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Introduction
Acute coronary syndrome (ACS) results from
an acutely reduced blood flow to the my-
ocardium and is commonly divided into ST-
segment elevation myocardial infarction
(STEMI) and non-ST-segment elevation ACS

(NSTE-ACS) [1]. Despite significant ad-
vances in patient care over the past decades,
ACS remains a major cause of morbidity and
mortality worldwide. Indeed, epidemiologic
data suggest that in the US alone, there is one
death per minute due to an ACS [2, 3].

Clinical Presentation of Females with
ACS
Over many years, ACS was considered a pri-
marily male condition and was initially called
a manager disease. While it is indeed true
that about two-thirds of patients with ACS
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are male, data indicate that nowadays the
condition is more prevalent in lower social
classes [4], possibly due to differences in
lifestyle, particularly in smoking and exercise
habits [5].

Among females, incident ACS occurs at
relatively low rates until menopause, unless a
pronounced risk factor burden such as dys-
lipidemias, diabetes mellitus, heavy smoking
or genetically determined causes are at play.
Consequently, females present around 5 to 10
years later with ACS than their male counter-
parts. Interestingly, females presenting with
ACS have a higher comorbidity burden, in-
cluding obesity, hypertension, and diabetes
mellitus – in large part owed to their higher
age, but to a lesser degree also to sex-specific
differences. As a result, the uncorrected mor-
tality rates in females with ACS are higher
than in males [6, 7]. However, when correct-
ing for age at presentation, the mortality rates
are similar, and when correcting for comor-
bidities and cardiovascular risk factors, mor-
tality rates in males and females are almost
alike [7].

An important difference of ACS pheno-
types in females compared to males is their
distinct symptom profile at presentation:
while chest pain is the leading symptom in
women and men [8], the absence of chest
pain or chest discomfort is observed more of-
ten in females (40 vs. 30%) [8, 9]. Moreover,
the frequency of many other associated
symptoms, which are commonly referred to
as “atypical”, associated symptoms is higher in
women. Generally, female patients with ACS
are more likely to present with backpain, neck
pain, jaw pain, shortness of breath, nausea
or vomiting, weakness or fatigue, dizziness,
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or palpitations, and have a higher number of
different symptoms [9]. Occasionally, these
signs are misinterpreted and result in female
patients not seeking emergency help. These
specifics in clinical presentation may predis-
pose women to longer prehospital delays, de-
layed diagnosis, and eventually undertreat-
ment of ACS [1, 6, 10]. Hence, awareness of
the broad spectrum of ACS symptoms in
women and men as well as more comprehen-
sive diagnostic and treatment algorithms that
account for sex-specific differences in ACS
are required.

Sex-Specific Differences in the Pathobi-
ology across the Spectrum of ACS
In females, ACS is more often caused by sin-
gle-vessel disease or non-obstructive coro-
nary disease (so-called myocardial infarction
with non-obstructive coronary arteries or
MINOCA) [11, 12] and more often due to
plaque erosion as the primary mechanism
underpinning the ACS (fig. 1) [13–15].

Furthermore, ACS in women is more often
caused by rare disease mechanisms such as
spontaneous coronary artery dissection
(SCAD) [16] and vasculitis [17–19]. SCAD is
a rare cause of ACS, commonly occurring in
the first month postpartum [16, 20, 21]. The
underlying mechanisms of SCAD are not ful-
ly understood, though some studies suggest
that both hormonal and genetic factors may
be involved in its etiology [22].

In addition, takotsubo syndrome (TTS), an
acute heart failure syndrome with clinical
signs and symptoms comparable to ACS, is
particularly common in women, in whom it
occurs almost exclusively during menopause
[17–19]. Patients with TTS frequently present
with similar electrocardiographic and bio-
chemical findings as patients with STEMI or
non-ST-elevation myocardial infarction, have
similar in-hospital mortality rates (around
4%), and are prone to develop cardiogenic
shock with an incidence of roughly 12% [23].
TTS seems to be primarily a brain-mediated
disease involving the heart as a target organ.
In fact, TTS patients often present with neu-
rological and psychiatric comorbidities [23],
alterations in the amygdala, in the hippocam-
pus and in the midbrain with abnormal pro-
cessing of sympathetic drive (fig. 2) [24].
Whether these changes are mechanistically
linked to a postmenopausal decrease in fe-
male sex hormones remains to be investigat-
ed.

