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Abstract

Coronary spasm (CS), which may occur at the epicardial (focal or diffuse spasm) and/or microvascular (microvascular spasm) level, is a well-
established cause of myocardial ischaemia, in particular in patients with anginal chest pain despite unobstructed coronary arteries. The diagnosis
of CS can be confirmed during coronary angiography by an additional provocation test with vasoactive substances such as acetylcholine. Due
to partially inconsistent data from large clinical studies, especially between Asian and white CS patients, ethnic differences concerning the
prevalence and angiographic patterns of CS seem to exist. Furthermore, several studies in patients with coronary vasomotor disorders pointed
towards differences among male and female CS patients. This article gives an overview of ethnic- and sex-related differences in patients with CS.
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Coronary spasm (CS) represents an important functional cardiac disorder,
characterised by exaggerated vasoconstriction of the coronary arteries
leading to transient myocardial ischaemia and anginal chest pain. Attilio
Maseri’s work was pioneering in demonstrating the clinical relevance of
CS as a functional vasomotor disorder, which is associated with an
increased risk of non-fatal cardiovascular events and substantial morbidity
due to impaired quality of life CS may occur in epicardial coronary
arteries and/or the coronary microvasculature. Diagnosis of CS can be
confirmed by intracoronary provocation testing using either acetylcholine
(ACh) or ergonovine (ER) as pharmacological stimuli.>®

Differences regarding the prevalence and clinical presentation of CS have
been suggested for patients of different ethnic backgrounds, especially in
Asian compared with white individuals.” Furthermore, different clinical
and angiographic characteristics have been described in patients with
non-obstructive coronary artery disease (CAD) and pathological ACh
spasm test, revealing a preponderance of epicardial spasm in men,
smokers and Ml and non-obstructive coronary arteries (MINOCA) patients,
as well as in patients with diffuse non-obstructive atherosclerosis. On the
other hand, microvascular spasm occurs more frequently in women and in
patients presenting with stable angina and diastolic dysfunction.®® This
review will provide an overview on ethnic and sex differences in patients
with CS.

Ethnic Differences

For a long time, ethnic differences regarding the prevalence and
angiographic patterns of CS have been proposed. In fact, it was suggested
by Maseri et al. that Asian patients have a higher frequency of CS and a
more diffuse coronary hyper-reactivity, including multivessel spasm,

compared with white patients” Subsequently, Maseri established an
international collaborative research team comparing coronary reactivity in
Japanese and white patients (15 Japanese and 19 Italian patients) 14 days
after an acute MI. In establishing this prospectively conducted study,
Maseri was insistent that “the same protocol needs to be undertaken in
Japan and ltaly” (two of the investigators supervised the protocol in both
countries — ML Finocchiaro and J Beltrame) and that a “well-defined
clinical study cohort is required” (patients with recent ST-elevation Ml
were included). In this study, the Japanese individuals exhibited greater
coronary hyper-reactivity to ACh, with a twofold higher prevalence in a
per-patient analysis (80% versus 37%) and a threefold higher prevalence
in a per-artery analysis (47% versus 15%). The incidence of focal spasm in
the per-segment analysis was 7% versus 2%, respectively. Furthermore,
the Japanese cohort had a higher prevalence of multivessel spasm (64%
versus 17%) and a greater constrictor response in coronary artery
segments that did not fulfil the diagnostic criteria for coronary artery
spasm.©

Although CS has been proposed to be more common in Asian countries,
other studies have revealed that the prevalence of CS in white individuals
may be higher than previously thought (see Table 1 for an overview). In a
study by Ong et al., a cohort of German patients with suspected acute
coronary syndrome (ACS) who underwent coronary angiography and
showed no culprit lesion were investigated by ACh provocation testing.”
In 42 out of 86 patients (49%), CS was documented. In 16 patients, ACh
provocation testing was performed in all three coronaries, in which
multivessel spasm was found in 69%. Similar results were obtained in a
subsequent trial assessing the clinical usefulness, angiographic
characteristics and safety of intracoronary ACh provocation testing in
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Table 1: Clinical Trials Showing Different Frequencies and Angiographic Patterns of Coronary Spasm

Multivessel Reference

Spasm (%)

Study Cohort Tested by Overall Frequency Diffuse Spasm (%) Focal Spasm (%)

of CS (%)

Provocation Testing

1999 Japanese (n=15) versus ltalian (n=19) 80 versus 37 nk 7 versus 2 64 versus 17 Pristipino et al®

2006 German (n=86) 49 nk - 69 Ong etal”

2007-2010  White (n=847) 57.6 40 9 nk Ong etal®

2010-2014  Japanese (n=1,266) versus white nk 68 versus 70 19 versus 21 18 versus 4 Sato et al®
individuals (n=98)

2011-2015  Japanese (n=80) versus German (n=69) nk 89 versus 81 1M versus 19 35 versus 26 Suda etal®

CS = coronary spasm; nk = not known.

white patients with unobstructed coronary arteries.® Among 847 patients
who underwent ACh testing, 488 were diagnosed with CS. Of these, 283
patients (33.4%) showed epicardial CS and 205 patients (24.2%) showed
microvascular spasm. Epicardial spasm was most often diffuse (40%) and
located in the distal parts of the epicardial vessels, whereas 9% of patients
showed proximal and focal epicardial spasm. Although similar to the
above prospective study, the prevalence of epicardial spasm in Japanese
individuals does not appear to be as high in retrospective comparisons
with large studies among white individuals.

