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Abstract

Acute coronary syndrome (ACS) admissions are common and costly. The association between
comprehensive ACS care pathways, outcomes and costs are lacking. From 434,172 low-risk,
uncomplicated ACS patients eligible for early discharge (STEMI 35%, UA/NSTEMI 65%) from
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the Premier database, we identified ACS care pathways, stratified STEMI vs. UA/NSTEMI, that
included access site for PCI (trans-radial intervention (TRI) vs. trans-femoral intervention (TFI))
and length of stay (LOS). Associations with costs and outcomes (death, bleeding, acute kidney
injury and myocardial infarction at 1-year) were tested using hierarchical, mixed-effects regression
and projections of cost-savings with change in care pathways were obtained using modeling. In
low-risk uncomplicated STEMI patients, compared with TFI and LOS>3 days, a strategy of TRI
with LOS<3 days and TFI with LOS<3 days were associated with cost-savings of $6,206 and
$4,802, respectively. Corresponding cost-savings for UA/NSTEMI patients were $7,475 and
$6,169, respectively. These care-pathways did not show an excess risk of adverse outcomes. We
estimated that >$300 million could be saved if prevalence of the TRI with LOS<3 days and TFI
with LOS<3 days strategies are modestly increased to 20% and 70%, respectively. In conclusion,
we demonstrate the potential opportunity of cost-savings by repositioning ACS care pathways in
low-risk and uncomplicated ACS patients, towards transradial access and a shorter LOS without
an increased risk of adverse outcomes.

Keywords

Acute coronary syndrome; trans radial; radial access; costs; health care costs; percutaneous
coronary intervention

INTRODUCTION

The staggering costs of acute coronary syndrome (ACS) hospitalization are unsustainable,
and threaten the financial health of Medicare, Medicaid and the broader USA healthcare
system.1"> Approaches to reduce costs of ACS have been attempted but have led to modest,
if any, reductions in cost.%7 Alternative payment models, such as bundled payments, are a
mechanism for payers to shift financial risk to hospitals and force them to improve the
efficiency of care for patients presenting with AMI.1-5 In the current climate of health care
reform,® improved efficiency and lower costs of care offer the hospitals a competitive
advantage to overcome the pressure of reimbursement challenges. For example, we have
recently shown that a hospital could save nearly half million US$ by simply improving the
efficiency of their care pathways for elective PCI patients.? A similar economic evaluation of
care pathways for ACS patients is lacking. We thus interrogated a large, national database to
examine the costs associated with eight care pathways based on vascular access site and
length of stay among patients undergoing PCI for low-risk and uncomplicated ACS.

METHODS

This study used the Premier database (https://www.premierinc.com/), representing ~20% of
all acute care hospitalizations in the United States for over 15 years. The Premier database
contains information on the socio-demographic characteristics, interventional procedures,
medications, outcomes at the end of 1-year follow-up from index hospitalization and
International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM)
codes for diagnoses and procedures as reported by the contributing hospitals.
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The dataset used in this study covers a 13-year period from 2004 to 2016 during which
905,411 PCIs were performed for patients hospitalized with ACS. From this set of ACS
patients, we excluded patients not eligible for earlier discharge by minimizing confounding
due to four sources: i) patients with comorbidities, ii) patients undergoing complex PCl, iii)
patients having complications after PCI, and iv) critically ill ACS patients. The set of
exclusion criteria used here are based on clinical reasoning that complicated patients with
complex procedures would not be eligible for a rapid discharge. These exclusions resulted in
a final eligible pool of 434,172 (~48%) ACS patients from 478 US hospitals who
represented a low-risk and uncomplicated ACS population potentially eligible for early
discharge (Supplementary Figure 1).

