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Abstract
Background: Trans-radial coronary catheterization has been known as a routine procedure 
performed for the patients suffering from coronary artery diseases. Despite the benefits, it would 
come with many complications. In this regard, this study aims to investigate the clinical efficacy 
of a combined topical gel containing diltiazem, lidocaine, and papaverine on pain, spasm, and 
hand function in patients undergoing trans-radial coronary catheterization.
Methods: In this randomized, quadruple-blind clinical trial, the candidates for trans-radial 
coronary artery interventions were randomly assigned to the intervention (receiving the 
combined topical gel) and the control (receiving the placebo) groups. The gels were applied 
around the radial artery 30 to 60 minutes before the catheterization and pain assessment in 
the forearm was conducted before and two hours after the procedure. Hand function was 
evaluated before the intervention, after catheter removal, and two hours post-removal, with a 
focus on the levels of numbness, stiffness, and weakness in the fingers. The occurrence of spasms 
during the procedure was measured using the clinical spasm scale tailored for the radial artery. 
Furthermore, sympathetic tone was evaluated through systolic and diastolic blood pressure and 
heart rate measurements before and after catheterization, as well as two hours post-procedure.
Results: Based on the results, significant alleviations in pain (two hours post-catheterization) 
and hand numbness were recorded for the intervention group when compared to the control 
group. Furthermore, the number of attempts required to access the radial artery was significantly 
lower in the intervention group than in the control group. 
Conclusion: The data showed that the current combination can be a candidate to alleviate some 
of the complications associated with trans-radial coronary catheterization. However, further 
preclinical and clinical studies may be required in this regard. 

Article  Info 

Article History:
Received: 31 Oct 2024
Accepted: 18 Jan 2025
ePublished: 28 Mar 2025

Keywords:
-Catheterization
-Hand Function
-Pain
-Radial Artery Access
-Spasm
-Transradial Coronary 
Intervention

Introduction
Coronary artery disease (CAD) is one of the most prevalent 
diseases nowadays, contributing to the highest mortality 
rates in both developed and developing countries.1 In this 
regard, the common intervention for patients suffering 
from CAD is coronary catheterization,2 which can be 
performed through various access routes. Among these, 
transradial coronary interventions (TCI) are gaining 
popularity due to their ease of access, fewer complications, 
reduced treatment costs, shorter hospital stays, and 

improved quality of life of the patients.3-5 However, 
significant limitations have been reported for this approach 
including radial artery spasm (RAS) and upper limb 
dysfunction.6 A review conducted in 2020 reported that 
the incidence of access-related complications varies widely, 
where hematoma (0-16%), spasm (0-16%), pain (0-9%), 
bleeding (0-4.5%), and occlusion (0-4%) were the leading 
ones.7 Among the contributing factors to the increased 
incidence of spasm, the small diameter of the radial artery, 
which can necessitate multiple attempts for cannulation, 
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would be very challenging.8-10 Additionally, high density 
of alpha-adrenergic receptors in the inner layers of 
the radial artery increases the sensitivity to circulating 
catecholamines, potentially leading to moderate to severe 
pain and subsequently a higher incidence of spasm.11

Upper extremity dysfunction (UED) may also arise 
due to serious vascular and neurological deficits incurred 
during TCI, resulting in a diminished quality of life.12 
Important deficits include thickening of the arterial intima, 
endothelial dysfunction, and median nerve damage, all of 
which can contribute to UED,6,12 the dysfunction which 
may manifest as pain and neurological symptoms.6

There are various methods to prevent the mentioned 
complications, among which pharmacotherapy can 
be noted.13 Since injections are always associated with 
challenges and cause greater discomfort for patients,14 
particularly those who suffer from the relevant phobias,15 
topical administrations have gained attention so that they 
can facilitate the catheterization process and reduce the 
invasiveness.15,16 The effectiveness of the topical products 
on one hand, and the role of creativity in the process of 
manufacturing these products on the other hand,17 have 
encouraged the researchers to develop novel formulations .

