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Abstract

Background: Limited knowledge exists on inter-hospital variation in the utilization of short-

term, non-durable mechanical circulatory support (MCS) for myocardial infarction (MI) 

complicated by cardiogenic shock (CS).

Methods and Results: Hospitalizations for MI with CS in 2014 in a nationally representative 

all-payer database were included. The proportion of hospitalizations for MI with CS using MCS 

(MCS ratio) and in-hospital mortality were evaluated. Hospital characteristics and outcomes were 

compared across quartiles of MCS usage. Of 1,813 hospitals evaluated, 1,440 (79.4%) performed 

≥10 PCIs annually. Of these, 1,064 [73.9%] had at least one code for MCS. Forty-one percent of 

hospitals did not use MCS. The median (interquartile range [IQR]) proportion of MCS use among 

admissions for MI with CS was 33.3% (0.0–50.0%). High MCS utilizing hospitals were larger (p 

<0.001). Eighty-five percent (2808/3301) of MCS use was intra-aortic balloon pump (IABP). 

There was significant variation in receipt of MCS at different hospitals (median OR of receiving 

MCS at two random hospitals: 1.58; 95% CI 1.45–1.70). Adjusted in-hospital mortality was not 

different across quartiles of MCS use (Q4 vs Q1; OR 0.95; 95% CI 0.77–1.16, p = 0.58).

Conclusions: Wide variation exists in hospital use of MCS for MI with CS, unexplained by 

patient characteristics. The predominant form of MCS use is IABP. Risk-adjusted mortality rates 

were not different between higher and lower MCS-utilizing hospitals.
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INTRODUCTION

Cardiogenic shock (CS), the inability to maintain adequate perfusion due to failure of the 

pumping mechanism, is present in 3.5% of patients presenting with acute heart failure and 

6.6% in those presenting with myocardial infarction (MI), and is associated with an in-

hospital mortality rate as high as 70% (1, 2). The recent availability of temporary 

mechanical circulatory support (MCS) has led to an expansion of the therapeutic options for 

CS, allowing short-term circulatory support as a bridge to recovery, transplantation, or 

placement of a durable left ventricular assist device in selected patients (3). Despite 

increasing use of MCS devices overall, rises in CS hospitalization rates have outpaced 

growth in MCS use (4). Reasons for this discrepancy are unclear and may relate to changes 

in patient or disease characteristics or the inability of some hospitals to develop or augment 

capacity to place MCS. Additionally, few randomized trials exist evaluating the use of non-

durable MCS in shock patients, leading to uncertainty in its true clinical benefit.

Given differences in hospital capabilities to use MCS as well as uncertainty in the current 

evidence supporting its use, we hypothesized that significant variation between hospitals 

may exist in the propensity to utilize MCS for treatment of MI complicated by CS. We 

therefore sought to 1) assess variation in MCS usage between hospitals in the United States 

among hospitalizations for myocardial infarction (MI) complicated by CS, 2) quantify the 

variability between hospitals in MCS use for MI complicated by shock and 3) assess 

whether those hospitals with the highest rates of MCS use had different outcomes compared 

with those with the lowest use.

METHODS

All data and materials are publicly available through the Healthcare Cost and Utilization 

Project (HCUP) and can be accessed at http://www.hcup-us.ahrq.gov/databases.jsp.

Study Population

All hospitalizations of adults ≥18 years old with diagnoses of CS (International 

Classification of Disease, Clinical Modification, version 9 [ICD-9-CM] code 785.51) with 

MI (ICD-9-CM 410.11–410.91) in any position in the National Inpatient Sample (NIS), 

1/1/14–12/31/14, were included (5,6). Developed through the HCUP, the NIS contains 

patient-level claims on 35 million hospitalizations nationally, representing a 20% sample of 

all hospital discharges (7). The NIS is publicly available for researchers through the HCUP 

website (7). Only one year was evaluated as the hospitals in the NIS change annually (7). 

Hospitals performing <10 PCIs per year were excluded from the primary analysis to restrict 

the analysis to hospitals with cardiac catheterization laboratories, as hospitals without the 

capacity to perform PCI are likely unable to have the capacity to place MCS devices. To 

confirm the results in a database with more complete sampling, analyses were repeated in 

the 2015 Nationwide Readmissions Database (NRD), a database containing an 85% sample 

of inpatient claims from 27 states, representing 36 million discharges, roughly 56.6% of all 

US hospitalizations (7). Only January 1, 2015 to September 30, 2015 were analyzed in the 

NRD due to the transition to the International Classification of Diseases, Tenth Revision, 

Clinical Modification/Procedure Coding System (ICD-10-CM/PCS) on October 1, 2015. 
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Due to extensive quality control by HCUP (7), there was minimal missing data in this 

analysis. Studies based on the NIS and NRD are exempt from Institutional Review Board 

approval at Beth Israel Deaconess Medical Center.

