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Abstract
Objectives: We performed spasm provocation tests (SPTs) using a pressure wire and compared the results with those from patients 
who underwent the same test without a pressure wire.

Introduction

Keywords: Vasospastic angina; Coronary spasm; Acetylcholine; Spasm provocation test; Pressure wire; Intracoronary pressure

Vasospastic angina (VSA) is characterized by transient narrowing of epicardial coronary arteries and cause myocardial ischemia 
[1,2]. In these cases, a coronary spasm may not only cause angina at rest but also acute myocardial infarction or sudden ischemic 

Although the diagnosis of VSA is usually made by the presence of characteristic chest pains and transient ST-segment changes on 
electrocardiography (ECG), many patients cannot be diagnosed by ECG changes alone and usually require a spasm provocation 
test (SPT) [3-5]. Despite being clinically important, this examination can be accompanied by severe complications such as shock, 

of coronary artery spasm combined with ischemic symptoms and ECG changes [3]. Nevertheless, we sometimes experience cases 

coronary spasm in some patients.

Results: 
the volume of contrast medium used was lower in Group I (127 ± 30 and 138 ± 24 mL, p = 0.0058), as was the frequency of severe 

Methods: We enrolled 190 patients who underwent an SPT: a pressure wire was used in 103 (Group I) and no wire was used in 87 

were investigated in both groups. 

Background: 
severe complications.

Conclusion: 

List of Abbreviations: 

Ratio of the Distal Lesion to the Proximal Lesion; RCA: Right Coronary Artery; ROC: Receiver Operating Characteristics; SPT: Spasm 
Provocation Test; VSA: Vasospastic Angina
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In this observations study, we enrolled 190 patients who underwent coronary angiography (CAG) with an SPT from 2012 to 2015 
for the evaluation of chest symptoms that were felt mostly at rest. We excluded patients with moderate chronic kidney disease and 

2

protocol was approved by the Ethics Committee of our institution, and written informed consent was obtained from all patients.

Methods

In cases of moderate organic coronary stenosis, intracoronary pressure assessment with a pressure wire has been widely used 

and procedure-related parameters associated with using a pressure wire during an SPT and compared the results with those for 
standard SPT performed without a pressure wire.

From 2012 to mid-2013, we performed SPTs without a pressure wire, and from mid-2013 to 2015 we performed SPTs with 
a pressure wire. However, we sometimes performed SPT without a pressure wire in the latter period because of wire-related 
problems or time restrictions. For analysis, the patients were divided into 2 groups according to the use of a pressure wire: Group 
I included 103 patients who underwent SPTs with a pressure wire and Group II included 87 patients who underwent SPTs without 
a pressure wire.

Study population

Coronary angiography and SPT

intracoronary NTG injections in the RCA. If there was a small RCA on angiograms or if the catheter was not engaged into the 
ostium of the RCA, we omitted SPT of the RCA.

All antianginal agents were discontinued at least 48 h before catheterization, except for sublingual nitroglycerin (NTG), which was 

approach. A 5-French gage (Fr) transient pacing catheter (Bipolar Balloon Catheter, Bebrawn, Melsungen, Germany) was inserted 
into the right ventricle via the internal jugular vein or medial cubital vein and set at 50 beats/min. Arterial pressure, heart rate, and 
electrocardiography (ECG) readings were monitored continuously and recorded using a multichannel recorder (Polygraph 1600; 
Nihon Electric Corporation, Tokyo, Japan).

requirement was determined according to the patients’ symptoms, including the frequency of chest symptoms and the presence of 

Each coronary angiogram was performed using an autoinjector (ZoneMaster, Sheen Man, Osaka) to inject 5 mL contrast 

(FFR) by intravenous infusion of adenosine triphosphate to assess the organic stenosis functionality. If unstable hemodynamics 
occurred (systolic blood pressure <90 mmHg) and/or ST-segment elevations continued on ECG during an SPT, we added another 
intracoronary injection of NTG and maximized the speed of intravenous volume injection. If unstable hemodynamics and ST-

adrenaline [9].
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anterior descending coronary artery (LAD). Before this, we performed pressure calibration between the tips of the catheters and 

Pa index in response to each ACh dose was recorded, and when the Pd/Pa index reduced during the coronary spasm [12], the 
values from just before the angiograms were adopted (Figure 2).

