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Abstract Although differences diminish with age, outcomes
are overall worse for women compared to men who present
with suspected acute coronary syndrome. The reasons for this
discrepancy are multifactorial, including sex-related differ-
ences in atherosclerosis biology and fluid dynamics, as well
as a premature conclusion by providers that chest pain must be
noncardiac in the absence of obstructive coronary artery dis-
ease. In this review of existing literature, we explore the di-
verse differential diagnosis in this unique set of patients.
Especially in women with persistent symptoms, absence of
occlusive disease should prompt consideration for
subangiographic plaque disruption, epicardial or microvascu-
lar endothelial dysfunction, transient neurohormonal imbal-
ance predisposing to Takotsubo cardiomyopathy or spontane-
ous coronary artery dissection, underlying systemic inflam-
matory conditions, thromboembolic disease, myocarditis,
and sequelae of congenital heart disease. As always, a thor-
ough history and attentive physical exam will help guide fur-
ther work-up, which in many cases may warrant noninvasive
imaging, such as contrast-enhanced echocardiography, cardi-
ac magnetic resonance imaging, or positron emission tomog-
raphy, with their respective means of measuring myocardial
perfusion and myocardial tissue pathology. Lastly,
intracoronary imaging such as intravascular ultrasound and
optical coherence tomography and invasive diagnostic
methods such as coronary reactivity testing continue to add

to our understanding that what appear to be atypical presenta-
tions of ischemic heart disease in women may in fact be typ-
ical presentations of pathologic cousin entities that remain
incompletely defined.
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Introduction

In this review of recent literature, we hope to address the
following three questions as they relate to suspected ischemic
heart disease among women. Are outcomes after ST elevation
myocardial infarction (STEMI), non-ST elevation myocardial
infarction (NSTEMI), and unstable angina (UA) worse in
women compared to those in men? What is the pathophysiol-
ogy of acute coronary syndrome (ACS) in women despite
nonobstructive coronary artery disease by angiography?
Lastly, what is the role of intracoronary and noninvasive im-
aging modalities and other diagnostic methods in the evalua-
tion of women with this common presentation? In answering
these questions, we hope to help centralize discussions begun
in parallel, highlight the gravity of this clinical presentation,
and implore our colleagues to utilize advanced modalities at
their disposal to search for an underlying etiology.

Review of the Literature

Acute Coronary Syndrome Outcomes

Studies have reported somewhat mixed results comparing out-
comes in women and men after acute coronary syndrome. In a
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single-institution study of 1197 patients presenting with
NSTEMI ACS, women and men experienced similar treat-
ment with percutaneous coronary intervention (PCI), as well
as similar in-hospital and 9-month event-free survival [1].
While mortality and combined endpoints of death, myocardial
infarction (MI), and target vessel revascularization were
higher at 5 years in 1425 women who received PCI compared
to men, female sex was not an independent predictor of out-
comes after multivariate analysis took into account age and
comorbidities [2]. In a 30-day mortality assessment of
136,247 patients presenting with ACS, Berger et al. found
higher overall mortality in women, though again that differ-
ence disappeared after multivariate analysis [3]. Lawesson
et al. followed 2132 STEMI patients younger than 46 years
for a year and discovered that women had higher
multivariable-adjusted in-hospital mortality, but long-term
mortality was equal [4].

An overwhelming majority of large database studies how-
ever have concluded that outcomes are overall worse for
women after ACS. Of 2382 patients presenting with ACS,
Zdzienicka et al. compared 152 presenting without typical
symptoms to those with typical symptoms [5]. The former
subgroup was predominantly women, with higher in-hospital
mortality rates in those presenting with NSTEMI treated con-
servatively [5]. The American College of Cardiology-
National Cardiovascular Data Registry showed that white
women presenting with stable angina had a 1.34-fold higher
risk adjusted odds ratio for in-hospital mortality as compared
to men, which may be attributed to lower utilization of aspirin,
elective PCI, and glycoprotein IIb/IIIa inhibitors [6].

