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Summary

The intracoronary drug provocation test has been the gold standard for diagnosis of coronary artery spasm
(CAS); however, it has been identified with severe complications. In this study, we investigated the sensitivity,
specificity, and safety of radial artery provocation test at different doses of ergonovine in the diagnosis of CAS.
This study enrolled 57 patients, which were then divided into CAS group (n = 24) and control group (n = 33)
after intracoronary ergonovine provocation test. All patients underwent radial artery provocation test at different
doses of ergonovine. The predictive values of radial artery provocation test for the diagnosis of CAS were ana-
lyzed using receiver operator characteristic curve. In the radial artery provocation test at different doses of er-
gonovine, radial artery stenosis degree was all found to be significantly higher in the CAS group than in the
control group (all P < 0.001). In the control group, significant differences were noted in the radial artery steno-
sis degree between different doses of ergonovine (all P < 0.05). In the CAS group, the radial artery stenosis de-
gree was significantly higher in 160 pg and 100 ug of ergonovine than in 60 pg of ergonovine (all P < 0.001).
The radial artery provocation test at 60 pg and 100 pg of ergonovine did not cause CAS, chest pain, and ECG
ischemic changes. In the radial artery provocation test at 160 ug of ergonovine, some patients had CAS, chest
pain, and ECG ischemic changes. The specificity and sensitivity of radial artery provocation test were 90.91%
and 50.00% at 60 pg of ergonovine, 96.97% and 66.67% at 100 ug of ergonovine, and 90.91% and 95.83% at
160 pg of ergonovine for the diagnosis of CAS. As per our findings, we can conclude that the basic tension of
radial artery increases in the CAS group. With the increase of ergonovine doses, its sensitivity and specificity

improve, but its safety decreases. We will explore the most optimal dose of ergonovine in future studies.

(Int Heart J 2021; 62: 734-741)
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coronary artery was normal or nearly normal in
50% of patients with stable angina and 10%-15%
of patients with acute coronary syndrome.” Nowadays,
ischemia with no obstructed coronary arteries (INOCA)
has become a research hotspot, and a lot of evidence
shows that coronary artery spasm (CAS) is one of the
main causes of INOCA.” CAS refers to the transient
spasm of the main coronary artery and its main branches,
which leads to coronary artery occlusion and myocardial
ischemia.” CAS can lead to angina pectoris, acute coro-
nary syndrome, and even sudden cardiac death.*® There-
fore, accurate diagnosis of CAS is deemed of significant
importance.
It is difficult to capture the direct evidence of CAS
attack clinically as CAS has transient characteristics. The
sensitivities of noninvasive tests are low for the diagnosis

P ast clinical data of 20 years have indicated that the

of CAS. Thus, the diagnosis of CAS usually depends on
drug provocation test. The drugs used in the intracoronary
provocation test include ergonovine and acetylcholine. At
present, the intracoronary drug provocation test has be-
come a gold standard for diagnosis of CAS.” However,
the intracoronary drug provocation test, which is an inva-
sive method, has been found to inevitably cause coronary
intervention-related complications. If CAS is not relieved
during the intracoronary drug provocation test, injecting
nitroglycerin into the coronary artery is a must. Before the
test, temporary pacemaker implantation is necessary for
dealing with transient atrioventricular block, which may
occur in intracoronary acetylcholine provocation test. The
intracoronary drug provocation test may lead to severe
complications such as ventricular tachycardia, ventricular
fibrillation, bradycardia, cardiac shock, pericardial tam-
ponade, acute myocardial infarction, and death.”
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The exact mechanism of CAS has not been clearly
determined. It has been reported that some factors such as
smooth muscle hyperresponsiveness and vascular endothe-
lial dysfunction are associated with CAS.'*'” Under patho-
logical conditions, blood vessel dysfunction is not only
confined to a particular vessel, but it is also present in
systemic vessels.”” This makes it possible to evaluate
coronary artery function by peripheral arteries. Compared
with the intracoronary drug provocation test, provocation
test of peripheral artery is more safe and simple, so it is a
feasible method to use peripheral artery as a window to
diagnose CAS.

