
Journal of the American Heart Association

J Am Heart Assoc. 2021;10:e023394. DOI: 10.1161/JAHA.121.023394� 1

 

ORIGINAL RESEARCH
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BACKGROUND: Mortality and hospital readmission rates may reflect the quality of acute and postacute stroke care. Our aim was 
to investigate if, compared with usual care (UC), the COMPASS-TC (Comprehensive Post-Acute Stroke Services Transitional 
Care) intervention (INV) resulted in lower all-cause and stroke-specific readmissions and mortality among patients with minor 
stroke and transient ischemic attack discharged from 40 diverse North Carolina hospitals from 2016 to 2018.

METHODS AND RESULTS: Using Medicare fee-for-service claims linked with COMPASS cluster-randomized trial data, we per-
formed intention-to-treat analyses for 30-day, 90-day, and 1-year unplanned all-cause and stroke-specific readmissions and 
all-cause mortality between INV and UC groups, with 90-day unplanned all-cause readmissions as the primary outcome. 
Effect estimates were determined via mixed logistic or Cox proportional hazards regression models adjusted for age, sex, 
race, stroke severity, stroke diagnosis, and documented history of stroke. The final analysis cohort included 1069 INV and 
1193 UC patients (median age 74 years, 80% White, 52% women, 40% with transient ischemic attack) with median length of 
hospital stay of 2 days. The risk of unplanned all-cause readmission was similar between INV versus UC at 30 (9.9% versus 
8.7%) and 90 days (19.9% versus 18.9%), respectively. No significant differences between randomization groups were seen in 
1-year all-cause readmissions, stroke-specific readmissions, or mortality.

CONCLUSIONS: In this pragmatic trial of patients with complex minor stroke/transient ischemic attack, there was no difference in 
the risk of readmission or mortality with COMPASS-TC relative to UC. Our study could not conclusively determine the reason 
for the lack of effectiveness of the INV.

REGISTRATION: URL: https://www.clini​caltr​ials.gov; Unique identifier: NCT02588664.
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Approximately 795 000 people have a new or re-
current stroke in the United States each year.1 
Stroke is the fifth leading cause of death in the 

United States, accounting for over 142  000 deaths 
each year. Mortality is 10.5% in the first 30  days 
post stroke and 21.2% within the first year.2 Hospital 
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readmission rates are high in the first 30 days; in the 
United States between 2010 and 2015, 30-day all-
cause readmission rates were 13.7% among patients 
with intracerebral hemorrhage and 12.4% among pa-
tients with ischemic stroke.3

Stroke and transient ischemic attack (TIA) are com-
plex chronic conditions, and survivors report many 
unmet needs and high rates of comorbidity, leaving 
them vulnerable to complications, poor risk factor 
management, medication nonadherence, and resid-
ual disability.1,4–6 Coordination of transitional care (TC), 
which includes hand-offs from inpatient to outpatient 
providers and between primary care and specialty 
providers, is vital to the management of modifiable risk 
factors, reduction in adverse events, and improvement 
of patient well-being.7–9 However, in the United States, 
≈45% of all stroke patients and 65% of those under the 
age of 65  years receive no postacute care services, 
including inpatient or outpatient rehabilitation, ambu-
latory care visits, or other community services.10 Poor 
coordination of transitional and postacute care for 
complex patients, such as stroke patients, increases 
the risk of hospital readmission and costs the US 
healthcare system $58 billion each year.7,11,12

The Centers for Medicare and Medicaid Services 
(CMS), which oversees US public health insurance 
programs including Medicare (for people aged 65 and 
older and eligible younger people with disabilities) and 
Medicaid (for low-income Americans), implemented 
national policies and reimbursement models to im-
prove access to and quality of TC.8 However, use of 
TC models remains low,9 and evidence of their effec-
tiveness for reducing hospital readmissions and mor-
tality has not been established.13–15 The latest update 
to the American Heart Association/American Stroke 
Association’s Stroke Systems of Care Policy Statement 
recommends establishment of support systems to en-
sure appropriate follow-up, with appointments sched-
uled with primary care before discharge and with 
specialty care as needed to optimize secondary pre-
vention and access to rehabilitation.16

