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Abstract

Background: Whether types of hospitals with high readmission rates also have high overall
post-discharge acute care utilization (including emergency department and observation care) is
unknown.

Design: Cross-sectional analysis

Subjects: Non-federal United States acute care hospitals

Measures: Using methodology established by the Centers for Medicare & Medicaid Services,
we calculated each hospital’s “excess days in acute care” (EDAC) for fee-for-service Medicare
beneficiaries aged over 65 years discharged after hospitalization for acute myocardial infarction
(AMI), heart failure or pneumonia, representing the mean difference between predicted and
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expected total days of acute care utilization in the 30 days following hospital discharge, per 100
discharges. We assessed the multivariable association of 8 hospital characteristics with EDAC and
the proportion of hospitals with each characteristic that were statistical outliers (95% credible
interval estimate excludes zero).

Results: We included 2,184 hospitals for AMI (228 [10.4%] better than expected, 549 [25.1%]
worse than expected), 3,720 hospitals for heart failure (484 [13.0%] better and 840 [22.6%)]
worse), and 4,195 hospitals for pneumonia (673 [16.0%] better, 1,005 [24.0%] worse). Results for
all conditions were similar. Worse than expected outliers for pneumonia included: 18.8% of safety
net hospitals vs. 26.1% of non-safety net hospitals; 16.7% of public hospitals vs. 33.1% of for-
profit hospitals; 19.5% of non-teaching hospitals vs. 52.2% of major teaching hospitals; 7.9% of
rural hospitals vs. 42.1% of large urban hospitals; 5.9% of hospitals with 24 to <50 beds vs. 58%
of hospitals with >500 beds; and 29.0% of hospitals with nurse-to-bed ratios >1.0 to 1.5 vs. 21.7%
of hospitals with ratios >2.0.

Conclusions: Including ED and observation stays in measures of post-discharge utilization
produces similar results as measuring only readmissions in that major teaching, urban and for-
profit hospitals still perform disproportionately poorly versus non-teaching or public hospitals.
However, it enables identification of more outliers and a more granular assessment of the
association of hospital factors and outcomes. .

Keywords
hospital quality; readmissions; emergency department; health service research

Introduction

Readmission rates have fallen nationally in recent years.! Hospital readmission, however, is
only one type of acute, unscheduled care post-discharge. Patients may return to the
emergency department, or may be observed for a period without requiring an inpatient stay.?
Both emergency and observation care are costly to patients in terms of time, lost opportunity
for work, copayments, and caregiver burden, yet are not captured by readmission measures.
Observation care may be replacing some readmissions, making it harder to fully characterize
post-discharge outcomes from the patient perspective.34 In addition, current measures report
readmissions only as a binary outcome (i.e., any versus no readmission), ignoring multiple
return visits and the length of the rehospitalizations.

To more fully capture patients’ post-hospitalization experience, the Centers for Medicare &
Medicaid Services (CMS) reported new measures of post-discharge acute care use following
hospitalization for acute myocardial infarction (AMI) and heart failure in 2017, and will
report for pneumonia in 2018.5~7 These measures, referred to as “excess days in acute care”
(EDAC) measures, were designed to capture all days in acute care that a patient experiences
in the 30 days post-discharge, including emergency department (ED) visits, observation
stays, and unplanned inpatient readmissions.

It has not yet been established which types of hospitals best support patient goals to
minimize time spent in acute care post-discharge. Variation in performance according to
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hospital characteristics has been separately described for readmission outcomes, observation
care and ED visits.#8-12 For example, large hospitals, teaching hospitals and urban hospitals
tend to have slightly higher readmission rates.13-16 Whether the types of hospitals with low
readmission rates also have low overall post-discharge utilization, however, is uncertain. The
structures, organization and resources that are associated with reduced readmission risk may
not function similarly for other types of acute care utilization. ED treat-and-release visits, for
example, may have different etiologies than readmissions. By identifying types of hospitals
that are able to avoid all three types of post-discharge utilization — that is, to generate fewer
days in acute care of any kind — we may be able to identify means of more broadly
improving healthcare delivery. For example, some types of hospitals might be better able to
connect patients to community resources, such as free medications or clinics with evening
hours, that would help patients avoid coming to the ED at all, not only avoid readmission.
Accordingly, we used the EDAC measures to characterize hospitals’ performance and to
identify hospital characteristics associated with post-discharge utilization.

