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IMPORTANCE Health care services that support the hospital-to-home transition can improve
outcomes in patients with heart failure (HF).

OBJECTIVE To test the effectiveness of the Patient-Centered Care Transitions in HF
transitional care model in patients hospitalized for HF.

DESIGN, SETTING, AND PARTICIPANTS Stepped-wedge cluster randomized trial of 2494 adults
hospitalized for HF across 10 hospitals in Ontario, Canada, from February 2015 to March 2016,
with follow-up until November 2016.

INTERVENTIONS Hospitals were randomized to receive the intervention (n = 1104 patients),
in which nurse-led self-care education, a structured hospital discharge summary, a family
physician follow-up appointment less than 1 week after discharge, and, for high-risk patients,
structured nurse home visits and heart function clinic care were provided to patients, or usual
care (n = 1390 patients), in which transitional care was left to the discretion of clinicians.

MAIN OUTCOMES AND MEASURES Primary outcomes were hierarchically ordered as composite
all-cause readmission, emergency department (ED) visit, or death at 3 months; and composite
all-cause readmission or ED visit at 30 days. Secondary outcomes were B-PREPARED score for
discharge preparedness (range: 0 [most prepared] to 22 [least prepared]); the 3-Item Care
Transitions Measure (CTM-3) for quality of transition (range: 0 [worst transition] to 100 [best
transition]); the 5-level EQ-5D version (EQ-5D-5L) for quality of life (range: 0 [dead] to 1 [full
health]); and quality-adjusted life-years (QALY; range: 0 [dead] to 0.5 [full health at 6 months]).

RESULTS Among eligible patients, all 2494 (mean age, 77.7 years; 1258 [50.4%] women)
completed the trial. There was no significant difference between the intervention and usual
care groups in the first primary composite outcome (545 [49.4%] vs 698 [50.2%] events,
respectively; hazard ratio [HR], 0.99 [95% CI, 0.83-1.19]) or in the second primary composite
outcome (304 [27.5%] vs 408 [29.3%] events, respectively; HR, 0.93 [95% CI, 0.73-1.18]).
There were significant differences between the intervention and usual care groups in the
secondary outcomes of mean B-PREPARED score at 6 weeks (16.6 vs 13.9; difference, 2.65
[95% CI, 1.37-3.92]; P < .001); mean CTM-3 score at 6 weeks (76.5 vs 70.3; difference, 6.16
[95% CI, 0.90-11.43]; P = .02); and mean EQ-5D-5L score at 6 weeks (0.7 vs 0.7; difference,
0.06 [95% CI, 0.01 to 0.11]; P = .02) and 6 months (0.7 vs 0.6; difference, 0.06 [95% CI,
0.01-0.12]; P = .02). There was no significant difference in mean QALY between groups at 6
months (0.3 vs 0.3; difference, 0.00 [95% CI, −0.02 to 0.02]; P = .98).

CONCLUSIONS AND RELEVANCE Among patients with HF in Ontario, Canada, implementation
of a patient-centered transitional care model compared with usual care did not improve
a composite of clinical outcomes. Whether this type of intervention could be effective
in other health care systems or locations would require further research.
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H eart failure (HF) is a leading cause of hospitalization
in older adults.1 Nearly 80% of HF costs are due to hos-
pitalizations and readmissions, which reduce quality

of life (QOL) and are independently associated with death.2 In
a retrospective chart review, approximately 40% of early re-
admissions following HF hospitalization were related to sub-
optimal transitional care (ie, actions that promote care coor-
dination and continuity as patients transfer between health care
settings).3,4 In an observational study, patients discharged from
hospitals with the lowest 1-week follow-up rates experienced
the highest 30-day readmission rates.5

Transitional care services can improve outcomes, but
have not been systematically implemented. A network meta-
analysis of randomized clinical trials (RCTs) was undertaken
to inform the design of a transitional care model.6 Nurse-led
home visits and multidisciplinary heart function clinics
(HFCs) were associated with a reduction in all-cause readmis-
sions and death relative to other services following hospital-
ization for HF, with benefits evident within 30 days of
discharge.7 Shared features included self-care education and
multidisciplinary care.6

In an effort to translate knowledge to action,8 evidence-
informed services6 were combined with guideline recom-
mendations9,10 and a patient-centered approach11,12 to form the
Patient-Centered Care Transitions in HF (PACT-HF) service
model. With an integrated knowledge translation research
approach13 and a pragmatic stepped-wedge cluster random-
ized trial design for sequential implementation across
hospitals,14,15 this study tested the effect of the intervention
on a composite outcome of all-cause readmission, emer-
gency department (ED) visit, or death at 3 months and all-
cause readmission or ED visit at 30 days.

