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of RAS was 14.7% [3]. Identification of RAS predictors, 
despite proposed vasodilators and different available sheaths 
and catheters, is an important issue in patient selection and 
avoidance of complications, including RAS [4]. Prevention 
of RAS is more effective than the treatment of spasm, which 
is why it is so important to know the predictive factors of 
this event [5].

The increased incidence of radial artery spasm is due to 
decreased nitric oxide release as well as a reduced endothe-
lium-derived hyperpolarizing factor [6].

Nitric oxide (NO) is synthesized by the endothelial nitric 
oxide synthase (eNOS), which is a product of the (eNOS) 
gene. The Glu298Asp polymorphism in the exon-7 of the 
eNOS gene has been investigated to determine the relation-
ship of polymorphism to atherosclerosis and coronary artery 
disease (CAD) [7, 8]. The eNOS (Glu298Asp) gene poly-
morphisms predispose the patients to arterial spasm [9], but 
no specific study had been done in correlation with RAS 
during cardiac catheterization.

Introduction

A trans-radial approach (TRA) is being used worldwide in 
both emergency and elective procedures of cardiac cath-
eterization and percutaneous coronary intervention (PCI). 
Several factors contribute to explaining this trend, including 
patient comfort, early mobilization, and a significant reduc-
tion in a hospital stays. when compared to the transfemoral 
approach, TRA reduced major bleeding and all-cause mor-
tality [1, 2]. Radial artery spasm (RAS) is still an impor-
tant limitation of TRA. Previous studies reported incidence 
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Abstract
Background  Nitric oxide (NO) exerts diverse effects on the cardiovascular system. Impairment of NO production plays a 
key role in cerebral and coronary artery spasm. We aimed to explore the predicting factors of radial artery spasm (RAS) and 
the association of eNOS gene polymorphism (Glu298Asp) with RAS during cardiac catheterization.
Methods and results  200 patients underwent elective coronary angiography through a trans-radial approach. The subjects 
were genotyped to the Glu298Asp polymorphism (rs1799983) on the eNOS gene by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP). Our results showed that the subjects with the TT genotype and T allele were 
significantly more likely to develop radial artery spasms (OR = 12.5, 4.6, P < 0.001 respectively). TT genotype of eNOS 
Glu298Asp polymorphism, number of punctures, size of the radial sheath, radial tortuosity, and right radial access are inde-
pendent predictors of radial spasm.
Conclusion  The eNOS (Glu298Asp) gene polymorphism is associated with RAS during cardiac catheterization in Egyp-
tians. TT genotype of eNOS Glu298Asp polymorphism, number of punctures, size of the radial sheath, right radial access, 
and tortuosity are independent predictors of RAS during cardiac catheterization.
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Despite the widespread use of TRA, very few studies 
have focused on the association of risk factors with the 
occurrence of RAS in cardiac catheterization [10].

This study aims to explore the predicting factors of radial 
artery spasm and the association of eNOS (Glu298Asp) gene 
polymorphism with RAS during cardiac catheterization.

Study patients

The present study included 200 Egyptian patients who 
underwent elective coronary angiography through a trans-
radial approach at the cardiology department, Zagazig Uni-
versity Hospitals, Zagazig, Egypt.

The patients were divided into two groups. Patient Group: 
included 100 patients who had radial spasm (32 males and 
68 females, with a mean age of 62 ± 5.5 years). The control 
group included 100 patients who had no radial artery spasm 
(64 males and 36 females, with a mean age of 53.6 ± 16.9 
years). Patients who had acute coronary syndrome or acute 
heart failure were excluded from the study.

Methods

All patients were subjected to a complete history taking and 
a thorough physical examination. Resting 12 lead surface 
ECG was obtained. Echocardiography was performed using 
a Hitachi Noblus machine.

Coronary Angiography was performed using Philips 
Integris 5000, Netherlands. Coronary angiography was 
done for all patients using the trans-radial approach (right 
or left). Judkins left or Amplatz left catheters were used for 
left coronary angiography, and Judkin right, Amplatz right, 
or 3DRC (William) catheters were used for right coronary 
angiography provided that all catheters were 6 or 5 French 
sizes. Local anesthesia of 1.5 ml Xylocaine was adminis-
trated 1 inch above the styloid process of radius along the 
course of the radial artery. The arterial puncture was per-
formed using a 20 Gauge needle. A hydrophilic guide wire 
was placed into the radial artery and a preloaded ideal hydro-
philic sheath (Merit) 6 or 5 French was introduced over it. 
After insertion of the radial sheath, a cocktail of medication 
as standard for all patients: 200 µg nitroglycerine and 5000 
IU unfractionated heparin. A 100 cm long coronary catheter, 
preloaded with a 0.035 inch 150 or 260 cm tapered movable 
core J- wire and in special anatomical loops in the radial 
artery, we used hydrophilic terumo wire 0.028 260 cm mov-
able core J-wire was advanced through the sheath, and Jud-
kin right, Amplatz right or 3DRC catheters used for right 
coronary angiography. Then, the catheter was removed 
and then Judkin left or Amplatz left catheters were used 
for left coronary angiography. Coronary angiography was 