Exposures and Outcomes

The primary exposure of interest was receipt of MCS, defined as percutaneous and non-

percutaneous devices, intra-aortic balloon pump, and extracorporeal membrane oxygenation. 

Percutaneous and non-percutaneous devices (ND-MCS) were defined using ICD-9-CM 

procedure codes 37.68 (percutaneous) or 37.60 and 37.65 (non-percutaneous). These codes 

would typically include percutaneous devices such as TandemHeart™ (CardiacAssist Inc., 

Pittsburgh, PA) and Impella® devices (Abiomed Inc., Danvers, MA) and non-percutaneous 

devices including Thoratec paracorporeal ventricular assist device (VAD) (Thoratec Inc., 

Pleasanton, CA), AB5000 (Abiomed Inc., Danvers, MA), BVS 5000 (Abiomed Inc., 

Danvers, MA), and CentriMag™ (Thoratec Inc., Pleasanton, CA) (3). Intra-aortic balloon 

counterpulsation (IABP) was defined using ICD-9-CM procedure code 37.61, extracorporeal 

membrane oxygenation (ECMO) using ICD-9-CM procedure code 39.65 (central ECMO), 

and percutaneous cardiopulmonary support (PCPS; peripheral ECMO) using code 39.66. 

Permanent ventricular assist devices were excluded (ICD-9-CM codes 37.52 and 37.66). The 

primary outcome was each hospital’s MCS ratio, defined as the proportion of 

hospitalizations for MI with CS that included use of MCS.

Covariates

Patient-level covariates included demographics and 29 Elixhauser clinical and procedural 

variables, determined at index hospitalization (Appendix eTable 1) (8). Elixhauser 

Comorbidity measures were designed to predict in-hospital mortality using administrative 

data (8–11). Additionally, five hospital level covariates were available in the NIS, 

determined from the American Hospital Association Annual Survey of Hospitals. These 

included hospital bed-size, ownership, location/teaching status, region, and total discharges. 

A hospital was considered a teaching hospital if it had an American Medical Association 

approved residency program, was a member of the Council of Teaching Hospitals, or had a 

ratio of full-time equivalent interns and residents to beds of 0.25 or higher (7).

Statistical Analysis

The distribution of hospital MCS ratios were plotted using a histogram. Patient level 

characteristics, rates of coronary angiography, revascularization, RHC, and in-hospital 

mortality of hospitalizations for CS with MI were compared across quartiles of MCS ratio 

via one-way analysis of variance (ANOVA) for continuous variables and Chi-squared tests 

for categorical variables. Similarly, hospital characteristics were compared across quartiles 

of MCS usage with ANOVA for continuous variables and Chi-squared tests for categorical 

variables. Given the large sample size, the normality assumptions for ANOVA were met 

based on the central-limit theorem and the Welch’s ANOVA test was used which does not 

assume equality of variances. A multivariable linear mixed effects model with a logit link 

was used to model receipt of MCS according to patient and hospital characteristics, using all 

variables, accounting for the complex sampling design of the NIS. Hospital was included as 

a random effect to account for clustering of CS hospitalizations by hospital. The variance of 
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the random effect for hospital was used to create median odds ratios (MORs), adjusted for 

all patient level variables. The median odds ratio represents the ratio of the likelihood of an 

identical patient receiving MCS at one randomly selected hospital versus another.

Rates of in-hospital mortality were compared across quartiles of MCS use with a Chi-

squared test. A multivariable mixed effects model with hospital site as a random effect was 

used to evaluate whether quartile of MCS was associated with in-hospital mortality, and the 

Wald test used to test significance. Additionally, we examined whether analyzing the effect 

of the MCS ratio on in-hospital mortality in the primary analysis as a continuous rather than 

categorical variable would alter results.

Finally, because small hospitals with few hospitalizations for MI with CS could have less 

stable MCS ratios, we repeated the analyses considering only hospitals performing ≥ 10 

PCIs and having ≥ 10 hospitalizations for CS and MI to identify if results differed. 

