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Abstract

Objectives Evaluate the cost of illness associated with the 90-day period following acute myocardial infarction (AMI) and
the implication of care pathway (percutaneous coronary intervention [PCI] vs medical management [MM)]), in order to assess
the potential financial risk incurred by providers for AMI as an episode of care.

Perspective Reimbursement payment systems for acute care episodes are shifting from 30-day to 90-day bundled payment
models. Since follow-up care and readmissions beyond the early days/weeks post-AMI are common, financial risk may be
transferred to providers.

Setting AMI hospitalization Centers for Medicare & Medicaid Services (CMS) standard analytical files between 10/1/2015
and 9/30/2016 were reviewed.

Methods Included patients were Medicare beneficiaries with a primary diagnosis of AMI subsequently treated with either
PCI or MM. Payments were standardized to remove geographic variation and separated into reimbursements for services dur-
ing the hospitalization and from discharge to 90 days post-discharge. Results were stratified by Medicare Severity Diagnosis
Related Groups (MS-DRGs) individually and grouped between patients treated with MM and PCI. Risk-adjusted likelihood
of utilization of post-acute nursing care and all-cause readmission was assessed by logistic regression.

Results A total of 96,546 patients were included in the analysis. The highest total mean payment (US$32,714) was for
MS-DRG 248 (PCI with non-drug-eluting stent with major complication or comorbidity). Total payments were similar
between MM and PCI patients, but MM patients incurred the majority of costs in the post-acute period after discharge, with
the converse true for PCI patients. MM without catheterization was associated with a twofold increase in risk of requiring
post-acute nursing care and 90-day readmission versus PCI (odds ratio [95% confidence interval]: 2.01 [1.92-2.11] and 2.17
[2.08-2.27]). Smaller hospital size, diabetes, peripheral arterial disease, prior AMI, and multivessel disease were predictors
of higher healthcare utilization.

Conclusions MS-DRGs associated with the lowest reimbursements (and presumably, lowest costs of inpatient care) incur
the highest post-discharge expenditures. As the CMS Bundled Payment for Care Improvement and similar programs are
implemented, there will be a need to account for heterogeneous post-discharge care costs.

Plain Language Summary
Around 805,000 heart attacks occur annually in the US. With an average age over 65 years, many heart attack patients
qualify for Medicare health insurance. Under Medicare, hospitals (or ‘providers’) receive reimbursements for the cost of
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care associated with ‘acute care episodes’ (e.g., heart attacks) as a ‘bundled’ payment. The bundled reimbursements are
typically based on pre-defined prices, with hospitals paying the difference if actual costs exceed these. Reimbursements
are typically given for care costs from the initial heart attack through to hospital discharge and care in the 30-day post-
discharge period. However, recently introduced reimbursement models such as BPCI Advanced have moved to expand
this to 90 days. Since follow-up care and additional cardiovascular readmissions are common beyond 30 days, extension
of the reimbursement period to 90 days could increase financial risk to hospitals/providers if these additional costs are not
included in reimbursements. To assess the potential impact of this, we investigated the cost of illness for heart attack and the
implication of type of care: medical management (standard medication given after heart attack) vs. percutaneous coronary
intervention (PCI; standard medication plus a non-surgical procedure to widen heart blood vessels). We found that 90-day
costs after heart attack are substantial regardless of type of care. We found that post-discharge costs were generally high, but
higher for medically managed patients than those receiving PCI. Our analysis also suggests Medicare disease classifications
associated with lowest payments for heart attack (and presumably, lowest hospitalization costs) are associated with the
highest post-discharge expenditures. Overall, our study suggests that new payment models should account for variable post-
discharge care costs, and new therapies are needed to reduce additional events, readmissions, and associated costs in heart

attack patients.

Key Points For Decision Makers

Substantial post-acute myocardial infarction costs are
incurred through the 90-day post-discharge period
irrespective of the care pathway, suggesting that moving
from traditional 30-day payment models to 90-day
payment models may increase financial risk to hospital
providers.

Costs of post-acute care are substantially higher for
medically managed patients than for those receiving
percutaneous coronary intervention, highlighting

an unmet need for therapies that reduce recurrent
cardiovascular events and readmissions in these patients.

