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Abstract

Cardiogenic shock (CS) carries high mortality and morbidity. Early revascularization is an 

important strategy in management of these patients. We sought to determine the outcomes and 

predictors of revascularization among patients with CS. Patients with CS and acute myocardial 

infarction were identified using the National Inpatient Sample (NIS) data from January 2002 to 

December 2014 using the International Classification of Diseases, 9th Revision, Clinical 

Modification (ICD-9-CM) codes. Subsequently, patients who underwent revascularization were 

then selected. A total of 118,618 patients with CS were identified. Out of these, about 55,735 

(47%) patients underwent revascularization. Mean age of patients who underwent 

revascularization was lower when compared with patients not who underwent revascularization 

(66.40 vs 72.24 years, p < 0.01). Patients who underwent revascularization had lower mortality 

when compared with patients not who underwent revascularization (25.1% vs 52.2%, p < 0.01). 

Extracorporeal membrane oxygenation and mechanical circulatory support devices were often 

utilized more in patients who underwent revascularization. Overall, we found modest increased 

trend of revascularization over our study years with decline in mortality. Female gender, weekend 

admission, drug abuse, pulmonary hypertension, anemia, renal failure, neurological disorders, 

malignancy were associated with lower odds of revascularization. In conclusion, in this large 

nationally represented US population sample of CS patients, we found revascularization rate of 

about 47% with improvement in overall mortality over our study years.

Cardiogenic shock (CS) complicates clinical trajectory of approximately 5% to 10% patients 

admitted with acute myocardial infarction (AMI).1,2 Moreover, CS is associated with 

worsened mortality despite advances in utilization of mechanical support devices.3 The 

landmark SHOCK trial showed improved outcomes with revascularization by utilizing either 
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percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) surgery in 

these patients.4 The rate of CABG in CS patients is about 5% to 6% and relatively stable 

over the years.5 Few observational studies have assessed the trends and outcomes of PCI in 

AMI patients complicated by CS from national databases.6,7 American Heart Association 

guidelines recommend coronary revascularization in all eligible CS patients, which 

encompasses utility of both PCI and CABG.8 No earlier studies have reported cumulative 

trends and outcomes after PCI and CABG in CS patients from national database. The 

purpose of this study was to assess trends, outcomes, and predictors of coronary 

revascularization (both PCI and CABG) in patients admitted with CS from a nationally 

represented United States (US) population sample.

Methods

Data were derived from National Inpatient Sample (NIS). NIS is part of Healthcare Cost and 

Utilization Project (HCUP) databases and is a Federal-State-Industry partnership sponsored 

by the Agency for Healthcare Research and Quality (AHRQ). The NIS is derived from all 

States participating in HCUP, representing more than 97 percent of the US population. Since 

NIS is compiled annually, the data can be used for analysis of disease trends overtime. 

Institutional review board approval and informed consents were not required for this study 

given the de-identified nature of the NIS database.

We analyzed NIS data from January 2002 to December 2014 using the International 

Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) codes. Patients 

≥18 years of age were included. To identify patients with CS, the diagnosis code of 785.51 

was used in all diagnosis fields. This code has been used in earlier studies and has a 

specificity of 99.3%, a sensitivity of 60%, a positive predictive value of 78.8%, and a 

negative predictive value of 98.1% for CS.9 Subsequently AMI patients were identified 

using relevant ICD-9 codes. A total of 118,618 patients with CS (ICD-9-CM code of 785.51) 

and AMI (ICD-9-CM code of 410.01–92, excluding 410.7) were identified. ICD-9-CM of 

37.61 was used to identify intraaortic balloon pump (IABP) and 37.68 for percutaneous 

ventricular assist devices (PVADs). To identify the population of patients who underwent 

revascularization [PCI and CABG], ICD-9-CM codes of 36.01–36.07, 36.09–17, and 36.19 

in all procedure fields were used (see Figure 1).

AHRQ co-morbidities were generated as binary variables for analysis.10 Baseline 

characteristics of patients with AMI-CS who underwent revascularization and patients who 

didn’t undergo revascularization were compared. We studied in-hospital mortality as the 

primary outcome. Descriptive statistics were presented as frequencies with percentages for 

categorical variables and as means with standard deviations for continuous variables. 

Baseline characteristics were compared using a Pearson χ2 test and Fisher’s exact test for 

categorical variables and independent samples t test for continuous variables.

