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Abstract
Background  Heart failure–related cardiogenic shock (HF-CS) accounts for a significant proportion of all CS cases. Never-
theless, there is a lack of evidence on sex-related differences in HF-CS, especially regarding use of treatment and mortality 
risk in women vs. men. This study aimed to investigate potential differences in clinical presentation, use of treatments, and 
mortality between women and men with HF-CS.
Methods  In this international observational study, patients with HF-CS (without acute myocardial infarction) from 16 
tertiary-care centers in five countries were enrolled between 2010 and 2021. Logistic and Cox regression models were used 
to assess differences in clinical presentation, use of treatments, and 30-day mortality in women vs. men with HF-CS.
Results  N = 1030 patients with HF-CS were analyzed, of whom 290 (28.2%) were women. Compared to men, women were 
more likely to be older, less likely to have a known history of heart failure or cardiovascular risk factors, and lower rates of 
highly depressed left ventricular ejection fraction and renal dysfunction. Nevertheless, CS severity as well as use of treat-
ments were comparable, and female sex was not independently associated with 30-day mortality (53.0% vs. 50.8%; adjusted 
HR 0.94, 95% CI 0.75–1.19).
Conclusions  In this large HF-CS registry, sex disparities in risk factors and clinical presentation were observed. Despite 
these differences, the use of treatments was comparable, and both sexes exhibited similarly high mortality rates. Further 
research is necessary to evaluate if sex-tailored treatment, accounting for the differences in cardiovascular risk factors and 
clinical presentation, might improve outcomes in HF-CS.
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Abbreviations
AMI	� Acute myocardial infarction
CPR	� Cardiopulmonary resuscitation
CS	� Cardiogenic shock
HF	� Heart failure
HF-CS	� Heart failure–related cardiogenic shock
LVEF	� Left ventricular ejection fraction
MCS	� Mechanical circulatory support

SCAI	� Society for Cardiovascular Angiography & 
Interventions

VA-ECMO	� Veno-arterial extracorporeal membrane 
oxygenation

Introduction

Heart failure–related cardiogenic shock (HF-CS) is a severe 
condition characterized by acute deterioration in cardiac 
output that results in a life-threatening hypoperfusion of 
end-organs. This condition can be caused by a variety of 
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cardiovascular diseases and has been associated with short-
term mortality rates of up to 50% [1–6]. While research 
efforts have predominantly focused on CS due to acute 
myocardial infarction (AMI-CS), recent studies suggest that 
more than half of all cases of CS may be related to HF [1–8]. 
Despite significant advances in the management of AMI-CS 
due to early coronary revascularization, therapeutic strate-
gies for HF-CS remain insufficiently understood, particu-
larly with respect to targeted use of inotropics, vasopressors, 
mechanical circulatory support (MCS), and cause-specific 
therapeutic modalities [7, 9–13].

The management of HF-CS is complicated by the hetero-
geneity of underlying pathologies. The lack of clinical trials 
and recommendations in the current guidelines further exac-
erbates the clinical uncertainty in the treatment of HF-CS, 
particularly with regard to the extent of differences in clini-
cal presentation and response to treatment modalities within 
this heterogeneous population of shock patients [11, 14, 15]. 
Moreover, there is a scarcity of data regarding sex-related 
differences in patients presenting with CS, particularly with 
HF-CS. Current findings originate from small randomized 
trials or retrospective analyses that have limited representa-
tion of women, and predominantly focus on sex disparities in 
patients with AMI-CS [16–19]. Women with AMI-CS tend 
to be older, have a higher burden of comorbidities, receive 
fewer MCS, and experience higher in-hospital mortality, 
compared to men [16–20].

Optimizing care in HF-CS requires understanding sex 
differences in pathophysiology and clinical presentation. 
Additionally, recognizing the influence of sex on treatment 
response and targeted interventions has the potential to 
improve outcomes and provide personalized care to both 
male and female patients with HF-CS. Enhancing compre-
hension of sex disparities could not only aid in the advance-
ment of effective treatment approaches but also promote 
the inclusion and representation of women in clinical trials 
within the field of patients with CS.

Thus, the objective of this study is to investigate sex-
related differences in clinical presentation, treatment modali-
ties, and outcome in a large cohort of patients with HF-CS.

Methods

Data source and setting

The current study was carried out in conformity with the 
tenets of the Declaration of Helsinki and received endorse-
ment from local ethics committees. The principal ethics 
committee granted an exemption for obtaining informed 
consent due to the retrospective nature of the study, which 
solely relied on fully anonymized data.

