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Retrospective Study
Do changes in intracoronary pressure aid coronary spasm diagnosis using the spasm provocation test?
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Abstract
BACKGROUND
Although the spasm provocation test (SPT) can diagnose coronary spasms, it would be helpful if it could also predict their occurrence.

AIM
To investigate whether coronary spasms can be predicted using changes in intracoronary artery pressure measured using a pressure wire during the SPT.

METHODS
[bookmark: _Hlk153549381]Seventy patients underwent SPTs with pressure-wire measurement of intracoronary artery pressure. During each SPT, the pressure wire was advanced into the distal portion of the right coronary artery (RCA) and left anterior descending coronary artery, and the ratio of intracoronary pressure to aortic pressure (Pd/Pa) was monitored. Coronary spasm was defined as an arterial narrowing of > 90% in response to the administration of acetylcholine (ACh), with chest symptoms and/or ischemic electrocardiographic changes. ACh was administered to the RCA at low, moderate, or high doses of 20, 50, or 80 µg, respectively, and to the left coronary artery (LCA) at low, moderate, or high doses of 50, 100, or 200 µg, respectively. Coronary arteries with coronary spasms at low doses of ACh were defined as group L, and those with coronary spasms at moderate or high doses were defined as group MH. Those who did not occur coronary spasms at any ACh dose were designated as group N.

RESULTS
Among the 132 coronary arteries assessed using a pressure wire, there were 49 in group N, 25 in group L, and 58 in group MH. Baseline Pd/Pa was the lowest in group L (P = 0.001). The decrease in the Pd/Pa between baseline to low doses of ACh was lower in group MH than in group N (P < 0.001). A receiver-operating characteristics analysis showed that the cutoff baseline Pd/Pa value for predicting group L was 0.95, with a sensitivity of 0.600 (15/25) and a specificity of 0.713 (76/107) and that the cutoff value of Pd/Pa from baseline to low doses of ACh for predicting group MH was −0.04, with a sensitivity of 0.741 (43/58) and a specificity of 0.694 (34/49).

CONCLUSION
These findings suggest that indices of intracoronary pressure during SPT may be useful means for predicting the occurrence of coronary spasms.
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Core Tip: The spasm provocation test (SPT) is a well-established tool for diagnosing coronary spasms. However, it is associated with several complications that can make the test a stressful experience. We investigated whether coronary spasms detected in the SPT can be estimated using intracoronary artery pressure measured with a pressure wire. We found that coronary spasms induced by low acetylcholine doses were associated with decreased intracoronary pressure at baseline. Coronary spasms induced by moderate-to-high acetylcholine doses showed decreased intracoronary pressure from baseline to low acetylcholine doses. These indices of intracoronary pressure may be used to predict coronary spasms.

INTRODUCTION
Vasospastic angina (VSA) is a condition in which transient vasoconstriction of the epicardial coronary arteries causes myocardial ischemia[1-4]. In recent years, VSA, angina with nonobstructive coronary artery disease (ANOCA)[5,6], and myocardial infarction with nonobstructive coronary artery (MINOCA)[7] have attracted increasing research attention. A diagnosis of VSA is made when transient electrocardiographic changes are observed in addition to typical anginal pain[8]. However, in actual clinical practice, electrocardiographic changes cannot always be detected[9,10] and the final diagnosis of VSA is made by performing a spasm provocation test (SPT).
In SPT, acetylcholine (ACh) or ergonovine maleate are used as provocative drugs. ACh is usually administered in small, gradual doses[6,11]. The physical response to this allows the diagnosis of VSA based on chest symptoms, electrocardiographic changes, and significant coronary vasoconstriction. However, VSA and/or SPT-related complications have also been reported to occur[12,13]. It is undeniable that SPT can be stressful, even for the person performing the test. Therefore, if the cardiologist performing the SPT can predict that coronary spasm will occur with the next provocation, they can respond quickly. The ability to predict coronary spasm during the test would be highly useful and allow both practical and mental preparation.
In some cases, coronary spasm tests are performed after evaluation of coronary microcirculatory dysfunction (CMD)[14,15]. In such cases, the SPT is often performed with a pressure wire in place. In our previous research, we demonstrated the utility of measuring changes in intracoronary pressure using a pressure wire during SPTs for the diagnosis of VSA or assessment of VSA status[16]. In the present study, we investigated whether spasm provocation could be predicted by changes in intracoronary pressure measured using a pressure wire.

