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Chapter 3
Diagnosis of Coronary Artery Spasm

Kensuke Nishimiya, Yasuharu Matsumoto, Jun Takahashi,
and Hiroaki Shimokawa

Abstract Seminal clinical studies have shown that percutaneous coronary inter-
vention (PCI) in patients with stable angina gives few benefits as compared with
optimal medical therapy alone (Boden et al., N Engl J Med 356:1503-1516, 2007,
Al-Lamee et al., Lancet 391:31-40, 2018). Therefore, making diagnosis of coro-
nary vasomotion abnormalities regardless of obstructive or nonobstructive arterial
segments has dramatically increased its clinical significance. Coronary artery spasm
plays a key role in a wide range of ischemic heart diseases not only in vasospastic
angina (VSA) but also in acute coronary syndrome and sudden cardiac death. It is
of importance to have the precise diagnostic criteria for coronary artery spasm based
on the clinically available evaluation methods. Particularly, recent studies have
made substantial contributions to the development of new approaches that can pre-
dict the risk of future cardiovascular events in patients with VSA. Ample clinical
evidence has been accumulated for elucidating the detailed mechanisms of coronary
artery spasm in vivo. In this chapter, we will summarize recent advances in diagnos-
tic methodology of coronary artery spasm.
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3.1 Clinical Definition and Diagnostic Criteria of Coronary
Artery Spasm

Referring to the Japanese Circulation Society (JCS) guidelines for diagnosis and
treatment of patients with VSA [1], definite VSA is diagnosed when ischemic
changes on electrocardiogram (ECG), defined as a transient ST elevation of
>0.1 mV, an ST depression of >0.1 mV, or new appearance of negative U waves in
at least 2 contiguous leads, are documented during spontaneous angina attack. In
case that ECG shows borderline ischemic change, definite VSA is angiographically
diagnosed when transient, total, subtotal (>90% stenosis) of a coronary artery
accompanied by angina pain and ischemic ECG change during the spasm provoca-
tion test with acetylcholine, ergonovine, or hyperventilation (Fig. 3.1). Following
the JCS guidelines, a position paper from the Coronary Artery Vasomotion Disorders

VSA is suspected based on angina-like attacks at rest, during effort, or during rest
and effort, and the following findings are obtained by ECG, Holterrecording during
spontaneous attacks
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Fig. 3.1 Diagnosis of coronary artery spasm. Diagnostic algorithm of VSA (quoted from the JCS
guidelines). “'Ischemic change is defined as a transient ST elevation of 0.1 mV or more, an ST
depression of 0.1 mV or more, or new appearance of negative U waves, recorded in at least two
contiguous leads on 12-lead ECG. “Examinations include the drug-induced spasm provocation
test during cardiac catheterization and hyperventilation test. A positive finding for coronary artery
spasm on angiography in coronary artery spasm provocation test is defined as “transient, total, or
subtotal occlusion (>90% stenosis) of a coronary artery with signs/symptoms of myocardial isch-
emia (anginal pain and ischemic ECG change)”. VSA vasospastic angina, ECG electrocardiogram.
(Reproduced from JCS joint working group [1])
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International Study Group (COVAIDS) depicts regarding the physical assessment
of VSA that (1) subjective symptoms often appear at rest, especially between night
and early morning, (2) exercise tolerance is markedly reduced in morning, (3)
hyperventilation relates to the symptoms, and (4) calcium-channel blockers sup-
press the symptoms [2].

3.2 Noninvasive Evaluation Methods

ECG and Holter ECG are useful for documentation of ECG changes regardless of
the presence or the absence of symptoms (Class I) [1]. The criteria for positive ECG
findings include ST-segment elevation/suppression of 0.1 mV or more in at least 2
contiguous leads on 12-lead ECG. Exercise or hyperventilation test, often recom-
mended to perform in resting condition desirably in the morning, could be an option
for noninvasive assessment for coronary artery spasm. Usefulness of noninvasive
cardiovascular imaging tools, such as myocardial scintigraphy and multi detector-
row computed tomography (CT), remains to be determined in future guidelines.

