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ABSTRACT
Cardiovascular disease (CVD) is the leading cause of death in women
worldwide, and of premature death in women in Canada. Despite
improvements in cardiovascular care over the past 15-20 years, acute
coronary syndrome (ACS) and CVD mortality continue to increase
among women in Canada. Chest pain is a common symptom leading
to emergency department visits for both men and women. However,
women with ACS experience worse outcomes. compared with those of
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R�ESUM�E
Les maladies cardiovasculaires (MCV) sont la principale cause de
d�ecès chez les femmes dans le monde et de d�ecès pr�ematur�e chez les
femmes au Canada. Malgr�e les progrès r�ealis�es dans le domaine
des soins cardiovasculaires au cours des 15 à 20 dernières ann�ees, les
taux de syndrome coronarien aigu (SCA) et de mortalit�e due aux MCV
continuent d’augmenter chez les femmes au Canada. La douleur
thoracique est un symptôme fr�equent qui pousse les hommes et les
Lay Summary
An easy-to-follow flowchart to address the underrecognition and
underdiagnosis of heart and blood vessel disorders in women with
chest pain was developed. This flowchart could be posted in
emergency departments to increase awareness of symptoms and
risk factors specific to women. We anticipate that such posting
may improve diagnosis and reduce treatment delays in women.
The protocol can be made available on the cwhha.ca Web site and
can be shared with the medical community.

Cardiovascular disease (CVD) is the leading cause of mor-
tality for women globally, and of premature death for women
in Canada.1 Nearly 25,000 women die annually, and one
woman dies every 20 minutes from heart disease in Canada.2,3

Over the past 15-20 years, Canadian women have experienced
increased mortality rates compared to Canadian men and at a
faster rate than the initial decline seen in the early 2000s.4 This
increase has especially affected younger women aged 35-54
years.5 CVD morbidity also is disproportionately greater in
women than in men, as women are 20% more likely than men
to die within the year following an acute myocardial infarction
(MI) and to experience heart failure or stroke within 5 years
after acute MI.3,6-8 The observation has been made that CVD
risk factors, including smoking, hypertension, diabetes, obesity,
physical inactivity, depression, and anxiety, are disproportion-
ately more harmful in women than they are in men,9 and that
sex- and gender-specific differences exist in awareness, symp-
tom presentation, diagnosis, prognosis, and treatment of CVD,
with women receiving fewer referrals to indicated procedures
and therapies.10

In the fall of 2021, the first author (S.J.) was invited to
present a lecture titled “Cardiovascular Disease in Women in
n Cardiovascular Society. This is an open access article under the CC BY-NC-
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men, due to misdiagnosis or lack of diagnosis resulting in delayed care
and underuse of guideline-directed medical therapies. CVD mortality
rates are highest in Indigenous and racialized women and those with a
disproportionately high number of adverse social determinants of
health. CVD remains underrecognized, underdiagnosed, undertreated,
and underresearched in women. Moreover, a lack of awareness of
unique symptoms, clinical presentations, and sex-and-gender specific
CVD risk factors, by healthcare professionals, leads to outcome dis-
parities. In response to this knowledge gap, in acute recognition and
management of chest-pain syndromes in women, the Canadian
Women’s Heart Health Alliance performed a needs assessment and
review of CVD risk factors and ACS pathophysiology, through a sex and
gender lens, and then developed a unique chest-pain assessment
protocol utilizing modified dynamic programming algorithmic meth-
odology. The resulting algorithmic protocol is presented. The output is
intended as a quick reference algorithm that could be posted in
emergency departments and other acute-care settings. Next steps
include protocol implementation evaluation and impact assessment
on CVD outcomes in women.

femmes à se rendre aux urgences. Toutefois, les femmes atteintes
d’un SCA pr�esentent de moins bons r�esultats cliniques que les
hommes, en raison d’erreurs de diagnostic ou d’une absence de
diagnostic causant des retards dans les soins prodigu�es et une sous-
utilisation des traitements m�edicaux pr�econis�es dans les lignes di-
rectrices. Les taux de mortalit�e li�ee aux MCV sont les plus �elev�es chez
les femmes autochtones et les femmes racialis�ees ainsi que chez
celles qui pr�esentent un nombre particulièrement �elev�e de
d�eterminants sociaux de la sant�e d�efavorables. Les MCV continuent
d’être sous-estim�ees, sous-diagnostiqu�ees et sous-trait�ees chez les
femmes et ne sont pas suffisamment �etudi�ees dans cette population.
De plus, la m�econnaissance par les professionnels de la sant�e des
symptômes, des tableaux cliniques et des facteurs de risque de MCV
selon le sexe et le genre entraînent des disparit�es dans les r�esultats
cliniques. Pour combler ces lacunes dans les connaissances en ma-
tière de reconnaissance et de prise en charge des symptômes de
douleur thoracique chez les femmes, l’Alliance canadienne de la sant�e
cardiaque des femmes a r�ealis�e une �evaluation des besoins et un
examen des facteurs de risque de MCV et de la physiopathologie du
SCA en tenant compte des particularit�es li�ees au sexe et au genre, et a
ensuite �elabor�e un protocole unique d’�evaluation de la douleur tho-
racique faisant appel à une m�ethodologie algorithmique par
programmation dynamique modifi�ee. Nous pr�esentons le protocole
algorithmique qui en est issu. Ce r�esultat se veut un algorithme de
r�ef�erence rapide pouvant être diffus�e dans les services d’urgences et
les autres services de soins de courte dur�ee. Les prochaines �etapes de
notre travail seront d’�evaluer la mise en œuvre du protocole et son
incidence sur les issues cardiovasculaires chez les femmes.
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the Emergency Department” at the 19th Annual St. Paul’s
Emergency Medicine Update Conference, in Vancouver,
British Columbia (BC), Canada. Subsequently, the Clinical
Resource Lead of the BC Emergency Network requested the
development of a 3-page point-of-care clinical summary for
emergency physicians in BC.11 The Canadian Women’s
Heart Health Alliance (CWHHA), a pan-Canadian network
of over 150 volunteer cardiovascular health experts, advo-
cates, and women with lived experience, was approached to
assist with creating this summary document. The mandate of
the CWHHA is to enhance collaborative action, develop,
implement, and disseminate evidence-based programs and
strategies, transform clinical practice, and impact public
policy related to women’s cardiovascular health.12 This
publication details the CWHHA Knowledge Translation and
Mobilization Working Group’s approach to this initiative,
and describes the background research, design methods, and
results, and introduces the plan for implementation
assessment.

Important note about terminology: Although the terms
sex and gender are often used interchangeably, we recognize
that they have distinct definitions. Sex typically is described as
female or male and refers to biological constructs that are
associated primarily with physical and physiological features,
including genes, hormones, and anatomic and physiological
characteristics Gender refers to socially constructed roles, be-
haviours, identities, and expressions and is described as
woman or man.13 In this document, we attempted to follow
these definitions; however, if the source article did not support
sex and gender definitions, we applied the term that made the
most sense contextually.
Methods

Needs assessment: the scope of the problem

Many women who present to the emergency department
(ED) with cardiovascular-related health concerns feel “stopped
at the gate”dthat is, denied critical assessment and manage-
ment for acute CVD symptoms and signs.14 A recent Canada-
wide survey also did not identify any formal female-specific
protocols for addressing acute coronary syndrome (ACS) in
EDs across the country.15 Moreover, the Heart and Stroke
Foundation of Canada report highlighted that early heart
attack symptoms were missed in over 50% of women pre-
senting to the ED.3

Furthermore, despite the existence medical directives in the
ED (eg, standing orders and protocols), cognitive bias and
diagnostic errors, such as delays in diagnosis, do occur,
resulting in patient harm, including death. The Canadian
Medical Protective Association () analyzed 28 closed medico-
legal cases (hospital complaints, regulatory authority [ie,
College] complaints, and civil legal actions) involving emer-
gency physicians in Canadian EDs between 2016 and
2021.16,17 Patient sex was female in 14 of 28 (50%) of those
in the sample, and the mortality rate was 25% (7 of 28). Peer
experts were critical of the physicians’ less-than-thorough
initial assessments, failure to reassess patients, delays or fail-
ures in ordering and interpreting electrocardiograms (ECGs),
and delays or failures in ordering cardiac enzymes. As well,
clinical decision-making, such as recognizing risk factors, was
one of several important factors contributing to harm and
medico-legal risk. Given the increased incidence of morbidity
and mortality associated with delayed diagnosis of ST-



Jaffer et al. 519
Development of Chest-Pain Protocol for Women in ER
elevation MI (STEMI), the Canadian Medical Protective
Association recommended that EDs implement systems, such
as medical directives, to diagnose ACS early.

Thus, to improve diagnosis, reduce treatment delays, and
potentially mitigate CVD morbidity and mortality in women
presenting to the ED, we sought to develop an intersectional
diagnostic algorithmic protocol through a sex and gender lens
addressing the following: (i) symptoms; (ii) (a) female-specific,
(b) traditional, and (c) underrecognized, female predominant,
intersectional); (iii) sex-specific thresholds for high-sensitivity
cardiac troponin (hs-cTn); and (iv) unique aspects of the
pathophysiological spectrum of ACS in women. First, each of
these component sections of the diagnostic algorithm was
explored through both a detailed literature search and expert
consensus, using a sex and gender lens. Electrocardiography
plays a pivotal role in the diagnosis of ACS, and as it displays
no acute sex or gender differences, it required no modification
in the algorithm development.

