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Abstract

Background: There are few studies evaluating regional disparities in the care of acute
myocardial infarction-cardiogenic shock (AMI-CS).

Methods and Results: Using the National Inpatient Sample from 2000-2016, we identified
adults with a primary diagnosis of AMI and concomitant CS admitted to the United States census
regions of Northeast, Midwest, South and West. Inter-hospital transfers were excluded. End-points
of interest included in-hospital mortality, use of coronary angiography, percutaneous coronary
intervention (PCI), mechanical circulatory support (MCS), hospitalization costs, length of stay and
discharge disposition. Multivariable regression was used to adjust for potential confounding. Of
the 402,825 AMI-CS admissions, 16.8%, 22.5%, 39.3% and 21.4% were admitted to the
Northeast, Midwest, South and West respectively. Higher rates of ST-elevation AMI-CS were
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noted in the Midwest and West. Admissions to the Northeast were on average characterized by a
higher frequency of Whites, Medicare beneficiaries and lower rates of cardiac arrest. Admissions
to the Northeast were less likely to receive coronary angiography, PCl and MCS, despite the
highest rates of extracorporeal membrane oxygenation use. Compared to the Northeast, in-hospital
mortality was lower in the Midwest (adjusted odds ratio [aOR] 0.96 [95% confidence interval (CI)
0.93-0.98]; p<0.001) and West (aOR 0.96 [95% CI 0.94-0.98]; p=0.001), but higher in the South
(aOR 1.04 [95% CI 1.01-1.06]; p=0.002). The Midwest (aOR 1.68 [95% CI 1.62-1.74]; p<0.001),
South (aOR 1.86 [95% CI 1.80-1.92]; p<0.001) and West (aOR 1.93 [95% CI 1.86-2.00];
p<0.001) had higher discharges to home.

Conclusions: There remain significant regional disparities in the management and outcomes of
AMI-CS.

Keywords

Cardiogenic shock; acute myocardial infarction; health disparities; mechanical circulatory support;
percutaneous coronary intervention

INTRODUCTION

In the contemporary era, acute myocardial infarction (AMI) with cardiogenic shock (CS) is
associated with high mortality and morbidity.1~14 Despite widespread adoption of quality
measures and early revascularization, significant local and regional variations continue to
exist in the management and outcomes of AMI.15. 18 Geographical variations in the
treatment and outcome of patients with AMI, independent of patient comorbidity and acuity,
have been previously reported.1’-20 Studies in AMI patients have shown a higher use of
medical therapy, lower use of cardiac procedures and lower mortality in the Northeast
United States compared to other regions.18: 21-25 Contemporary data has shown higher
mortality in the Midwest, South and West regions of the United States compared to the
Northeast in patients with ST-elevation myocardial infarction (STEMI) independent of
patient and hospital characteristics.1® It is conceivable that similar disparities exist in
patients with AMI-CS that encompass the sickest spectrum of AMI; however there are
limited data on this subject.28 In light of the recent calls for regionalization of CS care,1® 16
it is crucial to understand if regional disparities exist in AMI-CS care to aid in promoting
equitable care to this sick population. Prior studies have evaluated either STEMI or non-ST-
elevation myocardial infarction (NSTEMI) etiologies of CS; however in this study we
sought to include both STEMI-CS and NSTEMI-CS given the increasing unique
comorbidities and acute organ failure.*—2 Using a 17-year nationally-representative database
we sought to assess the variation in incidence, temporal trends and outcomes of AMI-CS
across the different regions in the United States. We hypothesized that during this 17-year
study period there would remain significant disparities in AMI-CS care across regions
independent of patient and hospital factors.