MATERIALS AND METHODS
Study patients
This observational retrospective study included patients who underwent coronary angiography (CAG) and the SPT using a pressure wire at our institution between January 2012 and August 2015 (n = 79). The exclusion criteria were as follows: Significant coronary stenosis (% stenosis > 50%, n = 5) or a history of percutaneous coronary intervention (n = 4). Finally, 70 patients (mean age, 68 years; 36 men, 34 women) were enrolled (Figure 1). The study protocol was approved by the ethics committee of our institution, No. 2023-11. Written informed consent was obtained from all participants for SPT. The opt-out method (http://www.jrhh.sakura.ne.jp/annnai/torikumi.html) was used to confirm final agreement to participate.

CAG and SPT using a pressure wire
The SPT procedure has previously been described[16]. Coronary vasodilators were withdrawn at least 48 h before each SPT. Subsequently, the SPT was performed on the right coronary artery (RCA). After the initial CAG, a 5-Fr catheter was used to insert a 0.014-inch pressure wire (PrimeWire Prestige Plus guidewire or Verrata Pressure guidewire; Phillips Volcano, Amsterdam, Holland) into the distal part of the RCA. The pressure between the catheter tips and pressure wire was previously calibrated at the ostium of the coronary arteries. The ratio of distal intracoronary pressure (Pd) detected by the pressure wire to the proximal intracoronary pressure (Pa) detected by the catheter tips was continuously monitored using the Pd/Pa indices. Then, an injection of 20 µg was made into the RCA, followed by another of 50 µg. If 50 µg ACh failed to induce coronary spasm, an 80 µg of ACh was injected. When the Pd/Pa index dropped during a coronary spasm, the lowest Pd/Pa value in response to each ACh dose was recorded, as were the Pd/Pa values immediately prior to the angiogram. CAG was performed after coronary spasm or maximum ACh infusion. When coronary spasms occurred but disappeared on their own without intracoronary 0.3 mg nitroglycerin (NTG) injection into the RCA, SPT of the left coronary artery (LCA) was performed. In such cases, NTG was injected into the RCA and, after completion of the LCA SPT, CAG was performed once more. If coronary spasms were prolonged or severe enough to result in hemodynamic instability, an intracoronary NTG injection was administered to treat them. SPT was subsequently performed on the LCA. A pressure wire was introduced into the distal segments of the left anterior descending coronary artery (LAD) during the LCA SPT, following the second pressure calibration at the LCA ostium. Similar to the RCA SPT, the LCA was infused with ACh doses. In the LCA test, the ACh doses were 50 and 100 µg, followed by 200 µg if the previous doses did not induce a coronary spasm. Following the commencement of a coronary spasm or the maximum ACh infusion, whichever came first, CAG was administered. A 0.3 mg NTG intracoronary injection and the last CAG for the LCA were then performed. According to this study, the appropriate low, moderate, and high ACh dosages for the RCA and LCA were 20, 50, and 80 µg and 50, 100, and 200 µg, respectively. Since the number of spasm-positive cases at high doses was not large, we divided the lesions into three groups: Group N consisted of lesions that did enter the coronary spasm, group L consisted of lesions in which coronary spasm was induced by the lowest dose of ACh, and group MH consisted of lesions in which coronary spasm was induced by the moderate or high-dose ACh.
When the Pd/Pa index decreased during a coronary spasm, the data immediately before the angiogram were used instead of the minimal Pd/Pa index in response to each ACh dose. The minimal Pd/Pa at low doses of ACh minus the Pd/Pa at baseline was used to define the difference in the Pd/Pa at low doses of ACh. When a PrimeWire Prestige Plus guidewire was available, the instantaneous free-wave ratio (iFR) was assessed immediately before ACh administration. The usual technique for the intravenous administration of adenosine triphosphate was used to test the fractional flow reserve (FFR) in patients with coronary atherosclerosis. We employed an autoinjector using a previously described method[16]. The diameter of the coronary artery was measured. Atherosclerotic lesions were defined as those with between a stenosis between 20% and 50%.

