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Introduction: ST-segment-elevation myocardial infarction (STEMI) affects approximately 250,000 people in the U.S. annually, 
causing substantial morbidity and mortality. One-year outcomes following percutaneous coronary intervention (PCI) for STEMI vary 
across studies.
Aim: To assess clinical and economic outcomes following PCI among patients with STEMI.
Methods: This study analyzed adult patients with STEMI undergoing PCI between 2016 and 2021, using Premier Healthcare 
Database and additional mortality and claims data. Clinical outcomes, healthcare resource use, and costs following first PCI discharge 
(index visit) were assessed for at least 1 year, with outcomes at 3-year follow-up assessed among a subset of patients. Multivariable 
regression (Cox, logistic or generalized linear) was used to identify risk factors for key outcomes.
Results: A total of 180,691 patients underwent PCI for STEMI in 633 US hospitals during the study period. The median age was 62 
years, most were male (71%), non-Hispanic White (62.7%), and had Medicare as the primary payor (42.9%). At index visit, 13.8% had 
ventricular tachycardia, 8.8% had ventricular fibrillation, with a median cost of $17,582, and a mortality rate of 5.5%. Within 1 year, 
there were 1,966 (1.1%) additional deaths, 17.4% were readmitted, 13.4% developed heart failure (HF), 2.5% were hospitalized 
primarily for HF (HHF), 3.9% had atrial fibrillation, and 1% experienced recurrent STEMI. The median total study cost by 1 year was 
$21,010. A Charlson Comorbidity Index (CCI) score of ≥4 (vs <4) at index visit was most strongly associated with higher risk of death 
at 1 year: hazard ratio: 4.1, (95% CI: 3.66 to 4.49), higher odds of readmissions (OR: 2.6, 95% CI: 2.50 to 2.70), HHF (OR: 4.1 (95% 
CI: 3.83 to 4.42)), and 74% higher costs (p<0.05). Similar associations were observed at 3-year follow-up (n=59,714).
Conclusion: This study identified risk factors associated with one-year negative clinical outcomes and increased cost following PCI 
for the treatment of STEMI.
Keywords: heart attack, reperfusion procedure, risk factors, mortality, cost

Introduction
Coronary heart disease (CHD) is the leading cause of death in the United States (US), with 382,820 deaths in 2020.1 

From 2005 to 2014, the estimated annual incidence of myocardial infarction in the US was 605,000 new events and 
200,000 recurrent events. The estimated direct and indirect cost of heart disease in 2018 to 2019 (average annual) was 
$239.9 billion in the US.2 ST-segment-elevation myocardial infarction (STEMI), a presentation of acute coronary artery 
disease, is estimated to affect about 250,000 Americans each year, leading to a significant burden of mortality and 
morbidity.2

Rapid diagnosis and treatment are critical for patients with STEMI to reduce the risk of mortality and morbidity. 
Timely reperfusion with thrombolytics and/or percutaneous coronary intervention (PCI) are recommended for these 
patients to minimize myocardial damage.3 More than 600,000 PCIs are performed in the US each year, and the cost 
associated with these procedures alone is estimated at around $10 billion.4 Treating STEMI with PCI aims to reduce the 
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risk of cardiovascular death and hospitalization for heart failure (HF), but post-STEMI care optimization remains crucial. 
Assessing clinical and economic outcomes and identifying risk factors associated with negative outcomes is the first step 
in developing care pathways for patients with STEMI following PCI procedures. Also, PCI success depends on patient- 
specific factors, lesion complexity, and repeat interventions. Existing studies on PCI outcomes mainly focus on outcomes 
within PCI hospitalizations, or within the 30-day or 90-day follow-up periods,5–9 while contemporary, real-world data on 
1-year effects of PCI in large hospital-based STEMI patient groups is still limited. It is important to understand the full 
impact of PCI on economic and clinical burdens for both patients and healthcare systems. The aim of this study is to 
update the current STEMI-PCI-related literature by evaluating detailed clinical outcomes, costs, and healthcare resource 
utilization (HCRU) in patients undergoing PCI for STEMI and to explore the risk factors for 1-year outcomes using 
hospital-based real-world data in the US.

Materials and Methods
Study Design
A retrospective observational study was conducted using the Premier Healthcare Database (PHD), a large, geographically 
diverse, US hospital database that includes 25% of inpatient discharges. Hospitals in the database represent the 4 
geographic US regions and more than 1.3 billion patient encounters. Patient-related data are collected from all payers and 
therapeutic areas.10 Data were supplemented with closed claims and general mortality data from proprietary third-party 
vendors linked with tokens (Supplementary Exhibit 1). The General Mortality database (GMDB) was used to follow 
patients’ death events after the PCI procedure through 3 years after index discharge. Data from GMDB provided 
mortality information from external sources covering newspapers, government mortality data, private media, private 
claims, and funeral homes. The closed claims database was used to identify additional visits in all treatment settings for 
those who could be linked to the PHD database, and outcomes were assessed at follow-up timepoints.

This study included adult patients (aged ≥18 years) who underwent PCI for a primary diagnosis (the chief reason for 
hospital encounter) of STEMI (ICD-10-CM diagnosis codes: I21.01, I21.02, I21.09, I21.11, I21.19, I21.21, I21.29, 
I21.3), and were discharged from US hospitals between 1 October 2016 and 31 December 2021. Patients who had 
elective admission type were excluded from the study. The evidence of treatment with PCI during the same visit was 
identified using ICD-10 procedure codes, CPT codes, or HCPCS codes (Supplementary Table S1).