Recent studies have shown that a topical drug 
formulation containing nitrates, calcium channel 
blockers, and lidocaine would be effective in reducing 
complications associated with TCI.10,17,18 As an instance, a 
study in 2022 demonstrated that the topical formulation 
of lidocaine, nitroglycerin, and verapamil would lead to 
a great reduction in pain and an increase in the diameter 
of the radial artery.19 Besides, other studies have indicated 
that injecting the opioids such as papaverine can result 
in a greater impact on the success rate of TCI compared 
to injectable nitroglycerin.20,21 However, effects of topical 
papaverine on the complications of the radial artery 
cannulation have not been adequately studied yet22 and 
remains a topic for discussion. Despite being considered as 
a choice to prevent spasms during the procedures by many 
practitioners,18 there is limited evidence about the local 
effects of papaverine in coronary interventions. Thus, the 
difference between our research and the previous studies 
would be the involvement of papaverine in the topical drug 
formulation. Additionally, although complications such as 
upper limb dysfunction and pain after TCI have recently 
come to attention,6,23 there are few studies conducted on the 
effects of multi-drug topical gels, containing papaverine. 
Given the importance of reducing the complications 
associated with cannulation and also the usefulness of 
multi-drug formulations, this study was conducted to 
investigate the effect of using a topical gel composed 
of diltiazem (a calcium channel blocker), lidocaine (a 
local anesthetic), and papaverine (a vasodilator and pain 
reliever) on pain, spasms, and functional impairments 
of the hand in patients undergoing trans-radial coronary 
catheterization.

Methods
Methodology  
This study is a randomized, quadruple-blinded, placebo-
controlled clinical trial conducted in the Cath. Lab. of 
Imam Khomeini Hospital (Amol, Iran) for patients eligible 
for trans-radial coronary catheterization in 2024. The 
sample size was estimated using G.Power software with 
a significance level of 0.05, and a power of 80%, leading 
to a minimum of 27 patients in each group, totaling 54 
patients. Considering a drop-out rate of 10%, 60 patients 
were enrolled in the study (30 in the intervention group 
and 30 in the control group).  

Inclusion criteria for the study included the patients 
with at least 18 years old who were candidates for 
cardiac catheterization via the radial artery, capable of 
understanding Persian, and with no previous history of 
right hand injury. Patients with medical emergencies, 
systolic blood pressure below 90 mmHg, and presence of 
atrial and ventricular arrhythmias were excluded from 
the study. Other exclusion criteria included non-palpable 
radial pulse, pregnancy and breastfeeding, history of 
allergy to local anesthetics, presence of arteriovenous 
fistula, history of coronary artery bypass grafting (CABG), 
and responses classified as C or D on the Barbeau test.

To prepare the topical gel, methylparaben and 
propylparaben were initially dissolved in a portion of 
deionized water at concentrations of 1.8 and 0.2 mg per 
milliliter, respectively. A 1.5% (w/v) solution of hydroxy 
propyl methyl cellulose (HPMC) was prepared by vigorous 
stirring at 60°C in water. After that, the solution containing 
parabens were added to HPMC solution. Meanwhile, 
while homogenizing this mixture, lidocaine (Darou 
Pakhsh Pharma Chem Co., Iran), diltiazem (Darou Pakhsh 
Pharma Chem Co., Iran), and papaverine (Faran Shimi 
Pharmaceutical Co., Iran), each at a concentration of 20 mg 
per milliliter, were dissolved in a portion of the formulation’s 
water in a separate container. The resulting solution was 
then gradually added to the solution containing HPMC 
and the preservatives, and was mixed to obtain a uniform 
consistency. The placebo was a colorless, odorless gel that 
had a similar appearance to the therapeutic gel.

Intervention  
Patients were enrolled in the study based on the entry 
criteria and after obtaining the informed consent. Using 
a block randomization method, patients were assigned 
to two groups: the intervention group receiving a topical 
gel containing diltiazem, papaverine, and lidocaine (A) 
and the control group receiving a placebo (B). For all 
patients, the assessment of blood supply in the radial and 
ulnar arteries was conducted using the Barbeau test by a 
nurse. A specific amount (fingertip) of the combination gel 
was applied to the right wrist area, about one centimeter 
above the styloid process of the radius, over the pulse of 
the radial artery and additionally within a two-inch radius 
around the pulse of the artery, 30 to 60 minutes before 
catheterization in the intervention group. In the control 
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group, the same amount and method were applied using 
the placebo. The site of gel application in both groups was 
covered with a transparent dressing. After the patients were 
admitted to the catheterization laboratory, the dressing 
was removed, and the catheterization was performed by 
the physician. Before catheterization, according to the 
hospital’s standard protocol, all patients received mild 
sedation with intravenous midazolam and 1% lidocaine 
subcutaneously for local anesthesia. To catheterize the 
radial artery, a 0.018-inch guidewire was initially inserted, 
followed by a 6-French hydrophilic sheath (Prelude Ease, 
Merit Medical, South Jordan, UT) into the artery. After 
placing the sheath in the artery, 50 to 70 units of heparin 
(per kilogram of body weight) were injected to all patients. 
Catheterization for all patients was performed by the same 
physician. After the procedure, patients were monitored 
for complications (such as hematoma and bleeding). Data 
collection was also performed by a particular nurse. In this 
study, the participants, the physician, the nurse, and the 
researcher responsible for data analysis were all unaware of 
the patients’ allocation to either the intervention or control 
group. In fact, this study was quadruple-blinded.