Milestones of ACS Management in Fe-
male and Male Patients
When the former US president Dwight
Eisenhower had an acute myocardial infarc-
tion on the golf course of Cherry Hills Coun-

FigurFigure 1:e 1: The Spectrum of Acute Coronary Syn-
drome (ACS). Plaque erosion, takotsubo syn-
drome and spontaneous coronary artery dissec-
tion are particularly common in female patients.
Adapted from [43].

MI: Myocardial infarction; HF: Heart failure; LVAD:
Left ventricular assist device; ACE-1: Angiotensin
converting enzyme-1 inhibitor; DAPT: Dual Anti-
Platelet Therapy).
© 2020, Oxford University Press

FigurFigure 2:e 2: Pathophysiology of takotsubo syn-
drome. Female patients are particularly suscep-
tible, with nine out of ten patients being female
[23]. Adapted from [19].
CNS: Central nervous system.
© 2023, Oxford University Press
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try Club on September 23rd 1955, the treat-
ing physicians were not properly trained to
diagnose and manage this life-threatening
condition. In fact, his personal physician, Dr.
Howard Snyder, initially misinterpreted the
symptoms and dismissed the epigastric dis-
comfort as a gastrointestinal problem. After
ten hours, Eisenhower was eventually trans-
ferred to a hospital. Upon arrival, electrocar-
diogram equipment was unavailable and had
to be organized from another hospital to
make the diagnosis of an anterior STEMI
[25]. At this time, the only treatments avail-
able were papaverine and amyl nitrite, both
having very questionable therapeutic effects.
To his luck, Eisenhower did not develop ven-
tricular fibrillation, one of the most frequent
and most dreadful early complications fol-
lowing a STEMI. Although at the time, Paul
M. Zoll (Harvard Medical School and Beth
Israel Hospital, Boston, MA, USA) had de-
scribed the benefits of electroconversion in
ventricular fibrillation in the New England
Journal of Medicine [28], the required equip-
ment remained unavailable at most institu-
tions.

Ever since Eisenhower’s heart attack, man-
agement strategies in patients with ACS have
made tremendous progress leading to im-
proved cardiovascular outcomes (fig. 3). In-
deed, the introduction of resuscitation, de-
fibrillation devices, beta blocker-therapy,
thrombolysis, eventually primary percuta-
neous coronary intervention (PCI) and more
recently novel antiplatelet agents and radial
access routes, reduced in-hospital mortality
rates from historically more than 50% to cur-
rently less than 10% [27]. While increasing
awareness of sex-specific differences in the
outcomes of patients with ACS has led to con-
troversies about the underlying causes, over-
all, these major advances in ACS manage-
ment have substantially improved outcomes
in both sexes alike over the past decades.

ACS Management in Women and Men
In patients with STEMI timely reperfusion
primarily achieved by PCI and fibrinolysis or
coronary artery bypass grafting in selected
cases, is crucial for reducing morbidity and
mortality [28]. Overall, women with STEMI
are less likely to receive timely reperfusion
which could be partly related to differences in
symptom presentation as well as perception
by patients and healthcare personnel [6, 29].
As noted before, women often tend to present
with unspecific symptoms such as neck pain,
fatigue, dyspnea, nausea, and more frequent-
ly present with no chest pain at all [6].

In NSTE-ACS, early risk stratification is
key to identifying patients at high baseline
risk to decide on the appropriate treatment
strategy [6]. Importantly, women have a dif-
ferent risk factor profile regarding fatal events
compared to men [7]. On top of that, female
patients with ACS are more prone to bleeding
complications [30]. Indeed, while antiplatelet
therapy represents a cornerstone of ACS
management, women may respond different-
ly to these agents , which can impact their
safety and effectiveness [31]. For example, fe-
males have a higher risk of early bleeding
events when treated with dual antiplatelet
therapy [32], however, several studies report
similar risk of late bleeding events in both
sexes [33–36]. Therefore, there is a need to
include sex-related factors into risk-benefit-
considerations when prescribing antiplatelet
drugs and anticoagulants to optimize their
clinical use.

Sex-Specific Treatment Rates in the UK
and Switzerland
Our observations in contemporary nation-
wide cohorts in England, Wales, Northern
Ireland and Switzerland, totaling more than
420,000 NSTE-ACS patients, suggest that
women are less likely to receive both invasive
and noninvasive treatment [7]. The rates of
coronary angiography and PCI treatment at
presentation as well as antiplatelet medica-
tion, beta blocker therapy and lipid-lowering
therapy at discharge were concerningly lower
in females than males, irrespective of the
country studied (fig. 4). Notably, these dif-
ferences were particularly evident in the UK
while being less apparent in Switzerland. Giv-
en that the individual factors influencing the
medical decision to refrain from applying the
above therapies are neither known nor docu-
mented, it is important to note that all these
unadjusted rates merely document what
has happened and not what should have hap-
pened.

