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Aims. Systematic review of literature to evaluate safety of intracoronary (i.c.) pharmacologic testing with acetylcholine (ACh), or Ergonovine (ERGO), to induce coronary artery spasm.
Methods and Results. Review of all relevant publications using MEDLINE and EMBASE databases yielded 10 publications, totalling 9,444 patients. Prevalence of provoked spasm varied from 2.3% to 54.7% of patients tested in the selected studies. The wide variability in prevalence was due to heterogeneity of study populations and provocation protocols. No deaths were reported. Overall occurrence of major (0.8%) and minor (4.7%) complications for i.c. pharmacologic testing was low. Compared to ERGO, ACh showed significantly higher rate of major (1.09% vs 0.15%; p<0.001) and minor complications (5.87% vs 2.36%; p<0.001). 
Conclusion. Provocative testing with i.c. ACh or ERGO are safe and can facilitate the diagnosis of inducible coronary artery spasm during diagnostic coronary angiography. These tests should be part of the routine armamentarium of interventional cardiologists.
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Introduction
Coronary artery spasm of epicardial vessels, as typically seen in Prinzmetal’s Variant Angina, can lead to severe myocardial ischemia at rest, myocardial infarction (MI), life-threatening ventricular arrhythmias, and sudden cardiac death1-3. Furthermore, in recent years it has become apparent that vasoconstriction, leading to myocardial ischemia, can also occur distally, at the site of coronary microcirculation 4-6. The burden of coronary artery spasm is underestimated, as its diagnosis is often difficult given that it occurs unpredictably, resolving spontaneously after a few minutes in most cases. Except for the relatively infrequent cases of typical Prinzmetal’s variant angina manifesting with transient ST-segment elevation, more common forms of spasm affecting diffusely the mid or distal segments of coronary arteries, or the microcirculation, often go unnoticed. A likely reason for this is that in most cases the ECG tends to show only minor ST-segment changes, and chest pain associated with these forms of spasm is often atypical for myocardial ischemia. For the above reasons, provocative tests capable of eliciting coronary artery vasoconstriction in susceptible individuals are of paramount importance in the clinical setting. Provocative tests for vasospasm have been extensively evaluated since the 1970s7. Hyperventilation, cold pressor test, and even exercise stress testing, have been proposed as provocative tests for coronary artery spasm, but their sensitivity and specificity are substantially lower when compared to the administration of pharmacological agents such as ergonovine and acetylcholine 8. 
In a single centre retrospective study bedside echocardiography with systemic administration of ergonovine showed a good sensitivity and specificity according to the coronary angiographic criteria 9, but these results have been not reproduced by other groups and are not recommended by international guidelines 10-12, moreover the accuracy of bedside ergonovine in patients without previous coronary angiography is unclear.
Coronary angiography using pharmacologic intracoronary (i.c.) provocation testing is recommended by international guidelines for the investigation of unexplained chest pain in patients with normal or unobstructed coronary arteries 10-12 (table 1). However, there is large heterogeneity in the diagnostic criteria and type of provocative tests adopted by different centres. Recently, the Coronary Vasomotion Disorders International Study Group (COVADIS) proposed new diagnostic criteria for vasospastic angina and coronary artery spasm, and new indications for provocative coronary artery spasm testing 13 (table 1). The drugs most often used clinically as provocative agents for coronary artery spasm are ergonovine (ERGO) and acetylcholine (ACh) 7,14,15. The use of provocative testing for coronary spasm is more common in Japan than in Western countries16, possibly out of belief that coronary artery spasm is more frequent in Asian populations17, and also out of concerns regarding the risk of complications.
Previous studies have reported low rates of complication with intracoronary testing, but safety has not been systematically investigated. Therefore, to assess safety of provocative testing we performed a systematic search of available literature on this topic.
Methods
A computer-assisted search was performed searching  MEDLINE and EMBASE databases from 1959 to July 2015. The following search terms, restricted to English language, were used in this investigation (alone and combined): provocative test, coronary artery spasm, vasospastic angina, intracoronary acetylcholine, intracoronary ergonovine. Criteria for inclusion of publications in this systematic review were set a priori, and were: (i) reporting of original data; (ii) published in peer-reviewed journals; (iii) limited to patients undergoing coronary artery spasm provocative testing with intracoronary drug administration; (iv) description of the protocol adopted for administration of the provocative agent, (v) reporting of complications. The following clinical complications, which may occur as a result of administration of provocative agents, were defined as “major”: death, MI, ventricular fibrillation/sustained ventricular tachycardia (VT/VF), refractory coronary artery spasm, coronary dissection, cardiac tamponade, shock, or need for resuscitation. “Minor complications” were defined as: non-sustained VT, paroxysmal atrial fibrillation, transient bradycardia, transient hypotension, transient catheter induced coronary spasm, and any peri-procedural adverse event not included in the major complications list. Publications with titles or abstracts which met the inclusion criteria for this systematic review were selected for detailed review. Additional publications were selected from review of the reference lists of articles selected for detailed review. When multiple publications describing the same case series were published, we used the latest publication and supplemented, if necessary, data from earlier publications. For each study selected, two reviewers (G.C. and S.R.K.S.) independently extracted data on prevalence, clinical presentation, complications, and long-term prognosis. Disagreements were resolved by consensus or by a third, independent reviewer (J.C.K.). Chi-squared test was used to compare ACh and ERGO groups, according to the outcomes of interest (complications). Analyses were performed with statistical package software STATA 11.1  (Texas, USA). Formal meta-analysis was not performed, due to heterogeneity of methodology and outcome assessments among the studies. Therefore, a narrative synthesis of the collected data was undertaken.
Results
We initially identified 313 published studies. After examining titles and abstracts, 221 studies were excluded, leaving 92 studies for detailed evaluation. We further excluded duplicate reports and reviews. Ten studies met all inclusion criteria and were considered for systematic assessment (figure 1). Four papers were from Japan, two from Germany, two from South Korea, one from the U.S.A., and one from Australia (table 2). The earliest was published in 2004 and the latest in 2015. With regards to the design of the studies, five were prospective, three retrospective, and two studies had a mixed design. The studies included from 86 to 2129 patients, and a total of 9444 patients were included in our review.
Prevalence of provoked spasm
Prevalence of provoked spasm ranged from 2.3% to 54.7% (mean 37.9%, SD=16.6) for ACH, and from 21.3% to 36% (mean 28.65%; SD=10.4) for ER testing (table 2). 
Among 1508 consecutive patients, Sueda et al. showed an overall similar frequency of occlusive coronary artery spasm (defined as >99% luminal narrowing) provoked by i.c. ACh and ERGO (36% vs 29.8% p=NS) 18.  In the context of ACS with unobstructed coronary arteries, Ong et al. found that i.c. ACh provoked coronary artery spasm of epicardial artery (≥75% luminal narrowing) in 49% of patients 15. In a more recent retrospective study, including 1760 consecutive patients with chest pain Sato et al. reported a prevalence of i.c. ACh-induced spasm (>90% luminal narrowing) in 49% of patients and microvascular spasm in 7% 19. In 2014, Ong et al. examined a population of 847 consecutive European patients with suspected myocardial ischemia and unobstructed coronary arteries (<50% epicardial stenosis) tested with i.c. ACh with a pathological response in 57.6% of patients (epicardial spasm 33.4%; microvascular spasm 24.2%) 20. Two large observational studies in Korean patients reported coronary artery spasm induced by i.c. ACh in 54.7% 21 and by i.c. ERGO in 21.3% of patients 22. In an Australian study, including also Australian natives (10%) and Asian subjects (4%), i.c. ACh testing revealed epicardial coronary artery spasm in 44% and microvascular coronary artery spasm in 18% of patients 23.

