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Measures to adopt to advance primary and secondary prevention strategies that directly 

target women. 
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STEMI Care and Shock 
in Female Patients

Despite advancements in ST-segment elevation 
myocardial infarction (STEMI) care and existing 
standardized recommendations for its manage-
ment,1,2 gender differences in STEMI treatment 

and outcomes persist.3 Data from several registries have 
shown worse outcomes and higher mortality in female 
patients with STEMI compared to men, both during hos-
pitalization and after discharge.4,5 The worse prognosis in 
female patients with STEMI may be related to differences 
in risk factors, presentation, and treatments offered to 
women, such as lower use of guideline-recommended 
therapies and less access to revascularization.6 Similarly, 
STEMI-related cardiogenic shock (CS) and mortality are 
higher in women.7,8 Although primary PCI is the therapy 
of choice in female patients with STEMI complicated 
by CS,9 they are offered fewer revascularization and 
mechanical circulatory support (MCS) devices, leading 
to worse outcomes.10 There is a paucity of sex-specific 
safety, efficacy, and outcomes data for MCS use during 
STEMI and CS. Table 1 highlights the disparities in STEMI 
care and CS management in female patients and mea-
sures to mitigate them.

RISK FACTORS AND PATHOPHYSIOLOGY 
OF STEMI IN WOMEN

Female patients with STEMI generally have worse 
cardiovascular risk profiles than men,8 with higher rates 
of comorbidities, including diabetes, obesity, hyperten-
sion, and renal disease. They tend to be older at the time 
of presentation and often have atypical chest pain and 
pain in other locations (epigastric, back, shoulder, or 
neck pain),11,12 leading to delayed presentation, diagno-
sis, and management. Time to first medical contact is, 
on average, ≥ 40 minutes for women.3 The higher risk 
profile and delayed care can result in worse outcomes 

and higher mortality in women with STEMI. Studies 
have shown that personal, educational interventions 
(addressing knowledge gaps and psychological barriers 
to timely treatment) individually or as part of any visit 
with a health care team can achieve a significant reduc-
tion in prehospital delay in patients with acute coronary 
syndrome.13 Individualized education by physicians along 
with awareness programs and mass media campaigns 
should be organized to educate female patients and 
health systems regarding STEMI symptoms/signs for early 
diagnosis and management. 

The pathophysiology of myocardial infarction (MI) 
differs between male and female patients. In addition 
to the classic plaque rupture and thrombus forma-
tion generally described in men, studies have identified 
other mechanisms of MI in women. MI with nonob-
structive coronary arteries (MINOCA) is more common 
in women than men and is associated with a 3.4% all-
cause mortality at 1 year.14 Mechanisms of MINOCA 
include plaque disruption, coronary vasospasm, 
embolism, microvascular dysfunction, and spontane-
ous coronary artery dissection (SCAD), which need to 
be differentiated from MINOCA mimickers (myocar-
ditis, Takotsubo cardiomyopathy, and nonischemic 
cardiomyopathy).15 These mechanisms highlight the 
need for sex-specific management approaches in MI. 
This entails a comprehensive diagnostic approach with 
the combination of intravascular ultrasound (IVUS), 
optical coherence tomography (OCT), cardiac MRI, 
provocative spasm testing, and coronary flow reserve 
assessment. The treatment is tailored toward the 
underlying diagnosis. For instance, nitrates and long-
acting calcium channel blockers are used in coronary 
vasospasm.16 Coronary embolism/thrombosis is treated 
with antithrombotic agents and targeted therapies for 
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underlying thrombophilia.17 SCAD, defined as the non-
atherosclerotic, noniatrogenic, nontraumatic separation 
of the coronary artery wall, is the underlying cause of 
MI in 22% to 43% of women younger than 50 years.18,19 
It is managed conservatively except in cases of CS and 
high-risk patients with ongoing/recurrent ischemia, 
sustained ventricular arrhythmia, or large proximal ter-
ritory disease where revascularization is warranted.20

