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Background: The trans-radial approach significantly reduces access bleeding and underlying vascular complications and
is associated with lower health care costs than the transfemoral approach. One of the most common complications, however,
is radial artery occlusion (RAQO).

Methods: This study investigates the effects of verapamil on radial artery thrombosis in patients referred to Taleghani
Hospital in Tehran between 2020 and 2021. Patients were randomized into 2 groups: the first group received verapamil,
nitroglycerin, and heparin and the second group nitroglycerin and heparin. To randomly assign 100 cases to the 2 experimental
and control groups, we first formed a framework for sampling 100 people (from I to 100); then, based on the table of random
numbers, we assigned the first 50 numbers to the experimental group and the remainder to the control group. The 2 groups
were compared for radial artery thrombosis.

Results: This study evaluated 100 candidates for coronary angiography in 2 groups of 50 with and without verapamil. The
mean age was 58.6x11.2 years in the group with verapamil and 58.1+12.7 years in the group without verapamil (P=0.84).
The difference between the 2 groups in terms of heart failure was statistically significant (P<0.028). The prevalence of
clinical thrombosis was 2.0% in the group with verapamil and 22.0% in the group without verapamil (P<0.004). The
prevalence of ultrasound-confirmed thrombosis was 4.0% in the group with verapamil and 36.0% in the group without
verapamil (P<0.001).

Conclusion: Intra-arterial injection of verapamil added to heparin and nitroglycerine during trans-radial angiography
could significantly reduce RAO.
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Introduction

Nowadays, the trans-radial pathway is increasingly
used for diagnostic and interventional cardiovascular
interventions,' largely due to the evidence of an obvious
reduction in accessibility complications of the transradial
approach (TRA) compared with transfemoral access® and
a reduction in costs. Observational and randomized studies
have shown that the radial method significantly reduces
access site bleeding and major vascular complications
and is associated with lower healthcare costs than the
transfemoral method.*® Despite the numerous benefits of
TRA, there are potential complications that can include
local bleeding complications (eg, forearm hematoma),
vascular complications (eg, false aneurysms), and in rare
cases, radial artery perforation.’

Radial artery occlusion (RAQO) is the most common
complication after trans-radial catheterization, with
a prevalence of 1% to 10%. Although RAO is rarely
associated with the ischemia of the hand, it is a significant
complication due to the prohibition of the future use of the
trans-radial method and the prohibition of the use of radial
artery bypass or venous arterial fistulae in dialysis patients.®
This complication is the result of acute thrombosis due to
wear of the inner lining and endothelial damage associated
with decreased blood flow after the placement of the sheet
and the catheter.’ A significant proportion of these patients
experience permanent destruction of the radial artery
lumen.'” RAO often does not cause ischemic symptoms
due to extensive parallel blood flow through the palmar
arch collaterals and forearm arterioles, preventing the early
detection of this complication. Although the immediate
effect of this condition may not be clinically apparent,
RAO increases the challenges of cross-radial access in
potential TRA cases in the future. Several pharmacological
and non-pharmacological strategies, including the ratio of
the sheath size to the lower artery,'" intraoperative heparin
use, and keeping the radial artery open during homeostasis
after TRA,'> have been shown to reduce the risk of RAO,
and these are known as the best practices.!® Despite these
recommendations, the true prevalence of acute RAO is
as high as, 10% according to reports from institutions
specializing in TRA." What should be considered, however,
is the low likelihood of success, the difficulty for physicians
and treatment staff, and the limited use of equipment (the
hand artery diameter is about 3 mm in men and about 2
mm in women) compared with the femoral artery diameter
(usually about 6 mm)."”® Calcium channel blockers can
prevent the occurrence of RAO following TRA.

This study aimed to evaluate the use of verapamil to
reduce the incidence of RAO induced by transradial
angiography.

Methods

The study proposal was approved by the ethics committee
of Shahid Beheshti University of Medical Sciences (the code
of ethics: IR.SBMU.MSP.REC.1399.570). The study was
performed as a double-blind and randomized clinical trial.
The study population was composed of candidates for radial
angiography. Through the selection of a 95% confidence
interval (CI), an 80% power, and a 30% effect size (average
effect size in the Cohen equation) and the use of the G *
Power software (version 3.1.9.2), the number of samples
in each group was determined to be 44. Considering the
probability of falling, 50 cases in each group were studied.'¢
To randomly assign 100 cases to the 2 experimental and
control groups, we first formed a framework for sampling
100 individuals (from 1 to 100). Subsequently, based on the
table of random numbers, we assigned the first 50 numbers
to the experimental group and the remainder to the control
group. By referring to the study site, we placed eligible
patients in the desired groups, according to the order of
admission.

