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ABSTRACT 

Background: Women are more likely to suffer and die from cardiogenic shock (CS) as the most severe 

complication of acute myocardial infarction (AMI). Data concerning optimal management for women 

with CS are scarce. Aim of this study was to better define characteristics of women suffering CS and to 

the influence of sex on different treatment strategies. 

Methods: In the CULPRIT-SHOCK trial, patients with CS complicating AMI and multivessel coronary 

artery disease were randomly assigned to one of the following revascularization strategies: either 

percutaneous coronary intervention (PCI) of the culprit-lesion-only or immediate multivessel PCI. 

Primary endpoint was composite of death from any cause or severe renal failure leading to renal 

replacement therapy within 30 days. We investigated sex-specific differences in general and according 

to the revascularization strategies.  

Results: Among all 686 randomized patients included in the analysis 24% were female. Women were 

older, had more often diabetes mellitus and renal insufficiency, whereas they had less often history of 

previous AMI and smoking. After 30 days, the primary clinical endpoint was not significantly different 

between groups (56% women versus 49% men, OR 1.29; 95% CI 0.91 -1.84; p=0.15).  

There was no interaction between sex and coronary revascularization strategy regarding mortality and 

renal failure (pinteraction=0.11). The primary endpoint occurred in 56% of women treated by the culprit-

lesion-only strategy vs. 42% men, whereas 55% of women and 55% of men in the multivessel PCI group. 

Conclusions: Although women presented with a different risk profile, mortality and renal replacement 

were similar to men. Sex did not influence mortality and renal failure according to the different 

coronary revascularization strategies. Based on these data, women and men presenting with CS 

complicating AMI and multivessel coronary artery disease should not be treated differently. However, 

further randomized trials powered to address potential sex-specific differences in CS are still 

necessary.  
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NON-STANDARD ABBREVIATIONS AND ACRONYMS 

• Acute Myocardial Infarction (AMI) 

• Cardiogenic Shock (CS) 

• Percutaneous Coronary Intervention (PCI) 

• Bleeding Academic Research Consortium (BARC) 

• Odds Ratios (OR)  

• Confidence Intervals (CI) 

• Right Coronary Artery (RCA)  

• Intra-Aortic Balloon Pump (IABP)  

• Left Anterior Descending Coronary Artery (LAD) 

• Left Bundle Branch Block (LBBB) 

• Electrocardiographic (ECG) 

• ST-Segment Elevation Myocardial Infarction (STEMI)  

 

WHAT IS KNOWN? 

• Women with acute myocardial infarction (AMI) tend to develop more frequently cardiogenic 

shock (CS). 

• Data concerning optimal management for women with CS are scarce. 

WHAT THE STUDY ADDS? 

• Women with CS have a different risk profile. However, mortality and renal replacement after 

30 days is similar to men.  

• Sex does not influence mortality and renal failure according to different revascularization 

strategies. 

• Based on these data, women with CS complicating AMI should not be treated differently than 

men. 

 

 



INTRODUCTION 

Acute myocardial infarction (AMI) remains the primary cause of death among women worldwide and 

women are more likely to die from it than men. 1-3 One of the most life-threatening complications of 

AMI is cardiogenic shock (CS)4  and women might be more likely to develop CS.5-8 Despite a notable 

reduction of mortality with the introduction of early coronary revascularization, CS is still associated 

with a high short-term mortality of approximately 50%, especially among young women.5-7,9-12 To 

mitigate the suboptimal outcome of women, detection of sex-specific differences in symptom 

presentation, diagnosis and management of AMI have recently received increasing scientific 

attention.13,14 However, women are underrepresented in most studies addressing CS and data 

concerning optimal management and treatment of CS among women are controversial.7,8,15,16  

While several prior analyses described a trend for higher mortality in women with infarct-related CS17-