PRIMARY PERCUTANEOUS CORONARY 
INTERVENTION FOR STEMI IN WOMEN

Despite the proven efficacy of primary PCI in female 
patients with STEMI, women are 10% to 20% less likely to 
receive invasive angiography and PCI than men, irrespec-
tive of age.3,11 Some plausible causes for a more conserva-
tive approach in women include higher bleeding risk due 
to smaller vessel size, older age at presentation, multiple 
comorbidities, delayed presentation (eg, symptom to 
door), and frailty.21

Bleeding and vascular complications are more fre-
quent in female patients undergoing PCI in STEMI com-
pared with men and are not entirely explained by differ-

ences in age and comorbidities.11,22 Subgroup analyses 
of the RIVAL and SAFE-PCI trials demonstrated a reduc-
tion in vascular complications with radial artery access 
as compared to femoral artery access in women.23,24 
Although radial access is preferred, it may not be tech-
nically feasible in some women due to smaller vessel 
size and increased likelihood of radial arterial spasm.24 
In such cases, ultrasound-guided femoral access during 
PCI should be used, which reduces the rates of bleed-
ing and vascular complications comparable to that 
seen with radial access, especially in women.25 Despite 
the strong evidence, radial access has not been univer-
sally implemented in women, highlighting the need to 
spread awareness among physicians and in systems. 

Women constitute only 20% to 30% of patients 
enrolled in STEMI trials complicated by CS, raising the 
possibility that results may not be generalizable to 
female patients. Based on the CULPRIT-SHOCK trial, 
recent guidelines recommend culprit-only revascu-
larization in STEMI cases complicated by CS.26,27 This 
is likely because multivessel PCI requires longer pro-
cedure times and increased contrast loads, which are 

TABLE 1.  SEX DIFFERENCES IN STEMI AND SHOCK PATIENTS AND MEASURES TO IMPROVE OUTCOMES
Women Men

Risk Factor/Pathophysiology
Age Older Younger
Comorbidities Higher Lower
Atypical symptoms Higher Lower
Delayed presentation Higher Lower
MINOCA Higher Lower
Vascular complications Higher Lower
Treatment Offered
Primary PCI Lower Higher
MCS Lower Higher
DAPT Lower Higher
Measures to Mitigate Differences and Improve Outcomes in Women
•	 More awareness programs for educating women and health systems regarding STEMI symptoms/signs for early detection and treatment
•	 Comprehensive diagnostic approach with multimodality imaging and catheterization for MINOCA
•	 Using radial access for primary PCI to reduce bleeding risk
•	 Developing MCS devices specifically for women’s body habitus and vessel size to minimize complications
•	 Multidisciplinary shock teams with standardized protocols for early recognition of shock and initiation of MCS
•	 Regular follow-up visits for optimizing DAPT and medical therapy
•	 Emphasis on need for sex-specific STEMI and shock trials to further guide optimal management

Abbreviations: DAPT, dual antiplatelet therapy; MCS, mechanical circulatory support; MINOCA, myocardial infarction with nonobstructive coronary 
arteries; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction. 
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unfavorable in acutely ill and unstable patients.28 In a 
sex-based analysis of this trial, the primary outcome 
(mortality or need for renal replacement therapy) 
favored culprit lesion–only PCI over multivessel PCI in 
men (42% vs 55%, respectively) but was not significant 
in women (56% vs 55%, respectively) (P = .11 for inter-
action).7 Future studies focused on female patients with 
STEMI are needed to understand the best revasculariza-
tion strategy in women with STEMI and CS.

Although there is no long-term excess bleeding 
risk with potent P2Y12 inhibitors in women,29 dual 
antiplatelet therapy (DAPT) in women is often under-
prescribed compared with men, leading to inadequate 
medical treatment and worse outcomes after PCI. 
Standardized DAPT protocols after PCI and regular fol-
low-up on medication compliance may help solve this 
problem. At our institution, the University of Nebraska 
Medical Center, we routinely prescribe aspirin and 
prasugrel or ticagrelor to all patients and arrange for a 
1-month follow-up visit to the clinic after PCI. This pro-
vides a chance to review patient medications to ensure 
the appropriate DAPT therapies are in place.  