An analysis of the Global Registry of Acute Coronary
Events compared outcomes of 7638 women and 19,117 men
presenting with ACS and found that despite a higher preva-
lence of normal coronary arteries or mild coronary disease,
women were more likely to experience death, MI, stroke,
and rehospitalization at 6 months, even after adjustment for
age and extent of disease [7]. In an exploratory analysis of
1127 patients, extent of nonobstructive disease detected by
coronary computed tomography angiography (CCTA) was a
predictor of mortality in women, but not in men [8].

Lee et al. compared outcomes in 1961 women and 8593
men and found higher in-hospital and 6-month mortality rates
in women with STEMI and NSTEMI, as well as after PCI [9].
A French prospective, multicenter registry including 64,932
patients with suspected ACS found that women were more
likely to be diagnosed with NSTEMI or UA, more likely to
have angiographically normal coronary arteries after a diagno-
sis of both STEMI and NSTEMI, and less likely to undergo
PCI or coronary artery bypass grafting (CABG) [10]. Mortality
within 24 hours after PCI was also higher in women [10].

Perhaps the most influential on our current understanding
of sex-based differences inMI presentation is an observational
study of more than 1.1 million patients analyzed by the

National Registry of Myocardial Infarction investigators
[11]. Their findings were consistent with many of the afore-
mentioned studies in that women were more likely to present
without chest pain and had higher mortality compared to men
in the same age group [11]. However, sex differences with
regard to chest pain on presentation and mortality dissipated
with age [11]. Unique to this study by Canto et al. is the
stratification of patients by symptom presentation and age,
which may explain some of the heterogeneity in the studies
discussed above.

Pathophysiology

More interesting perhaps than apparent or actual gender bias is
the surfacing of a still incompletely defined umbrella entity, that
of ischemic heart disease with nonobstructive coronary arteries
which appears to affect both women and men, but with a clear
predilection forwomen.Moreover, persistent symptoms despite a
negative angiogram portend a poorer prognosis. In a subanalysis
of 673 participants from the Women’s Ischemia Syndrome
Evaluation (WISE) study, Johnson et al. found that women with
nonobstructive coronary disease but persistent chest pain at
one year had more than twice the number of cardiovascular
events, including MIs, strokes, heart failure, and cardiovascular-
related death compared to women without persistent symptoms
[12]. This provides justification for further diagnostic evaluation
in this particularly high-risk group of women [12].

The diagnostic evaluation of nonobstructive coronary dis-
ease should include consideration of the following potential
etiologies: subangiographic atherosclerotic disease, endothelial
dysfunction, neurohormonal imbalance, inflammatory disease,
thromboembolic disease, myocarditis, and rarely, sequelae of
congenital heart disease [13–15]. Before expounding, inherent
differences in plaque development between women and men
must be reviewed.

Plaque Development

Yahagi et al. describe plaque rupture, erosion, and calcified
nodules as the three underlying mechanisms for luminal
thrombus causing ACS [16•]. Overall, plaque erosion is more
common in women and plaque rupture is more common in
men [16•]. Plaque rupture is more frequent in women over 50,
and plaque erosion is more common in women younger than
50 [16•, 17]. This parallels a previous finding that thin-cap
fibroatheromas in women occur most commonly after age
50 and with total cholesterol over 210 mg/dL [17].

With regard to plaque progression, Virmani et al. showed
that erythrocyte-derived cholesterol that accumulates in the
necrotic core of atherosclerotic plaques is a trigger for desta-
bilization [18]. Virmani et al. hypothesized that vasospasm
may contribute to the pathophysiology of plaque erosion as
a basis for ACS, as the media layer tends to be thicker at these

84 Page 2 of 10 Curr Cardiol Rep (2016) 18: 84



sites than at sites of rupture [17]. They found that calcification
is uncommon in vulnerable plaques and is directly proportion-
al to age with a 10-year lag in women as compared to men,
though this difference is attenuated by the eighth decade [17].