Comprehensive documentation regarding the data entry 
process, definition of CS, and the criteria for inclusion and 
exclusion in the non-ischemic cardiogenic shock registry 
(NCT03313687) has been described [21–23]. In brief, 
in this concise international, multicenter, observational 
investigation, we retrospectively included patients diag-
nosed with HF-CS (without AMI) from 16 tertiary care 
centers across five countries during the period spanning 
2010 to 2021. The patients received treatment either with 
or without MCS devices, and each tertiary care center 
possessed extensive expertise in MCS application, along 
with the provision of percutaneous left ventricular assist 
devices (Impella) and veno-arterial extracorporeal mem-
brane oxygenation (VA-ECMO). Patients were considered 
eligible for participation in this research if they fulfilled 
the criteria for CS as defined by the Society for Cardio-
vascular Angiography & Interventions (SCAI) [2]. The 
necessary data were retrospectively collected by the local 
investigators subsequent to a comprehensive review of the 
available case records.

Definition of HF‑CS

The local investigators identified patients either as present-
ing with a first manifestation of HF-CS without a history 
of HF, also known as de novo HF-CS, or as presenting 
with an acute-on-chronic HF-CS, such as patients with 
a known history of HF. Patients who met any of the fol-
lowing criteria were excluded from participation in this 
registry: presentation with acute myocardial infarction 
(AMI) or requirement for urgent coronary revasculariza-
tion, regardless of feasibility; CS primarily caused by right 
heart failure (such as acute pulmonary embolism); car-
diopulmonary resuscitation (CPR) supported by ECMO; 
post-cardiotomy CS; or other illnesses resulting in a life 
expectancy of less than 6 months.

Index event definition

In cases involving patients who underwent treatment with 
MCS, the index event was defined as the time of initial 
device implantation. Conversely, for patients who did not 
receive MCS therapy, the baseline was established as their 
hospital admission for out-patients or their admission to the 
intensive care unit for in-hospital patients. To evaluate the 
severity of CS, the most extreme value of certain labora-
tory parameters, such as lactate and pH levels, within a 12-h 
timeframe encompassing 6 h before and after the index event 
was recorded.
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Outcome definition

The primary endpoint of the study was the cumulative 
mortality rate at 30 days. As for the secondary endpoints, 
evaluation included bleeding complications, ischemic com-
plications, the need for renal replacement therapy, and the 
occurrence of sepsis.

Statistical analyses

Continuous variables are presented as median (25th per-
centile, 75th percentile) and groups were compared using 
the Mann–Whitney test. For binary variables, absolute and 
relative frequencies were reported, and comparisons were 
performed using Fisher’s exact test.

To investigate differences in clinical characteristics dur-
ing the index event, comorbidities, shock severity (SCAI 
risk stratification), use of selected treatments (vasopressors, 
MCS use), and complications between female and male 
patients with HF-CS, multivariable mixed effects logistic 
regression models with center as a random intercept were 
fitted, adjusted for age, SCAI class, lactate, pH, prior CPR, 
and mechanical ventilation.

To evaluate CS dynamics following the index event, tra-
jectories of lactate levels (as an indicator of shock severity) 
and creatinine levels (as a marker of end-organ damage) 
in female and male patients diagnosed with HF-CS over a 
period of 7 days from baseline were displayed and compara-
tively analyzed using the Kruskal–Wallis test.

The reverse Kaplan–Meier estimator was used to calcu-
late the crude 30-day all-cause mortality rate in women vs. 
men with HF-CS. Survival curves were estimated using the 
Kaplan–Meier method and the number of individuals at risk 
was reported. To evaluate the association between women 
and men and the primary outcome of 30-day all-cause mor-
tality, adjusted Cox regression models were fitted, adjusted 
for age, SCAI class, lactate, pH, prior CPR, and mechanical 
ventilation. Odds ratios (OR) and 95% confidence intervals 
(CI) are presented, a p value below 0.05 was considered 
statistically significant. Analyses were performed using R 
statistical software version 4.1.2.

Results

Study cohort

Overall, 1030 patients with HF-CS were enrolled in this 
registry, and all patients were eligible for the study, of 
whom 290 (28.2%) were women and 740 (71.8%) were men 
(Graphical abstract). Baseline characteristics for the overall 
cohort stratified by women vs. men with HF-CS are shown 
in Table 1.