Symptoms

Recognition of differences in the symptoms during the
presentation of ACS in women is vital to improving patient
management and outcomes. Chest pain, sometimes also
described as a pressure, tightness, or discomfort, is the most
common symptom experienced by men and women with
ACS.18 Reports of chest pain in suspected ACS cases have
been as high as 92% in women and 91% in men in large
prospective trials.19 Women, more so than men, may addi-
tionally experience symptoms such as radiation to the left arm,
back, neck, or jaw and are more likely to report nausea,
epigastric discomfort, dyspnea, profound fatigue, and palpi-
tations. Women often also present with 3 or more of these
associated symptoms in addition to chest pain.19,20 Current
best practice argues against the use of the descriptor term
“atypical” for ACS symptoms in women, as they are charac-
teristically “typical” for chest pain syndromes in women.19

A high index of suspicion will avoid significant delays in the
triage, diagnosis, and management of women with
ACS.19,21,22

Cardiovascular risk factors: the triad approach

Early recognition of female patients at risk for ACS is
essential. Although traditional CVD risk factors are well
recognized by the medical community, these are not always
present in women experiencing chest pain. Women’s cardio-
vascular health risks comprise a triad of intersectional fac-
torsdthey are female-specific, traditional, and
underrecognizeddand these factors may exist independently
or in combination, placing women at a disproportionately
greater risk for CVD. Comprehensive assessment of CVD risk
using this triad concept is essential to ensure that an appro-
priate identification of at-risk women occurs (Fig. 1).23

Traditional risk factors. Traditional risk factors (hyperten-
sion [HTN], diabetes mellitus [DM], obesity, smoking,
hyperlipidemia) portend a greater burden of morbidity and
mortality in women than in men.9,24 Women with DM have
an increased risk of stroke, heart failure, and earlier occurrence
and 3-fold excess risk of fatal MI, compared with men.
Hypertension is more prevalent in women aged over 60 years
and is less well controlled in women than it is in men. Obesity
and cigarette smoking significantly increase the risk of coro-
nary artery disease (CAD) in women, as compared to men.
Lipid profiles change over the course of a woman’s life, and
they become less favourable after menopause, with relative
increases in low-density lipoprotein and decreased high-
density lipoprotein.25

Female-specific risk factors

Cardio-obstetrics. Cardio-obstetrics is a specialized multidisci-
plinary practice that has developed as a response to recogni-
tion that the physiological and hemodynamic changes of
pregnancy are a stress test that may predict future CVD risk in
women.26,27 In Canada, cardiac disease affects almost 5 per
100,000 deliveries and is the most common diagnosis asso-
ciated with maternal mortality in pregnancy and postpartum
periods.28 Adverse pregnancy outcomes (defined as hyper-
tensive disorders of pregnancy, gestational DM, and maternal
placental syndrome: preeclampsia, preterm birth, placental
abruption, and intrauterine growth restriction) occur in 20%
of Canadian pregnancies and are sex-specific risk factors
associated with increased future CVD risk.29

Polycystic ovarian syndrome (PCOS). PCOS is the most common
endocrine disorder in women and girls of reproductive age and
is considered a high-risk vascular condition.30,31 In addition
to polycystic ovaries, and symptoms and signs of chronic
anovulation and hyperandrogenism, this condition is associ-
ated with central adiposity and insulin resistance. The latter
results in cardiometabolic abnormalities such as dyslipidemia,
hypertension, glucose intolerance, diabetes, and metabolic
syndrome, which increase CVD risk.32 In one large retro-
spective study, women with PCOS experienced a significant
increase in MI (hazard ratio [HR] 1.26), angina (HR 1.38)
and revascularization (HR 1.6), and their composite (HR
1.5), compared to matched controls.33

Menopausal status and estrogen-based therapies. Substantial evidence
exists to support the fact that higher estrogen levels as seen in
premenopausal women portend an anti-atherogenic car-
dioprotective effect resulting in advantageous protection from
CVD.34,35 However, an overlap of multiple factors can cause a
significant increase in CVD risk in the postmenopausal phase
of a woman’s lifespan. These factors include the following: a
rise in chronic low-grade inflammation; declining ovarian se-
cretions of estrogen and progesterone; and adverse changes in
body fat distribution, lipoproteins, and structural and func-
tional measures of vascular health (eg, increasing blood
pressure).36-38 Women with premature ovarian insufficiency or
early menopause, early (ages 40-45 years) and particularly
premature menopause (age < 40 years) have higher rates of
ischemic stroke, heart disease, and cumulative CVD mortality
rates, as compared to those who have a menopause onset at the
usual average age of 50 to 51 years.9,39 Women using com-
bined oral contraception pills are at 1.5-2-fold increased risk of
MI or stroke, with the highest risk observed in those taking
> 50 mcg of estrogen.40,41 Menopausal hormone therapy
increases the risk of stroke and thromboembolic events.42

Autoimmune diseases. Autoimmune diseases, such as rheumatoid
arthritis and systemic lupus erythematosus, affect 2.5 and 10



Figure 1. Comprehensive intersectional cardiovascular risk-factor assessment in women.9,10
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times more women than men.43 In addition to the increased
overall morbidity and mortality incidence associated with
these conditions, the systemic inflammation from autoim-
mune diseases increases the risk of premature CVD, including
ischemia and MI, both with and without obstructive coronary
arteries, as well as myopericarditis and valvular heart disease in
women.44-48

Malignancy. Malignancy increases the risk of CVD, including
ACS, and it is the most frequent cause of late morbidity and
mortality among cancer survivors.49,50 Women with a history
of breast cancer have a greater risk of dying from CVD,
compared to women without breast cancer.51 Breast cancer
treatments, including trastuzumab targeted therapy,
anthracycline-based chemotherapy, aromatase inhibitors, and
radiation therapy (especially for left-sided breast cancer) can
cause cancer therapyerelated cardiac dysfunction.52,53
Underrecognized, female-predominant, and intersec-
tional risk factors. Underrecognized risk factors may exist
independently or in combination, placing women at dispro-
portionately greater risk for CVD.

Social determinants of health. The impact of social determinants
of health (SDOH), such as socioeconomic status (SES),
mental health, geographic location, poverty, social isolation,
and violence, on CVD risk and outcomes is well docu-
mented.1,54 Systemic racism, not race, is a primary driver of
many adverse SDOH; racism is often experienced by women
of colour, and it should be considered when assessing
SDOH.55 Women with lower SES, especially those in ra-
cialized communities, are more susceptible to CVD than those
with higher SES.41,56 Low-income women have been shown
to have less access to cardiac catheterization, and they had a
higher 30-day mortality rate, compared to both higher-
income groups and men.57 Women living in rural, remote,
and on-reserve residences experience greater CVD risk factors,
morbidity, and mortality.1 When considering the SDOH as
underrecognized risk factors, the failure to recognize the role
of intersectionality under-prioritizes the roles our identities
can play in CVD development in women. Intersectionality
acknowledges the various identities possessed by an individual,
and how those identities intersect to generate oppression or
privilege.58,59 Having multiple identities can result in a po-
sition of relative power imbalance, and interactions with other
SDOH may reinforce and compound privilege,
discrimination, and/or inequities known to influence the
development of CVD in women.58

Recent studies have demonstrated that Indigenous people
and South Asians (SAs) in Canada, including women, who
were increasingly more socially disadvantaged had the highest
probability of CVD, compared to European and Chinese men
and women with the same level of social disadvantage.60,61

Indigenous (First Nations, Metis, and Inuit) women experi-
ence significant social, economic, and political inequalities,
which contribute to their elevated CVD risk, and in combi-
nation with increased traditional CVD risk factors (as
described earlier) result in higher rates of atherosclerotic CVD
(inclusive of MI, stroke, and peripheral vascular dis-
ease).23,62,63 In 2018, the Heart and Stroke Foundation of
Canada reported that Indigenous women in Canada develop
CVD at a younger age, are twice as likely to develop CVD,
and are 53% more likely to suffer from cardiovascular mor-
tality than non-Indigenous women.3 Colonial impact, inter-
generational trauma, and lack of access to healthcare systems
and healthcare professionals also contribute to the increased
incidence of cardiovascular morbidity and mortality in
Indigenous peoples.1

Ischemic heart disease is the leading cause of mortality in
the Black population in Canada.64 Cardiometabolic risk
factors such as type 2 DM, smoking, and HTN are more
prevalent in Black women, compared to Black men, and
compared to the White population.65 The risk of mortality
due to DM was approximately 25% higher for Black male
patients, and 48% higher for Black female patients,
compared with the risk for their respective White counter-
parts in the age-adjusted models. These relative increased
risks of mortality persisted for most causes of death after
adjustment for differences in important SDOH.64 Moreover,
these risk factors demonstrate a significant impact on the
earlier development of CVD, compared with other
ethnicities.65,66

SAs are at increased risk of atherosclerotic CVD, HTN,
and stroke, compared to Caucasians, and they have higher
hospitalization and mortality rates from atherosclerotic
CVD.61,66 MI and stroke occur 5-10 years earlier in SAs than
in other groups, including other ethnic communities.61,67 SAs
have at least a 2-fold higher prevalence of DM, and a higher
incidence of new-onset DM, which are significant traditional
risk factors for CVD and which contribute to CVD mortality
in this group.68 SA women with gestational diabetes are
3 times more likely to develop DM and have metabolic
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abnormalities at a lower body mass index and waist circum-
ference than other groups.61

Mental health. In the general population, the prevalence of
major depression is 1.7- to 2.0-fold higher in women than in
men.69 The higher prevalence in women is thought to be
related to hormonal, biological, and psychosocial factors.69-71

Increasing evidence has demonstrated an association between
depression and CVD development in women, increasing a
woman’s risk for adverse cardiac events by 50%-70%.72-74

One hypothesis is that women may be more vulnerable to
the adverse effects of psychological stressors through altered
neurobiological physiology, and that younger women may be
disproportionally susceptible to the adverse effects of stress in
terms of the risk of CVD.74 The evidence for anxiety as an
independent risk factor for CVD may not be as robust as the
evidence for depression. Some studies, however, have
demonstrated an association of anxiety with CVD, with
increased risk of CAD, stroke, heart failure, and cardiovascular
death.75

Sex-specific threshold for high-sensitivity cardiac
troponin

Along with clinical (history and physical examination) and
ECG findings, serologic assessment of cardiac troponins is a
key component in the diagnosis of acute MI, as it is detectable
in blood within hours after myocardial injury; elevation above
the 99th percentile upper reference limit is an indicator of
acute myocardial injury.76 Recently, hs-cTn assays have been
developed for use as a criterion in the diagnosis of ACS.