Several characteristics, such as smoking, lipid metabolic disorders and
gene expression, have been linked to the occurrence of CS. As the
incidence of cigarette smoking in Japanese people is high, it was
assumed by Miwa et al. that this might be one of the reasons why the
prevalence of CS appears to be higher than in white individuals.”

Furthermore, some genetic variants associated with CS have been
identified in Asian patients only, for example, aldehyde dehydrogenase 2
and Rho-associated kinase 2, whereas genetic polymorphisms within the
endothelial NO synthase gene or polymorphisms within the endothelin-1
pathway have been identified in both Asian and white CS patients"®
Variations in the aldehyde dehydrogenase-2 genotype are present in
30-50% of Japanese, Korean and Chinese populations, but not within
white or African populations. A deficiency in aldehyde dehydrogenase-2
that results in increased production of reactive aldehydes and oxidative
stress was associated with CS in Japanese patients/®” Nevertheless,
further investigations are necessary to elucidate the role of different
genetic profiles for potential ethnic differences in CS.

Interesting results were obtained during a more recent study by Sato et
al., in which the clinical characteristics and long-term prognosis of
Japanese and white patients with a total of 1,457 patients (Japanese/
white individuals, 1,339/118) suffering from vasospastic angina were
analysed.” Of these, 84% of white patients and 95% of Japanese patients
underwent ACh testing to confirm the diagnosis. Importantly, there were
no significant differences in both ethnic groups concerning the
prevalence and patterns of CS, with two-thirds of the patients showing
diffuse spasm (68% versus 70% in Japanese compared to white
individuals) and around 20% exhibiting focal spasm (19% versus 21%,
respectively) during ACh testing. However, multivessel spasm was
documented more frequently in Japanese than in white individuals (18%
versus 4%). Moreover, the survival rate after 5 years, free from major
adverse cardiac events (MACEs), was slightly but significantly higher in
Japanese than in white patients (86.7% versus 76.6%). Interestingly, the
treatment strategy turned out to be different in the two ethnic groups,
with a higher prescription rate of calcium channel blockers (CCBs) in
Japanese patients (96% versus 86%), whereas nitrates (46% versus
59%), statins (43% versus 65%), renin-angiotensin system inhibitors (27%

versus 51%) and B-blockers (10% versus 24%) were more commonly
prescribed in white patients.

A recent study comparing German and Japanese patients with epicardial
CS demonstrated even more similarities than differences in the
angiographic patterns of CS In this trial, 149 contemporary patients with
resting angina and unobstructed coronary arteries with ACh-induced CS
were enrolled between 2011 and 2015 in Stuttgart, Germany (n=69) and
Sendai, Japan (n=80). Patients were analysed regarding type of spasm
(focal/diffuse), dose of ACh leading to CS and frequency of multivessel
spasm. The results of this study revealed diffuse spasm as the most
prevalent type of spasm (85%), whereas 15% of patients showed focal
spasm. Multivessel spasm was found in 31% of patients. The distribution
of focal and diffuse spasm types was comparable in both Japanese and
German patients (89% versus 81% and 11% versus 19%, respectively).
Moreover, for both spasm types, no significant differences were observed
regarding the ACh dose required to induce spasm when Japanese
patients were compared with German patients. Interestingly, the
frequency of multivessel spasm was similar in both ethnic groups (35%
versus 26%), showing no statistically significant differences.

This was different to previous results, where a more than fourfold higher
frequency of multivessel spasm patients was shown for Japanese
patients.® The authors speculated that discrepancies in the rates of
multivessel spasm might be explained by differences in study protocols
and data analysis. For example, in Asian countries ACh testing of the right
coronary artery (RCA) is more regularly performed (with insertion of a
backup pacemaker) compared with other countries.*® As a consequence,
the rate of multivessel spasm might be higher in Japanese patients.

In the aforementioned study by Suda et al., only patients with epicardial
spasm provoked in the left coronary artery (LCA) were included for
analysis in the Japanese and German groups. This might explain the
similar frequencies of multivessel spam seen in both ethnic groups, which
is in contrast to previous studies. In addition, Sato et al. also included ER
as a pharmacological agent for provocation testing during coronary
angiography, whereas Suda et al. did not. As ER and ACh act through
different receptors (serotonergic receptors versus muscarinic cholinergic
receptors, respectively), these different stimuli may cause different
vasomotor responses. Indeed, ER testing is known to rather provoke focal
and proximal spasms, whereas provoked spasms by ACh appear to be
more diffuse and distal,® a fact that might explain the high rates of diffuse
spasms in previous studies.

