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Introduction

While the femoral artery access has been default as the traditional 
approach for coronary artery angiography (CAG) and angioplasty, 
today the radial artery access is being increasingly used as the 
approach for these purposes. The main causes of this change 
are more patient comfort and mobilization in the postprocedure 
period, as well as reducing the risk of vascular complications and 
bleeding. Moreover today, complex coronary angioplasty can be 
achieved by the transradial approach (TRA).[1‑3]

Although this method is gaining more popularity in recent years, 
it had some complications. Radial artery occlusion (RAO) is one 
of the few postprocedural complications of TRA. The incidence 
of RAO following TRA for CAG or coronary angioplasty 
has been reported as between 3% and 10%.[4‑7] A recent 

meta‑analysis showed that incidence of RAO within 24 h was 
7.7%, which decreased to 5.5% at more than 1 week follow-up.[8] 
Many patients  (including diabetes mellitus, female gender, 
and low body mass index) and procedural factors (including 
anticoagulation, size of sheath and catheter, and hemostasis) 
have been shown to influence presenting RAO.[7]

For preventing thrombosis formation in the radial artery, 
unfractionated heparin (UFH) has been used traditionally. 
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The role and efficacy of other anticoagulants during TRA is 
unclear. Although low molecular weight heparins (LMWH) 
has been approved for anticoagulation during coronary 
interventions,[9] there is lack of data about efficacy of 
LMWHs for the prevention of RAO compared with UFH 
during TRA. As in enoxaparin use, there is no need for 
checking activated clotting time, and there is less risk 
for heparin‑induced thrombocytopenia, we decided to 
investigate its safety and noninferiority in these patients. 
Furthermore, patients who were already on enoxaparin 
could continue the medication without changing it to 
heparin before catheterization. The aim of this study 
was to investigate the safety and efficacy of enoxaparin 
compared with UFH for preventing RAO among patients 
who underwent elective diagnostic CAG via TRA.

Patients and Methods

This randomized clinical trial study was conducted to evaluate 
the noninferiority of enoxaparin in compare to heparin on 
patients who underwent TRA for elective diagnostic CAG 
between March 6, 2015 and January 30, 2016 at Rajaie 
Cardiovascular, Medical, and Research Center, Iran University 
of Medical Sciences, Tehran, Iran. The procedure was done by 
fellowship of interventional cardiology that had done at least 
400 cases of TRA coronary angiography over 6 months. Due 
to the pilot nature of the study, the sample size was estimated 
about hundred patients in each group.

Inclusion and exclusion criteria
Patients with a palpable radial pulse and a normal Allen 
test were considered as appropriate for the TRA. The 
exclusion criteria comprised an inadequate ulnar collateral 
supply (assessed via the Allen test), history of allergy to the 
agent, and receiving thrombolytic agents during 12 h before 
the procedure, receiving anticoagulant agents during 6 h ago, 
increased risk of bleeding such as history of coagulopathy 
disorders, planning coronary intervention at same session, 
and previous treatment via the TRA. After the patients met 
the criteria, they were block randomized to the two groups.

Procedure
Local anesthesia before cannulation was effected via a 
subcutaneous injection of lidocaine hydrochloride 2% (10 mg) 
at about 1 inch above the styloid process (around the 
radial artery). After radial artery cannulation and introducing 
the guidewire, a 6 Fr hydrophilic sheath was introduced over 
the guidewire. Then, the patients included were randomly 
divided into 2 groups. A group received 0.75 mg enoxaparin 
intravenously and the second group received 70–100 IU/Kg 
UFH single‑bolus dose intravenously (for reaching activated 
clotting time to 300–350 s). The investigators were blind to 
the contents of the syringe. Random block sizes were used 
to conceal the treatment allocation from the patients, and 
randomization was stratified by the clinical center.

Standard catheters were used for diagnostic procedures. 
Radial sheath was removed in the catheterization laboratory 

immediately after the procedure. Puncture site was 
compressed with a Transradial band  (TR), and the 
compression was relieved gradually after 1 h. TR band was 
removed completely 3‑4  h after the procedure when the 
hemostasis was fully established.