performed in multiple projections for adequate analysis of 
target lesions. If coronary angioplasty was indicated, it was 
performed in most cases immediately after the diagnostic 
procedure. After the occurrence of radial artery spasm, if 
failed to relieve it we shifted to the transfemoral approach 
to continue the procedure. All those steps were done for the 
two groups taking into consideration: the access site (right 
or left) radial artery, number of punctures trials to get the 
radial artery, size of the radial sheath, number, and size of 
catheters, procedural time, and presence of radial artery 
loops. Identification of radial artery spasm which is defined 
as severe limitation of the catheters movements with or 
without angiographic confirmation or inability to push or 
pullback the catheters and if happened we give inside the 
catheter or the sheath: Another bolus of 200 µg nitroglycer-
ine and 1.25 mg Verapamil.

Laboratory investigation

Five ml of venous blood was collected for each labora-
tory investigation under aseptic precautions. Serum was 
separated immediately for estimation of creatinine and lipid 
profile levels. Plasma was used for the estimation of blood 
sugar levels.

Isolation of DNA

Genomic DNA was extracted from whole blood using a spin 
column method according to the protocol (QIAamp Blood 
Kit; Qiagen GmbH, Hilden, Germany). The subjects were 
genotyped to the Glu298Asp polymorphism (rs1799983) 
on the eNOS gene by polymerase chain reaction-restriction 
fragment length polymorphism (PCR-RFLP) as described 
previously [7]. After digestion with Mbo I enzyme digestion 
of the 206  bp fragments resulted in fragments that either 
remained intact (G allele) or were cut into two fragments 
of 119 bp and 87 bp (T allele). Fragments were analyzed by 
electrophoresis on 3% agarose gels containing 0.1% ethid-
ium bromide. ( supplementary figure).

Statistical analysis

The statistical analysis was done with the statistical pack-
age SPSS version 20. Categorical variables were presented 
as percentages. Continuous variables were presented by 
mean ± SD. Comparisons between groups of means were 
performed using ANOVA. The genetic equilibrium was 
tested using Hardy-Weinberg. There were no significant 
deviations from Hardy-Weinberg equilibrium (P > 0.05), 
suggesting that our sample was representative of the popu-
lation. Allele and genotype frequencies in RAS patients and 
controls were compared using a chi-square test. In addition, 
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the odds ratios (ORs) and 95% confidence intervals (CIs) 
were calculated as a measure of the association of the eNOS 
polymorphic sites with RAS. Logistic regression was per-
formed. A value of P < 0.05 was considered statistically sig-
nificant for all tests.

Results

Patients of RAS were older than those of the control group 
(62.04 vs. 53.56, P = 0.000). Females were more common 
in the RAS group than in the control group (68% vs. 36%, 
P = 0.000). Regarding risk factors of atherosclerosis e.g. 
smoking, diabetes, hypertension, dyslipidemia, and family 
history they were more common in the RAS group com-
pared to the control group (Table 1).

Regarding drug history, nitrates, acetylsalicylic acid, and 
insulin were less in the RAS group compared to the control 
group (Table 2).

Regarding the coronary intervention procedure (Table 3): 
Number of punctures: getting arterial access from the first 
puncture decreases the incidence of radial spasm. Increas-
ing the attempts to get access increases the risk of radial 
artery spasm. Radial access: radial artery spasm occurred 
more with right access in comparison to the left access. Size 
of radial sheath: radial artery spasm was more liable to pres-
ent with a 6 F sheath in comparison to the usage of a 5 F 
sheath during the procedure. The size of catheters: radial 
artery spasm was more liable to happen with 6 F catheters 
in comparison to 5 F catheters. Radial tortuosity: the pres-
ence of the radial artery loops increases the risk of radial 
artery spasm (60% vs. 20%) in comparison to the patients 
who have a normal course of the artery. Procedural time: the 
longer the procedural time was associated with an increase 
in the risk of developing radial artery spasm.

Regarding echocardiography parameters (Table 4): Our 
results found that LVH increases the incidence of RAS 
(80% vs. 16%, P < 0.001) and low EF increases the inci-
dence of RAS.