Safety
Overall, prevalence of major complications was low, with a total of 73 serious adverse events reported (0.77% overall prevalence) with no reported deaths (table 3). However, a large variability was observed across studies for the frequency of major complications (0% to 4.9%). Complications showed a larger prevalence for ACh than ERGO (1.09% vs 0.15%, p<0.001) (table 3). The most common major complication was sustained ventricular tachycardia (VT) or ventricular fibrillation (VF), which occurred in 0.69% of cases, followed by shock (0.03%), myocardial infarction (0.01%), cardiac tamponade (0.01%), prolonged/ refractory spasm (0.01%), and coronary dissection (0.01%) (table 3). Shock, myocardial infarction, cardiac tamponade, and coronary dissection were reported in association with the administration of ACh, whereas ERGO accounted for the only one case of prolonged/refractory coronary artery spasm reported (table 3). Prevalence of minor complications ranged from 0% to 16.3%, with an overall prevalence of 4.7%, mostly seen with ACh than ERGO (5.94% vs. 2.36%, p<0.001) (table 3). The most common minor complication reported was transient bradycardia or advanced AV block accounting for 2.17% of cases, followed by paroxysmal atrial fibrillation (1.55%), non-sustained VT (0,91%), transient hypotension (0,03%), catheter induced coronary artery spasm (0.01%), air microembolism (0.01%), and deep vein thrombosis (0.01%) (table 3).  With respect to the specific agent employed, ACh-related minor complications occurred in 367 patients (5.94%), including transient bradycardia or advanced AV block in 200 patients, paroxysmal atrial fibrillation in 147, non-sustained VT in 14, transient hypotension in 3, whereas catheter-induced coronary artery spasm, air microembolism and deep vein thrombosis occurred in 1 patient each (table 3). ERGO-related minor complications were reported only in 77 patients (2.36%), and included non-sustained VT in 72 patients, bradycardia or advanced AV block in the remaining 5 patients (table 3).  Using i.c. ACh in 873 patients, Sueda et al. reported serious major complications (sustained ventricular tachycardia, shock or cardiac tamponade) in 4 patients (0.46%), whereas among 635 patients tested with ERGO a major complication (prolonged spasm) occurred just in 1 patient (0.15%)18. Recently, the same group reported no major complications in a cohort of 88 patients who were administered higher doses of i.c. ACh (up to 200 µg for the left coronary artery challenge), with minor complications occurring in 13 patients (hypotension n=3; prolonged spasm n=2; bradycardia n=4; paroxysmal atrial fibrillation n=3; persistent atrial fibrillation n=1) 24. Wei et al. published their experience with 293 US women who underwent coronary reactivity testing reporting major complications in 0.7% of patients 25. In 1210 Asian patients with positive provocation test with i.c. ERGO and ACh, the overall incidence of arrhythmic complications was 6.8%. In the same study, multivariable logistic regression analysis also demonstrated that the use of ACh was significantly correlated with the occurrence of provocation-related VT/VF, although no fatal events were reported 26. In recent series with i.c. ACh provocation test in Caucasian patients, the rate of major complications was ≤1% and minor complications were infrequent (~1%) and short-lived 15, 20, 25.
Prognosis