19 more recent studies showed contradictory data with similar mortality for men and women, despite 

a trend for a higher incidence of CS among women.5,6,8,16,20  

Data regarding optimal revascularization are also inconsistent. While previous studies had shown a 

lower rate of early revascularization in women,18,21,22 findings from more recent years displayed a 

similar use and benefit of early reperfusion for both sexes,5,8,20,23 but a higher rate of revascularization 

complications among women in CS. 24 11,25   

In recent years, concerns have been raised about the optimal revascularization approach, specifically 

if only the culprit lesion ought be treated immediately or rather all significantly stenosed vessels.11,12,26 

Whether either strategy benefits women and men equally has not been deeply explored yet. 

Regardless of these controversies, current guidelines still recommend a uniform management among 

women and men with CS.26,27 In order to assess whether a women-specific management would 

mitigate the worse outcome, a more accurate characterization of women suffering CS and the best 

revascularization strategy need to be explored in detail. The aim of the current study was therefore to 

better define characteristics of women suffering CS complicating AMI and to investigate the influence 

of sex on different coronary revascularization strategies. 

METHODS 



Trial design 

Design details including inclusion and exclusion criteria of the open-label, multicenter randomized 

CULPRIT-SHOCK trial have been published previously.11,12,25 Briefly, patients with CS complicating AMI 

and multivessel coronary artery disease with planned early revascularization by means of 

percutaneous coronary intervention (PCI) were randomly assigned 1:1 to undergo either culprit-lesion-

only PCI (with possible staged revascularization) or immediate multivessel PCI. The trial was approved 

by an institutional review committee and all subjects gave informed consent. The authors declare that 

all supporting data are available within the article and its supplementary material. 

Primary and secondary endpoints  

The primary outcome of the current pre-specified analysis was a composite of death from any cause 

or severe renal failure leading to renal replacement within 30 days after randomization among women 

and men. We investigated sex-specific differences in general and according to the revascularization 

strategies. 

Secondary endpoints were myocardial infarction, rehospitalization for congestive heart failure and 

repeat revascularization. In addition, we assessed the composite of death from any cause or severe 

renal failure leading to renal replacement therapy within 24 h and at long-term follow-up at 365 days. 

Safety endpoints included stroke and bleeding, which was defined as bleeding of type 2, 3 or 5 on the 

Bleeding Academic Research Consortium (BARC) scale (with type 2 indicating any overt, actionable sign 

of bleeding; type 3, bleeding with a decrease in the hemoglobin level of >3 g/dL, any transfusion, 

cardiac tamponade, or intracranial or ocular involvement; and type 5, fatal bleeding).25 28  

All endpoints were adjudicated by a clinical events committee whose members were unaware of the 

group assignments. 

 

 

 

 

 



Statistical analysis 

All analyses were performed according to the intention-to-treat principle. Categorical variables are 

expressed as counts and percentages and were compared by Chi2-test. Continuous variables are 

presented as median and interquartile range and were compared by Mann-Whitney-Wilcoxon test. 

The primary endpoint and death from any cause within 30 days after randomization are displayed by 

Kaplan-Meier-curves and Odds Ratios (OR) with 95% confidence intervals (CI).   

To identify predictors of mortality within 30 days in women and men, logistic regressions were built. 

A logistic regression analysis was performed to evaluate the effect of sex on the primary endpoint and 

death from any cause within 30 days. A proportional hazard model corroborated these results. All 

regression models included all baseline variables with a significant association (p-value<0.1) in 

univariate analyses.  

All p-values were two-tailed and p<0.05 was considered statistically significant unless stated 

otherwise. All analyses were performed using SAS statistical package version 9.4 (Cary, North Carolina, 

USA). 

