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Abstract

Background: Efforts to decrease hospitalization costs could increase post-acute care costs. This effect could
undermine initiatives to reduce overall episode costs and have implications for the design of health care
under alternative payment models.

Methods: Among Medicare fee-for-service beneficiaries aged ≥65 years hospitalized with acute myocardial
infarction (AMI) between July 2010 and June 2013 in the Premier Healthcare Database, we studied the
association of in-hospital and post-acute care resource utilization and outcomes by in-hospital cost tertiles.

Results: Among patients with AMI at 326 hospitals, the median (range) of each hospital’s mean per-patient
in-hospital risk-standardized cost (RSC) for the low, medium, and high cost tertiles were $16,257 ($13,097–$17,648),
$18,544 ($17,663–$19,875), and $21,831 ($19,923–$31,296), respectively. There was no difference in the median (IQR) of
risk-standardized post-acute payments across cost-tertiles: $5014 (4295-6051), $4980 (4349-5931) and $4922 (4056-5457)
for the low (n = 90), medium (n = 98), and high (n = 86) in-hospital RSC tertiles (p = 0.21), respectively. In-hospital and
30-day mortality rates did not differ significantly across the in-hospital RSC tertiles; however, 30-day readmission rates
were higher at hospitals with higher in-hospital RSCs: median = 17.5, 17.8, and 18.0% at low, medium, and high in-
hospital RSC tertiles, respectively (p = 0.005 for test of trend across tertiles).

Conclusions: In our study of patients hospitalized with AMI, greater resource utilization during the hospitalization was
not associated with meaningful differences in costs or mortality during the post-acute period. These findings suggest
that it may be possible for higher cost hospitals to improve efficiency in care without increasing post-acute care
utilization or worsening outcomes.
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Background
Although United States (U.S.) inpatient costs are declining
over time [1], post-hospitalization costs have more than
doubled since 2001 [2] and account for a large portion of
U.S. health care spending growth [3]. As a result, the
post-acute care period has become a focus of programs de-
signed to reduce waste and control costs [4, 5]. The move
towards payment models that extend beyond hospitaliza-
tions to the entire episode of a patient’s illness [6] has only
increased the interest in understanding the relationship
between resource utilization during a hospitalization and
utilization during the post-acute care period.
Although prior studies on episodes of care have shown

that post-acute care is a substantial contributor to
spending variation and therefore could be a target for
cost savings [3, 7–9], there have been few studies on the
relationship between in-hospital and post-acute resource
utilization [10]. Such information would be valuable, as
it is plausible that cost reductions in the hospitalization
period could affect spending in the post-acute period.
For example, hospitals that provide higher intensity care
and spend more during the hospitalization might have a
beneficial effect on patients after they are discharged,
reducing the amount of post-acute care resources
required. In contrast, hospitals that spend less during the
hospitalization may discharge patients who require
greater post-acute care utilization. Alternatively, it is also
possible that there is no appreciable relationship between
in-hospital and post-acute resource utilization. Know-
ledge about the relationship between early and late use of
resources may help inform strategies to reduce resource
utilization in the post-acute period while maintaining or
improving health outcomes.
To examine these issues, we studied Medicare

fee-for-post-discharge payment and 30-day outcomes mea-
sures are constructed [11]. We examined the association
between in-hospital and post-discharge resource
utilization, compared patient outcomes across hospitals
stratified according to their in-hospital costs, and assessed
patterns of in-hospital and post-acute resource utilization
across hospitals to understand how hospitals use their
resources.

Methods
Data sources
We used the Premier Healthcare Database (PHD) by
Premier Inc., Charlotte, North Carolina, which contains
highly specific information on in-hospital administrative
and operational data from a large network of hospitals and
ancillary providers nationwide, representing more than 330
million discharges. PHD contains a date-stamped log of
all billed items and resource utilization during hospitaliza-
tions (e.g., medications and laboratory, diagnostic, and
therapeutic services), diagnosis and procedure codes, and

patient and hospital characteristics [12, 13]. Patient-level
data were de-identified in accordance with the Health
Insurance Portability and Accountability Act.
We also utilized the Centers for Medicare & Medicaid

Services (CMS) publicly reported measures on hospital-
specific, 30-day risk-standardized payment (RSP), 30-day
risk-standardized mortality rate (RSMR), and 30-day
risk-standardized readmission rate (RSRR) for 2010–
2013 for AMI [11]. Of note, the 30-day RSP and RSMR
measures start at patient admission. In addition, we obtained
hospital-specific data on average per-patient payment for
various post-acute care settings after discharge from the
index hospitalization for AMI such as emergency depart-
ment, readmission, outpatient physician visits, and skilled
nursing facility. The publicly reported data were linked to
PHD by hospital ID. Notably, some hospitals in our cohort
were not linkable to the CMS public reporting data as they
did not have a CMS hospital ID, shared a hospital ID with
another hospital, or did not report a given measure. In brief,
the RSP measure is determined by calculating payments
during the 30-day AMI episode of care after removing pay-
ment adjustments for policy initiatives and geographic fac-
tors to better reflect variation in resource utilization related
to clinical care. Payments were then risk-standardized based
on patient clinical characteristics in the AMI hospitalization
and the 12months before hospitalization [14, 15].
The study was conducted under a collaborative con-

tract with Premier, Inc. regarding protection of privacy of
hospitals and other providers, which permits the linking
of hospital data. We do not report any results that would
reveal hospital identities. The Yale University Human
Investigation Committee exempted this study protocol as
defined by the Office of Human Research Protections.