The entire study period was 1 October 2015 to 31 December 2022, ensuring a 12-month baseline period and 
a minimum of 12 months for follow-up for each patient. Outcomes at 3-year follow-up were assessed among a subset 
of patients who had their first PCI for STEMI on or before December 31, 2019.

Study Variables
The primary outcomes were mortality and incidence of clinical events (including HF or cardiac arrythmias) following 
PCI for STEMI, identified by ICD-10 diagnosis codes. Secondary outcomes included recurrent STEMI events, repeat 
PCIs, HCRU (eg., readmissions, outpatient visits, length of hospital and intensive care unit [ICU] stays for inpatient 
encounters only), and all-cause total costs. The outcomes among patients alive at index discharge were assessed at 
various time points including during index visit, and within 30 days, 90 days, and 1 year following index discharge. 
Outcomes at 3-year follow-up were assessed among a subset of patients (n=59,714 alive patients at index discharge) who 
had their first PCI for STEMI on or before December 31, 2019. Diagnosis and procedure codes to identify patients with 
outcomes are provided in Supplementary Table S1.

Patient Demographics, Hospital, Visit, and Clinical Characteristics
We examined patients’ demographics (age, sex, self-reported race, ethnicity), primary insurance payor, hospital char
acteristics (populations served [rural or urban], teaching status, US census geographical regions, and number of beds), 
and visit characteristics (admission type and discharge disposition) for the index visit. Charlson-Deyo Comorbidity Index 
(CCI)11 was used to assess comorbidities for the index and within 365 days prior to index visit, and the most frequent 
comorbidities at index visit were also assessed. CCI is a validated tool that quantifies a patient’s overall disease burden 
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by assigning weighted scores to specific comorbid conditions, with higher scores indicating greater mortality risk. The 
CCI score is calculated by assigning predefined weights to each of 17 comorbid conditions based on their associated 
mortality risk, then summing these weights to produce a total score. Higher total scores indicate greater comorbidity 
burden and a worse prognosis. The CCI score was categorized as 0, 1–3, 4 + conditions to indicate the comorbidity status 
of the patient. We also evaluated all patient-refined diagnoses related groups (APR-DRG) severity of illness,12,13 

COVID-19 diagnosis, infarct location, and number of diseased vessels involved. APR-DRG severity of illness measure 
categorizes inpatients into four levels reflecting clinical complexity and physiological compromise, informing outcomes 
assessment, and resource use. This measure evaluates the burden of illness and the difficulty of treatment. To determine 
multivessel involvement, we utilized CPT modifiers to identify each specific vessel involved and then aggregated these 
data to obtain the total number of vessels affected. Medications at index visit were identified via generic and/or brand 
name, indicating any use of the medication of interest, namely beta blockers, calcium channel blockers, angiotensin- 
converting enzyme inhibitors, antiplatelets, anticoagulants, statins, or sodium glucose co-transporter-2 inhibitors. We 
used Social Vulnerability Index (SVI)14 to assess the social vulnerability status of patients undergoing PCI. The SVI was 
calculated using county-level data, including 15 US census variables and the county of the patient’s residence. The SVI 
indicates the relative vulnerability of every US county, and 15 social factors are grouped into 4 major themes and an 
overall rank/score. Higher overall scores indicate higher vulnerability. This study followed the Strengthening the 
Reporting of Observational Studies in Epidemiology guidelines.15

Statistical Analysis
Descriptive analyses for continuous variables and categorical variables were performed and expressed as mean (standard 
deviation, SD) or median (interquartile range, IQR) for continuous data and counts and percentages for categorical data. 
For continuous outcomes such as length of stay (LOS) and costs, outliers that were higher than the value of the 99th 

percentile were replaced by the value of the 99th percentile and outliers lower than 1st percentile were replaced by the 
value of the 1st percentile to improve the stability and robustness of statistical estimates and reflect the typical utilization 
of healthcare resources. For the mortality related analysis, patients with a recorded death date in GMDB were considered 
deceased; those without such a record were censored. Time to death was measured from index discharge to the recorded 
death date. For censored cases, fixed duration of 365.25 days (1-year analysis) and 1,096 days (3-year analysis) were 
assigned. Kaplan-Meier curves were generated to visualize survival probabilities (unadjusted) over time across risk 
groups and survival distributions statistically compared by Log rank test (Figure S1 and Figure S2).

Multivariable regression analyses were performed to assess risk factors for mortality, incidence of HF, readmissions, 
and study cost within 1 year and 3 years following index discharge using PHD data. We used Cox proportional hazard 
regression method to identify risk factors associated with time to death, generalized linear regression models with gamma 
distribution, log link function for cost outcomes, and logistic regression analysis to identify factors associated with 
dichotomous outcomes (HF, readmissions). Covariates in the regressions were selected based on descriptive results and 
clinical experts’ opinion and included age, sex, race-ethnicity, insurance, hospital characteristics (size, region, type, and 
setting [rural/urban]), comorbidity, SVI, and multivessel involvement at index visit. Multicollinearity between covariates 
were tested using variance inflation factors. The adjusted mean cost was computed based on the model predictors. For 
multivariable analysis, odds/ hazard ratios or percent difference in outcomes (cost outcomes) were estimated along with 
95% confidence interval (CI), and p values. A 2-sided p<0.05 was considered statistically significant. Patients with 
missing values for covariates were removed from risk factor analysis, and we did not conduct additional analysis on 
missing values, as the proportion of patients with missing values was ≤1.7%. Using PHD linked claims data, outcomes 
were assessed at different follow-up timepoints descriptively.

