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Does the intracoronary pressure differ according to two types (diffuse or focal) of

coronary spasm?
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Abstract

BACKGROUND

SE‘VE‘ﬁll reports show that two types of coronary vasospasm (diffuse and focal spasm)
are associated with the severity or prognosis of coronary spasm in patients with
vasospastic angina (VSA). It is unclear whether intracoronary pressure differs between

the two spasm types.

AIM
To investigate such relationships using a pressure wire during the spasm provocation

test (SPT) in patients with VSA.

METHODS

Eighty-seven patients with VSA (average age: 67 years; 50 men, 37 women) underwent
SPT. During the SPT, a pressure wire was advanced into the distal portion of the right
coronary artery (RCA) and left anterior descending coronary artery (LAD), and the ratio
of the intracoronary pressure to the aortic pressure (Pd/Pa) was continuously
monitored. An SPT was performed using acetylcholine (ACh), and the presence of
coronary spasm was defined as the presence of >90% arterial narrowing in response to

an ACh infusion, with the usual chest symptoms and/or ischemic ECG changes. Focal




spasm was defined as total or subtotal spasm within one segment of the AHA
classification, while diffuse spasm was defined as >90% spasm with two or more

segments.

RESULTS

Among 87 patients,dhe frequencies of metabolic syndrome and having coronary
atherosclerosis were higher in the focal group (n = 33) than in the diffuse spasm group
(n = 54, P < 0.05). In the vessel analyseg, in these 134 spastic segments, diffuse and focal
spasms were detected in 100 and 34 vessels, respectively. The Pd/Pa at baseline was
similar in both groups (diffuse: 0.96 + 0.05, focal: 0.95 + 0.05, P = 0.35); however, the
Pd/Pa during coronary spasm was lower in focal spastic vessels (0.66 + 0.20) than in
diffuse spastic vessels (0.76 + 0.11, P < 0.01), and the reduction in Pd/Pa during an SPT
was also lower in focal spastic vessels (-0.29 + 0.20) than in diffuse spastic vessels (-0.18
+ 0.11, P < 0.01). The presence of focal spasm was a significant factor responsible for

reduction in Pd/Pa during SPT.

aONCLUSION
These findings suggest that focal spasm may be more severe than diffuse spasm,

judging from the intracoronary pressure during coronary spasm.

INTRODUCTION

Coronary spasm is the transient vasoconstriction of epicardial c%onary arteries that
leads to the occurrence of myocardial ischemialll and is considered the cause of not only
rest angina and effort angina but also acute coronary syndrome or ischemic cardiac
arrestll 2. Guidelines and expert consensus documents on coronary spasms and
vasospastic angina (VSA) have already been published, and more iaerest has been

focused on coronary spasms since they have been identified as a cause 0f ischemia with




nonobstructive coronary artery disease (INOCA) or myocardial infarction with
nonobstructive coronary artery disease (MINOCA)I3I,

However, several issues regarding coronary spasm are not fully understood or
solved, including the protocol for the spasm provocation test (SPT), the sequence of SPT
during comprehensive coronary angiography, the treatment of medically refractory
coronary spasm, and the need for implantable cardioverter defibrillators in the event of
cardiac arrestl>¢l. The endotype of coronary spasm as focal and diffuse spasm is one
such unsolved problem regarding coronary spasm/®l. The clinical characteristics of these
two types of coronary spasm have been reported to be different: focal spasm occurs
more frequently in men than in womenl” 8] and is more frequently raognized in
atherosclerotic lesions than diffuse spasmPl. Regarding prognosis, it has been
demonstrated that the prognosis is worse in patients with VSA and focal spasm than in
those with diffuse spasml” 10111, The cause of the worse prognosis in focal spasm than in
diffuse spasm may, in part, be the progression of atherosclerosis or destabilization of
the atherosclerotic lesion with focal spasml® 12151, The severity of myocardial ischemia
due to focal or diffuse coronary spasm may be one of the possible mechanisms
responsible for the difference in prognosis between the two types of coronary spasm;
however, the method of assessing the severity of myocardial ischemia due to focal or
diffuse spasm has been unclear.

