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Harold.Brown@uky.edu within 48 hours 
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INTRODUCING…

Cheryl Bushnell, MD, MHS
Professor of Neurology, Vice Chair of 

Research, Stroke Division Chief 
Wake Forest University Health   

Sciences, Department of Neurology

Dr. Bushnell completed her neurology residency training, stroke 
research fellowship, and graduate degree in clinical research at Duke 
University. After 6 years on faculty in the Duke Division of 
Neurology, she joined the Neurology faculty at Wake Forest Baptist 
in October of 2007. She was Associate Director of the Women’s 
Health Center of Excellence from 2008-2010, led the WFB Stroke 
Center from October 2010 to June 2018, and has been Vice Chair of 
Research in the Department of Neurology since July 2018. Her 
clinical practice is focused on inpatient and outpatient stroke 
treatment across the continuum. Her research spans women’s issues 
related to stroke, including sex differences, preeclampsia, and a 
registry to study maternal and newborn stroke. Her current focus is 
on novel treatments for post-stroke cognition, and post-discharge 
care for stroke patients. She led the development of a new model of 
care using a nurse practitioner/nurse care team, which was shown to 
decrease 30-day readmissions. She is co-Primary Investigator (PI) of 
COMprehensive Post-Acute Stroke Service (COMPASS) Study, a 
pragmatic clinical trial funded by Patient Centered Outcomes 
Research Institute, which compares an enhanced version of the 
WFBMC post-acute stroke model of care vs usual care in 41 hospitals 
across North Carolina. She is PI of the Western NC StrokeNet
Regional Coordinating Center funded by NIH/NINDS, and co-
Director of the Neuroscience Clinical Trial and Innovation Center at 
WFBMC. 



Cheryl Bushnell, MD, MHS
Professor of Neurology

Vice Chair of Research, Stroke Division Chief
Wake Forest School of Medicine, Winston-Salem, North Carolina

CLOSING THE GAPS IN 
STROKE SYSTEMS OF 
CARE:

THE NORTH CAROLINA
EXPERIENCE IN THE POST-
ACUTE REALM



DISCLOSURE

• Dr. Bushnell has ownership in Care Directions, LLC, 
a new company to commercialize COMPASS-CP, a 
tool to aid in transitional care after discharge.

• Research salary support from PCORI as co-PI for the 
COMPASS pragmatic trial

• Research salary support from AHRQ as co-PI 



• To describe the components of stroke systems of care
• To elaborate on the gaps in the system, particularly 

in the post-acute setting
• To discuss the progress made in North Carolina at 

the state level to address post-acute stroke, with a 
focus on prevention and community resources

OBJECTIVES



STROKE SYSTEMS OF CARE: DOMAINS

Adeoye, et al. Stroke 2019;50:e187-e210 

Settings:

Public domain
Primary care practices The pre-hospital scene



STROKE SYSTEMS OF CARE: DOMAINS

Setting

Emergency department Stroke Unit Outpatient or inpatient 
rehab

Adeoye, et al. Stroke 2019;50:e187-e210 



• Pre-hospital to hospital
• Hospital to community

STROKE SYSTEMS OF CARE: WHERE ARE 
THE GAPS?



YOU ARE DISCHARGING YOUR PATIENT FROM 
THE HOSPITAL.  WHAT COULD GO WRONG?

Medications
o How good is 

medication 
reconciliation?

o Side effects, 
intolerance, how to 
take and how long to 
continue?

o Cost and access?
o Inability to manage 

due to cognitive issues?



YOU ARE DISCHARGING YOUR PATIENT FROM 
THE HOSPITAL.  WHAT COULD GO WRONG?

Follow-up
o Inability to schedule appointments that are timely and 

catered to patients needs
o Lack of primary care provider (PCP)
o Dropped referrals to physical, occupational, speech 

therapy
o Challenges with transportation



YOU ARE DISCHARGING YOUR PATIENT FROM 
THE HOSPITAL.  WHAT COULD GO WRONG?