Results
A total of 295,848 patients aged 18 years or older with a primary diagnosis of STEMI between 1 October 2016 and 
31 December 2021 were identified (Figure 1). About 2.5% of patients with elective admissions were excluded. A total of 
180,691 patients (inpatient: 179,086, outpatient: 1,605) underwent PCI for STEMI at 633 hospitals and met study 
selection criteria. Overall, 93,083 patients (51.5%) presented with anterior wall STEMI, 87,608 patients (48.5%) 
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presented with non-anterior wall STEMI, and 25,987 patients (14.4%) had multi-vessel (coronary artery) disease (MVD). 
There were 63,469 (35.1%) patients who had their first PCI between October 2016 and December 2019 and were 
analyzed for 3-year follow-up assessment. Overall, 11.3% of patients (n=20,391) were linked with closed claims data.

Patient and Hospital Characteristics
The mean (SD) age of eligible patients was 62.1 (±11.7) years. Patients aged 50–64 years accounted for 42.3% of the 
total sample. Among all patients, 71% were male, 62.7% were non-Hispanic White, 6.9% were non-Hispanic Black, 
42.9% had Medicare, and 34.2% had commercial insurance. More than one-third of patient index visits (36.8%) were at 
hospitals with 500 or more beds, almost half were hospitals in the South region, 52.4% were teaching hospitals, and 89% 
were urban hospitals. Overall, 29,560 patients (16.4%) resided in the highest vulnerable counties (SVI quintile 5) needing 
some type of social assistance (Table 1).

Clinical Characteristics
Overall, the mean (SD) CCI score at index visit was 2.2 ± 1.54. Most patients (91.5%) had CCI scores between 1 and 3, 
and 8.5% had scores ≥4 during index visit. The most frequent comorbidities at index visit, other than myocardial 
infarction, included HF (22.6%), diabetes without chronic complications (21.9%), chronic pulmonary disease (14.0%), 
and moderate-severe renal disease (10.3%). Among inpatients, the APR-DRG measure was frequently rated as moderate 
for the severity of illness (37.3%). More than 85% of patients were prescribed anticoagulants, antiplatelets, statins, and 
beta blockers at index (Table 1).

Primary Outcomes
Death: The cumulative all-cause mortality rate was 5.5% at index visit, 5.9% at 30 days, 6.1% at 90 days, and 6.6% at 
1 year following PCI (Table 2). Cardiac Arrythmias: At index visit, the most common arrythmias observed were 
ventricular tachycardia (13.8%), ventricular fibrillation (8.8%), atrial fibrillation (6.7%), and supraventricular tachycardia 
(2.1%). In the year following index discharge, a higher proportion of patients had atrial fibrillation (3.9%) vs other 
arrhythmias at <2%. Heart Failure: Fewer patients (2.5%) had a primary diagnosis of HF during hospitalization (HHF) at 
1-year follow-up, while the cumulative incidence of new HF diagnosis (primary or secondary) at 1 year following index 
discharge was 13.4%.

Secondary Outcomes
Among all patients alive at index discharge, the cumulative all-cause readmission rate was 7.8% at 30 days, 11.1% at 90 days, and 
17.4% at 1 year, while the cumulative hospital-based outpatient all-cause revisit rate was 23.4% at 30 days, 35.3% at 90 days, and 

Figure 1 Study Analytical Sample Derivation (flow diagram).
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Table 1 Baseline Characteristics of the Study Population That Underwent PCI for STEMI

Characteristics at Index Visit Levels Overall (n=180,691)

N (%)

Age (years) Mean ± SD 62.1 ± 11.7
Median (IQR) 62.0 (54,71)

Age Categories (years) 18-34 1,821 (1.0)
35-49 25,298 (14.0)

50-64 76,397 (42.3)

65-79 59,131 (32.7)
80+ 18,044 (10.0)

Sex Female 52,429 (29.0)
Male 128,193 (71.0)

Race-Ethnicity NH-White 113,217 (62.7)
NH-Black 12,461 (6.9)

NH-Other/unknown 43,149 (23.9)
Hispanic 11,864 (6.5)

Payor Type Medicare 77,562 (42.9)
Medicaid 19,927 (11.0)

Commercial 61,807 (34.2)
Other/uninsured/unknown 21,395 (11.1)

Hospital Beds 1-299 55,912 (31.0)
300-499 57,904 (32.1)

500+ 66,377 (36.8)

Hospital Region Northeast 27,404 (15.2)
Midwest 40,679 (22.5)
South 84,476 (46.8)

West 28,132 (15.6)

Hospital Teaching Status Teaching 94,686 (52.4)
Non-Teaching 86,005 (47.6)

Population Served Rural 19,922 (11.0)
Urban 160,769 (89.0)

SVI Overall (quintiles) QT1 21,302 (11.8)
QT2 33,807 (18.8)

QT3 43,257 (24.0)

QT4 52,276 (29.0)
QT5 29,560 (16.4)

CCI Score at Index Mean ± SD 2.2 ± 1.54
Median (IQR) 2 (1,3)