Some angiographic and clinical features have been advocated for prediction of coronary artery spasm and major adverse cardiac events (MACEs), with conflicting results probably due to ethnic heterogeneity and different study protocols (table 2). In Caucasian patients with ACS and i.c. ACh provoked coronary artery spasm, Ong et al. reported an excellent 3-year prognosis regarding all-cause death and coronary events, with age and left ventricle ejection fraction as independent predictors of MACEs at multivariable analysis 27. However, persistent angina was reported in 50% of patients, requiring repeat angiography in 3.9% of cases.

In a Korean observational study of patients undergoing ACh provocative testing, provoked coronary artery spasm was an independent predictor of recurrent angina, but not of MACEs 21. Takagi et al. demonstrated an excellent prognosis for Japanese patients with vasospastic angina undergoing provocative testing, with a 92% and 98% 5-year survival rate free from MACEs and all-cause death; in the same study, after multivariable analysis presence of organic coronary stenosis and a mixed multivessel spasm were found to be an independent predictor of MACEs 26. In a recent Korean multicentre, prospective registry conducted in patients with unobstructed coronary arteries who underwent ERGO provocation test, patients with a positive test (>90% luminal narrowing) had a worse 24-months prognosis compared to patients with an intermediate result (50-70% luminal narrowing) and by Cox regression analysis, frequency of angina, current smoking, and multivessel spasm, were found to be independent predictors of adverse events in the positive group 22.
Discussion

