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Objective: To determine the factors influencing proximal radial artery occlusion (PRAO) right radial artery after coronary intervention.
Methods: This is a single-center prospective observational study. A total of 460 patients were selected to undergo coronary angiography
(CAGQG) or percutaneous coronary intervention (PCI) via the proximal transradial approach (PTRA) or distal transradial approach (DTRA).
The 6F sheath tube were received by all patients. Radial artery ultrasound was performed 1 day before procedure and 1-4 days after
procedure. Patients were divided into the PRAO group (42 cases) and the non-PRAO group (418 cases). General clinical data and
preoperative radial artery ultrasound indexes of the two groups were compared to analyze related factors leading to PRAO.

Results: The total incidence of PRAO was 9.1%, including 3.8% for DTAR and 12.7% for PTRA. The PRAO rate of DTRA was
significantly lower than that of PTRA (p < 0.05). Female, low body weight, low body mass index (BMI) and CAG patients were more
likely to develop PRAO after procedure (p < 0.05). The internal diameter and cross-sectional area of the distal radial artery and
proximal radial artery were smaller in the PRAO group than in the non-PRAO group, and the differences were statistically significant
(p < 0.05). Multifactorial model analysis showed that the puncture approach, radial artery diameter and procedure type were predictive
factors of PRAO, and the receiver operating characteristic curve showed a good predictive value.

Conclusion: A larger radial artery diameter and DTRA may reduce the incidence of PRAO. Preoperative radial artery ultrasound can
guide the clinical selection of appropriate arterial sheath and puncture approach.

Keywords: proximal radial artery occlusion, coronary intervention, ultrasound, influencing factors, the distal transradial approach

Introduction

The puncture path is constantly updated and developed with the continuous maturation of coronary intervention. In current
practice, radial artery puncture sites include both the proximal radial artery (PRA) and the distal radial artery (DRA). These
two distinct locations are commonly utilized to access the radial artery during various interventional procedures. The proximal
transradial approach (PTRA) is a conventional puncture approach, which was recommended by experts as the preferred
method for coronary intervention in 2018." The distal transradial approach (DTRA) is an emerging puncture approach in
recent years. Its puncture site is located in the snuffbox segment of the radial artery. However, this approach is still in the trial
stage. Current studies on the DTRA penetration path have confirmed that this approach has a relatively high puncture success
rate” and feasibility.* However, postoperative proximal radial artery occlusion (PRAO) remains the most important clinical
concern for both DTRA and PTRA. The occurrence of PRAO limits the repeated use of the operative radial artery, which has
a great impact on patients who need coronary angiography (CAG) review or percutaneous coronary intervention (PCI), uremic
patients with operational venous fistula and patients with coronary artery bypass grafting. Therefore, identifying the factors
influencing PRAO is crucial to developing approaches to reduce the incidence of PRAO as much as possible. So far, most
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studied have only reported the factors influencing PRAO in the PTRA path.”’ Herein, patients undergoing coronary
intervention were enrolled to analyze the factors influencing PRAO and determine the best strategy to reduce PRAO and

provide important information for procedural decision-making.

Materials and Methods
Study Subjects

A total of 628 patients with suspected coronary heart disease who were admitted to the Department of Cardiology of Xuzhou
central hospital from May 2021 to November 2022, and who underwent CAG or PCI through the right PRA or DRA were
included. A 6F sheath was used.Exclusion criteria were as follows: (1) patients with anatomical variations of the radial artery
(n=14); (2) preoperative complications such as right radial artery stenosis or occlusion(n=51); (3) patients who failed to
undergo PRA puncture and switched to other puncture paths(n=22), such as brachial artery or ulnar artery; (4) patients who
failed to undergo DRA puncture and switched to other puncture paths(n=31), such as PRA, brachial artery or ulnar artery;
(5) incomplete clinical and imaging data(n=50). According to the exclusion criteria, 460 patients were selected. Patients were
divided into the PRAO group and the non-PRAO group based on postoperative ultrasound diagnosis of radial artery occlusion.
There were 42 cases in the PRAO group and 418 cases in the non-PRAO group (Figure 1). The work was in line with the
Declaration of Helsinki.This study was approved by the Ethics committees of Xuzhou Central hospital, and all participants
provided informed consent to participate.

Ultrasonic Examination

A color Doppler ultrasound diagnostic system Philips EPIQ 7C, linear array probe L12-3 or Philips IE33, and linear array
probe L9-3 were used. The patient was placed in a supine position with the arms naturally abducted. Before procedure,
the route of the right radial artery was analyzed, and the lumen diameter and transverse area of the PRA (2-3cm below
the metacarpal line) and the DRA (snuff pit) with a normal anatomical structure were measured (Figure 2). After the
procedure, the forearm segment of the right radial artery was examined for occlusion and other complications were
recorded. All data were measured three times and averaged. All cases were examined 1 day before procedure and 1-4
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Figure 2 Ultrasound of distal radial artery at the snuff pit of right hand.

days after procedure by two experienced physicians specializing in cardiovascular ultrasound. Color Doppler ultrasound
showed no significant blood flow signal in the lumen of the right radial artery by definition of radial artery occlusion.