CCI Categories at Index 1-3 conditions 165,413 (91.5)
4+ conditions 15,278 (8.5)

Frequently Observed Comorbidities at Index CCF 40,885 (22.6)
DM without complications 39,603 (21.9)
CPD 25,370 (14.0)

Moderate-severe renal 18,579 (10.3%)

(Continued)
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Table 2 Outcomes Following PCI for STEMI at Index and Within 1 Year Following Index Discharge

Outcomes Index 30-Days 90-Days 1-Year

N=180,691 N=170,744 N=170,744 N=170,744

n (%) n (%) n (%) n (%)

Death 9,947 (5.5) 647 (0.4) 1,055 (0.6) 1,966 (1.2)

Clinical

Cardiac Arrythmias

Atrial Fibrillation 12,034 (6.7) 2,485 (1.5) 4,000 (2.3) 6,568 (3.9)

Ventricular Fibrillation 15,990 (8.8) 561 (0.3) 769 (0.5) 1,158 (0.7)

Ventricular Tachycardia 24,861 (13.8) 1,323 (0.8) 2,004 (1.2) 3,204 (1.9)

Supraventricular Tachycardia 3,756 (2.1) 449 (0.3) 737 (0.4) 1,348 (0.8)

Readmission to the index hospital 13,205 (7.8) 18,892 (11.1) 29,713 (17.4)

Heart Failurea (primary, inpatient) 1,794 (1.1) 2,785 (1.6) 4,228 (2.5)

Any Heart Failure (new, primary, or secondary diagnosis) 10,122 (5.9) 15,103 (8.8) 22,961 (13.4)

Revisits to the index hospital 40,017 (23.4) 60,302 (35.3) 80,394 (47.1)

Recurrent STEMI 1,228 (0.7) 1,271 (0.7) 1,792 (1.1)

Repeat PCIs 2,885 (1.7) 5,090 (3.0) 6,768 (4.0)

Hospitalization for unstable angina 403 (0.2) 726 (0.4) 1,313 (0.8)

Reinfarction incidence (Primary, inpatient) 1,941 (1.1) 2,378 (1.4) 4,058 (2.4)

(Continued)

Table 1 (Continued). 

Characteristics at Index Visit Levels Overall (n=180,691)

N (%)

Number of Vessels Involved Single vessel 152,639 (84.5)
Multi-vessel 25,987 (14.4)
Unknown 2,065 (1.1)

Medication Use Beta blocker 157,935 (87.4)
CCB 84,471 (46.8)

ACE inhibitors 87,611 (48.5)
Anticoagulants 175,996 (97.4)

Antiplatelets 175,899 (97.4)

Statin 165,191 (91.4)

APR-DRG Severity of Illness (inpatient) Minor 56,421 (31.5)
Moderate 66,749 (37.3)
Severe 26,211 (14.6)

Extreme 29,705 (16.6)

Abbreviations: CCI, Charlson comorbidity index; SVI, Social Vulnerability index; NH, non-Hispanic; APR-DRG: All 
Patient Refined Diagnosis Related Groups; CCF, congestive cardiac failure; CPD, chronic pulmonary disease; DM, 
diabetes mellitus.
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47.1% at 1 year. The reinfarction rate (non-STEMI or STEMI) ranged from 1.1% at 30 days to 2.4% at 1 year following index 
discharge, while the rate of recurrent STEMI events or hospitalization for unstable angina were ≤1% across the follow-up period. 
There were 6,768 repeat PCIs (4.0%) in the year following index discharge. The top 20 primary reasons for readmissions within 
1 year following index discharge appear in Supplementary Table S2, with cardiac conditions listed frequently as reasons for 
readmits.

Healthcare Utilization
Overall, median hospital LOS was 2 days (Q1-Q3: 2–4) at index visit for all inpatients, 3 days (Q1-Q3: 2–7) at 30 days, 4 
days (Q1-Q3: 2–8) at 90 days and 1 year following index discharge (Table 2). The median ICU LOS was 1 day (Q1-Q3: 
1–2) at index visit and 2 days (Q1-Q3: 1–4) at 90 days and 1 year after index discharge.

Cost Outcomes
Adjusted to 2022 US dollars, the median index inpatient cost was $17,582 (Q1:Q3: $12,985- $26,288), the median index 
outpatient cost was $11,712 (Q1-Q3: $8,514- $16,861), with a total median index cost of $17,528 ($12,939-$26,203) 
(Figure 2). The median total all-cause study cost for all patients up to 1 year was $21,010 (Q1-Q3: $14,535- $34,604).

Table 2 (Continued). 

Outcomes Index 30-Days 90-Days 1-Year

Health care resource utilization (median, IQR)

Hospital Length of Stay (LOS) 2.0 (2,4) 3.0 (2, 7) 4.0 (2,7) 4.0 (2,8)

ICU LOS 1.0 (1,2) 2.0 (1,4) 2.0 (1,4) 2.0 (1,4)

Notes: a Heart Failure, ICD-10 diagnosis code of I50%, 97.13, I11.0, I13.0, I13.2.

Figure 2 Distribution of Cost Among Patients with PCI for STEMI.

