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Abstract

Background—Timely reperfusion is necessary to reduce morbidity and mortality in patients
with ST-elevation myocardial infarction (STEMI). Initial care by facilities with percutaneous
coronary intervention (PCI) capabilities reduces time to reperfusion. We sought to examine
whether insurance status was associated with initial care at EDs with PCI capabilities amongst
adult patients with STEMI.
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Methods—We conducted a retrospective cross-sectional study using Department of Healthcare
Access and Information (HCALI), a non-public statewide database reporting ED visits and
hospitalizations in California. We included adults initially arriving at EDs with STEMI by
diagnostic code (International Classification of Diseases v9 or 10) from 2011-2019. Multivariable
logistic regression modeling included initial care by PCI capable facility as the primary outcome,
and insurance status (none vs. any) as the primary exposure. Covariates included patient, facility,
and temporal factors and we conducted multiple robustness checks.

Results—We analyzed 135,358 eligible visits with STEMI included. In our multivariable model,
the odds of uninsured patients being initially treated at a PCl-capable facility were significantly
lower than insured patients (adjusted odds ratio [aOR] 0.62, 95%CI 0.54-0.72, p<0.001) and was
unchanged in sensitivity analyses.

Conclusions—Uninsured patients with STEMI had significantly lower odds of first receiving
care at facilities with PCI capabilities. Our results suggest potential disparities in accessing high-
quality and time-sensitive treatment for uninsured patients with STEMI.

INTRODUCTION

Nearly 250,000 ST-Elevation Myocardial Infarctions (STEMI) present to the US EDs
annually and the preferred reperfusion strategy is percutaneous coronary intervention
(PCI).1 Timely reperfusion is necessary to reduce patients’ morbidity and mortality from
STEMI.2 Delays beyond the door-to-balloon benchmark of 90 minutes are a commonly
recognized problem since they were first identified and associated with prolonged ischemia
and increased 12-month and 5-year mortality in US-based interfacility transfers.34:5.6.7
Similar delays and diminished outcomes are an international challenge.8-° Rapid treatment
and subsequently clinical outcomes are achievable when patients initially receive care at
facilities with PCI capabilities instead of requiring interfacility transfer, as the duration

of myocardial ischemia is reduced.2-319 However, only 36% of US hospitals have PCI
capabilities.11 As a result, one study found that 25% of patients were transferred for primary
PCI.3

In the setting of worse clinical outcomes for patients who are transferred and have delayed
care, insurance status may play an important role in the timeliness and location of care. It is
unknown to what extent the differences in outcomes can be explained by the characteristics
of the initially treating facility and likelihood to transfer. Prior work in a national sample

of ED visits, found that lack of insurance among patients with STEMI was independently
associated with 60% higher odds of being transferred.1? Recent data from the state of
California, however, found that uninsured patients with STEMI were no more likely (and
in fact, less likely) to be transferred than their insured counterparts.13 This could be due

to the robust state-level regionalization in PCI care found in California.1* However, a

key unanswered question—and the subject of this present study—is to determine whether
transfer is indicated among uninsured patients with STEMI. Specifically, whether uninsured
patients with STEMI are more likely to receive initial treatment at PCl-capable hospitals.
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Study Design and Setting

We conducted a retrospective cross-sectional study of all patients with STEMI treated

at California EDs between 2011 and 2019 using the Healthcare Access and Information
(HCAI) dataset, previously named California Office of Statewide Health Planning

and Development (OSHPD). Using de-identified data, HCAI tracks patient, facility,

and utilization data from 8,000 California non-federal healthcare facilities. Emergency
Department Data (EDD), Patient Discharge Data (PDD), Annual Utilization Data, and
Inpatient Mortality Indictors (IMI) were our primary sources of data within HCAI. The
EDD includes individual patient encounters in California EDs, while the PDD records all
inpatient discharges from California licensed hospitals. Encounters were included that were
designated as “General Acute Care Hospital” by HCAI Annual Utilization Dataset. This
multi-year retrospective cross-sectional study was approved by The Vanderbilt University
Medical Center Institutional Review Board with a waiver of informed consent as it was
minimal risk.

Data Collection

Patient encounters were retrospectively identified in the HCAI database. Unique patient and
facility identifiers were used to link patient encounters between the EDD and PDD datasets
to ensure that each episode of care was counted once. All adult patients (18 years of age

or older) with STEMI were identified using International Classification of Disease (ICD),
Ninth Revision, Clinical Modification Codes: 410.00, 410.01, 410.10, 410.11, 410.20,
410.21, 410.30, 410.31, 410.40, 410.41, 410.50, 410.51, 410.60, 410.61, 410.80, 410.81,
410.90, 410.91 and ICD, Tenth Revision, Clinical Modification Codes: 121.01, 121.02,
121.09, 121.11, 121.19, 121.21, 121.29, 121.3.1215-17 As we were most interested in the
first ED episode that provided treatment, episodes were excluded if they had a missing
disposition status or if the admission source was another hospital, which was most likely to
represent an interfacility transfer. This allowed for capture of the patient’s first episode of
care and excluded those episodes resulting from a transfer. Visits with unknown or missing
insurance status in EDD or PDD were also excluded as this was the primary exposure.
While multiple ED visits for the same episode were excluded, patients could have multiple
STEMIs separated by time allowing for multiple entries per patient.