The position of the radial artery is superficial, and
both the radial artery and coronary artery are medium-
sized arteries which are prone to spasm; thus, in this
study, we explored the specificities and sensitivities of ra-
dial artery provocation test for the diagnosis of CAS at
different doses of ergonovine.

Methods

All study methods were approved by the Ethics
Committee of the Second Affiliated Hospital of Nantong
University (2019KS079). All the subjects enrolled into the
study gave written informed consent to participate.
Subjects and grouping: Patients who were admitted to
our hospital due to repeated chest pain from January to
December 2019 were examined. Inclusion criteria were as
follows: (1) coronary stenosis < 50% determined via coro-
nary angiography and (2) radial artery stenosis < 50%
confirmed via radial angiography. Meanwhile, exclusion
criteria were as follows: (1) age > 70 years; (2) coagula-
tion and/or hematopoietic diseases; (3) surgical history
within 8 weeks; (4) severe cardiac insufficiency with left
ventricular ejection fraction (LVEF) < 45%; (5) history of
myocardial infarction within 6 weeks; (6) patients with
peripheral artery disease, proliferative retinopathy, or tu-
mor; (7) patients with definite hypertrophic obstructive
cardiomyopathy or valvular disease; (8) patients with a
history of syncope or Adams-Stokes syndrome caused by
bradyarrhythmias; and (9) patients with severe chronic ob-
structive pulmonary disease.

After excluding patients who were in line with the
above exclusion criteria, 287 patients were examined for
this analysis; however, 135 patients did not give consent
to participate and thus, were excluded from the study. In
the remaining 152 patients who provided consent, 94 had
coronary stenosis > 50%, and 1 patient had radial artery
stenosis > 50%; thus, they were terminated from the
study. Finally, a total of 57 patients were enrolled in this
study, who then all underwent intracoronary ergonovine
provocation test. According to the diagnostic criteria of
CAS as described in the guidelines for the diagnosis and
treatment of coronary spasmodic angina pectoris made by
Japanese Circulation Society (JCS),” the intracoronary er-
gonovine provocation test was positive in 24 patients and
negative in 33 patients. The 24 patients were served as the
CAS group and the 33 patients as the control group (Fig-
ure 1). All the 57 patients underwent radial artery provo-
cation test at different doses of ergonovine.

General data: Within 24 hours after admission, all pa-
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tients received related examinations including blood pres-
sure, routine blood test, fasting blood glucose, blood lip-
ids, renal function, troponin I, and echocardiography.
Coronary angiography: The puncture of the left radial
artery was performed by Seldinger’s method, followed by
placing a standard 6F artery sheath. Heparin of 3000 U
was injected through the artery sheath, and then the left
and right coronary angiography was performed by two in-
dependent observers using Judkins method. The diameter
of the coronary artery was measured using QCA system.
Radial angiography: With the most strong brachial dance
within the right elbow joint as a puncture point, puncture
of the right brachial artery was performed via Seldinger’s
method, followed by placing an arterial indwelling needle
(220 G/1.10 mm x 45 mm, Becton Dickinson Infusion
Therapy Systems Inc., Utah, USA) in the brachial artery
at 30-45° of left anterior oblique. The radial angiography
was performed by two independent observers, and the di-
ameter of the radial artery was measured using QCA sys-
tem.

