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Aims Thirty-day risk standardized readmission and mortality rates (RSRR, RSMR) are key determinants for hospital per-
formance for cardiovascular conditions such as acute myocardial infarction (AMI) and heart failure (HF). We eval-
uated whether individual hospitals in the USA perform similarly for HF and AMI over time based on readmission
and mortality metrics.

...................................................................................................................................................................................................
Methods
and results

A total of 1950 hospitals in the USA with continuous participation in the Centers for Medicare and Medicaid
Services (CMS) public reporting programme between 2010 and 2016 were identified. Latent mixture modelling
was used to define performance trajectory groups. Overall, there were consistent declines in the RSMR (16.1–
14.0%) and RSRR (20.3–16.6%) for AMI from 2010 to 2016. For HF, RSRR declined over time (25.1–21.7%), while
there was a modest increase in RSMR (11.3–12.0%); parallel findings were observed across performance trajectory
groups. The proportion of best performing centres for HF care that were also best performers for AMI care based
on the 30-day RSMR and 30-day RSRR metric was 54% and 35%, respectively. Furthermore, the discordance rate
between the best and worst performers for both conditions was low (<2% for both 30-day outcomes).

...................................................................................................................................................................................................
Conclusion In the USA, despite variation in baseline hospital-level outcomes, hospitals had consistent longitudinal trajectories

(worsening or improvement) across conditions and metrics. Hospitals identified as high performing were frequently
similar across target conditions and over time, suggesting that performance may be driven by systems of care influ-
encing different disease states in a comparable manner.
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Introduction

Hospitals in the USA are increasingly held accountable for their per-
formance related to target cardiovascular conditions. Over the last
decade, several value-based programmes have been introduced by
the Centers for Medicare and Medicaid Services (CMS) with the in-
tent of improving the quality and/or value of care by rewarding or
penalizing hospitals based on their performance. The manner in

which CMS adjudicates a hospital’s performance is a source of on-
going debate. Currently, one of the main determinants of hospital
performance is 30-day risk standardized outcomes for the targeted
cardiovascular conditions: acute myocardial infarction (AMI) and
heart failure (HF).1

National policies are similar regarding value-based penalties for
AMI and HF.2,3 Yet, while both readmission and mortality rates
for AMI have declined since implementation of the Hospital
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..Readmissions Reduction Program (HRRP), a concerning trend of
increasing mortality with decreasing readmission rates has been sug-
gested for HF.4 Given finite resources, hospital systems may be pref-
erentially ‘shifting’ attention to focus on a specific disease process or
outcome metric. These hospital-level practices may introduce het-
erogeneity in performance across conditions, and potentially worsen
quality of care for select conditions. Furthermore, current metrics as-
sess static hospital performance for a given year, and do not capture
dynamic changes (improvements or worsening) in care quality.
Whether individual hospitals perform similarly over time across each
targeted condition and for each performance metric (readmission
and mortality) included in these programmes is uncertain.
Accordingly, we evaluated whether individual hospitals in the USA
perform similarly for HF and AMI over time based on readmission
and mortality metrics.

Methods

Data sources
US hospitals participating in the CMS public reporting programme be-
tween 2010 and 2016 that reported 30-day risk standardized mortality
rates (RSMR) and 30-day risk standardized readmission rates (RSRR) for
both AMI and HF were identified using Hospital Compare, which is a
component of the CMS Hospital Quality Initiative.3 Hospital Compare
provides publicly available data regarding various quality metrics, including
readmission and mortality metrics. Thirty-day mortality encompasses all-
cause mortality within 30 days of date of admission and 30-day readmis-
sion refers to unplanned, all-cause readmission within 30 days of hospital
discharge to the same or another acute care hospital. Both metrics are
measured among patients above the age of 65 years with a principal dis-
charge diagnosis of a target condition. The expected rates of these out-
comes are estimated based on an ‘average hospital’ in the USA with that
particular case mix, defined by age, sex, and certain comorbidities present
in the 12 months prior to hospitalization. The RSMR and RSRR are calcu-
lated as a ratio of predicted/expected outcomes multiplied by the overall
national unadjusted rate of 30-day mortality and 30-day readmission, re-
spectively. Further details regarding the exact HRRP risk adjustment ap-
proach can be found on https://www.qualitynet.org.