Exposures and Outcomes

The patient’s health insurance status at the time of arrival to the ED was the primary
exposure. Insurance status was collected at the initial ED encounter and/or admission to

the hospital. De-identified patient insurance status was collected from HCAI as “Expected
source of payment” (EDD) or “Payer category” (PDD) and was categorized as one of

five mutually exclusive groups: Medicare, Medicaid, Commercial health insurance, Other
(including workers’ compensation, county indigent programs, other indigent programs, other
government programs, and other payers), and Self-Pay, which was coded as uninsured. Our
first level analysis examined any insurance (including Medicare, Medicaid, commercial,
other) vs. no insurance and the association with initial treatment at PCI capable facilities.
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The dependent variable of our primary analysis was whether the individual was first treated
at a PCI capable facility, which was treated as a binary variable, and is defined below.

Measurements

Analysis

Annual total PCI counts collected in the HCAI Annual Utilization file were used

to determine whether a facility could perform PCI. PCI volume was identified using

135 ICD-9 and 10 procedure codes (Supplemental Table 1). Primary PCI volume was
previously demonstrated to be associated with patient outcomes,18-20 and is used to
determine PCI capability status by the Joint Commission. Specifically, the Joint Commission
facility volume threshold is at least 36 primary PCI annually for Primary Heart Attack
Certification.20 While PCI may be elective, not the equivalent of primary PCI, and occur
more frequently than primary PCI, the HCAI database excludes ambulatory PCI. Inclusion
in this dataset likely represents acute primary PCI and is an appropriate surrogate for
primary PCI. Thus, we used 36 annual PCI as our threshold for categorizing a facility

as having PCI capabilities.2? This does not imply that facilities defined as capable by

our methods will have the ability to perform PCI 24/7, but rather that they do perform
PCls at this volume threshold. There was no missing data handled as only complete cases
were included as none of the observations had a missing value for a variable used in our
models. All observations that contained a missing value for a variable used in the model
were excluded, which represented 155 encounters or 0.11% of final study sample. It was
important to make sure that each iteration of our main analysis (i.e. no controls to patient
and facility controls) contained the same number of observations.

Our data included several potential cofounders that we included as covariates including
patient-level demographic variables, facility characteristics, and temporal factors. Patient-
level factors included patient age, sex, race, ethnicity, rurality, poverty index, and co-
morbidity index and were abstracted from EDD and PDD. Facility characteristics included
facility ownership (nonprofit vs. for profit), annual ED volume, annual transfer volume for
patients leaving the hospital, facility rurality, and payer mix (measured by percentage of
commercially insured patients), which were in the Annual Utilization dataset. Specifically,
the percentage of commercially insured patients was calculated for all California EDs and
then divided to form commercial payment share quartile. The first quartile of facilities

had the lowest share of commercially insured patients, while the fourth had the highest.
Temporal factors included month and year of initial episode of care as well as day of the
week (weekday vs. weekend) found in the EDD and PDD datasets. Patient and facility
rurality were defined using Rural-Urban Commuting Area (RUCA) codes and grouped in
two categories as urban or rural (RUCA > 4 as rural).21:22 We used the US Census Bureau’s
Small Income and Poverty Estimates (SAIPE) Program to determine the percentage of
people in the county living below the federal poverty level.23 We used an R package that
uses ICD-9 and 10 codes to calculate the Elixhauser Comorbidity Index.24

We performed descriptive analyses to summarize patient, facility, and temporal factors
and initial treatment at California EDs by PCI capability. Comparisons of the populations
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initially treated by facilities with and without capabilities were conducted with t-tests, and
chi squared, as appropriate.

For our primary outcome, we performed multivariable logistic regression using STATA,
adjusting for the covariates described above, including patient, facility, and temporal factors
that may confound the relationship between the primary exposure (insurance status) and the
primary outcome (presentation to a PCI facility). We clustered standard errors at the hospital
level to account for correlation in the error term within hospitals given patient and facility
factors were analyzed. All analyses were conducted using STATA version 17 software.2> We
hypothesized that uninsured patients with STEMI would be more likely to receive initial
treatment at EDs without PCI capabilities.