Methods
The protocol and statistical analysis plan are included in
Supplement 1 and Supplement 2.16 Because services were evi-
dence-informed and considered quality improvement,6,7 the
study was approved by all institutional research ethics boards
with waiver of written consent. Patients provided verbal in-
formed consent for study participation.

We considered 11 tertiary or quaternary care urban hospi-
tals across southern Ontario for inclusion. We excluded 1 hos-
pital corporation that could not agree to a randomized imple-
mentation sequence. We incorporated feedback from patients,
clinicians, and policy makers during the planning phase.16,17

Patients
We included patients whose primary reason for hospitaliza-
tion was HF. We excluded patients who did not have HF, did
not consent to inclusion, died during hospitalization, were
transferred to another hospital, or were discharged with a pri-
mary diagnosis other than HF. During the intervention phase,
Boston criteria18 and/or serum thresholds of brain natriuretic
peptide (BNP) or N-terminal prohormone brain natriuretic
peptide were used to exclude a diagnosis of HF (eFigure 1 in
Supplement 3).19

Randomization
Using a stepped-wedge design, we introduced the interven-
tion to 10 hospitals in a randomized sequence, determined by
a number generator, at monthly intervals until all hospitals
received the intervention (eFigure 2 in Supplement 3).16 We
measured clinical outcomes in each hospital during the base-
line month. We remeasured outcomes whenever a hospital
crossed over from usual care to the intervention, making
within- and between-hospital comparisons. We measured
secondary outcomes in a nested sample of 8 hospitals. The
study domains were pragmatic (eFigure 3 in Supplement 3),
designed to assess effectiveness rather than efficacy.16

Intervention
For hospitals undergoing the intervention, a hospital nurse
navigator provided the following at the time of discharge:
(1) a needs assessment based on the patient’s self-reported
QOL,20 in addition to multidisciplinary referrals (eg, physio-
therapy) as needed; (2) HF self-care education21 to the
patient and informal caregiver; (3) a structured patient-
centered discharge summary with a symptom-driven action
plan to the patient and the family physician; (4) family physi-
cian follow-up arrangements within 1 week of discharge; and
(5) referrals to postdischarge nurse-led home visits and HFC
care for patients with length of stay, acuity of presentation,
comorbidities, and ED visits in the preceding 6 months (LACE
index)22,23 of at least 13 (eFigure 1 in Supplement 3). The
nurse-led visits included weekly, structured, face-to-face and
telephone assessments lasting 4 to 6 weeks until patients
were seen in the HFC. In the event of deterioration, the
home-care nurse helped the patient follow the discharge
action plan and contacted the HFC for expedited care. HF
guidelines9 were distributed, but management was left to cli-
nicians’ discretion.

In the usual care group, transitional care occurred at the
discretion of clinicians. In 1 hospital, a nurse provided educa-
tion and a home visit to select patients. Eight hospitals had ac-
cess to regional HFCs, while 2 did not.

Key Points
Question Can implementing a group of evidence-informed
transitional care services in a publicly funded health care system
improve outcomes among patients discharged after
hospitalization for heart failure?

Findings In this pragmatic stepped-wedge cluster randomized
trial that included 2494 patients in 10 hospitals in Ontario, Canada,
there were no significant differences between patients who
were randomized to receive a care transition program vs usual care
in the primary composite outcome of time to all-cause
readmission, emergency department visit, or death at 3 months
(hazard ratio, 0.99) or the co–primary composite outcome of
all-cause readmission or emergency department visit at 30 days
(hazard ratio, 0.92).

Meaning This patient-centered transitional care service model did
not improve a composite of clinical outcomes in patients
hospitalized for heart failure.
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Blinding
Clinicians were unblinded to treatment allocation and
patients were considered unblinded. Personnel who col-
lected patient-reported outcomes were blinded. Clinical out-
comes were adjudicated independent of this trial. To avoid
contamination, we concealed the randomization sequence
and crossover date from each institution until 3 months
before crossover, designed month-long steps to shorten the
trial length and minimize changes in usual care, and with-
held intervention details, training, and toolkits until the
month before crossover.

Outcomes
Primary clinical outcomes were hierarchically ordered as time
to first composite all-cause readmission, ED visit, or death at
3 months and all-cause readmission or ED visit at 30 days
among patients.