Pain assessment
Pain was evaluated before and two hours after 
catheterization of the artery. The pain in the forearm was 
assessed using the Visual Analog Scale 0-10 (VAS). The 
VAS consists of a 10-centimeter line, with the word “no 
pain” at the far left end and “worst pain” at the far right end. 
The patient indicates the intensity of their pain by marking 
a point on the line.24

  
Hand function assessment 
Hand function was assessed before and after catheter 
removal as well as two hours after catheter removal using 
the HAKIR Questionnaire (HQ-8). The HQ-8 includes 
seven questions regarding perceived symptoms in the 
affected hand and one question about the ability to perform 
activities of daily living. In this study, we used part of this 
checklist, which includes stiffness of the fingers, weakness 
of the fingers, and numbness, measured on a scale from 
zero to 100.25 
 
Assessment of radial artery spasm 
To assess spasm, the Radial Artery Spasm Scale was 

Figure 1. Consort diagram of the present study.
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employed. This tool was developed by Mirak et al.26 in 
2020. According to this scale, the occurrence of any of the 
following four items scores one point, and a score of one or 
more from the total points indicates radial artery spasm. 
The items include pain in the forearm that the patient feels 
during the procedure and worsens with catheter/sheath 
movement; difficulty in moving the catheter that limits its 
advancement; difficulty in removing the sheath at the end 
of the procedure; and additional injection of a vasodilator 
cocktail during the procedure. 

Assessment of sympathetic response 
To assess sympathetic tone, systolic and diastolic blood 
pressure and heart rate were measured using pulseoximetry 
and hemodynamic monitoring equipment before, during, 
and after transradial coronary catheterization.

Statistical analysis  
In this study, the Shapiro-Wilk test was used to examine 
normal distribution; additionally, the Chi-square test 
was employed to determine the homogeneity of groups 
regarding nominal variables. Quantitative data were 
expressed as mean and standard deviation. Qualitative 
data were presented as frequency and percentage. To 
investigate the relationship between qualitative variables 
in two groups, the Chi-square test was used. Furthermore, 
the comparison of quantitative variables between the two 
groups was analyzed using the t-test. To compare variables 
at different times (before, during, and after the procedure), 
repeated measures ANOVA was utilized. For measuring 
changes in pain levels two hours after the intervention, 
while adjusting and controlling for pre-intervention 
scores, analysis of covariance (ANCOVA) was utilized. The 
significance level for all tests was set at P<0.05. Statistical 
analyses were conducted using SPSS software (version 26, 
IBM Corporation, Armonk, NY, USA).

Ethical notes  
This study was registered in Iranian Clinical Trials Center 
(IRCT20231018059760N1). Additionally, the ethical code 
was obtained from Mazandaran University of Medical 
Sciences (IR.MAZUMS.REC.1402.521). During this 

research, No pain, no costs, and no additional procedures 
were imposed on the patients. The participants entered the 
study with informed consent.

Results
In this study, 68 patients were evaluated for eligibility 
to enter the study, of which 8 were excluded due to not 
meeting the entry criteria. From the 60 patients included, 
30 were assigned to the control group through block 
randomization, and 30 entered the intervention group. 
Three patients in the control group and two patients in the 
intervention group were excluded due to replacement of the 
radial artery with the femoral artery or inability to adhere 
to the 30 minute time interval between receiving the gel 
and the start of the intervention. Ultimately, 27 patients in 
the control group and 28 patients in the intervention group 
were analyzed, and the results were evaluated. Figure 1 
shows the flowchart of the study.
  