Intracoronary pressure assessment was originally adopted in the clinical setting to
assess the immediate coronary stenosis [1], and the distal pressure (Pd) divided by the
aortic pressure (Pa) during hyperemia, which has been recognized as the fractional flow
reserve (FFR), decreases according to myocardial ischemial'”l. Intracoronary pressure
assessments during SPT have recently been used [ . Furthermore, recently, in
European countries and the USA, SPT has been performed after an assessment of
coronary microvascular function using a pressure wire or Doppler wireP], which means
that there may be more opportunities to perform SPT using a pressure wirel20l. Thus, in
the present study, we clarified the clinical characteristics of patients with VSA who

manifested focal spasm during the SPT compared with those of patients with VSA who




manifested diffuse spasm during the SPT and investigated whether the severity of
myocardial ischemia (shown by the Pd/Pa during SPT) differed according to the type of

spasm (focal or diffuse spasm).

MATERIALS AND METHODS

Study patients

This observational retrospective study included patients with VSA diagnosed with SPT
using a pressure wire who visited our institution between January 2012 and March 2017
(n = 98). The exclusion criteria were as follows: significant coronary stenosis (%stenosis
> 50%, n =7) or a previous medical history of percutaneous coronary intervention (n =
4). Ultimately, 87 patients were enrolled in the present study. The study protocol was
approved by the ethics committee of our institution. Written informed consent was

obtained from all participants.

Coronary angiography (CAG) and SPT using a pressure wire

SPT was performed as previously described [2l. During this period, SPT were
performed on the right coronary artery (RCA) at our institution. After the initial CAG, a
0.014-inch pressure wire (PrimeWire Prestige Plus Guide Wire or Verrata Pressure
Guide Wire; Phillips Volcano, Amsterdam, Holland) was advanced through a 5-Fr
catheter into the distal segments of the RCA. Before this, we calibrated the pressure
between the tips of the catheters and the pressure wire at the ostium of the coronary
arteries. The ratios of distal intracoronary pressure (Pd), derived from the pressure
wire, to Pa, derived from the catheter tips (Pd/Pa index), were continuously monitored.
Subsequently, 20 pg and 50 pg doses of acetylcholine (ACh) were injected into the RCA.
When coronary spasm was not induced by 50 pg ACh, a maximum dose of 80 pg ACh
was infused into the RCA. The minimal Pd /Pa index in response to each ACh dose was
recorded, and when the Pd/Pa index was reduced during the coronary spasm, the
values just before the angiograms were adopted. CAG was performed immediately

after coronary spasms were induced or the maximum ACh infusion was completed. If




coronary spasm was induced but improved spontaneously, SPT of the left coronary
artery (LCA) was performed without intracoronary injection of NTG into the RCA. In
such cases, once the SPT for the LCA was completed, CAG was repeated following an
NTG injection into the RCA. If the coronary spasm provoked by ACh infusion into the
RCA was prolonged or severe enough to induce hemodynamic instability, an
intracoronary injection of 0.3 mg) was administered to relieve spasms. Subsequently,
SPT of the LCA was performed. In the LCA SPT, a pressure wire was advanced into the
distal segments of the left anterior descending coronary artery (LAD) immediately after
the second pressure calibration at the LCA ostium. SPT was performed by infusing 50
and 100 pg doses of ACh into the LCA using a similar method. If coronary spasm was
not induced by 100 pg ACh, a maximum of 200 pg ACh was infused into the LCA. CAG
was performed just after a coronary spasm was provoked or the maximum ACh
infusion was completed. An intracoronary injection of 0.3 mg NTG was administered,
followed by the final CAG for the LCA. In this study, low, moderate, and high doses of
ACh were considered to be 20, 50, and 80 pg for RCA, respectively, and 50, 100, and 200
ng for LCA, respectively.

The minimal Pd/Pa index in response to each ACh dose was recorded, and when the
Pd/Pa index was reduced during the coronary spasm, the values just before the
angiograms were adopted. The difference in Pd/Pa (APd/Pa) during the SPT was
defined as the minimal Pd/Pa minus the baseline Pd/Pa. During the period when a
PrimeWire Prestige Plus Guide Wire was available, the instantaneous free-wave ratio
(iFR) was measured immediately before ACh administration in some patients. In
addition, FFR was also measured in patients with coronary atherosclerosis using the
conventional method of intravenous administration of adenosine triphosphatel?2l.