Secondarypatient-reportedoutcomesweretheB-PREPARED
score for discharge preparedness24 at 6 weeks (range: 0-22; a
higher score indicates higher level of preparedness); the
3-Item Care Transitions Measure (CTM-3)25 score for quality
of care transition at 6 weeks (range: 0-100; a higher score
indicates a higher quality of care); the 5-level EQ-5D version
(EQ-5D-5L)26 scores for QOL at discharge, 6 weeks, and 6
months (range: 0-1; 0 indicates dead and 1 indicates full
health); and quality-adjusted life-years (QALY),27 a measure
of life span weighted by EQ-5D-5L health utilities,26 at 6
months (range: 0-0.5; 0 indicates dead and, for this study,
0.5 indicates full health at 6 months). While minimally
important differences have not been established for the
B-PREPARED and CTM-3 scores, a mean (SD) difference of
0.037 (0.001) in EQ-5D-5L is considered clinically relevant.28

Standard scripts were used for the surveys. Secondary health
care cost outcomes will be reported separately.

Post hoc exploratory clinical outcomes included indi-
vidual components of the composite clinical outcomes at 3
months and 30 days, as well as number of clinical events
at 3 months and 30 days. In a post hoc sensitivity analysis, we
reassessed the effect of the intervention on the primary com-
posite clinical outcomes among all patients hospitalized with
HF and discharged alive at participating hospitals during the
study, as identified in administrative databases.16

All outcomes were measured relative to the discharge date
of the index HF hospitalization, defined as the first un-
planned hospitalization for HF in a participating hospital dur-
ing the study period.16 To identify the cohort for analysis,16 we
used the Canadian Institute for Health Information database
accessed at the Institute for Clinical Evaluative Sciences (ICES).
For the main analysis, eligible intervention patients identi-
fied prospectively in the hospital were matched to a compara-
tor group identified in the database with propensity scores of
at least 0.4, derived using logistic regression with the step-
wise selection of the following variables: age, sex, admission
through the ED, length of stay greater than 2 days, and pres-
ence of diabetes, chronic kidney disease, myocardial infarc-
tion, or atrial fibrillation. We obtained linkages to databases
(eTable 1 in Supplement 3) using unique encoded identifiers
accessed and analyzed at ICES.

Sample Size
Assuming 320 patients per cluster, a 0.01 intraclass correla-
tion coefficient, and a 28% composite 1-year event rate, we
expected 80% statistical power (2-sided P < .05) to detect a
25% change in primary outcomes (10 clusters) and 90%
power to detect a 5% change in patient-reported outcomes (8
clusters).16,29,30 The 25% target in primary outcomes was
based on the proportion of readmissions estimated to be
preventable,3,31 as well as the anticipated risk reduction of
services included in the transitional care model based on sys-
tematic reviews.6,7

Statistical Analysis
The unit of analysis was patients, analyzed according to their
allocated group regardless of treatment received. Data were
summarized using mean (SD) and median (interquartile range
[IQR]) for continuous variables, and counts with percentages
for categorical variables. Baseline variables were compared
using the standardized difference with a significant thresh-
old of 0.10. A 2-sided P < .05 significance threshold was used
for all analyses. Because of the potential for type I error due
to multiple comparisons, findings for analyses of secondary
end points should be interpreted as exploratory.

Regression models for all primary and secondary out-
comes were adjusted for the stepped-wedge design, with the
intervention and steps (time) as fixed effects and hospitals as
random effects. We analyzed primary clinical outcomes using
shared frailty survival models nested within hospitals, with a
fixed-sequence procedure for sequentially testing hierarchi-
cal clinical outcomes; if the first null hypothesis in the hier-
archy was not rejected at a nominal level of 5%, the second hy-
pothesis was tested as an exploratory analysis.29 We plotted
Kaplan-Meier curves for the primary outcomes. We de-
scribed effects on survival and count outcomes using hazard
ratio (HR) and relative risk (RR), respectively, with 95% CIs. We
tested the proportionality assumptions for the primary out-
comes using the Kolmogorov-type supremum test; the as-
sumptions were not violated. We used Poisson regression to
analyze the number of events among surviving patients. We
tested for between-hospital heterogeneity in the interven-
tion’s effect on primary outcomes in a post hoc analysis by com-
puting the HR with 95% CI at each hospital and using the type
III test (shared frailty survival models).

We measured the effect of the intervention on B-PREPARED,
CTM-3, and EQ-5D-5L using generalized linear mixed models,
reporting mean differences and 95% CIs. We imputed missing
data for living patients using age, sex, and LACE score; we
used the Markov chain Monte Carlo method and assumed
that all the variables followed a joint multivariate normal dis-
tribution. We imputed missing EQ-5D-5L scores at either 6
weeks or 6 months if baseline and 1 of 2 follow-up measures
were collected. We calculated QALY using the area-under-the-
curve approach with EQ-5D-5L–derived utilities and corre-
sponding survival duration.27 We analyzed the intervention’s
effect on QALY using mixed linear regression, adjusting for
discharge EQ-5D-5L.