3.3 Pharmacological Spasm Provocative Tests

The JCS guidelines highly recommend spasm provocation tests with acetylcholine
(Class I) when a patient is negative for noninvasive VSA evaluation but is still sus-
pected for coronary artery spasm clinically [1]. In 1986, Yasue et al. reported the
usefulness of pharmacological spasm provocation test with intracoronary acetyl-
choline to induce coronary spasm [3]. Notably, a high diagnostic accuracy of acetyl-
choline provocation test for patients with variant angina (sensitivity, 90%; specificity,
99%) was reported [4]. Recent papers from the Europe demonstrated that pharma-
cological spasm provocation tests with acetylcholine are safe and useful for making
VSA diagnosis in white patients [5, 6]. Prior to the introduction of acetylcholine,
intravenous ergonovine was originally reported in 1949 [7], and was used for the
first spasm provocation testing in 1972 [8]. Ergonovine provocation test is recom-
mended if patients have a contraindication to acetylcholine due to comorbid bron-
chial asthma or severe atrioventricular conduction disorder [9].

In 2006, the Japanese Coronary Spasm Association (JCSA) was established, in
which 85 Japanese institutes participated and registered VSA patients between
September 1, 2007 and December 31, 2008 [10]. Since then, the JCSA registry has
provided robust evidence, especially in the clinical presentation of coronary artery
spasm. First, a study by Takagi et al. reported the safety of the spasm provocation
tests and found the significant correlation between angiographic findings and long-
term prognosis in 1244 VSA patients who were diagnosed with pharmacological
provocation tests with either intracoronary acetylcholine or ergonovine [11]. In
this study, overall incidence of arrhythmic complications, such as ventricular
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tachycardia (VT) or ventricular fibrillation (VF) during the provocation tests, was
6.8%, which was comparable with those who were documented spontaneous angina
attack. Patients who underwent acetylcholine provocation test showed a significant
higher rate of arrhythmic complications as compared with those with ergonovine
provocation test (acetylcholine 9.3% vs. ergonovine 3.2%, P < 0.001), which was
more prominent for VI/VF (acetylcholine 4.9% vs. ergonovine 0.8%, P < 0.001).
VSA patients with induced VT/VF during provocation test were characterized by a
higher dose of acetylcholine use during the test, female, diffuse spasm in the right
coronary artery, multivessel spasm, and lower prevalence of organic stenosis. When
applied the logistic regression analysis, acetylcholine use during the provocation
tests and diffuse spasm in the right coronary artery were strong correlated factors
for the occurrence of provocation-related VI/VFE. In contrast, the 5-year survival
rate free from major adverse cardiac events (MACESs), including cardiac death, non-
fatal myocardial infarction, hospitalization due to unstable angina pectoris and heart
failure, and appropriate implantable cardioverter-defibrillator (ICD) shocks during
the follow-up period, was 92%, and that of all-cause death was 98%. Importantly,
MACE-free survival rate was statistically comparable between VSA patients with
provocation-related VI/VF and those without them (Fig. 3.2). The multivariable
Cox proportional hazard analysis showed that a mixture of focal and diffuse spasm
observed in multivessels and organic stenosis were strongly correlated with MACE:s,
whereas no correlation between provocation-related arrhythmias and MACEs dur-
ing the follow-up period was noted (Table 3.1). Thus, the JCSA study demonstrates
an acceptable level of safety of the pharmacological spasm provocation test and its
usefulness for the risk stratification of VSA patients [11].