Heterogeneous post-discharge costs of care must be
considered when implementing the Centers for Medicare
& Medicaid Services Bundled Payment for Care
Improvement and similar programs.

1 Introduction

In the United States, there are an estimated 805,000 inci-
dences of acute myocardial infarction (AMI) per year, and
with an average age of 65.6 years for males and 72.0 for
females for first AMIs [1], a substantial proportion of AMI
patients are eligible for federally sponsored health insur-
ance under Medicare (i.e., > 65 years). In fee-for-service
Medicare, the Centers for Medicare & Medicaid Services
(CMS) reimburses hospitals for inpatient services based on
Medicare Severity Diagnosis Related Groups (MS-DRGs)
[2]. These MS-DRG payments are typically standardized
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and designed to cover all charges associated with inpatient
stay. Reimbursements under Medicare to hospitals for acute
care episodes, such as AMI, have been typically linked
to services used during a 30-day period [3]. However, in
2013, CMS introduced a voluntary bundled payment sys-
tem, the Bundled Payment for Care Improvement (BPCI)
Program [4], which involves a single payment for services
used during an episode of care and extends the period up
to 90 days after discharge [5]. The current model in place
up to December 31, 2023 is BPCI advanced (year 4) [6].
Under the current model, CMS reimburses episodes based
on pre-defined, yearly fixed target prices. Target prices are
compared with actual episode costs at the end of each year,
and providers must pay the difference if actual costs exceed
the target price [6].

Because hospitals are often the accountable provider for
managing bundled payments, extended 90-day reimburse-
ment programs such as BPCI present implications for pro-
viders when applied to AMI as an episode of care. First,
treatment of AMI is complex and usually includes follow-up
appointments that extend beyond discharge. Second, patients
with AMI are at high risk of subsequent cardiovascular (CV)
events, such as recurrent AMI, stroke, and CV death [1]. Of
the 805,000 AMIs that occur in the United States per year,
it is estimated that a quarter are recurrent, with recurrent
AMIs associated with a twofold increase in 5-year mortality
versus index AMIs [1, 7]. Costs associated with CV-related
hospitalizations have been found to be $20,000 higher than
non-CV related hospitalizations (all costs reported in this
article are in US dollars) [8], and Medicare expenditures
for AMI in the 30-day period have been found to be higher
than for other CV-related conditions such as heart failure
[9]. Moreover, there is growing evidence that readmission
burden for AMI extends beyond the typical 30-day period
[9, 10]. A recent study found that approximately a quarter of
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AMI episodes in the USA are associated with readmission
within 90 days, an increase of approximately 65% on the
proportion readmitted within 30 days [11]. There are, there-
fore, concerns that programs such as BPCI may increase
financial risk to enrolled providers.

A key factor to consider relating to provider burden
early after AMI is the treatment pathway of the index event,
specifically with non-surgical interventions whereby patients
are treated by either percutaneous coronary intervention
(PCI) or purely managed pharmacologically (i.e., medical
management [MM]). As PCI is associated with higher cost
of acute care for AMI, CMS segregates payments for AMI
between those who are medically managed and those who
undergo PCI [5]. Depending on the clinical presentation
and treatment prognosis, primary PCI may be the preferred
pathway of care for patients with AMI [12—-15] and data
show that between 7.9 and 27.4% of AMI events are
medically managed [16]. However, the need and suitability
for PCI depends upon many clinical factors, including if the
event was associated with ST-segment elevation, and other
factors including individual anatomy and comorbidities
[12—15, 17]. Further, there are numerous patient factors
that increase clinical burden following AMI, including age,
sex, and comorbidities such as diabetes, peripheral arterial
disease (PAD), and multivessel disease (MVD) [11, 18-20].

To investigate the potential extent of risk faced by
hospitals enrolled in an extended 90-day bundled payment
system, in a Medicare claims analysis, we evaluated
payments and healthcare utilization associated with AMI
as an episode of care up to 90 days post-discharge and the

impact of treatment pathway (PCI or MM). A further aim
was to evaluate the association of pathway of care and
patient comorbidities, with particular focus on MVD, on
post-discharge healthcare utilization and costs.