There are dramatic sex differences not only in plaque biol-
ogy but in fluid dynamics and endothelial shear stress that
contribute to coronary atherosclerosis development inwomen,
and vary with hormonal milieu [19•]. Mechanisms related to
coronary flow differential have been offered as an explanation
as to why anginal equivalent and atypical symptoms more
commonly plague women [19•]. The relatively low estrogen
state after menopause accelerates the development of athero-
sclerosis by contributing to the shift in both endothelial func-
tion and predominant plaque type during a woman’s lifetime
[16•, 19•].

Mechanisms of plaque progression and destabilization are
more variable in women compared to men, and thus, the an-
giographic appearance of atherosclerosis may be at best dif-
ferent and at worst falsely reassuring. See Fig. 1.

In Search of an Etiology

Subangiographic Atherosclerotic Disease

One reason that nonobstructive disease leads to worse out-
comes in women is plaque disruption undetected by angiog-
raphy alone. A study by Iqbal et al. showed underlying plaque
disruption by intravascular ultrasound (IVUS) in 38 % of
women with MI but <50 % angiographic disease [20].
Reynolds et al. performed IVUS and cardiac magnetic reso-
nance imaging (CMR) on 50 women presenting with MI but
<50% angiographic stenosis [21]. Again, IVUS demonstrated
plaque disruption in 38 %, suggesting that angiography alone
may frequently miss high-risk atherosclerotic disease [21].

What constitutes high-risk atherosclerotic disease in wom-
en is still not fully clear. Khuddus et al. performed IVUS on
100 women with suspected ischemia but without significant
coronary artery disease by angiography and found a high
prevalence of atherosclerosis with positive remodeling and
preserved lumen size [22]. After treatment of the culprit le-
sion, 697 patients with ACS underwent quantitative coronary
analysis (QCA), grayscale IVUS, and proprietary radiofre-
quency virtual histology IVUS (Volcano Corporation, San
Diego, CA) [23]. Lansky et al. found that women had less
extensive disease by angiographic and IVUS measures [23].
Women had overall smaller lumens, as well as less necrotic
core and calcium, and less plaque rupture [23].

Endothelial Dysfunction

Endothelial dysfunction is an umbrella entity and includes
frank vasospasm or impaired vasodilation on an epicardial
level as well as coronary dysfunction on amicrovascular level.

Epicardial vasospasm, or Prinzmetal angina, may be
underdiagnosed in women and is characterized by intermittent
increased vascular tone causing a reduction in lumen diameter
[24]. Nitrates during angiography can dramatically reverse the
heightened tone and confirm the diagnosis. Vasospasm can
also be seen in cocaine toxicity, and an appropriate level of
suspicion for concomitant substance abuse is important.

In recent years, a number of studies set the stage for the
emergence of coronary microvascular dysfunction (CMD),
which was largely borne out of Bcardiac syndrome X^
(CSX), coined in 1973 by Harvey Kemp [25]. Agrawal et al.
draw a distinction between CSX and types of CMD which are
associated with microvascular angina and coronary slow flow
phenomenon [26]. These entities however may exist on a con-
tinuum and warrant better characterization.

In a retrospective cohort study of 32,856 patients with
suspected ischemic heart disease, 23.3 % of women and
7.1 % of men had angiographically normal arteries, and of this
subgroup, women were four times more likely to be readmitted
to the hospital for ACS or chest pain requiring catheterization
[27]. Similarly, Berger et al. found that 30-day mortality was
higher in women diagnosed with STEMI, NSTEMI, and UA
after adjustment for covariates, despite a 2-fold higher preva-
lence of nonobstructive disease in women with NSTEMI or
UA [3]. A study by Lønnebakken et al. assessed segmental
wall motion and perfusion with contrast echocardiography just
prior to coronary angiography for NSTEMI [28]. They found
that women had the same extent of myocardial ischemia deter-
mined by contrast echocardiography as men, but less prevalent
angiographic disease [28]. These studies not only exposed a
rather dramatic gender bias; they challenged traditional think-
ing that CSX and CMD are benign [26].

