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Background and Objectives: We examined transitional care
management within 90 days and 1 year following discharge home
among acute stroke and transient ischemic attack patients from the
Comprehensive Post-Acute Stroke Services (COMPASS) Study, a
cluster-randomized pragmatic trial of early supported discharge
conducted in 41 hospitals (40 hospital units) in North Carolina,
United States.

Methods: Data for 2262 of the total 6024 (37.6%; 1069 intervention
and 1193 usual care) COMPASS patients were linked with the Centers
for Medicare and Medicaid Services fee-for-service Medicare claims.
Time to the first ambulatory care visit was examined using Cox
proportional hazard models adjusted for patient characteristics not
included in the randomization protocol.

Results: Only 6% of the patients [mean (SD) age 74.9 (10.2) years,
52.1% women, 80.3% White)] did not have an ambulatory care visit
within 90 days postdischarge. Mean time (SD) to first ambulatory
care visit was 12.0 (26.0) and 16.3 (35.1) days in intervention and
usual care arms, respectively, with the majority of visits in both
study arms to primary care providers. The COMPASS intervention
resulted in a 27% greater use of ambulatory care services within
1 year postdischarge, relative to usual care [HR= 1.27 (95% CI:
1.14–1.41)]. The use of transitional care billing codes was sig-
nificantly greater in the intervention arm as compared with usual care
[OR= 1.87 (95% CI: 1.54–2.27)].

Discussion: The COMPASS intervention, which was aimed at
improving stroke post-acute care, was associated with an increase in
the use of ambulatory care services by stroke and transient ischemic
attack patients discharged home and an increased use of transitional
care billing codes by ambulatory providers.
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C linical and organizational integration of the emergency
department and in-hospital stroke care services has led to

significant gains in the management of acute stroke.1 By con-
trast, coordination and continuity between hospital stroke care
and ambulatory care follow-up have received less attention in
policy, research, or practice. Inadequate continuity and coor-
dination can have a profound impact on outcomes for the 50%
of stroke patients who are discharged home following an acute
stroke hospitalization.2 The transitional care services provided
during the time of transfer between the inpatient stay and
outpatient ambulatory care are critical for helping patients
manage risk factors and adhere to medications, diet,
rehabilitation, and physical activity recommendations—all
designed to optimize secondary prevention and recovery.3

Yet, little is known about the patterns of health care utilization
for patients who have experienced a stroke and transitioned
home from the hospital.
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The importance of care transitions was recognized in 
several components of the Affordable Care Act, most 
explicitly with the development and implementation of 
community-based care transition programs and transitional 
care management (TCM) billing codes in 2013.4 TCM billing 
was designed to facilitate care in the immediate posthospital 
discharge phase by increasing reimbursement for visits, 
which are typically more time-consuming than regular eval-
uation and management visits. Early outpatient follow-up of 
stroke patients discharged home has the potential to improve 
care coordination and reduce hospital readmissions5; yet, 
uptake of TCM billing codes, overall, has been low4,6,7 and 
more research is needed to understand the variability in TCM 
billing code utilization in stroke care.8

We examined the use of ambulatory primary and 
specialty care and TCM billing code uptake within 1 year 
following discharge home from the hospital among acute 
stroke and transient ischemic attack (TIA) patients from the 
Comprehensive Post-Acute Stroke Services (COMPASS) 
Study. The COMPASS study was a cluster-randomized 
pragmatic trial that evaluated the comparative effectiveness of 
comprehensive post-acute care versus usual care in 41 hos-
pitals in North Carolina.9 Functional status, the main outcome 
of the COMPASS trial, ascertained at 90 days postdischarge, 
did not differ between the intervention and usual care arms.10 

The goal of the present study was to compare the use of 
ambulatory care services and TCM billing among patients 
from the intervention with the usual care hospitals.

METHODS

Study Design and Population
COMPASS study methods have been described 

elsewhere.9 Briefly, 41 hospitals (40 hospital units with 2 
hospitals paired as a single unit) located in NC were 
randomized to the COMPASS transitional care (COMPASS-
TC) intervention or usual care in this pragmatic trial of 
transitional care for stroke and TIA patients discharged home. 
The COMPASS-TC intervention included a telephone fol-
low-up within 2 business days postdischarge and a clinic visit 
at the discharging hospital within 7–14 days postdischarge. 
Standardized clinical assessments included social and func-
tional determinants of health. In Phase 1 of the study 
(2016–2018), hospital staff enrolled 6024 adult stroke and 
TIA patients. In Phase 2 (2018–2019), hospitals that were 
randomized to the COMPASS-TC intervention were provided 
the opportunity to sustain that intervention with minimal 
study support, and hospitals that were randomized to usual 
care were able to cross over to the COMPASS-TC inter-
vention. In Phase 2, 11 hospitals sustained the intervention, 
and 14 hospitals crossed over to the intervention.