2 Methods

The present study was a retrospective analysis of Medicare
claims (October 1, 2015 to September 30, 2016).

2.1 Data Sources

The analytic file was derived from the CMS 100% Standard
Analytic Files (SAFs) for AMI hospitalizations. These
contain adjudicated medical claims submitted by inpatient
hospital providers for payment for services provided,
including complete information on diagnoses, procedures,
MS-DRG, dates of service, reimbursement amounts,
provider, and beneficiary demographics. These claims data
are compiled into a limited dataset, which only contains
one data element of protected health information (date
of service) and are standardized to remove geographic
variation.

The CMS March 2018 Provider of Services File was uti-
lized to obtain information on whether the hospitals have
cardiac catheterization rooms and cardiac surgical units. In
addition, the Inpatient Prospective Payment System (IPPS)
Final Rule Impact File was used to obtain information relat-
ing to community size (number of residents: < 50,000,

Fig. 1 Flow diagram to identify

Reason for exclusion

. .. . Unique inpatient visits* for AMI )
population eligible for analysis. N=551 931
AMI acute myocardial infarc- S - g Mortality during hospital stay n=39,153
Eon’ CABGf ?Orogifg fartefry l Discharge diagnosis of sepsis, n=43,051

ypass grafting, ee for i i i
service, IPPS Inpatient Pro- (" Enrolled in Medicare part A and B FFS ) pr}eumorﬂa or |nfect|c.>n
spective Payment System, MI and not Part C for 9 months prior to Plagn05|s (_)f h_ear_t failure on n=146,080
myocardial infarction, MS-DRG admission to 3 months post-discharget index hospitalization
Medicare Severity Diagnosis \_ n=407,429 Y, Acute or chronic kidney disease n=41,419
Related Groups. *Patients may »  Diagnosis of liver disease on index _
. . > o n=1,090
have multiple hospital stays hospitalization
if they suffer > 1 AMI during Received CABG during or n=10,528
the 1-year evaluation period. v N immediately after hospitalization®
"Death prior to the 90-day post- Inpatient visits for AMI at an IPPS Not seen at an IPPS hospital n=5.775
acute window does not exclude hospital ’
patients. *Patients who undergo L n=120,333 )
a CABG during or immediately ~[ Prior AMI within 90 days n=4,983 ]
after the inpatient stay (within !
45 days) are excluded from (" Inpatient visits for AMI without prior MI )
the study; however, a history (within 90 days)
of CABG qualifies a patient as L n=115,350 )
having multivessel disease and (. .
does not exclude a patient from *| Discharged under Ineligible n=18,804
v MS-DRG !
the study p N
Eligible inpatient visits for AMI included
in the analysis
L n=96,546
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Table 1 Eligible MS-DRGs

. . . MS-DRG family
associated with AMIs included

MS-DRG

Description

in the analysis Medical management 280

281
282
PCI 246
247
248
249
250
251

AMLI, discharged alive with MCC

AMLI, discharged alive with CC

AMLI, discharged alive without CC or MCC

PCI with drug-eluting stent with MCC or > 4 vessels/stents
PCI with drug-eluting stent without MCC

PCI with non-drug-eluting stent with MCC or > 4 vessels/stents
PCI with non-drug-eluting stent without MCC

PCI without coronary artery stent with MCC

PCI without coronary artery stent without MCC

AMI acute myocardial infarction, CC complication or comorbidity, MCC major complication or
comorbidity, MS-DRG Medicare Severity Diagnosis Related Groups, PCI percutaneous coronary

intervention

50,000 to < 1 million, and > 1 million), hospital size (num-
ber of beds: < 250, 250-499, and > 500), readmission
adjustment factor (the adjustment made by CMS to yearly
payments because of readmission performance measures,
with a high of 1 [100%] and a low of 0.97), and percentage
of hospital days paid by Medicare as a percentage of total
days.