SPT with a pressure wire

segments for quantitative analysis. In all cases, the luminal diameters were then measured by a single investigator who was 
blinded to the clinical data, using an end-diastolic frame in a computer-assisted coronary angiographic analysis system (CAAS 
II/QUANTCOR; Siemens, Berlin, Germany). Measurements were performed 3 times and the average value was used for analysis. 
Changes in coronary artery diameter in response to ACh and NTG infusions were expressed as percentage changes from baseline 

≥90%, subtotal occlusion, and total occlusion.

Quantitative CAG

Figure 1: Positions of a pressure wire during spasm provocation testing

the Pd/Pa index returned to the baseline value. Abbreviations: ACh: acetylcholine; NTG: nitroglycerin; Pd/Pa index, pressure 
ratio of the distal lesion to the proximal lesion; SPT: spasm provocation test
Figure 2: A representative case

vasoconstriction observed in more than 2 adjacent coronary segments of the epicardial coronary arteries and branches [16]. If focal 
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not assess for the presence of multi-vessel spasms when an SPT was not performed for the RCA because of a small RCA, because 
we could not engage the catheter into the coronary ostium, or because intracoronary NTG was infused to relieve spasm and the 
subsequent SPT was negative.

current smoker, past smoker (who had stopped smoking for at least 1 month), or nonsmoker. Family history of coronary artery 

diastolic blood pressure ≥90 mmHg, and/or treatment with antihypertensive drugs. Blood chemistry parameters, including total 
cholesterol, triglycerides, high-density lipoprotein cholesterol, fasting blood sugar, insulin, hemoglobin A1C, and creatinine levels 
were measured. Low-density lipoprotein cholesterol levels were calculated using the Friedewald equation [17]. Hyperlipidemia was 

All data are expressed as mean ± SD. Baseline characteristics of the 2 groups were compared by Student’s unpaired t-test or 
χ2

characteristics (ROC) analysis. Logistic regression analysis was used to clarify the factors associated with a positive SPT. A P-value 

especially requiring the use of adrenaline.

Angiogram-related parameters and SPT-related complications

Assessment of biochemical markers and coronary risk factors

Statistical analysis

Patient characteristics, angiogram-related parameters, and complications

Results

p-valueGroup IIGroup I

87103Number

0.427368±1167±11Age (yrs.)

0.626747/4052/51Male / Female

0.517324.7±4.324.2±4.6Body mass index

Coronary risk factors (%)

0.98317 (20)20 (19)Smoking (%)

0.656117 / 2520 / 25Current / Past

0.929662 (72)74 (72)Hypertension (%)

0.262748 (55)65 (63)Lipid disorder (%)

0.90319 (22)22 (21)Diabetes mellitus (%)

0.326216 (18)25 (24)Family history of CAD (%)

0.966831 (36)37 (36)Taking statins (%)

0.487766±1067±9LVEF on UCG (%)

Data were expressed as the mean ±standard deviation or n (%)

List of abrreviations: 
echocardiography
Table 1: Patient’s characteristics
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= 67, 12.7 ± 4.4 min) compared with Group II (n = 78, 11.3 ± 5.1 min) (p = 0.0935). By contrast, the volume of contrast medium 
was smaller in Group I (p = 0.0058).

Regarding SPT-related complications, the frequency of hemodynamic instability requiring adrenaline tended to be lower in Group 

requiring adrenaline, were lower in Group I (p = 0.0484).