Standard Protocol Approvals, Registrations, and 
Patient Consents

The COMPASS study protocols were approved by the 
Institutional Review Board (IRB) of Wake Forest University 
Health Sciences (central IRB), or through local hospital IRBs. 
The study met the criteria for a waiver of consent and Health 
Insurance Portability and Accountability Act authorization.

The COMPASS study is registered, and all study protocols 
and statistical analysis plans are available at https://www. 
clinicaltrials.gov (unique identifier NCT02588664).

Linkage of COMPASS Data With CMS Medicare 
Claims

Centers for Medicare and Medicaid Services (CMS) 
Medicare fee-for-service (FFS) claims were linked to COM-
PASS data to examine healthcare utilization following dis-
charge home. We performed deterministic linkages using the 
hospital unique CMS Certification number, and patients’ 
gender, date of birth, and dates of admission and discharge as 
identifiers.11 Claim dates were obtained from Inpatient, Out-
patient, and Carrier files. We used the hospital’s unique CMS 
Certification Numbers, equivalent to provider numbers found 
in Medicare Inpatient claims, to block the Medicare data 
before linkage. Additional linkages were conducted to allow 
for inexact matching; for example, dates were allowed to vary 
by +/-3 days, or matches of 2 out of the 3 date elements (day, 
month, year) were allowed. Matches were reviewed by 2 
investigators, using admission status (inpatient, ED or 
observation stay), ICD-10 inpatient diagnostic codes, race, 
and zip code as verification variables. A third reviewer 
adjudicated discrepancies in match classification.

Ambulatory Visits
Visits to primary care (family medicine, internal medicine, 

geriatric medicine, general practice, and preventive medicine), 
specialty providers (cardiologists, neurologists, and neuro-
surgeons), and advanced practice providers (nurses, physician 
assistants, and nurse practitioners) were identified from the CMS 
Medicare Carrier claims obtained from July 2016 to March 
2019, using Healthcare Common Procedure Coding System 
codes for new and established office visits (99201–99205; 
99211–99215), new and established preventive medicine visits 
(99395–99387; 99395–99397), or consultations (99241–99245). 
We also identified claims from the Outpatient files using revenue 
center codes for visits to Federally Qualified Healthcare Centers, 
Rural Health Centers, and free-standing outpatient clinics (0510; 
0516–0523; 0526; 0529). Provider specialty codes were used to 
identify provider types. We examined the totality of visits to 
providers over 1 year of follow-up. The primary endpoint was 
the time to first ambulatory care visit within 1 year following the 
index stroke discharge.

TCM Billing
Transitional care visits were identified using Healthcare 

Common Procedure Coding System code for services deliv-
ered during a face-to-face visit within 7 days postdischarge 
(99496) or a face-to-face visit within 14 days postdischarge 
(99495).

Analysis Cohorts
The analysis cohort for Phase 1 included COMPASS 

participants with FFS Medicare coverage at baseline 
(N = 2262). Information concerning beneficiaries’ enrollment 
in FFS Medicare was obtained from monthly indicators of en-
rollment in Part A, Part B, and Medicaid buy-in available from 
the annual CMS Medicare Beneficiary Summary. Analyses

https://www.clinicaltrials.gov
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visits corresponding to the COMPASS-TC visit and examining
time to first nonCOMPASS ambulatory care visit.

The SAS 9.4 (SAS Institute) programming software
was used in all analyses.

Data Availability
CMS Medicare claims, on which this work was based,

are provided to individual investigators under a specific Data
Use Agreement and cannot be shared across institutions. Ana-
lytic methods and study materials will be made available to
other researchers for purposes of reproducing results or repli-
cating procedures upon reasonable request to the corresponding
author and in accordance with Patient-Centered Outcomes
Research Institute’s Policy for Data Access and Data Sharing.