2.2 Sample

The sample included Medicare beneficiaries (continuously
enrolled in Medicare Part A and B for 9 months prior to
admission through 3 months after the discharge date) with
a primary diagnosis for AMI (10th revision of the Inter-
national Statistical Classification of Diseases and Related
Health Problems [ICD-10] code 121.x) on an inpatient
claims record from an IPPS hospital and discharged with
an MS-DRG of 280-282 or 246-251. The identification

and selection of eligible study participants, including the
exclusion criteria applied, is detailed in Figure 1. Patients for
whom PCI would be usually contraindicated (e.g., those with
kidney disease, sepsis) or not be performed (e.g., patients
undergoing coronary artery bypass grafting [CABG] sur-
gery) were excluded from the analysis to minimize con-
founders in the assessment of economic costs associated
with pathway of care. In addition, 5735 visits for patients
who were not treated at hospitals that participate in CMS’
IPPS were excluded. This exclusion was applied because the
data on facility characteristics was not available for those
hospitals.

2.3 Measures
Distribution of acute and post-discharge costs across facili-

ties was assessed. Each hospitalization was assigned to a
pathway of care: MM without referral to catheterization lab,

Table 2 Characteristics of

8 X Total AMI MM PCI Statistical significance
patient population inpatient N=41269 N=55277
admissions
N = 96,546
Age, mean (SD) years 73.5 (10.6) 76.1 (11.2) 71.5(9.7) p < 0.0001
< 65 years, n (%) 13,924 (14.4) 4968 (12.0) 8956 (16.2) p < 0.0001
Sex, n (%) p <0.0001
Female 43,495 (45.1) 22,754 (55.1) 20,741 (37.5)
Male 53,051 (54.9) 18,515 (44.9) 34,536 (62.5)
Race, n (%) p <0.0001
White 84,428 (87.4) 35,442 (85.9) 48,986 (88.6)
African American 7067 (7.3) 3674 (8.9) 3393 (6.1)
Asian 5051 (5.2) 2153 (5.2) 2898 (5.2)
Multivessel disease*, n (%) 28,127 (29.1) 6854 (16.6) 21,273 (38.5) p < 0.0001

AMI acute myocardial infarction, MM medical management, PCI percutaneous coronary intervention, SD

standard deviation

*Inpatient admissions were assigned a diagnosis of multivessel disease if multiple vessels were treated with
a PCI or atherectomy, or if the patient had previously had a coronary artery bypass graft
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MM following referral to catheterization lab, PCI, or CABG
(Table 1). Patients were assigned a diagnosis of multives-
sel coronary artery disease (MVD) if multiple vessels were
treated with a PCI or atherectomy, or if the patient had previ-
ously had a CABG. Other comorbidities diagnosed during
the inpatient stay were captured.

2.4 Analyses

Patient demographics were compared between groups using
chi-square tests for categorical variables and ¢ tests for
continuous variables. Medicare payments were standardized
to remove geographical variation and separated into
reimbursements for services during hospitalization and from
discharge to 90 days post-discharge. Results were stratified
by MS-DRG individually, and mean payments are reported.
Costs presented represent actual costs during the study time
frame and are not updated to current year dollars. The mean
for utilizers is the total costs for a service (e.g., emergency
department [ED] visits) divided by the total number of
utilizers of a service (e.g., MS-DRG 280 discharged patients
who visit an ED within 90 days of discharge). Median and
interquartile range (IQR) payments are also reported.

Payments were separately estimated for the two bundles
under study (i.e., PCI or MM), which are described
in Table 1. Chi-square tests were used to evaluate the
significance of relationships between categorical variables,
and analysis of variance (ANOVA) for categorical and ratio
level variables.

Excess hospital readmissions are penalized by CMS,
and, therefore, may be a primary source of financial risk
for hospitals. Post-acute care (in the form of skilled nursing
facilities and, to a lesser extent, home health, long-term
care hospitals, and inpatient rehabilitation hospitals) is
another potential source of cost and risk. Because pathway
of care (i.e., PCI vs MM) is related to the utilization of post-
acute nursing care, which is in turn related to likelihood of
rehospitalization, logistic regression was used to evaluate the
risk-adjusted likelihood of utilization of post-acute nursing
care and all-cause readmission.

