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Objective: The aim of this study was to explore the factors influencing the success rate of distal transradial access (dTRA) for
coronary intervention.
Methods: A total of 246 patients who underwent either coronary angiography or percutaneous coronary intervention in the Xuzhou
Central Hospital were enrolled in this study. Access via the distal radial artery was the first choice for the procedure, and the success
rate of this approach was recorded. All patients underwent color Doppler ultrasonography of the distal radial artery at the right
anatomical snuff box in order to measure the artery diameter. The patients were divided into two groups depending on the success of
the dTRA; 44 patients with unsuccessful punctures were assigned to the observation group and 202 patients with successful punctures
acted as the control group. The basic clinical data of the two groups were recorded, and the differences between the two groups with
respect to various indices were evaluated. Logistic regression analysis was carried out to explore the factors influencing the success
rate of dTRA.
Results: Of the 246 patients, dTRA was achieved in 202, giving a puncture success rate of 82.11%. Logistic regression analysis
showed that the success rate of dTRA was positively correlated with the diameter of the distal radial artery (odds ratio [OR] = 3.381,
P = 0.005) and hypertension (OR = 2.427, P = 0.016), and negatively correlated with female gender (OR = 0.429, P = 0.036) and
diabetes mellitus (OR = 0.325, P = 0.002).
Conclusion: The results of this study suggest that hypertension and distal radial artery diameter have a positive effect on the success
rate of dTRA, while diabetes and female gender have a negative effect.
Keywords: distal radial artery, coronary angiography, color Doppler, inner diameter, puncture success rate, coronary atherosclerotic
heart disease, regression analysis

Introduction
With continuous updating and development of coronary diagnosis and treatment technology, the latest European Society of
Cardiology guidelines1 recommend the radial artery as the standard site of access for coronary angiography (CAG) and
percutaneous coronary intervention (PCI). Compared with femoral artery access, transradial CAG and PCI have obvious
advantages, including a significantly reduced incidence of bleeding complications, increased patient comfort, and even
a reduction in mortality of patients with acute coronary syndrome.2 Nevertheless, transradial PCI is still associated with some
complications, of which forearm radial artery occlusion (RAO) is the most common. Reports in the literature suggest that
RAO has an incidence of 3–10%3 or may be as high as 30%.4 Distal transradial access (dTRA) is a new access approach for
interventional therapy. The puncture point of dTRA is located at the wrist and, as this will not damage the radial artery in the
forearm, its main advantage is a low potential risk of RAO.5 In recent years, the Department of Cardiology of the Xuzhou
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Central Hospital has carried out dTRA. However, worldwide, there are few studies on dTRA as a new approach for
intervention. There are even fewer studies on the risk factors related to the success rate of dTRA. Therefore, the purpose of
this study was to investigate the risk factors affecting the dTRA success rate.

Subjects and Methods
Subjects
A total of 246 patients who underwent CAG and/or PCI in the Department of Cardiology of the Xuzhou Central Hospital
from May 2020 to February 2021 were enrolled randomly in this study; all patients were Asian. There were 181 males
and 65 females, and the age range was 30–83 years old, with an average age of 62.66 ± 10.49 years old. The study was
initially randomized to 263 subjects, of whom 17 were excluded or refused to participate in the study, and the attrition
rate was 6.46%. This study was reviewed and approved by the ethics committee of the Xuzhou Central Hospital. All
patients gave signed, informed consent prior to surgery. The success rate of dTRA and catheterization and the clinical
data of patients were statistically analyzed.

Inclusion criteria were as follows: (1) patients with coronary heart disease who underwent CAG and PCI in the
Xuzhou Central Hospital from May 2020 to February 2021, (2) the arterial pulse was palpable at the puncture site, (3)
Allen’s test was positive prior to the procedure, (4) preoperative radial artery ultrasonography was negative.

Exclusion criteria were as follows: (1) the arterial pulse at the puncture site was weak or impalpable, (2) ultrasono-
graphy suggested severe calcification or arterial occlusion of the radial artery, (3) ultrasonography identified a radial
artery malformation in the forearm, (4) patients with a history of coronary artery bypass graft or the loss of the radial
artery at the puncture site as a “bridging vessel”, (5) prior transradial puncture, (6) patients with coagulation dysfunction
or severe liver or kidney dysfunction, (7) patients who refused coronary intervention.

