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Abstract

Objectives: To investigate risk factors and outcomes of cardiogenic shock complicating acute 

myocardial infarction (AMI-CS) in young patients with AMI.

Background: AMI-CS is associated with high morbidity and mortality rates. Data regarding 

AMI-CS in younger individuals are limited.

Methods and Results: Consecutive patients with type 1 AMI aged 18−50 years admitted 

to 2 large tertiary-care academic centers were included, and they were adjudicated as having 

cardiogenic shock (CS) by physician review of electronic medical records using the Society 

for Cardiovascular Angiography and Interventions CS classification system. Outcomes included 

allcause mortality (ACM), cardiovascular mortality (CVM) and 1-year hospitalization for heart 

failure (HHF). In addition to using the full population, matching was also used to define a 

comparator group in the non-CS cohort. Among 2097 patients (mean age 44 ± 5.1 years, 74% 

white, 19% female), AMI-CS was present in 148 (7%). Independent risk factors of AMI-CS 

included ST-segment elevation myocardial infarction, left main disease, out-of-hospital cardiac 

arrest, female sex, peripheral vascular disease, and diabetes. Over median follow-up of 11.2 years, 

young patients with AMI-CS had a significantly higher risk of ACM (adjusted HR 2.84, 95% CI 

1.68−4.81; P < 0.001), CVM (adjusted HR 4.01, 95% CI 2.17−7.71; P < 0.001), and 1-year HHF 

(adjusted HR 5.99, 95% CI 2.04−17.61; P = 0.001) compared with matched non-AMI-CS patients. 

Over the course of the study, there was an increase in the incidence of AMI-CS among young 

patients with MI as well as rising mortality rates for patients with both AMI-CS and non-AMI-CS.

Conclusions: Of young patients with AMI, 7% developed AMI-CS, which was associated with 

a significantly elevated risk of mortality and HHF. (J Cardiac Fail 2022;00:1−12)

Keywords

Myocardial infarction; cardiogenic shock; young; heart failure hospitalization; mortality; risk 
factors

Cardiogenic shock following acute myocardial infarction (AMI-CS) is a feared complication 

of acute coronary syndromes and is seen in approximately 5%–10% of patients following 

AMI1–4; it is the leading cause of AMI-related in-hospital mortality.5 Despite advancements 
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in AMI care, AMI-CS continues to be prevalent and accounts for one-third of all cardiogenic 

shock (CS); associated mortality rates are reported to be between 35% and 60%.1,4,6

Although multiple studies have examined risk factors and outcomes of AMI-CS, none have 

focused on this condition in young patients with AMI. Recent analyses have identified 

older age, female sex, ST-segment elevation myocardial infarction (STEMI), out-of-hospital 

cardiac arrest (OHCA), peripheral artery disease, and chronic obstructive pulmonary disease 

as features associated with a higher risk of AMI-CS.1,6 However, it is unknown whether 

these findings apply to young patients with AMI-CS. Therefore, we sought to investigate 

risk factors and long-term outcomes, including risk of heart-failure hospitalization and 

mortality associated with AMI-CS, among patients who experienced an MI at or below the 

age of 50.

Methods

Study Population

The design of the YOUNG-MI registry has been described previously.7 Briefly, this is 

a retrospective cohort study from 2000−2016 at 2 large academic medical centers that 

included all consecutive patients who experienced a first MI at or before the age of 50. 

All records were adjudicated by physicians. The YOUNG-MI registry is approved by the 

appropriate institutional review board and is conducted in accordance with institutional 

guidelines.

