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Coronary Heart Disease

Predictors of Brachial Artery Spasm during
Transradial Cardiac Catheterization
Yueh-Juh Lin,1 Yen-Bin Liu,2 Ching-Chi Chu1 and Chung-Wen Tsai3

Background: Brachial artery spasms may occur during transradial cardiac catheterization. The purpose of this study
was to examine the relationship between brachial artery spasms after transradial cardiac catheterization and coronary
artery disease.
Methods: Two hundred and forty-one patients who received transradial cardiac catheterization for diagnosis of
coronary artery disease were enrolled in this study. Brachial artery angiography was performed after cardiac
catheterization in order to document brachial artery spasms. Age, sex, coronary risk factors, clinical, hemodynamic,
and angiographic characteristics were included in our assessment.
Results: In 241 patients enrolled, 99 patients had coronary artery disease and the others did not. The rate of brachial
artery spasm was 9.09% (9/99) in patients with coronary artery disease and 23.94% (34/142) in patients without
coronary artery disease (p = 0.001). In univariate analysis, factors associated with brachial artery spasms included
heart rate, diameter of brachial artery and coronary artery disease. In multivariate analysis, the absence of coronary
artery disease (p = 0.019) and the diameter of brachial artery (p = 0.005) were the independent predictors of brachial
artery spasms after transradial cardiac catheterization. The patient with coronary artery disease was less likely to
have brachial artery spasms after transradial cardiac catheterization.
Conclusion: Our study suggests that brachial artery spasms do not affect the feasibility of transradial coronary
intervention in patients with coronary artery disease. Furthermore, small brachial artery and the absence of coronary
artery disease predict brachial artery spasm during transradial cardiac catheterization.
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INTRODUCTION

nary vasomotor response have been demonstrated when
atherosclerosis develops.1 Endothelial dysfunction plays
an important role in the pathogenesis of coronary artery
disease. Endothelial dysfunction may be the first step of
atherosclerosis by the response-to-injury hypothesis. 2
Many atherosclerosis risk factors can lead to impaired
endothelial function and reduced nitric oxide bioavailability. The impairment of endothelial function may be detected even in children and adults at risk of atherosclerosis.3 The close relationship of endothelial function in the
human coronary and brachial arteries has been documented. 4,5 Using non-invasive techniques with highresolution ultrasound, patients with coronary artery disease had significantly impaired flow-mediated vasodilation of the brachial artery.5 In our experience, brachial
artery spasms have been noted by brachial artery an-

The endothelium functions to maintain cardiovascular homeostasis and protection from vascular disease
through a balance between endothelial-derived vasorelaxor and vasoconstrictor factors. Abnormalities in coro-
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did before admission. We used RadiofocusÒ Introducer
II 6Fr (Terumo Corp., Tokyo, Japan) for vascular access.
We performed coronary artery angiography by 5Fr catheters. No nitroglycerin or other vasoactive medication
was given during the diagnostic procedure.

giography sometimes after routine transradial cardiac
catheterization of patients with coronary artery disease.
We hypothesized that brachial artery spasms occur more
frequently in patients with coronary artery disease, which
may affect the feasibility of transradial coronary intervention. The purpose of this study was to test this hypothesis.

Brachial Artery Angiography
After we completed the diagnosis procedure, brachial artery angiography was performed through the radial
artery sheath. In order to confirm whether brachial artery
spasms existed, we injected 100 mg of nitroglycerin through the radial artery sheath to relieve possible spasms.
We performed brachial artery angiography before and after nitroglycerin injection (Figure 1).