Sensitivity Analyses—TFive planned sensitivity analyses were conducted to determine
whether the results were due to our sample collection or variable selection. The first
separated the samples into ICD-9 and ICD-10, as the diagnostic code version changed

in 2015. Second, while PCI volume of 36 annually was used to determine a facility’s

PCI capabilities, the threshold of PCI volume and its impact on our primary outcome

was uncertain. Thus, we examined three PCI volume thresholds: /ow volume: 11-3519.20
primary PCls per year, medium volume: 36-6019 primary PCls per year, and high volume:
>6019 primary PCls per year. While PCI volume represents an indicator of a facility’s PCI
capabilities, it does not account for partial capabilities (e.g., daytime availability only), so a
facility with sufficient daytime volume may appear as “PCI Capable” facility when they may
not be able to provide PCI for a patient with STEMI presenting in the evening. The third
sensitivity analysis limited our sample to 2013 when a state-wide survey assessed California
facility PCI capabilities as the following: no, partial, or full PCI capabilities.28 The

fourth sensitivity analysis included a full set of insurance categories (Medicare, Medicaid,
commercial) instead of any vs. none. Finally, the fifth sensitivity analysis redefined the
uninsured population to include populations that were underinsured, such as those enrolled
in county indigent programs. County level programs, such as Healthy San Francisco may
include safety-net care but do not provide access as full insurance would.2”

Characteristics of Study Subjects

Between 2011 and 2019, there were 171,472 visits for STEMI in California hospitals.
After exclusions, 135,358 visits were included in the multivariate analysis with 7,322
(5.4%) uninsured patient visits and the full cohort can be seen in Figure 1. Among the
128,036 STEMI visits for patients with insurance, 62,963 had Medicare (46.5%), 42,016
had commercial insurance (31.0%), 17,583 had Medicaid (12.99%), and 5,469 with Other
(4.0%). There were 13,717 patients (identified with a unique record locator number) with
more than one encounter in our dataset. With expansion of Medicaid in California in 2014,
the number of uninsured patients declined by approximately 50% and continued to drop
throughout our study period (Supplemental Table 2). Using the primary exposure of no
insurance versus any insurance, those without insurance were younger (54 vs. 65, p<0.001),
more likely to be male (81.5% vs. 69.0%, p<0.001), and were more likely to be non-white
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(51.8% vs. 40.7%, p<0.001). Uninsured patients were more likely to receive initial treatment
at facilities with reduced average annual ED volumes (52,644 vs. 55,251, n p<0.001). They
were less likely to initially receive treatment at facilities with non-profit status (65.6% vs.
70.1%, p<0.001), and at facilities with a larger commercially insured patient population (4t
quartile commercial payment share) (20.4% vs. 25.8%, p<0.001). There was no significant
association with rurality of facility for initial treatment of uninsured patients (6.3% vs. 6.5%,
p=0.56). The full demographics of this population can be seen in Table 1.

As seen in Table 2 describing the STEMI population by facility characteristics, 86,068
(64%) first received treatment at facilities with PCI capabilities as defined by annual PCI
volume. Those who initially received treatment at facilities with PCI capabilities were more
likely to be male (71.1% vs. 67.3%, p<0.001) and white (60.3% vs. 55.8%, p<0.001), and
less likely to be uninsured (4.6% vs. 6.9%, p<0.001) and residing in rural areas (6.1% vs.
17.3%, p<0.001).

Primary Analysis Results

In the primary multivariable logistic regression model, lack of health insurance was
associated with significantly lower odds of receiving initial treatment at a facility with PCI
capabilities (adjusted odds ratio [aOR] for uninsured patients versus those with any health
insurance: 0.62, 95% CI: 0.54-0.72) (Table 3, Figure 2). Other risk factors associated with
lower odds of initial treatment at a facility with PCI capabilities included female sex, Black
race, and Hispanic ethnicity. Patients with STEMI who received initial treatment at a rural
facility significantly decreased the odds of treatment at a facility with capabilities (aOR 0.04,
95% CI: 0.01-0.24).

Sensitivity Analyses—The five sensitivity checks of volume thresholds, ICD-9 vs.
ICD-10, use of the 2013 PCI facility indicator, full insurance categories, and inclusion

of underinsured populations were all associated with significantly reduced odds of initial
treatment at a facility with PCI capabilities (Supplemental Table 3). Notably, when using
alternative volume thresholds (instead of 36 primary PClIs per year) to determine facility PCI
capability we found the uninsured patients had significantly higher odds of receiving initial
treatment at low-volume facilities, yet significantly lower odds of initial care at medium or
high-volume facilities (Table 4).

DISCUSSION

This is the first study, to our knowledge, that identifies that when compared with

insured patients, uninsured patients with STEMI had significantly lower odds of receiving
initial treatment at facilities with PCI capabilities. These findings were supported by
multiple robustness checks. This work builds on prior research that lack of insurance

was independently associated with increased odds of interfacility transfer for patients

with emergency conditions.28-31 While uninsured patients with STEMI were initially
demonstrated to be more likely to be transferred,12 recent findings that control for the PCI
capabilities of the transferring facilities found that the odds of transfer were similar to their
insured counterparts.13 Prior research found that transferred patients were not transferred to
the highest quality receiving hospitals (i.e., lower risk-adjusted mortality) in the setting of

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.
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acute myocardial infarction,32 and emergency general surgery.33 The present study reported
here is the first to date, to our knowledge, that addresses the PCI capabilities of the initial
facility for uninsured patients with STEMI. Taken together, uninsured patients may not have
access to the appropriate facilities that can treat such a cardiac emergency.