A diagnostic hs-cTn test result is considered to be one that
is greater than the 99th percentile upper reference limit (as
defined by the manufacturer of the assay used), or a 20% or
greater increment on serial testing.76 Serial hs-cTn testing is
performed if the initial result is less than the diagnostic
threshold or the onset of chest pain occurs less than 3 hours
prior to presentation. Levels of hs-cTn vary with sex (they are
higher in men) and age, and comorbid conditions such as
HTN and renal disease. The superiority of hs-cTn as a
biomarker for detection of sex-specific cardiac troponin dif-
ferences has improved the sensitivity in diagnosing MI in
women.19,77 In one study, the implementation of sex-specific
hs-cTn diagnostic thresholds resulted in a 2-fold increase in
the diagnosis of MI in women and improved the identification
of women at risk for future cardiac events.78 The ongoing hs-
cTndOptimizing the Diagnosis of Acute Myocardial
Infarction/Injury in Women (CODE-MI) clinical trial
(NCT03819894) is evaluating the effectiveness of the use of
sex-specific hs-cTn thresholds in the diagnosis of MI in EDs
across 24 sites in 8 provinces in Canada; the enrollment phase
has recently concluded, and the study is in a 2-year follow-up
phase.79

Pathophysiologic spectrum of acute chest-pain
syndromes in women

When ACS is suspected based upon the history (symp-
toms), ECG, and cardiac biomarker (hs-cTn) findings, the
differential diagnosis in a woman includes a spectrum of
clinical disorders, including those with a specific pathophysi-
ology distinct from that of a man, as detailed below.
Acute coronary syndromes. The classification of ACS ac-
cording to the 4th Universal Definition of MI 81 classifies
ACS as ST-elevation myocardial infarction (STEMI), or non-
ST-elevation ACS (NSTEACS), which includes non-STEMI
and unstable angina (UA). ACS requires rapid identification
in the acute care setting and must be identified early in pa-
tients presenting with chest pain or angina equivalents, with a
goal of both having an ECG performed and interpreted within
10 minutes of presentation, and having blood for hs-cTn
assessment drawn immediately. The diagnosis of UA is
defined by a history of ischemic chest pain at rest or minimal
exertion without acute myocardial necrosis (ie, normal hs-
cTn).76,80 Further classification systems use pathologic
mechanisms to risk-stratify based on coronary angiographic
diagnosis.81,82

The role of the ED in the acute assessment of chest pain is
to determine whether an ACS is occurring, and if emergency
(or urgent) cardiac catheterization is required, with appro-
priate testing and subsequent triage according to institutional
protocols (ie, STEMI activation, emergency cardiology
consultation, observation, or dismissal and outpatient evalu-
ation and/or follow-up). In the setting of an ACS, a long-
recognized difference, from observations in large study pop-
ulations, is that women are less likely to present with STEMI,
compared to men (27%-28% vs 35%-37%), and they are
more likely than men to have UA.82,83 Sex-unique higher risk
of initial and recurrent STEMI has been observed in female
patients with a history of prior pregnancy complications
including preeclampsia.84

Cardiac catheterization is performed emergently in patients
with STEMI, and urgently in patients with NSTEACS.
Findings at cardiac catheterization may reveal obstructive
CAD, nonobstructive CAD, or normal coronary arteries.
Coronary angiographic results in women more commonly
demonstrate nonobstructive CAD or normal coronary arteries,
compared to men; indeed, in up to 10% of all patients pre-
senting with ACS, and in up to one third of female patients,
no culprit coronary lesion is identified angiographically.85

STEMI. If clinical findings and ECG support the diagnosis of
STEMI or STEMI equivalents,86 the local STEMI pathway is
activated. For a primary percutaneous coronary intervention
centre (PPCI), the recommended “door-to-needle” time is �
90 minutes; for non-PPCI centres, it is < 120 minutes.
Fibrinolysis (within 12 hours of chest pain) can be considered
if a delay to PPCI of > 120 minutes occurs and no contra-
indications are present.87 If the travel time from a non-PPCI
to PPCI centre is � 120 minutes, the recommended course of
action is that the patient be transferred without prior fibri-
nolysis. 88

NSTEACS. Dynamic ECG changes of ST depression, transient
ST elevation, or T-wave inversion are noted in NSTEACS;
however, the ECG may be normal 30% of the time, and the
diagnosis is made based on abnormal hs-cTn levels. Impera-
tive steps are to initiate recommended early pharmacologic
therapy as per current guidelines,89 consult cardiology, and
follow the local NSTEACS protocol.

Type 1 MI defines myocardial necrosis confirmed when
coronary vessel occlusion by atherosclerotic plaque rupture or
erosion is identified on conventional angiography.83,9189
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Type 2 MI defines myocardial necrosis due to oxygen
supply and demand mismatch and may require further inva-
sive testing if conventional angiography is negative for coro-
nary occlusion.82,89 The differential diagnosis can include
female-predominant conditions, including MI or ischemia
with nonobstructive coronary artery disease ([M])INOCA,
due to coronary artery vasospasm or coronary microvascular
dysfunction (CMD), spontaneous coronary artery dissection
(SCAD), or thromboembolism. Stress-induced cardiomyopa-
thy (Takotsubo cardiomyopathy), another female-
predominant condition, is considered an MI-mimicker.
These conditions are summarized below and are further
detailed in the CWHHA ATLAS on the Epidemiology,
Diagnosis, and Management of Cardiovascular Disease in
Women, Chapter 5: Sex-and Gender-Unique Manifestations
of Cardiovascular Disease.10

Nonobstructive CAD. MINOCA represents 5%-15% of all
presentations for ACS, and it can be caused by atherosclerotic
or nonatherosclerotic etiologies (SCAD, vasospasm, coronary
microvascular disease, thromboembolic disease). Non-
obstructive CAD is defined as epicardial coronary artery oc-
clusion of < 50% on conventional angiography. MINOCA is
5 times more prevalent in women than in men, and the
typical patient is younger than 55 years. People of Black,
Hispanic, and Asian race are also at higher risk.90,91

Patients with nonobstructive CAD, so-called “normal” or
negative coronary angiograms, are often dismissed as having
noncardiac chest pain, thereby missing the opportunities for
recommended treatment.6 The Women’s Ischemia Syndrome
Evaluation WISE study92 demonstrated a significant 31%
CVD mortality in women with INOCA in 10-year follow-up.
Similarly, the Variation in Recovery: Role of Gender on
Outcomes of Young AMI Patients (VIRGO) study20

demonstrated that 1-year mortality rates were similar for
obstructive ACS and nonobstructive ACS.

SCAD. SCAD is a nonatherosclerotic separation of the coro-
nary arterial wall resulting in compromised coronary artery
blood flow and MI93; it is estimated to occur in approximately
4% of ACS presentations overall and is more common in
younger women. Over 90% of cases occur in women, and
chest pain is the most common presenting symptom.94

Traditional CVD risk factors and genetic risk for atheroscle-
rosis are not associated with SCAD.95

Vasospasm and coronary microvascular dysfunction. Coronary vaso-
spasm is more common (> 90%) in women than in men, and
angina usually occurs at rest. Diagnosis is confirmed when
intracoronary acetylcholine is administered during angiog-
raphy and the vasoconstrictive response is accompanied by
ST-segment elevation changes that appear simultaneously on
ECG and resolve with nitroglycerin.90 A rare subset of vaso-
spastic angina is allergic-mediated ACS, or Kounis syn-
drome,96 but it is reportedly not more common in women; an
elevated tryptase level may be useful in confirming the diag-
nosis.97 Coronary microvascular dysfunction is a structural
and functional abnormality of the coronary microvasculature,
which is approximately 5 times more common in women than
in men, often presenting with angina or dyspnea with exer-
tion, and diagnosis is assessed during coronary angiography
with physiologic reactivity testing.90,98
Stress-induced cardiomyopathy. Stress-induced cardiomyopathy,
also known as Takotsubo syndrome, most commonly
(> 90%) presents in postmenopausal women99 and is
considered a “mimicker” of ACS, occurring in approximately
1%-2% of patients100 in whom cardiac catheterization reveals
normal coronary arteries, but severe, most often reversible, left
ventricular dysfunction in a characteristic distribution not
relating to coronary artery perfusion.99 Typical symptoms of
ACS, such as chest pain and dyspnea are present, often with a
precursor of intense emotional or physical stress; the hs-cTn
level may be only minimally elevated. ECG changes can
show a pattern similar to that of myocarditis with ST elevation
followed by normalization, then inversion of T-waves. The
ECG also may show QT-prolongation, or left bundle branch
block, or may be completely normal.101
Other cardiopulmonary and noncardiac causes of chest
pain. Other noncoronary cardiopulmonary causes of acute
chest pain in women include aortic dissection, peri-
myocarditis, pulmonary embolism, heart failure, arrhyth-
mias, valvular disease, and hypertensive emergencies.19

Although acute aortic syndromes, including aortic dissec-
tion, aortic rupture, penetrating aortic ulcer, and intramural
hematoma, affect men more frequently than women, the
prognosis is worse in women.102 Female patients have a 40%
higher risk of mortality and a 3-fold increased risk of aortic
dissection or rupture as compared to the risk in male pa-
tients.103 Poorer outcomes in women are thought to be due to
the vascular changes secondary to menopausal transition, but
they remain incompletely understood.104,105 The prevalence
and risk factors of acute aortic syndromes in women rapidly
rise with age, leading to increased age of presentation.105 In
women, times from symptom onset to presentation, and from
presentation to diagnosis, are delayed.104 Moreover, female
patients with type A dissection are more commonly treated
conservatively than are their male counterparts. A bedside or
focused echocardiogram can be helpful in rapid initial
assessment, but chest CT (computerized tomography) is an
essential investigation to establish or exclude such
diagnoses.103

Noncardiac causes of acute chest pain in women may also
include hypoxia and hypovolemia due to supply-demand
mismatch, from conditions such as severe gastrointestinal
bleeding (anemia), sepsis, or stimulant and other toxin abuse
causing cardiovascular compromise, tachydysrhythmias, and
cardiogenic shock, all of which may also cause elevations in
cardiac troponin levels.19 These conditions must be differen-
tiated appropriately and managed by critical care intensivists.