ClinicoEconomics and Outcomes Research 2026:18                                                                          https://doi.org/10.2147/CEOR.S605902                                                                                                                                                                                                                                                                                                                                                                                                       7

Krishnaswami et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/article/supplementary_file/605902/605902%20Revised%20Supplementary%20Materials.docx


Risk Factors Associated with All-Cause Mortality, Readmission, and Heart Failure
The Cox regression model results for assessing the risk of all-cause mortality censored at 1 year of index discharge 
indicate that NH-Black (HR: 1.3, 95% CI: 1.14–1.56), Medicare (HR: 2.5, 95% CI: 2.07–2.99), Medicaid (HR: 2.1, 95% 
CI: 1.74–2.53), those with the highest SVI (HR: 1.3, 95% CI: 1.04–1.52), CCI ≥4 (HR: 4.1, 95% CI: 3.66–4.49) and 
MVD (HR: 1.2, 95% CI: 1.06–1.35) compared to those who were NH-White, had commercial insurance, lowest SVI, 
CCI between 1–3, and single-vessel involvement respectively had significantly higher risk of mortality within 1 year of 
index PCI discharge, independent of other covariates in the model (Table 3).

Table 3 Multivariable Regression Results for Assessing Factors Associated with 1-year Mortality, 
Readmission and Heart Failure Following Index Discharge in Patientsa with PCI for STEMI (n=168,043)

Characteristic Mortality Readmission Heart Failureb

Dead=1,941 Readmitted=29,321 HF=4,177

HR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age

65+ ref ref

18-49 0.48 
(0.38, 0.60)

<0.001 0.84 
(0.79, 0.88)

<0.001 0.51 
(0.44, 0.59)

<0.001

50-64 0.77 
(0.66, 0.90)

<0.001 0.94 
(0.90, 0.98)

0.003 0.76 
(0.69, 0.84)

<0.001

Sex, n (%)

Male ref ref ref

Female 1.08 

(0.98, 1.18)

0.12 1.31 

(1.27, 1.34)

<0.001 1.34 

(1.26, 1.43)

<0.001

Race-Ethnicity

NH-White ref ref ref

Hispanic 0.98 

(0.80, 1.19)

0.80 1.03 

(0.97,1.08)

0.30 1.29 

(1.13, 1.45)

<0.001

NH-Black 1.33 

(1.14, 1.56)

<0.001 1.30 

(1.24,1.37)

<0.001 1.98 

(1.79, 2.18)

<0.001

NH-Other/ 

unknown

0.95 

(0.85, 1.07)

0.4 0.90 

(0.87, 0.93)

<0.001 1.06 

(0.98, 1.15)

0.20

Primary payor

Commercial Insurance ref ref ref

Medicare 2.49 
(2.07, 2.99)

<0.001 1.87 
(1.79, 1.96)

<0.001 2.23 
(1.99, 2.50)

<0.001

Medicaid 2.10 
(1.74, 2.53)

<0.001 1.76 
(1.68, 1.85)

<0.001 2.15 
(1.90, 2.43)

<0.001

Uninsured/ other/ 

unknown

1.62 

(1.33, 1.98)

<0.001 1.22 

(1.16, 1.28)

<0.001 1.46 

(1.27,1.67)

<0.001

(Continued)
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Table 3 (Continued). 

Characteristic Mortality Readmission Heart Failureb

Dead=1,941 Readmitted=29,321 HF=4,177

HR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Hospital Beds

500+ ref ref ref

1-299 0.91 

(0.80, 1.05)

0.20 0.89 

(0.86, 0.92)

<0.001 0.95 

(0.87, 1.04)

0.30

300-499 1.06 

(0.95, 1.19)

0.30 1.03 

(0.99, 1.06)

0.12 1.05 

(0.97, 1.14)

0.20

Hospital Region

South ref ref ref

Northeast 0.82 
(0.70, 0.95)

0.009 1.14 
(1.10, 1.19)

<0.001 1.08 
(0.98, 1.18)

0.13

Midwest 1.01 
(0.89, 1.14)

0.90 1.04 
(1.01, 1.08)

0.015 1.03 
(0.95, 1.13)

0.40

West 1.02 
(0.89, 1.16)

0.80 0.87 
(0.83, 0.91)

<0.001 0.90 
(0.81, 0.99)

0.04

Hospital Type

Teaching ref ref ref

Non-Teaching 0.92 

(0.83, 1.03)

0.2 1.03 

(1.00, 1.06)

0.08 1.00 

(0.93, 1.08)

>0.9

Population Served

Urban ref ref ref

Rural 1.18 (1.03, 

1.36)

0.019 1.08 

(1.04,1.13)

<0.001 1.08 (0.98, 

1.20)

0.12

SVI

QT1 ref ref ref

QT2 1.16 
(0.96, 1.39)

0.12 1.12 
(1.06, 1.18)

<0.001 1.19 
(1.04, 1.35)

0.01

QT3 1.29 
(1.08, 1.53)

0.005 1.17 
(1.12, 1.23)

<0.001 1.14 
(1.01, 1.30)

0.04

QT4 1.27 
(1.07, 1.51)

0.007 1.18 
(1.12, 1.23)

<0.001 1.27 
(1.12, 1.43)

<0.001

QT5 1.26 
(1.04, 1.52)

0.018 1.21 
(1.14,1.27)

<0.001 1.37 
(1.20, 1.57)

<0.001

(Continued)
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Results of multivariable logistic regression analysis of risk factors for readmissions indicate that the odds of readmissions 
within 1 year of index PCI discharge were significantly higher for females, NH-Black, Medicare, Medicaid insurance, 
patients from rural hospitals, in the highest SVI group, CCI ≥4, and MVD. Odds of readmission within 1 year of index 
discharge was significantly lower for smaller size hospitals (vs. 500+ beds), those aged 18–64 years (vs. 65+), and hospitals 
in the West (p<0.05) compared to the respective reference groups. We observed a similar patient risk profile for HHF and 
increased total study cost at 1 year following index discharge (p<0.05). CCI ≥4 (vs. 1–3 conditions) and MVD contributed 
significantly more to higher all-cause total study cost adjusting for other factors (Table 4). The mean adjusted predicted total 
study cost up to 1 year since admission was $27,458.41 (95% CI: $26,938.94 -$27,987.89).