MATERIAL AND METHODS

The data are publicly available with the Agency for Healthcare Research and Quality
Healthcare Cost and Utilization Project (HCUP) for other researchers to replicate the results
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of this study.2” Institutional Review Board approval was not sought due to the publicly
available nature of the de-identified data. The National (Nationwide) Inpatient Sample (NIS)
is the largest all-payer database of hospital inpatient stays in the United States. The NIS
contains discharge data from a 20% stratified sample of community hospitals and is a part of
the HCUP, sponsored by the Agency for Healthcare Research and Quality.2” Information
regarding each discharge includes patient demographics, primary payer, hospital
characteristics, principal diagnosis, up to 24 secondary diagnoses, and procedural diagnoses.
The HCUP-NIS does not capture the longitudinal care of individual patients, but captures all
information for a given admission / hospitalization.

Using the HCUP-NIS data from 2000-2016, a retrospective cohort study of admissions with
AMI-CS were identified. AMI in the primary diagnosis field were identified using codes for
STEMI and non-ST-elevation myocardial infarction (NSTEMI) (International Classification
of Diseases-9 Clinical Modification [ICD-9CM] 410.x; ICD-10-CM 121.x, 122.2) and a
secondary diagnosis of CS (ICD-9CM 785.51; ICD-10-CM R57.0). Admissions transferred
from other acute care hospitals were excluded since this might result in misclassification of
regional outcomes. The four geographic regions included the Northeast, Midwest, South and
West as classified by the HCUP-NIS (Figure 1).18 Coronary angiography, percutaneous
coronary intervention (PCI), temporary mechanical circulatory support (MCS) devices
(intra-aortic balloon pump [IABP], percutaneous left ventricular assist device [pLVAD] and
extra-corporeal membrane oxygenation [ECMO] use were identified for all admissions using
previously used methods by our group.l: 2. 4-9.12-14, 28, 29 The Deyo’s modification of the
Charlson Comorbidity Index was used to identify the burden of co-morbid conditions
(Supplementary Table 1).30

The primary outcome was in-hospital mortality stratified by geographic region. Secondary
outcomes included temporal trends in the prevalence and in-hospital mortality of AMI-CS
stratified by geographic region, hospital length of stay, hospitalization costs, use of coronary
angiography, PCI and MCS stratified by geographic regions.

Statistical Analysis

As recommended by HCUP-NIS, survey procedures using discharge weights provided with
HCUP-NIS database were used to generate national estimates. Using the trend weights
provided by the HCUP-NIS, samples from 2000-2011 were re-weighted to adjust for the
2012 HCUP-NIS re-design.3! In 2012, the HCUP-NIS was re-designed to sample 20% of
the national patient-level sample as compared to 2000-2011 wherein it sampled 100% of the
discharges from 20% of the hospitals.3! Using trend weights available on the HCUP-NIS
database, samples from 2000-2011 were retroactively re-weighted. The new sampling
strategy is expected to result in more precise estimates than the previous HCUP-NIS design
by reducing sampling error.2” This methodology has been used by multiple prior studies
spanning across year 2012 from the HCUP-NIS.1: 2. 4-9. 12-14, 28 One-way analysis of
variance and t-tests were used to compare categorical and continuous variables respectively.
The inherent restrictions of the HCUP-NIS database related to research design, data
interpretation, and data analysis were reviewed and addressed.3! Pertinent considerations
include not assessing individual hospital-level volumes (due to changes to sampling design

Circ Heart Fail. Author manuscript; available in PMC 2021 February 14.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Vallabhajosyula et al.

RESULTS

Page 4

detailed above), treating each entry as an ‘admission’ as opposed to individual patients,
restricting the study details to inpatient factors since the HCUP-NIS does not include
outpatient data, and limiting administrative codes to those previously validated and used for
similar studies.: 2. 4-9. 12-14, 28 Adjusted temporal trends for prevalence and in-hospital
mortality were calculated using multivariable logistic regression analysis with each year
compared to the referent year 2000. Models were adjusted for age sex, race, primary payer,
socioeconomic status, hospital location and teaching status, hospital bedsize, comorbidities,
cardiac arrest, coronary angiography, PCI, invasive hemodynamic assessment, MCS,
invasive ventilation and hemodialysis. In addition, overall odds of all-cause in-hospital
mortality by region (Northeast, Midwest, South, and West) were examined using
multivariable logistic regression; year of diagnosis was included in the model in addition to
all of the variables previously noted. For the multivariable modeling, regression analysis
with purposeful selection of statistically (p<0.20) and clinically relevant variables was
conducted. Two-tailed p<0.05 was considered statistically significant. A sensitivity analysis
was performed to evaluate the clinical outcomes in AMI-CS stratified by the presence of
cardiac arrest and by including all AMI-CS admissions (i.e. including those that were
transferred). Given the large sample size, all p-values that are statistically significant may
not be clinically significant and therefore need careful clinical interpretation. All statistical
analyses were performed using SPSS v25.0 (IBM Corp, Armonk NY).