All analyses were conducted in SAS version 9.4.

3 Results
3.1 Study Population

In total, 96,546 unique patient stays were identified
(Fig. 1). The study population had a mean age of 74 years,
were predominantly white, and more were male (Table 2).
Characteristics including age, sex, race, and MVD status
were significantly different between MM and PCI treated
patients (all p < 0.001; Table 2). Additional observations

of note were that female patients were significantly older
than male patients (75.3 vs 72.0 years, p < 0.0001; Table 2),
patients treated with PCI were significantly younger than
MM patients (71.5 vs 76.1 years, p < 0.0001; Table 2), a
significantly greater proportion of white patients were
treated with PCI than African Americans (48,986/84,428
[58.0%] vs 3393/7067 [48.0%], p < 0.0001; Table 2), and
more male than female patients were treated with PCI
(34,536/53,051 [65.1%] vs 20,741/43,495 [47.7%], p <
0.0001; Table 2).

3.2 Payments for Healthcare Services for AMI
Patients

The overall mean cost for an AMI episode of care (weighted
by the number of individuals discharged under each DRG)
was $22,034 (median $17,561, IQR $13,065) from hospital
admission through 90 days post-discharge (Table 3). Within
both PCI and MM MS-DRG families, inpatient (acute) and
outpatient (post-acute) payments varied substantially but
were highest amongst patients with major complications
or comorbidities. The largest total mean payment was
associated with MS-DRG 248 (PCI with non-drug eluting
stent with major complication/comorbidity or > 4 vessels/
stents; mean $32,714, median [IQR] $27,007 [$15,486]),
followed by MS-DRG 250 (PCI without coronary artery
stent without major complication/comorbidity; mean
$31,963, median [IQR] $24,478 [$16,669]), MS-DRG
246 (PCI with drug-eluting stent with major complication/
comorbidity or > 4 vessels/stents; mean $30,879, median
[IQR] $26,287 [$11,433]), and MS-DRG 280 (AMI,
discharged alive with major complication/comorbidity;
mean $29,164, median [IQR] $19,983 [$22,047]). The
lowest mean costs were associated with MS-DRG 282 (AMI,
discharged alive without complication/comorbidity or major
complication/comorbidity; mean $17,752, median [IQR]
$9910 [$15,240]).

Payments for acute services were considerably higher for
patients who had undergone PCI than for those who were
medically managed ($16,230 vs $8536). However, post-
acute services represented a higher proportion of the total
expenditure in MM patients (55-62%) compared with PCI
patients (26—-41%) (Figure 2).

3.3 Utilization of Post-discharge Services

Utilization of post-discharge services by MS-DRGs is shown
in Supplementary Table 1 (see the electronic supplemen-
tary material). Non-ED post-discharge care was the most
frequently used classification of post-discharge service, and
the least utilized services were long-term care facilities.
Compared to patients receiving PCI, MM patients were sig-
nificantly more likely to be readmitted (30.5% vs 15.4%, p
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< 0.0001), to require home health agency services (16.7%
vs 8.2%, p < 0.0001), to be discharged to a skilled nurs-
ing facility (16.5% vs 5.0%, p < 0.0001), to receive reha-
bilitation services (23.7% vs 21.8%; p < 0.0001), and to
require an additional ED visit (1.2% vs 0.6%; p < 0.0001).
In contrast, PCI-managed patients used significantly more
outpatient (non-ED) services than MM patients (65.8% vs
58.3%, p < 0.0001).

3.4 Factors Associated with Utilization
of Post-acute Nursing Care

Apart from dementia, the strongest predictor of the requirement
for post-acute nursing care was MM without catherization
versus PCI, with these patients around twice as likely to be
referred than those who received PCI (odds ratio [OR] 2.01,
95% confidence interval [CI] 1.92-2.11; Table 4). Multiple
comorbidities predicted need for post-acute care, the strongest
of which being dementia, followed by malnutrition, and sepsis.
Comorbidities that typically correlate with MVD (e.g., diabetes
with/without complications, treatment for diabetes, PAD,
coronary atherosclerosis, and a history of AMI) were more likely
to be referred to post-acute care (Table 4). Referral rates to post-
acute care were higher in hospitals without open heart surgical
units, located in more populous areas (over a million residents),
and in which Medicare paid for more than 45% of days (Table 4).
Female gender and older age were also significantly associated
with an increased likelihood of referral to post-acute care.