Moreover, as several covariates could also be outcomes, we repeated the model for in-

hospital mortality, restricting the analysis to covariates likely to be present on admission to 

identify if results differed. Additionally, we repeated the analysis excluding transfers into 

acute care hospitals as these patients may represent a different population. Finally, analyses 

were repeated in the 2015 NRD in order to test the sensitivity of the findings to examination 

in a fully sampled population. Due to HCUP privacy rules, values <10 are suppressed. All 

analyses were done with SAS version 9.4 (SAS Institute Inc., Cary, NC) at a two-tailed level 

of significance of p <0.05.

RESULTS

Unadjusted Hospital Characteristics

A total of 1,813 hospitals had at least one discharge for MI with CS, of which 1,440 (79.4%) 

performed ≥10 PCIs per year. Of the 1,440 hospitals included in the analytic cohort, 1,064 

(73.9%) had at least one record of MCS usage. The hospital median rate of MCS use for MI 

with CS was 33.3%; IQR 0.0–50.0% (Figure). Overall, forty-one percent of hospitals 

admitting MI with CS patients did not perform MCS. Eighty-four hospitals (5.8%) included 

in the analysis performed MCS in all hospitalizations for MI with CS. The median (IQR) 

MCS ratio by quartile was 0.0% (0.0–0.0%) in Q1, 22.2% (16.7–25.0%) in Q2, 42.9% 

(33.3–50.0%) in Q3, and 67.7% (60.6–100.0%) in Q4 (Table 1). Compared with hospitals in 

the lowest quartile, hospitals in the highest quartile of MCS use were larger (Q4 vs. Q1; 

percentage classified as large [>45 to >350 beds depending on region, location, and teaching 

status]; 128 [47.1%] vs. 136 [36.2%]; p < 0.001) and had a greater number of discharges 

(Q4 vs. Q1; median [IQR] annual discharges; 2900 [1779–4522] vs. 2026 [1456–2930]; p 

<0.001). Additionally, more than half of MCS high utilizing hospitals were urban teaching 

hospitals compared to less than half of low utilizing hospitals (Q4 vs. Q1; 171 [62.9%] vs. 

175 [46.5%]; p <0.001). High-utilizing MCS hospitals were less likely to be rural (Q4 vs. 

Q1; 16 [5.9%] vs. 45 [12.0%]; p < 0.001) or urban non-teaching hospitals (Q4 vs. Q1; 85 

[31.3%] vs. 156 [41.5%]; p < 0.001). MCS utilization was numerically highest in the South 

(mean proportion of MCS utilizing hospitals: 37.8%) and least common in the Northeast 

(mean proportion of MCS utilizing hospitals: 14.3%).
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Patient Characteristics by Quartile of Hospital MCS Use

There were a total of 10,438 hospitalizations for shock and MI of which 9,129 (87.5%) were 

included in the primary analysis (1,312 [12.6%] excluded due hospitalization at sites 

performing <10 PCIs per year [N = 730], resulting in transfer to an acute care hospital [N = 

579], or missing [N <10]). Patient-level characteristics of all hospitalizations for MI with CS 

by receipt of MCS are listed in Appendixe Table 2. Of these 9,129 hospitalizations for shock 

and MI, only one MCS device was placed in 2972 (32.6%), two devices in 157 (1.7%), and 

three or more devices in <10. Of hospitalizations for MI with CS, none (0.0% [0/937]) 

received MCS in Q1, 725 (21.8% [725/3328]) received MCS in Q2, 1374 (41.8% 

[1374/3284]) received MCS in Q3, and 1035 (65.5% [1035/1580]) received MCS in Q4 (p < 

0.001) (Table 2). Hospitalizations in high-utilizing hospitals were for patients who were 

younger (Q4 vs. Q1; mean (SD) age in years; 67.9 (13.0) vs. 71.5 (13.0); p < 0.001), less 

frequently admitted from the Emergency Department (Q4 vs. Q1; 945 [59.8%] vs. 741 

[79.1%]; p < 0.001), and more likely to be privately insured (Q4 vs. Q1; 362 [22.9%] vs. 149 

[15.9%]; p = 0.02). Hospitalizations at high utilizing hospitals were less likely to include a 

diagnosis of heart failure, renal failure, chronic pulmonary disease, pulmonary circulatory 

disorders, other neurologic disorders, weight loss, and fluid/electrolyte disorders but were 

more likely to have coagulopathy (Q4 vs. Q1: 347 [22.0%] vs. 129 [13.8%]). Other 

comorbidities were not significantly different between quartiles of MCS use.