Blood pressure
o Is the BP stabilized after the acute increases?
o New BP medications or adjustment of existing 

medications in the hospital?
o Does the patient understand BP self-management?



YOU ARE DISCHARGING YOUR PATIENT FROM 
THE HOSPITAL.  WHAT COULD GO WRONG?

Does the patient need supervision?
o Falls, mobility limits
o Cognitive issues not recognized until home
o Changes in social support after discharge



YOU ARE DISCHARGING YOUR PATIENT FROM 
THE HOSPITAL.  WHAT COULD GO WRONG?

Stroke Complications
o UTI
o Dysphagia, inadequate liquid intake, dehydration, ARF
o DVT
o Pneumonia/aspiration
o TIA, new stroke, or extension of prior stroke
o Seizure



STROKE WORKUP COMPLETED?

• Presumed cardioembolic stroke:
o is prolonged cardiac monitoring needed?

• Cryptogenic stroke:
o Further cardiac, vascular, or hypercoagulability testing 

needed?

• Carotid or vertebral stenosis
o Follow-up imaging?



• Lack of integration between hospital and outpatient 
settings
o Different facilities and health systems
o Different providers (primary care or specialist is out of 

network) and ineffective handoffs about the care plan 
post-stroke

o Differences in insurance coverage (many home health 
agencies do not take certain types of insurance)

o Variability in community resources
o Distance between hospital and home—transportation can 

be a major barrier

WHY DO THESE GAPS EXIST?



STROKE SYSTEMS OF CARE 
RECOMMENDATIONS POST-ACUTE CARE

1. Stroke centers should use organized 
approaches to ensure that all patients 
receive appropriate postacute care

2. Stroke centers should adopt approaches to 
secondary prevention that address all major 
modifiable risk factors and are consistent with 
the national guidelines for all patients with a 
history or a suspected history of stroke or TIA.  



STROKE SYSTEMS OF CARE 
RECOMMENDATIONS POST-ACUTE CARE

3. A stroke system should establish support systems to 
ensure that all patients discharge from hospitals and other 
facilities to their homes have appropriate follow-up 
with specialized stroke services when needed and 
primary care arranged on discharge.
4.  To standardize postacute care after stroke discharge, 
stroke centers should comprehensively screen for 
postacute complications, provide individualized 
care plans during the transition of care, provide 
referrals to community services, and reinforce 
secondary prevention and self-management of 
stroke risk factors and lifestyle changes to decrease 
risk of recurrent stroke.



• COMprehensive Post-Acute Stroke Services 
(COMPASS) focuses on integrating inpatient and 
outpatient stroke care with the goal to help the 
stroke survivor on the path to recovery and 
independence

HOW TO ADDRESS THESE GAPS?



OBJECTIVE

• Evaluate effectiveness of 
comprehensive transitional care 
versus usual care on patient-
centered outcomes after stroke or 
TIA.



DESIGN

• Cluster-randomized pragmatic trial
• 40 randomized hospital units in North Carolina
• 6,024 stroke and TIA events (5,882 patients) 

discharged home
• Transitional care was implemented in clinical 

workflow, consistent with CMS policies and 
reimbursement

• Primary outcome: 90-day functional status using 
Stroke Impact Scale (SIS-16)

Duncan, P.W., Bushnell, C.D., Rosamond, et al. (2017). BMC Neurology, 17(133). 



INTERVENTION: A 
COMPREHENSIVE CARE MODEL

Care Team:
o Advanced Practice Provider or 

Physician 
o Post-Acute Care Nurse Coordinator 

Intervention Highlights:
o Digital tool to assess the functional 

and social determinants of self-
management and health

o Individualized care plans:
 Secondary Prevention
 Rehabilitation and Recovery
 Caregiver Support
 Referrals to Community Resources

o Quality performance measures

2 Day Call Clinic Visit 
by day 14 30 Day Call 60 Day Call 

Bushnell, C.D., Duncan, P.W., Lycan, S.L., et al. (2018) 
American Geriatrics Society, 66(5).  