There were 10,866,759 admissions for a primary diagnosis of AMI between January 1, 2000
and December 31, 2016, of which 402,825 (3.7%) constituted non-transferred AMI
admissions with concomitant CS. A higher percentage of admissions from the Northeast
(27.8%) compared to other regions (Midwest 22.3%, South 20.1% and West 17.2%)
(p<0.001) constituted inter-hospital transfers and were excluded. The Northeast, Midwest,
South and West had 4348, 4690, 4530 and 4709 admissions with CS per 100,000 AMI
admissions during this study period (p<0.001). The Northeast, Midwest, South and West had
16.8%, 22.5%, 39.3% and 21.4% of the total admissions, respectively. The 17-year
unadjusted and adjusted (referent year 2000) temporal trends of admissions are presented in
Figures 2A and 2B. There was an increase in the proportion of CS admissions in the overall
AMI population across all geographic regions over time. The West had a higher percentage
of AMI-CS amongst all regions in the unadjusted analysis, but was similar to other regions
in the adjusted analysis (Supplementary Table 2). As seen in Table 1, higher rates of STEMI
admissions were noted in the Midwest and West. The Midwest and South had a higher
proportion of admissions to rural hospitals and the Northeast had a greater proportion of
admissions to small-sized hospitals (Table 1).

Admissions with AMI-CS to the Northeast were less likely to receive coronary angiography,
PCIl and MCS (Table 1). The 17-year temporal trends in the use of coronary angiography,
PCI and MCS are presented in Figures 3A-3F. There was an overall increase in the use of
coronary angiography and PCI during the study period across all regions. There was a trend
towards a decrease in MCS use between 2008 and 2014 that was primarily due to a decrease
in IABP use. The Northeast had the highest use of ECMO during 2008-2014, which was
significantly higher than other regions; however they had lower rates of overall MCS use.
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There were significant disparities in the use of invasive hemodynamic monitoring (right
heart or pulmonary artery catheterization) between regions in the population that received
MCS — Northeast 54.9%, Midwest 35.9%, South 34.5% and West 48.4%.

The in-hospital mortality in the total cohort was 38.9%. As noted in Table 2, unadjusted
mortality was higher in the Northeast (42.4%) vs. the other region (38—-39%). The 17-year
unadjusted and adjusted (referent year 2000) temporal trends of in-hospital mortality
stratified by geographic regions are presented in Figure 4. In a multivariable logistic
regression analysis for in-hospital mortality with the Northeast region as a reference
category, in-hospital mortality was lower in the Midwest (odds ratio [OR] 0.96 [95%
confidence interval (Cl) 0.93-0.98]; p<0.001) and West (OR 0.96 [95% CI 0.94-0.98];
£~=0.001), but higher in the South (OR 1.04 [95% CI 1.01-1.06]; p=0.002) (Table 3). Among
the hospital survivors, 28.3% of the admissions in the Northeast were discharged home as
compared to 42-47% in the other regions (Table 2). In a multivariable logistic regression
analysis incorporating all variables from Table 3, the Midwest (OR 1.68 [95% CI 1.62—
1.74]; p<0.001), the South (OR 1.86 [95% CI 1.80-1.92]; p<0.001) and the West (OR 1.93
[95% CI 1.86-2.00]; p<0.001) were all associated with greater discharges to home compared
to the Northeast.