The 30-day RSMR and RSRR metrics are calculated for each year using
3 years of data. Hospitals with fewer than 25 eligible cases for AMI or HF
during the 3-year assessment period are excluded from reporting of
these metrics on Hospital Compare. Since the focus of the present study
is to evaluate longitudinal performance of hospitals, those with missing
data on 30-day RSMR or 30-day RSRR for HF or AMI for any of the study
years were excluded from the analysis. Of the 3719 hospitals registered
with Hospital Compare, 2741 had available data on 30-day RSMR and
RSRR for HF and AMI in 2010 and 2337 had these performance metrics
available in 2016. The final cohort included 1950 hospitals who consist-
ently reported 30-day RSMR and 30-day RSRR for both AMI and HF in
each year of the study period. Hospital-level characteristics were
obtained from American Hospital Association survey data and were
linked to the Hospital Compare data using a unique hospital identifier.
The American Hospital Association conducts a nationwide annual survey
with a response rate of �85% that assesses various elements of hospital
structure, facilities, staffing, and utilization.

Defining trajectories of hospital

performance
Trajectories of 30-day RSRR and 30-day RSMR for AMI and HF were
modelled separately among the included hospitals using latent class
models with calendar year as the scale for the time to identify mutually
exclusive subgroups of hospitals with similar performance trajectories
over the study period. As described previously, this semi-parametric,
cluster-based modelling approach uses the SAS Proc Traj to fit longitu-
dinal data as discrete mixture of more than one latent trajectory via
maximum likelihood function.5–7 The model assumes that the study co-
hort has multiple trajectory groups and estimates the probabilities for
multiple trajectories simultaneously. For the present analysis, a quadrat-
ic trajectory model function with four classes yielded the best model
convergence. For each participating hospital, the predicted probability
of being a member of each of the four classes was calculated and the
hospitals were assigned to the group for which they had the highest
predicted probability. Given this approach, individual clusters of hospi-
tals may be of unequal size. Thus, each hospital was categorized into
one of the four performance groups for each condition (HF, AMI) and
performance metric (30-day RSMR and RSRR). The hospital perform-
ance groups were defined based on the observed trajectory such that
the group with consistently lowest and highest measures of RSMR or
RSRR were identified as best- and worst-performing groups, respect-
ively. Baseline hospital characteristics across the four performance-
based groups for each metric (30-day RSMR and RSRR) and condition
(AMI, HF) were presented as medians (25th–75th percentiles) for con-
tinuous variables and percentages for categorical variables. Hospital
characteristics were compared across the best and worst performing
groups using Kruskal–Wallis tests for continuous variables and v2 test
for categorical variables.

Concordance in performance across

conditions and metrics
The proportion of best and worst performing hospitals for HF care with
concordant performance for AMI care for both 30-day metrics was calcu-
lated. Weighted correlations between the predicted probability of being
best performer for HF and AMI for 30-day RSRR and 30-day RSMR were
calculated. Similar correlations were also calculated between the pre-
dicted probability of being the worst performer for HF and AMI for both
30-day metrics. Since the 30-day RSMR and RSRR measures reported by
CMS are risk adjusted for case-mix and patient level characteristics, fur-
ther risk adjustments were not performed. Similar analyses were per-
formed to determine the categorical concordance and correlation
between hospital-level performance for 30-day RSMR vs. 30-day RSRR
metric for AMI and HF, separately. Finally, temporal trends in 30-day
RSMR and RSRR for AMI were assessed for different hospital groups
stratified by their performance for HF care using mean regression plots.
Trends in 30-day RSRR for AMI and HF were also assessed across hos-
pital groups stratified by their performance based on condition-specific
30-day RSMR. This study was considered exempt from institutional re-
view board or patient consent owing to use of publicly available hospital-
level data. All statistical analyses were performed using SAS 9.1 (Cary,
NC, USA).