Another landmark study form the JCSA registry developed the JCSA risk score
that can provide comprehensive risk assessment and prognostic stratification for
VSA patients [12]. A total of 7 variables, history of out-of-hospital cardiac arrest (4
points), smoking, rest angina alone, organic coronary stenosis, multivessel spasm
during the spasm provocation tests (2 points each), ST-segment elevation during
angina, and p-blocker use (1 point each) were chosen for the JCSA score.
Intriguingly, MACE were incrementally documented in line with the low-risk,
intermediate-risk, and high-risk (2.5%, 7.0%, and 13.0%, P < 0.001) (Fig. 3.3a).
Among the 3 risk groups, clear prognostic utility of the JCSA scoring system for
MACE was confirmed throughout the follow-up period (Fig. 3.3b). The study has
thoroughly increased the importance of the spasm provocation test for the risk strat-
ification of future cardiovascular events in VSA patients [12].

Although it has been believed for long time that VSA is more common in Asian
countries compared with Western countries, recent studies from Germany revealed
that the prevalence of VSA in Caucasians may be higher than previously thought
[, 6]. Heretofore, studies have suggested ethnic differences in the clinical manifes-
tation and long-term prognosis of VSA patients between Japanese and Caucasians
[13]. The JCSA study group recently revisited the ethnic differences in the VSA
patient prognosis by comparing 1339 Japanese and 118 Caucasians [14]. The study
performed by Sato et al. reported that spasm provocation tests were comparably
performed in 95% of Japanese vs. 84% of Caucasians. Multivessel spasm was more
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Table 3.1 Factors correlated with major adverse cardiac events

Multivariable analysis HR | 95% CI P-value
LAD spasm 1.22 0.72-2.05 |0.46
LCX spasm 0.95 0.55-1.64 |0.85
RCA spasm 1.25 0.75-2.08 |0.40
Multivessel spasm 1.47 0.89-2.41 |0.13
Type of spasm
Focal single vessel 1.00 0.45-1.74
Diffuse single vessel 0.88 0.04-1.74 10.72
Focal multivessel 0.27 0.04-1.99 10.20
Diffuse multivessel 1.15 0.58-2.31 |0.69
Mixed multivessel 2.84 1.34-6.03 | 0.006
Organic stenosis
Without stenosis 1.00
Nonorganic stenosis 1.75 1.01-3.04 | 0.048
Significant stenosis 2.27 1.23-4.20 | 0.009
Provocation-related VI/VF 0.84 0.20-3.43 |0.84
Provocation-related bradyarrhythmia | 0.00 0.00-8.22 | 0.96

Variables were individually adjusted for age, sex, smoking, previous history of myocardial infarc-
tion, and history of out-of-hospital cardiac arrest. LAD left anterior descending, LCX left circum-
flex, RCA right coronary artery, V7T ventricular tachycardia, VF ventricular fibrillation. (Reproduced
from Takagi et al. [11])

prevalent in Japanese, whereas provocation-related arrhythmias were more com-
mon in Caucasians. The survival rate free from MACE, as described above, was
significantly lower in Caucasians as compared with Japanese. In the multivariable
analysis, the JCSA risk score, including the number of vessels positive for spasm
provocation tests, was found to show good correlations with MACE rates in both
Japanese and Caucasian patients, indicating the clinical importance of spasm provo-
cation tests not only in Japan but also in Western countries.

In the context of the widespread utilization of drug-eluting stents (DES) in coro-
nary intervention, it is fundamentally important to perform spasm provocation tests
for patients with unremitting angina symptoms even after resolving the organic ste-
nosis with DES implantation. An experimental study by Shiroto et al. demonstrated
that a first-generation DES is likely to induce coronary hyperconstricting responses
in response to intracoronary serotonin at the segments of proximal and distal edge
of DES as compared with its platform bare-metal stents (BMS) in pigs in vivo,
for which activated Rho-kinase plays an important role [15]. This finding was sub-
sequently confirmed by a clinical study by Aizawa et al., demonstrating that
pretreatment with fasudil, a selective Rho-kinase inhibitor, markedly inhibits
acetylcholine-induced coronary hyperconstricting responses in patients implanted
with DES in vivo [16]. More recently, a multicenter randomized control study by
Tsuburaya et al. revealed that even everolimus-eluting stents, most widely used
DES, could also induce coronary hyperconstricting responses at 8—10 months after
implantation [17] (Fig. 3.4a, c). Intriguingly, long-term oral administration of
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nifedipine, a long-acting calcium channel blocker, inhibited DES-induced coronary
hyperconstricting responses (Fig. 3.4b, d, e). Nishimiya et al. also reported that
improved biocompatibility of polymer coating may ameliorate such coronary vaso-
motion abnormalities after DES [18]. Given the high rate of patients (~40%) who
suffer from chest pain even after coronary intervention, spasm provocation tests are
strongly recommended for those with unremitting angina especially after DES
implantation [19].

