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Background: Patients with signs and symptoms of myocardial ischemia and non-obstructive coronary
artery disease (CAD) frequently have coronary functional abnormalities, including coronary microvascu-
lar dysfunction. Those with the latter are grouped under the term ‘‘microvascular angina” (MVA).
Although diagnostic criteria exist for MVA, as recently proposed by our COVADIS (COronary
VAsomotor Disorders International Study) group and the condition has been increasingly recognized in
clinical practice, the clinical characteristics and long-term prognosis of MVA patients in the current era
remain to be fully elucidated.
Aims: In the present study, we aimed to prospectively assess the clinical characteristics and long-term
prognosis of MVA subjects in the current era in an international, multicenter, observational, and prospec-
tive registry study.
Methods: A total of 15 medical centers across 7 countries (USA, UK, Germany, Spain, Italy, Australia, and
Japan) enrolled subjects fulfilling the COVADIS diagnostic criteria for MVA as follows; (1) signs and/or
symptoms of myocardial ischemia, (2) absence of obstructive CAD, and (3) objective evidence of myocar-
dial ischemia and/or coronary microvascular dysfunction. The primary endpoint was the composite of
major cardiovascular events (MACE), including cardiovascular death, non-fatal myocardial infarction,
non-fatal stroke, hospitalization due to heart failure or unstable angina. Between July 2015 and
December 2018, a total of 706 subjects with MVA (M/F 256/450, 61.1 ± 11.8 [SD] yrs.) were registered.
Subjects will be followed for at least 1 year.
4, Japan.
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Summary: The present study will provide important information regarding the clinical characteristics,
management, and long-term prognosis of MVA patients in the current era.

� 2020 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Angina pectoris has been considered for a long time to be
mainly caused by obstructive atherosclerotic epicardial coronary
artery disease (CAD) [1]. At present, however, it is well known that
up to 50% of patients undergoing diagnostic coronary angiography
for typical chest pain are found to have ‘‘normal” or ‘‘near-normal”
coronary arteries [2]. Indeed, recent studies suggest that at least 3–
4 million women and men with signs/symptoms suggestive
myocardial ischemia have no obstructive CAD in the US, and they
are associated with poor quality of life, psychological distress,
and health-care costs that approximate those with obstructive
CAD [3]. In such cases, coronary functional abnormalities are likely
to be involved, including increased vasoconstrictive reactivity and/
or reduced vasodilator function [4]. Coronary microvessels are
known to contribute to >50% of total coronary vascular resistance
and regulate coronary blood flow [5]. Coronary microvascular dys-
function (CMD) is typically defined as increased coronary vascular
resistance and/or impaired dilatation of those microvessels, lead-
ing to inadequate increase in blood flow in response to stress with
resultant myocardial ischemia [5–7]. Thus, CMD may be consid-
ered to be the underlying mechanism in a large proportion of ang-
ina patients. Indeed, Camici and Crea proposed the original clinical
and pathogenetic classifications of CMD, as follows; (1) CMD in the
absence of myocardial disease or obstructive CAD, (2) CMD in
myocardial diseases, (3) CMD in obstructive CAD, and (4) iatro-
genic CMD [6,7].

The ISCHEMIA trial has recently demonstrated that as compared
with optimal medical therapy alone, additional coronary revascu-
larization therapy, such as percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG), has no prognostic
benefits in patients with stable CAD and moderate to severe ische-
mia [8], which could be explained by coronary functional abnor-
malities (including CMD) in this population with obstructive CAD.

