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Abstract

Background: The distal radial artery approach has been
employed as a potential alternative technique for coronary
angiography. Nevertheless, its clinical implementation is
significantly constrained by the narrow diameter of the ra-
dial artery. A comprehensive investigation of the efficacy
and safety of the distal radial artery approach for coronary
angiography is lacking. The objective of this study is to
investigate the impact of the distal radial artery approach
for coronary angiography and transradial artery access for
interventional diagnosis and treatment. In addition, the ef-
fectiveness and safety of the distal radial artery approach for
coronary artery angiography will be analyzed, for the wider
adoption of this technique in clinical practice. Methods:
A total of 68 patients with coronary heart disease (CHD)
who underwent coronary catheterization via the left distal
radial artery approach from December 2020 to December
2022 using the Distal radial artery approach (TRA) com-
prised the case-control study group. Seventy-three CHD
patients who underwent routine left Transradial Artery Ac-
cess coronary catheterization were selected as the Regu-
lar TRA group during the same period. Clinical data in-
cluding age, body mass index (BMI), gender, CHD risk
factors, routine drug treatment, ultrasonic-related indica-
tors and operation-related indicators were collected from
electronic medical records and the catheterization database
from the two groups of patients. Results: The diame-
ter and Endothelium-dependent vasodilation (noe FMD)
of puncture vessels in the Distal TRA group were signif-
icantly lower than those in the Regular radial artery ap-
proach (TRA) group (p-value < 0.05). After a period of
48 hours following the catheterization, the puncture ves-
sel diameter and flow-mediated dilation (FMD) of the Dis-
tal TRA group were significantly lower compared to those
of the Regular TRA group (p-value < 0.05). The effec-
tiveness of transradial artery access was then compared be-
tween the two groups. It was determined that the Distal
TRA group exhibited significantly higher values in terms
of the Visual Analog Scale (VAS) score, puncture time, and
heparin usage, in comparison to the Regular TRA group (p-
value< 0.05). The occurrence rates of local hematoma, me-
diastinal hematoma, retroperitoneal hematoma, pseudoa-

neurysm, arteriovenous fistula, vagal reflex, vasospasm,
blood transfusion, and other complications among patients
in the Distal TRA group were comparable to those in the
Regular TRA group (p-value > 0.05). The incidence of
puncture and X-ray radiation in the Distal TRA group was
found to be marginally higher compared to the Regular
TRA group. This study suggests that the safety profile
of patients undergoing coronary artery catheterization via
the distal radial artery is relatively higher than those un-
dergoing the procedure via the transradial artery, although
the difference was not statistically significant (p-value >

0.05). Conclusions: The Distal radial artery approach can
be used for conducting comprehensive coronary interven-
tional diagnosis and treatment procedures, offering bene-
fits such as reduced postoperative compression time, better
hemostasis through the distal radial artery approach, and en-
hanced patient comfort. This approach demonstrates favor-
able efficacy and safety, making it a suitable routine punc-
ture method for clinical treatment.
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Introduction

With the continuous development of new technology
and instrumentation, the approach of coronary intervention
has gradually transitioned from the femoral artery to the
radial artery, and transradial artery access has become the
preferred access site for coronary interventions [1]. Con-
ventional transradial artery access can significantly reduce
the incidence of vascular complications such as bleeding,
but due to the relatively small diameter of the radial artery
and the difficulty of puncture, its clinical application has
certain limitations [2]. In elderly coronary heart disease
(CHD) patients, the radial artery is narrow and tortuous,
making it more difficult to perform conventional transra-
dial artery access for coronary catheterization [3]. The in-
creased rate of vascular occlusion limits the application of
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conventional transradial artery access coronary intubation
in hemodialysis, coronary artery bypass grafting and other
procedures [4]. In China, more than 90% of coronary an-
giography is performed by conventional transradial artery
access. However, hematoma and osteofascial compart-
ment syndrome caused by conventional transradial artery
results in increased complications such as false aneurysms
[5]. With the continuous development of medical technol-
ogy, super-slippery guide wires have been used to improve
the success rate of transradial artery access for coronary
catheterization [6].

The distal radial artery, the superficial palmer branch
of the radial artery, has the advantage of reducing the
incidence of arterial occlusion and represents a new ap-
proach in coronary interventional diagnosis and treatment
[7]. Elderly patients have successfully undergone coronary
catheterization through the distal radial artery approach.
Studies have demonstrated that endovascular interventions
through the distal radial artery approach are feasible for di-
agnosis and treatment [8]. Endovascular interventional di-
agnosis and treatment via the distal radial artery approach
is still in the developmental stage in China, and there is in-
sufficient experience with this technique coronary arteries
interventions [9]. Therefore, we selected CHD patients for
a retrospective case-control study to explore the effects of
coronary artery access via the distal radial artery approach
vs. conventional transradial artery access for diagnosis and
treatment and to analyze its effectiveness and safety.