The median age of the entire patient population was 64 
(interquartile range (IQR) 52–75) years. Among the patients 
with HF-CS, 582 (57.6%) had a documented diagnosis of 
arterial hypertension, 274 (27.0%) had diabetes mellitus, and 
444 (44.2%) had a history of atrial fibrillation. Furthermore, 
247 (34.0%) patients had a previous history of ischemic 
cardiomyopathy, and 250 (25.4%) had undergone prior 
coronary revascularization (but no need for urgent coronary 
revascularization and no AMI during the shock index event).

At the index event, the baseline lactate level was 5.0 (IQR 
2.7–8.6) mmol/l, and the baseline pH value was 7.3 (IQR 
7.2–7.4). Patients presented with a systolic blood pressure 
of 82 (IQR 70.0–92.0) mmHg and a diastolic blood pres-
sure of 50.0 (40.0–57.0) mmHg. The median baseline left 
ventricular ejection fraction (LVEF) of the study cohort was 
20 (IQR 15–30) %. Overall, 395 (38.6%) patients underwent 
CPR, and 659 (65.2%) patients required mechanical venti-
lation, with a Horowitz index (PaO2/FiO2) of 189.2 (IQR 
102.7–289.0).

Sex‑related differences in clinical presentation 
in HF‑CS

Among patients with HF-CS, women tended to be older than 
men, even after adjusting for relevant confounders (OR 0.99, 
95% CI 0.98–1.00, p = 0.037). Cardiovascular risk factors 
such as arterial hypertension (OR 1.68, 95% CI 1.21–2.35, 
p = 0.002) and diabetes (OR 1.42, 95% CI 1.00–2.02, 
p = 0.053), as well as cardiac comorbidities such as atrial 
fibrillation (OR 1.98, 95% CI 1.44–2.72, p < 0.001), were 
less prevalent in women. Moreover, women were less likely 
to have a known history of heart failure (OR 2.69, 95% CI 
1.96–3.70, p < 0.001) and prior coronary revascularization 
(OR 2.64, 95% CI 1.77–3.94, p < 0.001). Furthermore, prior 
hospitalizations due to HF were less likely in women vs. 
men (OR 1.26% CI 1.02–1.57, p = 0.035).

At the index event, when comparing parameters consist-
ent with CS severity, both groups exhibited similar values 
for blood pressure, heart rate, and lactate measurements. 
However, women were less likely to present with renal dys-
function (baseline creatinine dichotomized by median: men 
vs. women, OR 2.97, 95% CI 2.15–4.11, p < 0.001), and also 
less likely to present with a severely depressed LVEF (OR 
1.75, 95% CI 1.22–2.52, p = 0.002). Detailed associations of 
sex with comorbidities, clinical presentation, and CS sever-
ity in patients with HF-CS are depicted in Fig. 1.

Sex‑related differences in treatments of HF‑CS

Among patients with HF-CS, 893 (86.8%) received vaso-
pressors, and 406 (39.4%) MCS. Crude MSC usage rates 
indicated a lower utilization of VA-ECMO in women 
as compared to men (12% vs. 18%, p = 0.031, Table 1). 
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Table 1   Characteristics for the overall cohort and stratified by sex

All (N = 1030) Missing 
data (%)

Female patients (N = 290) Male patients (N = 740) p value

Demographics
  Age, years 64.0 (52.0, 75.0) 0 69.0 (54.0, 79.0) 63.0 (52.0, 72.0)  < 0.001

Previous heart failure status
  Ischemic cardiomyopathy 247 (34.0) 29.4 40 (23.5) 207 (37.2) 0.001
  Previous heart failure hospitalizations, n 2.0 (1.0, 3.0) 67.2 1.0 (1.0, 2.0) 2.0 (1.0, 3.0) 0.009
  Previous heart failure treatment
    Betablocker 543 (54.2) 2.8 138 (49.5) 405 (56.1) 0.066
    Renin-angiotensin-system inhibitors 477 (47.6) 2.7 116 (41.4) 361 (50.0) 0.017

Mineralocorticoid receptor antagonists 327 (32.6) 2.6 68 (24.2) 259 (35.9)  < 0.001
    Implantable cardioverter defibrillator 299 (29.1)  < 1 38 (13.1) 261 (35.3)  < 0.001
    Cardiac resynchronization therapy 124 (12.1)  < 1 19 (6.6) 105 (14.2)  < 0.001