MATERIALS AND METHODS
Study Population
Five hundred and forty-six patients who received diagnostic transradial cardiac catheterization at our hospital
from 2002 to 2003 were considered. Inclusion criteria
were (1) the presence of chest pain, (2) a positive exercise test and/or a positive stress myocardial perfusion
imaging test, (3) a palpable radial pulse, and (4) good ulnar collateral flow using Allen’s test. Exclusion criteria
were (1) patients with acute myocardial infarction, (2)
inability to complete the catheterization study by the
transradial approach only, (3) patients with serious renal
disease (for potential radial artery damage), (4) patients
who had undergone therapeutic intervention or (5) patients with previous medication of nitrate. Two hundred
and forty-one patients were enrolled for this study. Written
informed consent was obtained from all patients prior to
the study. The study was approved by the review committee of our hospital. The coronary risk factors and
medication history were also reviewed in these patients.
Patients were classified as non-smokers if they had never
smoked or if they had stopped smoking for at least one
year. All other patients were classified as smokers.
Hypertension was defined as a casual systolic blood pressure > 140 mmHg and/or diastolic pressure > 90 mmHg
with more than two readings, or for those who had been
taking antihypertensive medication. Diabetes mellitus
was defined with fasting blood glucose level  126
mg/dl or postprandial 2 hours blood glucose level  200
mg/dl or for those who had been taking oral hypoglycemic agents or insulin therapy. Hypercholesterolemia
was defined as a serum cholesterol level > 6.2 mmol/L.
Body mass index was calculated as body weight in kilograms divided by squared body length in meters.

Data Analysis
Coronary artery disease was defined as at least one
of the major epicardial coronary arteries having a more
than 50% diameter stenosis by coronary artery angiography. Brachial artery spasms were defined as (1) having
a more than 50% diameter narrowing at the first brachial
artery angiogram and (2) narrowing being relieved by nitroglycerin injection at the second brachial artery angiogram. The severity of coronary artery lesions and brachial artery spasms were determined with a computerassisted analysis program (Philips) operated by two different technicians who were blinded to the study.
Statistical Analysis
Data were analyzed using SPSS. All continuous variables were expressed as the mean value ± standard
deviation. All discrete variables were compared by use
of a c2 test or Fisher’s exact test when appropriate. All
continuous variables were analyzed by an unpaired ttest. We performed multiple logistic regression analyses
in order to examine factors associated with brachial artery spasms. A p-value of less than 0.05 was considered
statistically significant.

RESULTS
Baseline and Clinical Characteristics
Forty-three patients developed brachial artery spasms after transradial cardiac catheterization (group A),
but 198 patients did not (group B). The baseline and cli-

Transradial Cardiac Catheterization
All patients received the same medication as they
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Figure 1. Angiography of brachial artery spasm (A) before use of nitroglycerin, and (B) after use of nitroglycerin.

nical characteristics of these two patient groups are
summarized in Table 1. No differences were noted in
age, gender and body mass index. There were no significant differences between these two groups in the risk

factors for coronary artery disease, including hypertension, diabetes mellitus, smoking and hypercholesterolemia. The medications administered between group A
and B were similar. There were no significant differ-

Table 1. Baseline characteristics and clinical characteristics of the two patient groups

Age (years)
Gender M/F (% of male)
Body mass index (kg/m2)
Coronary risk factors
Smoking (%)
Hypertension (%)
Hypercholesterolemia (%)
Diabetes mellitus (%)
Any risk factor (%)
Medications
Aspirin (%)
Statin (%)
b-blocker (%)
CCB (%)
ACEI (%)
ARB (%)
a-blocker (%)
Diuretic (%)

Group A (n = 43)

Group B (n = 198)

p value

58.60 ± 11.35
20/23 (46.51%)
26.39 ± 4.190

60.90 ± 11.37
121/77 (61.11%)
26.39 ± 3.610

NS
NS
NS

19 (44.18%)
21 (48.83%)
11 (25.58%)
06 (13.95%)
35 (81.39%)

081 (40.90%)
110 (55.55%)
041 (20.70%)
043 (21.71%)
162 (81.81%)

NS
NS
NS
NS
NS

28 (65.11%)
4 (9.30%)
09 (20.93%)
14 (32.55%)
11 (25.58%)
4 (9.30%)
2 (4.65%)
09 (20.93%)

136 (68.68%)
024 (12.12%)
062 (31.31%)
062 (31.31%)
044 (22.22%)
034 (17.17%)
10 (5.05%)
040 (20.20%)