A comprehensive TC approach to managing stroke 
patients discharged home from the hospital is critical 
given their comorbidities, risk for complications, and 
their need to navigate care in multiple, unintegrated 
healthcare settings. An early model of comprehensive 
TC in 1 tertiary comprehensive stroke service provided 
by an advanced practice provider and a nurse coor-
dinator showed that 30-day readmissions could be 
reduced by nearly 50% for patients with stroke who 
attended the clinic.17 Building on this evidence, we de-
signed the COMPASS-TC (Comprehensive Post-Acute 
Stroke Services Transitional Care) intervention, which 
included a postacute care pathway follow-up with the 
advanced practice provider and nurse coordinator in 
clinic within 7 to 14 days post discharge, an individu-
alized electronic care plan, and referral to community 
services.18

Here we present 30-day, 90-day, and 1-year all-
cause and stroke-specific readmission rates and 1-
year all-cause mortality among patients with stroke and 

CLINICAL PERSPECTIVE

What Is New?
•	 Here we present 30-day, 90-day, and 1-year 

all-cause and stroke-specific readmission rates 
and 1-year all-cause mortality among patients 
with stroke and transient ischemic attack dis-
charged home from 40 diverse hospitals par-
ticipating in the COMPASS (Comprehensive 
Post-Acute Stroke Services) study, one of the 
first large-scale pragmatic clinical trials of tran-
sitional care in the United States.

•	 The risk of all-cause readmission, stroke-
specific readmission, and mortality was similar 
between intervention and usual care arms at all 
time points.

•	 Comparison of our findings with other stroke tran-
sitional care interventions is limited, as few stud-
ies have been conducted in the United States, 
and even fewer have included readmission as an 
outcome or stroke severity as a covariate.

What Are the Clinical Implications?
•	 In the overall cohort, patients with mild stroke 

and transient ischemic attack remained at a 
substantial risk of readmission within 1 year.

•	 Despite strong implementation monitoring, up-
take of the intervention was low, suggesting that 
not all acute care hospitals are prepared to be 
the hub for transitional care.

•	 Further research should evaluate the best sys-
tems to manage extended transitional care.

Nonstandard Abbreviations and Acronyms

CMS	 Centers for Medicare and 
Medicaid Services

COMPASS	 Comprehensive Post-Acute 
Stroke Services

COMPASS-TC	 Comprehensive Post-Acute 
Stroke Services Transitional 
Care

FFS	 fee-for-service
INV	 intervention
TC	 transitional care
TIA	 transient ischemic attack
UC	 usual care
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TIA discharged home from 40 diverse North Carolina 
hospitals participating in the COMPASS study.

METHODS
Study Design and Population
The rationale, design, and primary results of the 
COMPASS study have been published.18,19 Briefly, 
COMPASS was a cluster-randomized trial of the ef-
fectiveness of the COMPASS-TC intervention (INV) 
compared with usual care (UC). All acute care hospi-
tals in North Carolina were eligible and were invited to 
participate if they had an emergency department that 
treated patients with stroke and could identify patients 
with stroke and TIA concurrent with care. Among 95 
eligible hospitals, 41 agreed to participate. These were 
randomized as 40 units because of shared staff for 2 
hospitals.18–20 Randomization of hospital units to INV 
or UC was stratified by annual discharge volume of pa-
tients with stroke and primary stroke center certifica-
tion status. Assignment was implemented centrally by 
a study statistician. Thirty-nine hospitals completed at 
least 12 months of participation between July 2016 and 
March 2018. One hospital enrolled no patients and was 
excluded from analyses. Hospitals enrolled 6024 adult 
patients with stroke and TIA discharged home from 
2016 to 2018. COMPASS-TC involved patient-centered 
engagement before and after hospital discharge and 
assessed social and functional determinates of health 
to inform postacute care planning.18 Patient enrollment 
began after each hospital was randomized and their 
staff were trained. Details on COMPASS-TC, as well 
as staff training at INV and UC hospitals, have been 
published.18,19,21

Institutional review board approval was granted 
through the Wake Forest Baptist Health central in-
stitutional review board or through local hospital in-
stitutional review boards. The study met criteria for 
a waiver of consent and Health Insurance Portability 
and Accountability Act authorization; therefore, eligible 
patients were enrolled at hospital discharge without 
consent. At 90 days post discharge, patients or their 
proxies provided verbal informed consent over the tele-
phone for collection of outcomes.18 The trial was peri-
odically reviewed by an independent Data and Safety 
Monitoring Board. The data that support the findings of 
this study are available from the corresponding author 
in accordance with the Patient-Centered Outcomes 
Research Institute Policy for Data Access and Sharing.