Methods
The diameter and area of the right distal radial artery in all patients were measured using a Philips color Doppler
ultrasound machine (EPIQ 7C or IE33, Philips, the Netherlands). The measurements were performed by the same
ultrasound physician. Procedures were carried out on all patients by the same group of interventional physicians. Patients
laid in a supine position, with the upper limb on the operation side naturally straightened and extending outward, forming
a 30°–45° angle with the body. The wrist was slightly padded to facilitate puncture, the skin from the palm to the elbow
was routinely disinfected, and a sterile surgical towel was positioned. Local anesthesia was achieved using 1% lidocaine.
The puncture point was reconfirmed and the Seldinger method was used to achieve access at the location with the
strongest arterial pulse. A 20G puncture needle and a 0.025-inch guidewire were selected to place the 6F radial artery
sheath (Terumo Company, Japan) following successful radial artery puncture. The 6F arterial sheath was selected
according to the diameter of the blood vessel at the puncture site. An intrathecal injection of nitroglycerin was given
in order to reduce radial artery spasm, and unfractionated heparin was given to prevent thrombosis. Coronary interven-
tion was then completed via dTRA (Figure 1).

Observation Indices
The patients were divided into two groups depending on the success of the dTRA; 44 patients with unsuccessful punctures
were assigned to the observation group and 202 patients with successful punctures acted as the control group. Basic clinical
data from the two groups, such as gender, height, age, distal radial artery diameter, hypertension, diabetes, hyperlipidemia, and
smoking history, were compared using the following settings: gender (male = 1, female = 2), history of hypertension (no = 0,
yes = 1), history of diabetes mellitus (no = 0, yes = 1), history of hyperlipidemia (no = 0, yes = 1), and smoking history (no = 0,
yes = 1). The differences in the various indicators between the two groups were then evaluated.

Statistical Methods
Data were analyzed using the SPSS 22.0 statistical software. Measurement data were expressed as the mean ± standard
deviation (x ± SD), and those with homogeneous variance and in a normal distribution were analyzed using a one-way analysis
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of variance. Data with heterogeneity of variance or in a non-normal distribution were compared using the rank-sum test. Count
data were compared using the χ2 test. Multivariate logistic regression analysis was conducted to determine the risk factors
related to the success rate of dTRA. A P value of <0.05 was considered to be statistically significant.

Results
Characteristics of the dTRA Success Rate and Overall Distal Radial Artery Diameter
Of the 246 patients, dTRAwas achieved in 202, giving a puncture success rate of 82.11%. The mean internal diameter of
the distal radial artery in all patients was 2.05 ± 0.41 mm, and this was normally distributed overall (Figure 2). The mean
internal diameter of the distal radial artery in female and male patients was 1.92 ± 0.37 mm and 2.09 ± 0.42 mm,
respectively, and the difference between these values was statistically significant (t = 2.92, P = 0.004). The incidence of
distal RAO following the procedure was 5.3% (13 patients).

Comparison of General Data Between the Two Groups
The patients were divided into two groups depending on the success of the punctures, and there were significant
differences between the two groups in respect of gender, distal radial artery diameter, hypertension, and diabetes (P <
0.05 for all). However, there were no significant differences between the two groups in respect of age, height, weight,
body mass index, hyperlipidemia, and smoking history (P > 0.05 for all).

Logistic Regression Analysis of Factors Related to the dTRA Success Rate
Logistic regression analysis was carried out using those factors for which there was a significant statistical difference
between the two groups (gender, hypertension, diabetes, and distal radial artery diameter) as independent variables and
the success rate of dTRA as the dependent variable. The results identified that the success rate of dTRA was positively
correlated with the diameter of the distal radial artery, and hypertension was negatively correlated with diabetes and
female gender (Table 1).