All United States non-federal hospitals were eligible for the study, with the following
exclusions: hospitals with fewer than 25 eligible inpatient discharges (N=2,008 for AMI,
831 for heart failure, 383 for pneumonia), hospitals that could not be matched to the 2013
American Hospital Association (AHA) annual survey file (N=21 for AMI, 62 for heart
failure and 84 for pneumonia)and hospitals which could not be matched to 2013 National
Center for Health Statistics (NCHS) Urban-Rural classifications (N=14 for AMI, 26 for
heart failure and 30 for pneumonia; largely, hospitals in US territories).

To calculate the outcome measures, we used the Medicare data derived for the 2016 public
reporting measures of AMI, HF and pneumonia readmission for discharges between July
2012 to June 2015, which includes the inpatient discharge, 12-month comorbidity history,
and post-discharge outcomes retrieved from the Medicare hospital inpatient claims and
outpatient claims data, physician carrier claims (Part B claims) and the Medicare enrollment
data. To obtain our independent variables, we used the 2013 AHA annual survey data and
the 2013 NCHS Urban-Rural classifications file.

Our primary outcome is a hospital level metric, EDAC, that is based on the number of days
that patients discharged alive from that hospital spend in acute care during the 30 days post
discharge. To construct the EDAC measures, we first identified all discharges between July
1, 2012-June 30, 2015 from United States non-federal short-term acute care or critical access
hospitals for patients over 65 years with Medicare fee-for-service insurance who qualified
for the 2016 specifications of the publicly-reported AMI, heart failure and pneumonia
readmission measures respectively. Those measures and the related updates have previously
been described in detail.1”-20 Briefly, we included inpatient discharges for patients who had
the relevant qualifying condition (AMI, heart failure or pneumonia), were discharged alive,
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had one year of prior enrollment in Medicare FFS, and were not transferred to another acute
care hospital. We excluded discharges of patients without one month of post-discharge
enrollment data and those discharged against medical advice. Patients could have more than
one eligible discharge during the study period but qualifying admissions that were
themselves readmissions were excluded. (Appendix 1)

We defined days in acute care as days spent in an ED, admitted to observation status, or
admitted as an unplanned readmission for any cause within 30 days from the date of
discharge from the index hospitalization. See Appendix 2 for definitions of ED and
observation visits. Each ED visit was counted as one half day based on average duration of
ED visits. Observation stays are billed in terms of hours; we rounded hours up to the nearest
half-day. We defined a readmission as any unplanned acute care hospital inpatient
hospitalization within 30 days of the discharge date for the index hospitalization. “Planned”
readmissions are those planned by providers for anticipated medical treatment or procedures
that must be provided in the inpatient setting. To exclude planned readmissions, we used the
planned readmission algorithm version 2.1 developed for each publicly reported readmission
measure.?! We considered all observation stays and ED visits to be unplanned. Each
readmission was counted in days according to the length of stay. Admissions that extended
beyond the 30-day follow-up period were truncated on day 30.

When an ED visit, observation stay, or readmission overlapped with another event on the
same day, we counted only one event. If the readmission and either an observation stay or
ED visit happened on the same day, we recorded one readmission day; if an observation stay
and an ED visit happened on the same day, we recorded one observation stay.

We use multivariable modeling to convert each patient’s observed days in acute care to
hospital-level EDAC. The hospital-level EDAC is defined as the difference between
predicted days and expected days in acute care within thirty days following discharge among
all index discharges in the specific hospital.>~’ The predicted days and expected days in
acute care for each index admission are calculated using a two-part logit/truncated Poisson
hierarchical model that includes the final risk adjustment variables in the specification of the
2016 publicly-reported readmission measures: age, sex and comorbidities (Appendix 3).20
Comorbidities present only during the index admission are included if they are not likely to
be in-hospital complications of care. We added two random effects to the model for
predicted days — one hospital effect for the logit part and one hospital effect for the truncated
Poisson part — with a non-zero covariance between the two random effects. These random
effects allowed us to account for within-hospital correlation of the observed outcome and
accommodated the assumption that underlying differences in quality across hospitals leads
to systematic differences in outcomes. We calculated the expected days using the same
model but assuming the hospital random effect was zero. The models include an offset for
days alive, such that only days in which a patient was alive to experience an event are
included. In this, the measures differ from the CMS readmission measures, for which all
patient admissions are considered equally at risk for readmission regardless of vital status
post-discharge.
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In both cases, we estimated the models using fully Bayesian Markov Chain Monte Carlo
(MCMC) estimation, retaining 3,000 simulated predicted and expected values for each
hospital. We then calculated 3,000 EDACs for each hospital as the mean of each admission’s
difference in predicted and expected days. Of these 3,000 EDACSs, we reported the median
EDAC for each hospital as the hospital level EDAC, and defined the 95% credible interval
(Cl) as the EDAC values at 2.5 and 97.5t percentile. To be consistent with the reporting of
the CMS 30-day readmission measures, we multiplied the final measure by 100 so that
EDAC represents excess days per 100 discharges.