Comorbidities
  Atrial fibrillation 444 (44.2) 2.4 97 (35.0) 347 (47.7)  < 0.001
  Diabetes mellitus 274 (27.0) 1.5 69 (24.3) 205 (28.0) 0.24
  Arterial hypertension 582 (57.6) 1.9 151 (53.2) 431 (59.4) 0.077
  Body mass index, kg/m2 26.2 (23.4, 30.0) 4.2 25.7 (22.0, 30.0) 26.6 (23.9, 30.1) 0.003
  Prior coronary revascularization 250 (25.4) 4.6 43 (15.1) 207 (29.7)  < 0.001
  Any intervention for peripheral artery 

disease
59 (5.8) 35 15 (5.3) 44 (6.0) 0.77

Clinical presentation
  Systolic blood pressure, mmHg (worst value 

within 6 h)
82.0 (70.0, 92.0) 1.9 80.5 (70.0, 95.0) 82.0 (70.8, 91.0) 0.99

  Diastolic blood pressure, mmHg (worst 
value within 6 h)

50.0 (40.0, 57.0) 2.4 50.0 (40.0, 55.0) 50.0 (40.0, 58.0) 0.24

  Vasopressor use 893 (86.8)  < 1 256 (88.3) 637 (86.2) 0.41
  Heart rate, bpm (worst value within 6 h) 96.0 (76.0, 120.0) 1.7 96.0 (76.0, 120.0) 96.0 (78.0, 120.0) 0.50
  Lactate, mmol/l (worst value within 6 h) 5.0 (2.7, 8.6) 8.9 5.2 (2.5, 8.8) 5.0 (2.7, 8.5) 0.91
  pH (worst value within 6 h) 7.3 (7.2, 7.4) 4.4 7.3 (7.2, 7.4) 7.3 (7.2, 7.4) 0.94
  LVEF (%) 20 (15.0, 30.0) 21.7 25.0 (20.0, 33.8) 20.0 (15.0, 30.0)  < 0.001
  CPR 395 (38.6)  < 1 115 (39.8) 280 (38.1) 0.62
  CPR > 10 min 256 (55.8) 55.4 80 (59.7) 176 (54.2) 0.30
  Mechanical ventilation 659 (65.2) 1.9 184 (64.3) 475 (65.6) 0.71
  Horowitz index (worst value within 6 h) 189.2 (102.7, 289.0) 31.0 208.5 (128.8, 295.5) 176.7 (97.3, 281.0) 0.017
  Creatinine, mg/dl (worst value within 6 h) 1.7 (1.2, 2.5) 1.9 1.4 (1.0, 2.1) 1.8 (1.3, 2.7)  < 0.001
  SCAI cardiogenic shock class 3.0
    B 151 (15.1) 40 (14.4) 111 (15.4) 0.77
    C 337 (33.7) 100 (36.0) 237 (32.9) 0.37
    D 241 (24.1) 62 (22.3) 179 (24.8) 0.46
    E 270 (27.0) 76 (27.3) 194 (26.9) 0.94

Most likely trigger
  Bradyarrhythmia 20 (3.0) 7 (3.8) 13 (2.7) 0.45
  Tachyarrhythmia 216 (32.8) 49 (26.9) 167 (35.0) 0.051
  Infection 111 (16.8) 29 (15.9) 82 (17.2) 0.73
  Metabolic 16 (2.4) 4 (2.2) 12 (2.5) 1.00
  Non-adherence to medical treatment 16 (2.4) 3 (1.6) 13 (2.7) 0.58
  Postoperative 10 (1.5) 3 (1.6) 7 (1.5) 1.00
  Stress 29 (4.4) 23 (12.6) 6 (1.3)  < 0.001
  Toxic 19 (2.9) 6 (3.3) 13 (2.7) 0.79
  No trigger 222 (33.7) 58 (31.9) 164 (34.4) 0.58
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However, after adjusting for relevant confounders, no signifi-
cant disparities were observed between the groups (mechani-
cal ventilation, OR 0.93, 95% CI 0.64–1.34, p = 0.69; use 
of vasopressors, OR 0.69, 95% CI 0.40–1.18, p = 0.17; any 

MCS, OR 1.34, 95% CI 0.95–1.91, p = 0.097; Impella only, 
OR 1.02, 95% CI 0.66–1.56, p = 0.94; VA-ECMO only, OR 
1.46, 95% CI 0.93–2.3, p = 0.098; Impella + VA-ECMO, 
OR 1.12, 95% CI 0.65–1.91, p = 0.69, Fig. 2). In this study 

Table 1   (continued)

All (N = 1030) Missing 
data (%)

Female patients (N = 290) Male patients (N = 740) p value

Use of mechanical circulatory support
  VA-ECMO only 169 (16.4) 0 36 (12.4) 133 (18.0) 0.031
  Impella only 146 (14.2) 0 40 (13.8) 106 (14.3) 0.92
  Impella + VA-ECMO 91 (8.8) 0 22 (7.6) 69 (9.3) 0.46
  Use of antegrade perfusion cannula for VA-