Study population
We included hospitals that were revascularization-capable,
had intensive care units (ICUs)/cardiac care units (CCUs),
and had 25 or more eligible AMI hospitalizations between
July 2010 and June 2013. The revascularization-capable
hospitals are defined as those that performed ≥5 percutan-
eous coronary intervention (PCI) or coronary artery bypass
grafting (CABG) procedures for AMI from 2010 to 2013.
An eligible AMI hospitalization is defined as one in

which the patient was 65 years or older at admission
with a principal diagnosis of new AMI, i.e., International
Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) codes 410.xx (except for
410.×2 (AMI, subsequent episode-of-care)) and was not
transferred from or to another acute care facility, did
not involve a heart transplant or left ventricular assist
device implantation, and had a length of stay greater
than 1 day (unless death occurred). The age restriction
was chosen to be consistent with CMS publicly reported
mortality, readmission, and payment measures.
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Hospital characteristics
Hospital characteristics were available from PHD,
including: number of beds, teaching hospital status, ser-
vice of a rural or urban population, and the U.S census
region where a hospital is located.

Hospital costs and outcomes
We measured in-hospital cost for each hospitalization, the
methods of which are detailed elsewhere [13]. Briefly, we
used hospital cost accounting data available in the Premier
database and removed geographic variation in input prices
by applying average unit cost across all hospitals for each
service item by year. All cost estimates were adjusted to
2013U.S. dollars. To reduce the influence of outliers,
we Winsorized cost data within each year at the 0.5th
and 99.5th percentiles. Hospital-level risk-standardized
in-hospital RSC (hereafter in-hospital RSC) was calculated
by adjusting for patient case-mix using hierarchical
generalized linear models [13]. Candidate risk factors
include patient age, comorbidities [16], prior revasculari-
zation procedures (CABG and PCI), and hospital
transfer-in and transfer-out rate for all patients with AMI
during the study period. Stepwise selection was used to
select final risk-adjustors.
To assess resource utilization after hospitalization for

AMI, we also estimated a risk-standardized, post-acute
payment measure (post-acute RSP) for each hospital. Be-
cause PHD is de-identified, we could not link a patient’s
hospitalization with his/her post-discharge care informa-
tion and hence could not perform direct risk adjustment
for the post-acute payment measure. Therefore, we used a
“pseudo” risk-standardization approach via prorating. Spe-
cifically, for each hospital, using CMS data, we first calcu-
lated its average per patient post-acute care payment (not
risk-standardized) and the proportion of its total 30-day
episode of care payment (not risk-standardized) that oc-
curred after discharge from the index hospitalization.
Then we multiplied the hospital’s CMS publicly reported
30-day RSP (risk-standardized) by this proportion, and
used this estimate as our measure for post-acute RSP. For
example, for a hospital, its 30-day RSP is $15,000, and its
unadjusted average per patient in-hospital and post-acute
payments are $18,000 and $6000, respectively. We then
calculate the post-acute RSP for this hospital as 15,000 *
[6000/(18,000 + 6000)] = $3750.
In addition, we assessed in-hospital mortality for

each hospitalization. Hospital-level risk-standardized,
in-hospital mortality (in-hospital RSMR) was estimated
using hierarchical generalized linear models with adjust-
ment for patient case-mix. We also linked hospitals in our
sample to 2010–2013 CMS hospital-specific public report-
ing data on 30-day RSMRs and 30-day RSRRs, as PHD is
de-identified and we could not measure post-discharge
outcomes for individual hospitalizations.

Hospital practice
For each hospitalization, we examined whether the patient
was admitted to an ICU, the length of ICU/CCU stay in
days, and the overall length of hospital stay; all hospitals
in our sample had ICUs and CCUs. We also examined
whether patients received any interventional cardiac ther-
apies, such as cardiac catheterization, CABG surgery, PCI
procedures, or intra-aortic balloon pump (IABP). Receipt
of revascularization was determined based on ICD-9-CM
procedure codes and hospital charge codes for PCI or
CABG services (Additional file 1: Appendix A). Receipt of
IABP was based on ICD-9-CM code 37.61. Use of ICU
care, number of ICU days, and cardiac catheteriza-
tions were identified based on hospital charge codes
(see Additional file 1: Appendix B for list of codes).

Statistical analysis
Hospitals were divided into tertiles based on in-hospital
RSC, namely low, medium, and high risk-standardized
cost tertiles. We utilized frequency (proportion) to
characterize categorical variables, and median (inter-
quartile range: IQR) or mean (standard deviation: SD) to
characterize continuous variables. Differences in patient
and hospital characteristics across in-hospital RSC ter-
tiles were assessed using chi-square tests for categorical
variables and Kruskal-Wallis tests for continuous vari-
ables. In addition to assessing the post-acute RSP by
in-hospital RSC tertiles, as a sensitivity analysis we
assessed the Pearson correlation between the in-hospital
RSC and post-acute RSP as another approach.
We also calculated and compared mean per-patient

