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ABSTRACT

Background

Cardiogenic shock (CS) remains the most serious complication of acute ST-elevation 

myocardial infarction (STEMI). Mitral regurgitation (MR) is a frequent complication 

of STEMI and a well-known predictor of mortality in STEMI without CS. The 

purpose of this study was to determine the prognostic significance of MR in STEMI 

patients with CS on admission. 

Methods 

Mitral regurgitation was assessed in 147 consecutive STEMI patients with CS 

on admission and treated by primary percutaneous coronary intervention (PCI). 

Color doppler of MR was graded with a 0 to 3 scale (none, n=26; 1=mild, n=62; 

2=moderate, n=40; 3=severe, n=19).

Results

Overall 1-year mortality in the study cohort was 27%. One-year mortality was 

8%, 23%, 30% and 58% for patients with no, mild, moderate and severe MR 

respectively (p<0.001). For each grade of MR increase, the odds for mortality 

increased with 71% (OR 1.71; 95% CI 1.02-2.87; p=0.043) when adjusted for age, 

gender, previous myocardial infarction, left ventricular ejection fraction (LVEF) 

<40%, multivessel disease and no-reflow. 

Conclusions

The presence of MR on early echocardiography is an important independent 

predictor of 1-year mortality in STEMI patients with CS on admission treated by 

primary PCI. 
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INTRODUCTION

Despite profound advances in treatment for acute ST-elevation myocardial infarction 

(STEMI), outcomes have predominantly improved in STEMI patients without cardiogenic 

shock. Cardiogenic shock (CS), which complicates 7-10% of STEMI cases1, remains 

the most common cause of death for hospitalized STEMI patients, with historical 

in-hospital mortality rates as high as 70-80%1. The current standard of treatment for 

STEMI complicated by CS is prompt revascularization, which has been shown to be 

associated with an improved 6-month and long-term survival as compared to initial 

medical stabilization2,3. However, despite prompt revascularization, in-hospital mortality 

rates for STEMI complicated by CS are still around 50%4. Further therapeutic options for 

these patients are currently limited. From the identification of predictors of mortality, 

new therapeutic targets may be revealed and new management strategies may evolve 

to improve clinical outcome in these high-risk patients.

Mitral regurgitation (MR) is a frequently observed complication of an acute myocardial 

infarction5–7. It has been shown to be an important and independent predictor of 

mortality in STEMI patients without cardiogenic shock in various studies5,7–12. However, 

initial echocardiographic evaluation of CS patients is predominantly directed at evaluating 

left ventricular function. Therefore, limited data are available on the incidence and, more 

importantly, on the prognostic significance of MR in patients presenting with CS after 

STEMI. We sought to determine the predictive value of the presence and severity of MR, 

as assessed by echocardiography in patients with STEMI complicated by CS, who where 

treated by primary percutaneous coronary intervention (PCI).  

METHODS

Study population

From a previously described cohort13,14 of 292 consecutive STEMI patients with CS on 

admission and treated by primary PCI, echocardiography was performed in 206 patients. 

However, MR could be assessed in 147 patients, who constituted the final study cohort 

for the current analysis. All echocardiograms were performed after PCI within the first 

24 hours after admission. Qualitative assessment included global left ventricular (LV) 

function and valve function. Color Doppler of MR was graded qualitatively with a 0 

to 3 scale according to the guidelines of the American College of Cardiology (ACC)15 

(0=none, n=26; 1=mild, n=62; 2=moderate, n=40; 3=severe, n=19). MR was considered 

to be mild when a small central jet (<20% of the left atrial area) was present. MR was 

considered to be moderate if signs of MR were greater than mild, but did not meet the 

criteria for severe MR. Severe MR was defined as a vena contracta width > 0.7 cm with 
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a large central MR jet, >40% of left atrial area, or with a wall-impinging jet of any size, 

swirling in the left atrium.

Definitions

Acute STEMI was defined as acute myocardial infarction with ST-segment elevation of 

>0.1 mV in two or more contiguous leads.