Investigators from the WISE study performed coronary re-
activity testing (CRT) on a subgroup of 293 symptomatic wom-
en with nonobstructive coronary disease and followed them for
a mean of 5.4 years [29]. CRTwith escalating doses of adeno-
sine, acetylcholine infusion, and nitroglycerin was safe and
furthermore abnormal in half the population studied [29].
Murthy et al. reported that the presence of CMD defined by
coronary flow reserve (CFR) <2.0 was noted to be highly prev-
alent in 813 women and 405 men with negative rest/stress
positron emission tomography (PET) myocardial perfusion im-
aging (MPI) [30]. Worse outcomes are associated with CMD,
and as such, a definitive diagnosis based on an empiric assess-
ment of coronary reactivity or coronary flowmay bewarranted.

In an effort to establish a diagnosis of CMD noninvasively,
Michelsen et al. measured digital reactive hyperemia index
(RHI) in 322 women with angina but <50 % angiographic
stenosis [31]. They found that RHI was unable to identify
individuals with CMD as determined by coronary flow veloc-
ity reserve (CFVR) [31].

Evidence to support various treatments for CMD is limited
at this time [26]. A recent systematic review included only 84
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patients, suggesting that the search for suitable therapies for
this entity is just beginning [32]. Nitric oxide modulators,
angiotensin-converting enzyme inhibitors, estrogens, and
transcutaneous electrical nerve stimulation have been
shown to offer benefit [33]. No benefit was seen with al-
pha-blockers, statins, and calcium-channel blockers, and da-
ta is generally lacking for beta-blockers, nitrates, and anti-

anginals [33]. A randomized, double-blind, placebo-
controlled study of ranolazine for patients with CMD con-
firmed by CRT or myocardial perfusion reserve index
(MPRI) showed no differences by treatment arm [34]. An
ongoing randomized, controlled trial seeks to evaluate the
phosphodiesterase-5 inhibitor udenafil as a potential treat-
ment for CMD [35]. Results are pending.

Fig. 1 A 56-year-old woman with no cardiovascular risk factors present-
ing with fatigue and dyspnea on exertion is found to have non-ST eleva-
tion myocardial infarction and new left ventricular systolic dysfunction,
and undergoes coronary angiography. aAngiography demonstrates mod-
erate disease in the proximal to mid-segment of her left anterior descend-
ing coronary artery. b Qualitative assessment suggests an intermediate

lesion. c Intravascular ultrasound (IVUS) however reveals significant
stenosis, with a minimal luminal area of 2.7 mm2. d With intra-aortic
balloon pump support in place, percutaneous stent implantation is pur-
sued and post-dilation IVUS confirms restoration of a luminal area con-
sistent with a large-caliber vessel. e Angiography displays satisfactory
post-intervention results
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Neurohormonal Imbalance

Another high-risk subset of patients presenting with suspected
ischemic heart disease and found to have nonobstructive cor-
onary arteries may have stress-induced left ventricular dys-
function, or Takotsubo cardiomyopathy. An observational se-
ries found significantly higher plasma catecholamine levels in
patients with stress-related dysfunction compared with
nonstress-related Killip class III MI [36]. A report from the
SWEDEHEART registry showed that short- and long-term
mortality in patients diagnosed with Takotsubo cardiomyopa-
thy was comparable to patients with NSTEMI and STEMI
[37]. A report by the International Takotsubo Registry showed
that physical triggers, acute neurologic or psychiatric diseases,
high troponin levels, and a low ejection fraction on admission
were independent predictors for in-hospital complications
[38].

A single-center retrospective review stratified 345 patients
diagnosed with Takotsubo cardiomyopathy by trigger: post-
operative period, emotional distress, no identifiable trigger, or
medical illness, of which the lattermost conferred the worst
prognosis [39]. The patient population studied was 91 %
women with a mean age of 72 ± 12 years [39]. In a systematic
review including 1109 patients, 86 % were women with a
mean age of 59–76 years [40]. A recent review described the
proposed pathophysiologic mechanisms underlying
Takotsubo, including metabolic downregulation, excessive
afterload and heightened left ventricular wall stress, CMD,
regional cardiac catecholamine release, and beta2-
adrenoceptor/Gi-dependent cardiodepression [41].