cost in various in-hospital cost departments (e.g., car-
diac procedures, ICU/CCU, laboratory) and per-patient
payment in different post-acute care settings (e.g.,
emergency department, skilled nursing facility (SNF),
readmission) by in-hospital risk-standardized cost ter-
tiles. We used Wilcoxon analyses to test whether there
is overall association between mean cost in each cost
department or post-acute care setting and in-hospital RSC
tertiles. We used the Dwass, Steel, Critchlow-Fligner
(DSCF) method for multiple comparison analysis [17–19].
We also assessed the association between in-hospital ICU/
CCU use and post-discharge SNF payment by regressing
logarithmic hospital average SNF payment over hospital
ICU/CCU use rate (proportion of patients using ICU/
CCU) and average days in ICU/CCU, because they are set-
tings with higher, variable resource utilization [20]. We
conducted a sensitivity analysis to determine whether
vital status contributed to differences in post-acute pay-
ments. P-values < 0.05 were deemed statistically signifi-
cant. Analyses were performed using SAS version 9.4.
Our study has limitations. First, it is a cross-sectional

study, so we cannot draw causal inferences regarding
whether change in in-hospital RSCs would affect post-
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hospital payments. Future studies with longitudinal data
would help provide additional insights. Second, our find-
ings may not be broadly generalizable because we stud-
ied Medicare fee-for-service beneficiaries ≥65 years of
age at 326 hospitals within the PHD. Third, there are
limitations in using claims data for measurement of risk
factors and risk standardization, but we utilized established
risk models for adjustment that have been validated for
claims [14, 21, 22]. Fourth, due to the de-identified nature
of our data, we could not track resource utilization or out-
comes for individual patients after discharge from the initial
hospitalization. Therefore, we relied on CMS publicly re-
ported measures to approximate longer-term patient out-
comes and post-discharge resource utilization. We also had
to use hospital-level post-acute payment data instead of
patient-level linked in-hospital and post-acute cost data.
Although this approach may not accurately reflect patient
outcomes in our analytic sample or the exact costs of
post-acute care, it should provide a reasonable approxima-
tion to help understand patterns of care and resource
utilization. Furthermore, we were not able to link all of the
Premier hospitals to CMS measures, which may affect the
external validity of the study. Finally, we measured resource
utilization via hospital costs for inpatient care and
payments for post-acute care. While we recognize that
they represent 2 different perspectives (provider vs.
payer) of the burden on our healthcare system, they
are a fair representation of the resources consumed in
the respective settings.

Results
Variation in Total in-hospital RSC
Initially, there were 123,002 AMI patients in 326 hospi-
tals in our cohort; after excluding non-Medicare pa-
tients and hospitals with less than 25 AMI patients
during the study period, 82,008 patients hospitalized
with AMI at 326 eligible hospitals remained (Additional
file 1: Figure S1). There were 108 hospitals (24,799 pa-
tients with AMI) in the low in-hospital RSC tertile, 109
hospitals (28,198 patients) in the medium in-hospital
RSC tertile, and 109 hospitals (29,011 patients) in the
high in-hospital RSC tertile (Table 1, Additional file 1:
Table S1). The median (range) of each hospital’s mean
per-patient in-hospital RSC for the low-, medium-, and
high-cost tertiles was $16,257 ($13,097–$17,648), $18,544
($17,663–$19,875), and $21,831 ($19,923–$31,296),
respectively.

Variation in components of in-hospital resource
utilization
In terms of utilization, patients in higher in-hospital RSC
hospitals appeared to receive more intensive care during
the inpatient stay (Table 2). The proportion of patients re-
ceiving ICU care was 44.0, 46.7, and 58.6%, respectively, at

low, medium, and high in-hospital RSC hospitals (p <
0.001); and the IQRs for number of days in ICUs were 1–
3, 1–4, and 2–5 (p < 0.001), respectively. Similarly, patients
in the higher in-hospital RSC hospitals were more likely
to receive interventional therapies, such as proportion of
patients receiving cardiac catheterization, CABG, PCI, and
IABP (p < 0.001 for all). Median length of stay in days
(IQR) was 4 (2–6), 4 (3–7), and 4 (3–8) across in-hospital
RSC tertiles (p < 0.001).
The departments with the greatest resource utilization

measured by per person mean spending were ICU/CCU,
other room and board, supply, and cardiac procedures for
all 3 in-hospital RSC tertiles (Fig. 1a, Additional file 1:
Tables S2 and S3, Additional file 1: Figures S2‑S4). How-
ever, departments that varied the most across low,
medium, and high in-hospital RSC tertiles were ICU/
CCU, supplies, and pharmacy. The high in-hospital RSC
hospitals spent notably more on ICU/CCU and pharmacy
than other hospitals: $2339, $2876 and $4285 per person
for ICU/CCU spending and $1408, $1572, and $2578 per
person for pharmacy spending, for the low, medium, and
high in-hospital RSC hospital tertiles, respectively. Mean
per-patient spending on cardiac procedures, however, was
similar among the 3 tertiles ($2008, $2153, and $2074,
respectively).

Variation in hospital characteristics and outcomes
There were no significant differences in hospital character-
istics across the 3 in-hospital RSC tertiles (Tables 1 and 2).
There was also no significant difference in in-hospital
RSMRs (Table 3). Of the 326 eligible hospitals in our
cohort, 276 and 277 were successfully linked to the CMS
30-day RSMR and RSRR measures, respectively. There was
no statistically significant difference in 30-day RSMRs
among the in-hospital RSC tertiles, but 30-day RSRRs
differed significantly across the in-hospital RSC tertiles
(p = 0.03). Hospitals in tertiles with higher in-hospital RSC
had higher RSRRs: the medians (IQRs) of RSRRs were
17.5% (16.8–18.4%), 17.8% (17.1–18.6%), and 18.0% (17.5–
18.6%), respectively, for low, medium, and high in-hospital
RSC tertiles, and the trend test treating in-hospital RSC
tertile ranks as numeric variables had a p-value of 0.005.