Development of the algorithm

After considering the sex- and gender-unique aspects as
detailed above, the Chest Pain in Women in the Emergency
Department protocol was developed by utilizing a modified
dynamic programming algorithm.106 A generic, high-level,
horizontal, and vertical step algorithm (Fig. 2a) was
developed and comprises the following elements: (i) Input:
developing a problem statement and description, clinical data
collection, consequences and outcomes, and relationships
between data; (ii) rules and criteria: subproblems develop-
ment, variables, reassessment, and transition; and (iii) output:



Figure 2. (A) Generic modified dynamic programming algorithm. (B) Modified dynamic programming algorithm customized to women presenting to
the emergency department with chest pain.
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proposals, optimal solutions, and follow-up. This algorithm
was then reconciled to the clinical scenario of chest pain in
women presenting to the ED (Fig. 2b), as follows: (i) input:
ACSs in women; scope and gravity of the problem, evidence,
impact, outcomes, risk factors and intersectionality, differen-
tial diagnosis; (ii) process and methods: needs assessment, tool
and subsection development, multi-stakeholder input and
expert consensus, peer review, modifications, and refinement;
(iii) output: strategies and publication; conversion to a pro-
tocol flowchart, journal submission, feasibility studies, and
implementation.

Following the posting of the “Chest Pain in Women in the
ED: Focus on Acute Coronary Syndrome” point-of-care
summary on the British Columbia Emergency Network site
in January 2022 (Supplemental Appendix S1), the Knowledge
Translation and Mobilization Working Group of the
CWHHA formed a committee to further expand the “ACS in
Women Checklist.”11 Input from multiple stakeholders,
including physicians (cardiologists, internists, emergency
physicians), allied health professionals (nurses, nurse practi-
tioners, physician assistants), and women with lived experi-
ence, was obtained, and additional adjustments and
enhancements to subsections of the document were made,
and expert consensus was achieved. The developed draft al-
gorithm was presented at the Canadian Women’s Heart
Health Summit in Vancouver on April 28, 2023. Feedback
and subsequent review by the Executive Committee of the
CWHHA resulted in further modifications and refinements,
and the final algorithm is presented in this document.
Results
The Chest Pain Protocol for Women in the ED is pre-

sented in Figure 3. The flow begins with the overarching
presentation of women with symptoms (chest pain or asso-
ciated symptoms) of acute MI, with or without CVD risk
factors (female-specific, traditional, underrecognized) leading
to consideration of “possible ACS.”19 This potential diagnosis
is then further evaluated by obtaining ECG and hs-cTn as-
sessments. Following the ECG pathway, and depending on
the presence or absence of characteristic ST-T changes,
women are diagnosed and treated for STEMI or NSTEACS as
per standard protocols and guidelines.87,89 For those with
ECG findings of an acute STEMI, a “door-to-balloon”
benchmark time of < 120 minutes for PPCI, and if unavai-
lable, fibrinolysis, with “door-to-needle” time of within
90 minutes, is recommended.87,88.89.107

In the presence of ECG findings that do not indicate
STEMI, the hs-cTn pathway is followed, and depending on
whether the troponin levels are diagnostic of ACS (greater
than 99th percentile of the upper reference limit), non-
diagnostic, or normal, women are evaluated for NSTEACS.
Nondiagnostic elevations of hs-cTn level would suggest
possible angina (ischemia without myocardial injury), or
other cardiopulmonary causes, such as acute aortic dissec-
tion, pericarditis, myocarditis, pulmonary embolism, heart
failure, valvular heart disease, hypertensive emergency, or
arrhythmias. Alternatively, noncardiac causes such as supply-
demand mismatch (anemia, toxins, sepsis) must be
considered.19,108



Figure 3. Chest-pain protocol for women in the emergency department. ACS, acute coronary syndrome; ASCVD, atherosclerotic cardiovascular
disease; CAD, coronary artery disease; CMD, coronary microvascular dysfunction; ECG, electrocardiogram; GDMT, guideline-directed medical
therapy; hs-cTn, high sensitivity cardiac troponin; MINOCA, myocardial infarction or ischemia with nonobstructive coronary arteries; NSTEACS, none
ST elevation acute coronary syndrome; PCI, percutaneous coronary intervention; SCAD, spontaneous coronary artery dissection; STEMI, ST-
elevation myocardial infarction.y Diagnostic troponin: > 99th percentile upper reference limit or a 20% elevation on serial testing.
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For the clinical scenario of possible angina, to further identify
patients with increased risk of coronary ischemia, a repeat hs-cTn
test is ordered if the symptoms have occurred < 3 hours prior to
ED presentation. If the troponin rises above 20% from the pre-
vious level, the patient is considered to haveACS (NSTEACS) and
is treated accordingly. If the repeat (2nd) troponin level is un-
changed, or increases� 20%, guideline-directed medical therapy
shouldbe initiatedor increased, in thosewith establishedCADand
those diagnosed with ischemia.109-111

Patients with suspected CAD or UA with normal or
nondiagnostic ECG findings and a normal troponin level,
should have urgent referral to a cardiologist or internal
medicine specialist for further management.112

Next steps: evaluation and implementation of the
algorithm

Tertiary and community hospital EDs, and rural acute care
settings across the country will be recruited to assess imple-
mentation and impact of the algorithmic protocol as a quality
improvement initiative. The multicentre, prospective, obser-
vational feasibility assessment of the “Chest Pain Protocol for
Women Presenting to the Emergency Department” will be
followed by determination of outcomes, with a comparison of
historical matched 30-day and longer-term cardiovascular
mortality outcomes associated with “usual practice” (prior to
utilization of the protocol), to those after implementation of
the protocol in the participating sites.
Discussion
The main goal of our project was to develop an easy-to-

follow algorithm incorporating existing evidence-based
guidelines, while recognizing current knowledge gaps for the
acute assessment of chest pain in women as addressed through
expert consensus of available information. This algorithm
could be posted in Eds, to increase provider awareness of
female-specific risk factors, female-predominant symptoms,
signs, and cardiac conditions that disproportionately affect
female patients. We anticipate that this use of the algorithm
may reduce diagnosis and treatment delays in women, a
population that has been underserved in this context, with
resulting poorer outcomes. This tool may help to ensure that
timely management occurs, and that treatments and referrals
are made to appropriate procedures and specialists, to improve
cardiovascular outcomes in women. The protocol can be made
available on the https://cwhha.ca/ website, and it can be
shared with professional medical associations.

We chose to pursue this project because women at risk for
CVD unfortunately remain immersed in a milieu of “under-
s”dthey are under-informed, under-investigated, under-
diagnosed, undertreated, and underrepresented in clinical
trials.36 The diagnosis of ACS in women presenting to the ED
has proven to be complex and challenging. Previous studies
have found that more than 50% of heart attack symptoms in
women are not recognized.3,21 Moreover, sex- and gender-
unique differences exist in chest pain and other associated

https://cwhha.ca/


Jaffer et al. 525
Development of Chest-Pain Protocol for Women in ER
symptoms, and women are more likely to present with 3 or
more symptoms in addition to chest pain.18,21 The patho-
physiology of CVD may also differ.10 As detailed above,
MINOCA accounts for 6%-15% of all ACS, is 5 times more
common in women, can be caused by both atherosclerotic and
sex-predominant nonatherosclerotic etiologies, and portends a
poor prognosis if not appropriately recognized and treated.
Recognizing this, a Canadian Cardiovascular Society Clinical
Practice Update addressing MINOCA is currently in press.

The awareness of sex-unique, and sex-predominant CVD
risk factors and ACS pathologies is essential to enable rapid
diagnosis, and treatment, to improve outcomes. Creation of
an easily accessible chest-pain algorithm created through a sex
and gender lens may improve awareness of the dissimilarities
and disparities between women and men presenting with
ACS, which continue to exist in assessment of clinical pre-
sentation (comorbidities, risk factors) and to impact access to
and delivery of quality medical care, and outcomes.113 A
recent scoping literature review highlighted the gender biases
that contribute to these delays in recognition, diagnosis, and
treatment of ACS.114 Women are less likely to undergo cor-
onary angiography and revascularization (odds ratio 0.78),
and those who do are more likely to experience periprocedural
complications or death (odds ratio 1.51), to have non-
obstructive CAD, and to not receive appropriate treatment
due to significant referral delays.115,116 Delays in “symptom-
to-door” and “door-to-balloon” times have been shown to
result in 30 more minutes of total ischemic time in women
than in men. Women also receive less guideline-based ACS
therapies, such as dual-antiplatelet therapy, angiotensin-
converting enzyme (ACE) inhibitors, statins, and beta-
blockers at index admission.117-119 Unfortunately, these dis-
parities also extend to the recovery phase after an ACS: only
14% of women, as compared to 22% of men, participated in
cardiac rehabilitation after an MI,120 and women had a 36%
lower enrollment rate than men in those with an eligible
referral diagnosis, influenced by factors such as physician bias
and social support (77% with high levels of support, vs 33%
with low levels, attended cardiac rehabilitation).