In addition to Takotsubo cardiomyopathy, spontaneous
coronary artery dissection (SCAD) can present as STEMI,
NSTEMI, UA, or sudden cardiac death. It predominantly af-
fects women with mean age 42 to 52 [42]. SCAD is common-
ly seen in a clinical context associated with hormonal excess
or disequilibrium, such as peripartum status, and after epi-
sodes of extreme exercise or emotion, as well as comorbid
with connective tissue disease and systemic vasculopathy,
i.e., fibromuscular dysplasia [42, 43].

In the acute setting, if coronary blood flow is preserved,
a conservative strategy is preferred, whereas frank occlu-
sion or hemodynamic instability warrant PCI or CABG
[42]. In 6 of 13 cases of pregnancy-associated SCAD,
IVUS or optical coherence tomography (OCT) helped con-
firm the diagnosis and guide management [44]. The rate of
PCI failure may be high in these patients, so inpatient
monitoring is appropriate regardless of the initial treatment
strategy pursued [42]. Repeat pregnancy and hormonal
therapy is discouraged in patients with peripartum coronary
dissection, and comprehensive screening with imaging of
the vasculature has also been recommended to rule out
extracoronary vascular abnormalities in all patients present-
ing with SCAD [42].

Inflammatory Disease

Myocardial ischemia is not uncommon in chronic inflamma-
tory conditions such as systemic lupus erythematosus (SLE),
systemic sclerosis (SS), and rheumatoid arthritis (RA) [45].
Patients with SLE, anginal chest pain, and nonobstructive cor-
onary disease by angiography underwent stress CMR MPI,
which was abnormal in 44 % [46]. In addition to accelerated
epicardial atherosclerosis, CMD is an increasingly recognized
complication in these patients. Kakuta et al. performed
Doppler echocardiography to estimate CFVR and found a
significantly higher prevalence of CMD in patients with
SLE (67 %), SS (76 %), and RA (63 %) compared to the
control group (26 %) [47].

Thromboembolic Disease

Though not considered to be a traditional thrombophilic dis-
order, an elevated lipoprotein(a) (Lp(a)) level is a well-
established, independent, causal, and genetic risk factor for
the development of cardiovascular disease [48]. Lp(a) is the
primary carrier of oxidized phospholipids throughout the
bloodstream and, in concert with oxidative stress, chronic in-
flammation, and abnormalities of lipoprotein metabolism, is a
key player in the development of atherosclerosis [49].

An elevated Lp(a) level begins to aggregate cardiovascular
risk shortly after birth and has been associated with cerebro-
vascular events and deep vein thrombosis in childhood, as
well as MI in early adulthood [48]. A statement by the
European Atherosclerosis Society Consensus Panel recom-
mends that a child with even moderate hypercholesterolemia
should be genetically tested for familial hypercholesterolemia
and inherited elevation of Lp(a), as this has prognostic value
[50]. Target LDL-C for children older than 10 years with fa-
milial hypercholesterolemia should be less than 130 mg/dL
[50].

Women are overrepresented in the category of patients who
remain undiagnosed until after sustaining recurrent
thrombosis-related events or procedures [48]. Extrapolated
global prevalence of Lp(a) levels considered to be in the ath-
erogenic range is estimated at 1.5 billion [48]. Monoclonal
antibodies to PCSK9 have been shown to lower both LDL-
C and Lp(a), but their impact on cardiovascular outcomes is
still under investigation [50].

Other thrombophilic disorders leading to spontaneous cor-
onary thrombosis constitute a rare cause of ischemia or
infarction.

In a study of 1776 patients who presented with acute MI,
2.9 % were diagnosed with coronary artery embolism [51]. Of
these cases, underlying atrial fibrillation was the embolic
source in 73 % [51]. Kaplan-Meier analysis demonstrated
higher incidence of cardiac death in the patients who suffered
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MI due to coronary embolism compared to a propensity score-
matched cohort [51].

In addition to atrial fibrillation, septic emboli from endo-
carditis may infarct myocardial tissue as with any other organ.
Left-sided cardiac tumors may be a nidus for thrombus for-
mation and lead to coronary embolism.