Puncture Procedure and Hemostasis

The procedure was performed by an experienced operator (over 2000 PTRA and 200 DTRA operations). The patient was
placed in a supine position on the operating table with the arm naturally abducted by the side. The operator stood on the right
side of the patient. Local anesthesia was performed at the place where the DRA or PRA pulsated most strongly and the
Seldinger method was used for puncture. After successful puncture of the DRA or PRA with a 20G puncture trocar (Terumo
Corp., Tokyo, Japan), 0.021"” hydrophilic coated guide wire was pushed into the artery as the guiding track. A 6F Radifocus
Introducer II (Terumo Corp., Tokyo, Japan) sheath was delivered along the guide wire. Approximately 500 pg of nitroglycerin
and heparin were routinely injected along the arterial sheath. CAG was performed with 5000 IU of heparin, while PCI was
performed by adding additional heparin (100 w/Kg),? in the arterial sheathing based on the patient’s body weight to maintain
the activated clotting time (ACT) at 250-300 seconds.” The radial artery sheath tube was removed after operation, a gauze

d™ radial

gasket and elastic tape were used for cross-compression dressing at the DRA entry path puncture, and a TR Ban
artery hemostatic device (Terumo Corp., Tokyo, Japan) was used for compression hemostasis at the PRA entry path puncture.
After 2 h of CAG and 4 h of PCI, decompression was performed to check whether bleeding continued. If there was no
bleeding, the compression was completely removed. If there was bleeding, the compression was fixed again with gauze

pressure or an inflatable compressor balloon, and the pressure was checked every 10 minutes until the bleeding stopped.

Statistical Analysis

All data were analyzed using SPSS version 24 statistical software. The measurement data were expressed as mean =+
standard deviation. A f-test of two independent samples was used for comparison between groups, The numerical value
(rate) was used for count data. The chi-square test was used for comparison between groups. The risk factors of anterior

radial artery occlusion were analyzed using conditional logistic regression, and a prediction model was established. The
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receiver operating characteristic (ROC) curve of the sample was analyzed using the prediction model, and the area under

the ROC curve (AUC) was calculated. P<0.05 was considered statistically significant.

Results

Comparison of Baseline Data Between the Two Groups

The PRAO of 460 patients was 9.1%. Gender, body weight, body mass index (BMI), procedure type and puncture
approach statistically differed between the two groups (Table 1). Female, low body weight, low body mass index (BMI),
CAG and PTRA were more likely to cause PRAO. No statistically significant differences in age, comorbidities
(hypertension, diabetes, hyperlipidemia, smoking, prior myocardial infarction, prior myocardial infarction, atrial fibrilla-
tion), heart Failure with EF < 40%, creatinine clearance (mL/min) < 50% and medications (1-4days after CAG/PCI)

were found between the two groups.

Table | The Baseline Clinical Characteristic of Participants According to PRAO Status

Variables Non-PRAO PRAO tly? P

n 418 42

Age 63.49+10.30 63.85+12.11 0.216 0.829
Weight 70.02+11.43 66.38+8.98 2.004 0.046
BMI 25.34%3.37 24.55+2.28 2.04 0.046
Sex

Female 134(32.1%) 20(47.6%) 4.150 0.042
Male 284(67.9%) 22(52.4%)

Hypertension

No 177(42.3%) 24(57.1%) 3.40 0.07
Yes 241(57.7%) 18(42.9%)

Diabetes

No 307(73.4%) 29(69.0%) 0.38 0.54
Yes 111(26.6%) 13(31.0%)

Dyslipidemia

No 346(82.8%) 37(88.1%) 0.78 0.38
Yes 72(17.2%) 5(11.9%)

Smoking

No 294(70.3%) 35(83.3%) 3.17 0.08
Yes 124(29.7%) 7(16.7)

Prior myocardial infarction 37 (8.8%) 4 (9.5%) 0.021 0.884
Prior stroke 29 (6.9%) 3 (7.1%) 0.003 0.960
Atrial fibrillation 31 (7.4%) 3 (7.1%) 0.004 0.949
Heart Failure with EF < 40% 42 (10.0%) 5 (11.9%) 0.144 0.705
Creatinine clearance (mL/min) < 50% 32(7.6%) 3(7.1%) 0014 0.905
Type of procedure