RESULTS
Of the 2262 COMPASS study patients enrolled in FFS

Medicare at the time of index hospital discharge (CONSORT
diagram, Fig. 1), 1069 were in the intervention arm, (19
hospitals) and 1193 in the usual care arm, (20 hospitals). The
2 groups of patients differed by the characteristics of the
index hospitalization hospitals (Table 1); specifically,
compared with hospitals randomized to usual care, those
randomized to deliver the intervention were more likely to
have Joint Commission certification as a primary stroke
center (81.1% vs. 76.1%), less likely to have an academic
affiliation (25.8% vs. 43.4%), and less likely to be located in
an urban setting (55.2% vs. 84.7%). Compared with Medicare
FFS patients in usual care hospitals, the patients admitted to
intervention hospitals were similar overall, except that in the
intervention group, there was a lower proportion of women
(49.1% vs. 54.7%) and those residing in metropolitan areas
(54,7% vs. 78.6%) and a greater proportion of patients of
White race (85.7% vs. 76.6%). The distributions of Medicare
FFS patients in the 2 groups were not statistically different
with respect to stroke versus TIA diagnosis, stroke severity,
medical history and comorbidities, admission status, hospital
length of stay, and ambulation status at discharge.

As is shown in Table 2, the average number of ambulatory
care visits within 30 days following index discharge was 2.1 (SD
1.5) across both groups and slightly higher in the intervention
compared with the usual care group [2.3 (SD 1.4) vs. 1.9 (SD
1.5)]. By 90 days postdischarge, the mean number of ambulatory
care visits was comparable by study arm (4.6 [SD 2.8] in the
intervention arm; 4.3 [SD 3.1] in the usual care arm).

Overall, 251 (11.1%) patients did not have an ambula-
tory care visit by 30 days postdischarge. That proportion was
greater in the usual care group (14.7%) compared with the
intervention group (7%). However, by 90 days postdischarge,
the total proportion of patients without ambulatory care visits
decreased to 6.0% (3.7% intervention vs. 8.1% usual care).

During the first 30 days of follow-up after hospital
discharge, 63.0% of patients saw a primary care provider, a
proportion that was slightly higher among those discharged
from hospitals in the intervention arm (65.4%) compared with
the usual care arm (60.8%) (Table 2). Likewise, the
proportion of patients with visits to advanced practice
providers (nurse practitioners or physician’s assistants) was
also greater in the intervention arm (42.1%) than in the usual

included those dually eligible for Medicare and Medicaid 
(n = 313, 13.8%) and excluded participants enrolled in 
Medicare Advantage (due to lack of individual claims for 
beneficiaries) or either Part A or B only. We excluded partici-
pants without 30 days of continuous FFS Medicare coverage 
[N = 10 (0.4%)] from the analyses of the TCM endpoint.

Within hospitals that sustained the COMPASS inter-
vention in Phase 2 (N = 4066 patients), 856 patient records 
were linked with FFS Medicare claims. Within hospitals that 
crossed over from the usual care to the intervention, 1359 
patient records were linked with FFS Medicare claims.

Statistical Methodology
Baseline characteristics of the study hospitals and 

patients were tabulated according to the study arm. Analysis 
of time to ambulatory care visit focused on the estimation of 
the cause-specific hazard ratio, with censoring at the time of 
death, loss of qualifying coverage, or the administrative end 
of the follow-up.12 Analyses were performed using an ad-
justed Cox proportional hazards regression model. We used 
the method of Wei et al,13 which models the marginal dis-
tribution for event times and accounts for the correlation 
between event times within a hospital unit through the use of 
a robust sandwich covariance estimator for the regression 
parameters. Only a small number of patients experienced 
death without a preceding ambulatory care visit (n = 26, 
1.2%); therefore, competing risk models were not used. We 
used multiple imputations by chained equations to impute 
missing National Institute of Health Stroke Scale (NIHSS) 
scores obtained at admission, race, and other potential 
confounders.14 Endpoint analyses were conducted on 100 
imputed datasets, and estimates were combined using the proc 
mi suite of SAS commands. The following covariates were 
incorporated in the analyses: study arm (the effect of interest), 
race, age, sex, index hospitalization diagnosis (stroke, TIA), 
evidence of prior stroke or TIA diagnosis, and NIHSS cat-
egory. In Phase 2 analyses, the study phase was included as 
the effect of interest in place of the study arm.

The analysis of the use of TCM billing codes (binary 
endpoint) employed logistic mixed model that included a 
hospital-specific random effect and the covariates specified 
above. We excluded participants without 30 days of con-
tinuous FFS Medicare coverage (N = 10, 0.4%). The analysis 
sample included patients with a continuous 30-day coverage 
period following discharge from the index hospitalization 
[overall N = 2252 (96.6%)].