Risk Factors and Comorbidities

Electronic medical record review was conducted for each patient to abstract risk factors as 

well as burden and distribution of coronary artery disease (CAD) on presentation according 

to previously reported methods.7,8 Multiple troponin assays were used in the study period, 

so peak standardized troponin, defined as a patient’s peak troponin value divided by the 

99th percentile value for the specific assay, was used for comparison.9 The Area Deprivation 

Index, a measure of neighborhood socioeconomic disadvantage, was used as a surrogate for 

socioeconomic status with home addresses used to determine this index for each patient.10,11

Patient Identification and Adjudication of Cardiogenic Shock

A computer search algorithm was used to identify patients in the YOUNG-MI registry 

at risk for AMI-CS by searching for key terms (Supplementary Table 1) in available 

medical records of previously adjudicated patients with type 1 MI. Additionally, all 

patients with AMI who presented with cardiac arrest, new-onset systolic heart failure or 

mechanical complication of MI underwent adjudication for AMI-CS. Subjects identified 

in this manner underwent adjudication by 2 physicians (HKS, EMD), who independently 

reviewed each patient’s record to determine whether AMI-CS was present during the AMI 

admission. Patients were classified into AMI-CS stages based on worst clinical status during 

hospitalization by using the 2019 Society for Cardiovascular Angiography and Interventions 

(SCAI) expert consensus classification (Supplementary Table 2).12,13 For this study, stage 

B–E patients were grouped together to compose the AMI-CS group, as reported in other 

studies.14 The remainder of the YOUNG-MI cohort composed the comparator group.
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Outcomes

Primary outcomes included all-cause mortality (ACM), cardiovascular mortality (CVM), 

and 1-year hospitalization for heart failure (HHF). Vital status of patients at follow-up 

was assessed using the Social Security Administration’s Death Master File, Massachusetts 

Department of Vital Statistics, National Death Index, and longitudinal follow-up in the 

electronic medical records. Vital status was censored in September 2017. Two independent 

physicians adjudicated causes of death using all records obtained. In cases of disagreement, 

consensus was reached by an adjudication committee. Death was classified as in-hospital 

or postdischarge. Cause of death was categorized as cardiovascular, noncardiovascular or 

undetermined. If cause of death was undetermined, patients were categorized as having had 

cardiovascular death. The definition of cardiovascular death was adapted from the 2014 

American College of Cardiology/American Heart Association definitions for cardiovascular 

endpoint events,15 as previously detailed.7 HHF was adjudicated by medical-record review 

by physicians. To meet criteria for HHF, the subject had to have had a discharge diagnosis 

of heart failure for an admission following index MI hospitalization at the study hospitals, 

while also meeting criteria for heart failure by presence of symptoms, signs and escalation of 

heart-failure therapy during that admission.

Statistical Analysis

Categorical variables are reported as frequencies and proportions and compared using χ2 

or Fisher exact tests, as appropriate. Continuous variables are reported as means ± standard 

deviation or medians (25th–75th percentile) and compared with t tests or Mann-Whitney 

tests, as appropriate. The proportional hazards assumption was assessed by analyzing 

Schoenfeld residuals. Survival curves were compared using the log-rank test. A 2-tailed 

P value less than 0.05 was considered statistically significant.

Cox proportional hazard modeling was used for survival analysis, with corresponding hazard 

ratios (HR) and 95% confidence intervals (CI) reported. Given the small number of events 

and modest cohort size, we also conducted a matched analysis. A 3:1 matched cohort 

was generated using Mahalanobis distance matching16 on age, sex, race, and biologically 

important risk factors for AMI-CS, including hypertension, smoking status, left main 

CAD and STEMI. Multivariable Cox models were performed on the matched cohort to 

examine both univariate and multivariable risk of AMI-CS. Variables that were statistically 

significant in univariate analyses or were biologically plausible predictors of AMI-CS were 

included in the multivariable regression. Univariate and multivariable logistic regression was 

used to determine predictors of AMI-CS, with odds ratio (OR) and 95% CI reported. All 

analyses were performed using Stata version 15.1 (StataCorp, College Station, TX).

Results

Baseline Characteristics

The total cohort consisted of 2097 individuals aged ≤ 50 years who experienced a type 1 

MI (Visual take-home graphic). The median age was 45.2 years (IQR 41.4−47.8 years); 404 

(19.3%) were women, and 1541 (73.5%) were white. Of these, 148 (7.1%) patients were 

adjudicated to have AMI-CS. Median follow-up was 11.2 years.
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Table 1 outlines baseline and AMI characteristics of the cohort by AMI-CS status. 