Results on 3-year Cohort
There were 63,469 patients who had their first PCI between October 2016 and December 2019 with a total of 59,714 
patients alive at index discharge and were analyzed for 3-year follow-up outcome assessment. Patient, hospital, and 
clinical characteristics of this sample are provided in Supplementary Table S3. The cumulative all-cause death rate was 
7.5% at 3 years following PCI. The proportion of cardiac arrythmias within 3 years following discharge ranged between 
0.8% and 3.6%. We found rates of readmission and HHF rates were similar to rates observed for the full sample, and 
there were similar risk profiles associated with 3-year mortality, readmissions, HHF, and total study cost as those 
associated at 1 year (data not shown).

Sensitivity Analysis
We conducted descriptive analysis of clinical and economic outcomes on claims linked data (n= 20,391 patients) to 
evaluate the patient journey, including encounters in non-PHD hospitals (Supplementary Table S4). Diagnosis of 
atherosclerotic heart disease, hypertension, STEMI of unspecified site, non-STEMI, and sepsis were the top reasons 
for 1-year readmission. Among the clinical outcomes, the following were observed at 1 year after index discharge 
(n=19,890 alive patients): atrial fibrillation (9.8%), ventricular tachycardia (6.4%), ventricular fibrillation (4.1%), and HF 
(12.6%). About 20% were readmitted (19.1%), and 87% revisited a hospital-based outpatient clinic. Less than 5% had 
reinfarctions (4.1%) or recurrent STEMI events (2.9%). The repeat PCI rate was less than 10%, with fewer patients 
(n=177) hospitalized for unstable angina. The median length of hospital stay was 6 days (Q1-Q3: 3.0–12.0), and the 
median total follow-up cost at 1 year was $9,472 (Q1-Q3: $3,296- $24,538). Results on HF rates (primary or secondary 
diagnosis) were consistent with the main analysis.

Table 3 (Continued). 

Characteristic Mortality Readmission Heart Failureb

Dead=1,941 Readmitted=29,321 HF=4,177

HR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

CCI Category Index

1 to 3 conditions ref ref ref

4+ conditions 4.05 

(3.66, 4.49)

<0.001 2.6 

(2.50, 2.70)

<0.001 4.12 

(3.83, 4.42)

<0.001

Multivessel Disease

Single vessel ref ref ref

Multiple vessels 1.20 

(1.06, 1.35)

0.003 1.06 

(1.02, 1.10)

0.002 1.19 

(1.09, 1.29)

<0.001

Notes: asurvivors at index discharge with no missing for covariates; bhospitalization for Heart Failure, primary ICD-10 diagnosis code of 
I50%, 97.13, I11.0, I13.0, I13.2.
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Table 4 Multivariable Regressiona Analysis for Total Study Costs Up to 1 Year, 
n=177,071

Characteristic % diffb 95% CI P value

Age

65+ ref

18–49 −10.31 −11.67, −8.93 <0.001

50–64 −3.4 −4.58, −2.20 <0.001

Sex, n (%)

Male ref

Female −1.1 −1.96, −0.24 0.013

Race-Ethnicity

NH-White ref

Hispanic 8.43 6.68, 10.22 <0.001

NH-Black 8.45 6.75, 10.18 <0.001

NH-Other/unknown 0.2 −0.76, 1.17 0.690

Primary Payor

Commercial Insurance ref

Medicare 8.91 7.52, 10.32 <0.001

Medicaid 14.81 13.25, 16.39 <0.001

Uninsured/other/unknown −2.47 −3.75, −1.18 <0.001

Hospital Beds

500+ ref

1–299 −8.44 −9.46, −7.41 <0.001

300–499 −2.72 −3.69, −1.74 <0.001

Hospital Region

South ref

Northeast 23.61 22.12, 25.12 <0.001

Midwest −0.13 −1.18, 0.94 0.817

West 25.53 24.04, 27.05 <0.001

Hospital Type

Teaching ref

Non-Teaching −8.37 −9.2, −7.52 <0.001

Population Served

Urban ref

Rural 4.81 3.48, 6.17 <0.001

(Continued)
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Discussion
This large, contemporary, observational study documents several major findings in patients with STEMI following PCI 
over a 5-year study period. First, there was a high prevalence of comorbid conditions in these patients and those with 
MVD. Second, significant associations with outcomes were observed in the demographic, clinical, and risk profiles of 
patients undergoing PCI for STEMI, indicating inequities in health outcomes. Third, increased cost and high utilization 
of healthcare services continued among patients with STEMI after PCI. Finally, although we found a lower incidence of 
HHF in the year after index discharge, HF with other circulatory conditions and 1-year cumulative mortality rates were 
comparable to published results, indicating the presence of unmet healthcare needs of patients with STEMI follow
ing PCI.

