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Abstract
Objective  This study aimed to evaluate the safety and feasibility of carotid artery stenting (CAS) using a 6 F guiding 
catheter via right distal radial artery access.

Methods  The clinical data of 32 patients who underwent internal carotid artery C1 stenting via right distal transradial 
artery access (rdTRA) at the Department of Cerebrovascular Diseases, Beijing Anzhen Hospital, between January 
2022 and December 2023, were retrospectively analyzed. Parameters including puncture time, X-ray irradiation time, 
exposure dose, surgical success rate, surgery-related cardiovascular and cerebrovascular complications, puncture site 
complications, and postoperative radial artery patency were recorded and assessed.

Results  The procedural success rate of CAS through rdTRA was 100% (32/32). The time from operating room entry 
to successful puncture ranged from 3 to 36 min, with an average time of 18.56 ± 7.63 min. X-ray exposure time 
ranged from 12 to 27 min, with an average time of 19.18 ± 4.77 min. One patient experienced a procedure-related 
transient ischemic attack postoperatively, while another developed bruising along the radial artery course on the 
third postoperative day. During an out-of-hospital follow-up period averaging 1 to 29 months (median: 5.4 ± 3.6 
months), no cardiovascular or cerebrovascular events were reported. The radial pulse was palpable in all patients 
postoperatively and during the follow-up, with radial artery patency confirmed through patency testing.

Conclusion  Carotid artery stenting through rdTRA using a 6 F guiding catheter is a safe and feasible approach, 
demonstrating high procedural success and minimal complications.
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Introduction
The conventional approach for carotid artery stenting 
(CAS) typically involves the femoral artery, utilizing a 
6–8  F guiding catheter [1]. In recent years, transradial 
access (TRA) has gained prominence in interventional 
procedures and has been associated with significant 
advancements in clinical practice [2, 3]. The application 
of TRA in neurointerventional diagnostics and treatment 
is also increasing [4–6], with CAS through TRA being 
recommended by relevant guidelines and consensus doc-
uments [1, 7]. However, conventional TRA (cTRA) has 
been associated with a relatively high incidence of radial 
artery occlusion [4, 7]. Consequently, distal radial artery 
access (dTRA) has emerged as a novel alternative and 
has garnered growing clinical attention, though studies 
on this technique remain limited both domestically and 
internationally [1]. 

In the past, a small-scale investigation on neurointer-
ventional diagnosis and treatment via dTRA was con-
ducted at this center [8]. On this basis, the sample size 
was further expanded in the past two years. This study 
aims to evaluate the feasibility and safety of performing 
CAS using a 6  F guiding catheter via right distal radial 
artery access (rdTRA). Key parameters, including punc-
ture time, surgical success rate, X-ray irradiation time, 
puncture-related complications, and perioperative car-
diovascular and cerebrovascular events, were systemati-
cally assessed.

Materials and methods
Research participants
This single-center retrospective study included patients 
diagnosed with severe stenosis at the beginning of the 
internal carotid artery, confirmed through cerebral 
angiography, who underwent CAS via rdTRA between 
January 2022 and December 2023 at the Department of 
Cerebrovascular Diseases, Beijing Anzhen Hospital, Cap-
ital Medical University. The surgeries were performed by 
an experienced neurointerventional physician with sub-
stantial expertise in TRA, completing no fewer than 100 
cases annually, over the preceding two years.

All enrolled patients underwent rdTRA puncture fol-
lowed by stenting at the beginning of the internal carotid 
artery. The study cohort comprised 32 patients, including 
27 males and 5 females. Prior to the procedure, the diag-
nosis and treatment plan were exhaustively communi-
cated to patients and their families, and written informed 
consent was obtained.

Inclusion and exclusion criteria
Inclusion criteria: (1) A negative result on the modified 
Allen test before surgery, or radial artery ultrasound indi-
cating a radial artery diameter ≥ 2 mm.

(2) Preoperative ultrasound through ultrasound or 
carotid artery computed tomography angiography (CTA) 
confirming stenosis exceeding 70% at the origin of the 
internal carotid artery.