3.4 Biomarkers for Coronary Artery Spasm

Although the JCS guidelines state that it is useful for VSA and microvascular spasm
diagnosis to detect inversion of lactic acid production by measuring lactate levels at
a coronary artery vs. coronary sinus (Class IIIb) [1, 20], the measurement has been
hampered by its inconvenience due to the requirement of catheter insertion into the
coronary sinus. Thus, we also aimed to develop novel biomarkers for coronary
artery spasm that can be easily used in the clinical setting. In order to clarify the
existence of genetic linkage in the pathogenesis of coronary artery spasm, the fre-
quencies of human leukocyte antigen (HLA) were examined in 37 patients with
variant angina and 236 healthy controls, and were found to show no significant dif-
ferences between the patients and the controls [21]. Hizume et al. reported that
sustained elevation of serum cortisol level sensitizes coronary smooth muscle to
serotonin to cause coronary vasospastic responses in pigs in vivo, suggesting the
cross-link between stress and coronary artery spasm [22].

We were able to demonstrate that Rho-kinase activity in circulating neutrophils,
determined by the extent of phosphorylation of myosin-binding subunit (MBS, a
substrate of Rho-kinase), is significantly enhanced in VSA patients as compared
with controls, which is a useful noninvasive diagnostic biomarker to assess the
vasospastic activity [23] (Fig. 3.5a). In this study, Rho-kinase activity in circulating
neutrophils was expressed as the ratio of phosphorylated MBS (p-MBS) to total
MBS (t-MBS) (Fig. 3.5a, b). A p-MBS ratio of 1.18 was identified as the best cutoff
level to predict the diagnosis of VSA (Fig. 3.5b). We also demonstrated that the
Rho-kinase activity is able to show the severity of angina symptoms, and the respon-
siveness to medical treatment [23]. We also subsequently demonstrated that Rho-
kinase activity in circulating neutrophils in VSA patients was temporally enhanced
after the Great East Japan Earthquake associated with disaster-related mental stress
(Fig. 3.5¢) [24] and that the Rho-kinase activity well corresponds to distinct circa-
dian variation in VSA patients (Fig. 3.5d) [25]. Moreover, when VSA patients were
divided by a median value of Rho-kinase activity, VSA patients with higher Rho-
kinase activity (>1.20) had significantly worse prognosis (Fig. 3.6a) [26]. In this
study, a p-MBS ratio of 1.24 was identified as the best cutoff level to predict future
cardiac events in VSA patients (Fig. 3.6b). Of note, combination of Rho-kinase
activity with the JCSA risk score dramatically enhanced the prognostic impact in
VSA patients [26].