Nevertheless, provocation testing with either ACh or ER is broadly applied
in daily clinical use in Asia, particularly in Japan, whereas spasm
provocation testing is not as well established in clinical routine in Europe
and the US, although it has been proven to be useful and safe 8202
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The differences in findings between these ethnic comparisons in CS
(summarised in Table 1) may reflect differences in:

 study design: a prospective, controlled trial versus retrospective
analyses;

« study cohort: acute Ml patients versus those with stable angina and
non-obstructive coronary arteries;

» (CSrisk factor differences;

« choice of provocation agent; and

» provocation protocol.

Thus, further epidemiological and pathophysiological studies are needed
to determine the role of CS in different ethnic populations.

Sex Differences

CS Prevalence, Patient Characteristics

and Prognostic Factors

As early as 1980, clinical observations by Maseri and colleagues indicated
a predominance of female patients presenting with spontaneous anginal
attacks and prior or ongoing myocardial ischaemia despite
angiographically normal coronary arteries, while stenosis >75% relating to
at least one vessel was more prevalent in male patients. Even then, the
authors suspected that CS was an important cause of angina, in particular
in young female patients without visible coronary stenosis, in whom
coronary vessels appear to be more prone to abnormal vasomotion.?
Decades later, these observations could be confirmed by evidence from
large clinical studies revealing that in patients with anginal chest pain
undergoing coronary angiography for suspected CAD, normal
arteriograms or non-significant coronary stenoses (<50% stenosis) were
more frequent in female (60-70%) than in male (about 30%) patients. %

The main reason for the significantly lower prevalence of obstructive CAD in
women is in part due to the protective effects of female sex hormones on
the development of CAD, which decreases after the onset of menopause to
approach a prevalence comparable to that of men, with a delay of
approximately one decade. Besides the protective properties of female sex
hormones on the one hand, the vessels of women are naturally much more
exposed to varying hormonal influences on the other hand, which may
favour a more distinctive vascular reactivity through indirect mechanisms or
direct interaction with vascular cells, including endothelial as well as smooth
muscle cells. Hence, the absence of relevant flow-limiting epicardial
stenoses does not exclude the presence of an abnormal coronary
vasomotion in response to vasoactive substances such as ACh.25%

Above all, it has been shown that these patients suffer more frequently
from chronic pain disorders compared to patients with obstructive CAD
(23% versus 10%; p<0.001), reinforcing the need for a confirmed diagnosis
and appropriate therapy.”® Thus, a large European study involving 1,379
consecutive patients with stable angina and unobstructed coronary
arteries (no epicardial stenosis >50% by visual assessment) undergoing
ACh provocation testing for assessment of epicardial and/or microvascular
spasm revealed that pathological test results were more common in
females (70% versus 43%; p<0.001).% In particular, microvascular spasm
was significantly more prevalent in women (42% versus 20%; p<0.001),
whereas epicardial spasm occurred only slightly more frequently in
female compared to male patients (28% versus 23%; p<0.05).%

A significantly more frequent pathological ACh test result in women in the
setting of unobstructed coronary arteries could also be confirmed in
further clinical studies by Ong et al.#?® Accordingly, in Japan microvascular

spasm also appears to be diagnosed significantly more often in women
(21% versus 3%; p<0.0001) presenting with non-obstructive coronary
arteries (<50% diameter), whereas epicardial spasm is more common in
men (70% versus 49%).%

The observed discrepancy regarding the sex-specific distribution of
epicardial and microvascular spasm between the European and Japanese
study populations is likely due to the different diagnostic criteria used in
these studies. Thus, beyond the standardised COVADIS (Coronary
Vasomotion Disorders International Study Group) diagnostic criteria for
microvascular spasm, defined as reproduction of the usual chest pain and
ischaemic ECG changes without significant epicardial spasm, this
Japanese study also required an increase in cardiac lactate production
and a decrease in coronary blood flow to qualify for a microvascular
spasm diagnosis.” Furthermore, different ACh doses (20-100 pg in the
Japanese versus 2—200 pg in the European study) and cut-off values for
diameter reduction defined as epicardial spasm were used (>90% in the
Japanese versus >75% in the European study). Nevertheless, a
preponderance of epicardial spasm in male and microvascular spasm in
female patients with myocardial ischaemia and non-obstructive CAD was
also confirmed by Montone et al.’