Results

For the present study, we identified 1950 participating hospitals who
reported 30-day RSMR and 30-day RSRR for both AMI and HF in
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each year of the study period. Trajectories of 30-day RSRR and 30-
day RSMR for AMI and HF among the hospitals included in the study
are shown in Figure 1. For HF, there was a consistent but modest in-
crease in 30-day RSMR (11.3–12.0%) and a consistent decline in 30-
day RSRR (25.1–21.7%) from 2010 to 2016 across all trajectories.
Overall, 13.3% and 10.2% hospitals were identified as best and worst
performing based on 30-day RSMR trajectories (Figure 1A), and 11.5%
and 11.4% hospitals were identified as best and worst performing, re-
spectively, based on 30-day RSRR trajectories during the study period
(Figure 1B). For AMI, there was a consistent decline in 30-day RSRR
over time across all 30-day RSRR trajectories (20.3–16.6%). In con-
trast, while overall 30-day RSMR for AMI declined over time (16.1–
14.0%), this differed by trajectory group: a consistent decline in 30-
day RSMR over time was noted in 3 trajectory-based groups while
one group had stable 30-day RSMR over time. Overall, 23.2% and
17.6% hospitals were identified as best and worst performing based
on 30-day RSMR (Figure 1C) and 7.6% and 9.6% hospitals were

identified as best and worst performing, respectively, based on 30-
day RSRR trajectories during the study period (Figure 1D).

Hospital characteristics across
performance categories
Hospital-level characteristics across performance groups based on
30-day RSMR and 30-day RSRR for HF and AMI are shown in Table 1
and Supplementary material online, Table S1. The best performing
hospitals over time based on 30-day RSMR trajectories for both tar-
geted conditions were significantly larger, located in urban regions,
more likely to participate in bundled payment programmes, and have
teaching affiliations when compared with the worst performing hos-
pitals. For 30-day RSRR, the best performing hospitals for both condi-
tions had greater availability of cardiac surgery, percutaneous
coronary intervention capabilities, and cardiac rehabilitation. In con-
trast, hospital size, location, teaching affiliation, and bundle payment
participation did not differ significantly between the best vs. worst

Figure 1 Trajectories in hospital-level 30-day risk standardized mortality rate and 30-day risk standardized readmission rates for heart failure and
acute myocardial infarction over 7 years (2010–2016). The trajectory classes identified hospital groups according to their performance over time for
risk standardized mortality rates for heart failure (A), risk standardized readmission rates for heart failure (B), risk standardized mortality rates for
acute myocardial infarction (C), and risk standardized readmission rates for acute myocardial infarction (D). AMI, acute myocardial infarction; HF,
heart failure; RSMR, risk standardized mortality rates; RSRR, risk standardized readmission rates.
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..performing hospitals based on 30-day RSRR trajectories for either
condition.

Concordance in hospital performance
between conditions
The proportion of best performing centres for HF care that were
also best performers for AMI care based on the 30-day RSMR and
30-day RSRR metric was 54% and 35%, respectively (Table 2).
Similarly, more than one-third of the worst performing hospitals for
HF care were also worst performers for AMI care based on both re-
admission and mortality metrics (Table 2). There was a significant cor-
relation between the predictive probabilities of being the best
performers for AMI and HF for both 30-day RSMR (weighted
r = 0.31; P < 0.001) and 30-day RSRR (weighted r = 0.50; P < 0.001)
when weighted for hospital size.

Concordance in hospital performance across conditions was also
supported by temporal trend analyses showing that better perform-
ing hospitals based on 30-day RSMR and RSRR trajectories for HF
had consistently lower 30-day RSRR or RSMR for AMI throughout
the study period (Figure 2).

The proportion of best performing hospitals for HF care that were
discordantly worst performers for AMI was very low (2% for 30-day
RSMR and 1.4% for 30-day RSRR). Similarly, the worst performing
hospitals for HF were infrequently the best performers for AMI care
based on both 30-day RSMR (6.2%) and 30-day RSRR (0%) metrics.