48 K. Nishimiya et al.

a non-VSA VSA (o] baseline 6 months 12 months
PUES et S PHES G G
t-MBS
2.54 P=NS
25 P<0.001 P<0.001
P<0.001 s 2.0 (o]
_ 2 _
z 20 Sa e
Sq go o
gQ SF 15 8
32 15 3% 8
2 T 28 .0 8
= x=
2= . 1.04
©o1. ]
s EE £ 8 8
= 8
05 . 0.5 e
o
0 T T 0 .
non-VSA VSA Baseline 6 months 12 months
b (n=20) (n=33) d (n=11) (n=11) (n=11)
1.0 — e
p'MBS/t'MBS=1 18 21:00 6:00 12:0021:00 6:00 12:00
[NV [T pp———
08 MBS w0
14 =©~ Non-VSA (n=18)
- -@- VSA (n=31)
0.6 =~
. % § 1.2
z 9% | P<0.0t
e oY gg 1o
(%] s
=Y
02/ £~ 08
AUC 0.85
(95%Cl: 0.74 to 0.96) 0
04~ T T T T Evening Early Noon
0 0.2 0.4 0.6 0.8 1.0 (21:00) morning (12:00)
1-Specificity (6:00)

Fig. 3.5 Rho-kinase activity in circulating leukocytes of VSA patients (diagnosis). Rho-kinase activ-
ity in circulating neutrophils is determined by the extent of phosphorylation of myosin-binding sub-
unit (MBS, a substrate of Rho-kinase), and is expressed as the ratio of phosphorylated MBS (p-MBS)
to total MBS (t-MBS) (a, b). Rho-kinase activity was significantly enhanced in VSA patients com-
pared with controls (a). Receiver-operating characteristic (ROC) curve analysis confirmed that a
p-MBS ratio of 1.18 was identified as the best cutoff level to predict the diagnosis of VSA (b).
(Reprinted with permission from Kikuchi et al. [23]). Changes in Rho-kinase activity in circulating
neutrophils of VSA patients after the Great East Japan Earthquake (¢). Rho-kinase activity was sig-
nificantly increased at 6 months after the Earthquake and was returned to the baseline level at
12 months. Rho-kinase activity in circulating neutrophils well corresponded to circadian variation of
disease activity in VSA patients (d). (Reproduced from Nihei et al. [24, 25])

Coronary microvascular dysfunction (CMD) has been emerging as an aggravat-
ing factor of cardiovascular disease [27, 28]. When no flow-limiting stenosis is
noted on coronary angiography, coronary microcirculation can be assessed by index
of microvascular resistance (IMR) [29]. We have recently demonstrated that comor-
bid CMD determined by increased IMR >18 worsens the long-term prognosis of
VSA patients [30] (see Chap. 8 for details). In the study by Odaka et al., we obtained
blood samples from the left coronary ostia before spasm provocation tests,


https://doi.org/10.1007/978-981-15-7594-5_8

49

3 Diagnosis of Coronary Artery Spasm

(192] 'Te 12 royIN wogy paonpoiday) *(q) [9A] JFOIND 1599 Y S& PAYNUAPT SLA $T°
Jo oner SGIN-d e 1ey) paurryuod syuaned YA JO s1uaAd deipred jo judwdoraaap armng Sunorpaid 10y sisA[eue DOY "(B) siuaned ySA-uou sa (0g'[>) ANAnoe
ISBURY-OUY MO[ YA 3soy) 'sA (07’ <) Kanoe aseury-oqy ySiy yim syuaned yYSA Jo (eurSue 9[qeisun Joj uonezifeyidsoy pue ‘uonoIejul [IpIedoAw [eje)
-UoU ‘YJeap JRIPILD) SJUIAD OBIPIED 10J JAIND IIOIN-Ue[dey] ay], ‘sjuaned ySA Ul $91K003N9[ SUNeNII ul AJIANOR aseury-oyy jo joedwr onsousold 9°¢ 81

Auouioads-| Gl 82 6¢ 09 122 /8 02’1 SaN-YSaiN-d ”<w>
YA 6l ge €S 69 /8 0Z'1> San-ySgN-d ‘YSA
S 9 L1 ¥e 14 0S VSA-UON
o'} 80 90 7’0 c0 0 3Sl e 'ON
! ! ! ! —-0 (syuow) dn-mojjo4
(€8°0 01 690 :10%56) i o o€ ve 8l 2zl 9 0
vL’0 ONv . . . . , . 0
-¢’0 (28=u) 02’ 1< SAN-YSAIN-d ‘'YSA ——
(28=U) 02" 1> SAN-¥/SEAIN-d ‘YSA
1501 sjues-60 Aq (0g=u) YSA-UON —— Loz uwv
=70
® 0200=d + m
> =
S. 0=, @
= 820°0=d | 08 o
= c
Lo = <
<
%L Y8 £
, Loe &
-8'0 ’
%6°86
00!
v2 1=SdaiN-ySan-d oL @ %001 e