Insertion of the pressure wire itself did not cause vascular trauma or wire-induced coronary spasm. SPT was only attempted in 
96 RCA vessels because RCAs were small in 5 patients and we could not engage the catheter in the RCA ostium in 2 patients. 

vessels and was successfully inserted into the distal LAD in 101 (98%). Pd/Pa index monitoring was done for 101 LAD vessels 
because the pressure wire could not be placed within the LAD in 2 patients.

SPT using a pressure wire

p-valueGroup IIGroup I

Provocations

0.0091*3 (3)15 (15)1) Use of higher doses of ACh (%)

0.76715 (6)7 (7)2) Use of addional EM (%)

0.0326*8 (9)21 (20)1) + 2)

0.0119*51 (59)78 (76)Positive SPT (%)

0.341741/1057/21

0.646927/41 (66)47/67 (70)Multivessel spasm (%)

0.844952 (60)63 (61)Athesclerotic lesions (%)

< 0.0001*9 (10)36 (35)Frequnecy of measuring FFR (%)

0.0329*11.5±5.013.0±5.2

0.0058*138±24127±30Total volume of contrast medium 
(ml)

0.847211 (13)14 (14)Complications (%)

0.27531 (1)0 (0)

0.09026 (7)2 (2)2) Hemodynamics instability 
requiring adren

0.0484*7 (8)2 (2)1) + 2)

0.3991 (1)3 (3)3) Hemodynamics instablility (%)

0.17914 (5)10 (10)

Data were expressed as n (%) or the mean ± standard deviation

List of abbreviations: ACh, acetylcholine; EM, ergometrine maleate; SPT, spasm provocation test; 

Table 2: Angiographic-related parameters and complications 

Of the 195 vessels in which a pressure wire could be inserted distally, the SPT was positive in 119 (61%) and negative in 76 (39%). 
Of the positive cases, 54 were in RCA vessels (57%) and 65 were in LAD vessels (64%). Coronary spasm was induced at low 
ACh doses in 43 vessels (36%), at high ACh doses in 72 vessels (61%), and at higher ACh doses (or with additional ergometrine 
maleate) in 4 vessels (3%). Angiographic narrowing of spastic segments was ≥90% in 88 lesions (74%), subtotal occlusion in 23 
lesions (19%), and total occlusion in 8 segments (7%).

0.77 ± 0.12 in spastic vessels with ≥90% narrowing, 0.70 ± 0.15 in the spastic vessels with subtotal occlusion, and 0.54 ± 0.25 in 
the spastic vessels with total occlusion (p < 0.0001). More RCA vessels (n = 18) than LAD vessels (n = 8) had a Pd/Pa index >0.84, 
whereas all non-spastic vessels with a Pd/Pa index <0.84 were recognized in LAD vessels (n = 11).
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We showed that using a pressure wire during SPT was associated with reductions in the total dose of contrast medium and the 
frequency of severe complications. Furthermore, we showed that the pressure wire during SPT provided additional information 
that could be useful when diagnosing VSA.

used without severe complications in many clinical settings [10,11]. Consistent with this, pressure wire use did not cause any 
complications, including coronary spasm, in this study. Naturally, a pressure wire should be inserted into the coronary artery more 
carefully and slowly during an SPT to avoid guidewire-induced coronary spasm. In this study, using a pressure wire was associated 
with reductions in both the total contrast medium dose and the frequency of severe complications.

complications may be caused by prolonged hemodynamic instability, severe and prolonged myocardial ischemia, or NTG overdose. 
Accompanied chest symptoms and ST-segment changes during an SPT are generally reliable indices of myocardial ischemia, but 

symptoms and ECG changes need to be developed to facilitate the prompt detection of myocardial ischemia and recovery.