ECMO
199 (43.7) 0 46 (39.3) 153 (45.3) 0.28

Continuous variables are shown as a median (25th, 75th percentile), binary variables as absolute and relative frequencies, the p value given is 
calculated for continuous variables by Mann–Whitney test or binary variables by Fisher’s exact test. CPR, cardiopulmonary resuscitation; LVEF, 
left ventricular ejection fraction; SCAI, Society for Cardiovascular Angiography & Interventions; VA-ECMO, veno-arterial extracorporeal mem-
brane oxygenation

Fig. 1   Association between 
patient characteristics and sex 
in patients with heart failure–
related cardiogenic shock. To 
investigate differences in clini-
cal characteristics during the 
index event between women and 
men with HF-CS, multivariable 
mixed effects logistic regression 
models were fitted, adjusted for 
age, SCAI class, lactate, pH, 
prior CPR, and mechanical ven-
tilation. BMI, body mass index; 
CI, confidence interval; CPR, 
cardiopulmonary resuscitation; 
HF-CS, heart failure–related 
cardiogenic shock; LVEF, left 
ventricular ejection fraction; 
OR, odds ratio; PAD, peripheral 
artery disease; SCAI, Society 
for Cardiovascular Angiography 
& Interventions. An aster-
isk denotes dichotomized by 
median
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cohort, none of the patients received treatment with an intra-
aortic balloon pump.

Sex‑related differences in shock severity 
and end‑organ failure in HF‑CS

There was no significant association observed between 
sex and SCAI CS stages (women vs. men: OR 1.06, 
95% CI 0.66–1.70, p = 0.81 for SCAI C; OR 1.18, 95% 
CI 0.69–2.02, p = 0.54 for SCAI D; OR 1.15, 95% CI 
0.66–2.01, p = 0.62 for SCAI E, with SCAI B as reference), 
as depicted in Fig. 1.

Laboratory markers assessing hypoperfusion (lactate) 
and end-organ damage (creatinine), from baseline to day 
7, were examined and stratified by sex (Fig. 3). In both 
groups, favorable lactate clearance was observed over 
the initial 7-day period. At the index event of HF-CS, 
a comparable high lactate level was observed between 
women and men (lactate women vs. men, 5.2 mmol/l 

vs. 5.0 mmol/l, p = 0.91). However, on day 3, a slightly 
faster lactate clearance was detected in women (lactate 
women vs. men, 1.6 mmol/l vs. 1.8 mmol/l, p = 0.017), 
with a persistent trend observed until day 7 (Fig. 3A). 
In terms of creatinine trajectories, a significantly lower 
concentration of creatinine was observed in women com-
pared to men throughout the entire duration of 7 days 
(creatinine women vs. men: for baseline 1.4 vs. 1.8 mg/
dl, p < 0.0001; for day 1 1.4.1 vs. 1.9 mg/dl, p < 0.0001; 
for day 3 1.3 vs. 1.7 mg/dl, p < 0.0001; for day 5 1.2 
vs. 1.6 mg/dl, p < 0.0001; for day 7 1.2 vs. 1.5 mg/dl, 
p < 0.0001, Fig. 3B).

Outcome and complications

Among patients with HF-CS in this registry, a total of 445 
patients died within the 30-day follow-up period, resulting 
in a crude 30-day mortality rate of 51.4%. Women exhib-
ited a 30-day mortality rate of 53.0%, whereas men had a 

Fig. 2   Association between 
treatments, complications, and 
sex in patients with heart fail-
ure–related cardiogenic shock. 
To investigate differences in 
treatment modalities and com-
plications between women and 
men with HF-CS, multivariable 
mixed effects logistic regression 
models were fitted, adjusted for 
age, SCAI class, lactate, pH, 
prior CPR, and mechanical ven-
tilation. CI, confidence interval; 
HF-CS, heart failure–related 
cardiogenic shock; MCS, 
mechanical circulatory support; 
OR, odds ratio; VA-ECMO, 
veno-arterial extracorporeal 
membrane oxygenation
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nearly similar mortality rate of 50.8% (Fig. 4B). The 30-day 
mortality rates for women and men, stratified by SCAI CS 
staging at the index event, are illustrated in Fig. 4A. After 
adjustment for relevant confounders (age, SCAI class, lac-
tate, pH, prior CPR, mechanical ventilation), women were 
associated with a similar probability of 30-day all-cause 
mortality compared to men, with a hazard ratio of 0.94 (95% 
CI 0.75–1.19, p = 0.60).