In a sensitivity analysis stratifying for the presence of cardiac arrest, unadjusted in-hospital
mortality remained the highest in the Northeast (AMI-CS without cardiac arrest 38.9%;
AMI-CS with cardiac arrest 53.9%) as compared to the Midwest (33.0%; 49.3%), South
(33.3%; 53.0%) and West (32.7%; 52.6%), respectively (p<0.001). In multivariable logistic
regression analysis (Table 3), these regional differences were consistent even after adjusting
for cardiac arrest. The in-hospital mortality was consistent with the primary results even if
admissions that were transferred were included (Northeast 40.4%, Midwest 36.5%, South
37.7% and West 36.8%).

DISCUSSION

In this large study using a nationally-representative database, we noted that there remains
significant geographic heterogeneity in the management and outcomes of AMI-CS across
the United States. There was a temporal increase in the prevalence of CS among AMI
admissions with a concomitant decrease in overall in-hospital mortality across all
geographic regions. Admissions with AMI-CS to the Northeast were less likely to receive
coronary angiography, PCI and overall MCS implantation, despite a significant higher use of
ECMO in recent years. Adjusted in-hospital mortality was significantly lower in the West
and Midwest, but higher in the South compared to the Northeast. Only 28% of the
admissions in the Northeast were discharged home as compared to 42-47% in the other
regions.

There remain significant disparities across various geographic regions in the management of
AMI.18 Consistent with these data, we note important differences in AMI-CS management
and outcomes across the four major geographic regions. Prior STEMI-CS studies have noted
a lower prevalence of CS in the Northeast without adjusting for potential confounding
variables.18 Though the unadjusted analysis in this study did support differences across the
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geographic regions, we found no such differences after adjusting for differences in care and
clinical characteristics. The comparatively lower use of cardiac procedures in the Northeast
region we found in our study is consistent with prior studies in patients with AMI.
21,22,24,25 Qur data are consistent with the real-world literature that reflect reluctance to
perform angiography in this sick cohort despite robust guideline recommendations.32
Though Kolte et al. previously demonstrated a ‘regional paradox’ in STEMI patients (i.e. use
of angiography was associated with worse outcomes),8 this particular study noted that
higher use of angiography and PCI was associated with lower in AMI-CS mortality. In
addition to angiography and PCI, this study provides incremental information on the
geographic variation in MCS use in AMI-CS. There has been a widespread interest in the
use of MCS for AMI-CS in recent years.1=3: 10-12, 33 Gjven the neutral data on the use of
IABP in AMI-CS, there has been a plateau in MCS use that reflects decreased use of IABP
in recent years.1: 2.7 In 2014, the Midwest had the highest use of IABP and lowest use of a
pLVAD. There was a notable uptake across all geographic regions for pLVAD and ECMO in
AMI-CS with significant differences between regions. These data are consistent with
literature from CS in non-AMI patients that demonstrate significant geographic variations in
MCS use.l: 2 It is conceivable that local protocols for the management of AMI-CS care may
provide impetus for the use of these devices, however these systematic regional differences
are worthy of further study.18 Despite the increase in the MCS use in this population, there
remain significant regional disparities in the use of invasive hemodynamic monitoring in the
admissions receiving MCS suggestive of incomplete management of AMI-CS. Importantly,
given the inherent limitations of the HCUP-NIS database, the lower associated in-hospital
mortality from the use of angiography and PCI and higher mortality associated with MCS
use should be perceived as trends and estimates, given the inability to control for all types of
confounding, and need further validation in carefully controlled prospective trials.1: 2