Homogeneity assessment  
The results of the Chi-square test indicated that there 
was no statistically significant difference between the 
intervention and control groups regarding the history 
of tobacco use, diabetes, body mass index, and gender 
(P>0.05). Additionally, in advance of the intervention, pain 
and hand dysfunction were not present in either group, 
and the level of sympathetic system function did not show 
a statistically significant difference between the two groups 
(P>0.05) (Table 1).

Assessment of pain intensity  
Controlling for pre-catheterization pain intensity scores, 
the ANCOVA results indicated a significant difference 
in pain intensity (after two hours), with the intervention 
group (3.51 ± 2.17) showing lower pain levels compared to 
the control group (3.94 ± 4.29) (P<0.05, F = 0.07) (Table 2).

Hand function measurement  
According to Table 2, the results of the Repeated Measures 
ANOVA with Greenhouse-Geisser correction (considering 
the violation of Mauchly’s test of sphericity) showed 
no significant differences between the intervention and 

Table 1. Characteristics of patients participating in the study.

Variable Intervention group Control group P value

Gender [N (%)]
Male 16 (57.1%)       13 (48.1%)

0.504
Female 12(42.9%) 14 (51.9%)

Smoking (yes) [N (%)] 8(28.6%) 5 (18.5%) 0.380
Diabetes (Yes) [N (%)] 11(39.3%) 8 (29.6%) 0.452

Body mass index (kg/m2)   [N (%)]

Thin 0 1 (3.1%)

0.571
Normal 11(39.3%) 7  (25.9%)
Overweight 14(50%) 16(59.3%)
Fat 3(10.7%) 3 (11.1%)

Age (y) [mean ± SD] 58.30 ± 9.85 61.20 ± 10.03 0.296
Systolic blood pressure [mean ± SD] 131.80 ± 1.61 132.80 ±  2.20 0.726
Diastolic blood pressure [mean ± SD] 77.50 ± 1.45 76.70 ±  1.57 0.699
Heart rate [mean ± SD] 74.20 ± 1.70 67.60 ±  3.03 0.066
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control groups regarding changes in finger stiffness and 
weakness at three time points: before, immediately after, 
and two hours post-operation (P>0.05). However, changes 
in finger numbness measured at the three time points were 
significantly less in the intervention group compared to the 
control group (P<0.05). Additionally, when the trend over 
time was not considered, the groups exhibited a significant 
difference (P<0.05, eta = 0.156). Lastly, examining the 
effect of time on finger numbness revealed that the level 
of numbness in the two measurement occasions after 
catheterization and two hours post-procedure was lower 
in the intervention group than in the control group. This 
difference was statistically significant (P<0.001, eta=0.230). 
(Table 2).

Evaluation of radial artery spasm  
The incidence of spasm in the control group was 25.9%, 

while in the intervention group it was 1.7%. However, this 
difference was not statistically significant (P>0.05). 

Sympathetic system response  
According to Table 2, changes in the sympathetic system 
response, which included systolic blood pressure, diastolic 
blood pressure, and heart rate, were assessed at four 
time points: before, during, after, and two hours after the 
procedure. The two groups did not show a significant 
difference in sympathetic tone changes.  

Both groups were studied concerning the occurrence of 
hematomas, but there was no statistical difference between 
them (P>0.05) in this regard. However, the frequency of 
patients who required more than one attempt to access 
the radial artery was 1.7% in the intervention group and 
29.6% in the control group. This difference was statistically 
significant (P<0.05).

Table 2. Mean and standard deviation of pain, hand function, and sympathetic tone in the intervention and control groups.

Variable Measurement 
round

Intervention group Control group P value# P-value (effect size)*
        Mean ± SD Time-Group Group Time

Pain Before 0 0
P<0.05After two hours  2.1  ± 3.5 4.29 ± 3.9

Stiffness
Before 0 0

P>0.05
(0.027)            After 6.6 ± 19.6 10.3 ± 25.4

After two hours 7.8 ± 23.3 19.2 ± 33.7

Weakness
Before 0 0

P>0.05 
(0.018)         After  11.7 ± 25.8 2.9 ± 15.3

After two hours 18.9 ± 33.8 21.1 ± 36.5

Numbness 

Before 0 0

P<0.05 
(0.100)            

P<0.05 
(0.156)          

p<0.001 
(0.230)After 0 11.8 ± 25.4

After two hours 7.5 ± 22.5 32.5 ± 40.3

Systolic blood 
pressure (mmhg)