A binomial logistic regression model was used to identify variables from demographic data 

(Table 1) that were associated with revascularization with a p value <0.10. Then, these 

variables were subsequently utilized in a multiple logistic regression model to determine 

predictors of revascularization. Propensity score was calculated using logistic regression. 
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The predicted probability of revascularization (as derived from propensity score) along with 

relevant significant variables were used in logistic regression to estimate odds ratios (ORs) 

with 95% confidence intervals (CIs) to determine predictors of in-patient mortality for 

patients with AMI-CS. Statistical analyses were performed using statistical package for 

social science version 24 (IBM Corp) and R for propensity Matching.

Results

A total of 118,618 patients with AMI-CS were identified from January 2002 to December 

2014. Out of these 55,735 (47%) patients underwent revascularization. Mean age was 69.49 

(±13.17) years. Mean age of patients who underwent revascularization was lower when 

compared with patients who didn’t undergo revascularization (66.40 v. 72.24 years, p < 

0.01). Total cohort consisted of 47,467 (40%) females. About 19,685 (35.3%) female 

patients underwent revascularization. A higher proportion of Caucasians underwent 

revascularization when compared with African Americans. Table 1 shows the baseline 

characteristics of the study population.

Over the study period the proportion of patients who underwent revascularization increased 

from 46% in 2002 to 47% in 2014. Surgical revascularization was performed in 16.10% and 

percutaneous revascularization was performed in 32.4% of AMI-CS patients. The trends of 

revascularization (PCI vs CABG) are shown in Figure 2. Heart assist devices (IABP and 

PVADs) were commonly used in patients who underwent revascularization and there was an 

increased trend noticed in PVAD utilization with subsequent reduced trend of IABP 

application over our study years (see Figure 3).

Hospital outcomes and resource utilization are shown in Table 2. There was a gradual 

reduction in in-patient mortality over our study period that was uniform across both genders 

(see Figure 4). Patients who underwent revascularization had lower mortality when 

compared with patients not who underwent revascularization (25.1% vs 52.2%, p <0.01). 

Procedures such as extracorporeal membrane oxygenation and mechanical circulatory assist 

devices were more often utilized in patients who underwent revascularization. However, 

cardiopulmonary resuscitation and vasopressors were utilized more in AMI-CS patients not 

who underwent revascularization.

Increased age, weekend admission, female gender, and racial minorities were associated 

with lower odds of revascularization. Co-morbidities like chronic pulmonary disease (OR = 

1.079, C.I. [1.035 to 1.422] p <0.01), diabetes mellitus (OR = 1.081, C.I. [1.008 to 1.159] p 

<0.01), peripheral vascular disease (OR = 1.075, C.I. [1.02 to 1.133] p <0.01), obesity (OR = 

1.454, C.I. [1.37 to 1.544] p <0.01), smoking history (OR = 1.089, C.I. [1.02 to 1.161] p 

<0.01), hyperlipidemia (OR = 1.75, C.I. [1.585 to 1.933] p <0.01), and hypertension (OR = 

1.221, C.I. [1.176 to 1.268] p <0.01) were associated with higher odds of who underwent 

revascularization. In addition, liver disease, pulmonary hypertension, anemia, renal failure, 

neurological disorders, sepsis, malignant tumors including lymphoma and metastatic cancers 

were associated with lower odds of revascularization. The predictors of revascularization and 

mortality are shown in Figures 5 and 6, respectively. Of note, the probability of who 
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underwent coronary revascularization as constructed using propensity score was 

significantly associated with improved mortality in CS patients.

Discussion

The main findings of our current study are: (1) in patients admitted with AMI-CS, about 

47% underwent coronary revascularization and there is a modest increased trend of 

revascularization seen over study years. (2) Coronary revascularization is associated with 

reduced mortality and better discharge outcomes. More patients in this group received 

extracorporeal membrane oxygenation and heart assist devices. (3) Gender and ethnic 

disparities were noted with respect to coronary revascularization in AMI-CS patients. 

Female gender and certain ethnic minorities such as African Americans had low utilization 

of revascularization in our cohort. (4) Overall mortality continues to be high in patients 

admitted with AMI-CS with a downward trend witnessed over the study years (5) In CS 

cohort, the use of IABP has been on the decline while the use of PVADs is increasing over 

our study years.