CS was defined according to the SHOCK trial as a systolic blood pressure equal to or 

below 90 mmHg for at least 30 minutes or vasopressors required to maintain blood 

pressure >90 mmHg, evidence of end-organ hypoperfusion (e.g.: urine output <30 mL 

or cold, diaphoretic extremities or altered mental status) and evidence of elevated filling 

pressures (e.g. pulmonary congestion on examination or chest radiograph)2. Treatment 

of CS was at the discretion of the operator and included, besides primary PCI, fluid 

resuscitation, endotracheal intubation, placement of an intra-aortic balloon pump 

(IABP) and catecholamine administration. Coronary flow was graded according to the 

Thrombolysis in Myocardial Infarction (TIMI) criteria (TIMI 0-3). No reflow was defined 

as angiographically determined TIMI flow <3.  

Endpoints

The primary endpoint was all-cause mortality at 1 year.

Statistical analysis

Data were analyzed using the statistical Package for the Social Sciences (SPSS inc., 

Chicago, IL, USA; version 14.0.1). Continuous data are presented as mean +/- standard 

deviation (SD) (median and quartiles for skewed variables). Categorical data are 

presented as percentages. Although no quantitative assessment of left ventricular 

function was performed, qualitative measurements eventually were dichotomized 

to left ventricular ejection fraction (LVEF) <40% and LVEF >40%. Age was analyzed 

as a continuous variable.  All p values <0.05 were considered statistically significant. 

Differences between subgroups of MR were tested using the χ2 test for categorical 

variables, ANOVA for normally distributed continuous variables and the Kruskal-Wallis 

test for not-normally distributed continuous variables. Kaplan-Meier curves for MR 

subgroups were constructed and survival differences were tested using the log-rank 

statistic. Variables that differed significantly between subgroups and variables known 

to be important predictors of survival were tested on association with 1-year mortality 

by univariate logistic regression analysis. Multivariate logistic regression analysis was 

subsequently performed to identify independent predictors for 1-year survival. MR, as 

well as other univariate predictors of survival, was included in the regression model. 
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RESULTS

Patient Characteristics

One-year mortality in the study cohort of 147 patients who underwent echocardiographic 

evaluation of MR was 27%. The study cohort consisted of 94 (64%) men; mean age was 

63.9 ± 14 years. Multivessel disease was present in 81 (55%) patients. Thirty-five (24%) 

patients had previous myocardial infarctions. No-reflow occurred in 39 (27%) patients. 

Table 1 Baseline characteristics of patients with and without MR

Study cohort
(n=147)