CAG 227(54.3%) 34(80.9%) 11.04 <0.001
PCI 191(45.7%) 8(19.5%)

Sit of puncture

Proximal of radial artery 241(57.7%) 35(83.3%) 10.482 0.001
Distal of radial artery 177(42.3%) 7(16.7%)

Medications (I—4days after CAG/PCI)

Dual antiplatelet therapy 174(41.6%) 13 (30.9%) 1.802 0.179
Aspirin 267(63.8%) 31(73.8%) 1.651 0.199
Ticagrelor 159 (38.0%) 12 (28.6%) 1.465 0.226
Clopidogrel 15 (3.6%) 1(2.4%) 0.166 0.684
Dual antiplatelet plus anticoagulant therapy 17(4.1%) 2(4.7%) 0.047 0.829
Anticoagulant therapy alone (Warfarin or Direct oral anticoagulant) 14 (3.3%) 1(2.4%) 0.113 0.736
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Figure 3 The difference of radial artery between PRAO and non-PRAO groups. (A) The comparison of diameter of proximal radial artery between non-PRAO and PRAO
groups. (B) The comparison of area of proximal radial artery between non-PRAO and PRAO groups. (C) The comparison of diameter of distal radial artery between non-
PRAO and PRAO groups. (D) The comparison of area of distal radial artery between non-PRAO and PRAO groups.

Comparison of Ultrasonic Indexes Between the Two Groups
The internal diameter and cross-sectional area of proximal and distal radial arteries were smaller in the PRAO group than
in the non-PRAO group, and the differences were statistically significant (Figure 3).

Multivariate Analysis

Multiple linear regression analysis showed that the type of procedure, the puncture approach and the internal diameter of
PRA were the main influencing factors for PRAO (Table 2). The degree of occlusion in patients who underwent CAG
was 3.494 times higher than that in patients who received PCI. PRA puncture was 3.24 times that of DRA puncture. The
PRA diameter affected the degree of occlusion, and the occlusion occurrence was reduced by 0.187 times when the
diameter increased by 1 mm. The ROC curve was plotted based on the three risk factors, which revealed a high predictive
value for PRAO (AUC = 0.788, Figure 4).

Table 2 Multivariate Analysis to Explore the Risk Factor of PRAO

Variables Beta Wald P OR 95%C.1
Type of procedure 1.251 8.987 0.003 3494 | 1.541~7.919
Sit of puncture 1.176 7214 0.007 324 | 1.374~7.641
Diameter of proximal radial artery —-1.677 21.718 16.704 0.187 | 0.084~0.418
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Figure 4 The ROC curve to predict the risk of PRAO.

Early Radial Artery Complications

In addition to PRAO, early postoperative radial artery ultrasound also revealed early radial artery hematoma in 8 cases,
pseudoaneurysm in 4 cases and DRA occlusion in 8 cases, with an incidence of 1.7, 0.8 and 1.7%, respectively. No
arteriovenous fistula or osteofascial compartment syndrome was observed. DRA occlusion occurred in DTRA.

Discussion

Radial artery occlusion is a common complication after coronary intervention,” which can be divided into early and late
occlusion. The primary mechanism of early occlusion is acute arterial thrombosis, which is caused by endothelial and vascular
injury, local hypercoagulability and slow blood flow during pressure hemostasis. Liu et al'® reported that the initial occurrence
rate of early occlusion was 14.5%. Furthermore, they highlighted the potential for re-occlusion even after 1 month and 3
months. Moreover, the incidence of RAO decreased to 12.5% after 1 month and further dropped to 4.1% after 3 months. In our
study, radial artery ultrasound was reviewed 1-4 days after procedure, PRAO patients were recorded, a target was indicated for
subsequent review of radial artery ultrasound and the influencing factors of PRAO were analyzed. The results showed that
DTRA, PRA diameter and procedure type were the main influencing factors of PRAO.

DRA is the dorsal branch of the wrist in the snuff pit area. To determine the most effective ways to reduce PRAO,
Kiemenij'' first proposed the DTRA approach in 2017. Theoretically, the special anatomical structure of DRA can help reduce
the incidence of PRAO.'? It has small blood vessels, shallow location, deep bone structure, easy compression and short
compression time, which can reduce the risk of PRAO. Besides, the radial artery of the forearm sends out the superficial palm
branch in addition to the DRA in the wrist. Even when the puncture site of the DTRA is occluded, the downstream flow of the
radial artery of the forearm to the superficial palmar branch continues, which reduces the possibility of PRAO caused by slow
blood flow or even stasis of the radial artery of the forearm. Comparative studies on DTRA and PTRA'*"'* also confirmed that
the DTRA approach is more advantageous in reducing the incidence of PRAO in addition to improving the comfort level of