Concordance in hospital performance
between 30-day metrics
For HF, proportions of best and the worst performing hospitals
based on 30-day RSMR that were concordantly the best and worst
performers based on 30-day RSRR was 4.4% and 6.7%, respectively
(Supplementary material online, Table S2). Furthermore, there was a
modest inverse correlation between the predictive probabilities of
being concordantly best performers (weighed r = -0.12; P < 0.001) or
worst performers (weighed r = -0.09; P < 0.001) based on both 30-
day RSRR and 30-day RSMR for HF. The discordance in hospital per-
formance by 30-day RSMR vs. 30-day RSRR metric for HF was also
noted in the temporal trend analyses such that the better performing

hospitals by 30-day RSMR metric had consistently worse 30-day
RSRR (Figure 3A). Similar temporal trends were also observed in the
30-day RSMR trajectories across hospitals stratified by their perform-
ance based on 30-day RSRR for HF with the best performing centres
by 30-day RSRR demonstrating the highest 30-day RSMR throughout
the study period (Figure 3B). For AMI, the correlation between pre-
dictive probabilities of being concordantly best performer or worst
performer based on both 30-day RSRR and 30-day RSMR was very
weak to not significant (Supplementary material online, Table S2,
Figure 3C).

Discussion

In this national, longitudinal hospital-level analysis, we identified dis-
tinct trajectories in hospital performance over time based on 30-day
risk standardized outcomes for two targeted cardiovascular condi-
tions. Despite variation in initial risk, consistent and largely parallel
declines were observed in the risk-adjusted 30-day outcomes for
AMI across risk trajectory groups. For HF, while the RSRR declined
over time, a modest increase in RSMR was noted over the same
period across the four identified risk trajectories. There was signifi-
cant correlation between hospital performance based on 30-day risk
standardized outcomes for HF and AMI. Best performing hospitals
for HF outcomes were often also best performers in AMI care, with
similar concordance was observed with the worst performing
centres. There was a modest but statistically significant inverse associ-
ation between hospital performance over time based on 30-day
RSMR and RSRR for HF, while such a relationship was not observed
between performance metrics for AMI.

Global health policies targeting across
medical conditions
We undertook this analysis understanding that hospitals may have
differing and potentially competing priorities in care delivery across
target conditions of contemporary health policies. We leveraged na-
tionwide US hospital-level data as a case example, but health policy
measures are being implemented globally across a range of medical
conditions.8 For instance, a health policy installed in 2004 in Germany

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

....................................................................................................................................................................................................................

Table 2 High and low performing hospitals for HF outcomes with concordant performance for AMI

Concordant high performance across conditions

Metrics % high performing for HF with high perform-

ance for AMI

Weighted r (P-value) between probabilities

for high performance for AMI and HF

30-day mortality 53.8 (135/251) 0.31 (<0.001)

30-day readmission 35.4 (76/215) 0.50 (<0.001)

Concordant low performance across conditions

Metrics % low performing for HF with low perform-

ance for AMI

Weighted r (P-value) between probabilities

for low performance for AMI and HF

30-day mortality 39.4 (76/193) 0.16 (<0.001)

30-day readmission 36.0 (80/222) 0.47 (<0.001)

Correlations (weighted for hospital size) are presented between the probabilities of low or high performance between each cardiovascular condition.
AMI, acute myocardial infarction; HF, heart failure.
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..targeted reimbursement for readmissions for the same condition.
Similarly, the National Health Service in the UK introduced policies
aimed at reducing readmissions for all non-obstetric, non-oncologic
medical conditions.9

Defining temporal trajectories of
hospital performance
Until now, hospital performance has been largely evaluated for indi-
vidual conditions during defined years. In this temporally integrated
analysis, we studied patterns of hospital performance for two com-
mon conditions over time. We found that most hospitals clustered in
defined performance ‘trajectories’. Slopes of changes in post-

discharge outcomes were largely similar across these risk groups for
both conditions and performance metrics. As such, the same poor-
performing hospitals are likely being penalized year after year, despite
national health policy efforts to modify these trajectories.