Receiving initial treatment at facilities without capabilities is an important barrier to
optimal care for patients with STEMI as this contributes to delays in timely reperfusion,
increased myocardial ischemia, and higher morbidity and mortality.2~" Existing disparities
in accessing high-quality, time-sensitive treatment for uninsured individuals with STEMI
may further diminish clinical outcomes. Despite California’s STEMI regionalization efforts
to increase access to care, work done by Hsia et al. found that patients in minoritized
communities, who are more likely to be uninsured, derived smaller benefits (as measured by
access to PCI facilities and receipt of PCI) from regionalization.3* This work also builds on
a larger body of research on limited access of the uninsured to high quality care, the subject
of Healthy People 2030.3° Lack of insurance is a key barrier to accessing high quality
care,36:37 which may also extend to cardiac emergencies. The present findings suggest that
while regionalization may mitigate disparities in transfers from PCI capable facilities, there
may be PCI center gaps or “PCI deserts” limiting uninsured patient access.

Future studies should examine the role of social determinants of health that contribute to
the initial treatment of uninsured patients with STEMI at facilities with PCI capabilities
(economic stability, educational access and quality, health care access and quality,
neighborhood environment, and social and community context). Also, examining whether
uninsured populations are geographically localized further from PCl-capable facilities. Use
of insurance status remains a good surrogate for other social determinates of health that
may be difficult to capture in large datasets.38 Further, these findings should be examined in
other settings, particularly those without Medicaid expansion and the regionalization efforts
of California. Finally, understanding why uninsured patients are more likely to access less
capable facilities, the quality of these facilities, and strategies to mitigate these disparities
are important future directions.

LIMITATIONS

While our findings were supported by multiple robustness checks, the following limitations
should be considered when interpreting these study results. The number of ED STEMI
visits (135,358) included in our study may have allowed the comparisons between insured
uninsured populations in Table 1 to reach statistical significance because of large sample
size and may not be substantially clinically significant. Additionally, we used administrative
data from a non-public statewide database. The accuracy of insurance status, our primary
exposure, in the dataset may be difficult to determine in such datasets. However, we
excluded patients with missing insurance status and prior research found misclassification
within the insured population rather than between the insured and uninsured groups.3® We
are also unable to determine if insurance status changed throughout an admission. For
example, some patients may have been enrolled in emergency Medicaid or county indigent
programs and were subsequently not included in the uninsured population of our study.
Another limitation of administrative data was the use of ICD-9 and ICD-10 diagnostic codes

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.
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to define STEMI. While these diagnostic have been used extensively,15-17 they may not
accurately capture STEMI diagnoses. These diagnostic codes were updated in the middle of
the study period to increase the specificity of a STEMI diagnostic code. Robustness checks
confirmed that this change did not impact study conclusions.

The HCAI dataset also lacked the corresponding variables for mode of arrival including
emergency medical services (EMS) rather than private vehicle arrival and admission source
to the ED. We could not examine whether patients had agency in determining where they
were initially treated or if this was directed by EMS. While HCAI enabled identification of
another hospital as a presumptive transfer, there was no variable identifying that a patient
was transferred. Additionally, the dataset did not include the patients” home zip code. As

a result, specificity in determination of patient rurality was limited by county and the
subsequent use of county-level measures from the Census Bureau for the measurement of
patient poverty. We were unable to observe the variability in poverty within a county.

Potential lack of generalizability is an additional concern. We only studied California EDs
which may limit generalizability due to variation in geography and policies in place (e.g.,
early expansion of Medicaid and STEMI regionalization). Only 5.4% of patients were
uninsured in our study population which limits generalizability to other settings with a
larger proportion of uninsured individuals. However, the size of California and diversity of
the state are strengths that enhance the generalizability of our findings to similar settings.
Finally, we used PCI volume as a surrogate for primary PCI capabilities. While facilities are
financially motivated to bill for their services, this may not capture whether PCI capabilities
were available at the time of patient arrival. As one of the multiple robustness checks
performed, data from 2013 surveyed facility PCI capabilities providing an opportunity to
examine whether partial capabilities were associated with the primary outcome.28 This
analysis similarly did not impact study findings. Future work collecting PCI capabilities at
the time of individual arrival and care may help to address this specific limitation.