  



RESULTS 

Patient characteristics 

Among all 686 patients randomized in the CULPRIT-SHOCK trial included in the current analysis, 162 

(24%) were women and 524 (76%) men. Compared to men, women with CS were older, had more 

often diabetes mellitus and known renal insufficiency, whereas they had less often a history of previous 

AMI or smoking. Women presented more often with ST-segment depression, non-anterior ST-segment 

elevation and the culprit lesion was more often found in the right coronary artery (RCA) (Table 1). The 

rate of culprit-lesion-only PCI was 54% in women and 49% in men whereas immediate multivessel PCI 

was performed in 46% women and 51% in men (Figure 1).  

Treatment 

Procedural characteristics were similar among women and men. However, women underwent less 

often direct stenting (OR 0.55, 95%CI 0.33-0.90), were treated less often with targeted temperature 

management (OR 0.53, 95% CI 0.35-0.80) and more frequently had intra-aortic balloon pump (IABP) 

support (OR 2.15, 95%CI 1.05-4.40) (Table 1S). 

Clinical endpoints during 30 days 

After 30 days, clinical endpoints showed no significant differences between groups (Table 2). The 

primary composite endpoint occurred in 56% women and 49% men (OR 1.29; 95% CI 0.91 -1.84; Figures 

2A and 3A).  Results remained non-significantly different after multivariate adjustment (Table 3). 

Although in unadjusted analysis, mortality within 30 days tended to be higher in women (Figures 2B, 

3A), the signal disappeared after multivariate adjustment (Table 3). A proportional hazard model 

corroborated these results (Table 2S).  

Women experiencing the primary endpoint during first 30 days were older, had more often diabetes 

and peripheral artery disease, whereas they had less often a history of smoking or coronary artery 

disease compared to women who did not. They presented more frequently with anterior ST-segment 

elevation and the left anterior descending coronary artery (LAD) was more often the culprit vessel 

(Table 3S). Men experiencing the primary endpoint vs. men who did not, were older, had more often 

a history of smoking or known renal insufficiency, whereas they less frequently had dyslipidemia and 



family history of coronary artery disease. They presented more often with left bundle branch block 

(LBBB) and a chronic total occlusion (Table 4S).  

Independent predictors for mortality within 30 days among women were older age, no previous PCI, 

high levels of creatinine and LAD as culprit vessel. Among men, older age, no dyslipidemia, no family 

history of coronary artery disease and higher heart rate were independent predictors (Table 5S). 

Women presenting with a culprit lesion in the LAD had the highest mortality within 30 days (67%) and 

a significantly higher mortality compared to men with LAD as culprit vessel (49%) (p=0.01) (Figure 4). 

Clinical endpoints at 24 h and 1 year 

The primary composite endpoint (23.5% women vs. 14.9% men, p=0.01) and mortality (18.5% women 

vs 11.5% men, p=0.02) were both significantly higher among women than among men during the first 

24 h after randomization (Figure 2, Figure 3B). When adjusting for age, this difference was no longer 

significant (primary composite endpoint OR 1.43, 95%CI 0.91-2.24; mortality OR 1.35, 95%CI 0.82-

2.22;). 

After 1-year of follow-up, clinical endpoints showed no significant differences between women and 

men (Table 6S). 

Revascularization strategy 

Although there was no interaction between sex and coronary revascularization strategy regarding 

mortality and renal failure (pinteraction=0.11), the primary endpoint occurred in 56% of women treated 

by the culprit-lesion-only strategy vs. 42% men, whereas 55% of women and 55% of men in the 

multivessel PCI group experienced the primary endpoint. 

 

  



DISCUSSION 

The present subanalysis of the CULPRIT-SHOCK trial investigating sex specific outcomes can be 

summarized as follows: First, similarly to other CS and MI studies 16,29,30 women and men had different 

baseline characteristics, including different electrocardiogram (ECG)-patterns and culprit lesions. 

Second, women and men had similar outcomes with respect to mortality and severe renal failure 

during the first 30 days. Third, women suffering from these outcomes had a different profile compared 

to women without. Fourth, sex did not show to influence the main findings of the trial favoring culprit 

-lesion only PCI. 