Considering that the standards of care differ across presence or absence of STEMI, we
evaluated care pathways separately for STEMI and UA/NSTEM I patients. These ACS care
pathways (shown in Figure 1) considered were combinations of three binary sub-divisions
based on i) the presence of STEMI or UA/NSTEMI; ii) the use of transfemoral (TFI) or
transradial intervention (TRI); and iii) a short or long length of hospital stay during index
hospitalization, not explained by comorbidities, complex PCI, critical illness, or
complications. Each care pathway was thus identified based on a three-letter acronym — the
first letter indicated whether STEMI was present or absent (S or N, respectively); the second
letter indicated TFI or TRI (F or R, respectively) and the third letter indicated a short or long
length of stay (S or L, respectively). A short length of stay was defined as that shorter than 3
days — a time period considered reasonable for low risk STEMI and NSTEMI patients.10.
Within each of these ACS types, we used the subgroup of TFI patients with a long length of
stay as the reference group. Thus, there were three competing care pathways in each of the
STEMI and UA/NSTEM I patients as indicated by the double headed arrows in Figure 1.

The primary endpoint of all the analyses was costs from a hospital perspective. Premier uses
a micro-costing approach to report department-wise and total costs related to PCI and
hospitalization. Costs were reported as total fixed, total variable and total costs. All the costs
were inflation-adjusted to the 2016 US $. Information on death, bleeding events, acute
kidney injury (AKI), acute myocardial reinfarction following the index PCI, stroke, repeat
PCI and CABG was available at the end of 1-year follow-up from the date of PCI and were
the secondary outcomes. The main predictor variable of interest was the eight care pathways
defined above. We also included information on the following potential confounders:
hospital characteristics — number of beds in the hospital, whether the hospital is a teaching
hospital and hospital location; primary payer; socio-demographics of the patient, procedural
characteristics and details; prior history of concomitant presence of 17 co-morbidities and
medication use. Detailed description of these variables is provided in Table 1.

In all analyses, to account for hospital-level clustering we used hierarchical, mixed effects
regression models with the contributing hospital as the random effect. These models
simultaneously included the three comparisons (within STEMI and UA/NSTEMI groups
separately) and the results thus provided cost (or outcome) differential for all the candidate
care pathways compared against the same reference pathway (Figure 1). To study the
association of the care pathways with hospital costs we used mixed effects linear regression.
To test the association of the care pathways with study outcomes we used mixed effects

Am J Cardiol. Author manuscript; available in PMC 2021 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Amin et al. Page 4

logistic regression models. Finally, to gauge the potential practice implications of the
observed cost reductions, we conducted modeling studies 1 based on changing from a
higher to a lower cost care pathway. Descriptive statistics included means (SD) for
continuous variables and numbers (percentage) for categorical variables. All statistical
analyses were conducted using Stata 12.0 (Stata Corp., College Station, TX). Significance
was tested at a type 1 error rate of 0.05.

RESULTS

From a total of 905,411 eligible ACS PCI hospitalizations, we included 434,172 (47.9%)
PCI hospitalizations from 478 US hospitals, with the number of patients per year ranging
from a minimum of 54,329 in 2016 to a maximum of 85,484 in 2015. A total of 154,319
(35.5%) patients presented with STEMI. The characteristics of the study participants are
detailed in Table 1. Briefly, the mean age was 59.1 years and most of the patients were males
(70.1%) and white (72.5%). There was wide variation in hospitals characteristics, with most
(40.5%) having 500 or more beds; 91.5% hospitals were urban and 50.9% were teaching
hospitals. Medicare/Medicaid was the insurance payer for 42.4% of admissions. Multivessel
PCI was performed in 16.5% of the procedures and as shown in Figure 1, TRI approach was
used in 5,021 (3.3%) of STEMI PCls and 12,471 (4.5%) of the UA/NSTEMI PCls. TRI
increased over time and in 2016 with 7,248 (13.3%) patients underwent TRI PCI. The
prevalence of the eight care pathways was: in STEMI patients — SFS: 45.7%, SFL: 51.1%,
SRS: 2.2%, SRL: 1.0%; in UA/NSTEMI patients NFS: 67.7%, NFL: 27.8%, NRS: 3.5% and
NRL: 1.0%. During 1-year follow-up, as would be expected in this low-risk and
uncomplicated ACS population, only 0.4% patients died, 1.8% had bleeding events, 1.5%
had AKI events, 5.8% had AMI events and 0.7% had stroke.