K. Nishimiya et al.

50

([s2] ‘T 12 BYEpQ WOy paonpoIday]) "SUONeNUIIUOd UIU0j0Ids ewse[d pue
‘Q0UB]SISAT JB[NOSEA ATBUOIOD JO JNIRW © Junod ouwesj (UonoreJu] [eIpIedoKIA U SISA[OqUIOIYT,) TINLL Ueom1aq uone[ar1od aanisod € sem a19y], "dnois gD
YIM VSA U} UTISAUSIY 910M SUOTBIIUIIUO0D UTu0jo1ds ‘sdnoid juaned 4 o) Suowy ‘wseds A1eu0100 [eipaesids ojqensuowap Aqpeoryder3ordue jo 2ouasqe oy}
odsap uononpouid a)ejoe] [eIpIred0AW Se pauyap sem IND ‘() QIAD INOYIM IO UM VS A JO SISOUSRIP Y3 YIIM 20UBPIOddL Ul payIsse[d dnois yuened £Aq uruoy
-0I19S JO SUONENUAIUOD WS "(IND) UONIUNJSApP JB[NOSEAOIDIW AIRUO0I0D Y3IM sjuaned ySA JO UONBUIWLIOSIP 10 UONRIUIIUOD UIU0JOIdS BWSR[d L'€ "SI

=u =u
JUNOD awely [\ L duljeseg AMM\,_OV Am%_\r,_ov (og=u)
auole _
UM noyum (e2=u)
00} 08 09 ov 0z 0
) ) X _ _ _ VSA  VSA and  gyj-uou
)
° o§8 88,8000
A X R S m.unmnam.w ot _ _ _ —
° m oo 0. uo °
e -02
]
& ol
° Lor 5
[V
w
(0]
° W 0
) o -
F09 3 0z
[e] []
S
()
3 {
=1
08§ [
o S 990°0=d 1 -0€
100°0=d ‘€2'0=H _
° 001 100°0=d
J/1owu
owu
q v (1s1 siirep-1eSNIY) 10°0>d e

UOIJBJIUSOUOD UIUOJOISS BWSE|d



3 Diagnosis of Coronary Artery Spasm 51

measured plasma concentration of serotonin, and found that VSA patients with
CMD had highest serotonin concentration, while no difference was noted between
VSA and non-VSA groups, associated with increased coronary vascular resistance
(Fig. 3.7) [31]. Fractional flow reserve (FFR), a marker for evaluating the degree of
flow limiting coronary stenotic region, may also be able to extract the high-risk
population among VSA patients [32].