In women with HF-CS, renal replacement therapy 
was less frequently observed compared to men (23.8% 
vs. 34.4%, p = 0.001), even after adjustment for relevant 
confounders (HR 1.49, 95% CI 1.07–2.09, p = 0.019). 
The probability for other complications such as bleeding, 
ischemic complications, or sepsis was comparable between 
the two study groups, even after adjustment for relevant 
confounders (Table 2, Fig. 2).

Fig. 3   Lactate and creatinine 
trajectories from baseline to 
day 7 in women and men with 
heart failure–related cardio-
genic shock. To evaluate shock 
dynamics following the index 
event, trajectories of lactate 
levels (A), as an indicator of 
shock severity, and creatinine 
levels (B), as a marker of end-
organ damage, in female and 
male patients diagnosed with 
HF-CS over a period of 7 days. 
*p < 0.05; ***p < 0.001
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Discussion

In this large multicenter, international study of patients with 
HF-CS, compared to men, women tended to be older, exhib-
ited fewer cardiovascular risk factors, and were more likely to 
present with de novo HF (e.g., lower prevalence of acute-on-
chronic HF). Furthermore, women were less likely to present 
with a severely depressed LVEF or with renal dysfunction, 
resulting in a decreased requirement for dialysis. Nevertheless, 

use of treatments was comparable between women and men, 
and even after adjusting for relevant confounders, women and 
men faced similarly high mortality risk.

Sex‑related differences in clinical presentation 
in HF‑CS

Recent research findings indicate that a substantial pro-
portion of patients with CS may be attributed to HF, 

Fig. 4   Mortality in patients with 
heart failure–related cardio-
genic shock stratified by sex. A 
Mortality stratified by SCAI CS 
Staging in women vs. men with 
heart failure–related cardiogenic 
shock. B Kaplan–Meier curves 
comparing women vs. men with 
heart failure–related cardiogenic 
shock. CI, confidence interval; 
HR, hazard ratio; SCAI, Society 
for Cardiovascular Angiography 
& Interventions
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independent of AMI as the underlying etiology, with a short-
term mortality of around 50% [4–8, 24–26]. The heterogene-
ity of the underlying pathology in HF-CS poses significant 
clinical challenges in terms of risk-stratifying patients and 
tailoring CS treatments [14, 15]. Among the various factors 
that could contribute to this heterogeneity, sex potentially 
may be a significant factor in patients with HF-CS and thus 
was further investigated in this study.

In this context, we observed that sex influenced demo-
graphics and clinical presentation in patients with HF-CS. 
Specifically, women tended to be older than men and had a 
lower prevalence of typical cardiovascular risk factors such 
as diabetes and hypertension, as well as cardiac comorbidi-
ties like atrial fibrillation and renal dysfunction. As known 
from studies in chronic heart failure, female patients were 
less frequently treated with guideline-directed medical ther-
apy [27]. Furthermore, our results indicated that women with 
HF-CS were less likely to present with a severely depressed 
LVEF, were more likely to present with de novo as compared 
to acute-on-chronic HF-CS, and were less likely to have had 
prior hospitalizations due to HF-CS. Although direct com-
parisons are limited, these findings contrast prior observa-
tions in patients with AMI-CS. These suggested that women 
had a worse cardiovascular risk profile compared to men, but 
consistently demonstrated an association between female sex 
and advanced age in CS [17, 18, 28, 29].

Overall, the observation that women are more likely to 
present with a higher LVEF, without prevalent HF, and with 
fewer comorbidities suggests the presence of different dis-
ease mechanisms in women vs. men presenting with HF-CS. 

Consequently, this might then also be translated into differ-
ent treatment algorithms for women vs. men, e.g., introduc-
ing sex-tailored treatment strategies to the field of CS.

Sex‑related differences in shock severity 
and end‑organ failure in HF‑CS

Evaluation of several parameters of CS severity, including 
SCAI CS risk class, indicated comparable clinical profiles 
between women and men presenting with HF-CS. However, 
previous research has highlighted the importance of short-
term lactate kinetics as a prognostic indicator and a marker 
for end-organ failure in CS [30]. In our study, we observed 
a slightly faster clearance of serum lactate in women within 
the first few days after presentation, with a persistent trend 
over subsequent days. Additionally, we observed a signifi-
cantly shorter duration of renal dysfunction in women com-
pared to men over time, potentially indicating less subclini-
cal end-organ damage. These findings suggest that women 
with HF-CS, although initially presenting with comparable 
CS severity, may have inherent physiological advantages 
that enable them to achieve quicker recovery from shock 
onset. This could be attributed to the higher rate of de novo 
HF-CS in women, e.g., lesser (sub-)clinical end-organ dam-
age due to pre-existing HF, but also to their lower comorbid-
ity burden [22]. Moreover, the role of systemic inflammation 
in patients with HF-CS, as well as their intersexual differ-
ences, is currently unclear and warrants further investiga-
tion [31]. Although further research is needed to elucidate 
the exact underlying mechanisms and to confirm these data, 