We used an autoinjector, as shown previouslyl2ll. The coronary artery diameter was
measured as previously described [21l. Lesions with >20% stenosis were defined as
atherosclerotic. We also investigated the possibility of myocardial bridging (MB), which
is the presence of a >20% systolic reduction in coronary artery diameterl23l.

Complications of CAG and SPT include common severe complications, such as




myocardial infarction, cerebral infarction, vascular trauma requiring surgery associated
with CAG, induction of coronary spasm or coronary perforation associated with a
pressure wire insertion, ventricular fibrillation (Vf), pulseless ventricular tachycardia
(pVT) or hemodynamic compromise requiring catecholamine administration, and atrial

fibrillation associated with SPT.

Definitions of VSA-related parameters

The activity of angina pectoris, when it occurs, was classified into three patterns:
resting, exertion, and both resting and exertion. In addition, cold sweats and loss of
consciousness were identified as serious signs of coronary spasms. VSA was defined as
>90% narrowing of coronary arteries on angiograms when provoked, accompanied by
the presence of usual chest pain and/or the presence of an ST-segment deviation on
ECGPl. Focal spasm was defined as transient vessel narrowing of >90% within the
borders of one isolated coronary segment, as defined by the American Heart
Association. Diffuse spasm was defined as a 90% diffuse vasoconstriction observed in
>2 adjacent coronary segments of the coronary arteriesl’l. In the present study, this
assessment could be applied to each coronary artery; thus, in the assessment of each
patient, the endotype of coronary spasm may differ between the RCA and LCA. In the
present study, Group D consisted of patients with VSA and diffuse spasm that occurred
in only one or both coronary arteries, and Group F consisted of patients with VSA and
focal spasm that occurred in one coronary artery, both coronary arteries, or one of the
coronary arteries. Multivessel spasms were defined as coronary spasms that occurred in
>2 major coronary arteries. For multivessel spasms, we could not assess when the
subsequent SPT was negative after the avoidable use of NTGI24l.

In lesion analyses, for the site of coronary spasm, each coronary artery was divided into

three parts (proximal, mid, and distal), and the central part of the coronary spasm was

described as diffuse.




Regarding the medications taken before SPT, although coronary vasodilators were

discontinued 48 h before SPT, we investigated the number of vasodilators.

Other clinical characteristics measured in the present study

Patients were asked about their current smoking status and any family history of
coronary artery disease (FH-CAD) was recorded. Hypertension, dyslipidemia, diabetes
mellitus, metabolic syndrome (Mts), and chronic kidney disease were defined based on
the standard definitions and are described in previous papers(2% 261, The left ventricular
ejection fraction was measured using cardiac ultrasonography. In the majority of study
participants (n = 80), flow-mediated dilation (FMD), as an endothelium-dependent
function, and NTG-induced dilation (NID), as an endothelium-independent function,

were measured as previously described[271.

Statistical analyses

Data are presented as mean + SD or median with interquartile ranges for non-normally
distributed data and non-continuous variables. Baseline characteristics of the groups
were compared using Student’s unpaired t-tests, Wilcoxon signed-rank tests, or
X2 analysis, as appropriate. Multivariate regression analysis was performed to
determine the factors responsible for APd/Pa during the SPT. Statistical analyses were
performed using the JMP version 16 (SAS Institute Inc., USA). A P-value of <.05 was

considered statistically significant.

RESULTS

Patients’” characteristics

There were 54 patients (62%) in Group D and 33 (38%) in Group F. In Group D, diffuse
spasm occurred in both the RCA and LAD in 32 patients, only in the LCA in 14 patients,
and only in the RCA (the LCA was not assessed due to the unavoidable use of NTG) in
eight patients. In Group F, focal spasm occurred both in the RCA and LCA in four
patients, only in the LCA in 13 patients, in the LCA despite diffuse spasm in the RCA in




seven patients, in the RCA despite diffuse spasm in the LCA in eight patients, and in
the RCA (the LCA was not assessed due to gn unavoidable use of NTG) in one patient.
Patient characteristics are shown in Table 1. The frequency of MetS was higher in Gro

