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Introduction

The use of the radial approach in coronary angiography or 
percutaneous coronary intervention has increased owing to 
its advantages such as rapid patient mobilization and improved 
patient comfort. Compared to the femoral approach, transradial 
artery access is associated with lower bleeding and vascular 
complications and reduced length of hospital stay (1-4). The 
radial artery is the preferred entry site especially for patients 
who are at increased risk for bleeding and require intensive 
antithrombotic therapies. The ulnar collateral circulation main-
tains the blood supply of the hand if the radial artery is occluded; 
hence, the risk of distal embolic and ischemic complications is 
very low. The transradial approach is becoming more popular for 
noncoronary interventions such as cerebral and renal interven-

tions. However, radial artery spasm (RAS) that occurs during the 
procedure is a crucial factor in transradial approach failure and 
access site switch (5).

The radial artery is composed mainly of smooth muscle cells 
in concentric layers, making it more susceptible to spasm com-
pared to other arteries. This marked muscular component and 
increased density of alpha-1 receptors make the radial artery 
more prone to spasms (6). RAS is a common complication en-
countered by radial operators during transradial interventions 
which causes patient discomfort and reduces the chance of a 
successful catheterization. Even in competent centers, radial 
spasm occurs in 15%–30% of the procedures (7). This implies the 
need for risk factor determination before the transradial access. 
Several clinical and anatomical factors have been identified as 
risk factors for RAS, namely, female sex, younger age, lower body 
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mass index, smaller radial artery diameter, presence of athero-
sclerotic lesions, vessel tortuosity, entrance of guide wires into 
side branches, and larger arterial sheath diameter (8, 9).

Asymmetric dimethylarginine (ADMA) is a naturally occur-
ring, modified amino acid which inhibits nitric oxide (NO) pro-
duction. High ADMA levels may cause endothelial vasodilatory 
dysfunction and reduced arterial elasticity especially in small 
arteries like the radial artery. This study aimed to evaluate the 
relationship between ADMA levels and RAS in radial artery ac-
cess. To our knowledge, this study is the first to investigate the 
relationship.

Methods

This prospective study was conducted in the Department 
of Cardiology, Sakarya University School of Medicine, Sakarya, 
Turkey, between January 2016 and June 2016. This study 
consecutively included 155 patients with unstable angina or 
angina resistant to medical therapy who were planned for 
transradial coronary angiography. Patients who had abnormal 
Allen’s test findings and those with acute myocardial infarction 
were excluded from the study. An average of 4.000 coronary 
angiographies or interventions have been performed in our 
tertiary center each year and we have experienced radial 
operators. Radial access in coronary interventions was applied 
in >70% of patients in our center, and all procedures were 
performed by experienced radial operators (radial approach 
applied in > 50% of their cases). An informed written consent 
was obtained from the participants and Local Ethical Committee 
approval was obtained before the study was started.

Laboratory analysis
Blood samples were centrifuged immediately after collection 

at 3.000 rpm for 10 minutes at 4°C. The supernatant was then 
kept frozen at −80°C until it was analyzed. The ADMA level in 
the plasma was determined through a quantitative sandwich 
enzyme immunoassay technique using a commercially available 
kit (CUSABIO Human asymmetrical Dimethylarginine ELISA 
Kit, catalog number CSB-E09298h, CUSABIO Technology LLC, 
Houston, TX 77036, USA) on a BioTekGen5 ELx800device (BioTek 
Instruments, Inc., Winooski, USA).

Interventional technique
Patients
The arterial puncture was carried out using a 5F puncture set 

(Prelude Sheath, Utah, USA) immediately after anesthetizing the 
access site with a local anesthetic (prilocaine 2%). Verapamil at 
200 mg and heparin at 3000 U were given prophylactically along 
the sheath to prevent RAS and thromboembolic events. The 
sheath was removed after the procedure and the puncture site 
was compressed to achieve hemostasis. The compression was 
released slowly and the transradial bandage was fully deflated 
after 4–6 hours.

Clinical definition of radial artery spasm
The operator assessed the RAS using a questionnaire ad-

dressing five signs: persistent forearm pain, pain response on 
catheter manipulation, pain response on introducer withdrawal, 
difficult manipulation of the catheter due to the entrapment by 
RAS, and considerable resistance on withdrawal of the intro-
ducer. RAS was clinically diagnosed by the presence of at least 
two of the five signs (8).

