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ABSTRACT 
 
BACKGROUND Recent findings imply prognostic significance of 
intracoronary acetylcholine infusion for endothelial function testing. We 
evaluated whether routine use of this test in coronary angiography patients 
is safe. 
 
METHODS  Patients undergoing a first diagnostic coronary angiography 
were selected to receive intracoronary acetylcholine for endothelial function 
evaluation. The relation between adverse reactions during infusion and risk 
factors was analysed with a logistic regression model. Included in the 
multiple logistic regression model were the variables with a univariate p-
value <0.20.  
 
RESULTS Adverse reactions occurred in 16% (49/299) of the patients. 
This included two life-threatening events due to occlusive spasm and flow 
limitation in the left coronary artery. Other adverse events were chest pain 
(n=38), AV block or sinus bradycardia (n=10), dyspnoea (n=3). Adverse 
reactions were more likely to occur in patients younger than 60 years of 
age. (relative risk 5.6 (2.2-14.3)) 
 
Conclusions Intracoronary acetylcholine infusion is safe but may lead to 
serious adverse reactions. Care should be taken especially in patients 
younger than 60 years of age. Routine use of acetylcholine infusion can 
thus only be justified if it has important prognostic significance. This has to 
be further proven in large prospective studies. 
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INTRODUCTION 
 

In addition to anatomical coronary artery disease, functional abnormalities 
such as coronary spasm are an important cause of angina pectoris. In the 
past ergotalkaloids (ergonovine, methergine) have been extensively used 
for detection of coronary spasm (1;2). Thereafter, pre-clinical evidence 
suggested that coronary spasm be related to a deficit production of 
vasodilating substances by the endothelium (see Drexler and Zeiher for a 
review) (3). Therefore, endothelium specific testing, such as intracoronary 
acetylcholine infusion, has been used more and more. In contrast to 
ergonovine, acetylcholine has intrinsic endothelium dependent modes of 
action, whereas ergonovine will stimulate endothelium dependent 
vasodilator release only via an indirect (i.e. flow or sheer stress mediated) 
mechanism. 
Acetylcholine infusion can thus be used to evaluate subtle changes in 
endothelium dependent vasodilatation, endothelial function, or in case of 
constriction, endothelial dysfunction (3). Endothelial dysfunction is related 
to atherosclerosis and its risk factors such as smoking, hypertension, and 
hyperlipidemia (4-6). The question remains whether endothelial 
(dys)function can be regarded as an independent risk factor in patients 
suspected of coronary artery disease. If it is a proven important prognostic 
factor one could argue in favour of routine clinical implementation. In order 
to investigate this, we started the Intervention CArdiology Risk Stratification 
Study (ICARIS), a prospective study evaluating the prognostic value of 
intracoronary acetylcholine testing in patients undergoing a first diagnostic 
coronary angiography because of suspected coronary artery disease.  
Although acetylcholine is generally considered to be safe, infusion of this 
drug may have potential risks (7;8). In addition, since the start of the study 
we experienced a number of adverse events during acetylcholine infusion. 
In this report, an analysis of the first 312 patients is presented regarding 
adverse reactions.  
 
 

METHODS 
Study population. Patients suspected for coronary artery disease with 
an indication for diagnostic coronary angiography were recruited in the 
outpatient clinics of the University Hospital Groningen. Exclusion criteria 
were: previous coronary intervention (PTCA, CABG), unstable angina 
pectoris, recent myocardial infarction (< 3 months), concomitant valvular 
disease requiring valve replacement surgery, an occlusion or less then TIMI 
3 flow in one or more coronary branches or any serious disease that may 
interfere with the follow-up. Patients were asked permission for endothelial 
function assessment in addition to the diagnostic coronary angiography. 
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Prior to the investigation, all vaso-active drugs (except beta-blockers) were 
temporarily discontinued. A wash-out of 3 days was considered to be 
sufficient, with a minimum of 24 hours if the medical condition did not allow 
3 days discontinuation. The Institutional Review Board of the hospital 
approved the study protocol, which is in accordance with the Helsinki 
Declaration of 1975, (as lately revised at the 48th World Medical Assembly 
in Somerset West, Republic of South Africa, 1996). Written informed 
consent was obtained from all patients before inclusion in the study.  
 