Discussion
Transradial access6 has a number of advantages; bed rest is not required, and it is associated with fewer postoperative
bleeding complications as compared with femoral artery access. For these reasons, radial artery access is gradually
replacing femoral artery access and is becoming the first choice for coronary intervention. However, access via the radial

Figure 1 The distal radial artery puncture method is shown. (A) The position of the snuff box of the hand is exposed and prepared for distal radial access. (B and C)
Anesthetized, punctured, and inserted 6F radial artery sheath (Terumo Company, Japan) via the right snuff box approach. (D) Hemostasis by manual compressive bandage
with gauze.
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artery is not without disadvantages. Multiple radial artery interventions are prone to RAO complications, the radial artery
is prone to spasm leading to puncture failure, and improper compression following radial artery puncture may lead to
hematoma complications that may have serious consequences. In recent years, a foreign study has determined that
coronary intervention via dTRA is safe and effective and can avoid the complications of radial artery injury.7

The distal radial artery puncture point is located in the anatomical snuff box on the radial side of the wrist. Therefore, dTRA is
also called the “trans-snuff box access”. The location of this site is easy to identify. When the thumb is fully extended, there is
a concave area in the triangle formed by the extensor pollicis longus tendon, the extensor pollicis brevis tendon, and the radial
styloid process, known as the anatomical snuff box area.8 The success rate of puncture through the radial artery distally is
significantly lower than that through the radial artery more proximally. The main reason for this increase in failure rate is the
smaller diameter of the radial artery in the anatomical snuff box area. A previous study showed that the average diameter of the
radial artery in the anatomical snuff box area was only 2.0–2.6 mm.9 In this study, the mean internal diameter of the distal radial
artery in all patients was 2.05 ± 0.41 mm. In females, the distal radial artery diameter is smaller than in males,10 and in this study,
the mean internal diameter of the distal radial artery in female patients was 1.92 ± 0.37 mm; this may affect the puncture success
rate to a certain extent.

There are also some problems and controversies surrounding the use of dTRA in coronary intervention. To date,
relevant studies have reported a dTRA success rate of 70–100% when carried out by experienced operators. In addition,
the results of one study also identified a distal radial artery puncture failure rate of up to 30%.11 In this study, the success
rate of dTRA was 82.11%, and this was consistent with the results of most studies. This suggests that as a new
interventional access approach, even operators with dTRA experience still need to progress along a learning curve in
order to master it successfully. A previous study12 analyzed the main causes of dTRA failure and identified the following
three issues: (1) The diameter of the distal radial artery is small, the puncture itself is difficult, or the sheath tube insertion
following successful puncture is difficult; (2) Distortion of the distal radial artery exists extensively, resulting in poor
insertion of the guidewire and sheath tube; (3) PCI via the distal radial artery is a new technology in recent years and
most operators do not have sufficient relevant puncture experience.

Figure 2 Distribution of the diameter of the distal radial artery is shown.
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The results of a study revealed that the diameter and structure of the distal radial artery can vary greatly. Therefore, it is
difficult to predict the actual diameter of the artery. In order to ensure the safety of the procedure and to reduce the risk of
RAO, it is recommended that all patients undergo preoperative ultrasonography to determine the diameter of the distal radial
artery and select an appropriate radial artery sheath.13 This study showed that the success rate of dTRA was positively
correlated with the diameter of the distal radial artery; the larger the diameter, the higher the puncture success rate. Therefore,
to improve the success rate of dTRA, the diameter of the distal radial artery should be evaluated by ultrasonography prior to
the procedure, and dTRA should not be recommended for patients with a small distal radial artery diameter.

The diameter of the distal radial artery directly affects the dTRA success rate. However, there are few studies at home
and abroad on the factors affecting the diameter of the distal radial artery. A study conducted by Snehil et al on the
influence of radial artery diameter in South Asians revealed that both height and wrist circumference were strong
independent predictors of radial artery diameter. The presence of hypertension and male gender were also found to be
important parameters affecting radial artery diameter.14 One study showed that a low body mass index (BMI) and a low
body surface area were significant predictors of a DRA diameter <2.3 mm.15 BMI was significantly correlated with DRA
diameter (r = 0.66, P < 0.0001) in a Japanese study of 142 patients.16 However, another Japanese study did not report an
association between vessel diameter and clinical variables, including BMI, in multivariate analysis.9 In this study, there
was no statistical difference in BMI between the successful and unsuccessful puncture groups.