Relationship between in-hospital and post-acute care
resource utilization
Of the 274 hospitals that were linked to the CMS AMI
payment measure, there was no statistically significant dif-
ference in risk-standardized post-acute payments across
in-hospital RSC tertiles: median (IQR) = $5014 (4295–
6051), $4980 (4349–5931) and $4922 (4056–5457) for the
low (n = 90), medium (n = 98), and high (n = 86)
in-hospital RSC tertiles, respectively (p = 0.21) (Table 3).
However, there was a modest yet statistically significant
negative correlation between in-hospital RSC and

Nuti et al. BMC Health Services Research          (2019) 19:190 Page 4 of 9



risk-standardized post-acute care payments (correlation
coefficient = − 0.13, p = 0.04, Additional file 1: Figure S5).
On average, every $1000 increase in in-hospital RSC
was associated with $50 less post-acute care payments
(p = 0.04).
Three settings displayed the highest mean per-patient

post-acute care payments: readmission, SNFs, and

non-acute inpatient care (Additional file 1: Table S5,
Fig. 1b); these findings were consistent in a sensitivity
analysis stratified by vital status (Additional file 1:
Table S4, Additional file 1: Figures S6a and b).
For the low, medium and high in-hospital RSC tertiles,

respectively, the mean per-patient post-acute payments
were $1534, $1633, and $1596 for readmissions (p =

Table 1 Characteristics of hospitals in different tertiles of risk-standardized in-hospital cost

Hospital Characteristics Overall Risk-Standardized In-Hospital Cost Tertile p-value

Low ($13,097-17,648) Medium ($17,663-19,875) High ($19,923-31,296)

Total no. of hospitals 326 108 109 109

AMI 3-year volume 0.06

< 146 (low) 33.4 42.6 25.7 32.1

146–284 (medium) 33.1 30.6 39.5 29.4

> 284 (high) 33.4 26.9 34.9 38.5

Beds 0.09

< 257 (low) 33.1 43.5 26.6 29.4

257–409 (medium) 33.4 27.8 37.6 34.9

> 409 (high) 33.4 28.7 35.8 35.8

Teaching hospitals 0.60

Yes 34.7 35.2 31.2 37.6

No 65.3 64.8 68.8 62.4

Census regions 0.38

Midwest 24.9 31.5 22.9 20.2

Northeast 13.5 12.0 11.9 16.5

South 42.3 36.1 44.0 46.8

West 19.3 20.4 21.1 16.5

Population served 0.37

Urban 85.3 82.4 89.0 84.4

Rural 14.7 17.6 11.0 15.6

AMI Acute myocardial infarction

Table 2 Utilization characteristics of patients hospitalized with acute myocardial infarction by hospital risk-standardized in-hospital
cost levels

Utilization Characteristics Overall Risk-Standardized In-Hospital Cost Tertile p-value

Low ($13,097-17,648) Medium ($17,663-19,875) High ($19,923-31,296)

Total no. of hospitals 326 108 109 109

Selected inpatient care during index episode

Index episode length of stay, median (IQR), days 4 (3–7) 4 (2–6) 4 (3–7) 4 (3–8) < 0.001

ICU admission during index episode, % 50.1 44.0 46.7 58.6 < 0.001

ICU days if admitted, median (IQR) 2 (1–4) 2 (1–3) 2 (1–4) 3 (2–5) < 0.001

Interventional cardiac therapies (%)

Cardiac catheterization 63.9 61.4 64.9 64.9 < 0.001

CABG surgery 7.8 6.9 8.0 8.5 < 0.001

Percutaneous coronary intervention 41.4 40.1 41.2 42.8 < 0.001

Intra-aortic balloon pump 4.7 4.0 4.7 5.3 < 0.001

CABG Coronary artery bypass graft, ICU Intensive care unit, IQR Interquartile range
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B

Fig. 1 a and b. Resource Utilization by In-Hospital Cost Tertiles. a Relative Contribution of Service Categories to In-Hospital Costs by Hospitals in
Different In-Hospital Cost Tertiles. Green bars indicate the low in-hospital cost tertile, blue bars the medium in-hospital cost tertile, and red bars
the high in-hospital cost tertile. ICU: intensive care unit; CCU: coronary care unit; OR: operating room. b Relative Contribution of Service
Categories to Post-Acute Payments by Hospitals in Different In-Hospital Cost Tertiles. Green bars indicate the low in-hospital cost tertile, blue bars
the medium in-hospital cost tertile, and red bars the high in-hospital cost tertile

Table 3 Outcomes and post-acute care costs of patients hospitalized with acute myocardial infarction by hospital risk-standardized
in-hospital cost levels

Variable Total Inpatient Cost Level p-value

Low
($13,097-17,648)

Medium
($17,663-19,875)

High
($19,923-31,296)

Outcomes

In-hospital mortality rate 8.2 (7.9–8.8) 8.2 (7.8–8.7) 8.3 (7.8–8.8) 8.2 (7.8–8.7) 0.90

30-day risk-standardized mortality rate (N = 276)a,
median (IQR)

14.7 (13.7–15.7) 14.9 (13.9–15.7) 14.6 (13.7–15.6) 14.7 (13.6–15.5) 0.42

30-day risk-standardized readmission rate (N = 277)a,
median (IQR)