NS
NS
NS
NS
NS
NS
NS
NS

Group A, patients with brachial artery spasms; Group B, patients without brachial artery spasms. NS, not significant; CCB: calciumchannel blocker; ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin II type 1 antagonist.
Acta Cardiol Sin 2006;22:134-41
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ences found in the use of any kind of vasoactive drugs,
including aspirin, b-blocker, calcium channel blocker,
angiotensin-converting enzyme inhibitor, angiotensin II
type 1 antagonist and a-blocker.

ial artery spasms included heart rate, diameter of brachial
artery and coronary artery disease. The following factors
were included in the multiple stepwise logistic regression analysis: age, sex, body mass index, coronary artery
disease risk factors, biochemical data, medication, heart
rate, blood pressure and angiography related data. Two
models (Models A and B) of logistic regression analysis
were used. In Model A, continuous data were used for
age, body mass index, biochemical data, heart rate, blood pressure and angiographic data. The multivariate
analysis demonstrated that the absence of coronary artery disease (odds ratio = 6.695, with 95% confidence
interval 1.376 to 32.579, p = 0.019) and the diameter of
brachial artery (odds ratio = 0.296, with 95% confidence
interval 0.126 to 0.696, p = 0.005) were the independent
predictors of brachial artery spasms after diagnostic
transradial cardiac catheterization (Table 4). Other variables did not predict the occurrence of brachial artery
spasms. In Model B, all continuous variables were transformed into categorical variables with 5 equal levels
(quintiles). Then, logistic regression analysis was performed again. The results were similar. (Table 4) The
patients with coronary artery disease were less likely to
have brachial artery spasms after the transradial cardiac

Serum Biochemical Data
Table 2 shows the serum biochemical data in both
patient groups. There was no significant difference in
biochemical data.
Hemodynamic and Angiographic Characteristics
Table 3 shows the hemodynamic and angiographic
characteristics in both patient groups. Patients with brachial artery spasm have higher heart rate and smaller diameter of brachial artery. The occurrence of coronary
artery disease was less in patients with brachial artery
spasm. Blood pressure, the amount of contrast medium,
procedure time and the number of catheters were similar
in these two groups. The atherosclerotic lesions (> 50%
fixed stenosis) in brachial arteries were not found in patients with brachial spasms.
Multiple Logistic Regression Analysis
In univariate analysis, factors associated with brachTable 2. Serum biochemical data of the two patient groups

Fasting glucose (mmol/L)
AST (IU/L)
ALT (IU/L)
Creatinine(mmol/L)
Uric acid (mmol/L)
T-CHO (mmol/L))
Triglyceride (mmol/L)

Group A (n = 43)

Group B (n = 198)

p value

7.24 ± 4.14
24.74 ± 16.34
25.27 ± 20.43
87.95 ± 26.52
374.25 ± 119.59
4.79 ± 1.23
19.98 ± 17.89

7.49 ± 3.69
27.59 ± 18.50
31.87 ± 34.00
99.36 ± 65.94
405.19 ± 108.29
4.83 ± 1.01
21.32 ± 15.27

NS
NS
NS
NS
NS
NS
NS

Group A, patients with brachial artery spasms; Group B, patients without brachial artery spasms. NS, not significant; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; T-CHO, total cholesterol.
Table 3. Hemodynamic and angiographic characteristics of the two patient groups
-1

Heart rate (min )
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Coronary artery disease (%)
Contrast medium amount (mL)
Procedure time (min)
Brachial artery diameter (mm)
Number of catheters

Group A (n = 43)

Group B (n = 198)

p value

73.30 ± 15.18
127.61 ± 21.920
74.04 ± 10.99
9 (20.93%)
60.46 ± 11.32
20.26 ± 8.010
4.30 ± 0.88
2.31 ± 0.87

69.64 ± 12.92
130.31 ± 23.140
70.82 ± 9.790
90 (45.45%)
58.24 ± 13.91
19.75 ± 8.800
4.95 ± 0.76
2.00 ± 0.26

0.013
NS
NS
0.003
NS
NS
0.002
NS

Group A, patients with brachial artery spasms; Group B, patients without brachial artery spasms. NS, not significant.
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Table 4. Variables significantly related to the occurrence of brachial artery spasm by multiple logistic regression analysis