Regarding epicardial spasm subtypes, several Japanese studies revealed
that diffuse vasoconstriction occurred more frequently in women, and
focal spasm was observed more frequently in male patients.*-** However,
it should be considered that patients with obstructive CAD were also
included in these studies. Thus, previous studies have already shown that
focal spasm is related to the presence of visible atherosclerotic alterations
of the vessel wall, such as intima-media thickening and increased plaque
burden at sites of focal spasm.*= Sato et al. demonstrated that severe
epicardial stenosis (275%) was significantly more prevalent in the focal
compared with the diffuse spasm group (33% versus 17%; p<0.001), which,
as expected, was associated with a worse long-term prognosis than
diffuse spasm.® Moreover, in patients with epicardial CS the predictor of
MACE appears to be different between men and women. Age and
electrical abnormalities, including ventricular tachycardia and VF, were
more associated with female sex, whereas structural abnormalities,
including coronary stenosis and previous MI, were associated with male
sex. ¥

Concerning traditional cardiovascular risk factors, both European and
Japanese studies revealed that female CS patients were significantly
older and more likely to have a family history of cardiovascular/ischaemic
heart disease. However, compared with male patients, a significantly
lower proportion of women were active smokers or had a history of
habitual smoking (see also Figure 1). Apart from the finding by Aziz et al.
that women in the study had a higher prevalence of hypertension, there
were no conspicuous gender differences in other cardiovascular risk
factors or duration and type of symptoms. 2829343

Medication and Clinical Outcome

In female and male patients with epicardial CS, CCBs (a first-line agent in
CS therapy) were prescribed with comparable frequency, whereas the
use of dihydropyridine-type CCBs was significantly higher in male
patients.?®*3 Furthermore, in a study by Sueda et al. the prescription rate
of aspirin and nitrates was significantly higher in male patients. Moreover,
in a study by Kawana et al. the use of antiplatelet agents was significantly
higher in male patients (50% versus 38%; p<0.001), while statins were
taken slightly but significantly more often by women (37% versus 32%;
p=0.049).
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Figure 1: Differences in Angiographic Patterns, Clinical
Characteristics and Diagnostic Features among
Male and Female Patients with Coronary Spasm

Women [ ] Men

Coronary spasm

Diffuse, microvascular Focal, epicardial

[ Angiographic pattern ]
Unobstructed coronary arteries Obstructive CAD
[ Clinical characteristics ]

History of habitual or

Older, family history of CAD/IHD active smoking

[ Spasm provocation testing ]

+ Sensitivity to ACh
in European women

Population-related
differences?

+ Sensitivity to ACh
in Japanese men
Ischaemic ECG changes during ACh test

ST-depression ST-elevation

ACh = acetylcholine; CAD = coronary artery disease; IHD = ischaemic heart disease.

Regarding the administration of B-blockers, angiotensin receptor blockers
or angiotensin-converting enzyme inhibitors, no gender-specific
differences were found.*** During continued guideline-based medical
therapy with a low rate of dose reduction/discontinuation (2% in male
versus 1.6% in female patients; p=0.63) within the follow-up period, both
clinical outcomes (primary endpoint: MACE; secondary endpoint: all-
cause death) and the overall 5-year MACE-free survival rate (94% versus
93%) were comparable between male and female epicardial CS patients.*

Sueda et al. consistently confirmed no prognostic differences regarding
sudden cardiac death- and ACS-free survival rates within the follow-up
period of 80 months between both sexes with ACh-provoked epicardial
spasm.* Importantly, it should be considered that in these studies
epicardial CS patients with obstructive CAD were also included.
Moreover, Kawana et al. noted that the long-term prognosis for MACE-
free survival rate among Japanese women <50 years of age was
significantly lower (<50 years: 82% versus 50-64 years: 92% versus 265
years: 96%; p<0.01). The authors attributed this finding primarily to the
high prevalence of smoking in the female group <50 years (<50 years:
54% versus 50—64 years: 24% versus =65 years: 13%; p<0.007), which is
an important known risk factor for CAD as well as CS. A strong association
between cigarette smoking and CS has already been reported in
premenopausal women.*

Sex Differences during Spasm Provocation Testing

Aziz et al. provided the first clinical evidence of increased sensitivity to
ACh in female patients requiring a lower ACh dose (incremental doses of
2,20,100 and 200 pg) to elicit a pathologic test result, which was most
evident at ACh doses of 20 and 100 pg infused into the LCA.% In contrast,
arecent study by Sueda et al. could not confirm significant sex-dependent
differences regarding the frequency of maximum ACh dose provoking a
pathological response by incremental administration of 10, 20, 50, 100
and 200 pg into the LCA and 10, 20, 50 and 80 pg into the RCA. However,
if the mean maximum used ACh dose was compared, female patients
showed a pathological test result in both the LCA (104 + 52 pg versus 91+
50 pg; p=0.012) and RCA (59 + 21 ug versus 54 + 23 ug; p=0.042) at a

significantly higher ACh dose. Likewise, in the subgroup of patients
without obstructive coronary arteries, female patients also showed a
higher mean maximum used ACh dose provoking CS in both the LCA and
RCA compared with male patients (110 + 52 versus 91 + 50; p=0.012).*
These findings suggest population-related differences relating to ACh
sensitivity between men and women (Figure 1). However, divergent
definitions of a pathological test result as well as procedural differences
limit the comparability of these studies. In contrast to Sueda et al., in the
study by Aziz et al. a pathological test result included both epicardial and
microvascular spasm, while in the study by Sueda et al. both LCA and RCA
reactivity to ACh were examined by default.”®* Further studies are
needed to clarify this issue.