STATISTICAL ANALYSES

• Primary analysis: Intention-to-treat (ITT) compared 
intervention versus usual care using mixed 
linear/logistic regression with random effect for 
hospital

• Pre-specified Per Protocol analyses: Compared 
intervention compliers vs. usual care accounting for 
confounding using instrumental variables

• Adjustment for age, sex, race, stroke severity 
(NIHSS), and diagnosis 

• Inverse probability of ascertainment weights 
accounted for outcome nonresponse



PATIENT CHARACTERISTICS
Intervention

(N=2689)
Usual Care
(N=3193)

Age, mean years (SD) 68.0 (13.8) 66.3 (13.9)

Female sex, % 48.3 51.9

Race, %

White 79.1 67.2

Non-white 20.9 32.8

Diagnosis,  %

Stroke 63.3 64.0

TIA 36.7 36.0

NIH Stroke Scale Score, median 
(IQR)

1 (0-3) 1 (0-3)

Missing 45 120

Duncan, et al.  Circ Cardiovasc Qual
Outcomes 2020



DEFINITION OF COMPASS CARE MODEL 
IMPLEMENTATION

• Follow-up phone call to the patient within two 
business days of discharge from the hospital.

• Follow-up clinic visit within 30* days.
• Receipt of an individualized eCare Plan.

*Note:  CMS requires the follow-up clinic visit to be 
conducted within 14 days of discharge for the visit to 
be reimbursed using the Transitional Care 
Management (TCM) billing code.



• System-level barriers: consistent staffing; 58% of hospitals delivered the 
intervention uninterrupted

• Patient-level barriers: preference to see primary provider, affordability, 
transportation

VARIABLE RECEIPT OF CARE MODEL 
ACROSS HOSPITALS



RESULTS: SIS-16

Outcome
Interventio

n Usual Care

Adjusted ITT 
Treatment Effect 

(95% CI)

Functional status 
(SIS-16)

80.6 ± 21.1 79.9 ± 21.4 0.61
(-1.74 to 2.97)

Linear mixed model included hospital-specific random effect and was 
adjusted for randomization stratum, stroke diagnosis, NIHSS score, 
age, and race.  Inverse probability weights accounted for outcome 
nonresponse.



ITT Results: Secondary 
Outcomes

-0.50 0.50

Stroke Impact Scale 16

Cognition

Self-rated health

Less fatigue

Satisfaction - provider communication

Standardized Estimate
(mean/SD, 95% CI)

-0.25 0 0.25

Outcome

Favors COMPASS Care Model

0.61 (-1.74 to 2.97)

-0.19 (-0.77 to 0.38)

- 0.18 (-1.22 to 0.86)

-0.49 (-3.09 to 2.12)

Mean Difference (95% CI)

0.71 (-0.88 to 2.31)

Satisfaction - care coordination 0.08 (-0.05 to 0.20)

0.5 2.5

Less disability 

Survival to 90 days

Blood pressure monitoring

Medication adherence

No depression

No incident fall

Physical activity (150+ min/wk)

Odds Ratio (95% CI)

1.0 1.5 2.0

Outcome

Favors COMPASS Care Model

0.88 (0.77 to 1.01)

0.97 (0.74 to 1.26)

0.93 (0.79 to 1.09)

1.00 (0.83 to 1.21)

1.04 (0.62 to 1.75)

1.15 (0.78 to 1.68)

1.43 (1.21 to 1.70)

3.0



PRIMARY CONCLUSIONS
• CMS has established priorities and reimbursement 

for TC for complex patients like stroke and TIA.
• Pragmatic design:  realistic measure of TC uptake 

and its impact for stroke and TIA patients as 
delivered in real-world practice within diverse 
health systems and among diverse patients:
o COMPASS TC was not easily incorporated into systems 

of care 
o Only 35% of patients received the intervention

• No significant effect on post-stroke functional 
outcomes compared with usual care

• There were consistent findings of improved BP 
monitoring 

Duncan, et al.  Circ Cardiovasc Qual
Outcomes 2020



IN OTHER WORDS…

• As implemented, a comprehensive care 
model for stroke (COMPASS) within 30 days 
of hospital discharge was not effective.