CONCLUSIONS

Uninsured patients with STEMI had significantly lower odds of receiving initial treatment
at facilities with PCI capabilities. When uninsured patients did initially receive treatment
at facilities with PCI capabilities, these facilities performed fewer annual PCI, suggesting
potential disparities in accessing high-quality time-sensitive treatment for uninsured
individuals with STEMI. Future work should investigate the contributions of social
determinants of health on access to high quality emergency cardiovascular care for the
uninsured population and how this impacts patient outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Financial Support:

This project was funded by the Emergency Medicine Foundation and the Society for Academic Emergency
Medicine Foundation Medical Student Grant. The project was also supported by the National Heart Lung and
Blood Institution (NHLBI), Grant R21HL140382-02 (MJW), RO1HL 114822 (RYH), and RO1HL134182 (RYH). It

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal. Page 9
was also supported by the National Center for Research Resources, Grant UL1 RR024975-01, and is now at the
National Center for Advancing Translational Sciences, Grant 2 UL1 TR000445-06. This work does not represent
the official views of the NIH and only the responsibility of the authors.
REFERENCES

1.

Ward MJ, Kripalani S, Zhu Y, et al. Incidence of emergency department visits for ST-
elevation myocardial infarction in a recent six-year period in the United States. Am J Cardiol.
2015;115(2):167-170. doi:10.1016/j.amjcard.2014.10.020 [PubMed: 25465931]

. Wang TY, Nallamothu BK, Krumholz HM, et al. Association of door-in to door-out time with

reperfusion delays and outcomes among patients transferred for primary percutaneous coronary
intervention. JAMA.. 2011;305(24):2540-2547. doi:10.1001/jama.2011.862 [PubMed: 21693742]

. Wang TY, Peterson ED, Ou FS, Nallamothu BK, Rumsfeld JS, Roe MT. Door-to-balloon times for

patients with ST-segment elevation myocardial infarction requiring interhospital transfer for primary
percutaneous coronary intervention: a report from the national cardiovascular data registry. Am
Heart J. 2011;161(1):76-83.e1. doi:10.1016/j.ahj.2010.10.001 [PubMed: 21167337]

. Menees DS, Peterson ED, Wang Y, et al. Door-to-balloon time and mortality among patients

undergoing primary PCI. N Engl J Med. 2013;369(10):901-909. doi:10.1056/NEJM0a1208200
[PubMed: 24004117]

. Chakrabarti A, Krumholz HM, Wang Y, Rumsfeld JS, Nallamothu BK, National Cardiovascular

Data Registry. Time-to-reperfusion in patients undergoing interhospital transfer for primary
percutaneous coronary intervention in the U.S: an analysis of 2005 and 2006 data from the
National Cardiovascular Data Registry. J Am Coll Cardiol. 2008;51(25):2442-2443. doi:10.1016/
j.jacc.2008.02.071 [PubMed: 18565404]

. Kawecki D, Gierlotka M, Morawiec B, et al. Direct Admission Versus Interhospital Transfer for

Primary Percutaneous Coronary Intervention in ST-Segment Elevation Myocardial Infarction. JACC
Cardiovasc Interv. 2017;10(5):438-447. doi:10.1016/j.jcin.2016.11.028 [PubMed: 28216215]

. Nakatsuma K, Shiomi H, Morimoto T, et al. Inter-Facility Transfer vs. Direct Admission

of Patients With ST-Segment Elevation Acute Myocardial Infarction Undergoing Primary
Percutaneous Coronary Intervention. Circ J Off J Jpn Circ Soc. 2016;80(8):1764-1772.
doi:10.1253/circj.CJ-16-0204

. Park JH, Ahn KO, Shin SD, et al. The first-door-to-balloon time delay in STEMI

patients undergoing interhospital transfer. Am J Emerg Med. 2016;34(5):767-771. doi:10.1016/
j.ajem.2015.12.058 [PubMed: 26926589]

. Rathod KS, Jain AK, Firoozi S, et al. Outcome of inter-hospital transfer versus direct admission

for primary percutaneous coronary intervention: An observational study of 25,315 patients with ST-
elevation myocardial infarction from the London Heart Attack Group. Eur Heart J Acute Cardiovasc
Care. 2020;9(8):948-957. d0i:10.1177/2048872619882340 [PubMed: 32193943]

10. Dehmer GJ, Weaver D, Roe MT, et al. A contemporary view of diagnostic cardiac catheterization

and percutaneous coronary intervention in the United States: a report from the CathPCI Registry
of the National Cardiovascular Data Registry, 2010 through June 2011. J Am Coll Cardiol.
2012;60(20):2017-2031. doi:10.1016/j.jacc.2012.08.966 [PubMed: 23083784]

11. Concannon TW, Nelson J, Goetz J, Griffith JL. A percutaneous coronary intervention

lab in every hospital? Circ Cardiovasc Qual Outcomes. 2012;5(1):14-20. doi:10.1161/
CIRCOUTCOMES.111.963868 [PubMed: 22147882]

12. Ward MJ, Kripalani S, Zhu Y, et al. Role of Health Insurance Status in Interfacility Transfers

of Patients With ST-Elevation Myocardial Infarction. Am J Cardiol. 2016;118(3):332-337.
doi:10.1016/j.amjcard.2016.05.007 [PubMed: 27282834]