We conducted all analyses using SAS version 9.4 for UNIX
(SAS Institute).
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Results

Hospitals
The 10 clusters included in the analysis were urban tertiary or
quaternary care hospitals with onsite cardiologists, cardiac
critical care units, and cardiac imaging facilities; 5 had car-
diac catheterization laboratories and 3 offered cardiac sur-
gery onsite. All had onsite or regional HFCs during the inter-
vention phase.

Patients
Patients were enrolled from February 1, 2015, to March 30, 2016
(Figure 1). Among 2494 eligible patients included in the pri-
mary analysis (1104 receiving the intervention and 1390 re-
ceiving usual care), the mean (SD) age was 77.7 (12.1) years, 1258
(50.4%) were women, 2488 (99.8%) were admitted to the hos-
pital via the ED, and 706 (28.3%) had at least 3 ED visits in the
preceding 6 months. Mean (SD) length of hospital stay was 7.7
(5.6) days. The intervention and usual care groups were simi-
lar in baseline demographics, QOL, comorbidities, estimated
prognosis based on the Charlson32 index, and health care uti-
lization based on length of stay and mean resource intensity

weights33 during the index hospitalization (standardized dif-
ference ≤0.10, Table 1). While the median resource intensity
weights were the same in both groups, the standardized dif-
ference was 0.20. Characteristics of the groups prior to pro-
pensity matching are presented in eTable 2 in Supplement 3.

Based on 2140 patients whose drug administrative data
were available, there was no significant difference between the
intervention and usual care groups in the proportion that filled
postdischarge prescriptions for angiotensin-converting en-
zyme inhibitors, β-blockers, mineralocorticoid receptor an-
tagonists, or diuretics at 7 days (82.5% vs 79.8%; P = .11) or 30
days (92.8% vs 92.7%: P = .95).

Intervention Fidelity
Retrospective administrative data revealed that 2525 pa-
tients were hospitalized with HF during the intervention phase;
however, only 2192 (86.8%) were screened for eligibility while
in the hospital, indicating that at least 13.2% of patients were
missed. Of 1043 patients in the intervention group for whom
information was available, 916 (87.8%) had a discharge sum-
mary faxed to their family physician within a day of dis-
charge. Among the 1104 patients in the intervention group,
485 (43.9%) had a LACE index of at least 13 on the day of

Figure 1. Flow Diagram for the Patient-Centered Care Transitions in HF Pragmatic Stepped-Wedge Cluster
Randomized Trial

11 Clusters assessed for eligibility

1 Cluster declined to participate
in a randomized crossover
sequence

932 Patients excluded
443 Had heart failure as a secondary

diagnosis

110 Died in the hospital
297 Did not have heart failurea

72 Transferred to another hospital 
or hospice

10 Did not consent to services

10 Clusters included in
randomization sequence

10 Clusters in the intervention phase
2192 Patients screened for study

inclusion in hospital

10 Clusters in usual care phase
1918 Patients identified in database

10 Clusters analyzed (1104 patients;
mean [SD] patients per cluster:
111 [62])

156 Patients excluded from analysis
(previously hospitalized during
usual care phase, analyzed
according to allocated group)

10 Clusters analyzed (1390 patients;
mean [SD] patients per cluster: 
139 [98])

10 Clusters randomized to intervention
group (1260 patients; mean [SD]
patients per cluster: 126 [64])

10 Clusters received intervention as
randomized

10 Clusters propensity matched to
intervention group (1390 patients;
mean [SD] patients per cluster: 
139 [98])

10 Clusters received intervention as
randomized

Ten hospitals crossed over
unidirectionally from usual care to
the intervention in a randomized
sequence. During the intervention
phase, patients were excluded if they
had Boston18 score < 5, N-terminal
prohormone brain-type natriuretic
peptide19 <300 pg/mL, or brain
natriuretic peptide19 <50 pg/mL.
Appropriate comparator patients
were identified in administrative
databases using propensity scores to
balance the risk profile of patients
between groups.
a Based on Boston or biomarker

criteria.
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discharge; of these patients, 35 (7.2%) died and could not be
reached within 2 weeks of discharge. Among the remainder 450
patients with a LACE index of at least 13, including patients who
were readmitted, 322 (71.6%) were scheduled to be seen in an
HFC and 370 (82.2%) received nurse-led home visits within a
month of the index discharge (median [IQR] of 3 [2-3] struc-
tured home visits and 4 [2-6] telephone calls during the post-
discharge month). The possible uptake of the intervention in
the usual care group was not audited.