Hospitalizations in high utilizing hospitals were significantly more likely to include 

procedures (Q4 vs. Q1; coronary angiography: 1165 [73.7%] vs. 440 [47.0%]; PCI: 822 

[52.0%] vs. 335 [35.8%]; CABG: 309 [19.6%] vs. 38 [4.1%]; RHC: 93 [5.9%] vs. 13 

[1.4%]; p-values all < 0.001) (Table 3). While IABP was most common overall (85.1% of all 

MCS use) patterns of device subtype use did not differ by quartile of MCS use (Table 4). 

While IABP use was consistent across quartiles of PCI utilization, non-IABP MCS use was 

positively associated with hospital PCI volume (p < 0.001) (AppendixeTable 3)

Predictors of MCS Use

Detailed odds ratios, 95% confidence intervals, and p-values for patient and hospital level 

factors associated with MCS utilization are listed in Appendix eTable 4. Age, renal failure, 

chronic obstructive pulmonary disease, and neurologic disorders were associated with 

decreased receipt of MCS, whereas receipt of coronary angiography, PCI, CABG and RHC 

were associated with an increased likelihood of MCS receipt. Hospital ownership was 

predictive of MCS use (p = 0.02), with hospitalization at government institutions being less 

likely to involve MCS (OR 0.72 compared to Private hospitals; 95% CI 0.55–0.93; p = 0.01). 

There was substantial variation between hospitals in MCS use after adjustment for patient 

factors (adjusted median odds ratio of receiving MCS at two randomly selected hospitals: 

1.58; 95% CI 1.45–1.70)

In-hospital mortality

Among hospitals performing ≥10 PCIs per year, crude in-hospital mortality ranged from 

38.6–46% and decreased according to quartile of MCS use (p < 0.001) (Table 5). After 

adjustment for patient, hospital, procedural variables, and device subtype, however, there 

was no significant relationship between hospital MCS utilization and in-hospital mortality (p 
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= 0.78) (Appendix eTable 5). The MCS ratio as a continuous measure was not associated 

with adjusted in-hospital mortality (p = 0.68).

Sensitivity Analysis

Among hospitals excluded from the primary analysis due to performing <10 PCIs per year, 

no MCS devices were used and 155 (21.1%) of hospitalizations for MI with CS resulted in 

transfer to an acute care facility. Hospitals excluded from the primary analysis had a low rate 

of procedures (coronary angiography: 63 [8.6%]; PCI: 20 [2.7%]; CABG: <10; RHC: <10). 

The overall in-hospital hospital mortality for hospitalizations for CS and MI was 43.6% (N = 

320) among hospitals performing <10 PCIs per year.

When limiting the population to hospitals with both ≥10 PCIs per year and ≥10 cases of MI 

with shock per year, median MCS utilization rates remained 36.4% (IQR 25.0%−46.7%) 

with significant unexplained variation (adjusted median odds ratio of receiving MCS at two 

randomly selected hospitals: 1.57; 95% CI 1.41–1.72) (Appendix eFigure 1). Both 

unadjusted and adjusted in-hospital mortality rates were not significantly different between 

quartiles of MCS use (adjusted p = 0.78) (Appendix eTables 6–7). Restricting the analysis to 

variables likely to be present on only admission (i.e. excluding heart failure, chronic 

pulmonary disease, coagulopathy, paralysis, other neurologic disorder, and fluid and 

electrolyte disorders), results were again unchanged, with neither quartile of MCS ratio (p = 

0.85) nor MCS ratio (p = 0.83) was associated with in-hospital mortality. Additionally, 

excluding transfers in to an acute care hospital did not change the relationship of MCS use 

and mortality (quartile of MCS ratio: p = 0.14; MCS ratio: p = 0.52). When these analyses 

were repeated in the NRD (85% sample), the findings were consistent: neither quartile of 

MCS use (p = 0.33) or MCS ratio (p = 0.23) were associated with adjusted in-hospital 

mortality in separate models. A total of 38.7% of hospitals admitting patients with CS with 

MI in the NRD did not use MCS, with median (IQR) use of 30.0% (17.6–62.5%) (Appendix 

eTable 8 and eFigure 2).