To mitigate these significant gaps, calls-to-action have been
made to establish sex- and gender-specific diagnostic protocols
and recommendations for women presenting to the ED with
symptoms and signs suggestive of ACS.121 However, to our
knowledge, only one study, at a single centre, utilizing a 4-
step checklist found that a systems-based approach to
STEMI care reduced sex disparities and improved care and
outcomes in women,122 but this study did not address other
causes of chest-pain presentations to the ED.

Although we have focused our work on developing a pro-
tocol to assess chest-pain symptomatology in women presenting
to the ED, we did not explore sex disparities from the
perspective of CVD diagnosis in the ED. However, such
exploration has been done recently in a report123 including over
20 million cardiovascular ED encounters (48.7% women;
median age was 67 years [interquartile range, 54-78]) in the
US. The most common ED encounters were essential hyper-
tension (16.0%), hypertensive heart or kidney disease (14.1%),
and atrial fibrillation and/or flutter (10.2%) in women, whereas
for men, the most common encounters were hypertensive heart
or kidney disease (14.7%), essential hypertension (10.8%), and
acute MI (10.7%). Women were more likely to present with
essential HTN, hypertensive crisis, atrial fibrillation and/or
flutter, supraventricular tachycardia, pulmonary embolism, or
ischemic stroke. Women with aortic aneurysm and/or dissec-
tion had higher odds of hospitalization and death, whereas men
were more likely to die following presentations with hyper-
tensive heart or kidney disease, atrial fibrillation and/or flutter,
acute MI, or cardiac arrest.123 Although no information was
provided regarding the approach to initial ED diagnosis as it
related to outcomes, this report suggests that we may need to
consider developing additional symptom-based algorithmic
protocols, through a sex and gender lens, to further address sex
disparities in ED presentations.

Our findings are based upon literature review and expert
consensus opinion, and we cannot be certain that women
from different races, ethnicities, and Indigeneity, as well as
other SDOH groups were appropriately represented. We
aimed to reduce the risk of potential investigator bias by doing
broad literature searches in PubMed and Google Scholar, and
reviewing international chest-pain guidelines. The algorithm
was reviewed by key stakeholders within the CWHHA
representative of different genders, races and ethnicities,
including people with lived experience, medical and allied
health professionals, and consensus was achieved within this
group. However, the appropriateness of extrapolating the re-
sults to all populations cannot be ensured.
Conclusions
Significant knowledge and care gaps persist in women’s

cardiovascular health, and CVD-related morbidity and mor-
tality rates remain high in women. Only a paucity of sex- and
gender-specific CVD protocols exist in Canada. We describe
the development of an algorithmic protocol for women who
present to the ED acutely with chest pain. The protocol ad-
dresses the intersectionality of traditional, female-specific, and
underrecognized CVD risk factors in the differential diagnosis
of ACS as viewed through a sex and gender lens. The chest-
pain protocol is unique, comprehensive, and easy-to-follow.
This quality-improvement initiative, which is generalizable to
all acute and urgent care settings, has the potential to improve
cardiovascular care for women and result in better outcomes.
Acknowledgements
The authors gratefully acknowledge the contributions of

Jill Bruneau, Karen Jacques, Christine Pacheco, Helen Rob-
ert, Najah Adreak, Lorraine Avery, Bonnie Quinlan, and
Freya Kelly; and thank the following staff of the Canadian
Women’s Heart Health Alliance: Anice Wong, Lisa Comber,
and Manu Sandhu (graphic designer) for their assistance and
support in this publication.
Ethics Statement
The research reported has adhered to the relevant ethical

guidelines.
Patient Consent
The authors confirm that patient consent is not applicable

to this article. This is a review article and does not contain
unique patient data; therefore, no IRB consent was required.



526 CJC Open
Volume 6 2024
Funding Sources
This project was supported, in part, through funding from

the Canadian Women’s Heart Health Alliance and the Uni-
versity of Ottawa Heart Institute Foundation.
Disclosures
The authors have no conflicts of interest to disclose.

References

1. Jaffer S, Foulds HJA, Parry M, et al. The Canadian Women’s Heart
Health Alliance atlas on the epidemiology, diagnosis, and management
of cardiovascular disease in womendChapter 2: scope of the problem.
CJC Open 2020;3:1-11.

2. Statistics Canada. Leading causes of death, total population, by age
group. Available at: https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?
pid ¼ 1310039401. Accessed November 24, 2023.

3. Heart and Stroke Foundation of Canada. Ms.Understood: Women’s
hearts are victims of a system that is ill-equipped to diagnose, treat and
support them. Available at: https://www.heartandstroke.ca/-/media/pdf-
files/canada/2018-heart-month/hs_2018-heart-report_en.ashx. Accessed
November 24, 2023.

4. Lopez AD, Adair T. Cardiovascular disease: Is the long-term decline in
cardiovascular-disease mortality in high-income countries over? Evi-
dence from national vital statistics. Int J Epidemiol 2019;48:1815-23.

5. Arora S, Stouffer GA, Kucharska-Newton AM, et al. Twenty-year trends
and sex differences in young adults hospitalized with acute myocardial
infarction. Circulation 2019;139:1047-56.

6. Gulati M, Khan N, George M, et al. Ischemia with no obstructive
coronary artery disease (INOCA): a patient self-report quality of life
survey from INOCA international. Int J Cardiol 2023;371:28-39.

7. Stehli J, Duffy SJ, Burgess S, et al. Sex disparities in myocardial
infarction: biology or bias? Heart Lung Circ 2021;30:18-26.

8. Gulati M. Yentl’s bikini: sex differences in STEMI. J Am Heart Assoc
2019;8:e012873.

9. Mulvagh SL, Mullen KA, Nerenberg KA, et al. The Canadian Women’s
Heart Health Alliance atlas on the epidemiology, diagnosis, and man-
agement of cardiovascular disease in womendChapter 4: sex- and
gender-unique disparities: CVD across the lifespan of a woman. CJC
Open 2022;4:115-32.

10. Pacheco C, Mullen KA, Coutinho T, et al. The Canadian Women’s
Heart Health Alliance atlas on the epidemiology, diagnosis, and man-
agement of cardiovascular disease in womendChapter 5: sex- and
gender-unique manifestations of cardiovascular disease. CJC Open
2022;4:243-62.

11. Canadian Women’s Heart Health Centre. Chest pain in women in the
ER: focus on acute coronary syndrome. Available at: https://cwhhc.
ottawaheart.ca/sites/default/files/Alliance/ER/chest_pain_in_women_in
_the_ed_focus_on_acs_august_2022.pdf. Accessed November 24,
2023.

12. Canadian Women’s Heart Health Centre. Canadian Women’s Heart
Health Alliance. Available at: https://cwhhc.ottawaheart.ca/national-
alliance/cwhha. Accessed November 24, 2023.

13. Norris CM, Yip CYY, Nerenberg KA, et al. State of the science in
women’s cardiovascular disease: a Canadian perspective on the influence
of sex and gender. J Am Heart Assoc 2020;9:e015634.
14. Colella TJF, Hardy M, Hart D, et al. The Canadian Women’s Heart
Health Alliance atlas on the epidemiology, diagnosis, and management
of cardiovascular disease in womendChapter 3: patient perspectives.
CJC Open 2021;3:229-35.

15. Tegg NL, Desmarais OH, Lindsay MP, et al. A survey of female-specific
cardiovascular protocols in emergency departments in Canada. CJC
Open 2023;5:107-11.

16. Zaslow J, Lee S. HiQuiPs: optimizing your diagnostic reason-
ingdthemes from CMPA medico-legal cases. Available at: https://www.
hiquips.com/post/optimizing-diagnostic-reasoning-cmpa-medico-legal-cases.
Accessed January 29, 2024.

17. Cortel-LeBlanc MA, Lemay K, Woods S, et al. Medico-legal risk and
use of medical directives in the emergency department. Can J Emerg
Med 2023;25:589-97.

18. Ferry AV, Anand A, Strachan FE, et al. Presenting symptoms in men
and women diagnosed with myocardial infarction using sex-specific
criteria. J Am Heart Assoc 2019;8:e102307.

19. Gulati M, Levy PD, Mukherjee D, et al. 2021 AHA/ACC/ASE/
CHEST/SAEM/SCCT/SCMR guideline for the evaluation and diag-
nosis of chest pain: a report of the American College of Cardiology/
American Heart Association Joint Committee on Clinical Practice
Guidelines. Circulation 2021;144:e368-454.

20. Safdar B, Spatz ES, Dreyer RP, et al. Presentation, clinical profile, and
prognosis of young patients with myocardial infarction with non-
obstructive coronary arteries (MINOCA): results from the VIRGO
Study. J Am Heart Assoc 2018;7:e009174.

21. Lichtman JH, Leifheit EC, Safdar B, et al. Sex differences in the pre-
sentation and perception of symptoms among young patients with
myocardial infarction. Circulation 2018;137:781-90.

22. Kaur G, De Oliveira-Gomes D, Rivera FB, Gulati M. Chest pain in
women: considerations from the 2021 AHA/ACC Chest Pain Guide-
line. Curr Probl Cardiol 2023;48:101697.