Myocarditis

In a meta-analysis on MI in the setting of nonobstructive cor-
onary arteries, Pasupathy et al. determined an overall preva-
lence of approximately 6 % [52]. Women were overrepresent-
ed in this group relative to the population with MI and ob-
structive coronary artery disease [52]. Pooled analysis of pa-
tients who underwent subsequent CMR imaging revealed an
ultimate diagnosis of myocarditis in 33 %, true MI in 24 %,
and no abnormality by CMR in 26 % [52].

Another meta-analysis by Tornvall et al. examined 556
patients, 49 % women, presenting with acute MI and
nonobstructive coronary disease by angiography [53].
Subsequent CMR imaging revealed myocarditis again in
33 %, which was more common in younger people with high
CRP, as well as trueMI in 21% [53]. Given that myocarditis is
highly prevalent in this special population, checking CRP and
searching for the typical enhancement pattern by CMR may
be high yield. Making this diagnosis is important as it would
end other reasonable diagnostic inquiries.

Sequelae of Congenital Heart Disease

Rarely, narrowing of the coronary arteries from sequelae of
congenital heart disease can present as angina or ACS [54].
Coronary artery lumen may be distorted due to external com-
pression from a plethoric pulmonary artery in the case of atrial
septal defect and resultant pulmonary hypertension [54] or
due to lateral compression in the case of anomalous coronary
artery related to intramural intussusception of the vessel in the
aortic root wall [55, 56].

The Role of Imaging

Intracoronary Imaging

IVUS is based on the concept of piezoelectric crystals emitting
sound waves which interact with adjacent tissue and are trans-
mitted back to the transducer, producing an image [57]. IVUS
provides reasonable image resolution at 100–200 μm and can
penetrate tissue beyond 5 mm, which allows for excellent
plaque and endothelial wall definition [57]. The most com-
mon uses currently for IVUS surround PCI, such as assess-
ment of minimal luminal area to determine significance of a
plaque, identification of appropriate landing zones, and con-
firmation of adequate stent expansion [58].

IVUS has been used widely in the research setting; it has
demonstrated blunted coronary vasoreactivity in NSTEMI
[59] and has been used to characterize atypical atherosclerosis
in angiographically nonobstructive disease [20–22]. It has also
shown that appropriate treatment knows no gender bias.
Among 978 patients who participated in serial assessment of
atheroma progression, IVUS revealed that the rates of plaque
progression or regression were not significantly different be-
tween women and men in the setting of aggressive risk factor
modification [60]. Similarly, neither IVUS nor OCT demon-
strated significant differences in plaque characteristics be-
tween 115 women and 268 men referred for evaluation of
stable coronary artery disease, with the exception of greater
plaque burden in men [61].

IVUS can be particularly useful when SCAD is suspected
and has been shown to be valuable as a prognostic tool for
patients with coronary artery disease. Nicholls et al. found a
direct relationship between the burden of atherosclerosis, dis-
ease progression, and adverse cardiovascular events in a study
involving 4137 patients [62]. The prognostic value of IVUS in
ACS however is yet to be determined [58].

OCT is a newer technology that is similar to IVUS, but
utilizes light instead of sound waves [57]. Blood distorts
OCT imaging, so either saline or contrast must fill the coronary
artery during image acquisition, which introduces variability
that could limit its use [57]. In comparison to IVUS, what
OCT loses in tissue penetration of only 1–2.5 mm, it makes
up for in image resolution at 15–20 μm [57]. The precise role
for OCT in the clinical setting is yet to be determined, but
multiple studies have confirmed its ability to characterize
plaque type, especially thin-cap fibroatheromas, with extremely
high specificity [58]. Bogale et al. performed OCT on patients
presenting with NSTEMI and angiographically intermediate
disease [63]. As a result, they identified and stented atheroscle-
rotic lesions with unstable features in 62 % of patients evaluat-
ed, though follow-up data was unavailable [63].