During 24  h after procedure and 3  months later, all the 
participants were monitored for the occurrence of RAO, access 
hematoma, periprocedural myocardial infarction, stroke, and 
death. The primary endpoint of this study was occurrence 
of RAO. Other parameters including access hematoma, 
periprocedural myocardial infarction, stroke, and death were 
considered as secondary endpoints. RAO assessment was 
done with palpation of the radial pulse and reverse Allen test.

Ethics
All the patients provided written informed consent for 
participation in the study, and the study protocol was approved 
by the Institutional Review Board and the Ethics Committee 
of Iran University of Medical Sciences with the IR. IUMS.
FMD.REC1396.9211171025 code.

Statistical analysis
The data are expressed as means ±  standard deviations for 
the continuous and as percentages for the discrete variables. 
The independent samples t‑test or the Mann–Whitney U‑test 
was used to compare the continuous variables between the 
groups. The Pearson’s Chi‑square test was employed for 
the statistical analysis of the categorical variables, and the 
categorical variables were compared using the Fisher exact 
test, as appropriate. The P < 0.05 was considered statistically 
significant. The statistical analyses were conducted using 
SPSS, version 13.1 (SPSS Inc, Chicago, IL, USA).

Results

During the study period, a total of 189 patients with mean age 
of 52.52 ± 6.23 years old, who underwent transradial cardiac 
catheterization for the CAD evaluation, were enrolled into the 
present study. Majority of patients were male (70.4%). The 
patients were randomly divided into 2 groups. A group (n = 95) 
received UFH (70–100 IU/Kg) and other (n = 94) received 
enoxaparin after radial sheath insertion. The demographic 
characteristics of the patients, who underwent TRA, are 
shown in Table  1. The baseline characteristics had no 
significant differences between the 2 groups except for left 
main involvement.

Table  2 compares the primary and secondary endpoints 
of study after 24  h evaluation between the two groups. 
After 24  h, decrease in radial pulse was observed in 
33  (17.6%) patients  (14.9% in UFH group and 20.2% in 
enoxaparin group) and only one patient had absent radial 
pulse in UFH group. There were no significant differences 
between UFH group compared enoxaparin group in reduction 
of the radial pulse (P = 0.359) and also SO2 (93.64 ± 1.96 vs. 
93.97  ±  1.77; P  =  0.420). Furthermore, the secondary 
endpoints did not significantly differ between the two groups. 
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Majority of access hematoma occurred around the puncture 
site  (small hematoma: 12.2%), which was quickly treated 
by compression and suction of the hematoma and then 
correction of the position of TR band. In the UFH group, 
the lager hematoma was not observed, but in the enoxaparin 
group, one patient with medium and one patient with large 
hematoma were observed, which treated successfully by 
intermittent long‑standing compression with cuff of blood 
pressure. Periprocedural myocardial infarction and death 
did not occur in our patient; although only one patient in 
enoxaparin group experienced ischemic stroke two month 
after the procedure which treated by conservative approach. 
With adjusting the different variables in the multivariate 
analysis which is shown in Table 3, it was concluded that 
there is no significant difference between the two groups due 
to the type of the randomization.

Discussion

Anticoagulation during TRA procedures is mandatory for 
achieving significantly reduced the incidence of RAO. This 
study demonstrates that safety and efficacy intravenous 
enoxaparin administration during diagnostic CAG via 
TRA is not inferior to intravenous UFH. There was no 
significant difference between the two groups about RAO 
(based on radial pulse, reverse Allen test) and also other 
complications at 24 h after diagnostic CAG. In our research, 
we did not find any past study for comparison of LMWH 
with UFH for preventing RAO. Feray et al. evaluated the 
effectiveness of enoxaparin  (60  mg through the radial 
sheath) for the prevention of RAO after TRA and sowed that 
enoxaparin is safe and effective in transradial procedures with 
an RAO rate of 4%.[10]

Table 1: Baseline characteristics of 189 patients

UFH (n=95), n (%) Enoxaparin (n=94), n (%) P Total (n=189), n (%)
Age (year) 52.97±6.01 52.06±6.45 0.346 52.52±6.23
Male 68 (71.6) 65 (69.1) 0.715 133 (70.4)
HTN 61 (64.2) 51 (54.3) 0.164 112 (59.3)
Family history of CAD 24 (25.3) 23 (24.5) 0.899 47 (24.9)
Smoking