Our study indicates that identification of coronary artery spasm by invasive provocative testing is safe. Moreover identification of the precise cause of patient’s symptoms enables physicians to reach a diagnosis, provide reassurance to the patient, and allows initiation of appropriate therapy 2, 27-29. Medical therapy for coronary artery spasm is widely available, and consists of vasodilatory drugs such as calcium channel blockers (CCBs), nitrates, and nicorandil, and, more recently the selective Rho-kinase inhibitor fasudil, given alone or in combination 10-12, 28, 29.  International guidelines recommendations stated that ruling-out coronary artery spasm should be regarded as an important step in the workup of patients with typical angina and non-significant coronary artery stenosis 16. In fact in particular populations, such as patients with chest pain and unobstructed coronary artery disease, unexplained syncope and survivors of unexplained cardiac arrest,  invasive testing should be considered because these conditions may be related to coronary artery spasm, and therefore its recognition and treatment could significantly improve quality of life and prognosis 2,3,27. 
When compared, ACh and ERGO testing showed a good concordance in provoking significant coronary spasm, with ACh appearing more sensitive at the price of more complications even if totally reversible and related to the drug mechanism of action.  Takagi et al. reported that arrhythmic complications were significantly correlated with use of ACh and occurrence of diffuse RCA spasm, although in that study arrhythmic complications including non-sustained VT occurred in 6.8% of patients (a comparable incidence to that of spontaneous angina attacks) and were not associated with worse long-term prognosis, suggesting that ACh provocation-related arrhythmias do not reflect a worse outcome but just the direct arrhythmogenic effect of ACh that could transiently exacerbate QT dispersion 26. 
Moreover these complication rates are similar to the frequency reported for diagnostic coronary angiography 30. Some authors proposed that slow infusion of provocation agents in a stepwise manner might probably reduce the incidence of arrhythmic complications. In fact, contemporary studies both on Caucasian and Asian patients demonstrated that a slower i.c. ACh infusion is associated with fewer (or no) major complications 18-20, 23-26. 

In all selected studies the drugs are administered by intracoronary injection with different injection velocity (i.e. over 20 seconds bolus or over 2-5 minutes infusion) and different interval between each injection (table 2) and this heterogeneity in the protocol could be responsible of different results in terms of diagnostic accuracy and safety.
However,, provocation testing for coronary artery spasm is currently underutilised in Western countries, mostly out of concerns regarding possible serious adverse events, although the majority of serious complication are drug-related and short-lived 12. Findings of our study, therefore, provide reassurance by demonstrating low overall complication rates related to the i.c. provocative testing (~0.8%). Moreover, “stepwise” provocation protocols used in the most experienced centres yield the optimum risk vs. benefit ratio for patients requiring these investigations (table 2).
Our results are similar to data obtained from a large retrospective analysis of Japanese patients who underwent provocative testing with ACh or ERGO, showing that among 21698 tests the rate of serious complications was 0.7%, with a significantly higher prevalence of adverse events in the ACh group versus ERGO group (0.9% vs 0.4%, p<0.001) 31. However, this study was a secondary analysis of administrative data, and it did not include detailed information on protocols of provocative testing and angiographic findings, and consequently we had to exclude it from our systematic review. 
Notably, 6 out of 10 studies included in our review were coming from Far East countries, and this could be explained by the previously demonstrated  racial differencies in vasomotor reactivity among Japanese patients with a recent AMI compared to Caucasian patients, with a significantly higher incidence of inducible spasm in the former group 32.
Limitations

Notwithstanding the importance of our findings, there are some limitations inherent to our review. First, all data included in our systematic review were derived from observational studies and as such are prone to bias and confounding ascribed to various patient- or process-related factors. Secondly, despite careful search, we may not have captured all studies regarding pharmacologic provocative testing for coronary artery spasm, especially since we restricted the scope of our review to articles published in peer-reviewed journals in English language. Thirdly, protocols used for provocative testing and definitions for coronary artery spasm varied widely among studies, as were doses of drugs and their infusion velocities (table 2).  Finally, the rate of minor complications was probably underestimated due to the transient nature of these symptoms; this may have also been the case for common drug-related side effects (such as breathlessness, sweating, dizziness, headache, foul taste, hypertension, muscle cramps, tinnitus, nausea, vomiting and flushing). Moreover, the actual prevalence of coronary artery spasm in the general population or among subjects with angina pectoris remains unknown.  Data about i.c. provoked spasm are not homogeneous due to different protocols of provocation testing and different definitions of coronary artery spasm. 
Conclusions