Data Linkages
Using indirect identifiers, we linked COMPASS data 
with CMS Medicare healthcare use claims for ben-
eficiaries enrolled in traditional CMS Medicare fee-
for-service programs during the years 2016 to 2019. 

Participants enrolled in Medicare Advantage (MA) were 
not included owing to the inability to obtain individual-
level claims for services provided under this healthcare 
financing program.22 Matching protocols are described 
next.

CMS Medicare Claims

We used sex, date of birth, and dates of admission and 
discharge from inpatient care available from both the 
COMPASS Study data and CMS Master Beneficiary 
Summary File and the Inpatient and Outpatient claims 
to perform a series of deterministic linkages.23 The 
Master Beneficiary Summary File contains data on 
all Medicare enrollees each year (eg, age, sex, race, 
county, whether the beneficiary was dually enrolled 
in Medicaid, and other enrollment information).24 We 
used the hospital’s unique CMS Certification Number, 
equivalent to provider number found in Medicare inpa-
tient claims, to limit all matching protocols to claims for 
services provided in hospitals enrolled in COMPASS. 
Linkages exact on the 4 unique identifiers were con-
sidered a match. In subsequent linkages, conducted 
using remaining records, dates of service between 
COMPASS and Medicare claims were allowed to vary 
in a graded pattern by ±3 days and dates of birth were 
allowed to vary by 1 of the 3 date elements (day, month, 
year). Matches were reviewed by 2 investigators, 
using admission status, International Classification of 
Diseases, Tenth Revision (ICD-10) inpatient diagnostic 
codes, race, and zip code (as needed) as verification 
variables. Admission status was defined as inpatient 
admission or observation stay. A third reviewer adjudi-
cated discrepancies.

Outcomes
The primary prespecified outcome of the COMPASS 
trial, as outlined on clini​caltr​ials.gov, was functional 
status; analyses of this outcome and other prespeci-
fied outcomes have been published.19 All outcomes re-
ported here are key, prespecified secondary outcomes 
of the COMPASS trial.

1.	 Thirty- and 90-day all-cause readmissions were 
defined as an inpatient admission or admission 
under observation status to any acute care facility 
within 30 or 90  days of the discharge date of the 
index admission.25 We excluded planned inpatient 
readmissions for procedures not associated with 
a recurrent stroke, including carotid endarterec-
tomy, carotid stenting, percutaneous carotid stent-
ing, intracranial and intervertebral stenting, patent 
foramen ovale closure, ablation, aortic or mitral 
valve replacement, and cranioplasty identified by 
ICD-10 procedure codes in which acute stroke 
was not also listed as the primary discharge 
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diagnosis code (suggesting the readmission was 
because of recurrent stroke). Observation stays 
were identified from outpatient claims using the 
G0378 and G0379 Healthcare Common Procedure 
Coding System codes.

2.	Time to hospital readmission over 1  year was de-
fined as described except planned inpatient read-
missions were included to be consistent with prior 
1-year readmission methods and analyses.25

3.	Time to stroke-related readmission was defined as 
time to admission for stroke (inpatient or obser-
vation stay) to a nonfederal, acute care hospital. 
Readmissions for stroke were identified using the 
primary discharge diagnosis ICD-10 codes associ-
ated with cerebral infarction (I63.0–I63.9), subarach-
noid hemorrhage (I60.0–I60.9), and intracerebral 
hemorrhage (I61.0–I61.9).

4.	Time to death from any cause included deaths re-
corded in the North Carolina State Death Index or 
Master Beneficiary Summary File that occurred 
within 1 year of index discharge.

Analysis Cohort
The analysis cohort included COMPASS patients 
linked with CMS Medicare enrollment data identified as 
having FFS Medicare coverage at baseline (N=2262, 
1069 INV, 1193 UC), including those dually enrolled in 
FFS Medicare and Medicaid (n=313, 13.8%). For the 
analysis of incident 30- and 90-day readmissions, we 
excluded patients without continuous FFS coverage 
throughout the risk period (ie, 30 or 90 days from index 
discharge) and included those who died within the risk 
period (Figure). Individuals who died without a qualify-
ing readmission were treated as not having had a re-
admission. Individuals readmitted before death were 
treated as having had a readmission.