Definitions. At time of the diagnostic catheterisation risk factors for 
coronary artery disease were assessed. Hypercholesterolemia was defined 
as a history of hypercholesterolemia for > 3 months that led to the initiation 
of lipid lowering therapy by the primary physician or fasting serum 
cholesterol value � ��� PPRO�O� Family history of coronary artery disease 
was defined as evidence of the disease in a parent or sibling before 60 
years of age at the time of diagnosis. Hypertension was defined as a 
history of high blood pressure that led to the initiation of antihypertensive 
therapy by the primary physician, an actual systolic blood pressure > 160 
mmHg or an actual diastolic blood pressure > 90 mmHg; both measured 
twice. The smoking status was divided into 3 categories: never smoked, 
stopped cigarette smoking for > 3 months or currently a cigarette smoker. 
Diabetes mellitus was defined as high blood glucose levels requiring 
glucose lowering therapy. Patients were considered to have an old 
myocardial infarction when pathological Q-waves � ���� V LQ GXUDWLRQ ZHUH

present in at least two adjacent leads on the 12-leads ECG (silent 
infarction) or if an infarction had been documented during a previous 
hospitalisation. In the latter case myocardial infarction was considered in 
case of hospitalisation with ST-segment elevation � ��� P9 PHDVXUHG ��

ms after the J-point in two adjacent leads on the 12-leads ECG, eventually 
supported by biological markers of myocardial necrosis. The presence or 
absence of ischemia was based on the result of an exercise test. ST-
segment depression of � ���P9 GXULQJ H[HUFLVH RU UHFRYHU\ ZDV

considered to be diagnostic for ischemia. 
 
Coronary angiography. Coronary angiography was performed after an 
overnight fast, via the femoral or radial approach. First a diagnostic 
coronary angiogram was performed. No intracoronary nitrates were given 
during this part of the procedure. At the end of the diagnostic procedure 
first a baseline angiogram was made at the highest magnification at a 
frame rate of 25 frames per second. After this baseline angiogram graded 
infusions of acetylcholine (final concentration 10-8, 10-7, and 10-6 Mole/l) 
were given during 3 minutes followed by an angiogram. Finally, the 
angiogram was repeated after a bolus of 500 µg nitro-glycerine. All 
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angiograms were quantitatively analysed using an off-line QCA system 
(CMS, Medis Co., Nuenen, the Netherlands). Acetylcholine was infused 
until the maximal dose was reach or until the appearance of any adverse 
reaction requiring cessation of the infusion: typical chest pain, evidence for 
ischemia on the 12 lead electrocardiogram, dyspnoea, arrhythmia’s or 
conduction abnormalities, severe spasm. 
An overall score of the diagnostic angiogram for the presence or absence 
of a significant coronary artery stenosis (> 50%) was based on the 
judgement of two individual blinded observers (AJvB and RAT), blinded for 
the results of the acetylcholine test. 
Spasm was defined as a focal lumen reduction of > 50%, or diffuse lumen 
reduction and flow reduction (TIMI 1 flow). Severe spasm was defined as > 
90% lumen reduction or complete flow obstruction. 
Other adverse events that were scored during the infusion consisted of 
typical chest pain, dyspnoea and  electrocardiographic abnormalities. 
Furthermore, rhythm and conduction disturbances (ventricular tachycardia, 
ventricular fibrillation, asystole, sinusbradycardia, atrioventricular 
conduction delay, supraventricular rhythm disturbances, including atrial 
fibrillation), and hemodynamic instability (hypotension requiring fluid 
administration) and myocardial infarction were registered. 
 
Statistical analysis. First univariate followed by multiple logistic regression 
analysis was performed for sex, age, smoking, hypercholesterolemia, 
hypertension, diabetes mellitus, positive or negative exercise test, previous 
infarction and presence or absence of significant coronary artery disease. 
 