Table 2   Complications 
stratified by sex

Continuous variables are shown as a median (25th, 75th percentile), binary variables as absolute and rela-
tive frequencies, the p value given is calculated for continuous variables by Mann–Whitney test or binary 
variables by Fisher’s exact test

Female patients 
(N = 290)

Male patients 
(N = 740)

p value

Bleeding complications
  Moderate bleeding 89 (30.9) 249 (33.8) 0.42
  Severe bleeding 34 (11.8) 114 (15.4) 0.14
  Intracerebral bleeding 9 (3.2) 19 (2.7) 0.67
  Hemorrhagic stroke 1 (0.4) 6 (0.8) 0.68
  Intervention due to bleeding 17 (5.9) 69 (9.3) 0.079
  Hemolysis 18 (6.2) 47 (6.4) 1.00

Ischemic complications
  Ischemic stroke 15 (5.3) 54 (7.6) 0.22
  Intervention due to access-site-related ischemia 13 (4.5) 23 (3.1) 0.35
  Laparotomy due to abdominal compartment or bowel 

ischemia
4 (1.4) 20 (2.7) 0.26

Other complications
  Hypoxic brain damage 20 (7.1) 51 (7.2) 1.00
  Renal replacement therapy 69 (23.8) 253 (34.3) 0.001
  Sepsis 42 (14.5) 138 (18.7) 0.12
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our observations might be used as a first step towards sex-
tailored treatment strategies.

Sex‑related differences in treatments of HF‑CS

Currently, there is limited evidence for the tailored use of 
inotropics, vasopressors, MCS, and cause-specific therapeu-
tic interventions in the management of HF-CS. The use of 
catecholamines in the treatment of CS remains the subject 
of debate, although there is a growing consensus on their 
short-term administration to stabilize patients for further 
therapeutic strategies [32–34]. It is noteworthy that most 
randomized controlled trials excluded patients with HF-CS 
(without AMI-CS), leading to a dearth of evidence-based 
therapeutic approaches [35–37]. The potential role of MCS 
devices to stabilize hemodynamic aberrations and bridge to 
native heart recovery is a promising option, supported by 
findings of a prior propensity-matched analysis from our 
registry [21]. However, the presence of complications with 
MCS remains a noteworthy concern [4, 21, 38–42].

In this study, we observed that vasopressors were admin-
istered to over 86% of the patients with HF-CS. Interestingly, 
despite limited evidence on the use of MCS in HF-CS, 39% 
of the patients in our cohort required MCS during their hos-
pitalization. Importantly, there was no association between 
sex and the use of treatment modalities such as vasopressors, 
mechanical ventilation, and MCS. While we observed that 
women received slightly more ECMO therapy compared to 
men in this study, the utilization of MCS, including vari-
ous MCS devices, was similar after adjusting for relevant 
confounders in women and men with HF-CS. These results 
contrast with previous studies in AMI-CS, where women 
were less likely to undergo MCS therapy [16, 18, 43, 44].

As indicated above, differences in clinical presentation 
in women vs. men (e.g., fewer comorbidities, lower rates of 
preexisting HF, and better LVEF) indicate sex-specific pecu-
liarities in the pathomechanisms of CS. Most importantly, 
the higher LVEF observed in women suggests that they 
might respond differently to therapies targeting ventricular 
function. MCS, which specifically addresses this issue by 
providing cardiac output support until native heart recovery 
or durable replacement therapy, may be less effective in this 
subgroup, where depressed LVEF might not be the main 
problem. This suggests a more restrictive use of MCS in 
women with HF-CS, especially as the risk of MCS-related 
complications is similar, if not higher, in women vs. men. 
In addition, there are difficulties with regard to MCS access 
due to smaller vessels in women. Access size improvements 
are urgently needed to bridge the sex gap and allow women 
equal opportunities to benefit from these technologies while 
minimizing vascular complications. Ultimately, the decision 
to initiate MCS should be based on a comprehensive assess-
ment of each patient’s clinical condition and hemodynamic 

profile, but most likely should also include the patients sex 
and the expected response to MCS use [45, 46].