A mean EDAC of zero (predicted-expected difference = 0) indicates no difference between
the performance of the hospital and the result those same patients would experience at an
average performing hospital. A negative difference indicates that patients discharged from
that hospital are predicted to experience fewer days in acute care than expected if discharged
from an “average” hospital; in other words, that the hospital has better than average
performance. A positive difference indicates that the hospital has worse than expected
performance.

Outlier status

To characterize hospital outlier status, we compared each hospital’s EDAC credible interval
estimate to zero, which represents no difference from expected. We classified a hospital to
be no different than expected if the 95% CI included zero, higher than expected if the full
95% CI was above zero, and lower than expected if the full 95% CI was below zero.

Independent variables

For this first, exploratory analysis of the new EDAC measure, we elected primarily to
examine hospital characteristics, not community effects, and to include only those for which
contemporaneous, reliable data was available for the great majority of hospitals and that had
previously been shown to be associated with readmission rates. We assessed eight hospital
characteristics, identified from the 2013 AHA annual survey data and 2013 NCHS urban-
rural classifications data: safety net status (a public hospital, or a private hospital with a
Medicaid caseload more than one standard deviation above the state average?2),13.15.23
hospital ownership (not-for-profit, for-profit or public),141° teaching status (major teaching
[member of Council of Teaching Hospitals], minor teaching hospital, non-teaching),13.15
availability of cardiac procedures (capable of cardiac bypass surgery, capable only of cardiac
catheterization, not capable of either) as a proxy for overall advanced surgical or procedural
capacity, metropolitan status (defined according to the National Center for Health Statistics
classification24),15 geographic region (US Census Bureau division),152 bed size (divided by
AHA into 8 categories with smallest 6-24 beds and largest 500 or more),13.15.16 and
nurse/bed ratio (full-time equivalent RN/total beds set up and staffed).8:14.15.26

Statistical analysis

We examined the distribution of the hospital-level EDAC and plotted the corresponding
histograms for each condition. We used descriptive statistics to describe mean EDAC
according to hospital characteristics for each condition. We also described the proportion of
high and low outlier hospitals for each characteristic and for readmission measure outlier
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status. We then constructed a linear regression model for each condition including all
hospital characteristics simultaneously to determine the adjusted association of each with
EDAC for each condition. To account for the lower precision of the outcome in hospitals
with fewer discharges, we weighted by the inverse of the variance, which was estimated
using width of the credible interval. All tests were two-tailed and we considered a p-value
<0.05 to be statistically significant. The study was approved by the Yale Institutional Review
Board including a waiver of informed consent.

We included 2,184 hospitals for AMI, 3,720 hospitals for heart failure, and 4,195 hospitals
for pneumonia; these represent over 97% of hospitals with at least 25 cases in the study
period. The median EDAC per 100 discharges was —0.4 for AMI (interquartile range —12.8,
13.5), 0.1 for heart failure (interquartile range, —15.8, 16.4) and —1.2 for pneumonia
(interquartile range —16.1, 14.3). See Figure 1 for histograms.

Overall, we identified 228 (10.4%) better than expected hospitals for AMI, 484 (13.0%) for
heart failure and 673 (16.0%) for pneumonia. We identified 549 (25.1%) worse than
expected hospitals for AMI, 840 (22.6%) for heart failure and 1,005 (24.0%) for pneumonia.
By comparison, the CMS readmission measure identified 12 (0.5%) better than expected
hospitals for AMI, 89 (2.4%) for heart failure and 78 (1.9%) for pneumonia. The CMS
readmission measure identified 26 (1.2%) worse than expected hospitals for AMI, 129
(3.5%) for heart failure and 184 (4.4%) for pneumonia.