Statistical analysis
Parameters were expressed as mean±SD in normal distri-

bution, and parameters with abnormal distribution were ex-
pressed as median of the 25th–75th percentile. The chi-square 
and the Student’s t-test were used for categorical and continu-
ous variables, respectively. Fisher’s exact test was applied in 
analyzing small samples. A p-value less than 0.05 was con-
sidered statistically significant. Statistical analyses were per-
formed using statistical software (SPSS 20.0, Chicago, IL, USA). 
For continuous variables, differences between the two groups 
were evaluated using the Student’s t-test when data were nor-
mally distributed and the Mann–Whitney U test when the as-
sumption of normality was not met. Binary logistic regression 
analysis was performed to determine independent factors as-
sociated with RAS.

Results

This study included 155 consecutive patients (89 males and 
66 females) who underwent coronary angiography via radial ac-
cess between January 2016 and June 2016. Patients with acute 
myocardial infarction were excluded from the study, and all the 
patients had an indication for coronary angiography such as un-
stable angina and angina resistant to medical therapy. The mean 
age was 62.8±9.4 years in patients with RAS and 60.2±11.5 years 
in patients without RAS (p=0.381). Patient age and history of hy-
pertension, diabetes, hypercholesterolemia, previous coronary 
artery disease, peripheral artery disease, and smoking incidence 
were similar in the two groups. Serum creatine, low-density lipo-
protein cholesterol, hemoglobin, and glucose levels were also 
similar in the two groups. Radial artery spasm was observed in 16 
(10%) of the 159 patients, and RAS was more frequent in female 
patients (18.1% for women vs. 4.5% for men, p=0.019). Radial ar-
tery occlusion was observed in one patient from the RAS group 
and in three from the control group (6.2% vs. 2.1%, p=0.328). Table 
1 presents the demographic characteristics and the laboratory 
findings of the groups. The plasma concentration of ADMA in the 
RAS group was significantly higher than that in the control group 
[22.1 ng/mL (12.1–37.8) vs. 9.2 ng/mL (5.9–14.8), p<0.001]. Figure 
1 shows the plasma concentrations of ADMA in the RAS and 
control groups. The plasma concentration of ADMA was signifi-
cantly higher in patients with RAS among female patients [20.4 
ng/mL (12.1–44.9) vs. 9.9 ng/mL (6.2–16.6); p=0.002] and among 
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male patients [25.2 ng/mL (13.7–35.4) vs. 8.2 ng/mL (5.9–12.8); 
p=0.007]. The area under the receiver operating characteristic 
curve for ADMA of all patients was 0.836±0.05 (p<0.001). This re-
sult suggested that ADMA levels have a direct relation to RAS. 
When the cut-off value of ADMA was accepted as 10.5 ng/mL, 
the specificity and sensitivity were 61.2% and 87.5%, respective-
ly. Contrarily, when 19.6 ng/mL was used as the cut-off point, the 
specificity and sensitivity were 84.9% and 62.5%, respectively. 
Binary logistic regression analysis was performed to identify in-
dependent factors associated with RAS. Age, gender, smoking, 
hypertension, diabetes mellitus, and ADMA concentration were 
included in the equation. ADMA concentration was found to be 
the only predictor for RAS (odds ratio=1.142, 95% confidence in-
terval=1.061–1.228, p<0.001) (Table 2).

Discussion

In this study, it was found that the plasma concentration of 
ADMA was significantly higher in the RAS group. ADMA is an 
endogenous competitive inhibitor of NO synthase. NO has an im-
portant role in arterial elasticity and endothelial function. It has 
been reported that increased ADMA levels are associated with 
atherosclerosis and future cardiovascular events (10). Previous 
studies noted elevated plasma ADMA levels in patients with 
coronary artery disease, peripheral arterial disease, chronic 
heart failure, diabetes mellitus, and chronic renal failure (10-15). 
Furthermore, the relationship between ADMA levels and arterial 
stiffness was also reported (16). The association between RAS 
during coronary angiography and plasma ADMA levels has not 
been investigated previously. This study demonstrated the as-
sociation of serum ADMA and RAS for the first time in the litera-
ture. It was considered that ADMA accumulation may increase 
the risk of RAS due to deterioration in the release of NO.

NO is an endothelium-derived vasoactive substance and 
plays an important role in the regulation of vascular tonus, plate-
let activity, and the development of atherosclerosis. NO is a po-
tent vasodilator and decreased nitric oxide levels are associated 
with endothelial dysfunction. It is synthesized from L-arginine 
through the action of NO synthase. ADMA is an endogenous 
competitive inhibitor of NO synthase. Several reports showed 
the association between arterial elasticity and endothelial func-
tion, most likely relating to release of NO. Some previous reports 
also showed that small artery elasticity was inversely associ-
ated with ADMA (16-19). In this study, ADMA levels were found 
to be elevated in patients with RAS. The findings of this study 
were consistent with those of previous studies in the literature.

