed the
“testing effect.”*” This is a phenomenon whereby memory

is enhanced through the act of retrieving information while
learning. The TTG technique has been endorsed as a patient
safety standard by the National Quality Forum for informed
consent,”’ and has been used for heart failure educational
interventions,”” and has been successful among patients
hospitalized with asthma and COPD.">'® Because TTG
uses ‘teachback,” (i.e., re-assessment after education),
inhaler technique recall may be enhanced for this group.

Finally, we were interested to find that participants
receiving Bl were eight-times more likely to have a post-
discharge health event than those receiving TTG. This may
signal that TTG has durable and clinically important effects
for patients after they have been discharged, perhaps related
to the testing effect phenomenon. However, it is difficult to
assign causality based on this study alone. The role(s) of
health literacy and/or vision, are left unanswered by our
data, but may have played a role in the differential findings.
These results are also limited by loss-to-follow-up for a fifth
of our participants. Further, the health-related events were
self-reported, and it is possible that not all health events
were captured. Therefore, these findings simply signal that
more work needs to be done to understand the true
differential effectiveness of TTG versus Bl

There are other limitations of our study. First, although a
key strength of the current study is that we employed two
active comparators for both rescue and controller type
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Figure 3. a) Percentage of patients demonstrating incorrect use of
metered-dose inhaler (MDI) before and after either a brief
intervention (BI) or TTG intervention (TTG). b) Percentage of
patients demonstrating incorrect use of Diskus inhaler before and
after either a brief intervention (BI) or TTG intervention (TTG).

devices, results were not consistent between the two
devices. For instance, both TTG and BI proved to have
merit for MDI devices, but only TTG tended to decrease
Diskus® misuse. The reasons for this differential effect of
BI by inhaler device are unclear; though it may be due to
insufficient power.

Second, we were unable to determine if health literacy
modified the relative effects of TTG and BI on inhaler use.
Our study employed a written health literacy test. Unfortu-
nately, only half the participants had sufficient vision to
complete it, leading to small numbers of patients in either
group (TTG, BI) with health literacy data. Given the known
effect of health literacy on self-management skills and
clinical outcomes,” *® our study informs the planning of
future studies. For instance, it may be necessary to either

use a measure not dependent on vision (e.g., interview-
based assessment), or to stratify based on level of health
literacy. It will be important for future studies to evaluate
which sub-groups may benefit from BI alone, and which
may require the more intensive TTG strategy (e.g., health
literacy levels), as Bl may be ideal for low-resource
environments, while the added resources required to
provide TTG may be justified to prevent costly and morbid
risks associated with repeated acute exacerbations and re-
hospitalizations for some patients.

One element of this Phase-II study was to develop
estimates of the comparative effect sizes of TTG compared
to BI, and was therefore not powered to evaluate device-
specific differences in misuse following education. Future
studies should enroll a sufficient sample size to determine
device-specific differences in teaching strategies. It was
also beyond the scope of this study to test the durability of
the interventions; a study with post-discharge assessments
is needed. Similarly, although a signal was found that TTG
may reduce the risk of post-hospital acute health-related
events versus BI, the study was not powered on this
outcome. These data, therefore, must be considered in
light of the non-trivial missing data for both groups,
limiting the conclusions that can be drawn. Further, we did
not assess for participants’ self-reported inhaler education
that they may or may not have received prior to this
hospitalization.

Finally, the results from this study may not be
generalizable because the enrolled participants represented
a high-risk, predominantly minority population (though
limited ethnic diversity), from one urban academic center.
However, since this population is often under-studied, data
from our study may inform efforts to reduce health
disparities, particularly if larger, multi-institutional studies
replicate our findings. Also, the study was limited to
English-speaking participants and all educational materials
were provided in English. Future work will need to study
whether these educational strategies are effective in other
languages and/or for patients whose first language is not
English.