(3) Provision of preoperative informed consent with 
patients and their families being made completely aware 
of the interventional diagnostic and treatment proce-
dures and their explicit request for CAS.

(4) Completion of preoperative carotid artery CTA or 
cerebral angiography.

Exclusion criteria: (1) A history of hand trauma or pre-
vious hand surgery.

(2) Documented anatomical variations of the arm.
(3) Use of the radial artery as a conduit for bypass graft-

ing or dialysis.
(4) Patient preference for carotid endarterectomy.
(5) Inability to palpate distal radial artery or proximal 

radial artery.
(6) Cases where successful puncture through rdTRA 

was achieved, but establishing access was unsuccessful, 
necessitating a switch to the femoral artery approach for 
treatment.

Surgical methods
The puncture procedure was performed without ultra-
sound guidance. Preoperative evaluation included pal-
pation of the bilateral proximal and distal radial arteries 
to assess pulse strength, arterial course, and thickness. 
Bilateral upper extremities vascular ultrasound was per-
formed to evaluate the diameter of the radial artery.

The patient was positioned supine with the distal fore-
arm slightly supinated (approximately 45°) and stabi-
lized against the hip joint. The wrist was elevated using 
a sterile single pad to expose the puncture point. Local 
anesthesia was performed on the puncture site with 1 to 
2 ml of 1% lidocaine. The radial artery needle was used to 
puncture the radial artery using the Seldinger technique, 
with access obtained via the Hoku or anatomical snuff 
box approach. Patients were informed about potential 
pain and provided with psychological preparation prior 
to puncture.

After the puncture needle entered the blood vessels, a 
0.014 guidewire was inserted into the distal end, and a 6 F 
radial artery sheath (Terumo, USA, or APT, China) was 
inserted with constant rotational speed and the patient 
was instructed to breathe deeply. After the arterial sheath 
was successfully placed, 2000 IU of heparin was admin-
istered via the artery, and continuous positive pressure 
heparin saline was maintained throughout the procedure 
to prevent intraluminal thrombosis.

Under roadmap, a loach guidewire navigated the 5  F 
SIM catheter smoothly through the radial artery into the 
brachial artery. Whole-brain angiography was performed 
after the SIM catheter formed a loop in the descending 
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aorta. Subsequently, a V-18/V-14 × 300  cm guidewire, 
or a loach guidewire was introduced into the exter-
nal carotid artery through the SIM catheter. After the 
SIM catheter was withdrawn, a 6 F guiding catheter was 
inserted through an exchange guidewire, and an embolic 
protection device was deployed through the 6 F guiding 
catheter.

A balloon of the corresponding size was inflated to 
achieve full expansion, followed by precise position-
ing and deployment of the stent. After the operation, 
the sheath was removed slowly and evenly, and the 
radial artery puncture site was continuously pressed. 
When no bleeding was observed, the gauze was used for 

compression, and an elastic bandage was applied in the 
shape of an “8”. The elastic bandage was loosened hourly 
to monitor for hemostasis. If bleeding was controlled, 
the elastic bandage was removed 4–6  h following the 
procedure.

Data collection
Data collected included demographic information (age, 
sex, and risk factors such as smoking, alcohol consump-
tion, hypertension, diabetes mellitus, coronary heart 
disease, and hyperlipidemia) and clinical parameters. 
Clinical data encompassed puncture time, operation 
time, X-ray exposure time, total radiation dose, success 
rate of diagnostic vascular selection, surgical success rate, 
puncture complications, surgery-related ischemic com-
plications, and radial artery patency assessments.

 	• Puncture time: Time elapsed from entry into the 
operating room to the commencement of X-ray 
exposure.

 	• Surgical success: The smooth passage of the embolic 
protection device through the stenosis and accurate 
placement of the stent.

 	• X-ray exposure time and total radiation dose: 
Obtained from the hospital information system 
(HIS).