Our study presents a comprehensive and contemporary overview of available data on the safety of provocative tests for coronary artery spasm. It is notable, based on findings of our review, that i.c. use of ACh (as opposed to ERGO) appears to be associated with a higher risk of transient, non-fatal side effects, although this would require further validation and head-to-head comparison. In conclusion, in the context of coronary artery spasm, the use of i.c. provocative pharmacological testing with either ACh or ERGO appears to be safe, besides enhancing the diagnostic value of invasive coronary angiography in this patient group with an acceptable risk comparable to that of a diagnostic angiography. The demonstration of inducible coronary vasospasm as a cause of angina may have important therapeutic and prognostic implications. Further systematic investigation, including large-scale observational as well as intervention studies, is warranted to firmly establish the role of intra-coronary provocative testing in the practice of cardiovascular medicine.
Conflict of interest: The authors report no relationships that could be construed as a conflict of interest.
References
1. Maseri A, Severi S, Nes MD, L'Abbate A, Chierchia S, Marzilli M, Ballestra AM, Parodi O, Biagini A, Distante A. "Variant" angina: one aspect of a continuous spectrum of vasospastic myocardial ischemia. Pathogenetic mechanisms, estimated incidence and clinical and coronary arteriographic findings in 138 patients. Am J Cardiol. 1978 Dec;42(6):1019-35. 

2. Chevalier P, Dacosta A, Defaye P, Chalvidan T, Bonnefoy E, Kirkorian G, Isaaz K, Denis B, Touboul P. Arrhythmic cardiac arrest due to isolated coronary artery spasm: long-term outcome of seven resuscitated patients. J Am Coll Cardiol. 1998 Jan;31(1):57-61. 

3. Inami T, Kataoka M, Shimura N, Ishiguro H, Kohshoh H, Taguchi H, Yanagisawa R, Hara Y, Satoh T, Yoshino H. Left ventricular dysfunction due to diffuse multiple vessel coronary artery spasm can be concealed in dilated cardiomyopathy. Eur J Heart Fail. 2012 Oct;14(10):1130-8. 

4. Mohri M, Koyanagi M, Egashira K, Tagawa H, Ichiki T, Shimokawa H, Takeshita A. Angina pectoris caused by coronary microvascular spasm. Lancet. 1998 Apr 18;351(9110):1165-9.

5. Kaski JC. Chest pain and normal coronary arteriograms: role of "microvascular spasm". Lancet. 1998 Apr 18;351(9110):1144-5.

6. Arrebola-Moreno AL, Arrebola JP, Moral-Ruiz A, Ramirez-Hernandez JA, Melgares-Moreno R, Kaski JC. Coronary microvascular spasm triggers transient ischemic left ventricular diastolic abnormalities in patients with chest pain and angiographically normal coronary arteries. Atherosclerosis. 2014 Sep;236(1):207-14. 

7. Yasue H, Touyama M, Shimamoto M, Kato H, Tanaka S. Role of autonomic nervous system in the pathogenesis of Prinzmetal's variant form of angina. Circulation. 1974 Sep;50(3):534-9.

8. Waters DD, Szlachcic J, Bonan R, Miller DD, Dauwe F, Theroux P. Comparative sensitivity of exercise, cold pressor and ergonovine testing in provoking  attacks of variant angina in patients with active disease. Circulation 1983 Feb;67(2):310-5.
9. Song JK, Park SW, Kang DH, Hong MK, Kim JJ, Lee CW, Park SJ. Safety and clinical impact of ergonovine stressechocardiography for diagnosis of coronary vasospasm. J Am Coll Cardiol. 2000 Jun;35(7):1850-6.
10. Montalescot G, Sechtem U, Achenbach S, Andreotti F, Arden C, Budaj A, Bugiardini R, Crea F, Cuisset T, Di Mario C, Ferreira JR, Gersh BJ, Gitt AK, Hulot JS, Marx N, Opie LH, Pfisterer M, Prescott E, Ruschitzka F, Sabaté M, Senior R, Taggart DP, van der Wall EE, Vrints CJ. 2013 ESC guidelines on the management of stable coronary artery disease: the Task Force on the management of stable coronary artery disease of the European Society of Cardiology. Eur Heart J. 2013 Oct;34(38):2949-3003.

11. Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, Holmes DR Jr, Jaffe AS, Jneid H, Kelly RF, Kontos MC, Levine GN, Liebson PR, Mukherjee D, Peterson ED, Sabatine MS, Smalling RW, Zieman SJ 2014 AHA/ACC Guideline for the Management of Patients with Non-ST-Elevation Acute Coronary Syndromes: a report of the American College of Cardiology/American Heart Association Task Force on Practice Guidelines. J Am Coll Cardiol. 2014 Dec 23;64(24):e139-228.