DISCUSSION

While recent advances in short-term non-durable MCS devices have made cardiopulmonary 

support more widely available to patients with myocardial infarction complicated by CS, 

utilization of MCS nationally has lagged behind rates of CS (4). Our study demonstrates 

wide variation in MCS use CS and MI between hospitals, unexplained by patient factors. 

IABP use represented the vast majority of MCS devices. Overall MCS usage rates were 

under 50% in the majority of hospitals admitting shock patients. Although crude in-hospital 

mortality was lowest in high MCS utilizing hospitals, this was no longer evident after 

adjustment for patient and hospital factors.

There is a paucity of data on hospital variation in MCS use for patients presenting with MI 

and shock. Prior studies have confirmed significant hospital variation in IABP use for 

patients undergoing high-risk PCI and CABG (12–13) as well as ECMO use in the setting of 

shock (14–16), but information on hospital variation among all subtypes of MCS use is 

limited, as is literature on the extent to which the observed variation is related to patient and 

hospital characteristics. In a prior study of only individuals receiving PCI in the National 
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Cardiovascular Data Registry (NCDR), Sandhu et al. reported that non-IABP MCS 

utilization was less than 5% for over half of NCDR participating hospitals and greater than 

20% in less than one tenth of all hospitals. As the NCDR is limited to participating centers 

and those with cardiac catheterization laboratories, it is limited in its assessment of overall 

national trends in CS care (17). Our study found that forty-one percent of hospitals 

nationally and 26.1% of PCI-capable hospitals who admitted patients with CS did not 

implant MCS devices. While these hospitals may admit less severe forms of CS, not 

requiring MCS, the high observed in-hospital mortality rate for CS and MI among these 

hospitals argues otherwise. These findings may also indicate the lack of capacity to provide 

such care, either due to lack of provider training or appropriate facilities, or uncertainty 

about the benefits of MCS in this setting.

At PCI-capable hospitals, one-third of hospitalizations for MI with shock received MCS, 

with significant variation between hospitals and regions. Despite large observed variation in 

MCS use, after adjustment for patient and hospital characteristics, only hospital ownership 

was significantly different between high and low MCS utilizing hospitals, with government 

hospitals being less likely to use MCS, possibly owing to differences in insurance or practice 

characteristics. The continued predominance of IABP use despite multiple trials not 

demonstrating a mortality benefit (18–20) may reflect continued uncertainty about the data 

or a desire to help high-risk patients with whatever means possible.

While IABP represented 85.1% of MCS utilization, there was growth in ECMO and ND-

MCS use, though currently rates remain <9% even in the highest volume MCS hospitals. 

This low uptake may be due to concerns about high device cost, slow technology adoption, 

or skepticism about the efficacy of these devices for treatment of shock. As the volume of 

non-IABP MCS grows, it is reasonable to evaluate variation in use and outcomes separately 

from other forms of MCS. While IABP use was widespread prior to the publication of trials 

demonstrating lack of mortality benefit to IABP therapy in shock (18–20), its relative use 

has declined (4). Whether or not the displacement of IABP by newer technology will result 

in improved outcomes is unclear this time. In the current study, in-hospital mortality was not 

different between quartiles of MCS use. Given the recently expanded indications for MCS 

use in non-MI shock and high-risk PCI (21), our study highlights the need for further 

investigation into the efficacy of MCS for CS and for clear evidence-based guidelines for 

initiation of MCS therapy in MI to improve outcomes and reduce inappropriate hospital 

variation. Given limited data supporting the use of IABP in MI and CS (18–20), the 

observed wide variation in IABP utilization suggests the need for evidence-based guidelines 

on MCS initiation. While the European Society of Cardiology 2014 guidelines for 

revascularization list routine IABP use as a Class III indication (22), the absence of such a 

recommendation in US guidelines could contribute to the observed variation in IABP use.

There are several limitations of the current study worth note. First, as the study was 

retrospective and limited in the number of variables ascertained, causality cannot be 

inferred, and less variability may exist in MCS use after incorporation of unmeasured 

variables. Second, the timing of MCS relative to other diagnoses noted on discharge or the 

development of MI and shock cannot be discerned, given limited granularity of the database, 

though a sensitivity analysis restricting the model to only variables likely to be present on 
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admission did not identify any changes to the results. Third, inaccuracies in coding may 

reduce precision in the interpretation of results. Similarly, inaccuracy of coding for 

procedures or sampling variability may affect national estimates of cardiac procedural usage. 