17.8 (17.1–18.5) 17.5 (16.8–18.4) 17.8 (17.1–18.6) 18.0 (17.5–18.6) 0.03

Hospital risk-standardized post-acute care payment
(N = 274) ($), median (IQR)

4964 (4250–5931) 5014 (4295–6051) 4980 (4349–5931) 4922 (4056–5457) 0.21

aData provided for the number of hospitals (N) that could be linked to Centers for Medicare & Medicaid Services measures. By cost level, for risk-standardized
mortality rates, there were 89, 99, and 88 hospitals; for risk-standardized readmission rates, 90, 99, and 88 hospitals; for risk-standardized post-acute care payment,
90, 98, and 86 hospitals
Statistics are percent unless stated otherwise
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0.001), $1535, $1542, and $1303 for SNFs (p < 0.001),
and $533, $649, and $714 for the non-acute inpatient
setting (p < 0.001). The highest in-hospital RSC tertile
had lower SNF and home health agency use and pay-
ments, with spending in other post-acute settings similar
across cost tertiles (Additional file 1: Tables S5 and S6,
Additional file 1: Figures S7‑S9).

Relationship between in-hospital ICU use and post-acute
care resource utilization on SNF
Given the variation in both ICU utilization and SNF
post-acute payments across in-hospital RSC tertiles, we
assessed the association between ICU use rate and the
logarithm of mean payments for SNF utilization among
the 274 hospitals. For every 10% increase in use of ICUs,
there was a 0.7% decrease in SNF payment (p < 0.003).
Moreover, for each additional day in ICU, there was a
13% decrease in SNF payment (p < 0.002).

Discussion
In our study of patients hospitalized with AMI, greater re-
source utilization during the hospitalization was not asso-
ciated with substantially lower resource utilization during
the post-acute period. Hospitals with higher in-hospital
RSC spent more on ICU/CCU stays, pharmacy, and sup-
plies, and had lower payments for SNFs and home health
agencies. Across in-hospital RSC tertiles, hospitals had
similar in-hospital and 30-day mortality rates, but those
in the highest in-hospital RSC tertile had higher 30-day
readmission rates. Although patients at hospitals with
greater inpatient resource utilization were more likely
to receive cardiac procedures, there were no marked
differences in other treatment characteristics across
in-hospital RSC tertiles.
Prior research on bundled and episode-of-care pay-

ments shows that post-acute care is a substantial con-
tributor to spending variation [3, 7–9]. Our work extends
this literature as the first large, contemporary study to
assess the association of resource utilization patterns
between in-hospital and post-acute care. A previous study
analyzing patient-level data showed that among Medicare
beneficiaries with AMI, patient disease severity at hospital
discharge, discharging hospital for-profit ownership, and
discharging hospital provision of home health services
were important predictors of post-acute service utilization;
however, the study did not have access to detailed
in-hospital cost data and the ability to study in-hospital
RSCs or post-acute spending, or conduct a hospital-level
analysis [23]. Another study of patients with heart failure
and pneumonia showed that those initially seen in lower
cost hospitals had lower spending associated with re-
admission within 6months of the index hospitalization,
but the study did not assess spending across the various
post-acute care settings [24].

Several studies have assessed the association between
hospital spending and outcomes, but the results have
been mixed [25–31]. Our study adds to the literature
that shows no association between increased hospital re-
source utilization and better outcomes. In fact, readmis-
sion was highest in hospitals with higher in-hospital
resource utilization. Further research is needed to deter-
mine whether spending reduction is a means to improve
outcomes.
There are several possible explanations for our findings.

There may be a core set of services that are necessary to
ensure that people have better outcomes and lower
post-acute utilization that are provided by all hospitals,
and the increased resource utilization by high-cost hospi-
tals may be in lower yield areas. Second, there may be
certain resource utilization “habits” in higher spending
hospitals that inflate costs and could be curtailed. For
example, one study in the Premier Healthcare Database
has shown that some hospitals may perform more angiog-
raphies that ultimately do not result in higher rates of
revascularization, which may partly explain the greater
utilization in those hospitals [32]. Moreover, studies have
shown that PCI procedures are associated with increased
readmission rates [33], with many of these readmissions
being preventable [34], which may contribute to the
higher readmission rates in our study. Nonetheless, the
prior cited study using the PHD found no differences in
readmissions [32], with hospitals that do more being un-
likely to have a lower threshold of readmission, and there
is a large range of use that is not associated with outcomes
[20, 35]. We could not, with this design, explain why
higher costs may be associated with higher rates of re-
admission. If the relationship is true, and not con-
founded, it may be related to the fact that excess tests,
procedures, and medications increase the likelihood of
adverse events. In addition, longer length of stay and
intensity of the stay, including use of the intensive care
unit, could provide more exposure to the allostatic
stress of the hospitalization, leading to greater down-
stream vulnerability [36]. It may be that there is a sweet
spot of intensity for each patient, and places that tend to
do more may compromise downstream recovery. It is also
possible that higher cost hospitals have stricter definitions
of AMI and therefore have higher in-hospital utilization
rates and, given their severity, patients may be more likely
to be readmitted, though the magnitude of differences at
the hospital level suggests that differences in severity alone
are unlikely to explain our findings. Finally, there may be
other determinants of post-acute care utilization that were
not captured in our study, an important area for future
research. For example, through linking patients in the
in-hospital and post-acute settings, one might explore
which particular categories of in-hospital expenditures are
associated with the risk for greater utilization of
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post-discharge services – and whether they are markers
for higher risk of utilization or something that mediates
the needs for greater utilization. In particular, there is a
need for studies surrounding how the length and intensity
of the hospitalization relates to the recovery after discharge.
Reducing unnecessary post-acute resource utilization is a