Statistical Analysis
Intention-to-treat analyses compared readmission and 
mortality outcomes between the INV (N=1069) and 
UC (N=1193) groups. Binary end points (30- and 90-
day readmission) were analyzed using mixed logistic 
regression models that included a hospital-specific 
random intercept, a hospital-level treatment variable, 
and patient-level baseline characteristics including di-
agnosis type (stroke versus TIA), National Institutes of 
Health Stroke Scale score (0, 1–4,>4), race (White ver-
sus people of color), age, sex, prior stroke, and prior 
TIA. Analyses of recurrent hospitalization end points 
(all cause and stroke specific) were based on cause-
specific hazard models, which censored patients 
at the time of death or loss of coverage. Recurrent 
event analyses where performed using the Prentice, 
Williams, and Peterson model26 and adjusted for 

covariates listed previously. Correlation between event 
times within a hospital unit was accounted for using a 
robust sandwich estimator for the covariance of model 
parameter estimates. One-year mortality was analyzed 
using the approach of Wei et al, which specifies a Cox 
proportional hazards model for the marginal distribu-
tion for the event times and accounts for correlation 
between event times within a hospital unit using a ro-
bust sandwich estimator for covariance of model pa-
rameter estimates.27

To account for missing data in covariates (ranging 
from 0.04%–7.5%; Table  1), we used multiple impu-
tation by chained equations to impute 100 complete 
data sets. These were then analyzed as described, 
and results were combined using standard methods.28 
P values were evaluated against a significance level of 
5%. Sensitivity analyses were performed to evaluate 
the robustness of findings to the multiple imputation 
procedure and covariate adjustment set, details of 
which have been published.29

Additional details of the prespecified statistical 
methods can be found in the Statistical Analysis Plan 
on clini​caltr​ials.gov.

RESULTS
The final analysis cohort included 1069 patients from 
19 INV hospitals and 1193 patients from 20 UC hos-
pitals (Figure). Hospital characteristics were similar 
between study arms (Table 2), although more patients 
from metropolitan areas were enrolled at UC hospitals 
(1010 of 1193 or 84.7% versus 590 of 1069 or 55.2% in 
INV), and more patients from rural areas were enrolled 
at INV hospitals (124 of 1069 or 11.6% versus 8 of 1193 
or 0.7% in UC). With regard to patient characteristics 
(Table 1), there was a smaller proportion of women in 
the INV arm (49.1% versus 54.7% in UC), and there 
were more White patients in the INV arm (85.7% ver-
sus 76.6% in UC). There were no notable differences 
in stroke diagnoses, stroke severity, comorbidities, or 
referrals to rehabilitation between groups.

In intention-to-treat analysis, 19.9% of INV and 
18.9% of UC patients experienced at least 1 all-cause 
readmission at 90 days, with an odds ratio (OR) of 1.10 
(95% CI, 0.85–1.41), after adjustment for age, sex, race, 
stroke severity, stroke diagnosis, history of stroke, and 
history of TIA (Table 3). We observed no differences in 
the proportion and adjusted ORs of 30-day (9.9% in INV 
versus 8.7% in UC; OR, 1.20; 95% CI, 0.83–1.74) or 1-
year all-cause readmissions (45.5% INV versus 43.2% 
UC; OR, 1.06; 95% CI, 0.95–1.77) between groups.

We found that 3.6% of INV and 2.0% of UC patients 
were readmitted with a primary stroke diagnosis at 
90 days, and 1.5% versus 1.4% at 30 days, respec-
tively. Within 1 year, 6.2% of INV patients and 5.2% of 
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UC patients experienced a recurrent stroke (adjusted 
OR, 1.26; 95% CI, 0.90–1.77); differences were not 
statistically significant.

There were no differences between randomization 
groups in the risk of 1-year mortality (8.5% INV versus 
8.8% UC; OR, 0.93; 95% CI, 0.68–1.26).

As is shown in Table 4, the most common diagno-
ses for initial 90-day readmission were cerebrovascular 
(21% UC versus 28% INV) followed by circulatory–
cardiopulmonary (8% UC versus 10% INV). There 
were no major differences in reasons for all-cause 
readmissions.