3.5 Predictors of All-Cause Readmissions
The strongest predictor of 90-day hospital readmissions was

utilization of post-acute nursing care, which was associated
with more than a fourfold increase in the likelihood of

MM MS-DRGs

90-day readmission (OR 4.38, 95% CI 4.21-4.55; Table 4).
There was also an influence of hospital size/type on all-cause
readmission rates, with readmissions more likely from hospitals
with fewer beds, hospitals without open heart surgical units, and
Medicare-dependent hospitals (Table 4). Other predictors of
readmission were generally similar to predictors of post-acute
nursing care. Again, MM was associated with greater utilization
than PCI, with MM patients treated without catheterization
being the most likely to be readmitted. Notable exceptions were
that MVD was associated with greater odds of readmission,
the lack of association between sex and readmissions, and that
increasing age was associated with a decrease in the chance of
90-day readmission.

4 Discussion

In this Medicare claims analysis, we found the 90-day period
after AMI was associated with substantial economic burden
irrespective of the pathway of care (MM or PCI), and that
post-acute care spending (i.e., up to 90 days post-discharge)
encompassed a significant proportion of total healthcare
spending for AMI as an episode of care. Interestingly, the
pathway of care influenced when the bulk of these costs
are incurred; MM incurred up to approximately two-thirds
of costs in the post-acute period, whereas in PCI-managed
patients, the majority of spending was for services deliv-
ered in hospital. Importantly, our results suggest that this
was not purely due to the higher cost of PCI treatment rela-
tive to MM, as costs for post-acute care settings such as
inpatient readmissions were higher in MM patients than in
PCI patients. This is also supported by our finding that MM
was associated with a twofold increase in the likelihood
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Table 4 Predictors of post-
acute nursing care and all-cause
readmission

A\ Adis

Parameter Post-acute nursing care  All-cause 90-day
readmission
OR (95% CI) OR (95% CI)
Utilizer of post-acute nursing care NA NA 4.38 (4.21-4.55)
Pathway of care (vs PCI-managed)
MM without catheterization 2.01 (1.92-2.11) 2.17 (2.08-2.27)
MM with catheterization 1.50 (1.43-1.57)  1.66 (1.59-1.73)
Confirmed MVD (vs not identified as MVD) 0.93 (0.89-0.97) 1.20 (1.16-1.25)
Community size (vs < 50 K)
Community 50 K-1 M 0.99 (0.92-1.05)  0.89 (0.84-0.94)
Community 1 M+ 1.24 (1.12-1.32)  1.00 (0.95-1.06)
No cardiac surgical backup 1.09 (1.43-1.13)  1.40 (1.34-1.45)
Hospital size (vs 500+ beds)
250-499 beds NA NA 1.08 (1.03-1.14)
Fewer than 250 beds NA NA 1.20 (1.14-1.26)
Medicare dependency (vs Medicare pays for 45%+ days)
Medicare pays for 30-44% of days 0.93 (0.90-0.97) 0.93 (0.88-0.95)
Medicare pays < 30% of days 0.92 (0.87-0.97) 0.93 (0.88-0.98)
Age (per 10-year increase) 1.63 (1.60-1.67) 091 (0.89-0.92)
Male sex 0.66 (0.64-0.69) 1.02 (0.98-1.05)
Comorbidities*
Diabetes with complications 1.55 (1.46-1.65) 1.17 (1.11-1.24)
Diabetes without complications 1.33 (1.27-1.39) 1.18 (1.13-1.23)
Treatment for diabetes 1.15 (1.06-1.24) 1.11 (1.04-1.19)
Peripheral arterial disease 1.28 (1.20-1.35) 1.23 (1.17-1.30)
History of AMI 1.08 (1.02-1.35) 1.15 (1.10-1.20)
Congestive heart failure 1.14 (1.07-1.22) 1.12 (1.05-1.19)
Coronary atherosclerosis 1.13 (1.08-1.18) 1.01 (0.97-1.05)
Cardio-respiratory failure and shock 1.60 (1.49-1.71) 1.09 (1.02-1.17)
Valvular and rheumatic heart disease 1.13 (1.07-1.19) 1.21 (1.16-1.27)
COPD 1.43 (1.36-1.49) 133 (1.27-1.38)
Pneumonia 1.55 (1.43-1.68) 0.88 (0.81-0.96)
Malnutrition 2.00 (1.80-2.22) 0.86 (0.77-0.96)
Dementia 2.35 (2.23-2.48) 0.62 (0.58-0.66)
Cancer 1.38 (1.23-1.54) 1.27 (1.14-1.41)
Schizophrenia, bipolar and major depressive disorders ~ 1.54 (1.46-1.62) 1.04 (0.99-1.10)
History of PCI 0.88 (0.840-0.93) 1.12 (1.07-1.17)
Sepsis 1.91 (1.64-2.23) 0.87 (0.75-1.02)
Hypertension 1.07 (1.02-1.12)  1.06 (1.02-1.11)
High cholesterol 0.87 (0.84-0.90) 0.92 (0.89-0.95)
Atrial fibrillation 1.28 (1.23-1.34) 1.21 (1.17-1.27)
Early-stage chronic kidney disease 1.17 (1.10-1.25) 1.21 (1.13-1.28)
Goodness of Fit
Area under ROC curve 0.772 0.729
Cox and Shell R-square 0.1280 0.1108
Nagelkerke R-square 0.2084 0.1705