goal as the government and health care industry try to con-
tain costs and improve the value of care, and new models
of payment that focus on the entire episode of patient care,
such as the Bundled Payments for Care Improvement
Initiative [6], are an important first step. Our study
suggests the absence of a strong association between
higher in-hospital resource utilization and reductions
in post-discharge resource utilization. Furthermore,
post-hospitalization outcomes were not better. These
findings suggest that greater resource utilization at the
higher cost hospitals may fail to provide a meaningful
benefit for patients and the health system. Moving
forward, higher spending hospitals may target areas of
higher cost during a hospitalization without increasing
post-acute care utilization or worsening outcomes. The
insight, however, requires the ability to benchmark.

Conclusions
In our study of a large number of hospitals across the
country, greater resource utilization for patients hospital-
ized with AMI during the inpatient stay was not associ-
ated with substantially lower 30-day post-acute care
resource utilization or better outcomes. In the context of
novel care and payment models that extend across the
entire episode of care, where entities will be rewarded for
reducing spending, our findings suggest that it may be
possible for higher cost hospitals to improve efficiency in
care without increasing post-acute care utilization or
jeopardizing outcomes of care.

Additional file

Additional file 1: Appendix A. List of ICD-9 and Standard Charge Codes
for Identifying Percutaneous Coronary Intervention and Coronary Artery
Bypass Graft Procedures. Appendix B. Standard Charge Codes for Identifying
ICU/CCU and Catheterization. Table S1. Characteristics of Patients
Hospitalized with Acute Myocardial Infarction by Hospital Risk-Standardized
In-Hospital Cost Levels. Table S2. In-Hospital Resource Utilization: Mean Per-
Patient Cost in Each Department. Table S3. In-Hospital Resource Utilization:
Mean per Patient Number of Items. Table S4. Patient Costs by In-Hospital
Cost Ranks and Vital Status. Table S5. Mean Per Patient Post-Acute-Care
Payment at Different Care Settings. Table S6. Percentage of Patients Using
Various Post-Acute-Care Services by Cost Groups. Figure S1. Flowchart of
Exclusion Criteria. Figure S2. Number of Items Ordered during a
Hospitalization by In-Hospital Cost Tertile. Figure S3. Mean In-hospital Re-
source Utilization per User by In-Hospital Cost Tertiles. Figure S4. Relative
Contribution of Service Categories to In-Hospital Costs by In-Hospital Cost
Tertiles. Figure S5. Correlation Between Hospital Risk-Standardized In-
Hospital Cost ($) and Hospital Risk-Standardized Post-Acute Payments ($).
Figure S6.a In-Hospital Spending Among Survivors. b In-Hospital Spending
Among the Expired. Figure S7. Percentage of Patients Using Different Post-
Acute-Care Services by In-Hospital Cost Tertiles. Figure S8. Mean User Post-

Acute Payments by In-hospital Cost Tertiles. Figure S9. Relative Contribution
of Service Categories to Post-Acute Payments by In-Hospital Cost Tertiles.
(DOCX 178 kb)

Acknowledgements
Not applicable.

Funding
Dr. Lagu is supported by grant K01HL114745 from the National Heart, Lung,
and Blood Institute, Bethesda, MD. Dr. Desai is supported by grant K12
HS023000–05 from the Agency for Healthcare Research and Quality. No
funder had a role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit the manuscript for
publication.

Availability of data and materials
The data that support the findings of this study are available from Premier
Inc. and the Centers for Medicare & Medicaid Services but restrictions apply
to the availability of these data, which were used under specific data use
agreements for the current study, and so are not publicly available. For
questions regarding the data, please contact Shu-Xia Li (shu-xia.li@yale.edu).

Authors’ contributions
Each author has read and approved the final version and all made important
contributions: SVN: Conception and design, analysis and interpretation,
writing the article, critical revision of the article, final approval. SXL:
Conception and design, analysis and interpretation, data collection, writing
the article, critical revision of the article, final approval. XX: Analysis and
interpretation, writing the article, critical revision of the article, final approval.
LSO: Analysis and interpretation, data collection, writing the article, critical
revision of the article, final approval. TL: Analysis and interpretation, writing
the article, critical revision of the article, final approval. NRD: Analysis and
interpretation, writing the article, critical revision of the article, final approval.
KM: Analysis and interpretation, writing the article, critical revision of the
article, final approval. MD: Analysis and interpretation, writing the article,
critical revision of the article, final approval. JM: Analysis and interpretation,
writing the article, critical revision of the article, final approval. NK: Analysis
and interpretation, writing the article, critical revision of the article, final
approval. HMK: Conception and design, analysis and interpretation, writing
the article, critical revision of the article, final approval, overall study
responsibility.

Ethics approval and consent to participate
The study was conducted under a collaborative contract with Premier, Inc.
regarding protection of privacy of hospitals and other providers, which
permits the linking of hospital data. For use of Premier data, the Yale
University Human Investigation Committee exempted this study protocol as
defined by the Office of Human Research Protections because data was de-
identified. For CMS data, institutional review board approval, including waiver
of the requirement of participant informed consent, was provided by the
Yale University Human Investigation Committee.

Consent for publication
Not applicable.