This study revealed that the success rate of dTRA was positively correlated with hypertension, and analysis suggests
that a long-term, chronic increase in blood pressure leads to a compensatory increase in the internal diameter of the distal
radial artery, as in hypertensive heart disease. In patients with hypertension, the elastic fibers bearing the pressure load on
the arterial wall gradually transform into non-elastic fibers and lose elasticity, resulting in decreased arterial compliance
and increased vascular diameter. Additionally, because of the strong pulse of the distal radial artery in patients with
hypertension, the operator has a better puncture feeling, resulting in an increase in the success rate of dTRA. The study

Table 1 Comparison of General Clinical Data Between Two Groups of Patients and Results of Multivariate Logistic Regression
Analysis

Variable Unsuccessful Group Successful Group t/χ2 P B value S.E Wald OR 95%C.I

N 44 202

Gender 0.036 −0.845 0.402 4.42 0.429 0.195~0.944

Male 26(59.1%) 155(76.6%) 5.784 0.016
Female 18(40.9%) 47(23.3%)

Age 61.47±9.94 62.86±10.62 −0.642 0.522

Height 165.34±7.37 166.69±6.80 −1.173 0.242
Weight 69.00±11.00 69.86±10.20 −0.498 0.619

BMI 25.16±3.15 25.11±3.11 0.107 0.915
Ultrasonic distal D 0.005 1.343 0.475 7.98 3.831 1.509~9.728

1.87±0.41 2.09±0.40 −3.246 0.001

Diabetes 0.002 −1.124 0.368 9.323 0.325 0.158~0.669
No 21(47.7%) 148(73.3%) 10.96 0.001

Yes 23(52.3%) 54(26.7%)

Hypertension 0.016 0.887 0.369 5.773 2.427 1.178~5.004
No 25(56.8%) 73(36.1%) 6.447 0.011

Yes 19(43.2%) 129(63.9%)

Hyperlipidemia
No 41(93.2%) 186(92.1%) 0.062 0.804

Yes 3(6.8%) 16(7.9%)

Smoking
No 37(84.1%) 159(78.7%) 0.645 0.422

Yes 7(15.9%) 43(21.3%)

Radiography 27(61.4%) 115(56.9%) 0.291 0.59
Stent 17(38.6%) 87(43.1%)
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conducted by Khder et al also demonstrated that the radial artery diameter of patients with hypertension was greater
when compared with that of patients in a normal blood pressure control group.17

The results of this study also revealed that the success rate of dTRAwas negatively correlated with diabetes mellitus and
female gender. The main reasons for this are as follows: (1) Patients with diabetes mellitus have atherosclerosis, middle layer
calcification of the arterial wall, and hyperplasia of intimal fibers, resulting in narrowing of the lumen; (2) With the
development of diabetes, the diameter of the distal radial artery tends to decrease, resulting in a decrease in the success rate
of dTRA. A foreign study18 also confirmed that diabetes was a factor predicting intimal hyperplasia and arteriosclerosis of the
radial artery. Diabetes mellitus has a negative impact on radial artery size. In general, the diameter of the distal radial artery in
female patients is significantly smaller than that in males.10 Therefore, the success rate of dTRA in females is often lower.

This study had a number of limitations. First, this was a single-center study with a limited number of cases, and there
may have been bias in the data collection. Second, neither the grade of hypertension nor the control of blood pressure
was taken into consideration. Finally, neither the duration of diabetes nor the control of blood glucose was taken into
consideration. The duration of diabetes is difficult to ascertain accurately as most patients are initially asymptomatic with
the diagnosis of diabetes being made, incidentally.

Conclusion
This study identified that the success rate of dTRA was positively correlated with the diameter of the distal radial artery
and hypertension, and it was negatively correlated with diabetes and female gender. The significance is that the distal
radial artery approach is not recommended for patients whose distal radial artery is found to be too small upon ultrasound
examination, especially women with diabetes. The aim is to avoid injury caused by puncture failure and improve patient
comfort. In the future, multicenter research with an expanded sample size is necessary. More clinical studies are needed
in order to determine other factors that may affect the success rate of dTRA, and also to provide more theoretical
evidence for the clinical popularization of this approach.
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