Different target conditions, similar
performance
The concordance in hospital-level performance across conditions for
both the 30-day outcome metrics suggests that hospital performance
across different cardiovascular conditions may be driven by institu-
tional system factors that likely influence AMI and HF similarly. Along
these lines, we observed that a similar set of hospital-level

Figure 2 (A) Temporal trajectories of 30-day risk standardized mortality for acute myocardial infarction among participating hospitals stratified by
their longitudinal performance based on 30-day risk standardized mortality for heart failure. (B) Temporal trajectories of 30-day risk standardized re-
admission rates for acute myocardial infarction among participating hospitals stratified by their longitudinal performance based on 30-day risk stand-
ardized readmission rates for heart failure. HF, heart failure; RSMR, risk standardized mortality; RSRR, risk standardized readmission rates.
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Figure 3 (A) Temporal trajectories of 30-day risk standardized readmission rates for heart failure among participating hospitals stratified by their
longitudinal performance based on 30-day risk standardized mortality for heart failure. (B) Temporal trajectories of 30-day risk standardized mortality
for heart failure among participating hospitals stratified by their longitudinal performance based on 30-day risk standardized readmission rates for
heart failure. (C) Temporal trajectories of 30-day risk standardized readmission rates for acute myocardial infarction among participating hospitals
stratified by their longitudinal performance based on 30-day risk standardized mortality for acute myocardial infarction. AMI, acute myocardial infarc-
tion; HF, heart failure; RSMR, risk standardized mortality; RSRR, risk standardized readmission rates.
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characteristics was associated with the 30-day outcome metric spe-
cific performance for AMI and HF. Larger hospital size, urban loca-
tion, teaching affiliation, and participation in bundled payment
programme were associated with better performance based on 30-
day RSMR for both conditions. In contrast, greater availability of car-
diovascular care resources (such as access to cardiac rehabilitation)
was associated with better performance based on 30-day RSRR for
both AMI and HF. Another potential explanation for the observed
concordance in performance could be the commonality in the
patient-level factors beyond the immediate control of hospital sys-
tems that drive 30-day outcomes for MI and HF. This is particularly
relevant since the current CMS adjustment models for RSMR and
RSRR estimation do not completely account for several important
patient-level factors such as disease severity, socioeconomic status,
frailty, health literacy, home environment, and other social determi-
nants.10,11 It is plausible that hospitals caring for patients with similar
burden of these unaccounted risk factors would have similar out-
comes across cardiovascular (and non-cardiovascular) condi-
tions.10,11 Future studies are needed to determine if the overlap in
hospital performance across cardiovascular conditions persist with
better accounting for select patient-level social risk factors recently
introduced under the revised peer-group based HRRP
methodology.12

Disease-specific mortality and
readmission
We also observed a poor-to-inverse correlation between 30-day re-
admission and 30-day mortality. There was little to no overlap in the
hospital-level factors that identified best vs. worst performers for 30-
day RSMR and 30-day RSRR outcomes. The discordance in perform-
ance for readmission and mortality outcomes was most apparent for
HF. These findings are particularly relevant considering that ongoing
debate about the contribution of HRRP on the 30-day mortality rates
among patients hospitalized with HF. Some recent studies have raised
concerns for an increase in 30-day mortality rates for HF with a con-
current decline in 30-day readmission since the implementation of
HRRP.13–16 In contrast, others have demonstrated that the modest
increase in 30-day RSMR for HF over the past few years is not related
to implementation of HRRP or associated declines in readmission
rates. In a recent study from the CMS cohort, Khera et al.17 demon-
strated a modest but significant increase in 30-day RSMR for HF since
2007 with no association between HRRP implementation and the in-
crease in mortality. Similarly, Dharmarajan et al.18 demonstrated that
hospitals with the highest reductions in 30-day readmission rates for
HF over time had greatest improvements in mortality rates arguing
against a potential adverse impact of efforts to reduce readmission
on mortality risk. Future studies are needed to better understand the
factors underlying the modest increases in 30-day RSMR for HF
across the US hospitals and how hospital-level care patterns for hos-
pitalized HF patients may have differentially affected readmission and
mortality outcomes.