We performed sensitivity analyses for both endpoints, 
adjusting for additional patient characteristics to evaluate the 
robustness of findings to covariate adjustment.

All analyses were performed overall and within strata of
the race (white, nonwhite), sex, age categories (< 65; 65– < 75;
75– < 85; ≥ 85 y), NIHSS categories (0, 1–4, 5–15 and 16–42; 
where higher values are associated with greater stroke se-
verity),15 and diagnosis (stroke, TIA). In sensitivity analyses, 
participants were censored at the time of hospital readmission, 
admission to skilled nursing, or inpatient rehabilitation facility. 
In additional sensitivity analyses, we limited inferences to the 
population of patients with the COMPASS-TC ambulatory 
clinic visit by excluding from analyses the ambulatory care



FIGURE 1. Consort Diagram of the COMPASS Study FFS Medicare Population. COMPASS indicates Comprehensive Post-Acute
Stroke Services; FFS, Fee-For-Service.

care arm (25.0%). The overall proportions of patients with 
visits to neurologists or neurosurgeons (16.7%), cardiologists 
(15.6%), and other providers (30.7%) were comparable 
between the 2 study arms. We observed a similar pattern of 
provider visits during the 90-day postdischarge period.

The majority of the first postdischarge ambulatory care 
visit (Table 3) was to primary care providers (48.3%), 
followed by visits to advance practice providers (20.6%). The 
greatest difference observed between the 2 study arms was in 
the proportion of first visits to advance practice providers, 
with 23.8% of such visits in the intervention arm and 17.7%
in the usual care arm.

Relative to usual care, the COMPASS-TC intervention
was associated with a 27% greater hazard of completing an

ambulatory care visit within 1 year postdischarge (Table 4, 
HR = 1.27 [95% CI 1.14, 1.41]). This estimate was not 
attenuated in sensitivity analyses designed to evaluate the 
impact of inpatient readmissions or admissions to a skilled 
nursing or inpatient rehabilitation facility (Supplemental Table 1, 
Supplemental Digital Content 1, http://links.lww.com/MLR/
C556) or covariate adjustment. Some attenuation, however, was 
observed when we excluded ambulatory claims corresponding 
to COMPASS-TC visits [HR = 1.21 (95% CI 1.00, 1.25)].

Subgroup analyses within the strata of race, gender, age 
categories, NIHSS categories, and type of diagnosis (stroke 
vs. TIA), did not reveal appreciable differences in estimates 
(Supplemental Table 2, Supplemental Digital Content 2, 
http://links.lww.com/MLR/C557).
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the intervention group and 20.0% in the usual care group.
In covariate-adjusted analyses, the COMPASS-TC interven-
tion resulted in an 87% greater odds of TCM billing,

TABLE 1. Baseline Characteristics of Patients According to Study Arm, Among Those With Baseline FFS Coverage
Characteristic Intervention (N= 1069), n (% (95% CI)) Usual care (N= 1193), n (% (95% CI))

Hospitals
No. hospital units 19 20
Joint Commission Primary Certified Stroke Center 867 (81.1 (78.8, 83.5)) 908 (76.1 (73.7, 78.5))
Any academic affiliation 276 (25.8 (23.2, 28.4)) 518 (43.4 (40.6, 46.2))
Hospital geographic location
Central Piedmont 530 (49.6 (46.6, 52.5)) 536 (44.9 (42.1, 47.7))
West 384 (35.9 (33, 38.7)) 231 (19.4 (17.2, 21.6))
East 155 (14.5 (12.4, 16.6)) 427 (35.8 (33.1, 38.5))

Urban-rural classification
Metro 590 (55.2 (52.2, 58.1)) 1011 (84.7 (82.7, 86.7))
Micro 355 (33.2 (30.4, 36)) 175 (14.7 (12.7, 16.7))
Rural 124 (11.6 (9.7, 13.5)) 8 (0.7 (0.2, 1.2))

Annual stroke discharge volume
< 100 patients 83 (7.8(6.2, 9.4) 65 (5.4 (5.2, 7.8))
100-< 300 patients 349 (32.7 (29.9, 35.5)) 551 (46.2 (43.4, 49))
≥ 300 patients 637 (59.6 (56.7, 62.5)) 578 (48.4 (45.6, 51.2))