Why?
Efficacy of the Intervention? 
Challenges in Real-world 

Implementation?



POST-HOC WITHIN HOSPITAL TREATMENT 
EFFECT 

• Overall adherence was low in the intervention 
arm (35%) 

• Usual care was heterogeneous and some 
hospitals may have delivered elements of TC.

• Therefore, we estimated the average within-
hospital treatment effect comparing outcomes in 
treated versus non-treated patients.

• Adjustment for confounding using propensity 
scores.

Duncan, et al.  Circ Cardiovasc Qual
Outcomes 2020



Results: Post-Hoc
A   Primary and Secondary Outcomes

-1.0 1.0

Stroke Impact Scale 16

Cognition

Self-rated health

Less fatigue

Satisfaction - provider communication

Standardized Estimate (95% CI)

-0.5 0 0.5

Outcome

Favors receipt of the COMPASS Care 
Model per protocol

4.26 (2.01 to 6.52)

0.21 (-0.33 to 0.75)

0.66 (-0.66 to 1.99)

1.46 (-1.77 to 4.68)

Mean Difference (95% CI)

3.30 (0.75 to 5.85)

Satisfaction - care coordination 0.25 (0.07 to 0.42)

B   Other Secondary Outcomes

0.5 5.0

Less disability 

Survival to 90 days

Blood pressure monitoring

Medication adherence

No depression

No incident fall

Physical activity (150+ min/wk)

Odds Ratio (95% CI)

1.0 2.0 3.0 4.0

Outcome

Favors receipt of the COMPASS Care Model per protocol

1.22 (0.99 to 1.50)

1.62 (1.19 to 2.21)

1.05 (0.82 to 1.35)

1.33 (0.99 to 1.78)

2.61 (1.17 to 5.84)

1.08 (0.85 to 1.38)

1.38 (1.07 to 1.79)

6.0

Continuous 
Outcomes

Categorical 
Outcomes

Duncan, et al.  Circ
Cardiovasc Qual
Outcomes 2020



QUALITATIVE FINDINGS

• Organizational readiness is critical to implementation:
 Commitment to the care model
 Capacity to implement all of the intervention 

components
 Confidence team can manage politics
 Efficacy to bring about change

• Sites that were “organizationally ready” were able to:
o More quickly initiate implementation
o Address challenges
o Re-design workflow
o Leverage existing relationships

Lutz, et al.  The Gerontologist 2020



QUALITATIVE FINDINGS

Adoption
• Staffing was critical
• Hire PACs and APPs (and back-ups) with the right 

skills:
o Adaptable problem solvers
o Had autonomy and administrative support
o Committed to implementing the model: 
 Communicated value of COMPASS to patients and 

families 
 Saw COMPASS as standard of care

Lutz, et al.  The Gerontologist 2020



QUALITATIVE FINDINGS  

• Strategies to enhance implementation:
 Meet patients pre-discharge whenever possible
 Ensure timely follow-up – 2-day call, clinic visit:

 Develop accurate systems for patient tracking 
 Confirm accuracy of phone numbers for 2-day call
 Allocate sufficient resources 

 Anticipate and identify potential issues with billing
• Tailored links to Community Resources: 
 Can be key for post-discharge support and continuity

“She [community pharmacist] is just an 
abundance of knowledge in all the different 

resources.”
Lutz, et al.  The Gerontologist 2020



• Partner with the Stroke Advisory Council and the 
Justus Warren Heart Disease and Stroke Task Force

• Incorporated post-acute care resources from 
COMPASS into the State Systems of Care Plan with 
link to the COMPASS website.