F than in Group F (P = 0.04). The frequency of hypertension tended to be higher in
Group F than in Group D (P = 0.06). There were no significant differences in the blood
chemical parameters displayed in Table 2. The NID tended to be lower in Group F than
in Group D, but there was no significant difference in FMD between the two groups.
Regarding the medications en before admission, the frequency of calcium-channel
blocker (CCB) consumption was significantly higher in Group éthan in Group D (P =
0.01), and the frequency of long-acting nitrate consumption tended to be higher in
Group F than in Group D (P = 0.05, Table 3). On CAG and SPT, the frequencies of
coronary atherosclerosis (P = 0.03) and MB (P = 0.047, Table 3, P = 0.05) were
significantly higher in Group F than in Group D, whereas the frequency of occurrence
of multivessel spasm did not differ significantly between the two groups (Table 3). No
serious complications occurred with CAG, and no coronary spasm was induced with
pressure wire insertion or coronary perforation. In the SPT, no Vf or pVT occurred, but
hemodynamic instability requiring catecholamine was observed in two patients (6%) in
Group F and one patient (2%, P = 0.30) in Group D. Atrial fibrillation during SPT was
observed in four patients (12%) in Group F and two patients (4%, P = 0.13) in Group D,

but the difference was not statistically significant.

Lesion characteristics in focal and diffuse spasins

In 87 study participants, because of a small RCA (n = 6) and inability to advance a
guidewire into the distal coronary artery (n = 1 in the RCA, n = 2 in the LAD, total n =
3), 165 coronary arteries were assessed for intracoronary pressure using a pressure wire,
including 80 RCAs and 85 LADs). Among the 165 coronary arteries, there were 100
diffuse spasms, 34 focal spasms, and 31 negatives, including the case with unavoidable
use of NTG. The lesion characteristics of diffuse and focal spasms are shown in Table 4.

Coronary atherosclerosis was more frequently observed during focal spasms than




during diffuse spasms (P = 0.01). The baseline Pd/Pa and iFR did not differ
significantly between the two groups; however, the minimal Pd /Pa during the SPT and
APd /pa during the SPT were significantly lower in focal spasm than in diffuse spasm (P
< 0.01, Figure 1). The ACh dose at spasm provocation differed significantly between the
two groups (P = 0.03). The frequencies of subtotal/total occlusion on CAG and ST
elevation on ECG were more frequently associated with focal spasms than with diffuse
spasms. FFR after SPT did not differ significantly between the two groups, perhaps
because the number of study participants was small. Multivariate regression analyses
using the endotype of coronary spasm, presence of coronary atherosclerosis, and dose
of ACh at spasm provocation showed that focal spasm was a significant factor
responsible for the reduction of intracoronary pressure during ACh provocation (P <
0.01, Table 5).

The representative cases of focal and diffuse spasms with intracoronary pressure are

shown in Figure 2.

DISCUSSION

This study investigated the clinical characteristics of patients with VSA and focal spasm,
and compared these characteristics with those of patients with diffuse spasm. Our data
showed a higher frequency of Mts and coronary atherosclerosis in patients with VSA
and focal spasms. Lesion analyses using a pressure wire showed that the reduction in
Pd/Pa during SPT was significantly greater in focal spasm than in diffuse spasm, as
well as a higher frequency of coronary atherosclerosis. These findings may indicate that
focal spasm causes a greater degree of myocardial ischemia than diffuse spasm does.
According to several studies investigating the prognoses of focal and diffuse spasms!”
10, 11], focal spasm has the worst prognosis. Sato et all/lreported that the incidence of
major cardiovascular events (MACE) over six years of follow-up was 92.5% in patients
with focal spasm and 96.5% in those with diffuse spasm, showing that focal spasm is a
factor indicating a worse prognosis. Kim et all'?l showed that the incidence of MACE

over 2 years of follow-up was 91.8% in patients with focal spasm and 96.8% in those




with diffuse spasm, and that the cause of MACE in patients with focal spasm was acute
coronary syndrome, especially unstable angina (UAP). Nishimiya ef all!!l demonstrated
that the prognosis over 6 years of follow-up was worse in patients with focal spasm
than in those with diffuse spasm, and that the causes of MACE included nonfatal
myocardial infarction and readmission for UAP or heart failure.