In this study, although the number of PCIs performed from October 2016 to December 2021 remained stable (average: 
8,604 procedures/per quarter), a higher number of older, women, racial/ethnic minority patients, and those residing in high- 
vulnerable counties were at higher risk of negative outcomes, which underscores the importance of including underserved 
populations for pre-revascularization risk assessment. The higher prevalence of clinical comorbid conditions with a CCI 
comorbidity index score of 4+ conditions, and the fact that more than 30% of patients in this study were at severe to extreme 
severity of illness stage at index visit, may reflect the actual US population health status, thus posing a challenge in managing 
these patients post-PCI. With the increasing prevalence of comorbid conditions, the 1-year risk-adjusted mortality also 
increased. In addition, MVD as an independent predictor of 1-year mortality and HF in this study is consistent with a published 
report in which findings were attributed to reduced left ventricular ejection fraction (LVEF) and a high prevalence of risk 
factors.16 Information on LVEF and infarct size were unavailable in our database.

Despite advances in PCI and management of STEMI, studies reported that survival after PCI varies depending on 
several factors. Globally, there is variability in mortality prevalence. A Danish matched study showed that STEMI was 
associated with a 5.9% excess mortality from 0 to 30 days, and this excess rate remained from 31 to 90 days. However, 
this study reported low excess mortality of 2% by 10 years among those who survived the first 90 days after PCI, 
probably due to high use of preventive medications and close monitoring of patients.17 The cumulative 1-year mortality 
rate of 6.6% found in our study is consistent with a previous report,18 but it is less than the pooled mortality rate of 10% 

Table 4 (Continued). 

Characteristic % diffb 95% CI P value

SVI

QT1 ref

QT2 −3.14 −4.54, −1.71 <0.001

QT3 −1.85 −3.22, −0.45 0.010

QT4 −5.24 −6.56, −3.92 <0.001

QT5 −4.65 −6.13, −3.14 <0.001

CCI Category Index

1 to 3 conditions ref

4+ conditions 74.05 71.62, 76.53 <0.001

Multivessel Disease

Single vessel ref

Multiple vessels 28.51 27.11, 29.94 <0.001

Notes: a GLM (adjusted) with gamma variance and log link function; b % diff is the %difference in the 
outcome value between risk and referent levels of a variable.
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(prevalence range: 2% to 59%) reported in a systematic review and meta-analysis of 91 cohort studies, in which 17 risk 
factors significantly associated with mortality were identified.19

Generally, the 30-day, 90-day, and 1-year mortality rates following PCI for STEMI are 2.7% to 8%,20 2.3% to 13.1% 
depending on age,21 and 2% to 59%,19 respectively. We did not assess door-to-balloon time, hospital volume, operator 
experience, or complexity of coronary lesions, which could have influenced our risk adjustment.

Readmission Rate
All-cause readmissions to the hospital after PCI discharge has a potential impact on patient outcomes and cost of care. 
Although similar to published literature (with 4.7 to 15.6% at 30 days7,22,23 and 18.6–50.4% at 1 year),24 the all-cause 
readmission rate following PCI we observed in our study (7.8% at 30 days, 11.1% at 90 days, and 17.4% at 1 year) 
demonstrates a need to improve care quality for these patients. The predictors of 1-year readmission such as being 
female, being of Black race, having MVD, and having more comorbid conditions may indicate women delay seeking 
medical care and present with more complications than men, and those with MVD resulting in recurrent ischemic events 
and those with comorbid conditions with poor compliance to medical therapy may contribute to the risk of readmission 
following PCI. We found a lower prevalence of use of antiplatelets, beta blockers, and other therapeutic medications 
following PCI discharge (data not shown), likely due to patients obtaining prescriptions over the counter, receiving 
medications during hospitalizations at a non-index hospital, or facing challenges in maintaining an antithrombotic or 
antiplatelet regimen due to cardiac arrythmias like atrial fibrillation.

Length of Stay
Our study participants tended to stay longer when readmitted within 1 year following index discharge, thus driving 
hospital follow-up cost, contrary to findings reported in another study,7,25 but within the range reported in a scoping 
review (LOS: up to 10.2 days).26 The average longer LOS post-PCI could be due to post-procedure complications, 
including those associated with HF, reinfarctions, and higher prevalence of comorbidities.

Heart Failure
Globally, HF is a significant clinical burden with high readmission and mortality rates,27,28 although HF rates vary across 
countries due to differences in healthcare access, treatment protocols, HF definitions used, and patient characteristics. 
One study on patients with primary PCI for STEMI reported HF rates of 7.9% at 1 year and 13.3% at 3 years with a HF 
related hospitalization rate of 6.1% at 1 year and 9.5% at 3 years.29 A European study reported HF incidence of 10% 
during a median follow-up of 3.7 years post-STEMI with intact or reduced LVEF.30 In the US, studies report 1-year and 
2-year readmission rates for HF to be 10.6% and 19.3%, respectively. This is particularly observed in Medicare and older 
populations.31 Attempts to reduce HF incidence after PCI for STEMI need effective post-PCI management strategies, 
including treatment optimization.