AMI acute myocardial infarction, CI confidence interval, COPD chronic obstructive pulmonary disease,
MM medical management, MVD multivessel disease, NA not applicable, OR odds ratio, PCI percutaneous
coronary intervention, ROC receiver operating characteristic

“Only selected comorbidities are presented
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to require post-acute nursing care and be readmitted to
hospitals.

We found that comorbidities such as MVD, diabetes,
PAD, and prior myocardial infarction (MI) were associ-
ated with a higher risk of 90-day readmission and, simi-
larly, smaller hospitals with less surgical cardiac expertise
were associated with higher rates of 90-day readmission.
Conversely, increasing age was weakly associated with a
decreased likelihood of 90-day readmission, although this
should be treated with caution, since age is correlated with
other comorbidities used in our model and thus may be sub-
ject to collinearity. These results are in line with a prior
Medicare analysis by Culler et al. [5], which also reported
that MM is associated with higher readmissions within
90 days versus PCI and higher rates of comorbidities, and
showed that PAD, diabetes, and prior MI are associated with
higher frequency of readmissions. Taken together with our
cost analysis, our findings build upon this by demonstrating
that this high clinical risk is associated with a substantial
economic burden.

Prior analyses of hospitals participating in the BPCI for
various episodes of care, which included AMI, have reported
that despite covering costs incurred over an extended
90-day period, the BPCI is associated with unchanged or
lower payments for acute care episodes compared to 30-day
payment programs [21-24]. This is important given recent
evidence of high hospitalization burden in the 90 days
post-discharge, with readmission rates ranging between
24-28% [5, 11]. Moreover, 38% of major adverse CV event
readmissions after AMI in the United States occur between
30 and 90 days after discharge [25], and the 90-day post-
AMI period has been reported to be associated with an
approximate 65% increase in AMI readmissions versus the
30-day period [11]. Thus, if reimbursements for acute care
episodes in 90-day models are comparable to those of 30-day
payment programs [21-24], moving from a typical 30-day
reimbursement model to a 90-day model such as BPCI may
increase the financial risk incurred by hospitals since they
must pay the difference if the actual cost of care exceeds the
fixed reimbursement given by the payment program [6]. This
is particularly relevant to medically managed AMI patients,
for whom we found around two-thirds of costs are incurred
in the post-acute period up to 90 days after discharge.