Figure.  Flow of COMPASS patients included and excluded from analysis of FFS Medicare claims.
COMPASS indicates Comprehensive Post-Acute Stroke Services; COMPASS-TC, Comprehensive Post-Acute Stroke Services 
Transitional Care; eCare Plan, electronic care plan; FFS, fee-for-service; INV, intervention; ITT, intention-to-treat; NC, North Carolina; 
and UC, usual care.
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DISCUSSION
In this claims-based analysis of the COMPASS trial, 
we found the risk of all-cause readmission, stroke-
specific readmission, and mortality similar between 
COMPASS-TC and usual care at all time points. Yet, in 
the overall cohort we note that patients with stroke and 
TIA discharged home are vulnerable because they are 
at a substantial risk of readmission within 1 year.

Comparison with other stroke TC interventions is 
limited because few studies were performed in the 
United States and even fewer included readmission as 
an outcome. The most common outcomes are physi-
cal function, disability, and quality of life.15,30 However, 
the Cochrane Collaboration review of all early sup-
ported discharge trials showed that of the 7 trials (918 
patients) with data on hospital readmissions, rates 
were similar in early supported discharge (31%) and 
the UC (28%) groups.31 TC interventions to prevent 
readmissions have also shown mixed results when 
implemented for other high-risk conditions, such as 
chronic obstructive pulmonary disease,32 congestive 
heart failure,33 and high-risk older adults.34,35

Despite the low severity of patients in this study 
(mean initial National Institutes of Health Stroke 
Scale score=1 and one third of the patients had TIA), 
about 9%, 20%, and 45% were readmitted within 
30 days, 90 days, and 1 year, respectively. According 
to data from the nationally representative National 
(Nationwide) Inpatient Sample, the largest all-payer 
inpatient care database in the United States, the 
30-day all-cause readmission rate for stroke was 
12.1% based on data from 2013.36 A study of 2013 
to 2014 Medicare FFS patients with ischemic stroke 
discharged to home health services experienced a 
30-day readmission rate of 8.8% and a 90-day read-
mission rate of 18.2%.37 Our 1-year readmission rates 
are consistent with the Swedish Stroke Register, 
which reported that ≈44% of patients with ischemic 
stroke were readmitted in the first year.38 Similarly, a 
claims-based study from Taiwan that explored the 

Table 1.  Baseline Patient Characteristics of Medicare FFS 
COMPASS Patients, by Study Arm

Patient characteristic
Intervention 
(N=1069)

Usual care 
(N=1193)

Age, y, mean (SD) 74.9 (10.2) 73.9 (10.5)

Female sex, n (%) 525 (49.1) 652 (54.7)

White race, n (%) 912 (85.7) 905 (76.6)

Missing 5 11

Urban-rural classification of patient residence, n (%)

Metropolitan (population 
≥50 000)

584 (54.7) 937 (78.5)

Micropolitan (population 
10 000–49 999)

303 (28.4) 179 (15.0)

Small town or rural 
(population <10 000)

181 (17.0) 77 (6.5)

Missing 1 0

Stroke diagnosis, n (%)

Stroke 648 (60.6) 702 (58.8)

TIA 421 (39.4) 491 (41.2)

Aphasia at presentation, 
n (%)

236 (22.1) 305 (25.6)

National Institute of Health Stroke Scale score, n (%)

0 417 (39.3) 436 (37.9)

1–4 494 (46.6) 552 (47.9)

5–15 135 (12.7) 142 (12.3)

16–42 15 (1.5) 22 (1.9)

Missing 8 41

Medical history and comorbidity, n (%)*

Hypertension 849 (79.4) 945 (79.2)

Diabetes 363 (34.0) 419 (35.1)

Prior stroke 229 (21.4) 276 (23.1)

Prior TIA 131 (12.3) 148 (12.4)

Atrial fibrillation or flutter 204 (19.1) 215 (18.0)

Heart failure 99 (9.3) 131 (11.0)

Coronary artery disease 267 (25.0) 280 (23.5)

Depression 97 (9.1) 149 (12.5)

Smoking in past year 143 (13.4) 178 (14.9)

Body mass index (kg/m2), 
median (IQR)

27.7 (24.2–31.3) 27.0 (23.7–31.2)