In summary, our study found that providing hospital-
based education on inhaler technique for inpatients with
asthma or COPD can decrease risk of misuse at the time of
hospital discharge. The TTG strategy may be particularly
effective at educating patients on inhaler use, compared to a
brief intervention. Our study also shows that relying on
patient self-report is problematic for identifying patients in
need of educational interventions for respiratory inhaler use,
further emphasizing the need for hospital-based assessment
and education. Finally, our study found a signal that may
indicate that TTG could lead to improved clinical outcomes
compared to BI. Larger, multi-institution comparative
studies are needed to evaluate the effects of TTG vs. Bl in
different patient subgroups (e.g., patients with and without
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limited health literacy, patients using a variety of respiratory
inhaler devices), to test the durability of hospital-based
education after discharge from the hospital, and to under-
stand the implications of the interventions (BI vs. TTG) on
clinical outcomes and fostering safe transitions of care.
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ROAD AECOPD Algorithm.pdf
i UC Davis Health System ROAD™ Center

Acute Exacerbation of COPD (AECOPD) Algorithm

START HERE!
To control COPD

* Minimize symptoms

» Confirm Dx with spirometry

* Optimize lung function

* Prevent exacerbations

* Infection control

* COPD Assessment Test™ or
CAT™ score <10

» Refer outpatients if CAT™=
10 after 3 months to ROAD
Clinic for consultation

AECOPD Recovery

in 1 to 3 months
Review ROAD

COPD Action Plan
ABCDEF™ checklist

Refer ALL
PATIENTS to
UCDMC
Pulmonary
Rehabilitation

Acute Exacerbation of COPD

(AECOPD)
Diagnostic Criteria (ATS/ERS 2004)
An event characterized by
* Increase in dyspnea = 3 days
* Increase in sputum volume
and/or purulence = 3 days
* Increase in cough = 3 days

that is beyond normal day-to-day

variability and enough to require a

change in management

+ Call (916) 816-COPD for RRT
COPD Case Manager for advice

+ Call PCP or FNP Navigator
Eur Respir J 2004; 23:932-946

Two criteria
present?

Three criteria
present?

Level 1 Mild AECOPD
» Activate COPD Rescue
Plan at home: Increase

albuterol use + prednisone

* Monitor deterioration and
need for rescue treatment
bv bhone or clinic visit

Level 2 Moderate AECOPD

* Activate COPD Rescue
Plan at home: Increase
albuterol use + prednisone

e Monitor deterioration and
need for rescue treatment
by phone or clinic visit

Level 3 Severe AECOPD

Abbreviations
CXR - chest X-ray
PNA - pneumonia
CHF - heart failure

ABG - arterial blood gas

PE - pulmonary
embolism

MI - myocardial
infarction

PTX - pneumothorax

NIPPV - noninvasive
positive pressure

ventilatinn

* Urgent Activation of COPD
Rescue Plan at home or
hospital: Prednisone +
antibiotics + PRN oxygen

* Proceed to Urgent Care
Clinic or ER to hospitalize

« CXR r/o PNA & VABG

» Consider PNA, PE, MI, PTX

Causes of AECOPD
* Infection (60-65%)
* Air pollution (10%)
» Unknown cause (30%)
Clinical Pearl: 25% of unknown
cases 2° acute PE.
* Viruses (rhinovirus, influenza,
parainfluenza, adenovirus RSV,
coronavirus, human
metapneumovirus), Bacteria
(Haemophilus influenzae,
pneumococcus, pertussis,
Pseudomonas aeruginosa),

Mycoplasma, Chlamydia
Chest 2015: 147:883-893

ABCDEF™

A = Anti-choliner-
gics, Antibiotics

B = SABA, LABA

C =ICS, not
prednisone

D = Daliresp®

E = Education,
Exercise,
Empathy

F = Friends,
Family, Flu shot

Add to

» Smoking cessation

« Pneumovax” +

Prevnar 13®

Acute Respiratory Failure
» Stop NIPPV or CPAP + PEEP
* Intubate with 8 mm ETT
* Mechanical ventilation P/C or V/C,
FiO, 1.0, TV 6 to 8 ml/kg, I:E 1:3 or
1:4, PEEP 5 to 10 cm H,O
* Keep Sp0O2 > 92%

* Monitor for dynamic hyperinflation
& barotrauma * volutrauma

« Monitor PIP and VPplat < 30 cm H,0

* Admit to MICU

* Call (916) 816-COPD if admitted for
RRT COPD Case Manager to
coordinate hospital care