Interestingly, we found that higher PCI use and centers
with cardiac units were associated with lower post-
discharge expenditure; this is supported by Pandey et al.
[26], who found these factors to be associated with higher
post-discharge ‘home time,” which may be a better metric
of hospital performance. Moreover, although the MM
MS-DRGs incurred the highest post-discharge expenditures,
they have the lowest reimbursements (and presumably,
lowest costs of inpatient care). This may result in a situation
where hospitals become financially incentivized to perform

PCI, despite it not always being clinically appropriate/
possible, e.g., due to high bleeding risk [27]. Despite the
BCPI aiming to reduce costs and improve quality, when
applied to CV care in general, it has been shown that the
program has not significantly improved quality of care or
reduced spending [28].

Our analysis supports that MVD is associated with higher
rates of readmission within 90 days. This is interesting
given the increasing focus on MVD as a key driver of
poor outcomes following AMI, with the risk of recurrent
AMI events increasing in a stepwise manner with the
increasing number of non-culprit plaque/vessels [29, 30].
There is growing evidence that complete revascularization,
i.e., treatment of culprit as well as non-culprit lesions in a
single or staged procedure, improves clinical outcomes, and
consequently, standard of care is moving towards complete
revascularization where clinically appropriate [17, 31, 32].
Nonetheless, the increased risk of 90-day readmissions
among MVD patients supports that higher atherosclerotic
burden in these patients translates into higher risk of 90-day
readmission.

The finding that post-acute nursing care utilization was
more likely in more populous areas suggests that availability
was lower in rural areas, as higher post-acute care utilization
did not translate into higher 90-day readmissions in more
populous areas. The finding that smaller, presumably rural,
hospitals showed worse 90-day readmissions may be related
to the provision of standard of care medications, which has
been shown to be less comprehensive by rural hospitals [33].
In this regard, pharmacist-led transition of care programs
have been shown to significantly decrease readmissions
[34]. Similarly, we found that a lack of specialized cardiac
units was associated with increased readmissions; in
addition to this, there could be variation between individual
surgeons. However, as previously surmised [5], Medicare
claims data highlight an overall unmet need in preventive
therapeutics in the high-risk 90-day period post-AMI,
and that new strategies are required. Currently, therapies
that reduce the pro-atherogenic lipoprotein low-density
lipoprotein cholesterol (i.e., statins, ezetimibe, and
proprotein convertase subtilisin/kexin type 9 inhibitors)
take several months to years to have a pronounced effect on
CV events [35, 36]. Pharmacological interventions targeting
atherosclerotic plaque may be needed for those who do not
receive PCI and have comorbidities placing them at high
risk, particularly MVD. This may in turn reduce the financial
risk on providers in a 90-day bundled payment system.

This study had some limitations. First, since there is
currently no ICD-10 diagnosis code for MVD, the approach
used, as described in the methods, may have been unable
to capture all true MVD patients. Second, the exclusion
criteria used to minimize confounders in the assessment of
economic costs associated with the pathway of care may
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have introduced bias in the reported clinical outcomes.
Third, although the CMS data files used were the most recent
available at study conception, future studies using currently
available CMS data are warranted to incorporate changes
in clinical practice and implementation of new treatment
modalities. Fourth, the analysis did not include non-fee-for-
service Medicare populations, e.g., Medicare Advantage
and commercially insured or Medicaid populations. These
populations may have different post-discharge risks and
costs. Finally, AMI episodes of care were only included
where AMI was the primary diagnosis; patients treated for
AMI in combination with other conditions may also have
had different post-discharge risks and costs.

5 Conclusions

The 90-day post-AMI period is associated with significant
post-acute care costs, particularly among patients who
are medically managed. Care pathway impacts the timing
that costs are incurred, with medically managed patients
incurring higher costs in the post-acute period in relation
to some care settings compared to those undergoing PCI.
As the CMS BPCI and similar programs are implemented,
there will be a need to account for these heterogeneous
post-discharge costs of care. Centering payments for AMI
around a 90-day model further highlights that the clinical
and economic burden of AMI goes beyond the immediate
discharge period, representing a current unmet need in
preventative cardiology. There is a particular need for
additional preventative measures in those who are medically
managed, both in a clinical sense, and to reduce financial
risk to hospitals/providers.
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