In weighted bivariate analyses, safety net status, ownership type, teaching status, advanced
cardiac capacity, metropolitan status, census region, number of beds and nursing to bed ratio
were all significantly associated with EDAC for heart failure and pneumonia. For AMI,
ownership and advanced cardiac capacity were not significant (Table 1). In multivariable
analyses simultaneously including all hospital characteristics (Table 2), for profit hospitals,
major teaching hospitals, hospitals without cardiac surgery capability, urban hospitals,
hospitals in the middle Atlantic region and hospitals with 500 or more beds all had
significantly higher EDACs than hospitals without those characteristics for all three
conditions. Hospitals with fewer than 2 nurses per bed had significantly higher EDACs than
hospitals with 2 or more, except for the AMI measure. Safety net status was not associated
with EDAC for AMI and heart failure, and was associated with fewer excess days for
pneumonia. Census region had the largest variability among characteristics, with the
Mountain region having on average 24.7 fewer excess days per 100 discharges than the
Middle Atlantic region for pneumonia.

The same associations were largely present when considering distribution of outliers rather
than mean performance (Table 3), although safety net status, ownership type, cardiac care
capacity and nursing ratio were not associated with outlier performance for AMI. The
pneumonia hospital cohort was largest, with the largest differences in outlier performance,
and is described here. A total of 19.5% of non-teaching hospitals were worse performing
outliers for pneumonia, compared with 52.2% of major teaching hospitals; by contrast,
18.1% of non-teaching hospitals were better outliers compared with only 3.2% of major
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teaching hospitals. A total of 42.1% of hospitals in large urban areas were worse outliers, as
opposed to 7.9% of hospitals in rural areas. Conversely, 7.1% of urban hospitals were better
outliers, compared with 20.0% of rural hospitals. Hospitals without any advanced cardiac
capacity were worse outliers 14.3% of the time and better outliers 18.9% of the time,
compared with hospitals with cardiac surgery capability, of which 34.6% were worse
outliers and 12.3% were better.

However, some hospital characteristics that have been associated with likelihood of penalty
on the readmission measures did not show similar associations with outlier EDAC
performance. For example, 18.8% of safety net hospitals were worse outliers, compared with
26.1% of non-safety net hospitals; 17.7% were better outliers, compared with 15.4% of non-
safety net hospitals. Public hospitals were worse outliers only 16.7% of the time, compared
with 33.1% of for profit hospitals; while 18.4% were better outliers, compared with 10.5%
of for profit hospitals.

The EDAC and readmission measures agreed on outlier status for two-thirds of hospitals
(66% agreement for AMI, 68% for heart failure, 65% for pneumonia). Only one hospital
was identified as a different type of outlier by each measure (better than expected for heart
failure readmission but worse than expected for EDAC). However, the EDAC measure
identified many more outliers than the readmission measure: 741 more outliers for AMI;
1,152 for heart failure and 1,447 for pneumonia.

Discussion

In this study of a comprehensive set of post-discharge outcomes encompassing readmission,
emergency department and observation care use, we found marked variation in performance
according to hospital characteristics, most of which were similar to those previously
observed for readmissions. EDAC rates were highest among for profit hospitals, major
teaching hospitals, urban hospitals, middle Atlantic hospitals, hospitals with more than 500
beds, and hospitals with fewer than 2 nurses per bed.