At baseline, AMI-CS patients had significantly higher prevalence of peripheral vascular 

disease (4.7% vs 1.7%), higher Charlson Comorbidity Index (2 vs 1), and less prevalent 

hypertension (36.5% vs 47.5%) than those without AMI-CS. Patients with AMI-CS had 

significantly higher standardized troponin (172.7 vs 35.7, P < 0.001) compared with 

non-AMI-CS patients. At presentation, AMI-CS patients were significantly more likely to 

present with STEMI (84.5% vs 51.1%, respectively; P < 0.001) and OHCA (26.4% vs 3.1%; 

P < 0.001) compared with non-AMI-CS patients. The median number of coronary arteries 

involved in patients with AMI-CS was higher than in the non-AMI-CS group, as was the 

prevalence of left main CAD on coronary angiography (7.4% vs 2.3%; P < 0.001).

After matching for age, sex, race, hypertension, smoking status, left main disease and 

STEMI, the AMI-CS (n = 148) and non-AMI-CS (n = 461) groups did not have significant 

differences in baseline comorbidities other than a higher prevalence of chronic kidney 

disease in the AMI-CS group (Table 1). However, like the total cohort, the AMI-CS group 

continued to have a higher proportion of uninsured or publicly insured patients as well as 

higher standardized troponin, prevalence of OHCA and more coronary arteries involved than 

matched non-AMI-CS patients.

Baseline Characteristics by AMI-CS SCAI Stages

Of the 148 patients with AMI-CS, 31 (20.9%) were at stage B, 76 (51.4%) were at stage 

C, 17 (11.5%) were at stage D, and 24 (16.2%) were at stage E (Supplementary Table 3). 

There was a significant trend toward a greater proportion of patients with diabetes with 

increasing CS stage classification (P for difference across all strata = 0.002). There was a 

graded increase in presentation creatinine and burden of CAD (by mean number of coronary 

arteries involved) from stage B to stage E (both P < 0.001).

Risk Factors for Cardiogenic Shock

In univariate analyses, STEMI at presentation, OHCA, number of coronary arteries with 

CAD, left main disease, and peripheral vascular disease were significantly associated with 

AMI-CS (Table 2). Patients with hypertension at baseline were less likely to develop 

AMI-CS (OR 0.62, 95% CI 0.43−0.91; P = 0.015). In multivariate analyses, risk factors 

independently associated with development of AMI-CS included female sex (OR 1.54, 95% 

CI 1.01−2.36; P = 0.047); diabetes (OR 1.84, 95% CI 1.19−2.82; P = 0.006); peripheral 

vascular disease (OR 3.23, 95% CI 1.26−8.28; P = 0.015); STEMI at presentation (OR 5.13, 

95% CI 3.19−8.26; P < 0.001); OHCA (OR 10.7, 95% CI 6.63−17.16; P < 0.001); and left 

main CAD (OR 5.41, 95% CI 2.54−11.53; P < 0.001).

In-Hospital Management

All patients in this study had a high rate of cardiac catheterization during admission, 

regardless of AMI-CS status (Supplementary Table 4). However, a significantly greater 

proportion of patients with AMI-CS underwent coronary revascularization (percutaneous 

and/or surgical) than those without AMI-CS (92.6% AMI-CS vs 83.9% non-AMI-CS; P = 

0.02). Mechanical circulatory support was used in 71.6% (n = 106) of AMI-CS patients, 

with intra-aortic balloon pump representing 92.4% (n = 98), followed by extracorporeal 
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membrane oxygenation in 4.7% (n = 7) and percutaneous left ventricular assist device in 

3.4% (n = 5). AMI-CS patients had a longer median length of hospital stay than non-AMI-

CS patients (8 days vs 3 days; P < 0.001).