13. Ward MJ, Nikpay S, Shermeyer A, et al. Interfacility Transfer of Uninsured vs Insured

Patients With ST-Segment Elevation Myocardial Infarction in California. JAMA Netw Open.
2023;6(6):€2317831. doi:10.1001/jamanetworkopen.2023.17831 [PubMed: 37294567]

14. Hsia RY, Sabbagh S, Sarkar N, et al. Trends in Regionalization of Care for ST-Segment

Elevation Myocardial Infarction. West J Emerg Med. 2017;18(6):1010-1017. doi:10.5811/
westjem.2017.8.34592 [PubMed: 29085531]

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Linetal.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

Page 10

Rosamond WD, Kloss R, Petruski-ivleva N, Wruck L, Michos E, Newman JD. Abstract P372:
Evaluation of International Classification of Disease-Ninth Edition (ICD-9) codes for Determining
Subclasses and Anatomic Location of Myocardial Infarction in the Community. Circulation.
2014;129(suppl_1):AP372-AP372. do0i:10.1161/circ.129.suppl_1.p372

Nedkoff L, Lopez D, Goldacre M, Sanfilippo F, Hobbs M, Wright FL. Identification of myocardial
infarction type from electronic hospital data in England and Australia: a comparative data linkage
study. BMJ Open. 2017;7(11):019217. doi:10.1136/bmjopen-2017-019217

Youngson E, Welsh RC, Kaul P, McAlister F, Quan H, Bakal J. Defining and validating
comorbidities and procedures in ICD-10 health data in ST-elevation myocardial infarction patients.
Medicine (Baltimore). 2016;95(32):e4554. doi:10.1097/MD.0000000000004554 [PubMed:
27512881]

Epstein AJ, Rathore SS, Volpp KGM, Krumholz HM. Hospital Percutaneous Coronary
Intervention Volume and Patient Mortality, 1998 to 2000. J Am Coll Cardiol. 2004;43(10):1755-
1762. doi:10.1016/j.jacc.2003.09.070 [PubMed: 15145095]

Kontos MC, Wang Y, Chaudhry Sl, et al. Lower hospital volume is associated with higher
in-hospital mortality in patients undergoing primary percutaneous coronary intervention for
ST-segment-elevation myocardial infarction: A report from the NCDR. Circ Cardiovasc Qual
Outcomes. 2013;6(6):659-667. doi:10.1161/CIRCOUTCOMES.113.000233 [PubMed: 24192572]

New Heart Attack Certification Program Accepting Applications

in July 2019 | The Joint Commission. Accessed

October 27, 2021. https://www.jointcommission.org/-/media/tjc/documents/accred-and-cert/
certification/certification-by-setting/cardiac-care-certification/cardiac-system-of-care-comparison-
of-certifications-final-8-22.pdf

UW RHRC Rural Urban Commuting Area Codes - RUCA. Accessed April 2, 2023. http://
depts.washington.edu/uwruca/index.php

USDA Economic Research Service - Rural-Urban Continuum Codes. Accessed April 2, 2023.
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx

US Census Bureau. Small Area Income and Poverty Estimates (SAIPE) Program. Census.gov.
Accessed April 2, 2023. https://www.census.gov/programs-surveys/saipe.html

Gasparini A, scores) HS (ICD 9 C, Williman J, Chia SY, Teo E. comorbidity: Computing
Comorbidity Scores. Published online May 1, 2023. Accessed September 12, 2023. https://cran.r-
project.org/web/packages/comorbidity/index.html

Stata Statistical Software. StataCorp. Published online 2021.

Rokos IC, Henry TD, Weittenhiller B, Bjerke CM, Bates ER, French WJ. Mission: Lifeline
STEMI networks geospatial information systems (GIS) maps. Crit Pathw Cardiol. 2013;12(2):43-
44. doi:10.1097/HPC.0b013e31828cfelb [PubMed: 23680806]

Healthy San Francisco. Healthy San Francisco. Accessed March 27, 2023. https://
healthysanfrancisco.org/

Kindermann DR, Mutter RL, Cartwright-Smith L, Rosenbaum S, Pines JM. Admit or transfer?
The role of insurance in high-transfer-rate medical conditions in the emergency department.
Ann Emerg Med. 2014,;63(5):561-571.e8. doi:10.1016/j.annemergmed.2013.11.019 [PubMed:
24342815]

Missios S, Bekelis K. Nonmedical factors and the transfer of spine trauma patients initially
evaluated at Level 11l and IV trauma centers. Spine J Off J North Am Spine Soc. 2015;15(9):2028—
2035. doi:10.1016/j.spinee.2015.05.017