23. Vogel B, Acevedo M, Appelman Y, et al. The Lancet Women and
Cardiovascular Disease Commission: reducing the global burden by
2030. Lancet 2021;397:2385-438.

24. Garcia M, Mulvagh SL, Bairey Merz CN, Buring JE, Manson JE.
Cardiovascular disease in women. Circ Res 2016;118:1273-93.

25. Woodard GA, Brooks MM, Barinas-Mitchell E, et al. Lipids, meno-
pause, and early atherosclerosis in Study of Women’s Health Across the
Nation. Menopause 2011;18:376-84.

26. Davis MB, Walsh MN. Cardio-obstetrics: team-based care to improve
maternal outcomes. Circ Cardiovasc Qual Outcomes 2019;12:e005417.

27. Bilhartz TD, Bilhartz PA, Bilhartz TN, Bilhartz RD. Making use of a
natural stress test: pregnancy and cardiovascular risk. J Womens Health
2011;20:695-701.

28. Lisonkova S, Bartholomew S, Rouleau J, et al. Temporal trends in
maternal mortality in Canada I: estimates based on vital statistics data.
J Obstetr Gynaecol Can 2011;33:1011-9.

29. Grandi SM, Filion KB, Yoon S, et al. Cardiovascular disease-related
morbidity and mortality in women with a history of pregnancy com-
plications. Circulation 2019;139:1069-79.

30. Osibogun O, Ogunmoroti O, Michos ED. Polycystic ovary syndrome
and cardiometabolic risk: opportunities for cardiovascular disease pre-
vention. Trends Cardiovasc Med 2020;30:399-404.

http://refhub.elsevier.com/S2589-790X(23)00371-2/sref1
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref1
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref1
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref1
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref1
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid%20=%201310039401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid%20=%201310039401
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid%20=%201310039401
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx
https://www.heartandstroke.ca/-/media/pdf-files/canada/2018-heart-month/hs_2018-heart-report_en.ashx
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref4
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref4
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref4
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref5
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref5
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref5
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref6
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref6
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref6
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref7
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref7
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref8
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref8
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref9
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref10
https://cwhhc.ottawaheart.ca/sites/default/files/Alliance/ER/chest_pain_in_women_in_the_ed_focus_on_acs_august_2022.pdf
https://cwhhc.ottawaheart.ca/sites/default/files/Alliance/ER/chest_pain_in_women_in_the_ed_focus_on_acs_august_2022.pdf
https://cwhhc.ottawaheart.ca/sites/default/files/Alliance/ER/chest_pain_in_women_in_the_ed_focus_on_acs_august_2022.pdf
https://cwhhc.ottawaheart.ca/national-alliance/cwhha
https://cwhhc.ottawaheart.ca/national-alliance/cwhha
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref13
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref13
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref13
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref14
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref14
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref14
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref14
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref14
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref15
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref15
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref15
https://www.hiquips.com/post/optimizing-diagnostic-reasoning-cmpa-medico-legal-cases
https://www.hiquips.com/post/optimizing-diagnostic-reasoning-cmpa-medico-legal-cases
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref17
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref17
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref17
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref18
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref18
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref18
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref19
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref19
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref19
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref19
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref19
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref20
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref20
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref20
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref20
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref21
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref21
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref21
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref22
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref22
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref22
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref23
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref23
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref23
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref24
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref24
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref25
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref25
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref25
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref26
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref26
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref27
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref27
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref27
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref28
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref28
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref28
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref29
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref29
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref29
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref30
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref30
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref30


Jaffer et al. 527
Development of Chest-Pain Protocol for Women in ER
31. Palomba S, Santagni S, Falbo A, La Sala GB. Complications and
challenges associated with polycystic ovary syndrome: current perspec-
tives. Int J Womens Health 2015;7:745-63.

32. Kowalska I, Straczkowski M, Nikolajuk A, et al. Serum visfatin in
relation to insulin resistance and markers of hyperandrogenism in lean
and obese women with polycystic ovary syndrome. Hum Reprod
2007;22:1824-9.

33. Berni TR, Morgan CL, Rees DA. Women with polycystic ovary syn-
drome have an increased risk of major cardiovascular events: a popu-
lation study. J Clin Endocrinol Metab 2021;106:e3369-80.

34. Medina D, Mehay D, Arnold AC. Sex differences in cardiovascular
actions of the renineangiotensin system. Clin Auton Res 2020;30:
393-408.

35. Barrett-Connor E. Menopause, atherosclerosis, and coronary artery
disease. Curr Opin Pharmacol 2013;13:186-91.

36. El Khoudary SR, Aggarwal B, Beckie TM, et al. Menopause transition
and cardiovascular disease risk: implications for timing of early pre-
vention: a scientific statement from the American Heart Association.
Circulation 2020;142:e506-32.

37. Ober C, Loisel DA, Gilad Y. Sex-specific genetic architecture of human
disease. Nat Rev Genet 2008;9:911-22.

38. McCarthy M, Raval AP. The peri-menopause in a woman’s life: a
systemic inflammatory phase that enables later neurodegenerative dis-
ease. J Neuroinflammation 2020;17:317.

39. Li Y, Zhao D, Wang M, et al. Combined effect of menopause and
cardiovascular risk factors on death and cardiovascular disease: a cohort
study. BMC Cardiovasc Disord 2021;21:109.

40. Roach REJ, Helmerhorst FM, Lijfering WM, et al. Combined oral
contraceptives: the risk of myocardial infarction and ischemic stroke.
Cochrane Database Syst Rev 2015;2018:CD011054.

41. Kandasamy S, Anand SS. Cardiovascular disease among women from
vulnerable populations: a review. Can J Cardiol 2018;34:450-7.

42. Abramson BL, Black DR, Christakis MK, Fortier M, Wolfman W.
Guideline No. 422e: menopause and cardiovascular disease. J Obstetr
Gynaecol Can 2021;43:1438-14343.e1.

43. Mavrogeni SI, Markousis-Mavrogenis G, Koutsogeorgopoulou L, et al.
Pathophysiology and imaging of heart failure in women with autoim-
mune rheumatic diseases. Heart Fail Rev 2019;24:489-98.

44. Moran CA, Collins LF, Beydoun N, et al. Cardiovascular implications
of immune disorders in women. Circ Res 2022;130:593-610.

45. Sintek MA, Sparrow CT, Mikuls TR, et al. Repeat revascularisation
outcomes after percutaneous coronary intervention in patients with
rheumatoid arthritis. Heart 2016;102:363-9.

46. McCoy SS, Crowson CS, Maradit-Kremers H, et al. Longterm out-
comes and treatment after myocardial infarction in patients with
rheumatoid arthritis. J Rheumatol 2013;40:605-10.

47. Mantel Ä, Holmqvist M, Jernberg T, Wållberg-Jonsson S, Askling J.
Rheumatoid arthritis is associated with a more severe presentation of
acute coronary syndrome and worse short-term outcome. Eur Heart J
2015;36:3413-22.

48. Prasad M, Hermann J, Gabriel SE, et al. Cardiorheumatology: cardiac
involvement in systemic rheumatic disease. Nat Rev Cardiol 2015;12:
168-76.

49. Lancellotti P, Marechal P, Donis N, Oury C. Inflammation, cardio-
vascular disease, and cancer: a common link with far-reaching impli-
cations. Eur Heart J 2019;40:3910-2.
50. Lucà F, Parrini I, Abrignani MG, et al. Management of acute coronary
syndrome in cancer patients: It’s high time we dealt with It. J Clin Med
2022;11:1792.

51. Patnaik JL, Byers T, DiGuiseppi C, Dabelea D, Denberg TD. Car-
diovascular disease competes with breast cancer as the leading cause of
death for older females diagnosed with breast cancer: a retrospective
cohort study. Breast Cancer Res 2011;13:R64.

52. Perez EA, de Haas SL, Eiermann W, et al. Relationship between tumor
biomarkers and efficacy in MARIANNE, a phase III study of trastu-
zumab emtansine � pertuzumab versus trastuzumab plus taxane in
HER2-positive advanced breast cancer. BMC Cancer 2019;19:517.

53. Cherukuri SP, Chikatimalla R, Dasaradhan T, et al. Breast cancer and
the cardiovascular disease: a narrative review. Cureus 2022;14:e27917.

54. Government of Canada. Social determinants of health and health
inequalities. Available at: https://www.canada.ca/en/public-health/
services/health-promotion/population-health/what-determines-health.
html. Accessed November 24, 2023.

55. Paradies Y, Ben J, Denson N, et al. Racism as a determinant of health: a
systematic review and meta-analysis. PLoS One 2015;10:e0138511.

56. Flink LE, Sciacca RR, Bier ML, Rodriguez J, Giardina EV. Women at
risk for cardiovascular disease lack knowledge of heart attack symptoms.
Clin Cardiol 2013;36:133-8.

57. Fabreau GE, Leung AA, Southern DA, et al. Sex, socioeconomic status,
access to cardiac catheterization, and outcomes for acute coronary
syndromes in the context of universal healthcare coverage. Circ Car-
diovasc Qual Outcomes 2014;7:540-9.

58. Hankivsky O, Cormier R, De Merich D. Intersectionality: moving
women’s health research and policy forward. Available at: https://cewh.
ca/wp-content/uploads/2012/05/2009_IntersectionaliyMovingwomens
healthresearchandpolicyforward.pdf. Accessed November 25, 2023.