Despite prior studies showing that the Northeast (i.e. the New England region) has lower
mortality in AMI patients overall, in this group of AMI admissions with CS, we noted lower
mortality in the West and Midwest compared to the Northeast.18 These differences can
potentially be explained by, (a) The differences in time frame of the prior studies and the
inclusion of a larger and more contemporary cohort in this study; (b) differences in inclusion
criteria, i.e. STEMI vs. all AMI patients — prior data have shown that STEMI mortality is
lower in the Northeast, however STEMI patients are typically younger and with lower
comorbidities that patients with NSTEMI-CS; (c) we excluded inter-hospital transfers that
might cross geographic regions for access to a higher level of care; and (d) differences in
organization of services and access to complex interventions.1® Additionally, the geographic
variations in the outcomes of AMI-CS may be explained by variation in the prevalence of
coronary artery disease, a disproportionate increase of cardiovascular risk factors such as
obesity and diabetes across certain geographic regions, presence of local multidisciplinary
systems of care and the development of geographic hub-and-spoke models to facilitate rapid
escalation of care.1% 16,18 Though there was greater use of cardiac procedures which
significantly contribute to total cost of hospitalization in the Midwest and South compared to
Northeast, the median hospitalization costs were higher in Northeast compared to those
regions. This could be attributed to the increased length of stay and less frequent discharges
to home in Northeast compared to other regions which allude to a potentially sicker
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population. The highest hospitalization costs were in the West, which could be due to the
variation in wage index and regional policies in acute care hospitals of the West compared to
other regions.3 In addition to the hospital-level and regional disparities in AMI-CS, our
multivariable analysis was consistent with prior studies in STEMI population that note
insurance-based disparities.3® In our analyses we note admissions with private insurance to
have lower mortality than the Medicare population, and these are worthy of further analyses
in dedicated studies. Lastly, it is pertinent to note that the most recent societal guidelines on
the diagnosis, classification and management of CS were published towards the end of the
study period that might partly explain the noted heterogeneity of care.1®

In summary, we continued to note geographic disparities in the management of AMI-CS.
This study is incremental to prior work that notes a volume-outcome relationship in CS and
hospital-level variation in the management of AMI-CS.4 26 The continued heterogeneity of
AMI-CS outcomes may be largely attributed to the differences in system-based practices
that include early revascularization, identification and prevention of complications,
management of acute organ failure and utilization of multidisciplinary teams.16 Taken in
aggregate, our study and similar data from other CS studies, support the need for
regionalization of CS care.1® 16 In addition to high costs, these patients typically require
multi-disciplinary care and intensive care resources, all of which are cost prohibitive in
smaller centers and rural hospitals.1® States such as Arizona and Washington and more
recently Georgia have developed acute cardiac care centers analogous to trauma care,6 and
itis likely that similar paradigms are required at the state and national levels across the
United States.

This study has several limitations, some of which are inherent to the analysis of a large
administrative database. Coding errors, misrepresentation of procedural volumes and
underreporting of comorbidities are potential limitations of using administrative codes. The
HCUP-NIS attempts to mitigate potential errors by using internal and external quality
control measures. The administrative codes for STEMI, NSTEMI and CS have been
previously validated that reduces the inherent errors in the study. This was further
strengthened by excluding secondary diagnosis of AMI and inter-hospital transfers.
However, it is important to note that the prompt recognition and management of CS remains
challenging and may have influenced the results of this study.8: 36 It is important to note that
patients who are transferred between hospitals may significantly differ from those that are
not.37: 38 prior work in AMI and critical illness has shown that younger patients with lower
comorbidities are transferred more frequently.3”- 38 It is possible that the patients who were
transferred and thus excluded from our study may have presented to non-PCI capable
centers. Therefore, our data are largely applicable to centers with on-site PCI capabilities.
Although we adjusted for differences in characteristics using multivariable analysis, it is
possible that the observed outcomes could have been influenced, to some extent, by other
unidentified confounders because of the inherent limitations of a retrospective study. Given
the change in the sampling strategy by HCUP-NIS in 2012, it is conceivable that the
procedural volumes may have minor inaccuracies. However since no hospital-level analyses
were performed, the intra-regional variation in volumes will likely remain relatively stable in
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this study. Despite these limitations, this study addresses an important knowledge gap
highlighting the national variation in hospital-level outcomes of AMI-CS. The strengths of
this analysis include the large sample size, the ability to provide longitudinal data across the
17-year study period and the identification of novel regional variations in AMI-CS care.