Methods

Research Object

The clinical characteristics and adverse events of CHD
patients and other relevant information were extracted from
the medical records and the angiography data of CHD
patients was obtained from the hospital catheterization
database. There were 68 CHD patients who received coro-
nary artery access via the distal radial artery approach and
73 CHD patients who received conventional transradial
artery access (Regular Distal radial artery approach (TRA)
group). We collected and collated the patient’s medical his-
tory information through the medical record archives and
catheterization laboratory database, and obtained the ap-
proval of the West China Hospital of Medical Ethics Com-
mittee and the patient’s informed consent. All patients’ per-
sonal information was stored securely during the data anal-
ysis.

Inclusion Criteria

(1) Only CHD patients with transradial artery access.
(2) It is necessary to retain the catheter for continuous per-
fusion.

Exclusion Criteria

(1) A positive Allen test or Barbeau test type D pa-
tients. (2) Patients with contraindications for coronary in-
tervention, such as severe hepatic and renal failure and ab-
normal coagulation function, and patients with a previous
coronary intervention through the left radial artery. (3)
For patients with acute coronary syndrome requiring emer-
gency surgery, preoperative ultrasound examination was
performed to rule out forearm arterial malformations, se-
vere calcification or occlusion. Coronary artery bypass
surgery patients with a previous distal radial artery catheter
were also excluded.

Operation Methods

We selected patients with left transradial artery ac-
cess because the left transradial artery access has a shorter
distance to the visceral vessels than the right transradial
artery access and does not need to pass through the bra-
chiocephalic trunk. Site of coronary artery intubation: left
conventional radial artery, 3 cm proximal to the radial sty-
loid. The left distal radial artery, which is around the radial
styloid process to the dorsal part of the hand.

Distal methods: The Distal TRA group were posi-
tioned flat on the operating table with the hand at rest posi-
tion. Following local anesthesia with 2% lidocaine (Beijing
Zeping medical company, Beijing, China) after routine dis-
infection and towel placement, the trocar was held in the left
hand and slowly pierced the anterior wall of the blood ves-
sel at an Angle of 30–45◦. After seeing blood return in the
trocar, the catheter was pushed forward about 0.5 mm and
pull out of the sheath. After adjusting the trocar position to
see adequate blood return, the trocar was fixed to the right
hand, he trocar was pulled out and the guide wire and in-
serted into the arterial sheath. 200 micrograms of nitroglyc-
erin (Beijing Zeping medical company, Beijing, China) and
3000 units of heparin (Beijing Zeping medical company,
Beijing, China) were given to prevent arterial spasm and
clotting. Three adhesive bandages were used for adhesive
fixation, and a sterile gauze was taken and folded in half
three times. The midpoint of the folded gauze was placed
on the puncture point, make the long axis of the gauze par-
allel to the radial artery, and then covered with 1–2 pieces
of gauze, and the arterial sheath was pulled.

Traditional method: The puncture is usually per-
formed at the proximal end of the transverse finger of the
transverse palm stria (the strongest arterial pulsation). The
specific puncture method is roughly the same as that of the
distal radial artery puncture. The difference is that the con-
ventional radial artery has relatively less bone structure. For
coronary angiography, the use of nitroglycerin and heparin
is the same, and for percutaneous coronary intervention,
heparin should be supplemented to 100 U/kg, and heparin
should be supplemented to 2000 units every 1 hour.
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Table 1. Comparison of general data between the two groups (x̄ ± s).
Item Distal TRA group (68) Regular TRA group (73) t/x2 p-value

Age (years) 63.16 ± 5.17 64.15 ± 5.18 –1.135 0.258
BMI (kg/m2) 29.13 ± 3.21 29.13 ± 3.25 0.000 1.000
Gender 2.479 0.115

Male (n) 36 32
Female (n) 32 41

Coronary heart disease risk factors 1.333 0.513
Diabetes (n) 20 21
Dyslipidemia (n) 25 33
Other factors (n) 23 19

LVEF (%) 62.21 ± 3.81 61.97 ± 3.78 0.375 0.708
Hemoglobin (g/L) 124.25 ± 13.58 123.95 ± 13.18 0.133 0.894
Serum creatinine (µmol/L) 68.70 ± 9.13 69.08 ± 9.25 –0.245 0.807
Preoperative medication 5.852 0.054

Aspirin (n) 22 23
Clopidogrel/Ticagrelor (n) 21 35
Other Drugs (n) 25 15

BMI, body mass index; LVEF, left ventricular ejection fraction; TRA, Distal radial artery approach.