Definitions of VSA-related parameters
There are three categories of angina pectoris activity: Resting, exertion, and combined rest and exertion. When induced, VSA was defined as > 90% constriction of the coronary arteries as measured by angiogram, along with typical chest symptoms and/or an ST-segment deviation on electrocardiogram[6]. Those who had a coronary spasm in at least one major coronary artery were classified as the VSA group, and those who had no spasms in any coronary artery as the non-VSA group. Based on the classifications of the American Heart Association (AHA), focal spasms are defined as temporary arterial narrowing of more than 90% that remains within the boundaries of a single isolated coronary segment[17]. Diffuse vasoconstriction is defined by the AHA as > 90% arterial narrowing in two coronary artery segments[17]. The coronary spasm endotype observed in the RCA and LCA of each patient can differ. Coronary spasms that affect more than two major coronary arteries are referred to as multivessel spasms. We were unable to identify multivessel spasms in cases in which the unavoidable use of NTG was followed by a negative SPT. Each coronary artery at the site of the coronary spasm was separated into three sections (proximal, mid, and distal) for lesion studies, and the central area of the coronary spasm was labeled as diffuse.

Other clinical characteristics measured
Patient information was collected regarding current and former smoking habits and alcohol consumption, family history of coronary artery disease (CAD)[16], and comorbid hypertension, dyslipidemia, diabetes mellitus, or chronic kidney disease (CKD), all defined using the accepted criteria[16,18-20]. Using cardiac ultrasonography (UCG), the left ventricular ejection fraction (LVEF) was calculated using the modified Simpson’s method. Flow-mediated dilation (FMD), endothelium-dependent function, endothelium-independent function, and NTG-induced dilation (NID), were also measured and recorded in the majority of the patients (n = 62)[16,21].

Statistical analyses
For nonnormally distributed data and noncontinuous variables, data were presented as mean and SD or median and interquartile range. Student’s unpaired t-tests, Wilcoxon signed-rank tests, or 2 analyses were used for between-group comparisons of variables at baseline. The causes of coronary spasms caused by low-dose or moderate-to-high doses of ACh were identified using logistic regression analyses. Optimal cutoff values were determined using receiver-operating characteristic (ROC) analyses. JMP version 17 was used to perform statistical analyses (SAS Institute Inc., United States). Statistical significance was set as P-values < 0.05.

RESULTS
Characteristics of patients in the VSA and non-VSA groups
There were 53 patients (76%) in the VSA group and 17 patients (24%) in the non-VSA group. Patient characteristics are summarized in Table 1. There were no significant differences in age, body mass index, coronary risk factors, alcohol consumption, smoking, family history of CAD, or CKD between the two groups, but there were significantly more males in the VSA group than in the non-VSA group (P = 0.001). UCG showed no significant difference in LVEF. Brachial artery ultrasonography showed no difference in brachial artery diameter at baseline between the two groups; however, in the VSA group, FMD was significantly lower (P = 0.008) and NID tended to be lower (P = 0.061). Coronary vasodilator use, which was stopped at least 48 h before the SPT, was clearly lower in the VSA group (P = 0.018), but no differences were observed for other medications.