This study investigated the use of 2.5 mg verapamil on top
of heparin (5000 IU) and nitroglycerine (100 pg) to reduce
the incidence of RAO due to the transradial angiography of
patients referred to Taleghani Hospital between 2020 and
2021. All the participants were informed about the research
objectives, the research protocol, and the treatment options
involved in the present study before they signed informed
consent to participate.

The Allen test was performed at baseline in all the patients
to confirm the existence of double circulation and the open
palmar arch. The exclusion criteria included abnormal Allen
tests and verapamil contraindications, such as a systolic
blood pressure of less than 90 mmHg, a heart rate below 60
beats per minute, heart block, and heart failure (the ejection
fraction <35%).

After filling out a designed questionnaire on patient
characteristics, diagnosis, and medications, we divided the
patients into 2 groups. In one group, after the insertion of
a 6-F radial sheath, 5000 units of heparin and 100 pg of
nitroglycerin were administered through the radial artery.
The other group received 5000 units of heparin, 100 pg of
nitroglycerin, and 2.5 mg of verapamil after the insertion
of a 6-F radial sheath."” The characteristics of the sheaths
and catheters used, the number of punctures, the puncture
sites (the right or left radial artery), vital signs during the
procedure, complications during the procedure, and the
failure of the procedure (the femoral change rate) were
recorded in a pre-designed questionnaire. Complications
after angiography through the radial artery included bleeding,
radial artery thrombosis, venous arterial fistulae, hematoma
(grade I: 5 cm above the wrist, grade II: 10 cm above the
wrist, grade III: forearm involvement, and grade IV: arm
involvement), and compartment syndrome. The 2 groups
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Assessed for eligibility (n=120)

(Excluded (n=20)

( Randomized (n=100) ) k

CHF (LVEF<35%)
Bradycardia (HR<60 bpm)

( With verapamil (n=50) ) (Without verapamil (11—50))
( Analyzed (n=50) ) ( Analyzed (n=50) )

Figure 1. The image depicts the CONSORT flow diagram of the study.

CHF, Congestive heart failure; HR, Heart rate; LVEF, Left ventricular ejection fraction

were also evaluated for lack of pulse on examination and
ultrasound-confirmed thrombosis.

The primary outcome was radial artery thrombosis the day
after angiography confirmed by Doppler ultrasound. The
data collection method was based on questionnaire filling,
trans-radial angiography, and color and Doppler ultrasound
performed during the course. The data obtained were
entered into the SPSS 16 software. After the information
was summarized, descriptive statistics were presented
with the help of the mean and the standard deviation for
quantitative data and frequencies and percentages for
qualitative data. For the examination of the relationship
between drug use and thrombosis, analytical statistics,
including the t-test and the > test, were used. Descriptive
statistical methods, such as percentage calculations,
the mean, and the standard deviation, were employed to
describe the data. The significance level in the tests was
considered 0.05.

Results

The mean age was 58.6+11.2 years in the group with
verapamil and 58.1+12.7 years in the group without
verapamil (P=0.840). A comparison of the 2 groups in
terms of qualitative variables is shown in Table 1. The
difference between the 2 groups concerning heart failure
was statistically significant (P<0.028).

The complication rates are presented in Table 2. The
difference between the 2 groups was significant regarding
the composite complications of hematoma and pain
(P<0.026), lack of pulse on examination (P<0.004), and
ultrasound-confirmed thrombosis (P<0.001).

182

Significant complications of verapamil injection,
including permanent hypotension and heart rates below 60
beats per minute, were not observed in the patients. The
procedure was successful in all the cases. (There was no
change in the femoral method.)

RAO occurred in 10 patients (50.0%) with 1 radial
puncture attempt and 10 patients (50.0%) patients with
more than | radial puncture attempt. RAO occurred in none
of the patients with the use of a special radial catheter (the
Tiger type) and in 20 patients with the use of right and
left catheters. Ten patients (50.0%) with RAO were first
punctured, and 61 patients (76.0%) without RAO were first
punctured (P=0.031).