Association between sex and 30‑day all‑cause 
mortality

In this study, despite women presenting with fewer cardio-
vascular risk factors, lesser comorbidities, a lower preva-
lence of pre-existing HF, better renal function, and higher 
LVEF as compared to men, 30-day all-cause mortality rate 
was comparable in women vs. men. Previous studies have 
indicated higher mortality rates among women compared 
to men in the context of CS and have often been attributed 
to factors such as older age, a greater burden of comorbidi-
ties, and a lower likelihood of early revascularization and 
MCS use. However, in this study, although they were more 
likely to be older, women tended to have less cardiovascular 
risk factors and comorbidities, and use of treatments was 
comparable in women vs. men, which might explain the 
lack of a sex-specific mortality risk. Also, previous studies 
on CS were mainly conducted in patients with AMI as the 
underlying etiology, and differences in pathomechanisms 
between AMI and HF as the cause of CS might contribute to 
explain the differences in mortality risks. Ultimately, based 
on the prior observation of differences in clinical presenta-
tion between women and men with HF-CS, it is tempting to 
speculate if the “true” mortality risk of women presenting 
with HF-CS might be even lower than in men if sex-specific 
treatment strategies had been used. Severe vascular compli-
cations, with subsequent interventions due to access-site-
related ischemia or bleeding, may occur more frequently 
in women due to smaller vessel size. Access options for 
modern MCS devices, especially the still large ECMO can-
nulas, should be adapted and urgently improved to address 
anatomical differences in women, aiming to further enhance 
the risk–benefit ratio in women with HF-CS.

Limitations

The data used in this study were non-randomized, prevent-
ing us from establishing causal relationships between risk 
predictors and outcomes. Additionally, the assessment of 
patient characteristics may have been influenced by subjec-
tive judgments, particularly in challenging clinical environ-
ments such as intensive care units, emergency departments, 
or catheterization laboratories. Furthermore, this cohort 
did not collect invasive hemodynamic parameters, which 
could have provided additional insights and verification of 
sex-related differences. Although data were gathered from 
different hospitals in various countries, it is important to 
note that these hospitals were large tertiary care centers 
with significant experience in managing CS and utilizing 
MCS. This may have resulted in a higher use of MCS and 
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a higher prevalence of severe CS in the cohort. It should be 
acknowledged that the use of MCS is a selective process, 
often favoring patients with higher physiological reserve. As 
a result, the generalizability of these findings may be limited, 
and there is a pressing need for randomized controlled trials 
specifically focusing on patients with HF-CS.

Another crucial aspect to consider is the potential for 
selective “healthiness” among women within the context of 
this study. It is conceivable that women with comparable 
comorbidities and preexisting HF might not be identified 
as HF-CS patients or included in the study’s registry. This 
potential for selection bias may contribute to the observed 
disparities in clinical characteristics and outcomes between 
sex.

Clinical implications

These findings suggest that healthcare providers should be 
aware of potential differences in clinical presentation and 
comorbidities between women and men with HF-CS. The 
higher LVEF, lower rates of preexisting heart failure, fewer 
comorbidities, and lower incidence of renal failure as well 
as faster lactate clearance observed in women with HF-CS 
indicate that they may follow a distinct trajectory and may 
benefit from tailored management strategies to optimize 
outcomes. One potential approach could be to adopt a more 
restrictive utilization of MCS in women. Given their higher 
inherent potential for stabilization, a less liberal MCS strat-
egy may be considered.

Importantly, despite these disparities, both female and 
male patients with HF-CS face similar high mortality risks, 
emphasizing the need for adequate interventions to improve 
outcomes for all patients with this critically ill population. 
Further research is warranted to better understand the under-
lying mechanisms contributing to develop targeted interven-
tions and sex-tailored treatment strategies that address the 
unique needs of female and male patients with HF-CS.

Conclusion

In this large, international study of patients with HF-CS, 
compared to men, women tended to be older, but had fewer 
cardiovascular risk factors and were less likely to present 
with prevalent HF, a severely depressed LVEF, or with renal 
dysfunction. Also, lactate clearance was faster and end-
organ damage lower in women vs. men.

Nevertheless, even with comparable use of treatments in 
women vs. men and after adjusting for relevant confounders, 
mortality risk was comparable.

Further research is necessary to evaluate if sex-tailored 
treatment, e.g., accounting for the differences in clinical 
presentation, might improve outcomes in HF-CS.
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