CONCLUSIONS

In this large cohort of nationally representative AMI-CS admissions over 17-years, we noted
a temporal increase in prevalence and a decrease in in-hospital mortality across all
geographic regions. There were significant differences in in-hospital mortality, resource
utilization and use of cardiac procedures that were not fully explained by patient or hospital
characteristics. This analysis suggests the presence of disparity in healthcare delivery in this
high-risk population with significant opportunity for targeted improvement in application of
advanced evidence-based therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABBREVIATIONS
AMI acute myocardial infarction
Cl confidence interval
CS cardiogenic shock
ECMO extracorporeal membrane oxygenation
HCUP Healthcare Cost and Utilization Project
IABP intra-aortic balloon pump
ICD-9CM International Classification of Diseases-9 Clinical Modification
MCS mechanical circulatory support
NIS National/Nationwide Inpatient Sample
NSTEMI non-ST-elevation myocardial infarction
OR odds ratio
PCI percutaneous coronary intervention
pLVAD percutaneous left ventricular assist device
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SHORT COMMENTARY
What is new?

. This study notes that admissions to the Northeast were less likely to receive
coronary angiography, percutaneous coronary intervention and mechanical
circulatory support compared to the Midwest, South and West.

. Compared to the Northeast, in-hospital mortality was lower in the Midwest
and West, but higher in the South.

What are the clinical implications?

. There remain significant regional disparities in the management and outcomes
of acute myocardial infarction-cardiogenic shock.

. These regional disparities need careful evaluation in prospectively designed
studies to shape policies on the regionalization of acute myocardial infarction-
cardiogenic shock care.
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Figure 1.
United States geographic regions demonstrating states included in census regions as defined

by the Healthcare Cost and Utilization Project-National Inpatient Sample
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Figure 2. Unadjusted and adjusted 17-year temporal trends for proportion of acute myocardial
infarction admissions with cardiogenic shock by geographic regions

2A: Unadjusted temporal trends of proportion of acute myocardial infarction admissions
with cardiogenic shock; all p<0.001 for trend; 2B: Adjusted multivariate logistic regression
for temporal trends of proportion of acute myocardial infarction admissions with cardiogenic
shock with 2000 as referent year; adjusted for age, sex, race, primary payer, socio-economic
status, hospital location/teaching status, hospital bedsize, and comorbidity; all p<0.001 for

trend
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Figure 3. 17-year temporal trends in cardiac procedures in acute myocardial infarction-
cardiogenic shock by geographic regions

Seventeen-year trends of coronary angiography (3A), PCI (3B), total MCS (3C), IABP (3D),
pLVAD* (3E) and ECMO (3F) in acute myocardial infarction-cardiogenic shock stratified
by geographic regions; all p<0.001 for trend

*The administrative codes for pLVAD were introduced in 2004, and therefore temporal
trends are presented from 2005 onwards

Abbreviations: ECMO: extra-corporeal membrane oxygenation; IABP: intra-aortic balloon
pump; MCS: mechanical circulatory support; PCI: percutaneous coronary intervention;
pLVAD: percutaneous left ventricular assist device
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Figure 4. Unadjusted and adjusted 17-year temporal trends for in-hospital mortality in acute
myocardial infarction-cardiogenic shock by geographic regions

4A: Unadjusted temporal trends of in-hospital mortality in acute myocardial infarction-
cardiogenic shock; all p<0.001 for trend; 4B: Adjusted multivariate logistic regression for
in-hospital mortality temporal trends in acute myocardial infarction-cardiogenic shock with
2000 as referent year; adjusted for age, sex, race, primary payer, socio-economic status,
hospital location/teaching status, hospital bedsize, comorbidity, acute organ failure, cardiac
arrest, coronary angiography, percutaneous coronary intervention, invasive hemodynamic
monitoring, mechanical circulatory support, invasive mechanical ventilation, hemodialysis;

all p<0.001 for trend
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