Interestingly, comparison of ischaemic ECG changes during ACh
provocation testing revealed that ST-depression was recorded more
frequently in female patients, whereas ST-elevation was observed more
frequently in male patients. This observation could also be confirmed in
the subgroup of female patients without obstructive CAD.>* In line with
these findings, Kawana et al. documented that ST-depression occurred
more frequently in female and ST-elevation more frequently in male
epicardial CS patients during spontaneous angina attacks (Figure 7).

Regarding the occurrence of complications during coronary reactivity
testing, it has been previously reported that ventricular tachycardia or VF
were significantly more prevalent in female patients during spasm
provocation testing with ACh and/or ER (5% versus 3%; p=0.02).%
However, recent studies in which provocation testing was performed with
ACh alone exhibited a low complication rate that was comparable in both
Se)(es.21,28,34

Sex-Specific Differences and Clinical Implications
Despite the fact that male and female patients report their symptoms
differently, clinical history alone can often not distinguish between
obstructive CAD and CS.* Thus, in patients undergoing invasive coronary
angiography where unobstructed epicardial arteries are found, further
diagnostic methods to determine the diagnosis are warranted. This
comprises — among others — intracoronary provocation testing in search
of CS. In particular, microvascular spasm seems to be more prevalent in
female patients suffering from anginal chest pain despite angiographically
unobstructed coronary arteries. Since the vasoconstrictor component
only comprised one component of coronary microvascular dysfunction,
the (co)existence of vasodilator dysfunction of the coronary
microvasculature, which is associated with a significantly higher
prevalence in female patients, should also be considered in the diagnosis
and treatment of potential CS.*? Further large-scale studies are warranted
to provide targeted sex-specific treatment recommendations for CS
patients.

Conclusion

There is heterogeneity in the findings of coronary vasomotor reactivity
studies comparing Japanese and white patients. However, recent clinical
data suggest that many of the differences can be attributed to varying
procedural approaches and patient selection in Asia and Europe.
Furthermore, apparent differences may also be explained by different
genetic variation profiles associated with CS within Asian and white
populations. Nevertheless, regardless of ethnicity, there is considerable
evidence for consideration of diagnostic and prognostic differences in
male and female CS patients (summarised in Figure 1) for appropriate
management of patients with CS. [

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com



Coronary Spasm: Ethnic and Sex Differences

Maseri A. Safety of provocative tests of coronary artery
spasm and prediction of long-term outcome: need for an
innovative clinical research strateqy. Eur Heart J
2013;34:252-4. https://doi.org/10.1093/eurheartj/ehs312;
PMID: 23008507.

Lanza GA, Maseri A. Coronary artery spasm. Curr Treat
Options Cardiovasc Med 2000;2:83-90. https://doi.
0rg/10.1007/511936-000-0031-0; PMID: 11096513.

Maseri A, LAbbate A, Baroldi G, et al. Coronary vasospasm
as a possible cause of myocardial infarction. A conclusion
derived from the study of “preinfarction” angina. N Engl J
Med 1978;299:1271-7. https://doi.org/10.1056/
NEJM197812072992303; PMID: 714095.

Ong P, Athanasiadis A, Borgulya G, et al. High prevalence of
a pathological response to acetylcholine testing in patients
with stable angina pectoris and unobstructed coronary
arteries. The ACOVA study (Abnormal COronary VAsomotion
in patients with stable angina and unobstructed coronary
arteries). J Am Coll Cardiol 2012;59:655—62. https://doi.
0rg/10.1016/j.jacc.2011.11.015; PMID: 22322081.

Ong P, Athanasiadis A, Sechtem U. Patterns of coronary
vasomotor responses to intracoronary acetylcholine
provocation. Heart 2013;99:1288-95. https://doi.org/10.1136/
heartjnl-2012-302042; PMID: 23442537.

Montone RA, Meucci MC, de Vita A, et al. Coronary
provocative tests in the catheterization laboratory:
pathophysiological bases, methodological considerations
and clinical implications. Atherosclerosis 2021;318:14-21.
https://doi.org/10.1016/j.atherosclerosis.2020.12.008;

PMID: 33360263.

Beltrame JF, Sasayama S, Maseri A. Racial heterogeneity in
coronary artery vasomotor reactivity: differences between
Japanese and Caucasian patients. J Am Coll Cardiol
1999;33:1442-52. https://doi.org/10.1016/s0735-
1097(99)00073-x; PMID: 10334407.

Ong P, Athanasiadis A, Borgulya G, et al. Clinical usefulness,
angiographic characteristics, and safety evaluation of
intracoronary acetylcholine provocation testing among 921
consecutive white patients with unobstructed coronary
arteries. Circulation 2014;129:1723-30. https://doi.org/10.1161/
CIRCULATIONAHA113.004096; PMID: 24573349.