COMPASS IMPACT IN NC



• NC Stroke Advisory Council
o Established in 2006 to advise the Justus-Warren Heart 

Disease and Stroke Prevention Task Force on the 
development of a statewide system of stroke care

o Members are appointed and represent multiple state and 
national professional societies

• NC Stroke System of Care developed in 2019
o Stroke Prevention
o Stroke Care
o Post-Stroke Care
o Advocacy

NC STROKE SYSTEMS OF CARE



COMMUNITY RESOURCES

• A statewide community resource network was 
assembled for each hospital in COMPASS
o Includes support groups, pharmacy services, home health 

agencies, YMCAs, Senior Services, Transportation 
Services, and Community Centers

o List of potential services linked to patient care plan by 
patient’s zip code

• Link from Stroke Systems of Care to COMPASS 
website



• Numerous resources are now freely available 
on the website:

o Patient Educational Materials
o Community Resource Directory
o Training Videos and Materials

• For website tutorials, contact:

Meghan Radman
mradman@wakehealth.edu

COMPASS Website 

https://www.nccompass-study.org/

mailto:mradman@wakehealth.edu
https://www.nccompass-study.org/


LINKS TO PARTNER EDUCATIONAL 
MATERIALS

• AHA/ASA

Support Network You’re the Cure Let’s Talk about 
Stroke

• Mayo Clinic – Self-Monitoring Blood Pressure Video
• CMS Medicare – Hospital Compare
• National Stroke Association – Careliving Guide
• Minority Women Health Alliance/Triangle Stroke



POST-ACUTE COORDINATOR (PAC) 
RESOURCES

Pre-Discharge: Identification and Notification:
o Identification of Stroke and TIA Patients
o Initiation of Patient Contact during Enrollment Process
o Notifying patient of COMPASS standard of care

Post-Discharge:
o Completion of Two-Day Follow-Up Call
o Completion of 7-14 Day Visit
o Completion of the 30-Day Call and 60-Day 

Call



ADVANCED PRACTICE PROVIDER 
(APP) RESOURCES
• 7-14 Day Clinic Visit:

o Post-Stroke Functional Assessment
o Stoke Caregiver Assessment
o Handoff Report between PAC and APP 
o APP Assessment
o Care Plan 
o Referrals to Community Resources 



HOME HEALTH AND OUTPATIENT (HHOP) 
REHABILITATION RESOURCES

• Training for HHOP Rehabilitation Teams:
o Training Grid – HHOP Therapy
o Training Log
o OP Quality Metrics
o HH Quality Metrics

• Resources for HHOP Providers



PRIMARY CARE PHYSICIAN (PCP)
AND PHARMACIST RESOURCES
• How to Access Patient’s Care Plan
• PCP and patient resources
• Provider and Patient Handouts
• Pharmacy and Medication Adherence
• Pharmacy Locator: Community Pharmacy Enhanced Services 

Network
• COMPASS Training Webinars 

for PCPs and Pharmacists



TOOLKIT FOR PATIENTS AND 
CAREGIVERS



OTHER RESOURCES

• Webinars and Training Videos
• Stroke Facts and Figures
• Study Overview
• Study Results
• Publications
• COMPASS-CP
• Community Resource Networks
• Research Team



COMPASS STUDY TEAM



SUMMARY

• Stroke Systems of Care includes the continuum from 
the scene of the stroke and circles back to their 
reintegration to the community

• The largest gaps include the transitions from 
hospital to home and rehab to community

• COMPASS addresses these gaps, but implementation 
of this integrated model is challenging in today’s 
healthcare world—more work is needed!

• State-based Stroke Systems of Care can be a great 
resource for hospitals and clinics to reduce gaps in 
the post-acute realm
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