Fourth, as the hospitals sampled in the NIS differ annually, the observed findings may not 

fully reflect national trends in other years. Fifth, as only inpatient data are available in the 

NIS, only in-hospital outcomes could be evaluated. Sixth, there was insufficient hospital 

level variation in subtypes of MCS to evaluate in-hospital outcomes according to device 

subtype. Seventh, as cost data in the NIS is extrapolated from hospital charges, no cost data 

are presented in the current manuscript.

CONCLUSIONS

There is significant variation between hospitals in the use of MCS for treatment of MI 

complicated by cardiogenic shock, with IABP use still most common. In-hospital mortality 

is not different between quartiles of MCS use after adjustment for patient and hospital 

factors. More outcomes data and detailed evidence-based guidelines on the optimal clinical 

conditions for MCS use are needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN

• Despite increasing use of mechanical circulatory support (MCS) in 

hospitalizations involving cardiogenic shock (CS), rates of CS have increased 

out of proportion to use of MCS nationally.

• Reasons for this discrepancy are unclear, but may in part be related to 

questions about device efficacy, differences in physician experience, and 

institutional availability.

• The inter-hospital variation in use of MCS and its impact on CS outcomes is 

unknown.
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WHAT THIS STUDY ADDS

• Wide variation in use of MCS exists across hospitals, unexplained by patient 

or hospital characteristics.

• Despite wide differences in utilization, outcomes for MI hospitalizations 

complicated by CS were similar at high and low MCS utilizing hospitals. 

Intra-aortic balloon pumps represented the dominant form of MCS used 

during the study period.
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Figure. 
Histogram demonstrating the proportion of hospitalizations for myocardial infarction and 

cardiogenic shock utilizing MCS by hospital. Ratio = Proportion of MCS use per 

hospitalization for MI with CS.
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Table 1.

Characteristics of Hospitals Utilizing Mechanical Circulatory Support (MCS) for Myocardial Infarction 

Complicated by Cardiogenic Shock, Stratified by Quartile of MCS Use

Hospital Variables Quartile 1 (N = 376) Quartile 2 (N = 335) Quartile 3 (N = 457) Quartile 4 (N = 272) P-value*

MCS ratio (%)–median (IQR) 0.0% (0.0-0.0%) 22.2% (16.7-25.0%) 42.9% (33.3-50.0%) 67.7% (60.6-100.0%) < 0.001

Bedsize – no. (%) < 0.001

Small 103(27.4%) 25(7.5%) 76(16.6%) 59(21.7%)

Medium 137(36.4%) 115(34.3%) 138(30.2%) 85(31.3%)

Large 136(36.2%) 195(58.2%) 243(53.2%) 128(47.1%)

Hospital Ownership – no. (%) 0.0051

Government 45(12.0%) 38(11.3%) 31(6.8%) 13(4.8%)

Non-profit 252(67.1%) 242(72.2%) 329(72.0%) 207(76.1%)

Private 79(21.0%) 55(16.4%) 97(21.2%) 52(19.1%)

Location/teaching – no. (%) < 0.001

Rural 45(12.0%) † 29(6.4%) 16(5.9%)

Urban nonteaching 156(41.5%) 103(30.8%) 134(29.2%) 85(31.3%)

Urban teaching 175(46.5%) 226(67.5%) 294(64.3%) 171(62.9%)

Hospital region – no. (%) 0.12

Northeast 60(16.0%) 44(13.1%) 64(14.0%) 37(13.6%)

Midwest / North 103(27.4%) 80(23.9%) 109(23.9%) 89(32.7%)

South 145(38.6%) 140(41.8%) 174(38.1%) 89(32.7%)

West 68(18.1%) 71(21.2%) 110(24.1%) 57(21.0%)

Total Discharges – median 
(IQR)

2026(1456-2930) 3822(2698-5440) 3337(2223-4809) 2900(1779-4522) < 0.001

*
p-value for Chi-squared test across quartiles. N = number of hospitals per quartile. MCS Ratio = Proportion of MCS use per hospitalization for MI 

with CS.

†
Due to HCUP privacy rules, cell values <10 are suppressed.
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Table 2.