Our findings corroborate and extend previous work on the field of sex differences in CS. Sex-specific 

baseline differences were similar to previously reported studies. In the IABP-SHOCK II study including 

600 patients, women were also found to be older, had more often a history of diabetes mellitus, were 

less often smokers and LAD was less often culprit vessel.16 In several similar CS trials women also 

presented with comparable differences.8,5,6,23. In the present analysis, women presented with a 

different ECG-pattern including more ST-segment depressions, non-anterior ST-segment elevations, 

and RCA as the culprit vessel.  

Although there was a trend for a higher mortality among women within the first 30 days in 

univariable analysis, this difference did not remain significant after multivariable adjustment, already 

after adjustment just for age. This is in contrast to prior studies, where women showed a higher 

mortality. However, these studies were confined to ST-segment elevation myocardial infarction 

(STEMI) patients 6,18,19 with surprisingly lower coronary revascularization rates, which might explain 

differences in outcome. In contrast, in our trial all patients underwent revascularization. Our results 

confirm data reported by more recent studies 29,31,32 29,31,32 where after accounting for 

revascularization no significant sex-specific difference in terms of mortality could be observed. 

Nevertheless, non-surprisingly, women suffering from severe renal failure or mortality presented 

with a different pattern compared to women with better outcome, including a higher rate of anterior 

STEMI and LAD as the culprit vessel. Similarly, independent predictors for mortality among women 

showed to be a LAD culprit lesion and no previous PCI, in contrast to men. We could hypothesize that 



the lack of awareness of the seriousness of the clinical situation among women without previous PCI 

and less obvious ECG-changes (ST-segment depressions, non-anterior STEMI) could lead to a less 

aggressive management among those women, resulting in a worse outcome. Notwithstanding and 

although this is just a speculation, all these data might help physicians to identify women at the 

highest risk when presenting with CS and increase the awareness. On the other hand, since women 

presented less  frequently with LAD as culprit lesion but those women had a worse outcome, it may 

be hypothesized, that this fact might mitigate a poorer outcome of women. However, these are just 

speculations and previous studies addressing comparable questions similarly showed a lower rate of 

culprit LAD lesions among women. 16 

Additionally, our results showed that mechanical circulatory support was used equally often in women 

and men. However, among women primarily IABP was used and less active mechanical circulatory 

support devices. Although current guidelines recommend mechanical circulatory support in a selective 

way without any preference for device selection, they surely do not recommend a different strategy 

among women and men.4,26,33 

Finally, even though women treated in the culprit-lesion-only PCI group showed a higher number of 

events compared to men, sex did not influence mortality and renal failure according to 

revascularization strategies. Data for the optimal sex-specific coronary revascularization strategy were 

scarce until recently. Subsequently, as recommended in current guidelines 26,33 and based on the data 

from the main CULPRIT-SHOCK analysis, 11,12 revascularization of the culprit lesion only should be the 

preferred strategy equally among women and men. 

Some limitations merit to be considered. First, the number of women included in the present study 

was lower compared to men. According to previous studies, women are still underrepresented in CS 

trials and the rate of enrolled women is still far from 50%. The reason for this underrepresentation 

might be due the lower incidence in general terms of AMI, which leads to lower inclusion in CS trials. 

In that respect, the previously described higher incidence of CS in women compared to men presenting 

with MI cannot be addressed in the present analysis, since all patients included in the analysis were CS 

patients. Still, all these data seem to suggest that efforts need to be made in order to mitigate the sex 



misbalance in terms of enrolled patients. In addition, for a study to have equal representation of 

women and men, would require stratification for sex in the randomization process. Second, since this 

is a pre-defined subanalysis of the CULPRIT-SHOCK trial, it has not been powered to answer the 

question of sex-difference in CS. Third, in some patients it was not possible to obtain an informed 

consent and they had to be withdrawn from the analysis. Fourth, since the CULPRIT-SHOCK trial was 

designed to assess in-hospital features, we cannot comment on potential pre-hospital sex-specific 

differences (i.e. time to first medical contact). Fifth, since all patients in the CULPRIT-SHOCK trial had 

multivessel coronary artery disease, we cannot extrapolate our findings to women with single vessel 

disease.  