Genotypes and Alleles distribution between study groups 
(Table  5): Our results showed that the frequencies of TT 
genotype of eNOS Glu298Asp gene polymorphism were 
significantly increased in RAS patients compared to control 
patients (60% versus 12%). Subjects with the TT genotype 
and T allele were significantly more likely to develop radial 
artery spasms (OR = 12.5, 4.6, P < 0.001 respectively).

Our results showed that TT genotype of eNOS gene 
(Glu298Asp) polymorphism, number of punctures, size of 

Table 1  Demographic data and Risk factors distribution between study 
groups

No spasm 
(n = 100)

Radial 
spasm
(n = 100)

P

Age 53.56 ± 16.9 62.04 ± 5.5 0.000
Female n (%) 36 (36%) 68 (68%) 0.000
Male n (%) 64 (64%) 32 (32%) 0.000
Smoking n (%) 32 (32%) 64 (64%) 0.000
Family history n (%) 16 (16%) 52 (52%) 0.000
Hypertension n (%) 20 (20%) 80 (80%) 0.000
Diabetes mellitus n (%) 32 (32%) 52 (52%) 0.006
Dyslipidemia n (%) 48 (48%) 84 (84%) 0.000
Chronic kidney disease n (%) 16 (16%) 16 (16%) > 0.05

Table 2  Drug history of the study groups
No spasm  
(n = 100)

Radial spasm 
(n = 100)

P

CCB 16 (16%) 8 (8%) > 0.05
BB 24 (24%) 24 (24%) > 0.05
ACEI 52 (52%) 52 (52%) > 0.05
OHG 8 (8%) 16 (16%) > 0.05
Insulin 76 (76%) 56 (56%) 0.005
ASA 40 (40%) 16 (16%) 0.000
Nitrates 80 (80%) 44 (44%) 0.000
Statins 28 (28%) 36 (36%) > 0.05
CCB; calcium channel blockers, BB; beta-blockers, ACEI; angioten-
sin-converting enzyme inhibitors, OHG; oral hypoglycemic, ASA; 
acetylsalicylic acid

Table 3  Comparison between the study groups regarding the coronary 
intervention procedure

No spasm
(n = 100)

Radial spasm
(n = 100)

P

Number of 
punctures

1 64 (64%) 8 (8%) 0.000
2 16 (16%) 32 (32%) 0.013
3 20 (20%) 60 (60%) 0.000

Radial Access Left 92 (92%) 28 (28%) 0.000
Right 8 (8%) 72 (72%) 0.000

Size of Radial 
Sheath

5 F 84 (84%) 16 (16%) 0.000
6 F 16 (16%) 84 (84%) 0.000

Size of Catheters 5 F 84 (84%) 32 (32%) 0.000
6 F 16 (16%) 68 (68%) 0.000

Number of 
Catheters

1 8 ( 8%) 4 (4%) > 0.05
2 44 (44%) 52 (52%) > 0.05
> 3 48 (48%) 44 (44%) > 0.05

Radial Tortuosity 20 (20%) 60 (60%) 0.000
Procedural time 12.4 ± 2.6 40.9 ± 7.6 0.000

Table 4  Comparison between the study groups regarding the Echocar-
diographic Parameters

No spasm 
(n = 100)

Radial 
spasm 
(n = 100)

P

WMSI 1.36 ± 0.36 1.46 ± 0.38 0.058
EF 57.4 ± 9.38 54.6 ± 9.82 0.04
Concentric LVH 16 (16%) 80 (80%) 0.000
WMSI; wall motion score index, EF; ejection fraction, LVH; Left 
ventricular hypertrophy

1 3

5749



Molecular Biology Reports (2023) 50:5747–5753

the majority of nitric oxide production in the vasculature 
[15]. The eNOS gene has several single nucleotide poly-
morphisms reported, one of which is G894T. This poly-
morphism is a transversion G to T at nucleotide position 
894 in exon 7, resulting in a GAG to GAT substitution in 
exon 7 with the substitution of glutamine by aspartate (Glu-
298Asp). This variant induces a conformational change that 
is thought to reduce NOS3 activity and bioavailability [16].

Demographic characteristics and risk factors of patients 
as predictors of RAS.

Our results showed that older patients were more liable 
to have RAS than younger ones. This finding supports that 
of previous studies [17]. This can be explained by aging 
being associated with endothelial dysfunction [18, 19], 
oxidative stress in the vasculature is a primary mechanism 
underlying age-associated reduction in NO bioavailability 
[19]. Chronic low-grade inflammation has been implicated 
in age-associated endothelial dysfunction [19]. However, 
Curtis et al., [20] demonstrated that patients who experi-
enced RAS were younger.