The intra-arterial injection of verapamil added to
heparin and nitroglycerine during trans-radial angiography
significantly decreased RAO.

Discussion

The main finding of the present study vis-a-vis the
RAO rate was that it occurred in 20.0% of the entire study
population, 4.0% of patients with verapamil, and 36.0%
of patients without verapamil. The use of verapamil was
associated with a significant reduction in radial artery
thrombosis and complications such as hematoma and pain.
Significant complications of verapamil injection, including
permanent hypotension and heart rates below 60 beats
per minute, were not observed in the studied patients, and
the procedure was successful (there was no change in the
femoral method) in all the cases.

In the 2018 VERMUT study by Tebaldi et al,'” comparing
verapamil and heparin as adjunctive therapy for trans-radial
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Table 1. Clinical characteristics of the group received verapamil and control group

Variables With Verapamil (n=50) Without Verapamil (n=50) P
Sex 0.881
Male 32 (64.0) 32 (64.0)
Female 18 (36.0) 18 (36.0)
HTN 24 (48.0) 26 (52.0) 0.842
Diabetes 18 (36.0) 10 (20.0) 0.118
HLP 13 (26.0) 11 (22.0) 0.815
HF 2 (4.0) 10 (20.0) 0.028
Smoking 22 (44.0) 13 (26.0) 0.093
History of MI 3(6.0) 4 (8.0) 0.662
History of radial angiography 5(10.0) 5(10.0) 0.672
Diagnosis 0.620
SIHD 37 (74.0) 33 (66.0)
UA 9(18.0) 13 (26.0)
MI 4(8.0) 4 (8.0)
Medicines
Concomitant CCB use 3(6.0) 2 (4.0) 0.580
Concomitant BB use 12 (24.0) 15 (30.0) 0.650
Concomitant NG use 7 (14.0) 4 (8.0) 0.520
Concomitant ACE-I use 21 (42.0) 20 (40.0) 0.828
Concomitant ASA use 29 (58.0) 25(50.0) 0.552
Concomitant statin use 30 (60.0) 26 (52.0) 0.550
Type of Catheter 0.012
TIG 12 (24.0) 3(6.0)
Left and right 38 (76.0) 44 (88.0)
Guiding 0(0) 3(6.0)
Right Catheter Size 0.552
SF 29 (76.3) 35(79.5)
6F 9(23.7) 9 (20.5)
left Catheter Size 0.822
5F 23 (60.5) 28 (63.6)
6F 15 (39.5) 16 (36.4)
Number of Punctures 0.786
1 35(70.0) 36 (72.0)
>1 15 (30.0) 14 (28.0)
Location of Punctures 0.929
Right radial 49 (98.0) 50 (100)
Left radial 1(2.0) 0(0)
Type of Procedures 0.206
CAG 44 (88.0) 38(76.0)
CAG + angioplasty 4 (8.0) 8(16.0)
Angioplasty 1(2.0) 4(8.0)
CAG + FFR 1(2.0) 0(0)

HTN, Hypertension; HLP, Hyperlipidemia; HF, Heart failure; MI, Myocardial infarction; SIHD, Stable ischemic heart disease; UA, Unstable angina; BB,
B-blocker; CCB, Calcium channel blocker; NG, Nitroglycerin; ACE-I, Angiotensin-converting enzyme inhibitors; TIG, Tiger; CAG, Coronary angiography;
FFR, Flow fraction ratio

Table 2. Complication rates in group received verapamil vs. control group

Variables With Verapamil (n=50) Without Verapamil (n=50) P

Complications 0.026

Hematoma 0(0) 3(6.0)

Pain 1(2.0) 6(12.0)

None 49 (98.0) 41 (82.0)
Lack of pulse 1(2.0) 11 (22.0) 0.004
Thrombosis on sonography 2 (4.0) 18 (36.0) 0.001

Type of Thrombosis 0.447

Complete 1(50.0) 14 (77.8)

Partial 1 (50.0) 4(22.2)
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coronary procedures, 418 patients underwent trans-radial
coronary artery bypass grafting 1: 1 to receive intra-radial
verapamil (5 mg) or heparin (5000 IU) after 6-F sheath
insertion. The primary outcome was defined as a 24-hour
occurrence of RAO (ultrasound confirmation), site access
complications, and radial artery spasm requiring vasodilator
rescue. Local administration of verapamil versus heparin
reduced radial artery spasm without increasing RAO,
strictly related to the radial artery diameter and the
hemostasis time. In our study, although we examined fewer
samples, verapamil reduced RAO. Additionally, we did not
evaluate the effects of the radial artery diameter and the
homeostasis time.