No MR data
(n=145) p-value

Clinical characteristics and risk factors

   Age (mean ± SD) 63.9 ± 14.2 63.5 ± 12 0.791

   Male gender (%) 94 (63.9) 103 (71) 0.196

   Body mass index > 25.0 (%)* 64  (57.1) 48  50.5) 0.341

   Family history of cardiovascular disease (%) 44 (29.9) 35 (24.1) 0.265

   Hypertension (%) 38 (25.9) 32 (22.1) 0.449

   Current smoker (%) 47 (32) 55 (37.9) 0.286

   Diabetes Mellitus 28 (19) 17 (11.7) 0,083

   Hypercholesterolemia (%) 28 (19) 25 (17.2) 0,689

   Left ventricular ejection fraction <0.40 (%)† 111 (75.5) 70 (82.4) 0.225

   Previous myocardial infarction (%) 35 (23.8) 31 (21.4) 0.62

Angiographic characteristics

   LAD related infarction (%) 78 (53.1) 76 (52.4) 0.912

   RCX related infarction (%) 19 (12.9) 19 (13.1) 0.964

   RCA related infarction (%) 50 -34 50 (34.5) 0.933

   Multivessel disease (%) 81 (55.1) 80 (55.2) 0.99

   TIMI flow in culprit artery before intervention

      TIMI 0 (%) 107 (72.8) 105 (72.4) 0.943

      TIMI 1 (%) 16 (10.9) 6 (4.1) 0.029

      TIMI 2 (%) 14 (9.5) 14 (9.7) 0.97

      TIMI 3 (%) 10 (6.8) 20 (13.8) 0.049

   TIMI flow in culprit artery after intervention

      TIMI 0 (%) 11 (7.5) 20 (13.8) 0.08

      TIMI 1 (%) 4 (2.7) 6 (4.1) 0.506

      TIMI 2 (%) 24 (16.3) 23 (15.9) 0.914

      TIMI 3 (%) 108 (73.5) 96 (66.2) 0.176

   No reflow (%) 39 (26.5) 49 (33.8) 0.176

Procedural characteristics

   IABP (%) 87 (59.2) 86 (59.3) 0.982

   Reopro (%) 53 (36.1) 46 (31.7) 0.434

IABP, intra-aortic balloon pump; LAD, left anterior descending artery; LCx, left circumflex coronary artery; 
RCA, right coronary artery; TIMI, thrombolysis in myocardial infarction; * BMI was measured in 112 patients 
in the MR-group and in 95 patients in the no MR evaluation-group; †LVEF was measured in all patients in the 
MR-group and in 85 patients in the no MR evaluation-group
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Table 2 Outcomes

Study cohort Patients without MR data

Echocardiography No 
echocardiography

p-value   N=147    N=59    N=86

30-day mortality (%) 32 (21.8) 30 (50.8) 53 (61.3) <0.001

1-year mortality (%) 39 (26.5) 30 (50.8) 55 (64.0) <0.001

One-hundred and eleven (76%) patients had a baseline LVEF of <40%.  Baseline 

characteristics of the study cohort and the patients without MR data are further 

detailed in Table 1. There were no major differences in baseline and angiographic 

variables between both groups. Mortality in patients with and without MR data, as well 

as mortality rates in patients who did not undergo echocardiographic evaluation, are 

displayed in Table 2.  

On stratification of the study cohort according to MR severity, increasing severity of 

MR was significantly associated with older age, female gender and a previous history 

of myocardial infarction. No association of culprit lesion location, no-reflow or left 

ventricular function with severity of MR was observed. Subgroup patient characteristics 

according to severity of MR are further detailed in Table 3. Mitral valve repair was 

performed during admission for the initial event in 1 patient with severe MR due to 

ruptured chordae. One other patient underwent surgery, 7 years after the initial event. 

Eight out of 19 patients with severe MR were transferred to another hospital after 

initial stabilization. Nine out of 19 patients with severe MR died within the first 10 days. 

Surgery for severe MR was not feasible in these patients. 

Survival 

Overall 1-year mortality in the study cohort was 27%, as described above. In patients 

without MR, 1 year mortality was 8%. Mortality rates in patients with mild, moderate 

and severe MR were 23%, 30% and 58%, respectively. Survival curves are displayed in 

Figure 1. On univariate analysis, increasing grades of MR were significantly associated 

with increased mortality (p<0.001). Other univariate predictors of mortality were age, 

the presence of multivessel disease, no-reflow, previous myocardial infarctions, an LVEF 

<40%. Gender was not associated with mortality. On multivariate analysis, MR was 

shown to be an independent predictor of mortality. The odds for mortality increased 

with 71% (odds ratio (OR) 1.71; 95% CI 1.02-2.87; p=0.043) for each grade of increase 

in MR when adjusted for age, gender, previous myocardial infarction (MI), LVEF <40%, 

multivessel disease and no-reflow. Table 4 depicts the results of both univariate and 

multivariate analyses.
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DISCUSSION

Our data suggest that increasing grades of MR independently predict increasing 

mortality in STEMI complicated by CS (Table 3). Furthermore, increasing grades of MR 

are associated with increasingly high mortality (Figure 1). 

These findings are consistent with previously conducted studies in STEMI patients 

without CS5,7–12. Limited data, however, are available in STEMI patients with CS. Picard 

et al16 have investigated the predictive value of MR in an echocardiographic substudy 

of the SHOCK trial in 169 patients. The authors show MR at baseline to be both a 

univariate predictor and an independent multivariate predictor, when adjusted for end-

systolic volume and LVEF, of both 30-day and 1-year mortality. MR was dichotomized 

to <2 or >2, and LVEF to <28% or >28%. Survival curves were stratified according to a 

combination of LVEF and MR. Patients with an LVEF <28% and MR>2 have the worst 

outcome, with a 1-year survival of 10%. 