Changes in intracoronary pressure with coronary spasms and ACh
In most patients, a pressure wire was inserted into the RCA and LAD. However, eight coronary vessels were excluded. This was because the RCA was too small to perform the SPT (n = 2), the catheter could not engage into the RCA (n = 2), the pressure wire could not be inserted into the distal portion of RCA due to meandering (n = 3), or the pressure wire could not be inserted into the LAD (n = 1). Thus, a pressure wire was inserted into the remaining 132 coronary vessels, including 63 RCA and 69 LAD.
Coronary spasms were induced by low, moderate, and high doses of ACh in 25, 51, and 7 vessels, respectively. No coronary spasms occurred in the remaining 49 vessels (group N). In seven vessels, spasms were induced by the high dose but were insufficient to clarify the statistical results. Thus, as described in the Methods, vessels in which coronary spasms were induced by moderate and high doses of ACh were combined into group MH. There were 49 vessels in group N, 25 in group L, and 58 in group MH. The lesion characteristics are listed in Table 2. There were no differences between the RCA and LAD in coronary vessels, in the rate of atherosclerosis, or in the unavoidable need for NTG administration. There was no difference between group L and MH in whether induced coronary spasms were focal or diffuse (P = 0.456) and whether the coronary arteries were proximal, mid, or distal (P = 0.610). We found no significant differences in iFR (P = 0.104) or FFR (P = 0.093) among the three groups. The Pd/Pa values at baseline were the lowest in group L (P = 0.001) (Figure 2). The Pd/Pa value at low doses of ACh was lowest in group L and highest in group N (Figure 3A). The difference between baseline and low-dose ACh was lowest in group L and highest in group N (Figure 3B). Pd/Pa at moderate-to-high doses of ACh was significantly lower in group MH than in N (P < 0.001).
Predictions of coronary spasms at low and moderate-high doses of ACh were made based on Pd/Pa at baseline and changes in Pd/Pa.
[bookmark: OLE_LINK2]In univariate analysis, the only significant indicator of coronary spasm induced by low doses of ACh was Pd/Pa at baseline (P = 0.002). Pd/Pa at baseline was negatively correlated with LAD (P < 0.001) and the presence of atherosclerosis (P = 0.030). Logistic regression analysis of positive SPT at the low dose of ACh, using Pd/Pa at baseline, the LAD, and the presence of atherosclerosis found Pd/Pa at baseline was the only significant predictor (P = 0.003). ROC analysis showed an area under the curve (AUC) of 0.688 and a cutoff Pd/Pa at baseline of 0.95 for predicting the induction of coronary spasm by low doses of ACh (group L), with sensitivity and specificity of 0.600 (15/25) and 0.713 (76/107), respectively (Figure 4A). In an analysis of the 107 Lesions in group N and MH, the factors that predicted the induction of coronary spasms by moderate or high doses of ACh were Pd/Pa at baseline (P = 0.019, AUC 0.626), Pd/Pa at low doses of ACh (P < 0.001, AUC 0.739), and the ΔPd/Pa from baseline to low ACh dose (P < 0.001, AUC 0.742). ΔPd/Pa, which had the highest AUC, did not correlate with the presence of atherosclerosis (P = 0.141) or with the LAD (P = 0.393). ROC analysis showed that the optimal ΔPd/Pa from baseline to the low dose of ACh was −0.04, with a sensitivity of 0.741 (43/58) and a specificity of 0.694 (34/49) (Figure 4B).