Before 131.8 ± 8.5 132.8 ± 11.4
P>0.05 
(0.023)    During 133 ± 12.9 130.8 ± 14.2

After 129 ± 9.6 126.3 ± 9.4
After two hours 128.8 ± 9 124.2 ± 8.6   

Diastolic blood 
pressure (mmhg)

Before 77.5 ± 7.6 76.7 ± 8.1
P>0.05 
(0.007)    During  75.5 ± 6.3 73.1 ± 6.72

After 75.35 ± 5.12 83 ± 8.3
After two hours 76.2 ± 5.6 73.5 ± 5.7

Heart rate (n/ min)

Before 74.2 ± 9.4 67.6 ± 5.7
P>0.05         
(0.017)   During 73.4 ± 10.1 70.7 ± 8.3

After 72.6 ± 6 72 ± 9.9
After two hours 68.5 ± 20.3 67.7 ± 15.7

* Based on the Repeated Measures ANOVA  
# Based on the ANCOVA
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Discussion
The present study was conducted to evaluate the clinical 
efficacy of topical co-administration of papaverine, 
lidocaine and diltiazem on radial artery spasm, pain, 
sympathetic tone and hand function in patients undergoing 
TCI. Based on the literature, pain have been found among 
the underlying factors for spasms of arteries, so that the 
radial artery would be more sensitive to pain compared to 
the femoral artery due to the unique anatomical features.27 
In the current study, the results showed that the recorded 
values for pain in the intervention group were significantly 
lower when compared to the control group. In this regard, 
Latsios and colleagues in 2017 reported that the values 
recorded for pain were not statistically different between 
the groups treated by a topical gel consisted of lidocaine and 
prilocaine and the group receiving lidocaine injection.15 
This shows that, topical products can exert a clinical 
efficacy comparable to injections. The present study also 
indicated that topical products have significant potential 
particularly when administered in combination. Another 
research in 2021 claimed that topical administration of 
lidocaine, glyceryl trinitrate and verapamil would reduce 
pain during catheterization.26 Notably, in the mentioned 
research, the time of administration was 0.5 to 3 hours 
earlier than administration while in the present study, 
the time period was 0.5 to 1 hour. Besides, in addition to 
its vasodilatory action, papaverine, which was one of the 
drugs used in the current study, is an opioid with notable 
analgesic effects28  that can help improve the efficacy of the 
current co-administration.  In spite of the differences in 
the settings, both indicated the ability in reducing the pain.
It is important to note that, administration of topical drugs 
to reduce pain has a very long history. In this regard, the 
available literature has expressed higher efficacy and safety 
for topically applied drugs. Furthermore, this route of 
administration can exert a localized effect with a greater 
concentration at the site of action29 which can be very 
useful during the procedure focused in this research. 

Besides, neurological injuries that lead to hand 
dysfunction are a rare but important complication that 
should be considered during catheterization.27 The results 
of our study showed that there was no significant difference 
between the intervention group and the control group in 
terms of changes related to the stiffness and weakness of 
the fingers before, after and two hours after the operation, 
so that the trend of the changes was not different. However, 
the process of changes in the numbness of the fingers in 
the 3 times of measurement was significantly different in 
the intervention group than the control group (P<0.05). So 
that the numbness of the fingers in the two checkpoints 
(immediately following the procedure and two hours later 
respectively) was significantly less in the intervention 
group. Although few studies are available in this regard, 
according to a study in 2015, almost 20% of the patients 
would suffer from complications such as numbness, tingling 
and stiffness after TCI, so that almost 50% of them would 
last for 30 days.30 Based on this fact, the present research 

was formed to find a solution for alleviating the mentioned 
complications through possible pharmacological 
interventions. The novelty, the availability and cost-
effectiveness of papaverine, lidocaine and diltiazem on 
one hand, and the reported pharmaceutical stability of 
these compounds together on the other hand,31,32 led this 
study to be focused on this topical co-administration. 
Papaverine, the natural alkaloid found in the biological 
structure of Papaver somniferum is popular for exerting 
effects against vasoconstriction and pain.28 Interestingly, 
systemic absorption of this alkaloid has reported to be 
negligible when administered topically.33 besides, local 
anesthesia (particularly using lidocaine) has been found as 
a standard solution in various types of catheterization.34,35 
furthermore, blocking calcium channels is a well-known 
mechanism which can potentiate vasodilation.36 Therefore, 
considering the mentioned points, focusing on papaverine, 
lidocaine and diltiazem in this research seem to be 
justifiable.