Our study, which is a retrospective analysis of non-selected consecutive STEMI patients 

with CS exclusively treated by primary PCI, represents our single center experience. In 

our study, MR is shown to be an independent predictor for mortality when adjusted for 

several strong predictors of mortality, including LVEF, age, no-reflow and the presence 

of multivessel disease. Moreover, we demonstrate that increasing severity of MR is 

associated with increasing levels of mortality, with survival curves stratified according to 

MR severity. Therefore, we propose that our data support and strengthen the evidence 

for MR as an important and independent predictor of survival in STEMI complicated 

by CS. In our study, an increasing severity of MR is associated with female gender, 

Figure 1 Kaplan-Meier estimates of 
1-year survival according to grade of 
mitral regurgitation (MR) (log-rank test 
p<0.001). Total n=147; no MR n=26; 
mild MR n=62; moderate MR n=40; 
severe MR n=19.
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Table 3 Baseline characteristics and outcomes of study cohort stratified by severity of MR

MR

I
none
n=26

II
mild
n=62

III
moderate

n=40

IV
severe
n=19

P
value

P
for trend

Clinical characteristics and risk factors

   Age (mean ± SD) 55.5 ± 15.4 64.4 ± 12.7 64.8 ± 13.8 72.3 ± 12.9 0.001

   Male gender (%) 20 (76.9) 41 (66.1) 26 (65.0) 7 (36.8) 0.044 0.013

   Body mass index > 25.0 (%)* 11 (61.1) 23 (50.0) 17 (53.1) 13 (81.3) 0.166 0.239

   Family history of CVD (%) 10 (38.5) 15 (24.2) 13 (32.5) 6 (31.6) 0.567 0.912

   Hypertension (%) 8 (30.8) 18 (29.0) 7 (17.5) 5 (26.3) 0.549 0.363

   Current smoker (%) 9 (34.6) 21 (33.9) 13 (32.5) 4 (21.1) 0.745 0.374

   Diabetes Mellitus 6 (23.1) 10 (16.1) 7 (17.5) 5 (26.3) 0.722 0.803

   Hypercholesterolemia (%) 5 (19.2) 13 (21.0) 8 (20.0) 2 (10.5) 0.785 0.507

   Previous MI (%) 1 (3.8) 15 (24.2) 10 (25.0) 9 (47.4) 0.009 0.002

   LVEF <40% (%) 17 (65.4) 44 (71.0) 34 (85.0) 16 (84.2) 0.182 0.042

   CK-MB max† 255 (80; 603) 311 (163;583) 367 (119;739) 362 (63;882) 0.898

   Admission creatinine ‡ 86 (72;100) 86 (75;110) 82 (75;108) 97 (81;117) 0.463

   Admission glucose§  10.3 (7.6;13.7) 10.3 (7.8;13.7) 9.6 (7.6;14.4) 9.2 (7.7;15) 0.230