Model A
absence of coronary artery disease
diameter of brachial artery
(for 1 mm increment)
Model B
absence of coronary artery disease
diameter of brachial artery
(for every quintile increment)

OR

95% CI

p Value

6.695

1.376-32.579

0.019

0.296

0.126-0.696

0.005

6.285

01.280-30.868

0.024

0.544

0.333-0.888

0.015

OR, odds ratio; and 95% CI, 95% confidence interval.

catheterization. The patients with large brachial artery
had less brachial artery spasm.

difference of brachial artery spasm rate between patients
with and without coronary artery disease, the patients
with coronary artery disease had significantly lower rate
of brachial artery spasm (9.09% versus 23.94%, p =
0.001). This suggests that brachial artery spasms do not
often affect the feasibility of transradial coronary intervention in patients with coronary artery disease.
Endothelium is an important functional component
of the blood vessel wall. It plays the role of gatekeeper,
sensing and responding to stimuli and activating various
vasoactive systems that function as mediators. It is an integrator of pathophysiologic stimuli in atherosclerosis.
Vasoactive substances generated within the endothelium
influence cell proliferation and cell death. Endothelial dysfunction involves an imbalance between vasoactive substances such that perturbations in the regulation of tone,
hemostasis, and vessel structure result in the development of cardiovascular diseases, such as atherosclerosis.10 High-frequency ultrasonic imaging of the brachial artery developed in the 1990s. It provided a noninvasive technique to study endothelial function. Neunteufl et al. demonstrated that endothelial dysfunction of
the brachial artery is related to the presence and/or extent and severity of coronary artery disease.11 However,
patients with coronary artery disease, who should have
marked endothelial dysfunction, were less likely to have
brachial artery spasms after transradial cardiac catheterization in our study. This implies that there is another
mechanism, rather than endothelial dysfunction or atherosclerosis, involving brachial artery spasms after transradial cardiac catheterization.
Vasospasms are a critical issue for vascular health.
Raynaud’s phenomenon is a disease with a multifactorial
etiology. Vasospasms affect not only the digits and skin

DISCUSSION
Transradial cardiac catheterization has become more
and more popular in recent years. The procedure causes
less patient discomfort and fewer local complications
than in the traditional femoral artery approach. Kiemeneij
et al. compared three different approaches to percutaneous transluminal coronary angioplasty by the radial, brachial and femoral arteries.6 Procedural and clinical outcomes of percutaneous transluminal coronary angioplasty
were similar for the three groups. Wu et al. studied the
efficacy of transradial coronary angiography and angioplasty in Chinese patients. They concluded that the transradial approach is a safe and practical alternative compared with the traditional transfemoral approach.7 However, the occurrence of brachial or radial artery spasms
often limits its use. Vascular spasm, which occurred in
30% of cases, is an important feature that limits the ability to successfully complete coronary angioplasty via the
radial artery.8 It has been reported that 10.4% of 250 patients had radial or brachial artery spasms.9 The purpose
of our study was to examine the frequency of brachial
artery spasms in patients with coronary artery disease
and to study its impact on intervention procedures. Our
results revealed that brachial artery diameter and coronary artery disease were two independent predictors of
brachial artery spasm. Patients with larger brachial artery
had less vasospasm. Patients with coronary artery disease were less likely to have brachial artery spasms after
transradial cardiac catheterization. If we compare the
Acta Cardiol Sin 2006;22:134-41
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Thus, we do not know whether or not patients experienced vasospastic angina in the clinical setting. The brachial artery spasm may have been directly caused by
transradial needle puncture in our study. Furthermore,
we did not perform endothelial function tests of the brachial artery directly in our patient population. Although
we found that patients with coronary artery disease were
less likely to have brachial artery spasms after transradial cardiac catheterization in our study, our exclusion
criteria or small size of our study population might have
potential influence on the result. Further studies are needed to confirm the result.
In conclusion, brachial artery spasms after transradial cardiac catheterization are not related to the presence
of coronary artery disease. Patients with coronary artery
disease are less likely to have brachial artery spasms after transradial cardiac catheterization. This implies that
there is another mechanism, rather than endothelial dysfunction or atherosclerosis, underlying the vascular smooth muscle hypercontraction in brachial artery spasms
after transradial cardiac catheterization.