DISCUSSION
This study examined whether baseline Pd/Pa values and changes in this value, as measured by a pressure wire, could be used to predict the next coronary spasm when the SPT was performed using a pressure wire. We found that intracoronary pressure at baseline decreased in cases where coronary spasms were induced by a low dose of ACh, indicating that decreased intracoronary pressure at baseline may predict these coronary spasms. Furthermore, coronary spasms induced by moderate-to-high doses of ACh were not only correlated with lower intracoronary pressure at baseline, but also with lower intracoronary pressure from baseline to low-dose ACh administration, indicating that this intracoronary pressure trend is useful in the prediction of coronary spasms induced by moderate-to-high dose ACh provocation. When pressure wires are used in the SPT, these indices may be useful for predicting coronary spasms.
The SPT is a reliable and well-established test that is useful for the diagnosis of coronary spasms and the evaluation of their activity and prognosis[6,17,22-25]. However, a certain percentage of SPTs have known complications, some of which are the result of the induced spasms. In this sense, the test is by no means stress-free for either the patient or the cardiologist. The ability to predict the likelihood of coronary spasms at the next provocation in SPT has the potential to attenuate this stress to some degree. We attempted to determine whether the next coronary spasm during the SPT could be predicted based on the Pd/Pa value and its changes measured using a pressure wire.
To date, there have been no reports on the measurement of changes in intracoronary pressure during SPT. However, several studies have examined this pressure using quantitative CAG and coronary blood flow velocity using Doppler wires[26,27]. In our previous study[26], the baseline coronary artery diameter in patients with VSA (mean, 2.95 mm) was slightly lower than that of non-VSA patients (mean, 3.14 mm), although not significantly. We also showed that a 2 min infusion of ACh at a dose of 3 µg/min caused significant vasocontraction of the coronary artery but did not induce coronary spasms[26]. Similarly, Feenstra et al[27] found that an 8.6 µg/min dose of ACh for 3 min causes a nonsignificant coronary artery contraction in patients with epicardial coronary spasm. Despite the differences due to the part of the measured coronary artery and the dose of ACh infusion, the baseline coronary artery diameter and changes in this diameter in response to small doses of ACh can cause a decrease in baseline intracoronary pressure, with greater decreases in patients with VSA.
There are several reasons why performing the SPT with a pressure wire can be useful: (1) A decrease in intracoronary pressure when a coronary spasm occurs, indicating that a spasm has occurred before CAG; (2) Improvements in intracoronary pressure following NTG administration shows whether a coronary spasm is immediately relieved, reducing the need for additional NTG and/or contrast medium; and (3) The insertion of a pressure wire stabilizes the catheter's engagement, especially in the RCA. The present study showed the feasibility of predicting coronary spasm provocation using intracoronary pressure at baseline and its changes during low-dose ACh infusion. However, we do not recommend routine use of a pressure wire with SPT. Insertion of a pressure wire prolongs fluoroscopy time and increases medical costs. In addition, there is a risk of coronary artery trauma due to pressure-wire insertion, which cannot always be inserted all the way to the distal end of the coronary artery. The insertion of the wire can potentially obscure the findings of the SPT or cause the accordion phenomenon. Hence, there are many possible disadvantages of pressure-wire insertion. In recent years, there has been increased research attention on the SPT and the functional testing of CMD, as many patients with ANOCA or MINOCA conditions do not have significant stenosis of the coronary arteries[5,6] and clarification of causes can improve prognosis[28]. A pressure wire is sometimes used to evaluate CMD before the SPT[14,15]. The number of cases in which a pressure wire is used to induce coronary spasm is likely to increase in the future. In such cases, the results of the present study can be used as a reference for predicting coronary spasms. We hope that the validity of the results of this study will be strengthened in future research.
This study had several limitations. First, because this was a single-center study with a small sample size, our results may not be generalizable to all patients with coronary spasms. Second, although coronary artery diameters should be measured during drug provocation from quantitative CAG, in asymptomatic cases, no electrocardiographic changes, or no changes in intracoronary pressure, CAG was omitted or only a test shot was taken, and changes in coronary artery diameters were not evaluated. This was a significant impediment to our findings. Third, some negative coronary spasm cases may have completed provocation following a moderate dose of ACh. Recently, the usefulness of high-dose ACh provocation[29,30] and sequential provocation[31] proposed by Sueda et al was reported, and it is possible that such provocation would have changed the results to positive. The rates of coronary vasodilators in the VSA and non-VSA groups differed, which may have had some effect on the SPT results, although their use was stopped for at least 48 h before the SPT. Fourth, the present study included patients with chest symptoms but no significant stenosis in the coronary arteries. Some patients had positive Holter ECG or exercise stress ECG results, but not all patients had confirmed ischemic findings. From this point of view, the patients included in the study were ANOCA patients. Finally, the use of pressure wires during the SPT may have been higher in our sample because the SPT was performed after CMD assessment, in which case, ACh provocation would occur after NTG administration. Because of the small number of patients in this study who required NTG, the changes in intracoronary pressure during ACh provocation recorded after NTG administration may not have been consistent with our main results.

CONCLUSION
We performed SPT using a pressure wire to investigate whether coronary spasm could be predicted from changes in the intracoronary artery pressure during the test. Decreased intracoronary pressure at baseline may be a useful means of inferring coronary spasms induced by a low-dose ACh provocation. A decrease in intracoronary pressure from baseline following low-dose ACh provocation may be useful for predicting subsequent moderate-to-high dose ACh-induced coronary spasms. Although pressure wires are not recommended for routine use in the SPT, when they are used, the intracoronary pressure findings appear to be useful in the prediction of coronary spasms. We hope that the validity of our results will be evaluated in future studies.

ARTICLE HIGHLIGHTS
Research background
Although the spasm provocation test (SPT) can diagnose coronary spasms, there are some complications related to SPT.