Angiographic characteristics

   LAD related infarction (%) 17 (65.4) 33 (53.2) 17 (42.5) 11 (57.9) 0.314 0.315

   LCx related infarction (%) 1 (3.8) 7 (11.3) 8 (20.0) 3 (15.8) 0.265 0.093

   RCA related infarction (%) 8 (30.8) 22 (35.5) 15 (37.5) 5 (26.3) 0.825 0.897

   Multivessel disease (%) 9 (34.6) 36 (58.1) 22 (55.0) 14 (73.7) 0.063 0.026

   TIMI flow in culprit artery before intervention

      TIMI 0 (%) 18 (69.2) 45 (72.6) 28 (70.0) 16 (84.2) 0.665 0.403

      TIMI 1 (%) 4 (15.4) 7 (11.3) 4 (10.0) 1 (5.3) 0.752 0.292

      TIMI 2 (%) 2 (7.7) 7 (11.3) 5 (12.5) 0 0.434 0.551

      TIMI 3 (%) 2 (7.7) 3 (4.8) 3 (7.5) 2 (10.5) 0.836 0.603

   TIMI flow in culprit artery after intervention

      TIMI 0 (%) 0 5 (8.1) 4 (10.0) 2 (10.5) 0.431 0.162

      TIMI 1 (%) 1 (3.8) 1 (1.6) 2 (5.0) 0 0.631 0.819

      TIMI 2 (%) 3 (11.5) 10 (16.1) 6 (15.0) 5 (26.3) 0.598 0.274

      TIMI 3 (%) 22 (84.6) 46 (74.2) 28 (70.0) 12 (36.8) 0.398 0.096

   No reflow (%) 4 (15.4) 16 (25.8) 12 (30.0) 7 (36.8) 0.398 0.096

Procedural characteristics

   IABP (%) 15 (57.5) 35 (56.5) 27 (67.5) 10 (52.6) 0.637 0.823

   Abciximab (%) 9 (34.6) 24 (38.7) 14 (35.0) 6 (31.6) 0.941 0.744

Outcome

   30-day mortality (%) 1 (3.8) 10 (16.1) 12 (30.0) 9 (47.4) 0.002 <0.001

   1-year mortality (%) 2  (7.7) 14 (22.6) 12 (30.0) 11 (57.9) 0.002 <0.001

CV, cardiovascular; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; LAD, left anterior 
descending artery; LCx, left circumflex coronary artery; LVEF, left ventricular ejection fraction; RCA, right 
coronary artery; TIMI, thrombolysis in myocardial infarction; * Group I, n=18, Group II, n=46, Group III, n=32 
and Group IV, n=16; † Group  I n=25, Group II n=59, Group III n=39 and Group IV n=18; ‡ Group I, n=25, 
Group II n = 60, Group III n=39, Group IV n=18; § Group I n=25 Group II n=59 Group III n= 39 Group IV n=18
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increasing age and a previous history of 

MI. These associations are confirmed by 

previously conducted studies5,7–12.

No significant association of infarct location 

of culprit lesion with the presence of MR is 

observed. Data from the available literature 

are inconclusive on this matter, with various 

studies reporting an association of MR 

with posterolateral10, inferior5 or anterior 

wall9 infarctions, whereas other studies do 

not show an association between MR and 

the infarcted area7,17. As MR is a strong 

predictor of mortality in STEMI patients 

presenting with CS, it may be an important 

therapeutic target. Therapeutic strategies 

directed at treatment of MR may help 

improve survival in these patients. 

Mitral valve repair

Acute severe MR is listed as a class I 

indication for surgical mitral valve (MV) 

repair. In the case of mild or moderate MR, 

surgery is not indicated15. Importantly, this 

guideline indication applies for acute severe 

MR due to a mechanical complication. 

Furthermore, the applicability of surgery 

is limited in STEMI patients presenting 

with CS. Recently, several percutaneous 

techniques for elective mitral valve repair 

have been developed18–20. Although these 

techniques may be promising, research is 

ongoing to determine clinical applicability. 

Especially in STEMI patients with CS, 

applicability remains to be determined. 

Furthermore, the question remains if 

percutaneous mitral valve repair is indicated 

in these patients in the case of mild or 

moderate MR, in contrast to surgical repair. 

Table 3 Baseline characteristics and outcomes of study cohort stratified by severity of MR