Outcomes
Prespecified Primary Outcomes
The incidence of 3-month composite all-cause readmission, ED
visit, or death in the intervention and usual care group was 545
of 1104 (49.4%) and 698 of 1390 (50.2%), respectively, with a
difference of 0.8%. There was no significant difference be-
tween the intervention and usual care group in the first primary
outcome of time to first composite all-cause readmission, ED
visit, or death at 3 months (HR, 0.99 [95% CI, 0.83-1.19]; P = .93)
(Table 2 and Figure 2). Because there was no significant

between-group difference in the first primary outcome in the
hierarchy, analysis on the second co–primary outcome was con-
sidered exploratory. The incidence of 30-day composite all-
cause readmission or ED visits in the intervention and usual care
group was 304 of 1104 (27.5%) and 408 of 1390 (29.3%), respec-
tively, with a difference of 1.8%. There was no significant dif-
ference between the intervention and usual care group in time
to first composite all-cause readmission or ED visit at 30 days
(HR, 0.93 [95% CI, 0.73-1.18]; P = .54) (Figure 3).

Secondary Patient-Reported Outcomes
We collected patient-reported data from 986 patients across
8 hospitals (Table 3). There were significant differences be-
tween the intervention and usual care groups in mean
B-PREPARED scores (difference, 2.65 [95% CI, 1.37-3.92];
P < .001); mean CTM-3 scores (difference, 6.16 [95% CI, 0.90-
11.43]; P = .02); and mean EQ-5D-5L scores at hospital dis-
charge (difference, 0.18 [95% CI, 0.14-0.23]; P < .001), 6 weeks
(difference, 0.06 [95% CI, 0.01-0.11]; P = .02), and 6 months
(difference, 0.06 [95% CI, 0.01-0.12]; P = .02). There was no

Table 1. Characteristics of Patients During the Index Hospitalization for Heart Failure (N = 2494)a

No. (%)
Standardized
Difference

Intervention
(n = 1104)

Usual Care
(n = 1390)

Age, mean (SD), y 77.77 (12.42) 77.59 (11.89) 0.02

Sex

Men 560 (50.7) 676 (48.6)
0.04

Women 544 (49.3) 714 (51.4)

Resides in long-term care 164 (14.9) 222 (16.0) 0.06

EQ-Visual Acuity score, mean (SD)b 52.6 (22.7) 53.7 (22.2) 0.05

Comorbiditiesc

Hypertension uncomplicated 787 (71.3) 1002 (72.1) 0.02

Atrial fibrillation 583 (52.8) 684 (49.2) 0.07

Diabetes with chronic complication 524 (47.5) 704 (50.6) 0.06

Diabetes without chronic complication 301 (27.3) 438 (31.5) 0.09

Chronic kidney disease 242 (21.9) 316 (22.7) 0.02

Myocardial infarction 240 (21.7) 295 (21.2) 0.01

Chronic pulmonary disease 235 (21.3) 334 (24.0) 0.07

Peripheral vascular disease 107 (9.7) 135 (9.7) 0.00

Cerebrovascular disease 101 (9.1) 129 (9.3) 0.00

Dementia 98 (8.9) 123 (8.8) 0.00

Gastrointestinal bleeding 79 (7.2) 97 (7.0) 0.01

Hypertension complicated 57 (5.2) 82 (5.9) 0.03

Mild liver disease 32 (2.9) 42 (3.0) 0.01

Moderate or severe liver disease 15 (1.4) 10 (0.7) 0.06

Cancer (any) 19 (1.7) 22 (1.6) 0.01

Resource utilization, median (IQR)

ED visits in prior 6 mo 2 (1-3) 2 (1-3) 0.07

Acute length of stay, d 6 (4-10) 6 (4-10) 0.06

RIWd

Mean (SD) 1.45 (1.25) 1.44 (0.81) 0.02

Median (IQR) 1 (1-2) 1 (1-2) 0.20

Estimated risk

LACE index, median (IQR)e 12 (10-14) 12 (10-14) 0.10

Charlson comorbidity index, mean (SD)f 2.43 (1.27) 2.45 (1.34) 0.02

Abbreviations: ED, emergency
department; IQR, interquartile range.
a Other than self-reported QOL,

all data were obtained from
administrative databases.

b EQ-Visual Acuity score, measured
by the EuroQoL visual scale, is a
self-reported quality of life or health
status measure ranging from 0-100,
with higher scores reflecting better
health status. This was measured on
hospital admission.

c Baseline comorbidities were
obtained using a 5-y retrospective
review of databases.

d Resource intensity weights (RIW)33

provide an estimate of the cost of
resources used in the care of a
patient relative to the average
hospitalized patient. The higher the
RIW, the higher the resource
utilization relative to the average
inpatient.

e LACE21,22 index is derived from
length of stay, acuity of
presentation, comorbidities, and ED
visits in the preceding 6 months.
Range: 1 to 19, with higher scores
associated with a higher risk of
readmission or death following
hospitalization.

f Charlson comorbidity index32 is a
method of predicting mortality and
assessing disease burden based on
comorbidities. The severity of
comorbidity is categorized into 3
grades: mild (scores of 1-2);
moderate (scores of 3-4); and
severe (scores �5).