Current smokers 24 (25.3) 30 (31.9) 0.311 54 (28.6)
Ex‑smokers 4 (4.2) 3 (3.2) 0.711 7 (3.7)
Dyslipidemia 34 (35.8) 36 (38.3) 0.721 70 (37.0)

Diabetes mellitus
Insulin therapy 6 (6.3) 4 (4.3) 0.527 10 (5.3)
Oral therapy 21 (22.1) 15 (16.0) 0.282 36 (19.0)
Recent admission 19 (20.0) 10 (10.6) 0.074 29 (15.3)

CAD 0.802
Minimal CAD 42 (44.2) 40 (42.6) 82 (43.4)
Singe‑vessel disease 9 (9.5) 10 (10.6) 19 (10.1)
2‑vessel disease 7 (7.4) 4 (4.3) 11 (5.8)
3‑vessel disease 19 (20.0) 17 (18.1) 36 (19.0)

Left main disease 4 (4.2) 0 0.044 4 (2.1)
LVEF (%) 46.26±9.94 47.07±7.84 0.41 46.67±8.95
HTN: Hypertension, CAD: Coronary artery disease, LVEF: Left ventricular ejection fraction, UFH: Unfractionated heparin

Table 2: Primary and secondary endpoints after 24 h of diagnostic coronary artery angiography via transradial approach

UFH (n=95), n (%) Enoxaparin (n=94), n (%) P Total (n=189), n (%)
Primary endpoints

Reduced radial pulse (and abnormal Allen test)
Decrease 14 (14.9) 19 (20.2) 0.359 33 (17.6)
Absent 1 (1.1) 0 1 (0.5)

Secondary endpoints
Access hematoma

Small 11 (11.6) 12 (12.8) 0.185 23 (12.2)
Medium 0 1 (1.1) 1 (0.5)
Large 0 1 (1.1) 1 (0.5)

Stroke 0 1 (1.1) 0.497 1 (0.5)
Periprocedural MI 0 0 ‑ 0
Death 0 0 ‑ 0

MI: Myocardial infarction, UFH: Unfractionated heparin 
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The role of other anticoagulants such as bivalirudin for the 
prevention of RAO following TRA procedures needs more 
evaluation. Plante et al. in a study comparing a single dose 
of 70 IU/Kg UFH during diagnostic CAG with a bivalirudin 
administration  (bolus 0.75  mg/kg, followed by infusion at 
1.75  mg/kg/h) for those undergoing coronary intervention. 
They found that after 30‑day follow‑up, the incidence of 
RAO in UFH group was 7%, whereas in bivalirudin group 
was 3.5%. Although this difference was not statistically 
significant (P = 0.18).[11]

Maintaining antegrade blood flow through radial artery 
during compression hemostasis  (patent hemostasis) could 
be significantly reduced both early and late postprocedural 
RAO.[12,13] Furthermore, a study showed that incidence of early 
and chronic RAO diminished when hemostatic compression 
was of shorter duration, without increase in bleeding 
complications.[14] Treatment for those with RAO could be 
done with pharmacological and nonpharmacological methods. 
Bernat et al. demonstrated that a nonpharmacologic technique 
of 1‑hour homolateral ulnar artery compression can be used 
for recanalization of the radial artery early after acute RAO.[15] 
Furthermore, a recent meta‑analysis showed that high‑dose 
heparin during the procedure along with shorter compression 
duration, and patent hemostasis is associated with diminished 
RAO.[8] Zankl et al. found that 10.5% of patients experience the 
RAO 1‑day after TRA and 41.2% of them were asymptomatic. 
Interestedly, 4‑week later, 86% of the symptomatic patients 
showed a partial or complete recanalization of the radial artery 
after treatment with LMWH.[16] Jaradat et al. reported a case 
series of five patients with symptomatic RAO following TRA 
procedures. They used balloon angioplasty and a 90‑second 
intrathrombus infusion of abciximab from the femoral artery 
approach and found that this method is a safe, effective, and 
durable technique for reestablishing the patency of an occluded 
radial artery. Furthermore, all patients were free of symptoms 
at follow‑up.[17]

Conclusion

This study demonstrates that intravenous enoxaparin 
administration compared with intravenous UFH during 

diagnostic CAG via TRA is a safe and effective strategy for 
preventing RAO at 24 h after the procedure. Although more 
studies with larger samples and also more diagnostic methods 
such as Doppler sonography is needed.
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