MR

I
none
n=26

II
mild
n=62

III
moderate

n=40

IV
severe
n=19

P
value

P
for trend

Clinical characteristics and risk factors

   Age (mean ± SD) 55.5 ± 15.4 64.4 ± 12.7 64.8 ± 13.8 72.3 ± 12.9 0.001

   Male gender (%) 20 (76.9) 41 (66.1) 26 (65.0) 7 (36.8) 0.044 0.013

   Body mass index > 25.0 (%)* 11 (61.1) 23 (50.0) 17 (53.1) 13 (81.3) 0.166 0.239

   Family history of CVD (%) 10 (38.5) 15 (24.2) 13 (32.5) 6 (31.6) 0.567 0.912

   Hypertension (%) 8 (30.8) 18 (29.0) 7 (17.5) 5 (26.3) 0.549 0.363

   Current smoker (%) 9 (34.6) 21 (33.9) 13 (32.5) 4 (21.1) 0.745 0.374

   Diabetes Mellitus 6 (23.1) 10 (16.1) 7 (17.5) 5 (26.3) 0.722 0.803

   Hypercholesterolemia (%) 5 (19.2) 13 (21.0) 8 (20.0) 2 (10.5) 0.785 0.507

   Previous MI (%) 1 (3.8) 15 (24.2) 10 (25.0) 9 (47.4) 0.009 0.002

   LVEF <40% (%) 17 (65.4) 44 (71.0) 34 (85.0) 16 (84.2) 0.182 0.042

   CK-MB max† 255 (80; 603) 311 (163;583) 367 (119;739) 362 (63;882) 0.898

   Admission creatinine ‡ 86 (72;100) 86 (75;110) 82 (75;108) 97 (81;117) 0.463

   Admission glucose§  10.3 (7.6;13.7) 10.3 (7.8;13.7) 9.6 (7.6;14.4) 9.2 (7.7;15) 0.230

Angiographic characteristics

   LAD related infarction (%) 17 (65.4) 33 (53.2) 17 (42.5) 11 (57.9) 0.314 0.315

   LCx related infarction (%) 1 (3.8) 7 (11.3) 8 (20.0) 3 (15.8) 0.265 0.093

   RCA related infarction (%) 8 (30.8) 22 (35.5) 15 (37.5) 5 (26.3) 0.825 0.897

   Multivessel disease (%) 9 (34.6) 36 (58.1) 22 (55.0) 14 (73.7) 0.063 0.026

   TIMI flow in culprit artery before intervention

      TIMI 0 (%) 18 (69.2) 45 (72.6) 28 (70.0) 16 (84.2) 0.665 0.403

      TIMI 1 (%) 4 (15.4) 7 (11.3) 4 (10.0) 1 (5.3) 0.752 0.292

      TIMI 2 (%) 2 (7.7) 7 (11.3) 5 (12.5) 0 0.434 0.551

      TIMI 3 (%) 2 (7.7) 3 (4.8) 3 (7.5) 2 (10.5) 0.836 0.603

   TIMI flow in culprit artery after intervention

      TIMI 0 (%) 0 5 (8.1) 4 (10.0) 2 (10.5) 0.431 0.162

      TIMI 1 (%) 1 (3.8) 1 (1.6) 2 (5.0) 0 0.631 0.819

      TIMI 2 (%) 3 (11.5) 10 (16.1) 6 (15.0) 5 (26.3) 0.598 0.274

      TIMI 3 (%) 22 (84.6) 46 (74.2) 28 (70.0) 12 (36.8) 0.398 0.096

   No reflow (%) 4 (15.4) 16 (25.8) 12 (30.0) 7 (36.8) 0.398 0.096

Procedural characteristics

   IABP (%) 15 (57.5) 35 (56.5) 27 (67.5) 10 (52.6) 0.637 0.823

   Abciximab (%) 9 (34.6) 24 (38.7) 14 (35.0) 6 (31.6) 0.941 0.744

Outcome

   30-day mortality (%) 1 (3.8) 10 (16.1) 12 (30.0) 9 (47.4) 0.002 <0.001

   1-year mortality (%) 2  (7.7) 14 (22.6) 12 (30.0) 11 (57.9) 0.002 <0.001

CV, cardiovascular; LVEF, left ventricular ejection fraction; IABP, intra-aortic balloon pump; LAD, left anterior 
descending artery; LCx, left circumflex coronary artery; LVEF, left ventricular ejection fraction; RCA, right 
coronary artery; TIMI, thrombolysis in myocardial infarction; * Group I, n=18, Group II, n=46, Group III, n=32 
and Group IV, n=16; † Group  I n=25, Group II n=59, Group III n=39 and Group IV n=18; ‡ Group I, n=25, 
Group II n = 60, Group III n=39, Group IV n=18; § Group I n=25 Group II n=59 Group III n= 39 Group IV n=18
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LV unloading

LV dilatation after STEMI, a well-known marker for LV remodeling, plays an important 

role in MR21. Importantly, Carrabba et al22 have shown that the early presence of MR 

itself is an important predictor of LV dilatation and subsequent heart failure. Thus, the 

mechanism by which MR increases mortality may be driven by LV dilatation. Since LV 

dilatation after STEMI is driven by a vicious cycle of increasing wall stress and augmented 

dilatation23, reduction of wall stress by pharmacological or mechanical LV unloading 

may be an important therapeutic approach. Although IABP therapy is currently the 

mainstay of mechanical LV support, no effect on left ventricular function and mortality 

have been demonstrated in randomized clinical trials24,25. 