  

RESULTS 
 

A total of 312 patients were included. Of these, 13 patients did not undergo 
acetylcholine infusion because of left main or severe three-vessel disease. 
A summary of the patients that underwent acetylcholine testing is shown in 
table 1. 
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  Non 

adverse 
reaction 
n = 250 

 
Adverse 
reaction 
n = 49 

p-
value 

Male/Female  156/94  29/20 0.75 
Age  58±12  54±9 0.01 
Smoking  71 (28%) 14 (29%) 1.00 
Hypercholesterolemia  125 (50%) 24 (49%) 1.00 
Hypertension  113 (45%) 24 (49%) 0.64 
Diabetes Mellitus  29 (12%) 6 (12%) 0.81 
Family history of CAD  113 (45%) 21 (43%) 0.88 
Ischemia at any test  185 (74%) 33 (67%) 0.38 
Previous infarction  71 (28%) 16 (33%) 0.61 
Interval between 
documented  
MI and angiography 

(months) 3.1 – 40.2 3.2 – 149.4 0.51 

Coronary lesions 0 VD  69 (28%) 16 (33%) 0.45 
 Irregularities 48 (19%)

  
12 (24%)  

 1-VD 61 (24%) 6 (12%)  
 2-VD  49 (20%) 10 (20%)  
 3-VD  23 (9%) 5 (10%)  
Table 1: Values shown are either mean ± SD or total number (percentage). CAD = 
coronary artery disease, VD = vessel disease, MI = myocardial infarction. P-values 
shown are calculated by two-tailed Fishers exact test except for age, and interval 
between MI and angiography (Wilcoxon rank test) and Coronary lesions (Chi-
square test). 
 
In a total of 299 patients acetylcholine testing was started following the 
diagnostic procedure. A total of 49 patients developed an adverse reaction, 
including two patients with complete occlusion of LAD and CX requiring 
resuscitation. Other adverse events were chest pain (n=38), AV block or 
sinus bradycardia (n = 10), dyspnoea (n = 3). Adverse reactions were more 
likely to occur in patients younger than 60 years of age (relative risk 5.6 
(2.2-14.3). Premature cessation of the acetylcholine infusion was required 
in 6 % (19/299) of the patients for a variety of reasons (Table 2).  
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Dose ID Sex Age smoking Hchol Htens DM CAD Reason 
1st  77 f 55 current yes no no no 

abn 
dyspnoea 

 210 f 44 never yes no no no 
abn 

AP, bradycardia, 
 shock, resuscitation 

 218 m 66 never no no no 1-VD AP 
 224 m 50 never yes yes no irreg AP 
 260 f 50 never no no no no 

abn 
AP 

 284 m 50 never yes yes no irreg AP 
 296 f 42 never no no no 2-VD AP 
          
2nd 70 f 58 stopped no no no no 

abn 
occlusive spasm 

 132 m 51 stopped no no no irreg asystole, 
resuscitation 

 188 m 51 stopped yes yes no 2-VD AP 
 246 m 57 current yes no no 3-VD AP 
 274 f 70 never no no no irreg total AV-block 
          
3rd 14 f 55 stopped no no yes 1-VD AP 
 118 m 61 stopped yes no no 3-VD AP, total AV-block 
 153 m 56 stopped no yes no 1-VD AV-block 
 170 f 53 current no yes yes 2-VD AP 
 181 m 51 current yes yes yes no 

abn 
AP 

 270 f 61 never yes no no 1-VD AP 
 277 f 49 current no yes no no 

abn 
sinus bradycardia 

Table 2: Infusion was stopped during the first dose in 7 patients, during the second 
dose in 5, during the third dose in 7. ID = patient ID; Sex: f=female; m=male; 
Hchol = hypercholesterolemia; Htens = hypertension; DM = diabetes mellitus, CAD 
= coronary artery disease, VD = vessel disease, no abn = no abnormalities, irreg = 
irregularities.  
 