MECHANICAL CIRCULATORY SUPPORT
CS is more likely to develop in female patients with 

STEMI and increases the mortality risk.30 This is likely 
due to delayed recognition and management of STEMI 
in women and higher mechanical complications after 
MI, including papillary muscle rupture, mitral regurgita-
tion, and ventricular septal rupture.31 The use of MCS in 
STEMI patients has been associated with decreased com-
plication rate, which was attributed to decreasing left 
ventricular wall stress from unloading the left ventricle, 
reducing left ventricular end-diastolic volume, and lower-
ing ventricular pressure and oxygen demand.32-34

In addition to timely revascularization, MCS using 
an intra-aortic balloon pump (IABP), Impella pump 
(Abiomed) extracorporeal membrane oxygenation, 
or right-sided support may be necessary to provide 
hemodynamic support in STEMI patients with CS.35 
Although none of these devices have shown a mor-
tality benefit in STEMI,33,36 they have been shown to 
improve hemodynamics. The 2021 American College 
of Cardiology/American Heart Association and 2017 
European Society of Cardiology guidelines recommend 
consideration of MCS (class IIb recommendation) in 
select/refractory cases of STEMI complicated by CS and 
recommend against the routine use of IABP (class III 
recommendation).1,2 Despite this, MCS devices remain 
underused in women with STEMI and CS. This is likely 
due to their smaller body and vessel size. Because MCS 
devices require large-bore access, physicians might be 

reluctant to implant such devices in female patients 
with smaller arteries, due to concerns about a higher 
complication risk. Currently, there are limited data on 
gender-specific outcomes of MCS in CS. However, the 
one-size-fits-all design of current devices might prevent 
the detection of differences, and these devices might 
need to be optimized for female patients. Devices and 
cannulas specifically designed for female patients might 
reduce device-related complications. Consequently, 
this could unmask a potential benefit from MCS in 
female patients. 

It is essential to have a multidisciplinary team 
approach for management of STEMI patients with CS. 
“Shock teams,” including specialists from interventional 
cardiology, critical care medicine or anesthesia, heart 
failure, cardiothoracic surgery, perfusion services, and 
nursing, with standardized protocols help in early iden-
tification of shock, invasive hemodynamic monitoring, 
optimal use of vasopressors and inotropes, and early 
MCS, thus improving outcomes.37 We have adopted 
a similar approach and have seen significant improve-
ments. The cardiology fellow or attending activates the 
shock pager, which dispatches the page consisting of the 
shock conference call number and unique code. Using 
the code, the on-call heart failure specialist, intervention-
al cardiologist, cardiothoracic surgeon, and critical care 
anesthesiologist join the conference call and have a dis-
cussion regarding management and therapeutic options, 
including the need for MCS. The patient continues to 
be managed by the heart team until resolution of CS, or 
until a decision is made to de-escalate care respecting 
the patient’s or family’s wishes.

CONCLUSION
Women with STEMI have delayed presentation, are 

older with higher comorbidities and bleeding risk, and 
are less likely to receive early revascularization and MCS, 
leading to worse outcomes and higher mortality than 
men. It is critical to adopt measures to advance primary 
and secondary prevention strategies that directly target 
women. More awareness programs should be employed 
to educate women and health systems regarding STEMI 
symptoms/signs for early detection and treatment. 
Further STEMI and shock trials should be designed 
specifically for women to guide optimal management. 
Collaboration with the device programs should be con-
sidered to develop MCS devices designed specifically for 
women’s body habitus and vessel size to minimize com-
plications, and institutions should have multidisciplinary 
shock teams with standardized protocols for early rec-
ognition and treatment of shock, including initiation of 
MCS where indicated.  n
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