Several studies have used intracoronary imaging modalities for the possible
mechanisms of focal spasm-induced worse prognoses [% 12151 Several studies using
intravascular  ultrasonography (IVUS) have demonstrated the presence of
atherosclerosis at focal spastic sites[12-14. Using optical coherence tomography (OCT),
Kitano et al?! demonstrated that intima area, maximum intima thickness, and lipid
content were higher in focal spasm sites than in diffuse spasm sites. In a recent study
using OCT, intraplaque neovessels and macrophage infiltration were also more
frequently observed in focal spastic segments than in diffuse spastic segments(''l. Using
coronary angioscopy (CAS), Kitano et all%l also showed that atherosclerotic yellow
plaques and thrombi were more frequently observed in focal spastic sites than in
diffuse spastic sites. Our previous report using CAS showed that intracoronary thrombi
were recognized only in focal spastic sites[l. Taken together, these findings suggest
that unstable atherosclerotic lesions may be present at the focal spastic sites. Recently, it
was reported that coronary microvascular dysfunction may contribute to INOCAI28],
and such coronary microvascular dysfunction was more frequently observed in
coronary arteries with focal spasm than in those with diffuse spasml2l. Such coexistence
of coronary microvascular dysfunction may, in part, contribute to readmission for UAP.
In the present study, we focused on the severity of myocardial ischemia caused by focal
spasms. The possibility of higher severity of myocardial ischemia by focal spasm has
been demonstrated not only by ECG findings (with ST elevation) but also by the
reduction of intracoronary pressure during coronary spasm induced using a pressure
wire, independent of the presence of atherosclerotic lesions, spasm vessels, and the
spasm segment of the coronary artery. Recently, SPT has been recommended after the

assessment of microvascular function using a pressure wirel2’l, which shows an increase




in the opportunity for SPT using a pressure wire. We hope that further studies will
confirm these findings.

In the present study, the dose of ACh at spasm provocation was different for focal and
diffuse spasm, and Sueda et all?] reported that focal spasm tends to cause coronary
spasm at lower loading doses of ACh, which may be consistent with the findings of the
present study. In contrast, higher doses of ACh during spasm provocation appeared to
be more frequently observed in focal spasms. In the present study, the frequency of
coronary dilators, such as CCB or long-acting nitrates, was high in Group F. Although
we could not evaluate chest symptoms on admission in the present study, the high
frequency of coronary dilator medications on admission may be due to the aim of
improving chest symptoms due to the high degree of myocardial ischemia caused by
focal spasm. At our institution, as per the guidelines [2, coronary dilators were
discontinued 48 h prior to the SPT, but the long-acting CCB may have remained
effective, resulting in higher ACh doses in the SPT in Group F.

Regarding the clinical characteristics of patients with focal spasm, it has been reported
that more men than women have focal spasml? 8; however, our study did not confirm
that more men had focal spasm. The backgrounds of the study participants may have
differed slightly. Moreover, the finding of more patients with metabolic syndrome and
hypertension may also support the finding that patients with focal spasms had more
atherosclerotic lesions. We observed a different trend of endothelium-dependent
vasodilatory response in vascular endothelial dysfunction; however, it is unclear
whether this is a result or a cause, and we would like to investigate this in a future
study with more participants. It is still possible that there may have been a slight
residual effect of the oral medication.

The implication of this study is that focal spasm may mean that the degree of ischemia
is so great that effective and sufficient doses of coronary dilators should be
administered. This could improve the prognosis of patients with focal spasm; however,

future prospective studies are needed.