but also major organs including the heart, lungs and kidneys. Repeated attacks of vasospasms may cause ischemic
reperfusion injury to the endothelium with other complications. 12 Coronary artery spasm is another example.
There is evidence suggesting endothelial dysfunction is
noted in patients with variant angina.13,14 Consensus has
not yet been reached as to whether vasospasms are caused primarily by endothelial dysfunction with reduced
endothelial vasodilator function or by smooth muscle
hypercontraction.15 Fukai et al. suggested that increased
vascular contractions are primarily related to smooth
muscle hyperreactivity in a swine model of coronary
spasms. The contribution of defective nitric oxide production was minimal in that model.16 In a porcine model
treated locally with interleukin-1b, smooth muscle hypercontraction played a primary role in coronary vasospasms, whereas endothelial vasodilator function was
preserved at the spastic site both in vivo and in vitro.17
Rho-kinase was upregulated at the spastic site, which
played a key role in inducing vascular smooth muscle
hypercontraction by inhibiting myosin phosphatase in
the same porcine model.18 The importance of rho-kinase
of vascular smooth muscle contractions has also been
demonstrated in arteriosclerotic human arteries.19 A rhokinase inhibitor, Fasudil, has proven effective in preventing acetylcholine-induced coronary artery spasms in
patients with vasospastic angina. 20 In male smokers,
there is a significant correlation between endothelial
dysfunction and rho-kinase activity in vascular smooth
muscle cells of forearm circulation.21 Without consideration of vascular smooth muscle function, endothelial
dysfunction alone cannot explain the results of our study. Further studies to clarify the interaction between
endothelial function and vascular smooth cell function,
such as rho-kinase activity, are needed.
It is known that enhanced sympathetic nervous activity may be involved in the mechanism of coronary
spasm.22 Higher heart rate in patients with brachial artery spasm may reflect the sympathetic hyperactivity
(Table 3). However, heart rate was not one of the independent predictors of brachial artery spasm in multivariate analysis. It may have been confounded by the
small brachial artery diameter or resulted from the limitation of small sample size in our study.
There were several additional limitations in our study. We did not do coronary spasm provocation testing.
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在經橈動脈心導管中發生肱動脈痙攣之預測因子
林岳志 1 劉言彬 2 朱景祺 1 蔡忠文 3
台北縣 恩主公醫院 心臟內科1
台北市 台大醫院 心臟內科2
桃園縣 壢新醫院 心臟內科3

背景 肱動脈痙攣可能在經撓動脈心導管檢查中發生。本研究目的在檢驗經撓動脈心導管
檢查後肱動脈痙攣與冠狀動脈病之關係。
方法 本計畫包括 241 位病患為了診斷冠狀動脈病接受經撓動脈心導管檢查。我們在心導
管檢查後進行肱動脈血管攝影以確認肱動脈痙攣。在評估中包括年齡、性別、冠狀動脈病
危險因子、臨床、血行動力學以及血管攝影相關變數。
結果 在本研究的 241 位病患中，99 (41%) 位有冠狀動脈病，但其他病患則無。有冠狀動
脈病之病患中 9 (9.09%) 位有肱動脈痙攣，而非冠狀動脈病之病患中 34 (23.94%) 位有肱動
脈痙攣 (p = 0.001)。在單變數分析中，與肱動脈痙攣有關因子包括心跳速率、肱動脈直徑和
冠狀動脈病。在多變數分析中，經撓動脈心導管檢查後肱動脈痙攣的獨立預測因子包括無冠
狀動脈病 (p = 0.019) 與肱動脈直徑 (p = 0.005)。有冠狀動脈病患者在經撓動脈心導管檢查
後較不易發生肱動脈痙攣。
結論 我們認為肱動脈痙攣並不影響冠狀動脈病患之經撓動脈心導管檢查。小肱動脈與無
冠狀動脈病可預測經撓動脈心導管檢查中發生之肱動脈痙攣。
關鍵詞：血管痙攣、冠狀動脈病、內皮細胞功能失常、心導管。
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