59. Al-Faham H, Davis AM, Ernst R. Intersectionality: from theory to
practice. Annu Rev Law Soc Sci 2019;15:247-65.

60. Kreatsoulas C, Anand SS. The impact of social determinants on car-
diovascular disease. Can J Cardiol 2010;26:8C-13C.

61. Rana A, de Souza RJ, Kandasamy S, Lear SA, Anand SS. Cardiovascular
risk among South Asians living in Canada: a systematic review and
meta-analysis. CMAJ Open 2014;2:E183-91.

62. Foulds HJA, Bredin SSD, Warburton DER. Ethnic differences in
vascular function and factors contributing to blood pressure. Can J
Public Health 2018;109:316-26.

63. Prince SA, McDonnell LA, Turek MA, et al. The state of affairs for
cardiovascular health research in Indigenous women in Canada: a
scoping review. Can J Cardiol 2018;34:437-49.

64. Tjepkema M, Christidis T, Olaniyan T, Hwee J. Mortality inequities of
Black adults in Canada. Health Rep 2023;34:3-16.

65. Tu JV, Chu A, Rezai MR, et al. Incidence of major cardiovascular
events in immigrants to Ontario, Canada. Circulation 2015;132:
1549-59.

66. Chiu M, Maclagan LC, Tu JV, Shah BR. Temporal trends in cardio-
vascular disease risk factors among white, South Asian, Chinese and
Black groups in Ontario, Canada, 2001 to 2012: a population-based
study. BMJ Open 2015;5:e007232.

67. Volgman AS, Palaniappan LS, Aggarwal NT, et al. Atherosclerotic
cardiovascular disease in South Asians in the United States: epidemi-
ology, risk factors, and treatments: a scientific statement from the
American Heart Association. Circulation 2018;138:e1-34.

http://refhub.elsevier.com/S2589-790X(23)00371-2/sref31
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref31
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref31
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref32
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref32
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref32
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref32
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref33
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref33
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref33
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref34
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref34
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref34
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref34
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref35
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref35
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref36
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref36
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref36
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref36
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref37
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref37
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref38
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref38
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref38
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref39
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref39
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref39
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref40
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref40
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref40
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref41
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref41
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref42
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref42
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref42
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref43
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref43
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref43
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref44
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref44
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref45
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref45
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref45
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref46
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref46
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref46
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref47
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref47
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref47
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref47
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref48
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref48
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref48
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref49
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref49
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref49
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref50
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref50
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref50
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref51
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref51
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref51
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref51
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref52
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref52
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref52
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref52
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref52
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref53
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref53
https://www.canada.ca/en/public-health/services/health-promotion/population-health/what-determines-health.html
https://www.canada.ca/en/public-health/services/health-promotion/population-health/what-determines-health.html
https://www.canada.ca/en/public-health/services/health-promotion/population-health/what-determines-health.html
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref55
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref55
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref56
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref56
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref56
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref57
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref57
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref57
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref57
https://cewh.ca/wp-content/uploads/2012/05/2009_IntersectionaliyMovingwomenshealthresearchandpolicyforward.pdf
https://cewh.ca/wp-content/uploads/2012/05/2009_IntersectionaliyMovingwomenshealthresearchandpolicyforward.pdf
https://cewh.ca/wp-content/uploads/2012/05/2009_IntersectionaliyMovingwomenshealthresearchandpolicyforward.pdf
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref59
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref59
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref60
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref60
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref61
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref61
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref61
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref62
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref62
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref62
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref63
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref63
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref63
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref64
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref64
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref65
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref65
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref65
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref66
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref66
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref66
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref66
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref67
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref67
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref67
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref67


528 CJC Open
Volume 6 2024
68. Palaniappan L, Garg A, Enas E, et al. South Asian cardiovascular disease
& cancer risk: genetics & pathophysiology. J Community Health
2018;43:1100-14.

69. Albert PR. Why is depression more prevalent in women? J Psychiatry
Neurosci 2015;40:219-21.

70. Keita GP. Psychosocial and cultural contributions to depression in
women: considerations for women midlife and beyond. J Manag Care
Pharm 2007;13(9 Suppl A):12-5.

71. Möller-Leimkühler AM. Higher comorbidity of depression and car-
diovascular disease in women: a biopsychosocial perspective. World J
Biol Psychiatry 2010;11:922-33.

72. Hare DL, Toukhsati SR, Johansson P, Jaarsma T. Depression and
cardiovascular disease: a clinical review. Eur Heart J 2014;35:1365-72.

73. Vaccarino V, Badimon L, Corti R, et al. Ischaemic heart disease in
women: are there sex differences in pathophysiology and risk factors?
Position paper from the Working Group on Coronary Pathophysiology
and Microcirculation of the European Society of Cardiology. Cardiovasc
Res 2011;90:9-17.

74. Vaccarino V, Bremner JD. Behavioral, emotional and neurobiological
determinants of coronary heart disease risk in women. Neurosci Bio-
behav Rev 2017;74:297-309.

75. Ryder AL, Cohen BE. Evidence for depression and anxiety as risk factors
for heart disease and stroke: implications for primary care. Fam Pract
2021;38:365-7.

76. Domienik-Karłowicz J, Kupczy�nska K, Michalski B, et al. Fourth
universal definition of myocardial infarction. Selected messages from the
European Society of Cardiology document and lessons learned from the
new guidelines on ST-segment elevation myocardial infarction and non-
ST-segment elevation-acute coronary syndrome. Cardiol J 2021;28:
195-201.

77. Bhatia PM, Daniels LB. Highly sensitive cardiac troponins: the evidence
behind sex-specific cutoffs. J Am Heart Assoc 2020;9:e015272.

78. Lee KK, Ferry AV, Anand A, et al. Sex-specific thresholds of high-
sensitivity troponin in patients with suspected acute coronary syn-
drome. J Am Coll Cardiol 2019;74:2032-43.

79. Izadnegahdar M. hs-cTndOptimizing the Diagnosis of Acute
Myocardial Infarction/Injury in Women (CODE-MI). Available at:
https://codemicanada.com/. Accessed November 24, 2023.

80. Collet JP, Thiele H, Barbato E, et al. 2020 ESC guidelines for the
management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation. Eur Heart J 2021;42:
1289-367.

81. Chapman AR, Sandoval Y. Type 2 myocardial infarction: evolving ap-
proaches to diagnosis and risk-stratification. Clin Chem 2021;67:61-9.

82. Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of
myocardial infarction (2018). J Am Coll Cardiol 2018;72:2231-64.

83. Jneid H, Fonarow GC, Cannon CP, et al. Sex differences in medical
care and early death after acute myocardial infarction. Circulation
2008;118:2803-10.

84. Grand’Maison S, Pilote L, Schlosser K, et al. Clinical features and
outcomes of acute coronary syndrome in women with previous preg-
nancy complications. Can J Cardiol 2017;33:1683-92.

85. Mehta LS, Beckie TM, DeVon HA, et al. Acute myocardial infarction
in women. Circulation 2016;133:916-47.
86. Birnbaum Y, Ye Y, Smith SW, Jneid H. Rapid diagnosis of STEMI
equivalent in patients with left bundle-branch block: Is it feasible? J Am
Heart Assoc 2021;10:e023275.

87. Engel Gonzalez P, Omar W, Patel KV, et al. Fibrinolytic strategy for
ST-segmenteelevation myocardial infarction: a contemporary review in
context of the COVID-19 pandemic. Circ Cardiovasc Interv, 2020:
13e009622.

88. Wong GC, Welsford M, Ainsworth C, et al. 2019 Canadian Cardio-
vascular Society/Canadian Association of Interventional Cardiology
guidelines on the acute management of ST-elevation myocardial
infarction: focused update on regionalization and reperfusion. Can J
Cardiol 2019;35:107-32.

89. Byrne RA, Rossello X, Coughlan JJ, et al. 2023 ESC guidelines for the
management of acute coronary syndromes. Eur Heart J 2023;44:
3720-826.

90. Tamis-Holland JE, Jneid H, Reynolds HR, et al. Contemporary diag-
nosis and management of patients with myocardial infarction in the
absence of obstructive coronary artery disease: a scientific statement
from the American Heart Association. Circulation 2019;139:e891-908.

91. Pacheco Claudio C, Quesada O, Pepine CJ, Noel Bairey Merz C. Why
names matter for women: MINOCA/INOCA (myocardial infarction/
ischemia and no obstructive coronary artery disease). Clin Cardiol
2018;41:185-93.

92. Kenkre TS, Malhotra P, Johnson BD, et al. Ten-year mortality in the
WISE Study (Women’s Ischemia Syndrome Evaluation). Circ Car-
diovasc Qual Outcomes 2017;10:e003863.

93. Hayes SN, Kim ESH, Saw J, et al. Spontaneous coronary artery
dissection: current state of the science: a scientific statement from the
American Heart Association. Circulation 2018;137:e523-57.

94. Luong C, Starovoytov A, Heydari M, et al. Clinical presentation of
patients with spontaneous coronary artery dissection. Catheter Car-
diovasc Interv 2017;89:1149-54.

95. Saw J, Yang ML, Trinder M, et al. Chromosome 1q21.2 and additional
loci influence risk of spontaneous coronary artery dissection and
myocardial infarction. Nat Commun 2020;11:4432.

96. Maragkoudakis S, Hamilos M, Kallergis E, Vardas P. Type 2 Kounis
syndrome in an allergic woman: an uncommon presentation of acute
coronary syndrome. J Cardiol Cases 2013;8:176-8.