Montone RA, Niccoli G, Russo M, et al. Clinical, angiographic
and echocardiographic correlates of epicardial and
microvascular spasm in patients with myocardial ischaemia
and non-obstructive coronary arteries. Clin Res Cardiol
2020;109:435-43. https://doi.org/10.1007/s00392-019-
01523-w; PMID: 31270616.

. Pristipino C, Beltrame JF, Finocchiaro ML, et al. Major racial

differences in coronary constrictor response between
Japanese and Caucasians with recent myocardial infarction.
Circulation 2000;101:1102—8. https://doi.org/10.1161/01.
€ir10110.1102; PMID: 10715255.

Ong P, Athanasiadis A, Hill S, et al. Coronary artery spasm
as a frequent cause of acute coronary syndrome: the
CASPAR (coronary artery spasm in patients with acute
coronary syndrome) study. J Am Coll Cardiol 2008;52:523-7.
https://doi.org/10.1016/j.jacc.2008.04.050; PMID: 18687244.

. Miwa K, Fujita M, Sasayama S. Recent insights into the

mechanisms, predisposing factors, and racial differences of
coronary vasospasm. Heart Vessels 2005;20:1-7. https://doi.
0rg/10.1007/s00380-004-0794-4; PMID: 15700195.

Kaneda H, Taguchi J, Kuwada Y, et al. Coronary artery
spasm and the polymorphisms of the endothelial nitric oxide
synthase gene. Circ J 2006;70:409-13. https:/doi.
0rg/10.1253/circ}.70.409; PMID: 16565556.

Ford TJ, Corcoran D, Padmanabhan S, et al. Genetic
dysregulation of endothelin-1is implicated in coronary
microvascular dysfunction. Eur Heart J 2020;41:3239-52.
https://doi.org/10.1093/eurheartj/ehz915; PMID: 31972008.

15.

16.

17.

20.

21.

22.

23.

24.

25.

26.

27.

Nakayama M, Yasue H, Yoshimura M, et al. T"*»C mutation
in the 5’-flanking region of the endothelial nitric oxide
synthase gene is associated with coronary spasm. Circulation
1999;99:2864-70. https://doi.org/10.1161/01.ir.99.22.2864;
PMID: 10359729.

Mizuno Y, Hokimoto S, Harada E, et al. Variant aldehyde
dehydrogenase 2 (ALDH2*2) is a risk factor for coronary
spasm and ST-segment elevation myocardial infarction. J Am
Heart Assoc 2016;5:€003247. https://doi.org/0.1161/
JAHA116.003247; PMID: 27153870.

Mizuno Y, Harada E, Morita S, et al. East Asian variant of
aldehyde dehydrogenase 2 is associated with coronary
spastic angina: possible roles of reactive aldehydes and
implications of alcohol flushing syndrome. Circulation
2015;131:1665-73. https://doi.org/10.1161/
CIRCULATIONAHAMA4.013120; PMID: 25759460.

. Sato K, Takahashi J, Odaka Y, et al. Clinical characteristics

and long-term prognosis of contemporary patients with
vasospastic angina: ethnic differences detected in an
international comparative study. Int J Cardiol 2019;291:13—
8. https://doi.org/10.1016/}.ijcard.2019.02.038;

PMID: 30819587.

. Suda A, Seitz A, Odaka Y, et al. Assessment of coronary

vasomotor responses to acetylcholine in German and
Japanese patients with epicardial coronary spasm-more
similarities than differences? Heart Vessels 2021,36:337-44.
https://doi.org/10.1007/s00380-020-01707-9;

PMID: 33044621.

Ciliberti G, Seshasai SRK, Ambrosio G, Kaski JC. Safety of
intracoronary provocative testing for the diagnosis of
coronary artery spasm. Int J Cardiol 2017;244:77-83. https://
doi.org/10.1016/}.jjcard.2017.05.109; PMID: 28622945.
Takahashi T, Samuels BA, Li W, et al. Safety of provocative
testing with intracoronary acetylcholine and implications for
standard protocols. J Am Coll Cardiol 2022;79:2367-78.
https://doi.org/10.1016/j.jacc.2022.03.385; PMID: 35710187.
Marzilli M, Goldstein S, Trivella MG, et al. Some clinical
considerations regarding the relation of coronary
vasospasm to coronary atherosclerosis: a hypothetical
pathogenesis. Am J Cardiol 1980;45:882—6. https://doi.
0rg/10.1016/0002-9149(80)90135-6; PMID: 6987858.
Johnston N, Schenck-Gustafsson K, Lagerqvist B. Are we
using cardiovascular medications and coronary angiography
appropriately in men and women with chest pain? Eur Heart
J2011;32:1331-6. https://doi.org/10.1093/eurheartj/ehr009;
PMID: 21317147.

Jespersen L, Hvelplund A, Abildstrom SZ, et al. Stable
angina pectoris with no obstructive coronary artery disease
is associated with increased risks of major adverse
cardiovascular events. Eur Heart J 2012;33:734—44. https://
doi.org/10.1093/eurheartj/ehr331; PMID: 21911339.