Table 1. Baseline characteristics and laboratory findings 
of radial artery spasm group and controls

 RAS (+) RAS (–) P

 (n=16) (n=143)

Age (years) 62.8±9.4 60.2±11.5 0.381

Male sex 4 (25.0%) 85 (61.1%) 0.006

Diabetes mellitus 6 (37.5%) 52 (37.4%) 0.994

Hypertension 10 (62.5%) 67 (48.2%) 0.279

Dyslipidemia 1 (6.2%) 17 (12.2%) 0.696

Coronary artery disease 1 (6.2%) 26 (18.7%) 0.309

Peripheral artery disease 1 (6.2%) 13 (9.3%) 0.682

Smoking 7 (43.7%) 63 (45.3%) 0.905

Hemoglobin (g/dL) 13.3±1.6 13.4±1.6 0.766

Creatine (mg/dL) 0.83±0.21 0.84±0.19 0.917

LDL cholesterol (mg/dL) 122.4±30.2 121.6±36.4 0.935

Blood glucose (mg/dL) 122.4±50.6 124.6±56.8 0.882

Data are presented as mean±SD or number (percentage). RAS - radial artery spasm; 
LDL - low-density lipoprotein

Table 2. Independent factors associated with radial 
artery spasm using binary logistic regression analysis

Variables Exp (B) 95% confidence P

 (odds ratio) interval

Age 1.037 0.974-1.103 0.255

Female gender 2.727 0.694-10.712 0.151

Smoking 0.918 0.227-3.710 0.904

Hypertension 0.811 0.217-3.033 0.755

Diabetes mellitus 0.912 0.227-3.660 0.896

ADMA concentrations 1.142 1.061-1.228 <0.001

ADMA - asymmetric dimethylarginine
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Figure 1. ADMA concentrations in RAS group and control group. 
ADMA concentrations were significantly higher in the radial artery 
spasm group (p<0.001)
ADMA - asymmetric dimethylarginine; RAS - radial artery spasm
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Radial artery access has been increasingly used for percu-
taneous coronary procedures. The advantages of transradial ac-
cess are improved patient comfort, early mobilization, decreased 
bleeding complications, and reduced in-hospital stay (1-4). How-
ever, radial artery vasospasm remains as a crucial concern. The 
radial artery has a relatively small diameter and is abundant in 
smooth muscles, making it more susceptible to spasm than other 
arterial pathways. Furthermore, dysregulation of serotonin and 
NO levels triggered by endothelial dysfunction may contribute to 
vasospasm. This study suggested that higher ADMA levels is a 
significant risk factor for RAS possibly decreasing by NO levels.

Elevated ADMA levels has recently emerged as a novel car-
diovascular risk factor (20). ADMA accumulation may cause en-
dothelial vasodilatory dysfunction and reduced arterial elasticity 
particularly in small arteries. It has been shown that infusions of 
ADMA decreases renal plasma flow and increases pulmonary 
vascular resistance (21, 22). Furthermore, elevated ADMA lev-
els were noted in patients with left ventricular hypertrophy (23). 
These findings may explain the relationship between ADMA and 
arterial stiffness in large arteries as well.

Endothelium-derived nitric oxide and the most important 
inhibitor of nitric oxide, ADMA, have a significant effect on the 
tonus of arteries such as the radial artery. However, there is no 
study in the literature that clearly demonstrates this relationship. 
This study suggested that increased vascular tone responsible 
for RAS is due to increased ADMA levels. This effect may be in-
creased especially in small arteries. Revealing this relationship 
may facilitate early detection and further prevention inpatients 
prone to RAS.

Study limitations
The study limitations included the study being conducted in 

a single center and the relatively small sample size. This was a 
pilot study and larger-scale multicenter studies are warranted to 
confirm the relationship between ADMA and RAS.

A critical limitation of this study was that the radial artery 
diameter, an important risk factor for RAS, was not evaluated. 
Female patients have a smaller radial artery compared to males, 
which might explain why females have a high risk for vasospasm. 
In this study, there was no certain method used in measuring the 
radial artery spasm, and RAS was determined based on clinical 
signs and findings.

Conclusion

This study demonstrated that elevated ADMA levels were as-
sociated with radial spasm in patients who underwent transra-
dial angiography. Future large prospective studies are required 
to determine whether ADMA levels affect radial vasospasm.
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