Recently, new percutaneous left ventricular assist devices (LVADs) have been developed 

for LV unloading. Such devices may be effective, as suggested by a recently conducted 

pilot study, which demonstrated an improvement in LVEF26. Moreover, in another small 

study, MR was shown to be reduced after treatment with a percutaneous LVAD27. 

Although these data appear promising, efficacy of these devices with regard to LV 

unloading and the possible reduction of MR, especially within the very early post-PCI 

phase, remains to be determined. A randomized controlled trial of IABP versus Impella 

in hemodynamically unstable STEMI patients is underway (IMPRESS in STEMI; www.

trialregister.nl; NTR1079) to investigate this issue.  

Study limitations

First of all, our study is a single-center study. However, the study cohort consists of a 

large, all-comer population of STEMI patients presenting with CS, exclusively treated 

by primary PCI.  Furthermore, MR has been assessed in 147 of 292 patients. In 206 of 

292 patients, echocardiography was performed, although MR could not be evaluated 

Table 4 Results of univariate and multivariate logistic regression analysis

Predictors of 1-year 
survival

Univariate analysis
(OR + 95% CI)

p-value Multivariate analysis
(OR + 95% CI)

p-value

MR* 2.2 (1.4 – 3.4) <0.001 1.71 (1.02 – 2.87) 0.043

Age 1.037 (1.018 - 1.057) <0.001 1.039 (0.999 - 1.080) 0.058

Male gender 0.6 (0.3 – 1.4) 0.250 1.20  (0.46 – 3.12) 0.712

Previous MI 3.3 (1.5 – 7.3) 0.004 1.68  (0.6 – 4.7) 0.323

Multivessel disease 3.1  (1.4 - 7) 0.006 1.64 (0.59 – 4.60) 0.346

No-reflow 4.2 (1.9 – 9.2) <0.001 2.61 (1.03 – 6.62) 0.044

LVEF <40%† 8.5 (1.9 – 37.3) 0.005 5.50 (1.17 – 25.93) 0.031

*Odds Ratio for every increase of grade; † When left ventricular ejection fraction (LVEF) categories (<30%, 
30-50% and >50) were included in multivariate analysis, the odds ratio (OR) did not change for any of the 
variables, including mitral regurgitation (MR). LVEF, left ventricular ejection fraction 
MI, myocardial infarction; MR, mitral regurgitation
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in 59 of these patients. In 86 patients, no echocardiography was performed. When 

comparing mortality rates between groups, rates were highest in patients who did not 

undergo echocardiography (1-year mortality 64%). A substantial mortality difference 

also remains present between patients with and without MR data (1-year mortality 51% 

versus 27%). Therefore, some selection bias is likely in our study. Nevertheless, MR 

remained an important predictor for mortality with an increasing OR for every grade 

of increase, even when adjusted for age, gender, previous myocardial infarction, left 

ventricular ejection fraction (LVEF) <40%, multivessel disease and no-reflow after PCI. 

Our database did not include extensive data on other echocardiographic findings, such 

as quantitative left ventricular dimensions. Additionally, we have no detailed information 

on the occurrence of mechanical complications in the whole study cohort. In a report 

from the non-selected SHOCK registry, Thompson et al describe an 8% incidence of 

acute severe MR after STEMI leading to CS. These patients had a similar in-hospital 

mortality as patients with CS due to predominant LV failure, despite having higher mean 

LVEF28. Nevertheless, mechanical complications, including acute severe MR, constitute 

the etiology of CS in only a minority of patients29. 

CONCLUSIONS

MR is an independent predictor of 1-year mortality and increasing severity of MR 

is associated with increasing mortality rates. Therefore, the presence of MR is an 

important target for newly developed treatment strategies, to further improve outcome. 

Percutaneous LVAD therapy, percutaneous MV repair or a combined approach may be 

promising future management options in STEMI complicated by CS, although research 

is still ongoing to investigate applicability and efficacy.  
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