Effect of Transitional Care Services on Outcomes Among Inpatients With Heart Failure Original Investigation Research

jama.com (Reprinted) JAMA February 26, 2019 Volume 321, Number 8 757

© 2019 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2019.0710


significant difference between the groups in mean QALY (dif-
ference, 0.00 [95% CI, −0.02 to 0.02]; P = .98) during the
6-month follow-up period.

Post Hoc Exploratory Clinical Outcomes
Among the exploratory outcomes at 3 months, there was no
significant difference between the intervention and usual care
group in time to first all-cause readmission (incidence, 36.2%
vs 36.0%; HR, 1.10 [95% CI, 0.91-1.34]; P = .32), ED visit (inci-
dence, 22.5% vs 24.0%; HR, 0.88 [95% CI, 0.68-1.15]; P = .36),
or death (incidence, 10.1% vs 9.8%; HR, 1.18 [95% CI, 0.83-
1.68]; P = .36) (Table 2 and eFigure 4 in Supplement 3). At 30
days, there was no significant difference between the inter-
vention and usual care groups in time to first all-cause read-
mission (incidence, 20.4% vs 19.1%; HR, 1.23 [95% CI, 0.95-
1.59]; P = .12), but a significant improvement was noted in the
intervention group in time to first ED visit (incidence, 10.2%
vs 13.7%; HR, 0.65 [95% CI, 0.45-0.95]; P = .03) (eFigure 5 in
Supplement 3).

In an unadjusted before-and-after exploratory analysis,
there were significant associations between the intervention
group and first primary outcome of time to first composite all-
cause readmission, ED visit, or death at 3 months at 2 of 10 hos-
pitals (eFigure 6 in Supplement 3). However, no statistically
significant between-hospital heterogeneity was found in the
effect of the intervention on the primary composite out-
comes at 3 months (P = .06) and 30 days (P = .07) when ac-
counting for the stepped-wedge design.

Among 2247 patients (993 in the intervention and 1254 in
the usual care group) alive at 3 months, there was no signifi-
cant difference between the intervention and usual care group,
respectively, in the number of composite all-cause readmis-
sions or ED visits (797 vs 992 events; RR, 1.03 [95% CI, 0.86-
1.25]; P = .73), all-cause readmissions (434 vs 566 events; RR,
1.09 [95% CI, 0.86-1.37]; P = .49), all-cause ED visits (363 vs
426 events; RR, 0.97 [95% CI, 0.79-1.19]; P = .77), or readmis-
sion for HF (163 vs 223 events; RR, 1.10 [95% CI, 0.83-1.46];
P = .50) (eTable 3 in Supplement 3). Among 2415 patients (1065

Table 2. Time-to-Event Analysis of Clinical Outcomes at 3 Months and 30 Days Following Hospitalization
for Heart Failure

No. (%)
Hazard Ratio
(95% CI)a P Value

Intervention Group
(n = 1104)

Usual Care Group
(n = 1390)

Primary outcomes

Composite all-cause readmission,
ED visit, or death at 3 months

545 (49.4) 698 (50.2) 0.99 (0.83-1.19) .93

Composite all-cause readmission
or ED visit at 30 daysb

304 (27.5) 408 (29.3) 0.93 (0.73-1.18) .54

Post hoc exploratory outcomes

All-cause readmission at 3 months 400 (36.2) 500 (36.0) 1.10 (0.91-1.34) .32

All-cause ED visit at 3 monthsc 248 (22.5) 334 (24.0) 0.88 (0.68-1.15) .36

All cause death at 3 months 111 (10.1) 136 (9.8) 1.18 (0.83-1.68) .36

All-cause readmission at 30 days 225 (20.4) 265 (19.1) 1.23 (0.95-1.59) .12

All-cause ED visit at 30 days 113 (10.2) 190 (13.7) 0.65 (0.45-0.95) .03

Abbreviation: ED, emergency
department.
a Hazard ratio is derived using shared

frailty survival models nested within
hospitals, with intervention and
steps as fixed effects
(stepped-wedge design).

b Given the lack of significant
difference between intervention
and usual care groups in the first
composite clinical outcome of the
prespecified hierarchy, analysis of
the second composite clinical
outcome is considered exploratory.

c To prevent duplicate counting,
ED visits were defined as those
encounters in the ED that did not
result in hospitalization.