Intracoronary ergonovine provocation test: The intra-
coronary ergonovine provocation test was performed ac-
cording to the 2013 JCS guidelines for the diagnosis and
treatment of coronary spasmodic angina pectoris.” These
patients must not take calcium antagonists and long-acting
nitrate drugs within 48 hours and short-acting nitrate
drugs within 6 hours. Before the intracoronary ergonovine
provocation test, injecting intravenous or intracoronary ni-
troglycerin and other vasoactive drugs must be avoided.
First, 60 pg and 40 pg of ergonovine (Chengdu Beite
Pharmaceutical Co., Ltd; Chengdu, China) were respec-
tively diluted in 5 mL of physiological saline and then
were injected into the left and right coronary artery, re-
spectively, within 3 minutes. One minute later, coronary
angiography was performed. The interval of ergonovine
injection between left and right coronary artery was 15
minutes. Positive criteria for the intracoronary ergonovine
provocation test were as follows: (1) localized or diffuse
CAS with a stenosis > 90% after injection of ergonovine
and (2) chest pain attacks with or without ECG ischemic
changes, followed by spontaneous remission within sev-
eral minutes or disappearance after injection of nitroglyc-
erin into the coronary artery.

Radial artery provocation test at different doses of er-
gonovine: Ergonovine (60 pg, 100 pg, and 160 pg) was
respectively diluted in 5 mL of physiological saline and
then injected into the radial artery within 3 minutes re-
spectively. One minute later, the radial angiography was
performed by two independent observers, and the diameter
of the radial artery was measured using QCA system. The
interval of ergonovine injection between each dose was 15
minutes. The inner diameters (Do and D) of the radial ar-
tery before and after ergonovine injection were measured.
The degree of the radial artery stenosis was calculated ac-
cording to the formula [(Do — Di) / Do] x 100% (Figures
2, 3).

Safety for the ergonovine provocation test of radial ar-
tery: In all patients, blood pressure, heart rate, and ECG
were monitored during the ergonovine provocation test of
radial artery. Within 5 minutes after injecting the er-
gonovine, a small amount of contrast agent was injected
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Figure 1. Flow chart of the cases included in this study. CAS indicates coronary artery spasm.

into the coronary artery every minute to observe the coro-
nary artery. At the same time, we observed whether the
chest pain and/or arrhythmias occurred, including sinus
bradycardia, second or third degree atrioventricular block,
ventricular tachycardia, or ventricular fibrillation. If CAS
was not relieved consistently during the radial artery
provocation test, nitroglycerin must be immediately in-
jected into the coronary artery.

Statistical analysis: A power analysis was performed to
determine the number of patients needed to distinguish
significant differences between the two groups using
PASS software, wherein the needed sample size was de-
termined to be 28 cases per group (0. = 0.15 and 1-f =
0.9). The measurement data were expressed as mean =+
standard deviation. The enumeration data were expressed
as percentage or frequency. The comparisons of data be-
tween the two groups were performed using independent

sample r-test and y” test, respectively. Statistical analysis
was performed using SPSS 23.0 software. The predictive
values of radial artery provocation test for the diagnosis of
CAS at different doses of ergonovine were analyzed by
receiver operator characteristic (ROC) curves using Med-
Calc software. Statistical significance was established at P
< 0.05.

Results

Comparisons of general data between the two groups:
No significant differences were noted in terms of age, sex,
diabetes prevalence, LVEF, body mass index, diastolic
pressure, systolic pressure, fasting blood glucose, serum
creatinine, blood urea nitrogen, triglyceride, total choles-
terol, high density lipoprotein cholesterol, as well as tak-
ing aspirin, angiotensin-converting enzyme inhibitor/an-
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Figure 2. Radial artery provocation test indicated by radial angiog-
raphy before injection of ergonovine into the radial artery.

Figure 3. Radial artery provocation test indicated by radial angiog-
raphy after injection of ergonovine into the radial artery.

giotensin receptor blocker, and other statins between the
two groups (all P > 0.05). Low-density lipoprotein choles-
terol (LDL-C) (P = 0.039) and smoking rate (P = 0.02)
were significantly higher in the CAS group than in the
control group (Table).

Radial artery provocation test at different doses of er-
gonovine: The spasm of radial artery was diffuse without
localized spasm. The degree of the radial artery stenosis
was all significantly higher in the CAS group than in the
control group at 60 pg (13.51% + 5.97% versus 2.27%
0.77%), 100 pg (39.54% =+ 5.62% versus 14.03%
3.91%), and 160 pg (49.5% + 7.32% versus 20.80%
3.29%) of ergonovine (all P < 0.001) (Figure 4).