Characteristics of Hospitalizations for Myocardial Infarction Complicated by Cardiogenic Shock by Quartile 

of MCS Use

Patient Variables Quartile 1 (N = 
937)

Quartile 2 (N = 
3328)

Quartile 3 (N = 
3284)

Quartile 4 (N = 
1580)

P-value*

Proportion of MCS use – no. (%) 0.0 (0.0) 725 (21.8) 1374 (41.8) 1035 (65.5) < 0.001

Age, mean (SD) 71.5 (13.0) 68.2 (13.1) 68.1 (12.7) 67.9 (13.0) < 0.001

Female – no. (%) 383 (40.9) 1258 (37.8) 1232 (37.6) 575 (36.4) 0.16

Admission from Emergency Department – 
no. (%)

741 (79.1) 2049 (61.6) 2104 (64.1) 945 (59.8) < 0.001

Elective admission – no. (%) 57(6.1) 235 (7.1) 181 (5.5) 109 (6.9) 0.06

Primary Insurance – no. (%) 0.02

Medicare 641 (68.6) 2087 (62.9) 2055 (62.7) 971 (61.5)

Medicaid 78 (8.3) 292 (8.8) 288 (8.8) 135 (8.6)

Private 149 (15.9) 702 (21.1) 670 (20.4) 362 (22.9)

Self-pay 39 (4.2) 155 (4.7) 159 (4.9) 61 (3.9)

Heart Failure – no. (%) 191 (20.4) 576 (17.3) 449 (13.7) 184 (11.7) < 0.001

Valvular disease – no. (%) 40 (4.3) 160 (4.8) 121 (3.7) 61 (3.7) 0.13

Hypertension – no. (%) 565 (60.3) 2051 (61.6) 2082 (63.5) 1004 (63.5) 0.17

Renal Failure – no. (%) 294 (31.4) 985 (29.6) 936 (28.5) 419 (26.5) 0.04

Peripheral vascular disorders – no. (%) 149 (15.9) 563 (16.9) 528 (16.1) 241 (15.3) 0.50

Diabetes mellitus – no. (%) 354 (37.8) 1301 (39.1) 1346 (41.0) 616 (39.0) 0.20

Hypothyroidism – no. (%) 105 (11.2) 355 (10.7) 342 (10.4) 161(10.2) 0.86

Chronic pulmonary disease – no. (%) 238 (25.4) 862 (25.9) 740 (22.6) 332 (21.0) < 0.001

Pulmonary circulatory disorders – no. (%) 47 (5.0) 125 (3.8) 73 (2.2) 32 (2.0) < 0.001

Alcohol or Drug Abuse – no. (%) 48 (5.1) 230 (6.9) 228 (7.0) 95 (6.0) 0.15

Psychoses – no. (%) 30 (3.2) 88 (2.6) 110 (3.3) 32 (2.0) 0.05

Liver disease – no. (%) 26 (2.8) 102 (3.1) 89 (2.7) 36 (2.3) 0.47

Depression – no. (%) 61 (6.5) 235 (7.1) 212 (6.5) 100 (6.3) 0.71

Solid tumor without metastases – no. (%) 30 (3.2) 61 (1.8) 67 (2.0) 27 (1.7) 0.05

Lymphoma – no. (%) † 15 (0.4) 20 (0.6) 16 (1.0) 0.11

Metastatic cancer – no. (%) 14 (1.5) 54 (1.6) 43 (1.3) 16 (1.0) 0.37
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Patient Variables Quartile 1 (N = 
937)

Quartile 2 (N = 
3328)

Quartile 3 (N = 
3284)

Quartile 4 (N = 
1580)

P-value*

Coagulopathy – no. (%) 129 (13.8) 657(19.7) 628 (19.1) 347 (22.0) < 0.001

Chronic blood loss anemia – no. (%) 13 (1.4) 47 (1.4) 35 (1.1) 16 (1.0) 0.48

Deficiency anemias – no. (%) 233 (24.9) 770 (23.1) 777 (23.7) 375 (23.7) 0.74

Paralysis – no. (%) 35 (3.7) 102 (3.1) 130 (4.0) 50 (3.2) 0.20

Other Neurologic Disorder – no. (%) 107 (11.4) 296 (8.9) 278 (8.5) 121 (7.7) 0.01

Peptic ulcer disease – no. (%) 0 (0) † † 0 (0) 0.63

Acquired Immune Deficiency Syndrome – 
no. (%)

0 (0) † † † 0.30

Rheumatoid arthritis / collagen vascular 
diseases – no. (%)

20 (2.1) 78 (2.3) 80 (2.4) 40 (2.5) 0.93

Weight loss – no. (%) 94 (10.0) 401 (12.5) 304 (9.3) 151 (9.6) 0.0014

Obesity – no. (%) 131 (14.0) 541 (16.3) 474 (14.5) 247(15.6) 0.13

Fluid and electrolyte disorders – no. (%) 581 (62.0) 2015(60.6) 1906 (58.1) 904 (57.2) 0.02

*
p-value for ANOVA/Chi-squared test across quartiles. N = the number of hospitalizations for CS with MI.