3.5 Imaging for Coronary Artery Spasm

Cardiovascular imaging could offer additional information at cellular and molecular
levels on the detailed features of VSA. Intravascular imaging studies reported that
atherosclerotic changes are more common in the human coronary arterial segment
of focal spasm as compared with that of diffuse spasm [33, 34]. We have previously
demonstrated that chronic inflammatory changes in the coronary adventitia play
important roles in the pathogenesis of coronary artery spasm through Rho-kinase
activation and resultant vascular smooth muscle hypercontraction [35-37]. We thus
sought to develop novel imaging approaches for evaluating the extent of coronary
adventitial inflammatory changes in VSA patients in vivo. First, a mode of Fourier-
domain (FD) optical coherence tomography (OCT) [38] is capable of visualizing a
nutrient blood vessel for coronary arterial wall linking to the intima/media, termed
adventitial vasa vasorum (VV) [39, 40] in pigs and humans ex vivo. In these studies,
we used the definition of adventitial area as [area outside the external elastic lamina
within a distance of the thickness of intima plus media—vessel area] and the defini-
tion of adventitial VV area density calculated by [adventitial VV area/adventitial
area] [39]. We were able to demonstrate that OCT-delineated adventitial VV forma-
tion was significantly enhanced at the spastic segments of VSA patients as com-
pared with those of control subjects (Fig. 3.8a—d) [41, 43]. Adventitial VV formation
was significantly enhanced in the group with high JCSA score than in that with low
or intermediate score. Second, coronary perivascular adipose tissue (PVAT) volume
measured by CT coronary angiography was increased at the spastic segment of VSA
patients [44]. Subsequently, '®F-fluorodeoxyglucose (‘*F-FDG) positron emission
tomographic (PET) imaging allows us to evaluate inflammatory changes of coro-
nary PVAT in pigs in vivo [42]. In this study, the extent of PVAT inflammation was
expressed as target to background ratio (TBR), the standardized uptake value (SUV)
corrected for blood activity by dividing the average blood SUV estimated from the
ascending aorta. With the novel approach of F-FDG PET, we demonstrated that
coronary PVAT inflammatory changes were more extensive at the spastic coronary
segments of VSA patients as compared with those of control subjects (Fig. 3.8e—i)
[45]. Inflammatory changes measured by "F-FDG PET were significantly sup-
pressed after medical treatment (Fig. 3.8j). These imaging approaches may serve as
a promising avenue for the fully elucidation of the pathogenesis of coronary artery
spasm in living patients with VSA in vivo.
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Fig. 3.8 Imaging of coronary artery spasm. Representative coronary angiography after adminis-
tration of intracoronary acetylcholine (a), after resolving the spasm with intracoronary administra-
tion of isosorbide-dinitrate (ISDN) (b), and cross-sectional images of optical coherence tomography
(OCT) of a VSA patient with provoked diffuse spams (c, d). After ISDN, the coronary artery was
imaged by OCT (b), and adventitial vasa vasorum (VV) (yellow arrows) were manually segmented
on each frame. Adventitial VV area was then calculated as shown in magnified OCT images. Scale
bars: 1 mm (¢, d). (Reprinted with permission from Nishimiya et al. [41]). Representative
8E-fluorodeoxyglucose (**F-FDG) positron emission tomographic (PET) images of a non-VSA
control subject and a VSA patient (e-h), suggesting that coronary perivascular adipose tissue
(PVAT) inflammation is markedly increased at the spastic segments of the left anterior descending
coronary artery (LAD) of the VSA patient (g, h). Quantitative analysis showed that TBR in coro-
nary PVAT measured at the spastic LAD was significantly greater in the VSA group than in the
non-VSA control group (i). TBR was significantly decreased in the VSA group after medical treat-
ment (j). (Reproduced from Ohyama et al. [42])

3.6 Future Perspectives

A recent large-scale trial has shown that the coronary intervention for myocardial
ischemia related to organic stenosis ended up showing no significant improvement
in exercise time when compared with a placebo procedure [46] and may not result
in the risk reduction of future cardiovascular events [46—48]. These results empha-
size in part the importance of the assessment of coronary vasomotion abnormalities,
including coronary artery spasm (VSA), rather than stenosis-related myocardial
ischemia (Fig. 3.9). In conclusions, we strongly encourage to perform spasm provo-
cation tests even when no organic coronary stenosis is found angiographically, and
expect to possess more sophisticated approaches that can be readily used in daily
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Fig. 3.9 Recent large scale cohorts have emphasized in part the importance of the assessment of
coronary vasomotion abnormalities, including coronary artery spasm (VSA), rather than stenosis-
related myocardial ischemia in patients with stable ischemic heart disease. This chapter high-
lighted recent advances in diagnostic methodology of coronary artery spasm

clinical practice, enabling us to predict the prevalence and the disease activ-
ity of VSA.
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