This study had several limitations. First, it was a single-center study with a small
number of patients, and the results of the present examination may not be applicable to
all patients with coronary spasm. Second, in classifying patients, those with both focal
and diffuse spasms were assigned to the focal spasm group; however, it is unclear
whether this classification is correct. Third, in this study, a pressure wire was inserted
to apply a load, and it was unclear whether the insertion of the pressure wire affected
the morphology of the coronary spasm. The morphology of the coronary spasm may
have been affected by the insertion of a pressure wire. We also encountered a case in
which it was difficult to distinguish the distal portion of a coronary spasm because of
the pressure wire. Fourth, noninvasive tests such as ergonovine stress
echocardiography®! and coronary computed tomography [3 32 have been used to
evaluate coronary spasm, and their usefulness has been reported; however, these tests
are not routinely performed in our hospital and have not been evaluated. Fifth, we have
experienced that troponin, a myocardial enzyme, is positive during severe myocardial
ischemia in some VSA patients. We believe this is an important indicator for assessing
the severity of myocardial ischemia, even in VSA patients. However, at our institution,
it is not routinely measured in patients with worsening chest symptoms and a long
duration of attacks. Finally, the doses of ACh that induced the focal/diffuse spasms
were different. Although this factor was not significant in the multivariate analysis, it

may have influenced the reduction in intracoronary pressure during ACh provocation.

CONCLUSION

In conclusion, patients with focal spasm may have more atherosclerotic lesions and a
greater degree of myocardial ischemia than those with diffuse spasm. Since the
prognosis of patients with focal spasm has been reported to be poor, it may be
necessary to administer adequate doses of coronary dilators, especially in these
patients. Further prospective studies and multicenter registries are needed to clarify the

need for medication.




ARTICLE HIGHLIGHTS

Research background
Coronary spasm can be divided into two types: focal spasm and diffuse spasm, but the

prognosis for focal spasm is reported to be worse than that for diffuse spasm.

Research motivation
The cause of the worse prognosis in focal spasm is unclear, and although the degree of
myocardial ischemia may be more severe in focal spasm, no method has been

established to evaluate the severity of coronary spasm.

Research objectives a
7
The objective of the present study was to investigate such relationships using a pressure

wire during the spasm provocation test (SPT) in patients with vasospastic angina (VSA).

Research imethods

Eighty-seven patieﬁs with VSA (average age: 67 years; 50 men, 37 women) underwent
SPT. During SPT, a pressure wire was advanced into the distal portion of the right
coronary artery (RCA) and the left anterior descending coronary artery (LAD), and the
ratio of intracoronary pressure to aortic pressure (Pd/Pa) was continuously monitored.
An SPT was performed with acetylcholine (ACh), and the presence of coronary spasm
was defined as the presence of >90% arterial narrowing in response to an ACh infusion,
with the usual chest symptoms and/or ischemic ECG changes. Focal spasm was
defined as total or subtotal spasm within one segment of the AHA classification, while
diffuse spasm was defined as >90% spasm with two or more segments. The group with
focal spasm in at least one major coronary artery was classified as the focal group, and

the group without focal spasm as the diffuse group.

Research results




Among 87 patients, the frequencies of metabolic syndrome and coronary atherosclerosis
were higher in the focal group (n = 33) than in the diffuse spasm group (n = 54, P<0.05).
In vessel analyzes, in these 134 spastic segments, diffuse and focal spasms were
detected in 100 and 34 vessels, respectively. Pd / Pa at baseline was similar in both
groups (diffuse: 0.96 £ 0.05, focal: 0.95 + 0.05, p = 0.35); however, Pd / Pa during
coronary spasm was lower in focal spastic vessels (0.66 + 0.20) than in diffuse spastic
vessels (0.76 + 0.11, P < 0.01), and the reduction in Pd /Pa during an SPT was also lower
in focal spastic vessels (-0.29 +0.20) than in diffuse spastic vessels (-0.18 + 0.11, P < 0.01).
The presence of focal spasm was a significant factor responsible for the reduction in
Pd/Pa during SPT.

Research conclusions

These findings suggest that focal spasm may be more severe than diffuse spasm,
judging by intracoronary pressure during coronary spasm. This mechanism may be
involved in the poor prognosis of focal spasm, and careful measures, such as intensified

drug therapy, should be taken when focal spasm is detected.

Research perspectives

In recent years, more patients have been evaluated for coronary microvascular
dysfunction using pressure wires and then for coronary artery spasm induced by ACh,
and it is possible that pressure wires will be used more frequently to induce coronary

artery spasm. It will be important to confirm the findings of this study in more cases.
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