In conclusion, although women presented with a different risk profile, mortality and renal replacement 

after 30 days were similar to men. Based on these data, women and men presenting with CS 

complicating AMI and multivessel coronary artery disease should not be treated differently. However, 

further randomized trials powered to address potential sex-specific differences in CS are still 

necessary. 
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FIGURE LEGENDS 
 
 

Figure 1 Study flow 

Flowchart displaying women and men randomized in the study 

 
PCI =percutaneous coronary intervention 
 

Figure 2 Time to primary endpoint and mortality 

Kaplan-Meier estimates time-to-event curves for (A) the primary endpoint of a composite of 
death from any cause or severe renal failure leading to renal-replacement therapy and (B) 
death from any cause during 30 days  

 
 

Figure 3 Mortality and renal failure  

Odds ratios for mortality or renal failure and mortality alone in women vs. men 30 days (A) 
and 24h (B) after randomization 

 
OR = odds ratio 
 
 

Figure 4 Mortality within 30 days according to culprit-lesion 

Bar-charts showing mortality among women and men according to the culprit lesion 

 
RCA=right coronary artery; LM=left main; LAD=left descending artery; LCX=left circumflex 
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TABLES 
 

Table 1. Baseline characteristics        

  Women  Men  p-value 

  n=162 n=524   
Age – years       

      Median (IQR) 75 (68,81) 67 (58,77) <0.001 

BMI kg/m2       

      Median (IQR) 26.1 (23.9,30.0) 26.7 (24.7,29.4) 0.64 

Cardiovascular risk factors n/N (%)       

      Current smoking 28/155 (18.1) 146/504 (29.0) 0.007 

      Hypertension 106/159 (66.7) 300/515 (58.3) 0.06 

      Dyslipidemia 51/159 (32.1) 177/512 (34.6) 0.56 

      Diabetes mellitus 63/160 (39.4) 155/512 (30.3) 0.032 

      Family history of CAD 12/154 (7.8) 68/495 (13.7) 0.050 

Previous myocardial infarction n/N (%) 18/160 (11.3) 95/514 (18.5) 0.032 

Previous stroke n/N (%) 13/159 (8.2)  36/518 (6.9) 0.60 

Known peripheral artery disease n/N (%) 17/160 (10.6) 63/518 (12.2) 0.60 
Known renal insufficiency (GFR <30ml/min) 
n/N (%) 19/160 (11.9) 27/516 (5.2) 0.004 

Chronic dialysis n/N (%) 4/160 (2.5) 1/518 (0.2) 0.003 

Previous PCI n/N (%) 23/160 (14.4) 104/514 (20.2) 0.10 

Previous CABG no (%) n/N (%) 6/160 (3.8) 27/518 (5.2) 0.45 

Signs of impaired organ perfusion n/N (%)       

        Altered mental status 109/161 (67.7) 352/521 (67.6) 0.97 

        Cold, clammy skin and limbs 103/159 (64.8) 366/514 (71.2) 0.12 

        Oliguria (≤30ml/h) 42/159 (26.4) 131/501 (26.1) 0.95 

        Arterial lactate >2.0mmol/l 102/158 (64.6) 338/506 (66.8) 0.60 

Resuscitation before randomization n/N (%) 76/161 (47.2) 290/522 (55.6) 0.06 

ST-segment elevation n/N (%) 101/156 (64.7) 314/509 (61.7) 0.49 

        anterior n/N (%) 46/101 (45.5) 176/310 (56.8) 0.049 

        non-anterior n/N (%) 55/101 (54.5) 134/310 (43.2) 0.049 

ST-segment depression n/N (%) 86/156 (55.1) 221/509 (43.4) 0.01 

LBBB n/N (%) 27/157 (17.2) 72/509 (14.1) 0.35 

Mean arterial pressure – mmHg       

      Median (IQR) 74 (62, 90) 77 (63, 93) 0.33 

Heart rate-beats/min       

      Median (IQR) 87 (69, 104) 92 (75, 109) 0.016 

Creatinine (umol/l)       