†
Due to HCUP privacy rules, cell values <10 are suppressed.
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Table 3.

Rates of Cardiac Procedures by Quartile of MCS Utilization

Procedure Quartile 1 (N = 
937)

Quartile 2 (N = 
3328)

Quartile 3 (N = 
3284)

Quartile 4 (N = 
1580)

P-value*

Coronary angiography – no. (%) 440 (47.0) 1852 (55.6) 2132 (65.0) 1165 (73.7) < 0.001

Percutaneous Coronary Intervention – 
no. (%)

335 (35.8) 1256 (37.8) 1448 (44.1) 822 (52.0) < 0.001

Coronary artery bypass grafting – no. 
(%)

38 (4.1) 446 (13.4) 545 (16.6%) 309 (19.6) < 0.001

Total revascularization – no. (%) 373(39.8) 1702 (51.1) 1993 (60.7) 1133 (71.7) < 0.001

Right heart catheterization – no. (%) 13 (1.4) 126 (3.8) 143 (4.4) 93 (5.9) < 0.001

*
p-value for Chi-squared test across quartiles. N = the number of hospitalizations for CS with MI.
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Table 4.

Subtypes of MCS by Hospital MCS Utilization Quartile

Procedure Quartile 1 (N = 
937)

Quartile 2 (N = 
3328)

Quartile 3 (N = 
3284)

Quartile 4 (N = 
1580)

P-value*

ND-MCS (percutaneous) – no. (%) 0.0 (0.0) 82 (2.5) 160 (4.9) 110 (6.7) < 0.001

ND-MCS (non-percutaneous) – no. 
(%)

0 (0.0) † † † 0.51

IABP – no. (%) 0 (0.0) 628 (18.9) 1234 (37.6) 946 (59.9) < 0.001

ECMO – no. (%) 0 (0.0) 48 (1.4) 50 (1.5) 35 (2.2) < 0.001

PCPS – no. (%) 0 (0.0) † † † 0.72

*
p-value for Chi-squared test across quartiles. N = the number of hospitalizations for CS and MI. MCS = Mechanical Circulatory Support. ND-

MCS = non-durable mechanical circulatory support. IABP = Intra-aortic balloon pump. ECMO = centrally cannulated extracorporeal membrane 
oxygenation. PCPS = peripherally cannulated extracorporeal membrane oxygenation.

†
Due to HCUP privacy rules, cell values <10 are suppressed.
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Table 5.

In-Hospital Mortality by Quartile (Crude and Adjusted)

Quartile Unadjusted In-hospital mortality – no. 
(%)*

Unadjusted Odds Ratio for In-Hospital 
Mortality

95% CI P-value

Quartile 1 (N = 937) 431 (46.0) - - -

Quartile 2 (N – 3327) 1290 (38.8) 0.74 0.64–0.86 0.03

Quartile 3 (N = 3284) 1266 (38.6) 0.74 0.64–0.85 0.02

Quartile 4 (N = 1579) 615 (39.0) 0.75 0.64–0.88 0.13

Quartile Adjusted In-hospital mortality – no. 

(%)*
†

Adjusted Odds Ratio for In-Hospital 

Mortality
†

95% CI P-value

Quartile 1 (N = 937) 295 (31.5) - - -

Quartile 2 (N – 3327) 928 (27.9) 0.99 0.82–1.19 0.87

Quartile 3 (N = 3284) 912 (27.8) 1.05 0.86–1.28 0.63

Quartile 4 (N = 1579) 442 (28.0) 0.95 0.77–1.16 0.58

*
Chi-squared p-value for unadjusted comparison across quartiles < 0.001.

†
Adjusted for age, sex, all patient and hospital variables, receipt of coronary angiography, PCI, CABG, RHC, and device subtype. Omnibus p-value 

for effect of quartile on in-hospital mortality = 0.78. N = the number of hospitalizations for CS witd MI.
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