Health policy implications—a need for
cross-condition performance evaluation
Our study has important health policy implications. Significant con-
cordance in hospital performance across cardiovascular conditions

suggests that a hospital-wide as opposed to disease-specific metric
may be more appropriate.19,20 Indeed, a move to a hospital-wide ap-
proach has received support from several stakeholders including the
Medicare Payment Advisory Commission (MedPAC) and the
National Quality Forum.19,21 Current value-based programmes are
targeting a limited number of specific conditions and may not be
broadly representative across conditions. Since the introduction of
HRRP, while there has been a reduction in readmissions for both tar-
geted and non-targeted conditions, there has been a greater reduc-
tion in readmissions among patients with targeted disease states
suggesting opportunity to improve quality for other conditions by
moving to a hospital-wide programme. Furthermore, our findings of
poor to inverse correlation between performance based on readmis-
sion vs. mortality metric adds to the ongoing debate about the opti-
mal 30-day outcome metric that would be most meaningful from
patient outcome and hospital performance perspective.4,13,22,23 The
current 30-day readmission based performance metric has poor to
inverse associations with process of care measures, other clinically
meaningful outcomes such as mortality and is associated with a dis-
proportionately higher burden of penalties among the hospitals that
care for socioeconomically disadvantaged patients.13,24–28 Similar
trends have also been noted with use of a hospital-wide readmission
approach.29 A hospital-wide metric that better accounts for both re-
admission and mortality outcomes may provide a superior indicator
of quality and long-term outcomes and has been under development
in recent years.22,30,31 Whether such a hospital-wide metric would
also worsen disparities for safety-net hospitals warrants investigation.

Study limitations
Several limitations to our study are noteworthy. First, over the study
period, there were alterations in the methods used by CMS to calcu-
late 30-day RSMR. However, we envisage participating hospitals to
have been affected equally by such policy changes. Second, the risk
adjustment method used by CMS does not completely account for
all patient-level factors that may have led to some residual confound-
ing. Third, our study findings may not be generalizable to non-CMS
patients or to other cardiac or non-cardiac disease states. Fourth, we
only included larger hospitals with enough AMI and HF cases to allow
for consistent 30-day RSMR and RSRR estimates throughout the
study period and our findings may not be generalizable to all other
smaller hospitals, or hospitals without a significant CMS-eligible popu-
lation. Finally, to estimate longitudinal performance trajectories, we
only analysed hospitals with data reported for each year during the
study period. To increase the sample of analysed data and improve
the robustness of the quality signal in Hospital Compare reporting,
each year of publicly reported information contains 3 years of data.
This may have attenuated observed year-to-year variability in hospital
performance and may have biased our results to show inflexible lon-
gitudinal trends. This limitation of Hospital Compare precludes us
from definitely determining mobility across performance groups. We
did not have access to individual CMS hospitalization data which may
facilitate more granular assessment of hospital performance
trajectory.
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..Conclusions

We applied cluster-based modelling approach to nationwide data
from 2010 to 2016 to define hospital groups that have similar per-
formance over time. Despite variable ‘baseline’ hospital-level out-
comes, these identified groups had similar trajectories (worsening or
improvement) over time for both conditions and metrics. In addition,
the performance of the best and worst hospitals in AMI care, as
determined by 30-day risk metrics, correlated significantly with their
performance in the care of HF patients. Hospitals identified as high
performing were frequently similar across target conditions and over
time, suggesting that performance may be driven by systems of care
influencing different disease states in a comparable manner. Future
research is needed to determine if assessing hospital trajectories in
performance may offer incremental information compared with trad-
itional static, single-year assessments.

Supplementary material

Supplementary material is available at European Heart Journal – Quality
of Care and Clinical Outcomes online.
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