Among patients surviving to hospital discharge, patients with AMI-CS (n = 121) were 

significantly more likely to be prescribed angiotensin converting enzyme inhibitor or 

angiotensin receptor blocker therapy (71.1% vs 61.1%; P = 0.029) compared with non-AMI-

CS patients (n = 1933). Beta-blocker, statin, aspirin, and P2Y12 inhibitor prescription was 

similar at discharge in the 2 groups. In-hospital management and median length of stay of 

AMI-CS patients did not differ significantly when stratified by SCAI stages (Supplementary 

Table 3).

Outcomes and Mortality

Patients with AMI-CS had significantly higher unadjusted mortality rates compared with 

non-AMI-CS patients (Fig. 1). This difference was observed when evaluating in-hospital 

mortality (18.2% AMI-CS vs 0.8% non-AMI-CS; P < 0.001), 1-year ACM (21.6% AMI-CS 

vs 1.9% non-AMI-CS; P < 0.001), postdischarge CVM (12.4% AMI-CS vs 5.5% non-AMI-

CS; P = 0.002), total ACM (30.4% v. 10.7%; P < 0.001), and total CVM (27% AMI-CS vs 

9% non-AMI-CS; P < 0.001). There was no significant difference between the 2 groups in 

postdischarge ACM (14.9% AMI-CS vs 10% non-AMI-CS; P = 0.086).

Patients with AMI-CS had significantly higher incidence-rate ratios for ACM, CVM and 

1-year HHF compared with non-AMI-CS patients (Table 3). In the matched comparison, 

AMI-CS patients had an incidence rate ratio of 4.67 for ACM (95% CI 3.00−7.36; P < 

0.001), 7.29 for CVM (95% CI 4.27−12.44; P < 0.001), and 5.68 for 1-year HHF (95% 

CI 2.08−15.46; P < 0.001). These results remained unchanged in a landmark analysis of 

the matched cohort including only patients who survived to discharge from the index AMI 

hospitalization.

After adjustment, AMI-CS patients had a significantly elevated risk of ACM, CVM and 

1-year HHF compared with matched non-AMI-CS patients (Fig. 2A). In Kaplan-Meier 

analyses, there was early separation of the curves, with persistently higher risk of ACM, 

CVM and HHF for the AMI-CS group. After adjustment for key covariates, AMI-CS 

patients continued to have a significantly higher risk of ACM (adjusted hazard ratio [aHR] 

2.84 [95% CI 1.68−4.81]; P < 0.001), CVM (aHR 4.09 (95% CI 2.17−7.71; P < 0.001) 

and 1-year HHF (aHR 5.99 [95% CI 2.04−17.61]; P = 0.001) compared with matched 

non-AMI-CS patients (Table 4).

Landmark Analysis After Hospital Discharge

To examine long-term outcomes of AMI-CS independent of in-hospital and acute AMI 

mortality, we performed a landmark analysis including only patients who survived index 

AMI hospitalization (Fig. 2B). AMI-CS patients had a significantly higher risk of CVM 

(aHR 2.76 [95% CI 1.21−6.30 P = 0.016]) and 1-year HHF (aHR 6.18 [95% CI 2.04 

– 18.78]; P = 0.001) compared to non-AMI-CS patients after adjustment for baseline 

characteristics (Table 4). AMI-CS was not associated with a significantly higher risk of 

ACM (aHR 1.70 [95% CI 0.86−3.35]; P = 0.125) compared with non-AMI-CS patients 
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who survived to hospital discharge. When examining outcomes by SCAI CS stage, AMI-CS 

patients had incremental ACM and CVM with higher SCAI CS stages (Supplementary Fig. 

1, Fig. 2).

Era Effect: Incidence and Outcomes of AMI-CS

When the study period was divided into 4 eras with a similar number of subjects in each 

(2000−2003, 2004−2006, 2007−2010, 2011−2016), there was increasing AMI-CS incidence 

in the most recent era (P for trend = 0.02) (Supplementary Fig. 3a). Similarly, there was 

increasing in-hospital ACM among all patients (both AMI-CS and non-AMI-CS) when 

comparing the most recent era to preceding ones (Supplementary Fig. 3b). In-hospital ACM 

increased from 0.5% in non-AMI-CS patients in 2000−2003 to 1.7% in 2011−2016, whereas 

among AMI-CS patients, in-hospital ACM increased from 16.2% in 2000−2003 to 21.7% in 

20112016 (P for trend in full cohort = 0.016). However, there was no significant difference 

in mechanical circulatory support use among AMI-CS patients over the eras (Supplementary 

Fig. 3c) (P for trend for mechanical circulatory support use = 0.15).