Research motivation
To reduce complications related to SPT, it would be helpful if it could also predict the occurrence of coronary spasm during the SPT.

Research objectives
We investigated whether coronary spasms can be predicted using changes in intracoronary artery pressure measured using a pressure wire during the SPT.

Research methods
[bookmark: _Hlk153549553]Seventy patients underwent SPTs with pressure-wire measurement of intracoronary artery pressure. During each SPT, the pressure wire was advanced into the distal portion of the right coronary artery (RCA) and left anterior descending coronary artery, and the ratio of intracoronary pressure to aortic pressure (Pd/Pa) was monitored. Coronary spasm was defined as an arterial narrowing of > 90% in response to the administration of acetylcholine (ACh), with chest symptoms and/or ischemic electrocardiographic changes. ACh was administered to the RCA at low, moderate, or high doses of 20, 50, or 80 µg, respectively, and to the left coronary artery (LCA) at low, moderate, or high doses of 50, 100, or 200 µg, respectively. Coronary arteries with coronary spasms at low doses of ACh were defined as group L, and those with coronary spasms at moderate or high doses were defined as group MH. Those who did not occur coronary spasms at any ACh dose were designated as group N.

Research results
Among the 132 coronary arteries assessed using a pressure wire, there were 49 in group N, 25 in group L, and 58 in group MH. Baseline Pd/Pa was the lowest in group L (P = 0.001). The decrease in the Pd/Pa between baseline to low doses of ACh was lower in group MH than in group N (P < 0.001). A receiver-operating characteristics analysis showed that the cutoff baseline Pd/Pa value for predicting group L was 0.95, with a sensitivity of 0.600 (15/25) and a specificity of 0.713 (76/107) and that the cutoff value of Pd/Pa from baseline to low doses of ACh for predicting group MH was −0.04, with a sensitivity of 0.741 (43/58) and a specificity of 0.694 (34/49).

Research conclusions
These findings suggest that indices of intracoronary pressure during SPT may be useful for predicting coronary spasms induced by both low doses and moderate-high doses of ACh.

Research perspectives
We do not recommend that all patients undergo SPT testing with a pressure wire in all cases. However, if SPT is performed after evaluation of coronary microvascular function using a pressure wire, it may be possible to leave the pressure wire in place, which may help predict coronary spasm. It is necessary to confirm the results of this study by accumulating more data in the future.
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Figure Legends
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Figure 1 Flowchart of the present study. PCI: Percutaneous coronary intervention; SPT: Spasm provocation test; VSA: Vasospastic angina.
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Figure 2 The distal pressure/aortic pressure ratio at baseline in lesions with no coronary spasm in response to spasm provocation test (group N), lesions in which coronary spasm was induced by a low dose of acetylcholine (group L), and lesions in which coronary spasm was induced by a moderate or high-dose acetylcholine (group MH). This value was lower in group L than in groups MH and N. ACh: Acetylcholine; Pa: Aortic pressure; Pd: Distal pressure; SPT: Spasm provocation test.
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Figure 3 The distal pressure/aortic pressure ratio at low doses of acetylcholine and Pd/Pa between baseline and low doses of acetylcholine in the three coronary spasm groups. A: Shows distal pressure/aortic pressure (Pd/Pa) at low doses of acetylcholine (ACh). The value was lowest in group L and highest in group N; B: Shows the Pd/Pa between baseline and low doses of ACh. This value was also lowest in group L and highest in group N. ACh: Acetylcholine; Pa: Aortic pressure; Pd: Distal pressure.
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Figure 4 The results of a receiver-operating characteristics analysis of the data from this study. A: Shows the cutoff value of the distal pressure/aortic pressure (Pd/Pa) ratio at baseline for the prediction of coronary spasms induced by low doses of acetylcholine (ACh); B: Shows the cutoff value of the Pd/Pa between baseline and low-doses ACh. ACh: Acetylcholine; Pa: Aortic pressure; Pd: Distal pressure; ROC: Receiver-operating characteristics; AUC: Area under the curve.