Missing 112 57

Admission status, n (%)

Inpatient 835 (78.1) 943 (79.0)

Emergency department 27 (2.5) 52 (4.4)

Observation status 206 (19.3) 198 (16.6)

Unknown 1 (0.1) 0 (0.0)

Hospital length of stay, 
median (IQR)†

2 (1–3) 2 (1–3)

Ambulatory status at discharge, n (%)

Ambulate independently 983 (93.8) 1104 (93.8)

With assistance 22 (2.1) 20 (1.7)

Unable to ambulate 43 (4.1) 53 (4.5)

Missing 21 16

 (Continued)

Patient characteristic
Intervention 
(N=1069)

Usual care 
(N=1193)

Rehabilitation needed at 
discharge, n (%)

463 (47.0) 459 (40.2)

Missing 83 52

Home health referral at discharge, n (%)

Occupational therapy 139 (14.1) 154 (13.5)

Physical therapy 286 (29.0) 299 (26.2)

Speech therapy 78 (7.9) 62 (5.4)

COMPASS indicates Comprehensive Post-Acute Stroke Services; FFS, 
fee-for-service; IQR, interquartile range; and TIA, transient ischemic attack.

*Abstracted from medical record by hospital nursing staff.
†Defined among patients with inpatient admission.

Table 1.  (Continued)
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relationship between initial stroke severity and risk 
of readmission found that 34% of patients with mild 
stroke were readmitted 1 year after discharge.38

Overall in intention-to-treat analyses, we found no 
differences in readmission rates, both all-cause and 
owing to recurrent stroke, and no difference in 1-
year mortality between INV and the UC arms. These 
findings were not surprising given that only 34% of 
Medicare FFS patients in the INV arm attended the fol-
low-up clinic visit to receive the comprehensive elec-
tronic care plan within 1 month of hospital discharge.19 
This low uptake was in spite of phone contact with 
patients 2  days after discharge to confirm appoint-
ments, consistent central implementation monitoring, 
regular contact with providers at each INV hospital, 
with quality reports on key metrics, and site-specific 
support from the clinical coordinating center.39 In 
line with the COMPASS study’s highly pragmatic de-
sign, COMPASS-TC was integrated into patient care 

without additional staff resources provided to hospi-
tals.18,21 Similar to the CMS Community-based Care 
Transitions Program—another real-world transitional 
care study—only half of hospitals staffed follow-up 
clinics adequately for uninterrupted delivery of the in-
tervention.40 Indeed, despite this low rate of uptake, 
receipt of COMPASS-TC (35%) was higher than TC 
management among Medicare beneficiaries nation-
wide for any condition (7% in 2015).13 In addition, our 
baseline hospital survey described significant hospital 
variation in meeting TC management requirements be-
fore study launch.41

In quantitative and qualitative implementation anal-
yses, we noted multiple factors that characterized 
successful hospital implementation and delivery of the 
intervention, which included organizational readiness 
at the hospital level and consistent buy-in from billing 
providers and nurses who treated the INV as their stan-
dard of care rather than a research study.39,42 These 

Table 2.  Hospital Characteristics of Medicare FFS COMPASS Patients, by Study Arm

Hospital characteristic Intervention (N=1069) Usual care (N=1193)

No. of hospital units 19 20

Joint Commission Primary Certified Stroke Center, n (%) 867 (81.1) 908 (76.1)

Any academic affiliation, n (%)* 276 (25.8) 518 (43.4)

Hospital geographic location, n (%)

Central piedmont 530 (49.6) 536 (44.9)

Western 384 (35.9) 230 (19.3)

Eastern 155 (14.5) 427 (35.8)

Urban-rural classification of hospital, n (%)

Metropolitan (population ≥50 000) 590 (55.2) 1010 (84.7)

Micropolitan (population 10 000–49 999) 355 (33.2) 175 (14.7)

Small town or rural (population <10 000) 124 (11.6) 8 (0.7)

Annual stroke discharge volume, n (%)

<100 patients 83 (7.8) 65 (5.5)

100–299 patients 349 (32.7) 550 (46.1)

300+ patients 637 (59.6) 578 (48.4)

COMPASS indicates Comprehensive Post-Acute Stroke Services; and FFS, fee-for-service.
*Includes limited, graduate, and major (vs none).