Ford TJ, Yii E, Sidik N, et al. Ischemia and no obstructive
coronary artery disease: prevalence and correlates of
coronary vasomotion disorders. Circ Cardiovasc Interv
2019;12:2008126. https://doi.org/10.1161/
CIRCINTERVENTIONS119.008126; PMID: 31833416.

Pepine CJ, Kerensky RA, Lambert CR, et al. Some thoughts
on the vasculopathy of women with ischemic heart disease.
JAm Coll Cardiol 2006;47(3 Suppl):S30-5. https://doi.
0rg/10.1016/j.jacc.2005.09.023; PMID: 16458168.

Bugiardini R, Manfrini O, Pizzi C, et al. Endothelial function
predicts future development of coronary artery disease: a
study of women with chest pain and normal coronary
angiograms. Circulation 2004;109:2518-23. https://doi.
0rg/10.1161/01.CIR.0000128208.22378.E3; PMID: 15136498.

. Aziz A, Hansen HS, Sechtem U, et al. Sex-related differences

in vasomotor function in patients with angina and
unobstructed coronary arteries. J Am Coll Cardiol
2017;70:2349-58. https://doi.org/10.1016/j.jacc.2017.09.016;

EUROPEAN CARDIOLOGY REVIEW
www.ECRjournal.com

29.

30.

31

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42.

PMID: 29096805.

Ong P, Pirozzolo G, Athanasiadis A, Sechtem U. Epicardial
coronary spasm in women with angina pectoris and
unobstructed coronary arteries is linked with a positive
family history: an observational study. Clin Ther
2018;40:1584-90. https://doi.org/10.1016/.
clinthera.2018.07.015; PMID: 30122309.

Ohba K, Sugiyama S, Sumida H, et al. Microvascular
coronary artery spasm presents distinctive clinical features
with endothelial dysfunction as nonobstructive coronary
artery disease. J Am Heart Assoc 2012;1:e002485. https://doi.
0org/10.1161/JAHA112.002485; PMID: 23316292.

Ong P, Camici PG, Beltrame JF, et al. International
standardization of diagnostic criteria for microvascular
angina. Int J Cardiol 2018;250:16-20. https://doi.org/10.1016/j.
ijcard.2017.08.068; PMID: 29031990.

Sueda S, Suzuki J, Watanabe K, et al. Clinical characteristics
of female patients with coronary spastic angina: comparison
with male patients. Jpn Circ J 2000;64:416-20. https:/doi.
0rg/10.1253/jc}.64.416; PMID: 10875731.

Sato K, Kaikita K, Nakayama N, et al. Coronary vasomotor
response to intracoronary acetylcholine injection, clinical
features, and long-term prognosis in 873 consecutive
patients with coronary spasm: analysis of a single-center
study over 20 years. J Am Heart Assoc 2013;2:€000227.
https://doi.org/10.1161/JAHA113.000227; PMID: 23858100.
Sueda S, Sakaue T. Sex-related differences in patients with
positive coronary spasm as identified by acetylcholine
testing. Intern Med 2021,60:2357—-65. https://doi.org/10.2169/
internalmedicine.6630-20; PMID: 33583899.

Yamagishi M, Miyatake K, Tamai J, et al. Intravascular
ultrasound detection of atherosclerosis at the site of focal
vasospasm in angiographically normal or minimally
narrowed coronary segments. J Am Coll Cardiol
1994;23:352-7. https://doi.org/10.1016/0735-1097(94)90419-
7; PMID: 8294686.

Koyama J, Yamagishi M, Tamai J, et al. Comparison of
vessel wall morphologic appearance at sites of focal and
diffuse coronary vasospasm by intravascular ultrasound. Am
Heart J1995;130:440-5. https://doi.org/10.1016/0002-
8703(95)90349-6; PMID: 7661058.

Saito S, Yamagishi M, Takayama T, et al. Plaque morphology
at coronary sites with focal spasm in variant angina: study
using intravascular ultrasound. Circ J 2003;67:1041-5.
https://doi.org/10.1253/circj.67.1041; PMID: 14639021.
Koizumi T, Yokoyama M, Namikawa S, et al. Location of focal
vasospasm provoked by ergonovine maleate within
coronary arteries in patients with vasospastic angina
pectoris. Am J Cardiol 2006;97:1322-5. https://doi.
0rg/10.1016/j.amjcard.2005.11.073; PMID: 16635604.

Kawana A, Takahashi J, Takagi Y, et al. Gender differences
in the clinical characteristics and outcomes of patients with
vasospastic angina — a report from the Japanese Coronary
Spasm Association. Circ J 2013;77:1267-74. https:/doi.
0rg/10.1253/circj.CJ-12-1486; PMID: 23363662.

Caralis DG, Deligonul U, Kern MJ, Cohen JD. Smoking is a
risk factor for coronary spasm in young women. Circulation
1992;85:905-9. https://doi.org/10.1161/01.cir.85.3.905;
PMID: 1537126.