97. Giovannini M, Koniari I, Mori F, et al. Kounis syndrome: a clinical
entity penetrating from pediatrics to geriatrics. J Geriatr Cardiol
2020;17:294-9.

98. Ong P, Camici PG, Beltrame JF, et al. International standardization of
diagnostic criteria for microvascular angina. Int J Cardiol 2018;250:
16-20.

99. Pattisapu VK, Hao H, Liu Y, et al. Sex- and age-based temporal trends
in Takotsubo syndrome incidence in the United States. J Am Heart
Assoc 2021;10:e019583.

100. Ahmad SA, Brito D, Khalid N, Ibrahim MA. Takotsubo Cardiomy-
opathy. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Pub-
lishing, 2024. Available at: https://www.ncbi.nlm.nih.gov/books/
NBK430798/. Accessed January 29, 2024.

101. Ghadri JR, Wittstein IS, Prasad A, et al. International expert consensus
document on Takotsubo syndrome (part ii): diagnostic workup,
outcome, and management. Eur Heart J 2018;39:2047-62.

102. Ji H, Kwan AC, Chen MT, et al. Sex differences in myocardial and
vascular aging. Circ Res 2022;130:566-77.

http://refhub.elsevier.com/S2589-790X(23)00371-2/sref68
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref68
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref68
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref69
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref69
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref70
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref70
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref70
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref71
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref71
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref71
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref72
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref72
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref73
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref73
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref73
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref73
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref73
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref74
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref74
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref74
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref75
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref75
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref75
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref76
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref77
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref77
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref78
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref78
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref78
https://codemicanada.com/
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref80
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref80
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref80
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref80
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref81
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref81
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref82
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref82
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref83
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref83
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref83
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref84
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref84
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref84
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref85
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref85
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref86
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref86
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref86
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref87
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref87
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref87
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref87
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref87
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref88
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref88
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref88
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref88
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref88
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref89
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref89
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref89
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref90
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref90
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref90
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref90
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref91
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref91
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref91
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref91
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref92
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref92
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref92
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref93
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref93
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref93
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref94
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref94
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref94
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref95
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref95
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref95
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref96
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref96
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref96
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref97
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref97
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref97
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref98
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref98
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref98
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref99
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref99
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref99
https://www.ncbi.nlm.nih.gov/books/NBK430798/
https://www.ncbi.nlm.nih.gov/books/NBK430798/
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref101
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref101
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref101
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref102
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref102


Jaffer et al. 529
Development of Chest-Pain Protocol for Women in ER
103. Nienaber CA, Fattori R, Mehta RH, et al. Gender-related differences in
acute aortic dissection. Circulation 2004;109:3014-21.

104. Bhatt N, Chung JCY. Gender differences in acute aortic syndromes.
Curr Opin Cardiol 2023;38:75-81.

105. Crosier R, Lopez Laporte MA, Unni RR, Coutinho T. Female-
specific considerations in aortic health and disease. CJC Open 2024;6:
391-406.

106. Upadhyay S. What is an algorithm? Definition, types, characteristics.
Available at: https://www.simplilearn.com/tutorials/data-structure-tuto
rial/what-is-an-algorithm. Accessed January 29, 2024.

107. Hochman JS, Tamis JE, Thompson TD, et al. Sex, clinical presenta-
tion, and outcome in patients with acute coronary syndromes. Global
Use of Strategies to Open Occluded Coronary Arteries in Acute Cor-
onary Syndromes IIb Investigators. N Engl J Med 1999;341:226-32.

108. Writing Committee, Kontos MC, de Lemos JA, et al. 2022 ACC expert
consensus decision pathway on the evaluation and disposition of acute
chest pain in the emergency department: a report of the American
College of Cardiology Solution Set Oversight Committee. J Am Coll
Cardiol 2022;80:1925-60.

109. Fraker TD, Fihn SD. 2002 Chronic Stable Angina Writing Committee,
et al. 2007 chronic angina focused update of the ACC/AHA 2002
guidelines for the management of patients with chronic stable angina: a
report of the American College of Cardiology/American Heart Associ-
ation Task Force on Practice Guidelines Writing Group to develop the
focused update of the 2002 guidelines for the management of patients
with chronic stable angina. J Am Coll Cardiol 2007;50:2264-74.

110. Mancini GBJ, Gosselin G, Chow B, et al. Canadian Cardiovascular
Society guidelines for the diagnosis and management of stable ischemic
heart disease. Can J Cardiol 2014;30:837-49.

111. Rousan TA, Thadani U. Stable angina medical therapy management
guidelines: a critical review of guidelines from the European Society of
Cardiology and National Institute for Health and Care Excellence. Eur
Cardiol 2019;14:18-22.

112. Eggers KM, Jernberg T, Lindahl B. Unstable angina in the era of cardiac
troponin assays with improved sensitivityda clinical dilemma. Am J
Med 2017;130:1423-1430.e5.

113. Bhatt DL, Lopes RD, Harrington RA. Diagnosis and treatment of acute
coronary syndromes: a review. JAMA 2022;327:662-75.
114. Mateo-Rodríguez I, Danet A, Bolívar-Muñoz J, et al. Gender differ-
ences, inequalities and biases in the management of acute coronary
syndrome. J Healthc Qual Res 2022;37:169-81.

115. Kawamoto KR, Davis MB, Duvernoy CS. Acute coronary syndromes:
differences in men and women. Curr Atheroscler Rep 2016;18:73.

116. Sörensen NA, Neumann JT, Ojeda F, et al. Relations of sex to diagnosis
and outcomes in acute coronary syndrome. J Am Heart Assoc 2018;7:
e007297.

117. Stehli J, Martin C, Brennan A, et al. Sex differences persist in time to
presentation, revascularization, and mortality in myocardial infarction
treated with percutaneous coronary intervention. J Am Heart Assoc
2019;8:e012161.

118. Thakkar A, Agarwala A, Michos ED. Secondary prevention of cardio-
vascular disease in women: closing the gap. Eur Cardiol 2021;16:e41.

119. Peters SAE, Colantonio LD, Zhao H, et al. Sex differences in high-
intensity statin use following myocardial infarction in the United
States. J Am Coll Cardiol 2018;71:1729-37.

120. Parry M, Van Spall HGC, Mullen KA, et al. The Canadian Women’s
Heart Health Alliance atlas on the epidemiology, diagnosis, and
management of cardiovascular disease in womend Chapter 6: sex-
and gender-specific diagnosis and treatment. CJC Open 2022;4:
589-608.

121. Tannenbaum C, Norris CM, McMurtry MS. Sex-specific consider-
ations in guidelines generation and application. Can J Cardiol 2019;35:
598-605.

122. Huded CP, Johnson M, Kravitz K, et al. 4-step protocol for disparities
in STEMI care and outcomes in women. J Am Coll Cardiol 2018;71:
2122-32.

123. Raisi-Estabragh Z, Kobo O, Elbadawi A, et al. Differential patterns and
outcomes of 20.6 million cardiovascular emergency department en-
counters for men and women in the United States. J Am Heart Assoc
2022;11:e026432.
Supplementary Material
To access the supplementary material accompanying this

article, visit CJC Open at https://www.cjcopen.ca/ and at
https://doi.org/10.1016/j.cjco.2023.12.003.

http://refhub.elsevier.com/S2589-790X(23)00371-2/sref103
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref103
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref104
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref104
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref105
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref105
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref105
https://www.simplilearn.com/tutorials/data-structure-tutorial/what-is-an-algorithm
https://www.simplilearn.com/tutorials/data-structure-tutorial/what-is-an-algorithm
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref107
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref107
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref107
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref107
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref108
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref108
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref108
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref108
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref108
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref109
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref110
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref110
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref110
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref111
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref111
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref111
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref111
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref112
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref112
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref112
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref112
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref113
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref113
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref114
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref114
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref114
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref115
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref115
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref116
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref116
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref116
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref117
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref117
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref117
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref117
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref118
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref118
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref119
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref119
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref119
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref120
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref121
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref121
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref121
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref122
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref122
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref122
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref123
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref123
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref123
http://refhub.elsevier.com/S2589-790X(23)00371-2/sref123
https://www.cjcopen.ca/
https://doi.org/10.1016/j.cjco.2023.12.003

	The Development of a Chest-Pain Protocol for Women Presenting to the Emergency Department
	Methods
	Needs assessment: the scope of the problem
	Symptoms
	Cardiovascular risk factors: the triad approach
	Traditional risk factors
	Female-specific risk factors
	Cardio-obstetrics
	Polycystic ovarian syndrome (PCOS)
	Menopausal status and estrogen-based therapies
	Autoimmune diseases
	Malignancy
	Underrecognized, female-predominant, and intersectional risk factors
	Social determinants of health
	Mental health

	Sex-specific threshold for high-sensitivity cardiac troponin
	Pathophysiologic spectrum of acute chest-pain syndromes in women
	Acute coronary syndromes
	STEMI
	NSTEACS
	Nonobstructive CAD
	SCAD
	Vasospasm and coronary microvascular dysfunction
	Stress-induced cardiomyopathy
	Other cardiopulmonary and noncardiac causes of chest pain

	Development of the algorithm

	Results
	Next steps: evaluation and implementation of the algorithm

	Discussion
	Conclusions
	Acknowledgements
	Ethics Statement
	Patient Consent
	Funding Sources
	Disclosures
	References
	Supplementary Material