Prati et al. identified 31 patients, 84%male, who presented
with STEMI ultimately attributed to intact fibrous cap, as de-
termined by OCT following aspiration thrombectomy [64].
After a median follow-up of 753 days, there was no difference
in symptoms between the 12 who were treated with
thrombectomy and dual antiplatelet therapy alone and the 19
who underwent aspiration thrombectomy followed by stent
implantation [64]. Only one patient in the latter group required
additional revascularization [64].

In a thorough review, Kanwar et al. incorporated recent
data from IVUS and OCT studies into our understanding of
ACS associated with intact fibrous cap [65]. It remains unclear
whether the systematic use of intracoronary imaging in pa-
tients without evidence of plaque rupture can both guide man-
agement in the acute setting and improve outcomes, but with
the research momentum surrounding both IVUS and OCT,
these questions could be answered soon.
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Noninvasive Imaging

Noninvasive imaging has shown promising results in the in-
vestigation of microvascular dysfunction. Shufelt et al. com-
pared adenosine CMR in 53 women with CMD confirmed by
CRT to age- and estrogen-matched controls [66]. They found
that women with proven CMD had lower MPRI in the
subendocardium and subepicardium [66]. A similar study by
Thomson et al. performed vasodilator stress CMR in women
with CRT-confirmed CMD and concluded that an MPRI

threshold of 1.84 predicted abnormal CRT with a sensitivity
of 73 % and a specificity of 74 % [67••].

PET MPI is a well-established means for diagnosing
CMD [19•]. A review of the role of nuclear cardiology
in the diagnosis of women with ischemic heart disease
recommended PET assessment of CFR over single-
photon emission computed tomography (SPECT) and
conventional PET, which rely on relative perfusion dis-
tribution [68]. Such traditional interpretation methods
are inadequate for diagnosing CMD. Unfortunately,

Fig. 2 An algorithm to guide management of women with suspected heart disease
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limited availability of PET with CFR limits its use for
this particular application [69].

Rinkevich et al. compared dipyridamole stress myocardial
contrast echocardiography in women with exertional angina
and abnormal stress tests to age-matched controls with no
coronary artery disease [70]. They found that the stress to rest
ratio of mean microbubble velocity was significantly lower in
the study group, which confirmed abnormal autoregulation on
the microvascular level [70].

These studies have been conducted in highly selected and
small samples of women, thus limiting their generalizability
and applicability in day-to-day practice.

Future Directions

Women with suspected ischemic heart disease who are found
to have nonobstructive coronary artery disease comprise a
special high-risk population. When the underlying etiology
is not immediately evident, it is imperative that clinicians
search for a diagnosis guided by a thorough history and phys-
ical exam, especially when symptoms persist. In many in-
stances, diagnostic methods such as CFR and CRT as well
as advanced imaging modalities such as IVUS, OCT, CMR,
PET, and contrast echocardiography may be useful and appro-
priate. We propose an algorithm to assist the diagnostic work-
up in the clinical setting; see Fig. 2.

Further research is needed to more diligently define the
aforementioned distinct entities, and probably others, which
are often grouped together in large-scale population studies
such that subtle but meaningful differences are obscured.
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Glossary of Terms

ACS Acute coronary syndrome

CABG Coronary artery bypass grafting

CCTA Coronary computed tomography angiography

CFR Coronary flow reserve

CFVR Coronary flow velocity reserve

CMD Coronary microvascular dysfunction

CMR Cardiac magnetic resonance

CRT Coronary reactivity testing

CSX Cardiac syndrome X

IVUS Intravascular ultrasound

Lp(a) Lipoprotein(a)

MI Myocardial infarction

MPI Myocardial perfusion imaging

MPRI Myocardial perfusion reserve index

NSTEMI Non-ST elevation myocardial infarction

OCT Optical coherence tomography

PCI Percutaneous coronary intervention

PET Positron emission tomography

QCA Quantitative coronary analysis

RA Rheumatoid arthritis

RHI Reactive hyperemia index

SCAD Spontaneous coronary artery dissection

SLE Systemic lupus erythematosus

SPECT Single-photon emission computed tomography

SS Systemic sclerosis

STEMI ST elevation myocardial infarction

UA Unstable angina
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