Competing interests
Dr. Krumholz is a recipient of research agreements from Medtronic and
Johnson & Johnson (Janssen), through Yale, to develop methods of clinical
trial data sharing; was the recipient of a grant from Medtronic and the Food
and Drug Administration, through Yale, to develop methods for post-market
surveillance of medical devices; received payment from the Arnold & Porter
Law Firm for work related to the Sanofi clopidogrel litigation and from the
Ben C. Martin Law Firm for work related to the Cook IVC filter litigation;
chairs a cardiac scientific advisory board for UnitedHealth; is a participant/
participant representative of the IBM Watson Health Life Sciences Board; is a
member of the Advisory Boards for Element Science and for Facebook, and
the Physician Advisory Board for Aetna; and is the founder of Hugo, a
personal health information platform. Drs. Krumholz, Li, Xu, and Desai work
under contract to the Centers for Medicare & Medicaid Services to develop

Nuti et al. BMC Health Services Research          (2019) 19:190 Page 8 of 9

https://doi.org/10.1186/s12913-019-4018-0
mailto:shu-xia.li@yale.edu


and maintain performance measures that are publicly reported. Dr. Lagu has
received consulting fees from the Institute for Healthcare Improvement for
her input on a project to help health systems achieve disability competence.
The other authors do not have disclosures to report.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Yale School of Medicine, 333 Cedar Street, New Haven, CT 06516, USA.
2Center for Outcomes Research and Evaluation, Yale-New Haven Hospital, 1
Church Street, Suite 200, New Haven, CT 06510, USA. 3Department of
Obstetrics, Gynecology, and Reproductive Sciences, Yale School of Medicine,
310 Cedar Street, LSOG 205B, New Haven, CT 06510, USA. 4Tufts University
School of Medicine, 145 Harrison Ave, Boston, MA, USA. 5Department of
Medicine, Baystate Medical Center, 759 Chestnut Street, Springfield, MA
01199, USA. 6Section of Cardiovascular Medicine, Department of Internal
Medicine, Yale School of Medicine, 789 Howard Avenue, FMP 330, New
Haven, CT 06520, USA. 7Premier, Inc, 13034 Ballantyne Corporate Place,
Charlotte, NC 28277, USA. 8Section of General Internal Medicine, Department
of Internal Medicine, Yale School of Medicine, 333 Cedar Street, New Haven,
CT 06520, USA. 9Department of Health Policy and Management, Yale School
of Public Health, 60 College Street, New Haven, CT, USA. 10Present address:
Remedy Partners, 1120 Boston Post Road, Suite 3, Darien, CT 06820, USA.

Received: 19 September 2017 Accepted: 18 March 2019

References
1. Krumholz HM, Nuti SV, Downing NS, Normand SL, Wang Y. Mortality,

hospitalizations, and expenditures for the Medicare population aged 65
years or older, 1999-2013. JAMA. 2015;314(4):355–65.

2. Tian W. An all-payer view of hospital discharge to postacute care, 2013:
statistical brief #205. Healthcare cost and utilization project (HCUP) statistical
briefs. Rockville: Agency for Healthcare Research and Quality (US). 2016.;
https://www.ncbi.nlm.nih.gov/books/NBK373736/. Accessed 26 Aug 2018.

3. Chandra A, Dalton MA, Holmes J. Large increases in spending on postacute
care in medicare point to the potential for cost savings in these settings.
Health Aff (Millwood). 2013;32(5):864–72.

4. Interim Report of the Committee on Geographic Variation in Health Care
Spending and Promotion of High-Value Health Care: Preliminary committee
observations. Washington, DC: The National Academies Press; 2013.

5. Newhouse JP, Garber AM. Geographic variation in Medicare services. N Engl
J Med. 2013;368(16):1465–8.

6. Press MJ, Rajkumar R, Conway PH. Medicare’s new bundled payments:
design, strategy, and evolution. JAMA. 2016;315(2):131–2.

7. Tsai TC, Joynt KE, Wild RC, Orav EJ, Jha AK. Medicare’s bundled payment
initiative: most hospitals are focused on a few high-volume conditions.
Health Aff (Millwood). 2015;34(3):371–80.

8. Birkmeyer JD, Gust C, Baser O, Dimick JB, Sutherland JM, Skinner JS.
Medicare payments for common inpatient procedures: implications for
episode-based payment bundling. Health Serv Res. 2010;45(6):1783–95.

9. Miller DC, Gust C, Dimick JB, Birkmeyer N, Skinner J, Birkmeyer JD. Large
variations in Medicare payments for surgery highlight savings potential from
bundled payment programs. Health Aff (Millwood). 2011;30(11):2107–15.

10. Mechanic R. Post-acute care—the next frontier for controlling Medicare
spending. N Engl J Med. 2014;370(8):692–4.

11. Centers for Medicare & Medicaid Services. Hospital Compare. https://data.
medicare.gov/data/hospital-compare. Accessed 26 Aug 2018.

12. Chen SI, Dharmarajan K, Kim N, et al. Procedure intensity and the cost of
care. Circ Cardiovasc Qual Outcomes. 2012;5(3):308–13.

13. Xu X, Li SX, Lin H, et al. “Phenotyping” hospital value of care for patients
with heart failure. Health Serv Res. 2014;49(6):2000–16.

14. Kim N, Bernheim SM, Ott LS, et al. An administrative claims measure of
payments made for medicare patients for a 30-day episode of care for
acute myocardial infarction. Med Care. 2015;53(6):542–9.