The present study showed that female patients were more 
liable to have radial artery spasm (68% vs. 32%) in com-
parison to male patients. This finding goes in concordance 
with Mercado et al., [10], Jia et al., [21], and Gorgulu et al., 
[22]. NO production is affected by sex hormones, gender, 
and age. Estrogen increases eNOS activity [23]. Females 
are more affected by eNOS Glu298Asp gene polymorphism 
[24].

the radial sheath, radial tortuosity, and right radial access 
are independent predictors of radial artery spasm (Table 6).

Discussion

The most important finding of our study is that patients 
who have TT genotype or T allele of the eNOS gene (Glu-
298Asp) polymorphism were more likely to develop radial 
artery spasm during cardiac catheterization (OR = 12.5, 4.6, 
P < 0.001 respectively). To the best of our knowledge, our 
study is the first one to demonstrate the association between 
the eNOS gene (Glu298Asp) polymorphism and the occur-
rence of RAS during cardiac catheterization.

Previous studies have evaluated coronary artery spasm 
and eNOS gene polymorphism and concluded that the most 
important predictive factor for coronary spasm was the Glu-
298Asp polymorphism of the eNOS gene [11, 12].

Cable et al., [13] found that after adenoviral-mediated 
eNOS gene transfer to human radial arteries ex vivo, both 
KCl and prostaglandin F2α-induced contractions were 
reduced by more than 50% in transduced arteries compared 
to the controls, suggesting that eNOS gene therapy may 
exert an important role in the prevention of radial artery 
graft spasm [14].

Since NO is one of the most important endothelium-
derived vasodilators, impaired NO bioavailability plays a 
crucial role in endothelial dysfunction. eNOS is the pre-
dominant isoform of NO synthase and is responsible for 

Table 5  Genotypes and Allele distribution in study groups
No spasm Radial spasm OR CI 95% P
N % N %

eNOS
GG 40 40 16 16
GT 48 48 24 24 1.25 (0.58–2.7) > 0.05
TT 12 12 60 60 12.5 (5.4–29.2) < 0.0001
T allele 72 36 144 72 4.6 (2.99–6.9) < 0.0001

Table 6  Multivariate Logistic Regression analysis to detect independent predictors of Radial artery spasm Group
Variables Odds ratio 95% CI P
Gender 1.538 0.249–9.501 > 0.05
HTN 0.251 0.013–4.865 > 0.05
Dyslipidemia 0.231 0.028–1.912 > 0.05
Concentric LVH 0.131 0.161–60.943 > 0.05
Number of punctures 0.027 0.001–0.508 0.016
RT vs. LT radial 0.013 0.001–0.204 0.002
Size of the radial sheath 21.215 1.823–246.82 0.015
Size of catheter 1.324 0.182–9.655 > 0.05
Radial tortuosity 0.027 0.001–0.490 0.015
eNOS TT Genotype 47.48 3.803–592.840 0.003
eNOS T allele 24.911 1.232–5.432 > 0.05
HTN; hypertension, LVH; left ventricular hypertrophy, eNOS; endothelial nitric oxide synthase
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the sensitivity of alpha-adrenergic receptors which present 
predominately in the radial artery to the circulating vaso-
constrictor materials. Moreover, it has an important role 
in endothelial dysfunction and hence decreasing the circu-
lating NO which has an important role in maintaining the 
vasodilatation of the vessels [30].

Coronary intervention procedure through TRA

The present study showed that radial artery spasm occurs 
more with ≥ 3 punctures in comparison to just one trial to 
get access to it, right radial access in comparison to the left 
access, 6 F sheaths in comparison to 5 F sheaths, 6 F cath-
eters in comparison to 5 F catheters. The presence of radial 
artery loops increases the risk of radial artery spasm (60% 
vs. 20%). The procedural time: the longer the procedural 
time the higher the incidence of RAS. The number of punc-
tures, size of the radial sheath, right radial access, and radial 
tortuosity are independent predictors of RAS in multivariate 
analysis.