At index, we found higher rates of HF and use of anticoagulants, antiplatelets, and beta blockers, comparable to those 
reported in the literature, but lower prevalence of primary diagnosis of HF within 1 year following index discharge (both 
hospitalizations and revisits) when we defined HF with and without other diseases of the circulatory system (eg., 
hypertensive heart and chronic kidney disease). Lower prevalence at follow-up could be due to more patients already 
having HF during the index visit, and the primary reason for readmission or revisit was something more serious than HF 
alone. Also, we did not assess how many patients underwent complete revascularization during index visit which limits 
our ability to attribute the observed reduction in hospitalization rate due to primary diagnosis of HF in the year following 
index discharge. When we considered primary or secondary diagnosis of HF with/without other circulatory disease 
conditions, the prevalence of HF in the year following index discharge was consistent with previous studies.29,32 This 
was also confirmed in our sensitivity analysis using PHD linked claims data, in which patients visiting non-index 
hospitals were also captured (1-year: HF: 12.9%, 3-year: 16.6%, Supplementary Table S4).

Among other cardiac clinical events, cardiac arrythmias, especially ventricular fibrillation (VF) and tachycardia (VT), 
are frequently reported (8.9%) complications following PCI for STEMI, with an overall risk of 2.4% for late VT or VF. 
These late events have shown significant associations with in-hospital mortality (OR: 6.4, 95% CI: 5.63–7.29).33 We 
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found similar prevalence of VF (8.8%) and slightly higher rates of VT (13.8%) at index visit, but found higher rates of 
atrial fibrillation (3.9%) than VT or VF by 1 year following index discharge, indicating patients may be at higher risk for 
stroke and mortality, which warrants continued, effective therapeutic strategies to prevent adverse outcomes.

Cost: The burden of cost following PCI for STEMI is substantial, averaging $19,327, with 1-year readmission cost 
averaging $8,037.25 We observed a slightly higher average index cost of $23,927 with a total burden of $30,340 up to 
1 year following index discharge, which may indicate a higher risk profile of patients with STEMI. Identifying high- 
impact users is important to reduce costs, as is finding ways to reduce the cost of care without compromising the quality 
of recommended care for these patients.

Limitations
The PHD database is an administrative database, and therefore it is subject to several limitations as with all databases of 
this type. For example, the cause of death was not captured directly, and thus, we were not able to ascertain deaths due to 
cardiac causes without medical records but relied on ICD diagnosis codes for the hospital visit. Misclassification was 
possible due to diagnostic or procedure coding errors, and we used the codes and descriptions provided by the hospitals. 
In addition, we may have missed some readmissions / revisits as patients could have gone to different hospitals, and our 
databases may not have captured all readmissions and revisits. There may also be a potential selection bias with the use 
of a non-random sample of patients as well as with the first PCI, as this may not actually be the first time this procedure 
was performed for STEMI and may be outside the study timeframe. Complete patient journey up to 3 years after index 
discharge was evaluated for about 15% of patients who had linked claims data.

Although multivariable regression modelling was performed to identify risk factors for outcomes, there may have 
been unobservable characteristics we did not consider. For example, the cost of care after PCI may have been under
estimated, as patients could have visited non-member hospital systems during the follow-up time. In addition, pre-index 
comorbidities and conditions not captured in the data may have influenced our results. We also relied on multiple sources 
for mortality information without confirming the actual date of death, which could have influenced our results. The study 
was also not designed to detect causal relationships between factors and outcomes, due to the retrospective nature of the 
study design. Finally, as 10% of the patients had unknown race, misclassification of race could have resulted in 
underestimation of the association between Black race and outcomes because the race and ethnicity captured in the 
PHD were based on self-report. As race is correlated with SVI and mortality,36 we acknowledge that missing race data 
can bias estimates of SVI–mortality associations by introducing confounding, potentially over- or underestimating 
effects, obscuring disparities, and diminishing overall model precision. Despite the above limitations, this study presents 
contemporary evidence and highlights the risk factors associated with 1-year negative clinical outcomes and higher cost 
following PCI for the treatment of STEMI in US adult patients.

Generalizability
The PHD is an all-payer administrative hospital database representing approximately 25% of all US inpatient admissions. 
Our results on patients visiting 633 US hospitals (both university-affiliated and community hospitals) are distributed 
across all regions of the US, and patients could be tracked across inpatient and outpatient settings within a single hospital 
and across multiple visits. Using linked claims data, we found that, although patients were more likely to be treated in 
a different hospital in the longer term, most came back to the same hospital for inpatient care in the short term. Therefore, 
findings on inpatient care in the short-term follow-up periods are more generalizable when PHD is used as the sole data 
source.

Conclusions
This study identified risk factors associated with 1-year negative clinical outcomes and increased cost following PCI for 
the treatment of STEMI. Despite improvements in care for patients with STEMI, risk-adjusted mortality has not been 
reduced but has remained stable, and adherence to guideline-directed medical therapies following PCI for this population 
is mostly underestimated. The results from this study suggest that continued efforts are needed to understand and identify 
vulnerable adult populations at risk for negative outcomes beyond the initial 3 months following PCI to improve 
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outcomes and reduce disease burden in the US. Future research should also explore outcomes stratified by the location of 
the lesion, which may have an impact on LOS, readmission rate, and mortality. Timely referral to dedicated HF clinics, 
cardiac rehabilitation programs, and promotion of guideline-recommended prophylactic medical treatment should also be 
included in the STEMI-PCI care pathway.
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