Patients
No. patients 1069 1193
Age, years (mean, (SD)) 74.9 (10.2) 73.9 (10.5)
Female sex 525 (49.1 (46.1, 52)) 653 (54.7 (51.9, 57.5))
White race 912 (85.7 (83.6, 87.7)) 906 (76.6 (74.2, 79))

Missing 5 11
Geographic area of residence
Metro 584 (54.7 (51.7, 57.6)) 938 (78.6 (76.3, 80.9))
Micro 303 (28.4 (25.7, 31.1)) 179 (15 (13, 17))
Small Town/Rural 181 (17.0 (14.8, 19.3)) 77 (6.5 (5.1, 7.9))
Missing 1 0

Stroke diagnosis
Stroke 648 (60.6 (57.7, 63.5)) 702 (58.8 (56, 61.6))
TIA 421 (39.4 (36.5, 42.3)) 492 (41.2 (38.4, 44))
Aphasia at presentation 236 (22.1 (19.6, 24.5)) 306 (25.6 (23.1, 28.1))

NIHSS score
0 417 (39.3 (36.4, 42.2)) 436 (37.8 (35, 40.6))
1-4 494 (46.6 (43.6, 49.5)) 552 (47.9 (45.1, 50.7))
5-15 135 (12.7 (10.7, 14.6)) 143 (12.4 (10.5, 14.3))
16–42 15 (1.5 (0.8, 2.2)) 22 (1.9 (1.1, 2.7))
Missing 8 41

Medical history and comorbidity
Hypertension 849 (79.4 (77, 81.8)) 946 (79.2 (76.9, 81.5))
Diabetes Mellitus 363 (34.0 (31.2, 36.8)) 419 (35.1 (32.4, 37.8))
Prior Stroke 229 (21.4 (18.9, 23.8)) 276 (23.1 (20.7, 25.5))
Prior TIA 131 (12.3 (10.3, 14.2)) 148 (12.4 (10.5, 14.3))
Atrial fibrillation or flutter 204 (19.1 (16.7, 21.4)) 216 (18.1 (15.9, 20.3))
Heart failure 99 (9.3 (7.6, 11)) 131 (11 (9.2, 12.8))
Coronary artery disease 267 (25.0 (22.4, 27.5)) 280 (23.5 (21.1, 25.9))
Depression 97 (9.1 (7.4, 10.8)) 149 (12.5 (10.6, 14.4))
Smoking in past year 143 (13.4 (11.4, 15.4)) 178 (14.9 (12.9, 16.9))
Body mass index (kg/m2) median (range) 27.7 (24.2–31.3) 27.0 (23.7–31.2)

Admission status
Inpatient 835 (78.1 (75.6, 80.5)) 943 (79 (76.7, 81.3))
ED 27 (2.5 (1.6, 3.4)) 53 (4.4 (3.2, 5.6))
Observation 206 (19.3 (16.9, 21.6)) 198 (16.6 (14.5, 18.7))
Other 1 (0.1) 0 (0.0)
Hospital length of stay, days median (range) 2 (1–3) 2 (1–3)
Missing 234 251

Ambulatory status at discharge
Ambulate independent 742 (89.2 (87.3, 91)) 832 (88.7 (86.9, 90.5))
With assistance 72 (8.7 (7, 10.3)) 91 (9.7 (8, 11.4))
Unable to ambulate 18 (2.2 (1.3, 3)) 15 (1.6 (0.9, 2.3))
Missing 237 256
Incomplete 90-day coverage 15 (1.4 (0.7, 2.1)) 17 (1.4 (0.7, 2.1))

Characteristic is represented as n (% (95% CI)) unless otherwise noted.

Overall, 584 (25.8%) patients had TCM billing 
codes for visits occurring within either 7 or 14 days 
postdischarge (Table 2). That proportion was 32.3% in



TABLE 2. Use of Ambulatory Care Services Following Poststroke Discharge Home. The COMPASS Study

Overall (N= 2262)
Intervention
(N= 1069) Usual care (N= 1163)