      Median (IQR) 97.3 (81.0, 137.0) 114.9 (96.0, 143.2) <0.001 

N° affected vessels n/N (%)     0.14 

1 n/N (%) 1/161 (0.6) 4/524 (0.8)   

2 n/N (%) 66/161 (41.0) 180/524 (34.4)   

3 n/N (%) 94/161 (58.4) 340/524 (64.9)   

Artery with culprit lesion n/N (%)     0.017 

      Left anterior descending 61/161 (37.9) 227/524 (43.3)   

      Left circumflex 29/161 (18.0) 117/524 (22.3)   

      Right coronary 58/161 (36.0) 133/524 (25.4)   

      Left main 11/161 (6.8) 42/524 (8.0)   
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      Bypass 2/161 (1.2) 5/524 (1.0)   

Chronic total occlusion n/N (%) 30/162 (18.5) 127/524 (24.2) 0.13 

Left ventricular ejection fraction-%       

      Median (IQR) 33 (25, 44) 30 (23, 40) 0.97 
 

 
IQR= interquartile range; BMI=body mass index; CAD=coronary artery disease GFR=glomerular 
filtration rate; PCI=percutaneous coronary intervention; CABG=coronary artery bypass graft; LBBB=left 
bundle branch block 
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Table 2. Clinical outcomes during 30 days       

 Women   Men Odds Ratio p-value 

       (95%CI)   

Primary endpoints n/N (%)          

Composite endpoint*  90/162 (55.6)   257/523 (49.1) 1.29 (0.91-1.84) 0.15 

Death 87/162 (53.7) 238/523 (45.5) 1.39 (0.98-1.98) 0.07 

Renal replacement therapy 22/162 (13.6) 74/523 (14.1) 0.95 (0.57-1.59) 0.86 

Secondary endpoints n/N (%)      

Myocardial Infarction 2/162 (1.2)   5/523 (1) 1.30 (0.25-6.74) 0.76 

Rehospitalization 1/162 (0.6)   1/523 (0.2) 3.24 (0.20-52.13) 0.38 

Repeat revascularization 22/162 (13.6) 64/523 (12.2) 1.13 (0.67-1.90) 0.65 

Safety endpoints n/N (%)           

Bleeding event 32/162 (19.8) 116/523 (22.2) 0.86 (0.56-1.34) 0.51 

Stroke 6/162 (3.7)   17/523 (3.3) 1.14 (0.44-2.95) 0.78 
 

 
 
*composite of death and renal replacement therapy 
 
CI = confidence interval 
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Table 3  Multivariate analysis for clinical outcomes at 30 days 

  Odds Ratio            p-value   

  (95%CI)     

  women vs men     

        

Primary endpoint 0.85 (0.56 – 1.31) 0.47   

Death 0.91 (0.59 – 1.41) 0.68   

Renal replacement therapy 0.88 (0.50-1.54) 0.68   
 

 
Adjusted for  age, dyslipidemia, diabetes mellitus, stroke, previous myocardial infarction, family history of coronary artery disease, previous PCI, atrial fibrillation, 
known renal insufficiency (glomerular filtration rate <30 ml/min), left bundle branch block, Heart rate [bpm], creatinine [mg/dl],  culprit lesion in left main, culprit 
lesion in left anterior descending coronary artery, resuscitation within 24 h before randomization, Thrombolysis In Myocardial Infarction (TIMI) flow after 
percutaneous intervention (PCI) <3. 
CI =confidence interval 
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