The relation between adverse events and risk factors was analysed with a 
logistic regression model. In this model age, gender, smoking, 
hypercholesterolemia, hypertension, diabetes mellitus, total cholesterol, 
ischemia during exercise testing, previous myocardial infarction, and the 
presence or absence of significant coronary artery disease were 
univariately analysed. Included in the multiple logistic regression model 
were the variables with a univariate p-value < 0.20. The final multiple 
regression model contained only an age lower than 60 years (relative risk  
5.6 (2.2-14.3)). In addition predictors for spasm (n = 23) were analysed. 
Regarding all spasms, a negative exercise test, a previous myocardial 
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infarction and the absence of significant coronary artery disease were 
significant predictors for the occurrence of spasm during acetylcholine 
infusion. The estimated relative risks -ratios and 95% confidence intervals 
are shown in figure 1. 

 
Figure 1: Relative risk and 95% confidence intervals for the occurrence of spasm, 
with respect to a negative exercise test (no ischemia), a previous myocardial 
infarction (MI), and the absence of significant coronary artery disease (no CAD). 
 
Finally, the relative risk for spasm was calculated in case of the presence of 
all three ‘risk’-factors. This yielded a risk increase of 7.1 (95% confidence 
interval: 2.8-16.7) for the occurrence of a spasm related event when 
compared to patients with � � µULVN¶-factors. 
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DISCUSSION 
 

These data show that routine use of acetylcholine testing during diagnostic 
coronary angiography is feasible. However, care has to be taken because 
adverse events occurred rather frequently 16% (49/299). The frequency of 
a life threatening adverse reaction 0.7% (2/299) may seem low but is higher 
than the risk of death and myocardial infarction during an elective 
diagnostic procedure (9-11).  
In the ‘pre-acetylcholine’ era coronary vasomotor testing or spasm 
provocation was performed using ergotalkaloids. Although ergonovine itself 
does not have intrinsic endothelium dependent potential it will increase 
sheer stress which can induce NO release. We found 15 reports with 100 
or more patients in the English literature where intracoronary infusion of 
ergotalkaloid or acetylcholine was used to evaluate coronary vasomotor 
function (PubMed-Medline search; Table 3). The largest study using 
ergonovine in 8907 patients (Nobuyoshi et al.) described a relation between 
disease progression and induction of spasm (2). No adverse reactions were 
mentioned in this or in 10 other large trials (Table 3). Although the definition 
of adverse reactions in the other 5 studies was not comparable we feel that 
it is important to summarize all reported adverse reactions. 
 
Reference Ergotalkaloid /  

Acetylcholine 
Number of patients major complications 

(%) 
Bertrand et al. (12) E 321 1.2 
Bertrand et al. (1) E 1089 0.64 
Fournier et al. (13) E 108 - 
Okumura et al. (14) E 163 0 
Bertrand et al. (15) E 437 - 
Nobuyoshi et al. (2) E 239 (8907) - 
Nobuyoshi et al. (16) E 624 (3000) - 
Oike et al. (17) E 150 - 
Anderson et al. (18) A 110 - 
Suzuki et al. (9)  A 100 - 
Yoshimura et al. (19) A 213 - 
Mohri et al. (7) A 117 - 
Sueda et al. (8) A 685 1.3 
Schächinger et al. (20) A 147 - 
Suwaidi et al. (6) A 157 - 
Table 3: Major adverse events reported in the studies were hemodynamic 
important complications such as ventricular fibrillation, sustained ventricular 
tachycardia, complete atrioventricular block, sinus bradycardia and shock with loss 
of consciousness. 
 