Table 3.  Risk of Unplanned All-Cause Readmissions, Stroke-Specific Readmissions, and Mortality Following Discharge 
Home

Outcome

No. (%) experiencing the event*

Estimand
Treatment effect† 
(95% CI)Intervention Usual care

30 d all-cause unplanned readmissions† 105 (9.9) 103 (8.7) Odds ratio 1.20 (0.83–1.74)

90 d all-cause unplanned readmissions‡ 210 (19.9) 222 (18.9) Odds ratio 1.10 (0.85–1.41)

1-y all-cause readmissions 485 (45.4) 516 (43.3) Hazard ratio from recurrent events model 1.06 (0.95–1.77)

1-y stroke readmission 67 (6.3) 62 (5.2) Hazard ratio from recurrent events model 1.26 (0.90–1.77)

1-y mortality 91 (8.5) 105 (8.8) Hazard ratio 0.93 (0.68–1.26)

Models adjusted for age (quadratic), sex, race, stroke severity, stroke diagnosis, history of stroke, history of transient ischemic attack.
*N (%) shown represent the number of patients with at least 1 qualifying event over follow-up.
†N=10 excluded because of loss of coverage within the 30-d risk period.
‡N=32 excluded because of loss of coverage within the 90-d risk period.
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findings are a critical contribution of our trial overall and 
suggest that not all acute care hospitals are prepared 
to be the hub for TC.

The importance of timing of readmission was 
best illustrated in a large claims database analysis of 
all-cause risk-standardized readmission rates for pa-
tients discharged with acute myocardial infarction, 
heart failure, and pneumonia.43 Hospital-level variation 
in readmissions was highest in the first 5 to 7 days, 
suggesting that quality of the discharge and early fol-
low-up attributable to the hospital is likely related to 
these early readmissions. The study also noted that, 
with adjustment for location and median household 
income, there was essentially no variation between 
hospital readmission rates between 7 and 90  days 
post discharge. Recognizing the importance of these 
patient characteristics and the timing of readmission, 
we chose 90-day readmission rate as our primary 
claims-based outcome. As described in our publi-
cation of the primary, non-claims-based outcomes 
from this trial, the focal point of the intervention was 
a care plan generated from a functional assessment 
that incorporated geodemographic (eg, transportation 
challenges) and income factors (eg, access to medi-
cations).19 The assessment, therefore, provided insight 
into the social and functional determinants specific to 
the patient with stroke and caregiver and allowed cre-
ation of an individualized care plan that would provide 
referrals to address these factors (eg, sources for free 
medications or transportation services). Ultimately, this 
study could not conclusively determine if the lack of 
effectiveness of the intervention was attributable to 
the characteristics of the intervention itself or its inade-
quate implementation.

The most common risks for preventable all-cause 
readmission within 30  days after discharge from the 
acute stroke hospital stay have been well documented, 
and our findings were similar.25 Shown in Table 4, in this 
cohort of patients with mild stroke or TIA, the reasons 
for readmission were most commonly cerebrovascular, 
followed by cardiopulmonary circulatory diagnoses, 
with a nonsignificant trend for more frequent ICD-10 
codes representing these conditions in the INV arm 
compared with UC. The reasons for readmission vary 
across studies, but recurrent stroke is often one of the 
most common readmission diagnoses and was in our 
study as well.17,36,38,44

Given the many negative trials of TC interventions to 
reduce readmissions, as well as the finding that many 
poststroke readmissions may be preventable, it may 
be time to look at causes of readmissions through a 
different lens.36 A systematic review identified mul-
tiple root causes of readmissions. These included 
organizational—integrated care (lack of resources 
for outpatient care, coordination and communication 
problems); organizational—hospital department level 
(poor clinical care before discharge at the patient level); 
human behavior—care provider (lack of skills and 
knowledge leading to poor clinical decision-making); 
human behavior—informal caregiver (inadequate sup-
port); patient—self-management (incorrect behavior 
such as nonadherence, misuse of medication, etc); 
and patient—disease (unexpected complications re-
lated to disease progression, comorbidity, or severity 
of illness). Consideration of these categories provides 
a contextual framework for hospital readmission analy-
ses and may encourage investigators to consider fac-
tors beyond hospital characteristics in identifying root 
causes of readmissions (eg, electronic health record 
capture of patient-reported outcomes) to develop truly 
effective preventive strategies.