Vodopiutz J, Poller S, Schneider B, et al. Chest pain in
hospitalized patients: cause-specific and gender-specific
differences. J Womens Health (Larchmt) 2002;11:719-27.
https://doi.org/10.1089/15409990260363670;

PMID: 12570038.

Nishimiya K, Shimokawa H. Gender differences in coronary
functional abnormalities. /tal J Gend Specif Med 2021,7:15-21.
https://doi.org/10.1723/3528.35162.


https://doi.org/10.1093/eurheartj/ehs312
https://doi.org/10.1007/s11936-000-0031-0
https://doi.org/10.1007/s11936-000-0031-0
https://doi.org/10.1056/nejm197812072992303
https://doi.org/10.1056/nejm197812072992303
http://www.ncbi.nlm.nih.gov/pubmed/714095
https://doi.org/10.1016/j.jacc.2011.11.015
https://doi.org/10.1016/j.jacc.2011.11.015
https://doi.org/10.1136/heartjnl-2012-302042
https://doi.org/10.1136/heartjnl-2012-302042
https://doi.org/10.1016/j.atherosclerosis.2020.12.008
https://doi.org/10.1016/s0735-1097(99)00073-x
https://doi.org/10.1016/s0735-1097(99)00073-x
https://doi.org/10.1161/circulationaha.113.004096
https://doi.org/10.1161/circulationaha.113.004096
https://doi.org/10.1007/s00392-019-01523-w
https://doi.org/10.1007/s00392-019-01523-w
https://doi.org/10.1161/01.cir.101.10.1102
https://doi.org/10.1161/01.cir.101.10.1102
https://doi.org/10.1016/j.jacc.2008.04.050
https://doi.org/10.1007/s00380-004-0794-4
https://doi.org/10.1007/s00380-004-0794-4
https://doi.org/10.1253/circj.70.409
https://doi.org/10.1253/circj.70.409
https://doi.org/10.1093/eurheartj/ehz915
https://doi.org/10.1161/01.cir.99.22.2864
https://doi.org/10.1161/jaha.116.003247
https://doi.org/10.1161/jaha.116.003247
https://doi.org/10.1161/circulationaha.114.013120
https://doi.org/10.1161/circulationaha.114.013120
https://doi.org/10.1016/j.ijcard.2019.02.038
https://doi.org/10.1007/s00380-020-01707-9
https://doi.org/10.1016/j.ijcard.2017.05.109
https://doi.org/10.1016/j.ijcard.2017.05.109
https://doi.org/10.1016/j.jacc.2022.03.385
https://doi.org/10.1016/0002-9149(80)90135-6
https://doi.org/10.1016/0002-9149(80)90135-6
http://www.ncbi.nlm.nih.gov/pubmed/6987858
https://doi.org/10.1093/eurheartj/ehr009
https://doi.org/10.1093/eurheartj/ehr331
https://doi.org/10.1093/eurheartj/ehr331
https://doi.org/10.1161/circinterventions.119.008126
https://doi.org/10.1161/circinterventions.119.008126
https://doi.org/10.1016/j.jacc.2005.09.023
https://doi.org/10.1016/j.jacc.2005.09.023
https://doi.org/10.1161/01.cir.0000128208.22378.e3
https://doi.org/10.1161/01.cir.0000128208.22378.e3
https://doi.org/10.1016/j.jacc.2017.09.016
https://doi.org/10.1016/j.clinthera.2018.07.015
https://doi.org/10.1016/j.clinthera.2018.07.015
https://doi.org/10.1161/jaha.112.002485
https://doi.org/10.1161/jaha.112.002485
https://doi.org/10.1016/j.ijcard.2017.08.068
https://doi.org/10.1016/j.ijcard.2017.08.068
https://doi.org/10.1253/jcj.64.416
https://doi.org/10.1253/jcj.64.416
https://doi.org/10.1161/jaha.113.000227
https://doi.org/10.2169/internalmedicine.6630-20
https://doi.org/10.2169/internalmedicine.6630-20
https://doi.org/10.1016/0735-1097(94)90419-7
https://doi.org/10.1016/0735-1097(94)90419-7
http://www.ncbi.nlm.nih.gov/pubmed/8294686
https://doi.org/10.1016/0002-8703(95)90349-6
https://doi.org/10.1016/0002-8703(95)90349-6
http://www.ncbi.nlm.nih.gov/pubmed/7661058
https://doi.org/10.1253/circj.67.1041
https://doi.org/10.1016/j.amjcard.2005.11.073
https://doi.org/10.1016/j.amjcard.2005.11.073
https://doi.org/10.1253/circj.cj-12-1486
https://doi.org/10.1253/circj.cj-12-1486
https://doi.org/10.1161/01.cir.85.3.905
http://www.ncbi.nlm.nih.gov/pubmed/1537126
https://doi.org/10.1089/15409990260363670
https://doi.org/10.1723/3528.35162