Using ergonovine testing Bertrand et al. (1) found an overall incidence of 
adverse reactions of 0.64 % (4 ventricular fibrillation, 1 ventricular 
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tachycardia, 1 AV block, 1 sinus bradycardia). In a study by Sueda et al. (8) 
in 9 out of 685 patients (1.3%) an adverse reaction occurred during 
acetylcholine infusion: 7 ventricular tachycardia, and 2 severe hypotension 
and shock due to complete occlusions of LAD and LCX. Bertrand et al. (12) 
using ergonovine mentioned 1 ventricular fibrillation, 1 ventricular 
tachycardia, 1 transient AV block and 1 myocardial infarction 5 hours after 
the test, in another series of 321 patients. In our study group 0.7% had a 
serious life threatening adverse reaction due to occlusion of LAD and LCX 
during acetylcholine infusion. No ventricular tachycardia or myocardial 
infarction was observed in our study. In the larger ergonovine study of 
Bertrand et al. (1) the incidence of serious adverse events was even higher 
in patients with coronary artery spasm, namely 5.2 %. To our knowledge no 
irreversible adverse events during acetylcholine infusion have been 
described so far. As far as other adverse acetylcholine events are 
concerned incidences as high as 16.6% for paroxysmal atrial fibrillation (8), 
18% for angina pectoris (7), and 24% for ventricular arrhythmia’s (9) have 
been described. The percentage of 16% for all adverse reactions in our 
study group is of the same magnitude. 
Apart from the adverse reactions described in the larger trials, adverse 
reactions have been described in smaller trials and numerous case reports. 
Other adverse reactions in response to acetylcholine comprise prolongation 
of monophasic action potential in long QT syndrome (21), coronary 
microvascular vasospasm (22), and coronary thrombosis (23). Neither in 
our study nor in the other larger studies such complications were found. 
Therefore, no estimation of their incidence can be made.  
Numerous reports describe the relation between coronary spasm and 
smoking (16;24-26) and a recent transmural infarction (1). This is to our 
knowledge the first report on the relation of adverse reactions to 
acetylcholine infusion with risk or any other factors. To our opinion this is an 
important finding because acetylcholine testing is increasingly being 
performed. 
Interestingly, spasms were related to the absence of coronary artery 
disease, a previous myocardial infarction and a negative exercise test. The 
fact that a relation with ‘normal’ coronary arteries and normal exercise 
testing was found may seem remarkable. All patients underwent coronary 
angiography for evaluation of coronary artery disease. Furthermore, a 
previous infarction was present in a large group. As such they do not 
represent ‘normal’ coronary arteries. On the one hand, abnormal 
endothelial reactivity especially in the micro-vasculature may cause anginal 
complaints (7). On the other hand it may explain the fact that these patients 
had a higher incidence of adverse events. 
At this moment intracoronary acetylcholine infusion is mainly used as a 
research tool. Recently, the prognostic value of intracoronary acetylcholine 
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infusion was described (6;20). This issue will also be addressed by the 
follow-up of the ICARIS study population. Next to standard coronary 
angiography, intracoronary acetylcholine testing may therefore become of 
clinical, prognostic importance. If so, intracoronary acetylcholine infusion 
may become routine practice and it will be important to identify patients at 
risk for adverse reaction during the infusion.  
 
Limitations. Because the most vasoconstrictive responses are expected 
to occur in patients with the most advanced atherosclerosis, those with left 
main or severe three-vessel disease did not undergo acetylcholine infusion. 
(the latter up to the judgement of the operator at time of catheterisation). 
This may have introduced selection bias. However, this group was small 
(only 13 patients). Furthermore, due to the stiffness of these severely 
diseased vessels not just vasodilatation but also vasoconstriction may be 
impaired. This is further emphasized by the fact that the nitro-glycerine 
response was comparable to the acetylcholine response in the study by 
Schächinger et al. (20). Infusion of acetylcholine in the left main may add to 
the risk. Selective infusion may be safer. Although also in the ENCORE trial 
(selective infusion) one serious adverse event requiring resuscitation 
occurred (den Heyer personal communication). Furthermore, non-selective 
infusion does not require intracoronary manipulation and therefore this 
seems more convenient for routine use. 

 
 

CONCLUSION 
 
Intracoronary acetylcholine infusion may lead to serious adverse reactions. 
Care should be taken especially in patients with a previous myocardial 
infarction and a negative exercise test, without significant coronary artery 
disease. Skilful operators who are aware of the risks should perform 
acetylcholine testing. We recommend continuous twelve lead 
electrocardiographic monitoring, a 1-minute half dose test-infusion, direct 
availability of intracoronary nitrates as well as atropine in all patients. In 
patients with an a priori high risk on an adverse event a selective infusion 
may be considered. 
Finally, to the background of such high incidence of life-threatening events, 
widespread or routine use of acetylcholine testing can only be advocated if 
proven of important prognostic significance in large prospective studies 
such as ICARIS. 
 
Acknowledgements. This work was supported by the Netherlands Heart 
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