The term microvascular angina (MVA), which was originally
proposed by Cannon and Epstein in 1988 [9], is applicable to ang-
ina/myocardial ischemia attributable to type 1 CMD of the above
classification. Several studies demonstrated that patients with
MVA have significantly higher rates of cardiovascular events com-
pared to patients with non-obstructed coronary arteries, but no
anginal symptoms, highlighting the importance of identifying such
patients [10,11]. Previously, progress in the understanding of MVA
was limited because studies were usually underpowered, used
either restrictive inclusion criteria, or included rather heteroge-
nous groups of patients [7]. Moreover, tools for assessment of coro-
nary microcirculation were not available until recently in clinical
practice. Recently, however, several studies using both invasive
and non-invasive techniques for assessment of coronary physiol-
ogy have produced a large wealth of data, leading to a better
understanding of CMD and microvascular ischemia [12,13]. Based
on the recent discussions on the clinical implication of MVA due
to CMD, the COronary VAsomotor Disorders International Study
(COVADIS) group, which was established in 2012 by clinician sci-
entists with expertise in coronary vasomotor abnormalities, pro-
posed diagnostic criteria to define MVA [14]. As shown in
Table 1, the diagnosis of MVA can be made if patients present with
symptoms of myocardial ischemia in the absence of relevant epi-
cardial CAD and have objective evidence of myocardial ischemia
as well as impaired coronary microvascular function defined by
any of the following, reduced coronary flow reserve (CFR),
microvascular spasm, increased index of microcirculatory resis-
tance (IMR), or the coronary ‘‘slow flow phenomenon” [14].
Although the diagnostic criteria for MVA exist and the condition
has been increasingly recognized in clinical practice, the clinical
characteristics and long-term prognosis of patients with a diagno-
sis of MVA in the current era remain to be fully elucidated. Thus, in
the present study, we aimed to assess the clinical characteristics
and long-term prognosis of MVA patients in the current era, utiliz-
ing an international, multicenter, observational, and prospective
cohort study.

2. Methods

2.1. Overall study design

This is a multinational, multicenter, observational, prospective,
and longitudinal cohort study. Fifteen medical centers in 7 coun-
tries from 4 continents participated in the study (Fig. 1). Data col-
lection was performed via an electronic case report system
established by the Japanese Coronary Spasm Association [15]. Sub-
jects underwent clinical assessments and received standard medi-
cal care as determined by attending physicians. Subjects did not
receive experimental intervention or directed treatment because
of their participation in the study. The ethics committee of Tohoku
University Graduate School of Medicine approved the study proto-
col (No. 2016-1-643), which was performed in compliance with the
Declaration of Helsinki (UMIN000035177). All subjects provided a
written informed consent before study entry.

2.2. Study population

We enrolled subjects fulfilling the COVADIS diagnostic criteria
for MVA as follows; (1) signs and/or symptoms of myocardial
ischemia, (2) absence of obstructive CAD, and (3) objective evi-
dence of myocardial ischemia and/or coronary microvascular dys-
function (Table 1), as determined by the clinical site [14]. More
specifically, symptoms of myocardial ischemia were as determined
by the treating clinician. Obstructive CAD was defined as any coro-
nary stenosis of >50% diameter reduction by conventional angiog-
raphy or computed tomography angiography, whereby patients
were excluded. Objective evidence of myocardial ischemia was
obtained with rest/stress ECG and/or non-invasive imaging by
assessing either myocardial perfusion with single photon emission
computed tomography (SPECT), positron emission tomography
(PET), cardiac magnetic resonance (CMR), left ventricular wall
motion abnormality with stress echocardiography, or positive tro-
ponin levels due chronic myocardial damage. Evidence of impaired
microvascular function was assessed by using coronary functional
testing, including measurements of CFR and/or microvascular
resistance or visual constriction, and acetylcholine provocation
testing for coronary microvascular spasm. During the period from
July 1, 2015 to December 31, 2018, we prospectively enrolled
706 subjects (Fig. 2).

2.3. Study endpoints

The primary endpoint is the composite of major cardiovascular
events (MACE), including cardiovascular death, non-fatal myocar-
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Fig. 1. Participating institutions of the present study.

Table 1
Clinical Criteria for Suspecting Microvascular Angina (MVA) by COVADIS.