15. Hospital-level, risk-standardized payment associated with a 30-day episode
of care for AMI (Version 1.0): 2012 Measure Methodology Report. http://
www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic/
Page/QnetTier4&cid=1228773321331. Accessed 26 Aug 2018.

16. Elixhauser A, Steiner C, Harris DR, Coffey RM. Comorbidity measures for use
with administrative data. Med Care. 1998;36(1):8–27.

17. Hollander M, Wolfe D. Nonparametric statistical methods, 2nd Edition. New
York: Wiley; 1999.

18. Dwass M. Some k-sample rank-order tests. In: Olkin I, editor. Contributions to
probability and statistics. California: Stanford University Press; 1960. p. 198–202.

19. Steel RG. A rank sum test for comparing all pairs of treatments.
Technometrics. 1960;2(2):197–207.

20. Safavi KC, Dharmarajan K, Kim N, et al. Variation exists in rates of admission
to intensive care units for heart failure patients across hospitals in the
United States. Circulation. 2013;127(8):923–9.

21. Krumholz HM, Lin Z, Drye EE, et al. An administrative claims measure
suitable for profiling hospital performance based on 30-day all-cause
readmission rates among patients with acute myocardial infarction. Circ
Cardiovasc Qual Outcomes. 2011;4(2):243–52.

22. Krumholz HM, Wang Y, Mattera JA, et al. An administrative claims model
suitable for profiling hospital performance based on 30-day mortality rates
among patients with an acute myocardial infarction. Circulation. 2006;
113(13):1683–92.

23. Bronskill SE, Normand SL, McNeil BJ. Post-acute service use following acute
myocardial infarction in the elderly. Health Care Financ Rev. 2002;24(2):77–93.

24. Chen LM, Jha AK, Guterman S, Ridgway AB, Orav EJ, Epstein AM. Hospital
cost of care, quality of care, and readmission rates: penny wise and pound
foolish? Arch Intern Med. 2010;170(4):340–6.

25. Fisher ES, Wennberg DE, Stukel TA, Gottlieb DJ, Lucas FL, Pinder EL. The
implications of regional variations in Medicare spending. Part 2: health
outcomes and satisfaction with care. Ann Intern Med. 2003;138(4):288–98.

26. Fisher ES, Wennberg DE, Stukel TA, Gottlieb DJ, Lucas FL, Pinder EL. The
implications of regional variations in Medicare spending. Part 1: the content,
quality, and accessibility of care. Ann Intern Med. 2003;138(4):273–87.

27. Hussey PS, Wertheimer S, Mehrotra A. The association between health care
quality and cost: a systematic review. Ann Intern Med. 2013;158(1):27–34.

28. Lagu T, Rothberg MB, Nathanson BH, Pekow PS, Steingrub JS, Lindenauer
PK. The relationship between hospital spending and mortality in patients
with sepsis. Arch Intern Med. 2011;171(4):292–9.

29. Romley JA, Jena AB, Goldman DP. Hospital spending and inpatient
mortality: evidence from California: an observational study. Ann Intern Med.
2011;154(3):160–7.

30. Romley JA, Jena AB, O'Leary JF, Goldman DP. Spending and mortality in US
acute care hospitals. Am J Manag Care. 2013;19(2):e46–54.

31. Stukel TA, Fisher ES, Alter DA, et al. Association of hospital spending
intensity with mortality and readmission rates in Ontario hospitals. JAMA.
2012;307(10):1037–45.

32. Safavi KC, Li SX, Dharmarajan K, et al. Hospital variation in the use of
noninvasive cardiac imaging and its association with downstream testing,
interventions, and outcomes. JAMA Intern Med. 2014;174(4):546–53.

33. Khawaja FJ, Shah ND, Lennon RJ, et al. Factors associated with 30-day
readmission rates after percutaneous coronary intervention. Arch Intern
Med. 2012;172(2):112–7.

34. Wasfy JH, Strom JB, Waldo SW, et al. Clinical preventability of 30-day
readmission after percutaneous coronary intervention. J Am Heart Assoc:
Cardiovasc Cerebrovasc Dis. 2014;3(5):e001290.

35. Chen R, Strait KM, Dharmarajan K, et al. Hospital variation in admission to
intensive care units for patients with acute myocardial infarction. Am Heart
J. 2015;170(6):1161–9.

36. Krumholz HM. Post-hospital syndrome--an acquired, transient condition of
generalized risk. N Engl J Med. 2013;368(2):100–2.

Nuti et al. BMC Health Services Research          (2019) 19:190 Page 9 of 9

https://www.ncbi.nlm.nih.gov/books/NBK373736/
https://data.medicare.gov/data/hospital-compare
https://data.medicare.gov/data/hospital-compare
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic/Page/QnetTier4&cid=1228773321331
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic/Page/QnetTier4&cid=1228773321331
http://www.qualitynet.org/dcs/ContentServer?c=Page&pagename=QnetPublic/Page/QnetTier4&cid=1228773321331

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Study population
	Hospital characteristics
	Hospital costs and outcomes
	Hospital practice
	Statistical analysis

	Results
	Variation in Total in-hospital RSC
	Variation in components of in-hospital resource utilization
	Variation in hospital characteristics and outcomes
	Relationship between in-hospital and post-acute care resource utilization
	Relationship between in-hospital ICU use and post-acute care resource utilization on SNF

	Discussion
	Conclusions
	Additional file
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