No. ambulatory care visits within 30 d postdischarge, mean (SD, N (%)) 2.1 (1.5) 2.3 (1.4) 1.9 (1.5)
Visit types in first 30 d, n ((% (95% CI))
PCP 1425 (63 (61.0, 65.0)) 699 (65 (62.5 ,68.3)) 726 (60.8 (58,63.6))
Neurologist 377 (16.7 (15.2, 18.2)) 199 (18.6 (16.3, 20.9)) 178 (14.9 (12.9, 16.9))
Cardiologist 352 (15.6 (14.1, 17.1)) 179 (16.7 (14.5, 18.9)) 173 (14.5 (12.5, 16.5))
APP 749 (33.1 (31.2, 35)) 450 (42.1 (39.1, 45.1)) 299 (25.0 (22.5, 27.5))
Other or unknown 694 (30.6 (28.7, 32.5)) 351 (32.8 (30, 35.6)) 343 (28.7 (26.1, 31.3))
No visit within 30 d 251 (11.1 (9.8, 12.4)) 75 (7.0 (5.5, 8.5)) 176 (14.7 (12.7, 16.7))

Number of ambulatory care visits within 90 d postdischarge, mean (SD) 4.4 (3.0 (2.3, 3.7)) 3.7 (2.8 (1.8, 3.8)) 4.3 (3.1 (2.1, 4.1))
Visit types in first 90 d, n ((% (95% CI))
PCP 165 (73 (71.2, 74.8)) 798 (74.7 (72.1, 77.3)) 854 (71.5 (68.9, 74.1))
Neurologist 623 (27.5 (25.7, 29.3)) 293 (27.4 (24.7, 30.1)) 330 (27.6 (25, 30.2))
Cardiologist 600 (26.5 (24.7, 28.3)) 299 (28.0 (25.3,3 0.7)) 301 (25.2 (22.7, 27.7))
APP 999 (44.1 (42.1, 46.1)) 567 (53.0 (50, 56)) 432 (36.2 (33.4, 39))
Other or unknown 1245 (55.0 (53, 57)) 614 (57.4 (54.4, 60.4)) 631 (52.9 (50, 55.8))
No visit within 90 d 136 (6.0 (5.0, 7.0)) 7 (3.7 (2.6, 4.8)) 97 (8.1 (6.5, 9.7))

Time to first postdischarge ambulatory care visit, days for those with a visit within 1 y (d)
N with visit (% (95% CI)) 2180 (96.3 (95.5, 97.1)) 1050 (98.2 (97.4, 99.0)) 1130 (97.1 (96.1, 98.1))
Mean (SD) 14.3 (31.1) 12.0 (26.0) 16.3 (35.1)

Time to first primary care provider visit, days
N with visit (% (95% CI)) 1089 505 584
Mean (SD) 10.7 (17.2) 10.3 (17.2) 11.0 (17.3)

Time to first specialty care provider visit, days
N with visit (% (95% CI)) 297 138 159
Mean (SD) 13.3 (27.5) 11.0 (26.6) 15.2 (28.1)

Proportion of patients with claims for TCM billing codes within 7 d, n, (%, (95%
CI))

348 (15.4 (13.2, 17.6)) 200 (18.7 (16.4, 21.0)) 148 (12.7 (10.7, 14.7))

Proportion of patients with claims for TCM billing codes within 14 d, n, (%, (95%
CI))

283 (12.5 (10.5, 14.5)) 172 (16.1 (13.9, 18.3)) 111 (9.5 (7.7, 12.6))

Proportion of patients with claims for TCM billing codes overall, n, (%, (95% CI)) 584 (25.8 (24, 27.6)) 345 (32.3 (29.5, 35.1)) 239 (20.0 (17.7, 22.3))

47 patients had a TCM claim within both 7 and 14 days.
*Among those who had an event within 1 year.
†Death considered as competing risk for time to event analyses.
‡Specialty care includes outpatient visits to cardiology, neurology and neurosurgery providers.
*In the intervention arm, the proportion of patients with an ambulatory care visit within a certain time frame will also include patients who received the COMPASS intervention.
TCM indicates transitional care management.

compared with usual care [Table 4, OR = 1.87 (95% CI 
1.54, 2.27)].

Results of the Phase 2 analyses are presented in Sup-
plemental Table 3, Supplemental Digital Content 3, http://
links.lww.com/MLR/C558. Among patients discharged from 
the Phase 1 intervention hospitals that sustained the COM-
PASS-TC care model in Phase 2, the use of postdischarge 
ambulatory care services decreased modestly relative to the 
Phase 1 intervention [HR = 0.88 (95% CI 0.81, 0,96)]. The 
use of TCM billing codes increased by 29% relative to Phase 
1, however, that increase was not statistically significant 
[OR = 1.29 (95% CI 0.95, 1,74)]. Among patients discharged 
from the Phase 1 usual care hospitals that crossed over in 
Phase 2 to the COMPASS-TC intervention, the use of post-
discharge ambulatory care increased by 17% relative to Phase 
1 [HR = 1.17 (95% CI 1.08, 1.26)], and use of TCM billing 
codes increased by 55% [OR = 1.55 (95% CI 1.18, 2.03)].