When using a pressure wire during an SPT, it is important to monitor the Pd/Pa index continuously. If chest symptoms, ECG 
changes, and a reduced Pd/Pa index were absent, we moved to the next provocation with an increased ACh dose, without 
performing further angiograms. If the Pd/Pa index decreased gradually during the SPT, the occurrence of coronary spasm was 
anticipated. Furthermore, if a coronary spasm occurred with the reduction in the Pd/Pa index, an intracoronary infusion of 

an NTG injection, we waited without an additional angiogram or NTG injection. An SPT using a pressure wire can, therefore, 
promptly detect myocardial ischemia and its recovery. Indeed, given the process of myocardial ischemia, a change in the Pd/Pa 

reductions seen in the total contrast medium dose and the frequency of severe complications.

Discussion

pressure wire may allow the catheter to engage into the ostium of the coronary artery, especially in the RCA, thereby increasing 
the ACh dose delivered into that artery. But, this may not be the main cause for the higher frequency of positive SPTs. In our 
study, the period of pressure wire use (Group I) followed the period without pressure wire use (Group II). Although the patient 

VSA as inappropriate for SPT and patients with a higher likelihood of VSA as suitable for SPT.

Abbreviations: Pd/Pa index, pressure ratio of the distal lesion to the proximal lesion; ROC: receiver 
operating characteristics; SPT: spasm provocation test
Figure 3: Minimal Pd/Pa index during the SPT in spastic and non-spastic vessels 
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In addition, the pressure wire cannot detect coronary spasm in coronary branches in which the wire is not inserted, such as the 

and its recovery, and may be associated with fewer severe complications. Given the costs, though, it may be best to reserve the 
procedure for use in the following situations: 1) when hemodynamic instability may be precipitated by coronary spasm, such as 

and 3) when cardiologists seek to clarify the disease status through a second SPT [21-24]. In addition to showing that the Pd/Pa 
index can be measured using ACh as a provocation drug, we have data showing a comparable response to ergometrine maleate 

performed at the same time in the 2 groups. SPT using a pressure wire was associated with higher ACh doses at that time, and it is 
possible that this combination caused the better SPT results in the second period. However, other clinical factors, such as patient 

between the periods, increasing the likelihood our comparison is meaningful.

and 50 and 100 µg for the LCA). At the 30 µg dose in the RCA and the 50 µg in the LCA, we skipped the angiograms if patients had 

We conclude that using a pressure wire during an SPT may reduce the total dose of contrast medium and the frequency of severe 

wire. However, we conclude that this resulted from using a pressure wire, with the frequency of atherosclerotic lesions being 
comparable between the groups. Another limitation is that we did not investigate the association between values obtained from 
pressure wires and the lactate concentration in the coronary sinus, which is a reliable marker of myocardial ischemia. We also 
showed that the Pd/Pa index decreased promptly during a coronary spasm and that the minimal Pd/Pa index could not be easily 
determined in some patients. Indeed, the Pd/Pa index instantly decreased to 0.2-0.3 in some patients, and had we waited longer, 

minimal value. Finally, we adopted the 5-Fr coronary catheters in this study, and it is possible that using the recommended 6-Fr 

Limitations

Conclusion

However, the Pd/Pa index should be interpreted carefully because the RCA vessel had a higher index (>0.84) more frequently than 

pressure wire may be weak in the spasm, which occured at the distal RCA. When the pressure wire was inserted into one branch 
of the RCA, but coronary spasm occurred at another branch, the Pd/Pd index was not reduced. In addition, 11 non-spastic vessels 
with a lower Pd/Pa index were all in the LAD. In general, the baseline Pd/Pa index in the LAD vessel was lower than that in the 

Although the presence of silent VSA is not described in relevant guidance, we found that some vessels judged as non-spastic 

Recently, the usefulness of higher ACh doses in SPTs has been reported [5,18,19]. Since these reports, SPTs using higher ACh 

in the frequency of positive SPT results. Despite adopting higher ACh doses in Group I, reductions in the total contrast medium 
dose and the frequency of severe complications may be important advantages of SPT with a pressure wire. In addition, the total 

FFR measurement.
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