The mentioned combination was also tested concerning 
the spasms in the radial artery. Based on our results, the 
incidence of spasm during the procedure was reported as 
7.1%  and 25.9% in the intervention and control groups, 
respectively. Although this difference was not statistically 
significant, the incidence of spasm was 18.8% less than 
the control group. In terms of spasm occurrence rate, 
our results were almost consistent with other studies. As 
an example, a research in 2012 reported the incidence of 
radial artery spasm from 4 to 20%.37 Also, a systematic 
review has reported the prevalence of spasm in this artery 
during TCI to be about 15%. Although, reviewing the 
available literature indicates that many pharmacological 
interventions were unable to exert significant changes,17,38 
some other studies reported statistically meaningful 
improvements in this regard.39,40 Apart from the nature of 
the studied compounds, the reason for this inconsistency 
can be the differences in the sample sizes or the incoherence 
of the clinical and angiographic factors. So that, the study 
population was different between the present setting and 
an earlier research conducted in 2023.39 Furthermore, 
the agents and the administration routes employed in 
the earlier research were not completely consistent with 
those used in the current project. On the other hand, in a 
study by Tatlı and colleagues40, using angiography which is 
more accurate for measuring spasm may be the cause for 
obtaining more significant results. Altogether, it seems that 
the variations in the experimental designs were strongly 
determinative in this regard.

Another finding of the present study was about 
sympathetic tone. Since radial artery compliance would 
be affected by sympathetic stimulation through different 
mechanisms, controlling the response of the sympathetic 
system can influence the success rate of TCI.41 Considering 
that stimulation of the sympathetic system can affect heart 
rate and blood pressure,42,43 in this study, by measuring 
heart rate (HR), systolic blood pressure (SBP) and diastolic 
blood pressure (DBP), we investigated the response 
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of the sympathetic system. The results of our study 
showed that the changes in HR, SBP, and DBP were not 
significantly different in the intervention and control 
groups. Interestingly, the results reported by Michaili 
and colleagues, who used the topical gel containing 
lidocaine, verapamil (another calcium channel blocker) 
and nitroglycerin (the well-known vasodilator), were 
consistent with our study in this regard.26 

Another important variable in our study is the number 
of attempts to access the radial artery. Since increasing the 
number significantly raises the complications of TCI,44 the 
findings would be clinically meaningful. According to the 
results of our study, the number of attempts was statistically 
lower in the intervention group. Meanwhile, it has been 
reported that the combined topical gel of lidocaine and 
prilocaine had no effect on this variable.15 The reason for 
this finding can be related to the key agent of the present 
research, papaverine, which can relax the smooth muscles 
of the blood vessels through different mechanisms.45 
Accordingly, a study in 2021 reported that, the radial artery 
diameter was higher in the group receiving papaverine than 
in the group receiving nitroglycerin,20 so that the access to 
the artery would be easier.21 So, The main contributor to the 
distinctive effects of the present combination appears to be 
papaverine. Unfortunately, the aforementioned potential 
of this alkaloid has not been completely addressed in the 
available literature as it should be. Thus, further studies in 
this regard would be required.

Limitations  
The limitations of this study include the small sample size 
and the inability to perform angiographic assessments 
of spasm occurrence. Therefore, we recommend that 
future studies be conducted with a larger sample size and 
utilizing angiographic factors alongside clinical factors for 
the diagnosis of spasms. Also, the complications following 
catheterization can be examined over a longer period post-
procedure. 
 
Conclusion  
Current clinical trial demonstrated that the topical 
application of a combined gel containing diltiazem, 
lidocaine, and papaverine significantly increased the 
success rate of radial artery access. Additionally, this 
intervention led to a notable reduction in pain two hours 
post- catheterization and decreased hand numbness both 
immediately and two hours after the procedure in patients 
undergoing transradial coronary catheterization.  

Ethical Issues  
This study was registered in Iranian Clinical Trials Center 
(IRCT20231018059760N1). Additionally, the ethical code 
was obtained from Mazandaran University of Medical 
Sciences (IR.MAZUMS.REC.1402.521). During this 
research, No pain, no costs, and no additional procedures 
were imposed on the patients. The participants entered the 
study with informed consent.

Data Sharing
The data of this study can be accessed on request from the 
corresponding author.
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