Hospital readmission rates are a priority for health 
systems because this metric is used to evaluate value-
based programs and align payment with quality. It has 
continued despite changes in health care adminis-
trations. Given the dramatic impact that the Hospital 
Readmission Reduction Program has had on the hos-
pitals’ approach to 30-day readmissions,45 changing 
the focus to postacute care extending well beyond 
30 days and incentivizing health systems to promote 
more patient-centered outcomes is important.

Despite the clear challenges with delivery of the 
intervention, this analysis of the readmissions and 
mortality outcomes in the COMPASS study has im-
portant strengths. First, this analysis included all in 
the COMPASS study who were successfully matched 
with their CMS Medicare claims data; therefore, pa-
tients who were lost to follow-up for the nonclaims 
90-day outcomes in the COMPASS study could 
be included in this analysis without missing data.19 

Table 4.  Causes of 90-Day Readmission by International 
Classification of Diseases, Tenth Revision (ICD-10) 
Diagnosis Group

Intervention 
(N=210)

Usual care 
(N=222)

n % n %

Circulatory system

Cerebrovascular 58 27.6 46 20.7

Heart/lung disease 21 10.0 18 8.1

Hypertension 11 5.2 10 4.5

Digestive system 14 6.7 17 7.7

Injury 10 4.8 16 7.2

Genitourinary system/
kidney disease

10 4.8 15 6.8

Respiratory system 17 8.1 6 2.7

Infections 10 4.8 13 5.9

Endocrine/nutritional/
metabolic

8 3.8 10 4.5

Nervous system 7 3.3 6 2.7

Other 44 21.0 65 29.3
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Second, we supplemented claims data with key clin-
ical characteristics—including initial stroke severity—
collected as part of the trial at hospital discharge and 
at 90 days. Stroke severity is commonly missing from 
claims-only analyses and a major limitation when es-
timating outcomes.25,36 Finally, although this analysis 
cohort was not as large as other claims-based cohorts, 
our sample size was larger than any other randomized 
controlled trials of interventions for TC.15,30

This study had limitations. First, about 50% of the 
patients enrolled in COMPASS had private insurance, 
were enrolled in Medicaid or MA (Medicare benefits 
through a private-sector insurer), or lacked insurance 
entirely and could not be included in this analysis that 
leveraged only Medicare FFS claims. Limiting analyses 
to Medicare FFS patients, with the exclusion of patients 
with other insurance types, reduced our generalizabil-
ity to older adults with FFS insurance. Approximately 
98% of US individuals aged ≥65  years receive either 
Medicare fee-for-service (FFS) or MA insurance. The 
latter was developed to provide Medicare beneficiaries 
with a choice of potentially cost-saving health insurance 
in addition to the traditional FFS programs. However, 
MA plans began submitting to CMS Medicare encoun-
ter data only in 2012,46 and those data were not avail-
able for research purposes at the time of this study. 
During the time of the COMPASS study (2016–2018), 
approximately two thirds of Medicare beneficiaries were 
enrolled in Medicare FFS and one third in MA.47 There 
may be concerns regarding differences in patients with 
FFS versus MA. Compared with FFS, enrollment in MA 
initially favored healthier beneficiaries,48 leading to differ-
ences in outcomes such as mortality, which has been 
greater among FFS beneficiaries.49 However, national 
survey data suggest that FFS and MA beneficiaries are 
now similar in terms of demographic and comorbidity 
characteristics but differ in their experiences with the 
health care system.50 Therefore, we believe our results 
may be generalizable to the MA population. Finally, 
given the challenges we experienced in encouraging 
patients to attend the follow-up clinic visit within the tar-
get of 14 days post discharge, the intervention may not 
have been delivered prior to readmission.

CONCLUSIONS
In conclusion, a pragmatic trial of a comprehensive TC 
intervention for patients after minor stroke or TIA did 
not reveal a significant reduction in readmissions or 
mortality. Further research might lead to more defini-
tive outcomes if the root causes of readmissions were 
identified and reported, TC models were intently fo-
cused on the complexity of all strokes, including minor 
stroke and TIA, and extended beyond 90  days post 
discharge. Further research should evaluate the best 
systems to manage extended transitional care.
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