Those findings in our study can be explained by the radial 
artery being highly innervated by alpha-adrenergic recep-
tors which highly respond to pain and friction and lead to 
vasoconstriction so, using larger catheters or sheaths 6  F 
in comparison to 5 F size will lead to induction of spasm. 
Also, multiple puncture trials to get access will irritate the 
vessel with the subsequent release of vasoconstrictor mole-
cules and make the artery more liable to develop spasm. The 
presence of loops in the radial artery makes the passage of 
traditional catheters more difficult so, shifting to other cath-
eters and different guide wires with the probability to use a 
lot of techniques with multiple manipulations to straighten 
the loops will make the artery liable to develop spasm. 
Furthermore, the longer the procedural time increases the 
risk of developing spasm by a lot of manipulation and pain 
that comes from the movement of the catheters. A previous 
study showed that pain during radial cannulation and longer 
procedure time was associated with RAS [31]. Moreover, 
the right radial artery tends to have more kinks than the left 
radial artery which leads to excessive manipulation by the 
catheters during advancement and subsequent spasm [6]. 
Omaygenc et al., [27] reported that more than one puncture 
attempt and long procedural time increased with the RAS 
group compared to no RAS one.

In agreement with our study, Jia et al., [21] found that 
unsuccessful access from the first attempt, large sheath (6Fa 
and 7 F) and several catheters > 3, and operation time are 
independent predictors of RAS. The number of catheters 
used during the operation was not significant in our study 
and this disagreement can be explained by using larger 
catheters (6 or 7 F), and also the female sex was the pre-
dominant gender of their cases. In concordance with our 

Moreover, the radial arteries of women are more sensitive 
to vasoconstrictors and less sensitive to vasodilators when 
compared to the radial arteries of men. In addition, women 
have high sympathetic tone and smaller radial artery lumen 
which is also a predictor of vasospasm [25]. On the other 
hand, Tuncez et al., [26] found no significant statistical dif-
ference between both gender in developing RAS, this can 
be explained by a small number of patients who developed 
RAS in their study, (3 males and 5 females) so there were 
no sufficient patients to achieve the statistical significance.

The present study showed that hypertensive patients were 
more liable to develop radial artery spasm (80% vs. 20%) 
in comparison with the control group (P < 0.001). In agree-
ment with our study, Gorgulu et al., [22] reported that RAS 
was more common in hypertensive patients (66% vs. 56%, 
P < 0.009), and Omaygenc et al., [27] found that hyperten-
sion was more present in the RAS group compared to no 
RAS one (78% vs. 61%, P = 0.029).

This can be explained by Hypertension is associated 
with endothelial dysfunction, accelerated atherosclerosis, 
accumulation of growth factors and so decrease nitric oxide 
synthesis which is responsible for maintaining the vasodila-
tation of the artery [28].

Jia et al., [21] found that hypertension has no effect on 
developing RAS and this disagreement with our results can 
be explained by mostly all patients in their study were on 
ACEIs and ARBs medication and no patients had BB or 
diuretics. This regimen has a role in improving endothelial 
dysfunction and NO synthesis.

In our study, we found that diabetic patients were more 
liable to develop radial artery spasm (52% vs. 32%) in com-
parison with the control group (P = 0.006).

This can be explained by DM is associated with an 
increased risk of cardiovascular disease, even in the pres-
ence of intensive blood sugar control. Numerous clinical 
and experimental studies have demonstrated that endothe-
lial dysfunction is closely associated with DM and plays an 
important role in the progression of atherosclerosis in dia-
betic patients.

The current study showed that smokers were more liable 
to develop radial artery spasm (64% vs. 32%, P < 0.001) in 
comparison with the control group. patients with dyslipid-
emia were more liable to develop radial artery spasm (84% 
vs. 48%, P < 0.001) in comparison with the control group.

In concordance with our study, Khan et al., [6] reported 
that current smokers and patients with dyslipidemia were 
more liable to develop RAS. Another study demonstrated 
that the strongest independent predictors of radial occlusion 
were female sex and active smoking status [29].

This can be explained by smoking as a chronic inflam-
matory process in which increasing levels of inflammatory 
markers may induce radial artery spasm. It also increases 
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Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
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use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.
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study, Gorgulu et al., [22] found that procedural duration 
and fluoroscopy time were statistically longer in patients 
with spasm, also, increasing the sheath size increased the 
spasm incidence and the number of catheters used was not 
significant. On the other hand, they found that the anatomic 
variations in radial artery like Loops and hypoplastic artery 
have no significance in developing spasm and this can be 
explained by changing the access site and not performing 
trials to overcome these difficulties to cross by different 
catheters or wires.

Mercado et al., [10] reported that patients with the fol-
lowing clinical parameters: women over 60 years old, 
current smokers, previous ischemic heart disease, hyperten-
sion, 6Fr catheters, and long procedural time, would have 
76% chances of having RAS.

Conclusion

The eNOS gene polymorphism is associated with RAS dur-
ing cardiac catheterization in Egyptians. The eNOS (TT) 
genotype, number of punctures, size of the radial sheath, 
right radial access, and tortuosity are independent predictors 
of RAS during cardiac catheterization.
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