1. Symptoms of myocardial ischemia
a. Effort and/or rest angina
b. Angina equivalents (i.e. shortness of breath)
2. Absence of obstructive coronary artery disease (<50% diameter reduction or FFR > 0.80) by
a. Coronary CTA
b. Invasive coronary angiography
3. Objective evidence of myocardial ischemia
a. Ischemic ECG changes during an episode of chest pain
b. Stress-induced chest pain and/or ischemic ECG changes in the presence or absence of transient/reversible
abnormal myocardial perfusion and/or wall motion abnormality
4. Evidence of impaired coronary microvascular function
a. Impaired coronary flow reserve (cut-off values depending on methodology use between <2.0 and <2.5)
b. Coronary microvascular spasm, defined as reproduction of symptoms, ischemic ECG changes but no epicardial
spasm during acetylcholine provocation test
c. Abnormal coronary microvascular resistance indices (e.g. IMR > 25)
d. Coronary slow flow phenomenon, defined as TIMI frame count > 25
Definitive MVA: all four criteria are present for a diagnosis of microvascular angina.
Suspected MVA: symptoms of ischemia are present with no obstructive coronary artery disease but only objective
evidence of myocardial ischemia, or evidence of impaired coronary microvascular function alone.

CTA, computed tomographic angiography; ECG, electrocardiogram; FFR, fractional flow reserve; IMR, index of microcirculatory resistance; TIMI, thrombolysis in myocardial
infarction.
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dial infarction (MI), non-fatal stroke, hospitalization due to heart
failure or unstable angina (UA). We only counted the number of
patients with the first occurrence of an event in the MACE during
the follow-up period. Definition of MI is based on the third univer-
sal definition [16]. Definition of UA is based on the presence of
ischemic chest pain and hospitalization within 24 h of most recent
symptoms, without elevation in cardiac biomarkers but with evi-
dence of myocardial ischemia. Stroke was defined as neurological
deficit due to an ischemic or hemorrhagic central nervous system
event with residual systems > 24 h after onset or leading to death.
Other objectives are to elucidate patient characteristics, diagnostic
approaches, and the trend of medical therapies for contemporary
MVA patients, particularly in terms of the racial and sex
differences.
2.4. Data collection

All subjects who met the eligibility criteria determined at the
site were registered following site ethical review board approval.
Data collection was performed through the use of the electronic
case report form established by the Japanese Coronary Spasm
Association [15]. The investigators at each study site registered
information on demographics, relevant medical history, cardiovas-
cular risk factors, quality of life (e.g. Seattle Angina Questionnaire,
SAQ), diagnostic approaches for myocardial ischemia, anatomical
and/or functional status of epicardial coronary arteries and coro-
nary microcirculation, and medications. The follow-up of each
patient was conducted from study entry to the end of December
2019 either by a telephone call or personal visit, depending on



Fig. 2. Enrollment of subjects in the present study.

Table 2
Baseline Clinical Characteristics of Subjects.

Overall (n = 706)

Ethnicity
Caucasian, n(%) 434 (61)
Asian, n(%) 201 (28)
Hispanic, n(%) 40 (6)
Black, n(%) 16 (2)

Age (mean ± SD), yrs. 61.1 ± 11.8
Female, n(%) 450 (64)
Hypertension, n(%) 370 (52)
Dyslipidemia, n(%) 371 (53)
Diabetes mellitus, n(%) 119 (17)
Current smoking, n(%) 111 (16)
Previous history of CAD, n(%) 241 (34)
Previous PCI, n(%) 66 (9)
Symptoms
Angina, n(%) 480 (68)
Rest angina, n(%) 247 (35)
Effort angina, n(%) 106 (15)
Rest and effort angina, n(%) 127 (18)

Shortness of breath, n(%) 133 (19)
Asymptomatic, n(%) 58 (9)
Others, n(%) 76 (11)

Results are expressed as mean ± standard deviation or n (%).
CAD, coronary artery disease; PCI, percutaneous coronary intervention.
Symptoms can be overlapped.
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the approach considered most practical and effective. The mini-
mum follow-up period for included subjects was 1 year.