Table 1 Patients’ characteristics
	
	Non-VSA
	VSA
	P-value

	n (%)
	17 (24)
	53 (18)
	

	Age (yr)
	68 ± 10
	68 ± 9
	0.775

	Male/Female
	3/14
	33/20
	0.001

	Body mass index
	24.4 ± 4.1
	24.5 ± 3.8
	0.914

	Coronary risk factors (%)
	
	
	

	Smoking (active/former/never)
	2/2/13
	11/16/26
	0.134

	Hypertension
	14 (82)
	39 (74)
	0.463

	Dyslipidemia
	11 (65)
	32 (60)
	0.750

	Diabetes mellitus
	4 (24)
	18 (34)
	0.420

	Alcohol consumer (%)
	10 (13)
	5 (29)
	0.09

	Family history of CAD (%)
	4 (24)
	14 (26)
	0.813

	CKD (%)
	7 (41)
	17 (32)
	0.492

	LVEF on UCG (%)
	69 ± 7
	66 ± 9
	0.200

	Brachial artery ultrasonography (n)
	14
	48
	

	Brachial artery diameter at baseline (mm)
	3.8 ± 0.8
	3.9 ± 0.7
	0.711

	FMD (%)
	6.2 ± 4.8
	3.0 ± 3.6
	0.008

	NID (%)
	17.7 ± 7.7
	13.6 ± 6.9
	0.061

	Medications
	
	
	

	Any kind of coronary vasodilator (%)
	13 (76)
	23 (43)
	0.018

	No. of coronary vasodilators
	1 (0.5, 1)
	0 (0, 1)
	0.059

	Beta-receptor blockers (%)
	1 (6)
	4 (8)
	0.817

	RAS inhibitors (%)
	7 (41)
	12 (23)
	0.135

	Lipid-lowering drugs (%)
	4 (41)
	17 (32)
	0.492

	Anti-platelet drugs (%)
	4 (24)
	18 (34)
	0.420


CAD: Coronary artery disease; CKD: Chronic kidney disease; FMD: Flow-mediated dilation; LVEF: Left ventricular ejection fraction; NID: Nitroglycerin-induced dilation; RAS: Renin-angiotensin system; UCG: Cardiac ultrasonography; VSA: Vasospastic angina.

Table 2 Characteristics of lesions based on the occurrence of coronary spasms during spasm provocation tests and the dose of acetylcholine
	
	Group N
	Group L
	Group MH
	P-value

	n
	49
	25
	58
	

	RCA/LAD
	27/22
	9/16
	27/31
	0.290

	Atherosclerosis (%)
	23 (47)
	9 (36)
	28 (48)
	0.568

	Unavoidable use of NTG
	4 (8)
	3 (12)
	5 (9)
	0.851

	Coronary spasm
	
	
	
	

	Focal/diffuse
	
	8/17
	14/44
	

	Proximal/mid/distal
	
	4/15/6
	5/35/18
	

	iFR
	0.98 ± 0.04
	0.92 ± 0.09
	0.98 ± 0.06
	0.104

	n
	15
	5
	11
	

	Pd/Pa
	
	
	
	

	Baseline
	0.98 ± 0.04
	0.94 ± 0.05
	0.96 ± 0.05
	0.001

	Low dose of ACh
	0.96 ± 0.05
	0.72 ± 0.14
	0.90 ± 0.06
	< 0.001

	Pd/Pa (Low dose-baseline)
	−0.03 ± 0.03
	−0.22 ± 0.14
	−0.06 ± 0.05
	< 0.001

	Moderate-high doses of ACh
	0.93 ± 0.06
	
	0.78 ± 0.13
	< 0.001

	FFR
	1.01
	0.81 ± 0.09
	0.87 ± 0.09
	0.093

	n
	1
	6
	13
	


Coronary arteries with coronary spasms at low doses of Acetylcholine (Ach) were defined as group L, and those with coronary spasms at moderate or high doses were defined as group MH. Those who did not occur coronary spasms at any ACh dose were designated as group N. ACh: Acetylcholine; FFR: Fractional flow reserve; iFR: Instantaneous free-wave ratio; LAD: Left anterior descending coronary artery; NTG: Nitroglycerin; Pa: Aortic pressure; Pd: Distal pressure; RCA: Right coronary artery.
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