116

operators and patients. Notably, a recent international, multicenter, randomized controlled trial ® revealed the occurrence of

PRAO in the DTRA group was remarkably low, but there were no significant difference in the incidence of PRAO between
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DTRA and PTRA. In our study, the incidence of PRAO in the DTRA approach was low (3.8%), which was significantly lower
than that in PTRA (12.7%). However, it is higher than the 0.9% obtained by Fu et al'” which may be due to the different
evaluation methods of PRAO. In our study, the ultrasonic evaluation method was used in all cases, which can visualize the
patency of radial artery blood flow and reduce the false negative rate compared with the touch method.'®

As the DTRA approach has been implemented by multiple interventionalists, there has been a growing understanding
of the internal diameter characteristics of both the PRA and the DRA. It has been observed that the internal diameter of
the DRA tends to be smaller in comparison to that of the PRA, and furthermore, a correlation between the internal
diameters of the two arteries has been identified. Meo et al'® reported that the internal diameter of DRA was 19% smaller
than that of PRA. The mismatch between the radial artery diameter and the sheath diameter is one of the influencing
factors of PRAO. Saito et al*” found that the probability of PRAO is significantly increased when the ratio of the radial
artery diameter to the sheath diameter is <1, compared with that when the ratio is >1. With the appearance of the
hydrophilic coated sheath, it is feasible for the radial artery diameter to be slightly smaller than the sheath size. However,
in cases where successful puncture and catheterization of an excessively small radial artery are achieved, the radial artery
may remain in a prolonged state of passive over-dilation. This condition can increase friction between the sheath and the
artery, posing potential risks such as radial artery spasm,”' and eventually lead to the damage and occlusion of the radial
artery. In our study, 6F sheath tubes were used, and the results showed that the internal diameter and cross-sectional area
of DRA and PRA were smaller in the PRAO group than in the non-PRAO group, and the differences were statistically
significant. The internal diameter of the radial artery is an uncontrollable factor. Therefore, it is crucial to accurately
evaluate the DRA diameter and the PRA diameter by ultrasonography before procedure. For thinner radial arteries,
smaller arterial sheath tubes may be selected to reduce the incidence of PRAO.

The differences between CAG and PCI primarily manifest in several key aspects, namely catheterization time,
heparin dosage, and postoperative compression duration. Theoretically, the incidence of PRAO in CAG with short
operation time, catheterization time and compression time and a low dose of heparin may be lower than that of PCI.
However, we found that the PRAO of patients undergoing CAG was higher than that of patients receiving PCI, which
was consistent with the results of a recent meta-analysis.” This could be because of the intraoperative use of heparin.
Hahalis et al*? compared the incidence of PRAO in patients who received CAG with 2500 TU or 5000 IU of heparin and
found that 5000 IU heparin could maintain the patency of the radial artery. In a multi-center randomized study, patients
who received CAG were randomly given 100 U/kg or 50 U/kg heparin before operation based on individual differences
The results showed that compared with 50 U/kg heparin, 100 U/kg heparin significantly reduced the incidence of
PRAO.” In the present study, individual differences in the administration of PCI patients and monitoring ACT
maintained at 250-300 seconds ensured adequate heparin dosage to the maximum extent. However, although patients
receiving CAG were all given heparin at a high dose of 5000 IU, they were not administered based on individual
differences, which may have led to inadequate dosing in some patients, thus causing radial artery occlusion.

In addition, the role of postoperative anticoagulant and antiplatelet therapy in the prevention and treatment of

thrombosis cannot be ignored. Kaya et al**

reported that apixaban treatment has a good effect on the treatment of
thrombosis. Qin et al*> conducted a study demonstrating that dual antiplatelet therapy for one month after the procedure
could prevent PRAO.In this study, there was no significant difference in the use of postoperative anticoagulant and
antiplatelet therapy between the groups, which may be due to the observation of early occlusion rate.

Recently, it has been reported that the angle of puncture in femoral access influences the complications.”® Thus,
whether the radial artery occlusion rate after puncture varied with different angles remain to be clarified. Ultrasound
technology can well show the relationship between the radial artery and the surrounding soft tissue and bone.In future,

we shall use ultrasound technology to explore the appropriate radial artery puncture angle to prevent PRAO.

Limitations

This study is a single-center prospective observational study with a small sample size and a short follow-up time. Thus,
multi-center studies with a large sample size and longer follow-up time should be conducted to further validate our
findings.
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Conclusion
In summary, a larger PRA diameter and the DTRA approach may reduce the incidence of PRAO. Radial ultrasound plays

a very important role in DTRA or PTRA coronary intervention, which may guide the clinical selection of the appropriate

arterial sheath and puncture path.
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