2.5. Study variables

Variables obtained at enrolment/baseline included subject
demographics (sex, age, height, weight), cardiovascular risk factors
(hypertension, hyperlipidemia, diabetes mellitus, smoking, meno-
pause), past history and family history of cardiovascular disease,
type of angina episodes (effort, rest, mixed), circadian distribution
of angina attacks, ECG leads of ST-segment elevation or depression
at rest, arrhythmias during spontaneous attack, use of non-invasive
diagnostic modalities for myocardial ischemia (SPECT, PET, CMR,
stress echocardiography or electrocardiography), laboratory tests
(renal function tests, lipid profile, hemoglobin, white blood cell
count, glycated hemoglobin, brain natriuretic peptide, high sensi-
tive C-reactive protein), information regarding interventional diag-
nostic procedures for assessment of coronary vasodilatation (e.g.
coronary flow reserve, index of microcirculatory resistance, hyper-
emic microvascular resistance) or assessment for propensity to
coronary vasoconstriction (e.g. spasm provocation test), medica-
tions (calcium channel blocker, nitrate, statin, ACE-I, ARB, antipla-
telet/anticoagulant agent, beta-blocker, hormone replacement
therapy, and antioxidant agent), patient-reported angina status
assessed by the SAQ, and outcomes during acute hospitalization
(death or discharge alive).

During the follow-up period, clinical outcomes (cardiovascular
death, non-fatal MI, non-fatal stroke, hospitalization due to heart
failure, and UA), presence or absence of anginal symptoms, labora-
tory tests, self-reported anginal status by the SAQ, and medications
were collected.

2.6. Statistical methods

Statistical methods appropriate for epidemiological studies will
be used for the analysis of the collected data. Baseline continuous
variables will be presented as means ± SD or medians and
interquartile range, depending on the distribution of the data that
will be tested by Shapiro-Wilk normality test. Categorical variables
will be presented as counts and percentages. Events will be ana-
lyzed as time from enrolment until the first occurrence of any com-
ponent from the primary composite of MACE. The incidence rate of
the primary endpoint will be stratified for the inclusion risk fac-
tors, such as age, sex, hypertension, diabetes, smoking habits, obe-
sity, heart failure, region, and race. In addition, to reduce
confounding effects related to differences in baseline characteris-
tics, the association of fore-mentioned covariates, especially region
or race, and the occurrence of MACEs is planned to be explored
with a multivariate Cox proportional-hazards regression and/or a
propensity-score matching method.

2.7. Ethics approval

This study was performed in accordance with ethical principles
that are consistent with the Declaration of Helsinki, International
Conference on Harmonization of Good Clinical Practice guidelines,
and the applicable legislation on non-interventional studies. The
final protocol was approved by the site ethics committee. The
investigator at each site ensured that the subject was given full
and adequate oral and written information in the local language
about the nature, purpose, possible risk, and benefit of this study.

2.8. Study organization

The Coronary Vasomotor Disorder International Study (COVA-
DIS) group was established in 2012 to define the nomenclature
and stimulate interest into coronary vasomotor disorders. The
COVADIS Steering Committee served as the principal investigators
for the COVADIS Microvascular Angina Registry, including the
Steering Committee co-chairs and the data coordinating center
(DCC). The Steering Committee members are as follows; John Bel-
trame (COVADIS co-chair, Australia), Colin Berry (PI, United King-
dom), Paolo Camici (PI, Italy), Filippo Crea (PI, Italy), Juan Carlos
Kaski (PI, United Kingdom), C. Noel Bairey Merz (COVADIS co-
chair, USA), Peter Ong (PI, Germany), Carl J Pepine (PI, USA), Udo
Sechtem (PI, Germany), and Hiroaki Shimokawa (Study Chair,
DCC, Japan).

2.9. Baseline clinical characteristics of subjects

From July 2015 to December 2018, 706 subjects with MVA (M/F
256/450, 61.1 ± 11.8 [SD] yrs.) were registered (Fig. 2). Subjects’
clinical characteristics are summarized in Table 2. Almost two
thirds (64%) of the cohort were female and the main ethnic groups
were Caucasian (61%), Asian (28%), and Hispanic (6%). More than
half of the subjects had hypertension (52%) or dyslipidemia
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(53%), whereas relatively fewer subjects had diabetes mellitus
(17%) or were current smokers (16%). The predominant symptom
was chest pain or chest discomfort (68%), especially at rest (35%),
and shortness of breath on exertion (19%).
3. Discussion

Although the importance of coronary functional abnormalities
in patients with chest pain and non-obstructive CAD, including
coronary microvascular dysfunction, has been established, their
pathogenesis and prognostic implications remain to be fully eluci-
dated. To the best of our knowledge, this is the first international
study that focused on the risk factors, clinical features, diagnostic
methods, treatments and long-term prognosis of contemporary
patients with MVA diagnosed using standardized criteria.