We first determined the costs in the STEMI patients that were associated with the SFS, SRS
and SRL pathways as compared to the SFL reference pathway. Figure 2 shows that the SRS
pathway (orange bars) was associated with the greatest cost reduction with $2,332 reduction
in fixed costs, $3,876 reduction in the variable costs and $6,206 reduction in total
hospitalization costs per patient. This group was followed by the SFS group (purple bars)
with corresponding cost reductions of $2,090, $2,710 and $4,802, respectively. By
comparison, the cost reductions associated with the SRL pathway (cyan bars) were smaller
($374, $1,379 and $1,752, respectively) albeit statistically significant. The detailed estimates
of cost reductions along with their 95% confidence intervals for the STEMI patients are
provided in Supplementary Table 1.

Concordant with the observations in the STEMI patients, those with UA/NSTEMI also
demonstrated that the largest gains in cost reductions were associated with the NRS
pathway, followed by the NFS group and then by the NRL group (Figure 2, Supplementary
Table 2). In general, the corresponding cost reductions were greater for the UA/NSTEMI
patients as compared to the STEMI patients (compare the bars in Figure 2 for STEMI to
those for UA/NSTEMI patients). Across STEMI as well as UA/NSTEMI groups, the cost
reduction was consistently more for the variable costs than for fixed costs (Figure 2).
Notably, a comparison of the TRI versus TFI access pathways (when the length of stay was
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short) demonstrated a substantial cost reduction ($1,404 in STEMI patients and $1,306 in
UA/NSTEMI patients).

The micro-costing approach used in the Premier dataset permitted us to conduct the cost
reduction analyses at the level of the contributing departments within the hospitals. For
STEMI patients the cost reductions observed in the SFS and SRS strategies were primarily
driven by the central supply, ICU stay and room and board departments (Figure 3, bar graph
on left). In comparison, for the UA/NSTEMI patients the major cost reducing department
was still central supplies, but the costs reduced via room and board exceeded those reduced
through ICU stay. More conservative cost reductions were associated with cardiology,
pharmacy and laboratory investigation departments both for STEMI and UA/NSTEMI
patients. It is also noteworthy that the SRS and NRS strategies were associated with the
largest cost reductions as compared to their respective reference pathways (orange and red
bars in Figure 3), especially for the central supplies, ICU and Room and Board departments.
Detailed cost reductions (along with their 95% confidence intervals) associated with each
care strategy and each department are provided in Supplementary Tables 3 (STEMI) and 4
(UA/NSTEMI).

To gauge the potential practice implications of the observed cost reductions, we conducted
modeling studies.1! We observed that the average, adjusted (for all the covariates mentioned
in Figure 2 legend) per-patient hospitalization costs for STEMI and UA/NSTEMI patients
were $14,202 and $13,892, respectively. In this study, the observed proportions of SFS and
SRS care strategies were 46% and 2.2% while the proportions of the NFS and NRS
strategies were 68% and 3.5%, respectively. We first conducted a set of one-way analyses for
the scenario of a hypothetical hospital that conducts 1,000 PCls annually for each of the
STEMI and UA/NSTEMI conditions. By varying the proportion of the patients converting
from the SFL (NFL for UA/NSTEMI) pathway to the SFS, SRS or SRL pathways (NFS,
NRS and NRL for UA/NSTEMI) and using cost savings from Figure 2, we estimated the
hypothetical hospital cost reductions. We observed (Figure 4A-B) that even if 50% of the
SFL patients were to be managed by the SRS or SFS pathways then there would be a cost
reduction of 1.6 and 1.2 million US$ per 1000 STEMI PCls for the hypothetical hospital.
Corresponding numbers for the UA/NSTEMI group were 1.0 and 0.9 million US$,
respectively. The cost reductions associated with the SRL and NRL pathways were
substantially smaller.