Figure 2. Time to First Composite Readmission, Emergency Department
Visit, or Death at 3 Months in the Intervention and Usual Care Groups
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Figure 3. Time to First Composite Readmission or Emergency Department
Visit at 30 Days in the Intervention and Usual Care Groups
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in the intervention and 1350 in the usual care group) alive at
30 days, there was no significant difference between the
groups, respectively, in the number of all-cause readmissions
or ED visits (352 vs 492 events; RR, 1.00 [95% CI, 0.82-1.21];
P = .98), all-cause readmissions (215 vs 279 events; RR, 1.14
[95% CI, 0.89-1.46]; P = .31), all-cause ED visits (137 vs 213
events; RR, 0.83 [95% CI, 0.58-1.18]; P = .30), or readmis-
sions for HF (83 vs 110 events; RR, 1.07 [95% CI, 0.71-1.60];
P = .76).

In the post hoc sensitivity analysis of all patients hospi-
talized for HF during the study period (2525 in the interven-
tion and 1918 in the usual care group), there was no signifi-
cant difference between the intervention and usual care groups
in the primary composite outcomes at 3 months (incidence,
51.6% vs 51.8%; HR, 1.00 [95% CI, 0.88-1.15]; P = .93) or 30 days
(incidence, 31.1% vs 32.1%; HR, 0.91 [95% CI, 0.76-1.09];
P = .32).

Discussion
In this pragmatic stepped-wedge cluster randomized trial, a
patient-centered transitional care model did not improve time
to first all-cause readmission, ED visit, or death at 3 months
or time to first all-cause readmission or ED visit at 30 days fol-
lowing HF hospitalization.

An implication of these results is that health services with
demonstrated efficacy in explanatory RCTs may not be effec-
tive in improving clinical outcomes when implemented at the
level of the health care system. Unlike explanatory RCTs, this
pragmatic trial used broad eligibility criteria and included pa-
tients regardless of age, left ventricular function, comorbidi-
ties, or prognosis. The trial included patients without a fixed ad-
dress, patients who are homebound or reside in nursing homes,
and patients with language differences and suboptimal health
literacy or self-care. The trial population, which was older and
had a higher prevalence of comorbid conditions than popula-

tions in a majority of published transitional care RCTs,6,7 rep-
resents patients in health care settings who are often excluded
from RCTs28 because of anticipated nonadherence, barriers to
care, or illnesses that decrease an intervention’s efficacy.

This trial involved multicenter recruitment that included
both tertiary and quaternary care centers and use of person-
nel managed by their institutions rather than by the research
team; it is possible that this pragmatic approach introduced
variation between hospitals and modified the intervention’s
effect. For example, while there was no statistically signifi-
cant heterogeneity in the effect of the intervention on the pri-
mary composite outcomes across hospitals, exploratory before-
and-after analysis revealed significant associations between
the intervention and the first primary composite outcome in
2 of the 10 hospitals.

Another reason that results may have diverged from past
clinical trials is that services were titrated to risk. Nurse-led
home visits and HFC care were offered to less than 40% of the
intervention group, which may have diluted the effect of these
interventions. The neutral findings may also represent a floor
effect among high-risk patients who are at a more advanced
disease stage and face a higher proportion of unavoidable ad-
missions than low-risk patients.1 An additional pitfall of using
risk prediction to guide resource allocation is that risk mod-
els are not always reliable. While the LACE index is a simple
tool, validated for risk prediction at the bedside, its ability to
discriminate risk in HF is modest.21

Health services often depend on contextual factors for de-
livery and uptake.30,33 Just before this trial, Ontario intro-
duced a funding incentive for hospitals to improve quality of
care and reduce readmissions in HF10; while this facilitated en-
gagement of policy makers in the research, it may have also
motivated hospitals to improve baseline health care quality,
thereby producing a ceiling effect and minimizing the benefit
of the intervention.