In the control group, the degree of the radial artery
stenosis was significantly higher in the 100 pg and 160 ug
of ergonovine than in the 60 pg of ergonovine (all P <
0.001) and in the 160 pg of ergonovine than in the 100

o
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ug of ergonovine (P = 0.041). In the CAS group, the de-
gree of the radial artery stenosis was significantly higher
in 160 pg and 100 pg of ergonovine than in 60 ug of er-
gonovine (all P < 0.001), but was not significantly differ-
ent between 160 pg and 100 pg of ergonovine (P =
0.051) (Figure 5).

Specificity and sensitivity of the radial artery provoca-
tion test for the diagnosis of CAS at different doses of
ergonovine: The area under ROC curve of radial artery
provocation test at 60 pg of ergonovine for the diagnosis
of CAS was 0.721 with 95% CI of 0.586-0.832, P =
0.001, cut-off of 10%, specificity of 90.91%, and sensitiv-
ity of 50.00%. The area under the ROC curve of radial ar-
tery provocation test at 100 pg of ergonovine for the diag-
nosis of CAS was 0.864 with 95% CI of 0.747-0.940, P <
0.001, cut-off of 35%, specificity of 96.97%, and sensitiv-
ity of 66.67%. The area under the ROC curve of radial ar-
tery provocation test at 160 pg of ergonovine for the diag-
nosis of CAS was 0.944 with 95% CI of 0.850-0.988, P <
0.001, cut-oft of 30%, specificity of 90.91%, and sensitiv-
ity of 95.83% (Figures 6-8).

Complications occurring in the ergonovine provocation
tests of both coronary artery and radial artery: In the
intracoronary ergonovine provocation test, one patient had
premature ventricular contraction and one patient had par-
oxysmal atrial fibrillation in the control group, while, in
the CAS group, one patient had paroxysmal atrial fibrilla-
tion and three patients had transient hypotension. All these
complications disappeared after stopping ergonovine injec-
tion, and no fatal or severe complications such as persis-
tent ventricular tachycardia, ventricular fibrillation, and
myocardial infarction occurred.

The radial artery provocation test at 60 pg, 100 pg,
and 160 ug of ergonovine did not cause severe complica-
tions, arrhythmia, and hypotension. In the radial artery
provocation test at 60 ug or 100 pg of ergonovine, no
CAS, chest pain, and ECG ischemic changes were noted
to occur. In the radial artery provocation test at 160 pg of
ergonovine, one patient had CAS (90% diffuse stenosis of
the right coronary artery), chest pain, and ECG ischemic
changes, one patient complained of chest pain alone, and
one patient only had ECG ischemic changes in the CAS
group, while in the control group, one patient had chest
pain and ECG ischemic changes.

Discussion

Smoking and hyperlipidemia can induce oxidative
stress in vascular wall and are the independent risk factors
of CAS."™9 As per the findings of this study, it was found
that the smoking rate and LDL-C were significantly
higher in the CAS group than in the control group. Our
results were similar to the results reported in the refer-
ences.'""¥