Readmission days form the bulk of the EDAC outcome, so it is not surprising that results are
directionally similar to those seen for readmission metrics.19:13-15 The EDAC measures do,
however, add some important information. The EDAC measures are able to identify more
statistical outliers, providing a more granular view of performance by hospital
characteristics. This particularly relevant for smaller hospitals, which consistently appear no
different than average on readmission measures because of small sample size. We found that
hospitals in rural and micropolitan regions or with fewer than 100 beds performed well on
the EDAC measures, with one fifth to one quarter performing statistically better than average
compared with 16% overall (and compared to virtually none on the readmission measures).
Prior studies of readmissions have suggested that patients discharged from small volume
hospitals have lower readmission rates; we are now able to confirm these findings for a
broader set of outcomes, using measures that account for competing mortality risk.16 The
reasons for these results remain uncertain. It is possible that rural hospitals have more
barriers to return to acute care because of distance, or that rural and small hospitals may be
more familiar with community resources. By contrast, large, urban, academic medical
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centers have disproportionately worse outcomes on the EDAC measures, as they do for
readmissions.13 These differences may be a result of unmeasured additional patient risk,
although large, academic medical centers tend to have disproportionately low mortality,27:28
suggesting their patients are unlikely to be markedly sicker than other hospitals. Competing
mortality is not a likely explanation as these measures include only days alive. The quality
of transitional and post-discharge care may also be different at these hospitals.29-31

Since the EDAC measures capture the length of stay of post-discharge events and include
ED and observation stays, concern was raised during development of the measures that
hospitals with few community resources or with underserved populations might be at a
disadvantage on these measures. Yet we found that safety net hospitals and public hospitals
do disproportionately well on the EDAC measures. We cannot determine from our data why
this might be the case. It is possible that their patient population is disinclined to seek care
because of financial or other hardships, though this should be somewhat mitigated by the
fact that we include only older, insured patients in the measures. It is possible that these
hospitals are better connected with community resources to facilitate post-discharge care,
reducing post-discharge risk. Competing mortality, which is often considered as a potential
mechanism for improved readmission rates, is unlikely to be an explanation because these
measures only measure outcomes during days in which patients are alive.

It is notable that nursing ratios of at least 2 per bed were associated with lower EDAC rates.
Prior studies of nursing staffing and readmission rates have been inconsistent, with some
studies finding increased nursing ratios to be protective,1426:32 hut others finding no
significant association.1>:16 Studies previously finding no significant association used the
same measure as in this study, whereas those finding protective effects used different,
potentially more accurate measures (nurse equivalents/1000 patient-days, nurse’s report of
patients per nurse on last shift, hours of nurse staffing/day). It is possible that the more
nuanced outcomes used here allowed for detection of an effect even with our potentially less
accurate nursing measure. This study adds to the evidence of the value of nursing staff in
improving post-discharge outcomes.

EDAC rates were highest in the middle Atlantic region (New York, New Jersey,
Pennsylvania), even after accounting for its disproportionately high number of urban centers
and large teaching hospitals. High utilization in general has been observed in this region.
New York has the highest number of contact days with the healthcare system for Medicare
beneficiaries in the nation, including acute care visits, outpatient visits and testing. New
Jersey is third and Pennsylvania is eighth.32 Interestingly, this region has fewer acute care
beds per capita than the national average,34 but more physicians and specialists per capita.3®
Moreover, this region has average or above average per capita capacity of skilled nursing
facilities, with higher than national average occupancy rates and average or above average
percentage of residents living in a nursing home,3¢ suggesting community resources are not
lacking or being underutilized as a means of avoiding acute care. The reason for higher
EDAC:s in this region therefore appears to be more a reflection of cultural practice patterns
than of infrastructure and capacity.
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Our study has several limitations. These analyses are observational and cannot be used to
draw causal conclusions about contribution of hospital characteristics to outcomes. We were
unable to exclude potentially planned observation stays or ED visits because there is no
validated algorithm to do so. We did not account for socioeconomic status, consistent with
the publicly reported measures. Our comparison of EDAC and readmission measure outliers
is limited by the few outliers identified by the readmission measures. We studied only a
handful of hospital and community characteristics; others, such as regional competition,
community resources or financial status of the hospital, are likely also important. Small
hospitals are less likely to be scored as outliers because their results have wider confidence
intervals; however, the EDAC measures capture many more outliers than readmission
measures. Finally, the EDAC measures include only patients with fee-for-service Medicare;
results for younger, uninsured, managed Medicare or commercially-insured patients might
be different.

In summary, we find that hospital characteristics are significantly associated with excess
days in acute care, a comprehensive measure of post-discharge acute care utilization. For the
most part, these associations are similar to but stronger than associations previously found
for readmissions. We did not substantiate concerns that safety net or public hospitals would
demonstrate greater use of acute care after discharge.

Supplementary Material
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Figure 1:

Distribution of excess days in acute care by hospital
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