Early Risk Stratification in Women and
Men with NSTE-ACS
Clinical risk stratification represents a cor-
nerstone of contemporary management. To
date, there are several tools for early risk
stratification available, including the Global
Registry of Acute Coronary Events (GRACE)
score. The GRACE score supports the assess-
ment of future mortality risk to guide treat-
ment decisions recommended by interna-
tional guidelines (NICE guidelines) [37,
38]. However, many previously suggested risk
tools do not account for sex differences in the
risk factor profile and may not perform as
well in women as in men, leading to inaccu-
rate risk assessment and suboptimal manage-
ment.

Several studies suggested that women less
likely receive invasive management compared
to their male counterparts [39]. Recently we
assessed the performance of the previously
established GRACE 2.0 score, delineated
baseline risk profiles in a sex-disaggregated
manner and provided a novel machine learn-
ing-based risk score, which captures potential
non-linear effects of baseline variables in fe-
male and male patients alike (GRACE 3.0
score). Our study revealed limited discrimi-
natory properties of the GRACE 2.0 model
and risk underestimation in females favoring
their incorrect stratification into the low-to-
intermediate risk group in which internation-
al guidelines do not recommend an early in-
vasive strategy. The updated GRACE 3.0
score was trained, tested and externally vali-
dated in prospectively recruited patients with
NSTE-ACS receiving contemporary ACS
management and showed excellent discrim-
inatory properties [7]. GRACE 3.0 provides
an updated tool for early risk stratification
in female and male patients with NSTE-ACS

FigurFigure 3:e 3: Development of today’s management
of acute coronary syndromes since Eisenhower’s
heart attack. Taken from [27].
PCI: Percutaneous coronary intervention; DES:
Drug eluting stent.
© 2017, Oxford University Press

FigurFigure 4:e 4: Management of non-ST-elevation acute
coronary syndrome (NSTE-ACS) patients in
women and men in England, Wales, and Northern
Ireland (United Kingdom) and Switzerland [7].
PCI: Percutaneous coronary intervention; ACE:
Angiotensin converting enzyme; ARB: An-
giotensin receptor blocker.
© 2022 Wenzl, et al. Published by Elsevier Ltd.
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and is now available under www.grace-3.com
[40].

Sex Differences in Invasive and Medical
Management
Primary PCI is recommended for most pa-
tients with ACS and several lines of evidence
convincingly show its effectiveness to reduce
fatal and non-fatal adverse cardiovascular
events. Yet, in line with our observations in
the UK and in Switzerland, females present-
ing with NSTE-ACS less often received an
early invasive strategy than men, with risk-
adjusted differences increasing with ascend-
ing age [29]. Among NSTE-ACS patients
with systematic invasive management, fe-
males have worse outcomes than men in un-
adjusted analyses, including higher rates of
ischemic and bleeding complications [41].
Multivariable-adjusted analyses suggest that
these discrepancies are due to sex-specific
differences in the underlying mechanisms,
procedural factors such as vessel size and ac-
cess site as well as comorbidity burden, and
thus higher baseline risk in females with
NSTE-ACS [6]. Beyond deciding on early in-
vasive strategy in high-risk NSTE-ACS pa-
tients, medical therapy during the initial hos-
pitalization and after hospital discharge
represents a hallmark of contemporary ACS
management. It is important to note that sex
differences in the pharmacokinetics as well as
pharmacodynamics of antiplatelet and lipid-
lowering agents can impact their efficacy and
safety profile. This is exemplified by the ob-
servation that women are more likely to stop
or switch their statin treatment due to myal-
gia [42]. Therefore, sex differences in body
composition, metabolism, hormonal status,
and drug elimination warrant careful consid-
eration in future drug development, study de-
sign and clinical testing.

Conclusion
In conclusion, sex-related factors play an im-
portant role in the pathobiology, clinical pre-
sentation and management of patients across
the spectrum of ACS. Importantly, rare, and
thus potentially underinvestigated disease
mechanisms, such as SCAD or TTS, are par-
ticularly common in female patients. These
observations highlight the importance of sex-
specific diagnostic, prognostic and therapeu-
tic approaches to further improve post-ACS
outcomes.
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