Statistical Methods

Data was assessed using SPSS 26.0 statistical soft-
ware (IBM Corp., Armonk, NY, USA). Variables between
groups were compared using the χ2 or Fisher’s exact test
comparison between groups, orderly variables by using
rank and inspection. The measurement data were repre-
sented bymean± standard deviation, and independent sam-
ple t test was applied when the patient’s age, body mass
index (BMI), CHD risk factors, preoperative routine drug
treatment, relevant indicators of ultrasound examination
and surgical indicators followed normal distribution. A p-
value < 0.05 was considered statistically significant.

Results

Comparison of Clinical Characteristics of Patients

Age, BMI, male, coronary heart disease risk fac-
tors, left ventricular ejection fraction (LVEF), hemoglobin,
serum creatinine and preoperative medication were compa-
rable between the two groups (p-value> 0.05). See Table 1.

Comparison of Ultrasound Examination

The diameter of puncture vessels and endothelium-
dependent flow-mediated vasodilation (FMD) were com-
pared between the two groups. The diameter and FMD of
puncture vessels in Pre-operative 48 h, Distal TRA group
were significantly lower than those in Regular TRA group
(p-value < 0.05). After operative 48 h, puncture vessel di-
ameter and FMD of Distal TRA group were significantly
lower than those of Regular TRA group (p-value < 0.05).
See Fig. 1.

Comparison of Transradial Artery Access Effectiveness

A comparison of the effectiveness of transradial artery
access between the two groups found that the puncture suc-
cess rate and postoperative compression time of patients in
the Distal TRA group were comparable to those of Reg-
ular TRA group, with no statistical significance (p-value
> 0.05). The amount of the Visual Analog Scale (VAS)
score, puncture time and heparin used in Distal TRA group
was significantly higher than that in Regular TRA group
(p-value < 0.05). See Fig. 2.

Transradial Artery Access Safety Comparison

We compared the safety of coronary intubation via
distal radial artery approach versus conventional transra-
dial artery access by comparing the complications, the
number of punctures and the amount of X-ray radiation
in the two groups. The incidence of complications such
as local hematoma, mediastinal hematoma, retroperitoneal
hematoma, pseudoaneurysm, arteriovenous fistula, vagus
reflex, vasospasm and blood transfusion in the Distal TRA
group was lower than that of Regular TRA group, and the
difference was statistically significant (p-value < 0.05).
The number of punctures and amount of X-ray radiation
in Distal TRA group was significantly lower than those in
Regular TRA group. This indicates that the safety of pa-
tients with coronary artery intubation through distal radial
artery approach is higher than that of patients with transra-
dial artery access coronary artery intubation. The difference
was statistically significant (p-value < 0.05). See Fig. 3.
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Fig. 1. Comparison of ultrasonic detection parameters. (A) The comparison of diameter of puncture vessels. (B) The comparison
of endothelium-dependent flow-mediated vasodilation. Note: * means p-value < 0.05 at 48 h Pre-operative; ** After operative 48 h
p-value < 0.05. TRA, Distal radial artery approach.

Fig. 2. Comparison of transradial artery access effectiveness. (A) The comparison of puncture success rate. (B) The comparison
of VAS score. (C) The comparison of puncture time. (D) The comparison of heparin use. Note: * means p-value < 0.001; *** means
p-value < 0.05. VAS, Visual Analog Scale.

Discussion

Our study found that coronary intubation via the distal
radial artery approach can be used to perform all coronary

interventions diagnosis, with the advantage of shorter post-
operative compression time, convenient arterial compres-
sion for hemostasis, and improved patient comfort. Coro-
nary artery intubation via the distal radial artery approach
has good efficacy and safety. The absence of major blood
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Fig. 3. Comparison of transradial artery access safety between the two groups. (A) The complications of puncture success rate. (B)
The comparison of number of punctures. (C) The comparison of X-ray radiation. Note: * means p-value > 0.05; ** means p-value <
0.05; *** means p-value < 0.001.

vessels and nerves around the distal radial artery approach
significantly reduces bleeding complications and vascular
and nerve injury, and has a low incidence of postoperative
local complications at the puncture site [10,11]. The dual
radial artery blood supply minimizes hand ischemia, is con-
venient for hemostasis, and does not affect the use of anti-
coagulant drugs [12]. Coronary artery intubation via distal
radial artery approach reduces the occurrence of complica-
tions such as pulmonary embolism and increases the safety
of interventional therapy [13].