Discussion

Using the YOUNG-MI registry, we investigated risk factors and long-term outcomes 

associated with AMI-CS among young patients. Our main findings are as follows. First, 

AMI-CS was diagnosed in 7% of the young AMI population in this study, with increasing 

incidence in the contemporary era. Second, factors independently associated with incident 

AMI-CS in young patients included female sex, diabetes, peripheral vascular disease, 

STEMI at presentation, OHCA, and left main disease. Third, young AMI-CS patients had 

a significantly higher risk of ACM, CVM and 1-year HHF than those without AMI-CS, 

even after adjustment for important covariates. These data show that similar to older cohorts, 

AMI-CS in younger individuals is associated with poor short- and long-term outcomes. 

Our findings emphasize the need for prevention, early detection and appropriate therapy for 

AMI-CS in young patients to improve morbidity and mortality rates.

Epidemiology and Risk Factors of AMI-CS in Young Patients

Most studies of AMI-CS risk factors and incidence have been representative of older 

patients. Among these older populations, AMI-CS is thought to occur in 5%–10% of cases.1 

The incidence of AMI-CS in our cohort was 7%, suggesting that the rate of AMI-CS is 

similar in young patients with AMI when compared with older populations.

With regard to risk factors, a French registry profiled 9951 patients with AMI (median age > 

70 years) and showed that age, STEMI, OHCA, family history of CAD, peripheral vascular 

disease, and chronic obstructive pulmonary disease were all independently associated with 

a higher risk of AMI-CS.1 Although several risk factors appear to be common between 

our study of young patients and prior studies primarily of older patients,1,17 3 important 

differences are worth discussing.

First, age was not significantly associated with incident AMI-CS in patients restricted to age 

≤ 50 years, whereas in older populations, increasing age is associated with a greater risk. 
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The younger age of our cohort likely explains this discordance, whereas increasing age in a 

younger cohort may not confer incremental risk as it does in older populations.

Second, our analysis identifies female sex as an independent risk factor for AMI-CS in the 

young population with AMI. Prior work in this cohort has reported that young women with 

MI were less likely than men to undergo coronary revascularization or to be discharged 

on guideline-directed medical therapy.18 Furthermore, young women hospitalized for an 

MI who survived to discharge had significantly higher ACM than men.18 A prior study 

examined sex disparities in AMI-CS in a young cohort (age ≤ 55 years).19 This study 

reported higher rates of AMI-CS in men compared to women, despite women having a 

higher risk of in-hospital mortality than men. In the same study, women were also less likely 

to undergo angiography and interventions, findings reproduced in an older population (age 

≥ 75 years) with AMI-CS.19,20 The higher risk of AMI-CS in young women reported in our 

study may be related to these prior findings of less aggressive therapy and diagnostic studies 

or to potentially delayed identification of AMI-CS. There are also other well-described 

sex-based differences and disparities in the care of young patients with AMI.18,21–24

Third, patients with AMI and with hypertension were at significantly lower risk of AMI-

CS compared with those without hypertension. However, hypertension was independently 

associated with worse outcomes in AMI-CS patients. These seemingly contradictory results 

may be a result of several factors. Patients already diagnosed with hypertension prior to 

their MI may have had better access to medical care, potentially reducing their risk for 

AMI-CS. Additionally, these patients may have been on more baseline antihypertensive 

and cardioprotective medications, which could have improved their AMI outcomes. Finally, 

because medical record diagnosis of hypertension was used for analysis, there may be 

under-reporting of this diagnosis in this younger population.