Hamilton EC, Miller CC, Cotton BA, Cox C, Kao LS, Austin MT. The association of
insurance status on the probability of transfer for pediatric trauma patients. J Pediatr Surg.
2016;51(12):2048-2052. doi:10.1016/j.jpedsurg.2016.09.036 [PubMed: 27686481]
Archdeacon MT, Simon PM, Wyrick JD. The influence of insurance status on the transfer of
femoral fracture patients to a level-I trauma center. J Bone Joint Surg Am. 2007;89(12):2625—
2631. doi:10.2106/JBJS.F.01499 [PubMed: 18056494]

Iwashyna TJ, Kahn JM, Hayward RA, Nallamothu BK. Interhospital transfers among Medicare
beneficiaries admitted for acute myocardial infarction at nonrevascularization hospitals. Circ

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.


https://www.jointcommission.org/-/media/tjc/documents/accred-and-cert/certification/certification-by-setting/cardiac-care-certification/cardiac-system-of-care-comparison-of-certifications-final-8-22.pdf
https://www.jointcommission.org/-/media/tjc/documents/accred-and-cert/certification/certification-by-setting/cardiac-care-certification/cardiac-system-of-care-comparison-of-certifications-final-8-22.pdf
https://www.jointcommission.org/-/media/tjc/documents/accred-and-cert/certification/certification-by-setting/cardiac-care-certification/cardiac-system-of-care-comparison-of-certifications-final-8-22.pdf
http://depts.washington.edu/uwruca/index.php
http://depts.washington.edu/uwruca/index.php
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes.aspx
http://Census.gov
https://www.census.gov/programs-surveys/saipe.html
https://cran.r-project.org/web/packages/comorbidity/index.html
https://cran.r-project.org/web/packages/comorbidity/index.html
https://healthysanfrancisco.org/
https://healthysanfrancisco.org/

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Linetal.

33.

Page 11

Cardiovasc Qual Outcomes. 2010;3(5):468-475. doi:10.1161/CIRCOUTCOMES.110.957993
[PubMed: 20682917]

Teng CY, Davis BS, Rosengart MR, Carley KM, Kahn JM. Assessment of Hospital Characteristics
and Interhospital Transfer Patterns of Adults With Emergency General Surgery Conditions.
JAMA Netw Open. 2021;4(9):e2123389. doi:10.1001/jamanetworkopen.2021.23389 [PubMed:
34468755]

34. Hsia RY, Krumholz H, Shen YC. Evaluation of STEMI Regionalization on Access, Treatment, and

35.
36.

Outcomes Among Adults Living in Nonminority and Minority Communities. JAMA Netw Open.
2020;3(11):e2025874. doi:10.1001/jamanetworkopen.2020.25874 [PubMed: 33196809]

Healthy People 2030 | health.gov. Accessed April 2, 2023. https://health.gov/healthypeople
Majerol M, Newkirk V, Garfield R. The Uninsured: A Primer. Kais Fam Found. doi:2015

37. Call KT, McAlpine DD, Garcia CM, et al. Barriers to care in an ethnically diverse publicly

insured population: is health care reform enough? Med Care. 2014;52(8):720-727. doi:10.1097/
MLR.0000000000000172 [PubMed: 25023917]

38. Snyder RA, Chang GJ. Insurance Status as a Surrogate for Social Determinants of Health in Cancer

Clinical Trials. JAMA Netw Open. 2020;3(4):203890. doi:10.1001/jamanetworkopen.2020.3890
[PubMed: 32352526]

39. Buchmueller TC, Allen ME, Wright W. Assessing the Validity of Insurance Coverage Data in

Hospital Discharge Records: California OSHPD Data. Health Serv Res. 2003;38(5):1359-1372.
doi:10.1111/1475-6773.00181 [PubMed: 14596395]

Acad Emerg Med. Author manuscript; available in PMC 2025 February 01.


http://health.gov
https://health.gov/healthypeople

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal.

ED Patients Presenting with
ST-Elevation Myocardial
Infarction
N= 171,742
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Presentation to PCI Capable Facilities by Patient and Facility Characteristics
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Initial Treatment at PCI Capable Facilities by Patient and Facility Characteristics
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Sample Characteristics for patients with ST-elevation myocardial infarction by insurance status

Table 1:

Epliulrfgose) ?Nn:;ggg;d p-value

Age, Mean (SD) 65 (14) 54 (10) <0.001
Male, N (%) 88403 (69.0%) 5966 (81.5%) <0.001
Elixhauser Comorbidity Index, Mean (SD) 0.653 (0.519) 0.569 (0.513) <0.001
Patient Race, N (%) <0.001

American Indian/Alaskan Native 446 (0.35%) 25 (0.34%)

Asian/Pacific Islander 11648 (9.1%) 615 (8.4%)

Black 7236 (5.7%) 524 (7.2%)

White, non-Hispanic 75930 (59.3%) 3526 (48.2%)

Other 5765 (4.5%) 370 (5.0%)