12. JCS Joint Working Group. Guidelines for diagnosis and treatment of patients with vasospastic angina (Coronary Spastic Angina) (JCS 2013). Circ J. 2014;78(11):2779-801. 

13. Beltrame JF, Crea F, Kaski JC, Ogawa H, Ong P, Sechtem U, Shimokawa H, Bairey Merz CN; Coronary Vasomotion Disorders International Study Group (COVADIS). International standardization of diagnostic criteria for vasospastic angina. Eur Heart J. Aug 2015.

14. Hackett D, Larkin S, Chierchia S, Davies G, Kaski JC, Maseri A. Induction of coronary artery spasm by a direct local action of ergonovine. Circulation. 1987 Mar;75(3):577-82.

15. Ong P, Athanasiadis A, Hill S, Vogelsberg H, Voehringer M, Sechtem U. Coronary artery spasm as a frequent cause of acute coronary syndrome: The CASPAR (Coronary Artery Spasm in Patients With Acute Coronary Syndrome) Study. J Am Coll Cardiol. 2008 Aug 12;52(7):523-7. 

16. Zaya M, Mehta PK, Merz CN. Provocative testing for coronary reactivity and spasm. J Am Coll Cardiol. 2014 Jan 21;63(2):103-9. 

17. Pristipino C, Beltrame JF, Finocchiaro ML, Hattori R, Fujita M, Mongiardo R, Cianflone D, Sanna T, Sasayama S, Maseri A. Major racial differences in coronary constrictor response between japanese and caucasians with recent myocardial infarction. Circulation. 2000;101:1102-1108.
18. Sueda S, Kohno H, Fukuda H, Ochi N, Kawada H, Hayashi Y, Uraoka T. Clinical impact of selective spasm provocation tests: comparisons between acetylcholine and ergonovine in 1508 examinations. Coron Artery Dis. 2004 Dec;15(8):491-7.

19. Sato K, Kaikita K, Nakayama N, Horio E, Yoshimura H, Ono T, Ohba K, Tsujita K, Kojima S, Tayama S, Hokimoto S, Matsui K, Sugiyama S, Yamabe H, Ogawa H. Coronary vasomotor response to intracoronary acetylcholine injection, clinical features, and long-term prognosis in 873 consecutive patients with coronary spasm: analysis of a single-center study over 20 years. J Am Heart Assoc. 2013 Jul 15;2(4):e000227. 

20. Ong P, Athanasiadis A, Borgulya G, Vokshi I, Bastiaenen R, Kubik S, Hill S, Schäufele T, Mahrholdt H, Kaski JC, Sechtem U. Clinical usefulness, angiographic characteristics,and safety evaluation of intracoronary acetylcholine provocation testing among 921 consecutive white patients with unobstructed coronary arteries. Circulation. 2014 Apr 29;129(17):1723-30. 

21. Choi BG, Park SH, Rha SW, Park JY, Choi SY, Park Y, Xu S, Ngow HA, Ali J, Li H, Kim JB, Lee S, Na JO, Choi CU, Lim HE, Kim JW, Kim EJ, Park CG, Seo HS, Oh DJ. Five-year clinical outcomes in patients with significant coronary artery spasm: A propensity score-matched analysis. Int J Cardiol. 2015 Apr 1;184:533-9. 

22. Shin DI, Baek SH, Her SH, Han SH, Ahn Y, Park KH, Kim DS, Yang TH, Choi DJ, Suh JW, Kwon HM, Lee BK, Gwon HC,Rha SW, Jo SH. The 24-Month Prognosis of Patients With Positive or Intermediate Results in the Intracoronary Ergonovine Provocation Test. JACC Cardiovasc Interv. 2015 Jun;8(7):914-23. 

23. Di Fiore DP, Zeitz CJ, Arstall MA, Rajendran S, Sheikh AR, Beltrame JF. Clinical determinants of acetylcholine-induced coronary artery spasm in Australian 

patients. Int J Cardiol. 2015 Aug 15;193:59-61. 

24. Sueda S, Kohno H, Miyoshi T, Sakaue T, Sasaki Y, Habara H. Maximal acetylcholine dose of 200 μg into the left coronary artery as a spasm provocation test: comparison with 100 μg of acetylcholine. Heart Vessels. 2014 Sep 2. 