The radial artery, oi-smooth muscle characteristic ar-
tery, has fine vessel diameter and is more sensitive to
catecholamine in blood circulation, so placing guide wire,
sheathing canal, and catheter can easily cause vasocon-
striction, affecting the experimental results. In this study,
the coronary angiography was performed by the puncture
of the left radial artery, but the radial angiography and ra-
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Table. Comparisons of General Data Between the Two Groups
CAS grou Control grou;
ltems (n-24) w3 "
Age (years) 56.8 1.0 535+1.6 0.110
Sex (male/female) 16/8 21/12 0.700
Smoking (%) 29.2 242 0.020
Diabetes (%) 12.5 152 0.200
LVEF (%) 635+1.1 63.1+1.1 0.229
BMI (kg/m?) 22.3+0.84 24.0+0.7 0.132
Systolic pressure (mmHg) 133.0£5.1 131.9+£3.2 0.8453
Diastolic pressure (mmHg) 86.5+3.0 84.4+23 0.568
Fasting blood glucose (mM) 5.80 +0.20 5.95+0.23 0.640
Serum creatinine (LM) 659+33 66.5+2.8 0.902
Blood urea nitrogen (mM) 5.41+0.26 5.23+0.22 0.608
Triglyceride (mM) 1.73£0.16 1.55+£0.15 0.434
Total cholesterol (mM) 459 £0.16 459 £0.16 0.993
LDL-C (mM) 2.46 £0.09 2.16 £0.10 0.039
HDL-C (mM) 1.25+0.28 1.26 £0.22 0.8299
ACEV/ARB (%) 70.8 66.7 0.620
Statins (%) 50.0 48.6 0.910
Aspirin (%) 100 100 0.701

CAS indicates coronary artery spasm; LVEEF, left ventricular ejection fraction;
BMI, body mass index; LDL-C, low-density lipoprotein cholesterol; HDL-C,
high-density lipoprotein cholesterol; ACEI, angiotensin-converting enzyme inhib-
itor; and ARB, angiotensin receptor blocker.
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Figure 4. Comparisons of the radial artery stenosis degree between the two groups in the ra-
dial artery provocation test at different doses of ergonovine. CON indicates control group; and

CAS, coronary artery spasm group.

dial provocation test were performed by the puncture of
the right brachial artery followed by inserting an arterial
indwelling needle. The puncture point was far from the
right radial artery, which avoided the direct stimulation to
the right radial artery; the diameter of the artery indwell-
ing needle was fine, and the indwelling end was soft.
These factors effectively avoided radial artery spasm in-
duced by mechanical stimulation, ensuring the relative ac-
curacy of the experimental results.

Both radial artery and coronary artery are prone to
spasm and have many same independent predictors. The
incidence of CAS-related events was determined to be
higher in the patients with radial artery spasm than in the
patients with non-radial artery spasm.” In this study,
spasm of radial artery was diffuse without localized
spasm, suggesting that the effect of ergonovine on radial

artery was based on a universalistic elevation of basic ten-
sion in the radial artery. The radial artery stenosis degree
was all significantly higher in the CAS group than in the
control group at 60 pg, 100 pg, and 160 pg of er-
gonovine, suggesting that the blood vessel dysfunction
was not only confined to the coronary artery, but also to
the radial artery. In this study, the radial artery stenosis
degree was significantly higher in 100 ug and 160 pg of
ergonovine than in 60 pg of ergonovine in both groups,
suggesting that the radial artery spasm became more obvi-
ous with the increase of ergonovine. In the CAS group,
the radial artery stenosis degree was found to be not sig-
nificantly different between 100 pg and 160 pg of er-
gonovine (P = 0.051), which may be related to small sam-
ple size.

The areas under the ROC curves of radial artery
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Figure 6. ROC curve of radial artery provocation test for the diag-
nosis of CAS at 60 pug of ergonovine. ROC indicates receiver operator
characteristic; and CAS, coronary artery spasm.

provocation tests at 60 pg, 100 pg, and 160 ug of er-
gonovine were 0.721, 0.864, and 0.944 (all P < 0.05), re-
spectively, suggesting that these radial artery provocation
tests at 60 pg, 100 pg, and 160 pg of ergonovine all have
values in the diagnosis of CAS. The area under ROC
curve of radial artery provocation test at 60 ug of er-
gonovine was the smallest, suggesting that 60 pg of er-
gonovine was less effective in the provocation test of the
radial artery, which led to low sensitivity and decreased
diagnostic value. The area under ROC curve of radial ar-
tery provocation test at 160 pg of ergonovine was the
largest (0.944), with specificity of 90.91% and sensitivity
of 95.83%, suggesting that the accuracy of radial artery
provocation test at 160 pg of ergonovine was better for

1-sensitivity
Figure 7. ROC curve of radial artery provocation test for the diag-

nosis of CAS at 100 pg of ergonovine. ROC indicates receiver operator
characteristic; and CAS, coronary artery spasm.

the diagnosis of CAS. The area under ROC curve of ra-
dial artery provocation test at 100 ug of ergonovine was
0.864, and its diagnostic value was between 60 pg and
160 pg of ergonovine.