Outcomes of Young Patients With AMI-CS

Prior studies have reported in-hospital mortality rates of AMI-CS ranging from 35%–

60%, with a high degree of intrastudy variability, likely due to heterogeneity in AMI-CS 

definitions and data capture.1,2,6,23,25,26 Our cohort had an in-hospital mortality rate of 

18.2% among young AMI-CS patients. This lower in-hospital mortality may reflect our 

rigorous adjudication of AMI-CS using the recent SCAI definitions,12 which has not been 

used in most prior studies. Furthermore, a lower burden of comorbidities and healthier 

baseline health status in the younger population than in older patients may lead to the 

lower AMI-CS in-hospital mortality rates seen in our study. This has been reported in 

contemporary studies, where increasing age is associated with worse outcomes in AMI-CS, 

regardless of SCAI stage, with younger patients having better outcomes.27,28

An important long-term consequence of AMI-CS is heart failure (HF). In an older cohort, 

AMI-CS was associated with 3.25 and 2.9 times higher risk of HHF at 1 and 5 years, 

respectively, compared to patients without AMI-CS.29 In our study, young AMI-CS patients 

were at 6 times the risk of 1-year HHF compared to non-AMI-CS patients, with a very 

early separation of curves in risk analyses. Therefore, the risk of HHF in the young AMI-CS 

population seems to be at least similar to that in older populations, which highlights an 

important opportunity for intervention to prevent HF in a young population.
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SCAI Classification in Young Patients With AMI-CS

Analyses stratifying AMI-CS patients by SCAI stage showed several important findings. 

First, patients with higher SCAI CS stages had a greater burden of diabetes but not other 

CV comorbidities at baseline and presented with worse renal function. Second, there was 

a graded worsening of mortality with each step of the SCAI CS stages. These findings 

are in keeping with other observations, which have shown increasing mortality rates with 

higher SCAI stage in older CS patients.13,30 A recent study using data from the Critical 

Care Cardiology Trials Network database showed similar findings of a graded increase of in-

hospital mortality rates with higher SCAI stages in older patients.30 Interestingly, the study 

reported lower stage E in-hospital mortality rates (62.1%) compared to our cohort (88%), 

but higher stage D and C in-hospital mortality rates compared to our study.30 This suggests 

that the sickest young AMI-CS patients (stage E) have extremely poor outcomes at par with 

older stage E AMI-CS patients, whereas less severe AMI-CS stages might be associated 

with lower mortality rates in younger patients. In landmark analyses restricted to patients 

surviving to hospital discharge, there was no significant difference in long-term ACM 

or CVM based on SCAI stage. Thus, SCAI stages were particularly good at identifying 

individuals with poor in-hospital outcomes, but they did not seem to further risk-stratify 

those who survived to discharge. These findings further emphasize the theme of the recently 

developed 3-axis model of CS evaluation and prognostication from SCAI that takes into 

account shock severity (SCAI stages, as done in our study) along with phenotype, etiology 

and risk modifiers, so as to better understand patient trajectory.13

Era Effect

An important observation is that incidence and outcomes of AMI-CS did not improve in 

the contemporary era. There was increasing AMI-CS among young AMI patients as well 

as rising in-hospital mortality rates in both AMI-CS and non-AMI-CS patients over time. 

These findings are unique when compared with prior studies. An Italian study aggregating 

28,217 primarily older patients (median age > 70 years) with AMI reported no significant 

change in incident AMI-CS from 2001−2014, with an overall 4.3% incidence of AMI-CS.2 

Thus, future studies have to examine whether advances in AMI care translate into better 

outcomes in the young population with AMI-CS. There was high use of mechanical 

circulatory support in the AMI-CS patients from the earliest era (81% in 2000−2003), and 

no significant change was seen over the study period, which was, therefore, unlikely to 

account for the change in mortality rates over this period.

Limitations

This study must be assessed in the context of its limitations. This was a retrospective 

observational study and, thus, was susceptible to biases inherent in the study design. 