Hispanic 27011 (21.1%) 2262 (30.9%)
Weekend Arrival, N (%) 36251 (28.3%) 2168 (29.6%) <0.001
Mean Residents in Poverty by County, N (SD) 543097 (636083) 629052 (692686) <0.001
Rural Patient, N (%) 13076 (10.2%) 696 (9.5%) 0.05
Rural Facility, N (%) 8264 (6.5%) 460 (6.3%) 0.56
ER Volume Mean (SD) 55251 (26907) 52644 (26202) <0.001
Transfer (Out) Volume 30691 (24.0%) 2150 (29.4%) <0.001
Commercial Payment Share Quartile, N (%) <0.001

15t 12177 (9.5%) 1049 (14.3%)

2ond 38284 (29.9%) 2283 (31.2%)

3 44566 (34.8%) 2496 (34.1%)

4th 33009 (25.8%) 1494 (20.4%)
Ownership, N (%) <0.001

Non-Profit 89779 (70.1%) 4804 (65.6%)

Public 16672 (13.0%) 1189 (16.2%)

For-Profit 21585 (17.1%) 1329 (18.2%)
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Table 2.

Sample Characteristics by Facility PCI Capability

Page 15

Initial treatment at Facilities with PCI

Initial treatment at Facilities

Capability without PCI Capability p-value
(N=86068) (N=49290)

Age, Mean (SD) 65 (14) 65 (14) <0.001
Male, N (%) 61185 (71.1%) 33184 (67.3%) <0.001
Elixhauser Comorbidity Index, Mean (SD) 0.650 (0.518) 0.645 (0.520) 0.09
Patient Race, N (%) <0.001

American Indian/Alaskan Native 213 (0.25%) 258 (0.52%)

Asian/Pacific Islander 7986 (9.3%) 4277 (8.7%)

Black 4483 (5.2%) 3277 (6.7%)

White non-Hispanic 51938 (60.4%) 27518 (55.8%)

Other 4485 (5.2%) 1650 (3.3%)

Hispanic Ethnicity, N (%) 16963 (19.7%) 12310 (25.0%)
Uninsured, N (%) 3918 (4.6%) 3404 (6.9%) <0.001
Weekend Arrival, N (%) 24558 (28.5%) 13861 (28.1%) 0.11
Mean Residents in Poverty by County, N (SD) 539510 (616672) 562130 (677456) <0.001
Rural Patient, N (%) 5268 (6.1%) 8504 (17.3%) <0.001
Rural Facility, N (%) 356 (0.4%) 8368 (17.0%) <0.001
ED Volume Mean (SD) 62585 (24733) 42057 (25445) <0.001
Transfer (Out) Volume 6600 (7.7%) 26241 (53.2%) <0.001
Commercial Payment Share Quartile, N (%) <0.001

15t 2782 (3.2%) 10444 (21.2%)

ond 25056 (29.1%) 15511 (31.5%)

3d 36282 (42.2%) 10780 (21.9%)

4th 21948 (25.5%) 12555 (25.5%)
Ownership, N (%) <0.001

Non-Profit 63156 (73.4%) 31427 (63.8%)

Public 9572 (11.1%) 8289 (16.8%)

For-Profit 13340 (15.5%) 9574 (19.4%)
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Table 3:
Main Model Results

Variable Adjusted OR (95% CI) p-value
Uninsured 0.62 (0.54-0.72) <0.001
Age 1.00 (1.00-1.00) 0.13
Male Sex 0.86 (0.83-0.89) <0.001
Year of Arrival

2011 1.03 (0.85-1.27) 0.71

2012 1.06 (0.84-1.33) 0.63

2013 1.00 (0.76-1.31) 0.99

2014 0.85 (0.65-1.12) 0.26

2015 0.77 (0.56-1.05) 0.10

2016 0.74 (0.52-1.06) 0.10

2017 0.65 (0.45-0.92) 0.02

2018 0.78 (0.53-1.15) 0.21

2019 0.72 (0.48-1.08) 0.11
Elixhauser Comorbidity Index 1.03 (0.97-1.09) 0.35
Patient Race

White non-Hispanic [Reference]

American Indian/Alaskan Native 0.86 (0.56-1.31) 0.48

Asian/Pacific Islander 1.01 (0.79-1.29) 0.91

Black 0.63 (0.46-0.85) 0.003

Other 1.25 (1.03-1.53) 0.03

Hispanic 0.60 (0.49-0.74) <0.001
Weekend Arrival 1.00 (0.97-1.03) 0.92
Poverty 1.00 (1.00-1.00) 0.18
Rural Patient 1.37 (0.68-2.75) 0.38
Rural Facility 0.04 (0.01-0.24) 0.001
ER Volume Mean 1.00 (1.00-1.00) <0.001
Commercial Payment Share Quartile

First [Reference]

Second 3.83 (1.64-8.93) 0.002

Third 7.51 (3.10-18.24) <0.001

Fourth 2.67 (0.96-7.38) 0.06
Ownership

Non-Profit [Reference]

Public 0.70 (0.26-1.83) 0.46

For-Profit 0.91 (0.44-1.91) 0.81
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