DISCUSSION
In this multicenter pragmatic trial of transitional care 

for stroke patients discharged home, we observed a greater 
use of posthospital ambulatory primary and specialty care

services (physicians and APPs) in the 90 days after the index 
stroke hospital discharge among patients randomized to 
hospitals that delivered the COMPASS-TC intervention and a 
greater use of TCM billing codes, compared with patients 
treated at hospitals that delivered their usual care. The effect 
of the intervention was observed overall and within strata 
defined by sex, race, age categories, and severity of the index 
stroke event. Visits to primary care clinicians constituted the 
majority of visits overall and the majority of first posthospital 
visits in both study arms over 90 days. The COMPASS-TC 
intervention was also associated with an increase in stroke 
patients’ use of APP services relative to usual care.

The objectives of the COMPASS trial were to implement 
a clinical model of care that would be consistent with CMS 
reimbursement for TCM.9 The design of the study was moti-
vated by our prior work with the Transition Coaching for 
Stroke model that demonstrated reduced readmissions16 and 
encouraging effects on stroke patients’ functional recovery 
resulting from early supported discharge transitional care in-
terventions implemented in the United Kingdom and 
Canada.17–20 The pragmatic nature of this study provided an 
assessment of the real-world implementation of the COM-
PASS-TC model in a diverse set of hospitals.21 Our objective
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was to provide a pathway for the patient and caregivers from
inpatient care to ongoing outpatient care and enable continuity
between inpatient and outpatient communications for these
patients, who often have ongoing complex clinical needs.
Comparing TCM billing and ambulatory care utilization in
intervention and usual care arms allows us to evaluate our
progress in achieving this objective.

The period of the first 90 days after hospital discharge is
when stroke survivors are more likely to have a recurrence and
require support managing their chronic disease, comorbidities,
health behaviors, and social determinants of health.22 Physical
and emotional effects of stroke may be prolonged and, if not
managed consistently in ambulatory care settings, may lead to
unplanned hospitalizations. Guidelines for stroke recovery
support the involvement of primary care providers in the
management of stroke patients discharged home23; however,
there is little consensus regarding the best way to coordinate
post-acute stroke care between inpatient and outpatient settings
or between primary care and specialty care providers.24 Al-
though this study was not designed to assess the roles of pri-
mary and specialty care providers in the care of stroke
survivors discharged home, it provides evidence that both
levels of care are being utilized by stroke patients. Current
poststroke ambulatory care is siloed, with little communication
between the provider groups.25 Data from the National Health
Interview Survey suggest that, although 85% of stroke survi-
vors report having had a visit to a primary care provider within
12 months postdischarge, close to half will not have seen a
neurologist during that time.26 Importantly, federally-sub-
sidized health insurance is available to nearly all individuals
over the age of 65, but stroke survivors younger than 65 may
have more limited access to physicians and medications than
older stroke patients.27 It is important to note, however, that

the COMPASS intervention, as delivered, did not impact
readmission rates or patients’ functional status, despite the
increased rate of ambulatory visits relative to usual care.10,28

Additional research identifying effective models of cooperative
and coordinated post-acute stroke care is therefore needed.

In recognition of the importance of the transition
between inpatient and outpatient settings, and the need to re-
duce 30-day rehospitalizations, CMS developed (effective
January 1, 2013) TCM reimbursement codes for patients with
moderate or high-complexity medical needs discharged from
inpatient care. Organized and timely follow-up after discharge
home to the community was expected to improve patient out-
comes and reduce costs associated with preventable read-
missions. In this study, although we observed greater use of the
TCM codes in the intervention arm, as compared with the usual
care arm, the overall uptake of those codes was low: only
15.4% for TCM services delivered within 7 days and 13.2% for
TCM services delivered within 14 days. Our findings are
consistent with the national data on TCM code use, which
suggest a 12.3% adoption rate.6 This low rate may be due to
low reimbursement offered by insurers relative to costs asso-
ciated with the implementation of TCM services and the more
rigid criteria for meeting billing requirements for TCM.