For the intracoronary ergonovine provocation test, in-
itially, 400 pg of ergonovine was injected by peripheral
vein,"”” which might have caused bilateral CAS at the
same time and easily lead to serious complications due to
intravenous systemic administration,”*" so the intravenous
administration has been replaced by intracoronary admini-
stration. In this study, the radial artery provocation tests at
60 pg and 100 pg of ergonovine did not cause CAS, chest
pain, and ECG ischemic change, suggesting that admini-
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Figure 8. ROC curve of radial artery provocation test for the diag-
nosis of CAS at 160 pg of ergonovine. ROC indicates receiver operator
characteristic; and CAS, coronary artery spasm.

stration of ergonovine (60 pg or 100 pg) by brachial ar-
tery is safe. In this study, the administration by brachial
artery also allowed the ergonovine to enter the bilateral
coronary arteries at the same time, and 60 pug and 100 pg
of ergonovine were more than the dose of ergonovine re-
quired by intracoronary ergonovine provocation test, but
no complications occurred. This may be that the final con-
centration was not enough to induce CAS after the 60 pg
or 100 pg ergonovine was diluted by systemic circulation
and pulmonary circulation. In the radial artery provocation
test at 160 pg of ergonovine, one patient had CAS, chest
pain and ECG ischemic changes, one patient had com-
plained only of chest pain, and one patient only had ECG
ischemic changes in the CAS group, suggesting that the
safety of radial artery provocation test is related to the
dose of ergonovine. The final concentration of 160 pg er-
gonovine diluted by systemic circulation and pulmonary
circulation was still able to induce CAS, so the safety of
160 pg ergonovine was lower than that of 60 ug and 100
ug of ergonovine.

The intracoronary ergonovine provocation test has
high sensitivity and specificity, but the test is expensive,
requires high technical level, and may cause complica-
tions, so it is only carried out in a few experienced heart
centers. These limitations affect its wide application in
clinical practice. The intracoronary ergonovine provoca-
tion test is invasive, so patients cannot receive this test re-
peatedly; thus, this test cannot be used for follow-up as
well as efficacy evaluation and choice of drugs. Therefore,
it is necessary to find a method which has high sensitivity,
specificity, and safety and is easy to be carried out in
clinical practice. Our results indicated that with the eleva-
tion of ergonovine, the specificity and sensitivity of radial
artery provocation test increased. The specificity and sen-
sitivity of 160 ug ergonovine were better than that of 60
ug ergonovine or 100 pg ergonovine, but 160 ug er-
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gonovine might induce CAS, suggesting that with the in-
crease of ergonovine, sensitivity increased but safety also
decreased. The radial artery provocation test at 60 ug of
ergonovine did not induce CAS and myocardial ischemia,
but its specificity and sensitivity were lower. The radial
artery provocation test at 100 ug of ergonovine also did
not induce CAS and myocardial ischemia, and its sensitiv-
ity was higher than that of 60 pg ergonovine. Whether
there is a dose between 100 pg and 160 pg which can fur-
ther improve the sensitivity and specificity under the
premise of ensuring safety remains to be further explored.

In this study, there were some limitations. First, the
sample size of this study was small. Second, the radial ar-
tery provocation test was also invasive and needed an X-
ray (QCA) for the judgment of the spasm. Therefore, it is
necessary to increase the sample size and use ultrasound
to observe the influences of ergonovine on the inner di-
ameter of the radial artery instead of X-ray in future stud-
ies.
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