CS is the most dreaded complication after AMI and seen in 5% to 10% of such patients.1,2 

Moreover, CS is associated with worsened mortality and morbidity and constitutes a 

significant burden on health care resources. In the landmark SHOCK trial, about 56% of 

patients with CS who did not undergo revascularization died at 30-day follow-up.4 Similarly, 

in another landmark trial IABP-SHOCK II, about 40% of patients with CS did not survive to 

hospital discharge.11 Our current study shows that in patients in whom revascularization was 

not attempted; the inpatient mortality was significantly high around 52% when compared 

with 25% with revascularization. We also demonstrated that revascularization is an 

independent predictor of low mortality in CS patients. Two early-randomized trials have 

studied the role of early revascularization in patients admitted with CS. The SMASH trial 

only enrolled 55 CS patients and found no significant 30-day death rate in patients with and 

without revascularization.12 Subsequently, the SHOCK trial found reduced mortality at 30 

days in the invasive arm compared with medical stabilization, but this difference did not 

reach statistical significance.4 However, further follow up of these patients at 6 and 12 

months showed statistically significant reduction in mortality if revascularization was 

attempted at index CS hospitalization (13% absolute difference, p = 0.03).4 The trial also 

showed successful PCI to be associated with lower mortality when compared with 

unsuccessful PCI (35% vs 80%). It should be noted that the PCI intervention that was 

employed primarily in SHOCK trial was balloon angioplasty and only 34% of patients 

received a stent (bare metal).4 The likelihood of successful PCI was more in the SHOCK 

trial if stents were used. Our study showed mortality of about 25% in patients receiving 

revascularization compared with over 46% in the SHOCK trial. The difference in mortality 

seems to be related to advancements in stent design, improved operator experience, and 

frequent utilization of mechanical circulatory support devices in this patient population.

In our cohort, mechanical circulatory support devices supported significant number of 

patients who underwent revascularization. Previous studies have also shown increased 

likelihood of invasive therapy and lower in-patient mortality with utilization of these devices 

in patients admitted with CS. In a study utilizing Nationwide Readmissions Database, 
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Enezate et al. showed that rate of invasive treatment (coronary angiogram with or without 

PCI) was about 76% in patients with mechanical circulatory support devices when compared 

with only 26% in patients without these support devices.13 They also found reduced 

mortality in CS patients who were assisted with mechanical devices compared with patients 

who were not (33% vs 39.7%, p <0.01). Several potential mechanisms have been proposed 

by which these devices affect favorable outcomes in CS patients. These devices are known 

to reduce left ventricular filling pressure and wall stress with subsequent improvement in 

coronary perfusion that potentially reduces infarct size and myocardial cell death.14,15 These 

devices also enable complete coronary revascularization with subsequent greater 

improvements in myocardial function and better patient outcomes.16

Our study has several limitations which need to be highlighted. First, NIS is an 

administrative claim-based database that uses ICD-9-CM codes, which are prone to errors, 

however, the hard clinical end points used in this study such as revascularization, death and 

discharge disposition are less prone to diagnostic errors. Second, NIS collects data on in-

patient discharges and each admission is registered as an independent event, it is therefore 

possible that one patient may have more than one admission in the same or subsequent years 

which may lead to duplicate registration of patients. Third, patients are not followed 

longitudinally in NIS so long-term outcomes could not be assessed from present dataset. 

Additionally, the whole premise of the study was to assess revascularization outcomes after 

CS and it is possible few patients will have developed CS as complication of 

revascularization in our cohort rather than other way around. Unfortunately, our data set is 

not designed to exclude those patients; however, due to limited real-life occurrence of this 

complication, we believe that this cohort is not sufficient to affect our study results.

In conclusion, in this large nationally represented US population sample of CS patients, we 

found revascularization rate of about 47% in patients admitted with CS with improvement in 

overall mortality over our study years.
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Figure 1. 
Flow sheet of the paper
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Figure 2. 
Revascularization trends over the years in cardiogenic shock patients
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Figure 3. 
Trends in use of balloon pump and percutaneous left ventricular devices over years
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Figure 4. 
Mortality trend over the years in cardiogenic shock patients

Khan et al. Page 10

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

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. 
Predictors of revascularization in cardiogenic shock
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Figure 6. 
Predictors of mortality in cardiogenic shock
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