This study is subject to several limitations. Implemented
within a highly pragmatic trial, COMPASS-TC was integrated
into hospitals’ patient care without additional staff resources.10

As such, only 34% of COMPASS patients enrolled in the in-
tervention arm returned as planned to the study clinics for their
first postdischarge ambulatory care visit. The challenges of
COMPASS-TC implementation were similar to those reported
in the CMS Community-Based Care Transitions Program and
other large, multicenter pragmatic trials.29 Still, the results of
our intention-to-treat analysis should be interpreted with cau-
tion. The limited return to planned study clinic visits combined
with a preponderance of follow-up visits to primary care
providers in the intervention arm strongly suggests patient
preference for established relationships with a primary care
provider and/or practice. Further, the high rate of postdischarge
visits to advanced practice providers (APP) was likely influ-
enced by the intentional recommendation provided by the
study to engage APPs as transitional care providers in the
intervention hospitals, despite the fact that the COMPASS in-
tervention may not have been delivered (2-day phone call,
functional assessment, and individualized care plan). The

TABLE 3. Provider Specialty at First Ambulatory Care Visit Following Index Hospitalization and use of TCM codes
Provider type, n (%) Overall (N= 2263) Intervention group (N= 1069) Usual care group (N= 1194)

PCP 1093 (48.3 (6.2, 50.4) 506 (47.3 (44.3, 50.3)) 587 (49.2 (46.4, 52.0))
APP 465 (20.6 (18.9, 22.3)) 254 (23.8 (21.2, 26.4)) 211 (17.7 (15.5, 19.9))
Neurology and neurosurgery 167 (7.4 (6.3, 8.5)) 85 (8.0 (6.4, 9.6)) 82 (6.9 (5.5, 8.3))
Cardiology 130 (5.7 (4.7, 6.7)) 53 (5.0 (3.7, 6.3)) 77 (6.5 (5.1, 7.9))
Other 294 (13.0 (11.4, 14.4)) 127 (11.9 (10.0, 13.8)) 167 (14.0 (12.0, 16.0))
Unknown 36 (1.6 (1.1, 2.1)) 26 (2.4 (1.5, 3.3)) 10 (0.8 (0.3, 1.3))
No Visit 78 (3.5 (2.7, 4.3) 18 (1.7 (0.9, 2.5)) 60 (5.0 (3.8, 6.2))
Use of TCM codes — — —

Within 7 d — — —

Within 14 d — — —

APP indicates advanced practice provider; PCP, primary care provider; TCM, Transitional care management.

TABLE 4. Comparative Effectiveness of the COMPASS
Intervention on Ambulatory Care and Transitional Care
Management
Endpoint ITT estimand (95% CI)

TCM billing Odds Ratio 1.87 (1.54–2.27)
Ambulatory care visit Hazard Ratio 1.27 (1.14–1.41)

CI indicates confidence interval; ITT, intention-to-treat; TCM, transitional care
management.



COMPASS trial was pragmatically designed to implement 1
transitional care visit as part of the intervention. A more
comprehensive focus on a broadly defined transitional period
engaging patients in different aspects of their care over time
was outside of the scope of this trial. For example, a focus on
hypertension control and physical activity, with longer-term
management of lifestyle factors and comorbidities, would have
been an ideal facet for secondary prevention and an opportunity
for future studies. In addition, hospitals were randomized into
the study according to the Joint Commission primary stroke
center certification status and stroke patient discharge volume.
The observed difference in Joint Commission certification
status within the population of COMPASS patients enrolled in
CMS Medicare may have introduced a bias in effect estimates.
Another limitation is that the analyses here were limited to the
population of COMPASS patients whose data were linked to
Medicare FFS claims. Inferences are, therefore, limited to
Medicare FFS beneficiaries. Although the use of ambulatory
care service postdischarge was not associated with the rate of
readmission,30 we did not examine that association in detail.
We could not, therefore, determine whether more visits were
warranted or whether the higher number of ambulatory care
visits among patients in the intervention group was a potential
sign of increased utilization.

In conclusion, the COMPASS transitional care inter-
vention for patients discharged home following a stroke or
TIA was associated positively with the presence of a post-
hospital ambulatory care visit within 90 days postdischarge
and a shorter time to the first postdischarge ambulatory care
visits. Further research should examine the effectiveness of
such transitional care models regarding the coordination of
care between primary care and specialty providers and its
effectiveness on longer-term patient outcomes.
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