While SRS and SFS strategies were associated with the most cost savings, we recognized
that adopting transradial access in ACS patients, particularly STEMI patients, may be
challenging. Therefore, we performed a two-way modeling where we retained a higher
proportion of the SFS pathways while simultaneously varying a smaller proportion of SRS
pathway to mimic the transradial learning curve.1213 We found (Figure 4C-D) that the cost
reductions were more sensitive (with steeper lines that were more widely spaced) for the
UA/NSTEMI patients than for the STEMI patients. Even a small shift in care strategies
aimed at increasing use of TRI and a shorter LOS is likely to be associated with substantial
cost reductions. For example, in the context of low-risk and uncomplicated STEMI, if one
sets a target of SRS=20% and SFS=70%, the cost reductions are likely to be as large as
$29.2 million annually within the Premier database. If one were to set the same targets for
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UA/NSTEMI patients, then the estimated annual cost reduction would be $32.1 million.
Considering that Premier data represents ~20% of all US PCls, the total cost reduction
across the nation could be ~$307 million if care pathways were to focus on modestly shorter
length of stay and TRI.

Finally, we evaluated the clinical outcomes associated with the SFS/SRS and NFS/NRS care
pathways at the end of 1 year of follow-up. The results of these analyses are shown in
Supplementary Table 5 and demonstrated that except for the outcome of AMI, all the
outcomes were significantly less likely in the SRS and NRS groups as compared to the
respective reference groups. The SFS and NFS groups were consistently associated with all
improved outcomes (except for repeat PCI for the NFS group, p = 0.7718). Together, the
SFS/SRS and NFS/NRS pathways were not only associated with lower costs, but these
pathways were also safe and associated with no excess risk of long-term outcomes following
PCI.

DISCUSSION

In this first unique analysis of low risk and uncomplicated ACS care patterns across a
national, large and real-world dataset from 478 US hospitals we make three key
observations. First, there exists a large potential opportunity of cost savings by shifting ACS
care approaches towards transradial access and a shorter length of hospital stay in low risk
and uncomplicated ACS patients. From a practice stand-point, such a practice shift entails
the need to determine pre-procedural risk of adverse outcomes. Tools to risk stratify and
screen patients for identification of the low-risk ACS based on the exclusion criteria listed in
Supplementary Figure 1 may be necessary. Low-risk and uncomplicated ACS thus identified
can then be managed with a goal towards early discharge. In support of the transformative
potential of care pathways to reduce healthcare costs, prior studies have shown that in
patients undergoing elective PCls a same-day discharge care pathway may reduce PCI costs
by ~$3,000-5,000.% An elective PCI same-day discharge care pathway implemented at the
Barnes Jewish Hospital, St Louis, MO was associated with cost savings that surpassed these
estimates.14 Second, patients with these different care strategies did not have an excess risk
of adverse clinical outcomes as reflected by low 1-year rates of mortality, bleeding, AKI and
stroke. Third, these ACS care strategies may have implications for the US healthcare system
in the era of bundle payments or alternative payment models. We demonstrate that across US
hospitals there exists a potential to save >$300 million annually providing hospitals the
opportunity for sustenance in a challenging payment reform climate.815

The cost savings from the ACS care strategies studied here need to be placed in perspective
of the total cost of care of ACS hospitalization. The average costs of a low-risk STEMI and
UA/NSTEMI hospitalization were US$ 14,202 and 13,892, respectively. The average cost
savings from the SRS and NRS pathways as compared to the traditional SFL and NFL
pathways were US$ 6,206 and US$ 7,475, respectively. These represent as large as 44% and
54% cost savings, respectively. Furthermore, variable cost savings were greater in magnitude
than fixed cost savings (Figure 3). Consistent with this observation, we found that reduction
in the costs of room and board, ICU stay, and central supply departments were the major
drivers of cast savings (Figure 4). We surmise that a reduction in length of stay would
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directly lead to a reduction in patient-specific resource costs such as those due to laboratory
tests, medications, medical supplies, surgical supplies and nursing expenses thus leading to a
greater reduction in variable costs. Considered together, these findings imply that hospitals
that can embrace a shift towards these ACS care strategies in low and uncomplicated ACS
patients with reliability, are likely to attain cost savings large in magnitude. Moreover, these
cost savings are likely to be rapidly evident since they result from variables costs.16

It is noteworthy that the cost-savings attributable to such a practice change did not come
with any added risks of adverse clinical outcomes in low-risk and uncomplicated ACS
patients. The low incidence of adverse outcomes in this study is not surprising. There are at
least two reasons for this. First, we chose a low-risk and uncomplicated ACS population
expected to have good outcomes. Second and equally pertinent is that the past decade has
seen tremendous advances in the technical and procedural aspects of coronary intervention.
In that regard, the low rate of death, bleeding, AKI and AMI over the full year is reassuring.