25. Wei J, Mehta PK, Johnson BD, Samuels B, Kar S, Anderson RD, Azarbal B, Petersen J, Sharaf B, Handberg E, Shufelt C,Kothawade K, Sopko G, Lerman A, Shaw L, Kelsey SF, Pepine CJ, Merz CN. Safety of coronary reactivity testing in women with no obstructive coronary artery disease:results from the NHLBI sponsored WISE (Women's Ischemia Syndrome Evaluation) study. JACC Cardiovasc Interv. 2012 Jun;5(6):646-53.

26. Takagi Y, Yasuda S, Takahashi J, Tsunoda R, Ogata Y, Seki A, Sumiyoshi T, Matsui M, Goto T, Tanabe Y, Sueda S, Sato T, Ogawa S, Kubo N, Momomura S, Ogawa H, Shimokawa H. Clinical implications of provocation tests for coronary artery spasm: safety, arrhythmic complications, and prognostic impact: multicentre registry study of the Japanese Coronary Spasm Association. Eur Heart J. 2013 Jan;34(4):258-67. 

27. Ong P, Athanasiadis A, Borgulya G, Voehringer M, Sechtem U. 3-year follow-up of patients with coronary artery spasm as cause of acute coronary syndrome: the CASPAR (coronary artery spasm in patients with acute coronary syndrome) study follow-up. J Am Coll Cardiol. 2011 Jan 11;57(2):147-52
28. Kaski JC. Management of vasospastic angina--role of nicorandil. Cardiovasc Drugs Ther. 1995 Mar;9 Suppl 2:221-7.

29. Masumoto A, Mohri M, Shimokawa H, Urakami L, Usui M, Takeshita A. Suppression of coronary artery spasm by the Rho-kinase inhibitor fasudil in patients with vasospastic angina. Circulation. 2002 Apr 2;105(13):1545-7.

30. Maier W, Abay M, Cook S, Togni M, Zeiher A, Meier B.  The 2002 European registry of cardiac catheter interventions. Int J Cardiol. 2006 Nov 18;113(3):299-304.
31. Isogai T, Yasunaga H, Matsui H, Tanaka H, Ueda T, Horiguchi H, Fushimi K.

Serious cardiac complications in coronary spasm provocation tests using acetylcholine or ergonovine: analysis of 21 512 patients from the diagnosis procedure combination database in Japan. Clin Cardiol. 2015 Mar;38(3):171-7.
32. Beltrame JF, Sasayama S, Maseri A. Racial heterogeneity in coronary artery vasomotor reactivity: differences between Japanese and Caucasian patients. J Am Coll Cardiol. 1999 May;33(6):1442-52.

Table and figure legends
Table 1: indications for provocative coronary artery spasm testing. ESC, European Society of Cardiology; JCS, Japanese Circulation Society; ACCF/AHA, American College of Cardiology Foundation/American Heart Association; ACC, American College of Cardiology; UA/NSTEMI: Unstable Angina/Non–ST-Elevation Myocardial Infarction; NSTE ACS, Non–ST-Elevation Acute Coronary Syndromes; i.c., intracoronary; CAD, coronary artery disease; COVADIS, Coronary Vasomotion Disorders International Study Group; VSA, vasospastic angina ; ACS, acute coronary syndromes.
Table 2: provocative testing protocols, major and minor complications rate. 

Major complications: death, myocardial infarction, cardiac tamponade, refractory spasm, coronary dissection, shock, heart failure, ventricular fibrillation/sustained ventricular tachycardia (VT/VF) or need for resuscitation.
Minor complications: non-sustained VT, paroxysmal atrial fibrillation, transient bradycardia, transient hypotension, transient catheter induced coronary spasm, nausea, abdominal cramps, vomiting, headache.
i.c., intracoronary; ERGO, ergonovine; ACh, acetylcholine; RCA, right coronary artery; LCA, left coronary artery; LM, left main; NR, not reported.
1= Including non sustained VT
2= Epicardial spasm
3= Microvascular spasm
4= Transient atrio-ventricular block frequently occurred mostly during RCA testing resolving always within seconds after reducing injection speed.
Table 3: Overall, ACh and ERGO testing major e minor complications.

ACh, Acetylcholine; ERGO, Ergonovine; VT/VF, ventricular tachycardia/ventricular fibrillation; AV, atrio-ventricular; CAS, coronary artery spasm; AF, atrial fibrillation.
Figure 1: Flow diagram for the selection of studies included in the systematic review.
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