This study was designed to detect a 25% improvement
in the first primary composite clinical outcome, arguably an

Table 3. Secondary Patient-Reported Outcomes Following Hospitalization for Heart Failure

Mean (SD) Least-Squares Mean (95% CI)a

P ValueIntervention (n = 606) Usual Care (n = 380) Intervention (n = 606) Usual Care (n = 380) Difference
B-PREPARED 6-week scoreb 15.31 (4.83) 13.67 (5.30) 16.55 (15.50-17.59) 13.91 (12.87-14.93) 2.65 (1.37-3.92) <.001

CTM-3 6-week scorec 74.34 (20.85) 68.73 (17.83) 76.47 (72.12-80.81) 70.30 (65.97-74.63) 6.16 (0.90-11.43) .02

EQ-5D-5L scored

Discharge 0.70 (0.24) 0.56 (0.28) 0.73 (0.70-0.76) 0.55 (0.52-0.58) 0.18 (0.14-0.23) <.001

6-week 0.71 (0.24) 0.69 (0.24) 0.73 (0.70-0.76) 0.67 (0.64-0.70) 0.06 (0.01-0.11) .02

6-month 0.69 (0.26) 0.66 (0.27) 0.71 (0.67-0.74) 0.64 (0.61-0.68) 0.06 (0.01-0.12) .02

QALYs for the first 6 monthse 0.34 (0.11) 0.32 (0.11) 0.34 (0.33-0.36) 0.34 (0.33-0.35) 0.00 (−0.02 to 0.02) .98

Abbreviations: CTM-3, 3-Item Care Transitions Measure; EQ-5D-5L, 5-level
EQ-5D version; QALY, quality-adjusted life-year.
a Least-square mean models are adjusted for the stepped-wedge design.

The 6-week and 6-month EQ5D5L scores and QALYs are adjusted for
discharge EQ-5D-5L scores.

b B-PREPARED score24 is a measure of discharge preparedness, ranging from
0 (worst) to 22 (best).

c CTM-325 is a measure for quality of care transition, ranging from 0 (worst) to
100 (best).

d EQ-5D-5L26 is a measure of quality of life based on domains of mobility,
self-care, usual activities, pain/discomfort, and anxiety/depression. The scale
ranges from 0 (dead) to 1 (best quality of life).

e QALY,27 a measure of both quantity and quality of life, is obtained by
multiplying the value associated with a given state of health by the years lived
in that state. All postdischarge measures were obtained via the telephone.
A QALY of 1 implies perfect health for 1 year; QALY was measured over 6
months, so it is anchored at 0 (dead) and 0.5 (best health at 6 months).
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ambitious target, and the possibility that the intervention im-
proved outcomes below this threshold of detection cannot be
excluded. Findings of post hoc exploratory analyses were
largely consistent with a nonsignificant difference in primary
outcomes between the intervention and usual care groups.
Among the individual components of the primary composite
clinical outcomes at 3 months and 30 days, a benefit in the in-
tervention group was noted only in time to first ED visit at 30
days, with no reduction in number of readmissions or ED vis-
its during the follow-up period.

Health care interventions that do not improve clinical out-
comes can improve outcomes that are meaningful to pa-
tients; this tension can pose a challenge to policy makers re-
garding program funding. The intervention improved the
secondary outcomes of discharge preparedness, quality of care
transition, and QOL, but these outcomes were exploratory, and
the lack of improvement in QALY, which measures both qual-
ity and quantity of life, may indicate the need for stronger evi-
dence to support funding this intervention.

This study has several strengths. Patients, clinicians, and
policy makers were engaged in this work, and the selected
outcomes were meaningful to patients and the health care
system. The intervention was tested using a stepped-wedge
design that is novel in cardiovascular research and less sub-
ject to bias than typical quality improvement research
methods.14,15 In applying a pragmatic6 approach and using
existing resources within the publicly funded system, the
study’s results reflect effectiveness in clinical settings.33,34

The use of administrative databases to measure clinical
outcomes minimized measurement burden on patients, and
the use of time-to-event analysis and nested substudies in

the context of a stepped-wedge trial advanced the science of
trial design.

Limitations
This study has several limitations. First, the clinical trial was
confined to urban hospitals in a single-payer health care sys-
tem, and results may not be generalizable to other health
care systems. Second, while the baseline characteristics in
the intervention and usual care groups were similar, there
was a wider distribution of resource intensity weights, a mea-
sure of resource utilization, in the intervention group. Third,
while certain process-of-care indicators were audited, the
quality and duration of each episode of care and patients’
adherence to discharge recommendations were not assessed.
Fourth, improvements in usual care just prior to the onset of
the trial cannot be excluded, and these improvements may
have caused a ceiling effect. Fifth, while steps were taken to
avoid contamination, uptake of the intervention during the
usual care phase cannot be excluded. Sixth, the focus of ser-
vices on high-risk patients with little modifiable risk may
have produced a floor effect.

Conclusions
Among patients hospitalized for HF in Ontario, Canada,
implementation of a patient-centered transitional care model
compared with usual care did not improve a composite of
clinical outcomes. Whether this type of intervention could be
effective in other health care systems or locations requires
further research.
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