Our study found that the diameter of the punctured
vessels and FMD of the Distal TRA group was significantly
lower than those of the Regular TRA group, indicating that
the diameter of radial artery is closely related to the inci-
dence of intraoperative vasospasm and postoperative radial
artery occlusion. Endothelium-dependent flow-mediated
vasodilation (FMD) reflects the induced response of vas-
cular endothelium to shear stress, and is a non-invasive
method to evaluate vascular endothelial function. Cur-
rently, it is more commonly used to evaluate the effect of
coronary interventions on radial endothelial function. The
puncture vessel diameter and FMD of patients in the dis-
tal TRA group were significantly lower than those in the
conventional TRA group, indicating that coronary inter-
ventions had long-term adverse effects on the endothelial
function and relaxation function of the radial artery, which
contributes to radial artery occlusion. Most of the vascu-
lar complications related to the puncture site are related to
the mismatch between the artery diameter and the sheath.
When the ratio of the artery diameter to the sheath is greater
than 1.0, it indicates that intubation is safe [14]. Blind intu-
bationwithoutmeasuring artery diametermay be associated
with a higher risk of arterial injury [15]. Our study found
that patients with artery diameter smaller than the sheath
had obvious resistance during the placement of the sheath,
pushing the guide wire and sending the guide catheter,
and patients felt obvious discomfort during removal of the
catheter [16]. The reason for this occurrence may be that
the abundant alpha-adrenergic receptors in the outer vascu-
lar membrane of the artery make the radial artery prone to
have higher vascular reactivity, which contributes to tem-

porary and sudden vascular narrowing after local trauma
[17]. Therefore, prevention of radial spasm is crucial to
reduce complications and improve patient comfort, and can
be prevented by sedation and analgesia before surgery, re-
duction of puncture times, use of an ultra-thin hydrophilic
sheath, and adequate anticoagulants and vasodilators after
implantation of the arterial sheath [18]. All of our patients
were safely implanted with a 6 F arterial sheath and suc-
cessfully completed the operation. The vascular diameter
of the distal radial artery and conventional radial artery was
slightly dilated in the short term after the operation, which
may be related to the short-term release of vascular endothe-
lial cells with more vasodilator factors, vascular intimal in-
jury, and local inflammation resulting in vascular dilation.
The mechanism needs to be further studied and verified.

Our study demonstrated the effectiveness and safety of
coronary artery intubation via distal radial artery approach.
The technique of coronary intubation via distal radial artery
approach is the key to the success of transradial coronary
angiography [19]. During left coronary angiography, the
super slippery guide wire was first inserted into the bot-
tom of the aortic sinus so that the front end of the guide
wire rolled up along the lateral wall of the left coronary si-
nus, and then the angiography catheter was pushed to the
bottom of the sinus [20]. The technique included mak-
ing the catheter head end naturally towards the left lateral
wall of the ascending aorta, then withdrawing the guide
wire, determining the opening position of the left coro-
nary artery under fluoroscopy, and slowly pushing, lifting,
and the slightly rotating the catheter head end into the left
coronary artery opening [21]. The distance from the tip to
the first bend of Terumo common type catheters is slightly
longer than that of other common types of catheters, and
the torsion control is good [22]. FMD reflects the induced
response of vascular endothelial to shear stress and is a non-
invasive method to evaluate vascular endothelial function.
Currently, it is more commonly used to evaluate the im-
pact of coronary intervention on radial endothelial function
[23]. In recent years, FMD is also effective in predicting
radial spasm and relieving puncture induced radial spasm,
which is an important reference value in the selection of the
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vascular approach, sheath size and use of anti-clonic drugs
before interventional diagnosis and treatment [24]. In our
study, FMD in the distal radial artery group all decreased in
the short term after catheterization, which was mainly at-
tributed to the mismatch between the diameter of the radial
artery and the arterial sheath, the excessive number of in-
traoperative catheter exchanges, and the sustained ischemia
and hypoxia of local vascular endothelium resulting in im-
paired vascular endothelial function due to the prolonged
procedure [25]. Therefore, we use ultrasound before the
procedure to assess the presence of distal radial artery mal-
formations, measure artery diameter or ultrasound guided
puncture, and increase operator training to improve punc-
ture success and procedural success.

Our study has some limitations. It is observational,
non-randomized study. In clinical practice, the interlocutor
route is not randomly assigned, but is selected by the physi-
cian, so this selection bias will affect the comparison be-
tween the radial artery group and the femoral artery group.

Conclusions

In summary, coronary artery intubation via the distal
radial artery approach has similar efficacy to conventional
transradial artery access, with advantages of short postoper-
ative compression time, convenient hemostasis by arterial
compression, improved patient comfort, and has good ef-
fectiveness and safety.
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