Long-term prognosis of MVA patients has consistently been
reported to be good [17], a considerable number of patients with
potential markers of worse outcome are included [12,13]. Of those,
invasive physiological indices including CFR and IMR are consid-
ered to be predictive markers of adverse cardiac events in MVA
patients [10,13]. In the present international study, we aim to elu-
cidate the clinical characteristics and long-term prognosis of con-
temporary MVA patients in a large population in a prospective
manner. Furthermore, in previous studies of patients with chest
pain and no obstructive CAD, women were more likely than men
to have angina without significant coronary artery stenosis, and
coronary microvascular dysfunction has been proposed as one of
the explanations of this phenomenon [18,19]. Further investigation
by the WISE Study revealed that almost one-half of women with
angina and non-obstructive CAD had abnormal coronary microvas-
cular function, suggesting that coronary microvascular dysfunction
is a cause of angina [10]. However, there has been no large cohort
study that compared the actual prevalence of coronary microvas-
cular dysfunction between sexes. In addition, it has been reported
that CMD appears to be involved in functional and structural alter-
ations associated with aging, hypertension, diabetes mellitus, dys-
lipidemia and insulin resistance [7], although the prevalence of
these arteriosclerotic risk factors in MVA patients remains
unknown. One of the purposes of the present study is to elucidate
associated clinical characteristics, including the prevalence of risk
factors of MVA patients in a large population.

CMD can develop in variable clinical settings and can be trig-
gered by several pathogenetic mechanisms [6]. From a pathophys-
iological point of view, and independent of the underlying
mechanisms, the development of MVA is attributable to varying
degrees of disruption of the normal coronary physiology, which
may subsequently impair the capacity of myocardial blood flow
to adapt to changes in myocardial oxygen demand. However, a pre-
cise diagnostic algorithm of MVA patients, especially in terms of
invasive techniques to evaluate coronary microvascular function,
still remains to be fully established. In the present study, all sub-
jects were registered based on objective evidence of myocardial
ischemia and/or impaired microvascular function according to
the international standardized diagnostic criteria for MVA pro-
posed by the COVADIS [14] (Table 1). The standard criteria for
investigation of MVA due to CMD make it possible to examine dif-
ferent diagnostic strategies including non-invasive and invasive
assessments for their feasibility, safety, and accuracy in the present
study.

The management of MVA represents a major unmet need
because the lack of large, randomized studies involving homoge-
neous patient groups makes it difficult to generate evidence-
based recommendations [20]. Furthermore, the treatment for
CMD has so far been empirical because its pathophysiology
appears multifactorial, with overlapping phenotypes that often
coexist. Recent papers have discussed the management of MVA
patients and suggested some potential therapies for the disorder
[3,20]. Anti-atherothrombosis treatments with statins,
angiotensin-converting enzyme inhibitors (ACE-I) or angiotensin
receptor blockers (ARB), and low-dose aspirin may improve symp-
toms and outcomes in MVA patients [21,22]. Although conven-
tional anti-anginal therapies, including beta-blockers, calcium
channel blockers, and nitrates, are reasonable as first-line regimens
for MVA patients given the underlying pathophysiology, there has
been limited data on their beneficial effects on recurrent anginal
attacks [23,24]. On the other hand, some novel therapies (e.g. rano-
lazine, ivabradine and fasudil) may reduce symptoms and improve
coronary microvascular function in MVA patients [25–27]. In the
present study, we aimed to describe the current treatments for
MVA patients in contemporary clinical practice and provide
insights to the optimal treatment for patients at risk of future car-
diac events.
4. Summary

This study will provide important information regarding the
clinical characteristics, management, and long-term prognosis of
MVA patients in the current era.
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