Our study has following limitations. First, this is an observational study. Therefore, the study
only reports associations and does not imply causal inference of cost savings with the care
strategies studied. Large, randomized trials are needed to demonstrate direct benefits of ACS
care pathways using the strategies discussed above. Second, classification of STEMI and
UA/NSTEMI are derived from administrative codes with a possibility of potential
misclassification. Third, we did not have angiographic details therefore we were unable to
adjust for anatomic complexity. Fourth, long term outcomes have been ascertained via
ICD-9 and ICD-10 codes, which could result in misclassification of outcomes. Fifth,
although we chose low-risk and uncomplicated ACS population by applying extensive
exclusion criteria, the clinical reasoning behind choice of transradial access and earlier
discharge in these patients remains unknown. Lastly, there are likely unmeasured
confounders in the selection of patients for TRI and short LOS that cannot be adjusted for in
the analyses.

In conclusion, our study shows a simple, novel and modifiable repositioning of the existing
ACS care strategies in US to achieve cost savings without compromising patient safety.
Future prospective studies evaluating costs and outcomes guided by these principles are
needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Schematic representation of the competing care pathways considered in this study.
Shown at the bottom of each pathway is an acronym-based and color-coded identification of

each pathway. The double headed arrows indicate the comparisons conducted herein.
Prevalence of each care pathway within the subgroups of STEMI and UA/NSTEMI patients
is shown above each pathway acronym.
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Figure 2. Cost reduction associated with the care pathways for ACS.

The bars are color-coded and match the color-coded pathways shown in Figure 2. Error bars
indicate 95% confidence intervals. All cost reduction estimates were obtained using 2-level
hierarchical, mixed effects linear regression models (separate for cost shown in the Figure)
that used the contributing hospital as random effects. The model used inflation adjusted (to

2016 USS$) cost as the dependent variable and the following predictor variables: the three

care pathways simultaneously compared against the reference pathway, age, female gender,
history of PCI, history of congestive heart failure, history of chronic obstructive pulmonary

disease, history of diabetes, history of hypertension, multiple vessel affliction, use of bare
metal stents, Medicare/Medicaid as the primary insurance payer, number of beds In the

hospital, teaching hospital and hospital located in an urban area. Models were run separately
for STEMI and UA/STEMI groups. Detailed results are provided in Supplementary Tables 1

and 2.
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Figure 3. Department-wise drivers of total cost reduction based on care pathways.
Results are from 2-level, hierarchical, mixed effects models run separately for the STEMI

and UA/NSTEMI groups and for each cost component shown. Model specification was the
same as that mentioned in legend to Figure 3. Color-coded numbers show the cost reduction
in 2016 US$. Detailed results are provided in Supplementary Tables 3 and 4.
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Figure 4. Results of modeling to predict the potential cost reduction associated with a shift of
ACS care pathways.

(A-B) One-way sensitivity analysis for a hypothetical hospital that conducts 1,000 PCls of
each type of ACS. Results show the associated cost reductions when a given percentage of
patients from the SFL pathway for STEMI (NFL for UA/NSTEMI) is converted to the
candidate pathway. Per-patient hospitalization costs associated with each care pathway and
adjusted for covariates mentioned in the legends to Figure 3 were obtained using 2-level
hierarchical, mixed effects models. (C-D) Two-way sensitivity analyses. The proportion of
the patients belonging to the SFS and SRS pathways for STEMI (NFS and NRS for UA/
NSTEMI) was varied over a range of 30 — 70% and 0 — 20%, respectively. The resulting per
patient costs were compared to the currently observed proportions (indicated using the
colored circles). The results are shown as annual cost reduction in 2016 million US$.
Hypothetical target of 70% SFS and 10% SRS groups is shown using color-coded stars.
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Characteristics of the patients and procedures

Table 1.