Adjudication of AMI-CS was made by 2 physicians using predefined criteria. However, due 

to the retrospective nature of this study, there may have been misclassification of AMI-CS 

status. There may also have been increasing recognition and diagnosis of AMI-CS in the 

recent eras due to greater use of diagnostics such as pulmonary artery catheters. However, 

differences in AMI-CS recognition in the earlier eras would not fundamentally change the 

direction of the results. Furthermore, potentially relevant clinical variables such as Killip 
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class, vital signs during hospitalization, mortality risk scores, infarct-related artery, ejection 

fraction, and revascularization details were not available to incorporate in the analyses. The 

data in this study ranged from 2000−2016 and, thus, represent heterogeneity and transitions 

in therapies of AMI and AMI-CS, given advances in the field during the study period. 

However, despite improving AMI outcomes in recent decades,31 our study did not find 

improvement in outcomes across time. The study was based at 2 large academic medical 

centers and, thus, the generalizability of these findings may be limited. Pre-hospital deaths 

were not included in this study, so we cannot account for the effect of AMI-CS in those 

patients. The in-hospital course of illness and other organs affected were not available 

for analysis. Additionally, although we attempted to reduce confounding by pursuing both 

a matched analysis and statistical adjustment for covariates, there may be unmeasured 

confounders that could affect our results. Furthermore, echocardiographic data was not 

available for incorporation in our analyses. Also, the inclusion of SCAI AMI-CS stage B 

in the AMI-CS group may have led to less critically ill patients’ being included in this 

group, potentially lowering the event rate in the CS group. However, this would have biased 

the results toward the null and would not explain the key differences seen in the analyses. 

Finally, the smaller size of the AMI-CS group limits the study’s power to detect small 

differences among subgroups.

Conclusion

AMI-CS is prevalent among young patients with AMI (7% of cohort), with increasing 

incidence over the study period and is associated with increased hospitalizations due to 

HF and high mortality rates despite use of guideline-recommended therapies. In addition, 

the SCAI classification system accurately stratifies mortality risk in young patients with 

AMI-CS. This study identifies a pressing need to focus on the prevention, diagnosis and 

treatment of young patients with AMI-CS.

Brief Lay Summary

The epidemiology, characteristics and outcomes of young patients with acute myocardial 

infarction (AMI) who develop cardiogenic shock (AMI-CS) is unknown. In this detailed 

analysis of 2097 patients in the YOUNG-MI registry, AMI patients under the age of 50 

years had a 7% incidence of AMI-CS, a condition that was associated with poor short- and 

long-term outcomes in this population. ST-elevation myocardial infarction, left main disease, 

cardiac arrest, female sex, peripheral vascular disease, and diabetes were all associated with 

risk of developing AMI-CS. The incidence of AMI-CS has been increasing despite advances 

in medical and surgical therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Observed mortality rates among young AMI patients, stratified by AMI-CS status. This 

figure shows the percent of patients experiencing the differing types of mortality in our 

cohort, stratified by AMI-CS status, with corresponding P values for each comparison 

above the bars. AMI-CS patients experienced significantly higher mortality rates in all 

comparisons relative to non-AMI-CS patients except for postdischarge all-cause mortality.
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Fig. 2. 
Kaplan-Meier analysis of all-cause mortality, cardiovascular mortality and 1-year 

hospitalization for heart failure in young MI patients. Kaplan-Meier curves for all-cause 

mortality, cardiovascular mortality and 1-year hospitalization for heart failure for (A) the 

matched cohort and (B) those in the matched cohort who survived to discharge, stratified 

by AMI-CS status. AMI-CS patients in all comparisons experienced greater adverse 

outcomes, except for all-cause mortality in those who survived to discharge. HR, hazard 

ratio. *Matched for age, sex, race, hypertension, smoking status, left main coronary artery 

disease, ST elevation myocardial infarction (STEMI). #Multivariate analyses adjusted for 

age, sex, area deprivation index (ADI), out-of-hospital cardiac arrest (OHCA), ST elevation 

myocardial infarction (STEMI).
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