In 2019, Sadaka et al'® assessed the incidence and
prognosis of RAO after transradial coronary catheterization
on 164 patients. They performed Doppler ultrasound
evaluations of the radial artery on the first day and 6
months after surgery. On day 1, the Doppler examination
showed RAO in 54 patients (32.9%), while after 6 months,
RAO was diagnosed in 49 patients (29.9%). Interestingly,
only 1 new case (0.9%) of RAO was observed, and 6
patients (11.1%) regained their radial artery opening.
Based on their multivariate analysis, the female sex, age,
manual compression, and radial artery diameter were
independent predictors of RAO. The use of the transradial
band for homeostasis for only 2 hours was recognized as a
strong independent predictor. The authors concluded that
although RAO was a clinically silent issue, it was a major
complication after TRA; moreover, patients with a high
RAO prognosis required careful management and follow-
up to ensure long-term radial artery opening. In our study,
we evaluated fewer samples, and RAO was a significant
complication observed in 20% of the studied patients.
Nonetheless, in our study, age and sex did not play a role
in RAO.

In a 2013 study by Filho et al,' patients were randomly
assigned to receive a placebo (Gl) or diltiazem (GII)
through a catheter inserted into a radial artery. Ultrasound
examination was performed before the test and 30 minutes
and 7 days after the test to evaluate the flow, diameter,
and outlet of the artery. Complications, including spasm,
obstruction, and partial obstruction, occurred in 4 patients
in the GI group and none of the patients in the GII group
(P=0.04). In conclusion, the authors stated that their study
showed a reduction in vascular complications through
trans-radial access for coronary angiography using the
antispasmodic drug diltiazem, which significantly increased
the diameter of the radial artery and its outlet. The results
of our study are consistent with theirs insofar as verapamil
had fewer side effects.

In 2015, Tian et al*® examined the risk factors for radial
artery pulse weakness and its predictive value for RAO
after trans-radial angiography. Additionally, they sought to
determine what could effectively maintain the radial artery
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flow. Their results revealed that after the intervention using
transradial coronary intervention, a weaker radial artery
pulse was an imminent indicator of RAO. Furthermore,
continuous compression of the ipsilateral radial artery was
an effective approach to maintaining radial artery opening.
The results of our study are consistent with theirs insofar as
the lack of the radial artery pulse was an imminent indicator
of RAO.

In 2010, Zankl et al*' evaluated 488 patients for the effects
of anticoagulant therapy the day after trans-radial coronary
angiography on RAO (the radial artery opening rate). RAO
was seen in 51 patients (10.5%) 1 day after angiography.
In addition, symptoms were seen at the angiographic site
in 30 patients (58.8%), while 21 patients (41.2%) had no
symptoms. The symptomatic patients were treated with
low-molecular-weight heparin for 4 weeks. After 4 weeks
of treatment, 26 patients (86.7%) in the symptomatic group
showed partial or complete recanalization of the radial artery
compared with 4 patients (19.1%) in the asymptomatic
group not treated with anticoagulants. In conclusion, the
authors stated that RAO was a common complication after
transradial coronary angiography. The prevalence of RAO
was underestimated due to the presence of asymptomatic
patients. In our study, RAO was a common complication:
it occurred in 20 patients (20%) 1 day after angiography,
which is higher than the rate in the investigation by Zankl
and colleagues.

The salient limitation of the present study is its relatively
small number of patients (because of the significant impact
of COVID-19 on the number of patients referred for
elective angiography). Two other noteworthy limitations
are the lack of a long-term follow-up of patients and the
non-exclusion of the effect of the catheter type (1 vs 2
catheters) used for radial angiography.

Conclusion

The intra-arterial injection of verapamil added to heparin
and nitroglycerine during trans-radial angiography was
associated with a significant reduction in RAO.
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