Characteristic STEMI (n=154,319)

UA/NSTEMI (n=279,853)

Hospital characteristics

Total number of beds at hospital

000-099 1,455  (0.94 %) 3,012 (1.08 %)
100-199 11,578  (7.50 %) 19,246 (6.88 %)
200-299 21,048 (13.64 %) 32,729 (11.70 %)
300-399 34318 (22.24 %) 57434  (20.52 %)
400-499 26,173 (16.96 %) 51,208  (18.30 %)
500+ 59,747  (38.72%) 116,224 (4153 %)

Hospital Teaching

No 81,465  (52.79 %)

131,727 (47.07 %)

Yes 72,854  (47.21 %)

148,126 (52.93 %)

Hospital - Urban/Rural

Rural 13,218 (8.57 %)

23,503 (8.43 %)

Urban 141,101 (91.43 %)

256,260 (91.57 %)

General patient and hospitalization

Age (years)* 5717  (10.61 %) 60.14 (10.50 %)
Women 38,495  (24.95 %) 87,821 (31.38 %)
Married 84594  (54.82 %) 159,392 (56.96 %)
Single 51,534 (33.39 %) 86,826 (31.03 %)
Other marital status 18,191 (11.79 %) 33,635 (12.02 %)
White 112,658  (73.00 %) 202,227 (72.26 %)
Black 10414  (6.75 %) 20,910 (7.47 %)
Hispanic 3,463 (2.24 %) 6,335 (2.26 %)
Other race 27,308 (17.70 %) 49,731 (17.77 %)
Unknown race 476 (0.31 %) 650 (0.23 %)

Insurance Payor

Medicare 42,267 (27.39 %) 109,378 (39.08 %)
Medicaid 12,116 (7.85 %) 20,279 (7.25 %)
Managed Care / Commercial 72,277 (46.84 %) 116,811 (41.74 %)
Self Pay 16,758  (10.86 %) 17,893 (6.39 %)
Other 10,901 (7.06 %) 15,492 (5.54 %)
AMI 154,319  (100.00 %) 173,561 (62.02 %)
Unstable angina 6,749 (4.37 %) 126,617 (45.24 %)
NSTEMI 6,229 (4.04 %) 159,167 (56.88 %)
STEMI 154,319  (100.00 %) 8,131 (2.91 %)
Heart failure 11,495 (7.45 %) 24,691 (8.82 %)
Cerebrovascular episode 1,152 (0.75 %) 3,481 (1.24 %)
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Characteristic

STEMI (n=154,319)

UA/NSTEMI (n=279,853)

Acute renal failure 752 (0.49 %) 2,176 (0.78 %)
COPD 14770  (9.57 %) 36,213 (12.94 %)
Any type of cancer 9,232 (5.98 %) 21,388 (7.64 %)
Diabetes 36,889  (23.90 %) 91,076 (32.54 %)
Dyslipidemia 106,283  (68.87 %) 213,935 (76.45 %)
Hypertension 95,511  (61.89 %) 211,075 (75.42 %)
Smoking 86,859  (56.29 %) 135,914 (48.57 %)
Alcohol abuse 2,101 (1.36 %) 3,341 (1.19 %)
Drug abuse 1,027 (0.67 %) 1,617 (0.58 %)
PCI characteristics

DES used 107,410  (69.60 %) 224,352 (80.17 %)
Multi-vessel PCI 17,617 (11.42 %) 53,925 (19.27 %)
Transradial access 5,021 (3.25 %) 12,471 (4.46 %)
Prasugrel used 23,195 (15.32 %) 34,453 (12.88 %)
Ticagrelor used 14,871 (9.82 %) 20,301 (7.59 %)
Outcomes at 1-year

Mortality 513 (0.33 %) 1,057 (0.38 %)
Bleeding 2541  (1.65%) 5,041 (1.80 %)
Acute kidney injury 1,927 (1.25 %) 4,438 (1.59 %)
Acute myocardial infarction 10,660 (6.91 %) 12,594 (4.50 %)
Repeat PCI 12,982 (8.41 %) 23,842 (8.52 %)
CABG 2497  (1.62%) 2,895 (1.03 %)
Stroke 994 (0.64 %) 2,048 (0.73 %)
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