 	• Evaluation of radial artery patency: Palpation of 
radial artery pulse 24 h after surgery and during the 
follow-up. Additionally, a finger oxygen saturation 
test was conducted by compressing both the radial 
and ulnar arteries until the oxygen saturation signal 
disappeared. Then, the radial artery is released as the 
ulnar artery continues to be compressed. Recovered 
oxygen saturation signal indicates radial artery 
patency (positive result).

Statistical analysis
Statistical analysis was performed using SPSS version 
22.0 software (SPSS Inc., Chicago, IL, USA). Measure-
ment data are expressed as mean ± standard deviation (x 
± s). P < 0.05 was considered statistically significant.

Results
Demographic and clinical characteristics
The study included 32 participants, comprising 27 males 
(84.4%) and 5 females (15.6%), with an age range of 47 to 
77 years (average age: 66.34 ± 6.77 years). The most prev-
alent risk factors were male sex (84.4%), hypertension 
(78.1%), smoking (75.0%), hyperlipidemia (65.6%), alco-
hol consumption (50.0%), coronary heart disease (46.9%), 
and a history of cerebral infarction (44.8%). Detailed 
demographic and clinical data are presented in Table 1.

Table 1  Baseline characteristics
Item Results
Demographics 47–77(66.34 ± 6.77)
  Age (average age) 27(84.4%)
  Male 5(15.6%)
  Female 21.11–30.41(25.77 ± 2.71)
  Clinical History 24(75.0%)
  Smoking 16(50.0%)
  Alcohol consumption 6(18.8%)
  Cerebral infarction 25(78.1%)
  Hypertension 15(46.9%)
  Coronary heart disease 11(34.4%)
  Diabetes mellitus 21(65.6%)
  Hyperlipidemia 0(0.0%)
  Atrial fibrillation 1(3.1%)
Peripheral vascular disease
Laboratory examination
  Total protein (g/l) 7.14 ± 1.70
  Albumin (g/L) 6.86 ± 12.88
  WBC (109/L) 143.5 ± 14.76
  RBC (1012/L) 228.34 ± 72.24
  Hb (g/L) 21.47 ± 10.42
  PLT (109/L) 19.44 ± 6.00
  AST (U/L) 66.72 ± 9.92
  ALT (U/L) 46.85 ± 10.10
  Creatinine (µmol/L) 78.86 ± 14.50
  Uric acid (µmol/L) 340.43 ± 110.71
  Glucose (mmol/L) 6.02 ± 2.03
  Triacylglycerol (mmol/L) 1.70 ± 1.08
  Total cholesterol (mmol/L) 3.70 ± 1.06
  HDL-C (mmol/L) 0.95 ± 0.25
  LDL-C (mmol/L) 2.08 ± 0.96
  Homocysteine (µmol/L) 15.15 ± 4.68
WBC: white blood cells;

RBC: red blood cells;

Hb: hemoglobin;

PLT: platelets;

AST: aspartate aminotransferase;

ALT: alanine aminotransferase;

HDL-C: high-density lipoprotein cholesterol;

LDL-C: low-density lipoprotein cholesterol
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Laboratory tests
The laboratory test results of the study cohort are sum-
marized in Table 1.

Surgical data
All 32 patients underwent successful puncture through 
the right distal radial artery without the aid of ultrasound 
guidance. Cerebral angiography was performed in all 
cases before CAS, and the success rate was 100%.

Concurrent procedures performed included:

 	• Internal CAS combined with vertebral artery 
stenting in one patient.

 	• Internal CAS combined with intracranial segment 
CAS in one patient.

 	• Right internal CAS combined with left internal 
carotid artery balloon dilation in one patient.

A 6  F guiding catheter was used for all patients during 
the interventional procedures. Upon successful place-
ment of the guiding catheter, an embolic protection 
device was inserted, followed by pre-dilation and subse-
quent stent placement. All patients underwent success-
ful stent implantation. Among them, 3 cases (8.6%) were 
open-loop stents, and 29 (87.9%) were closed-loop stents. 
The surgical success rate was 100%.

The duration from operating room entry to success-
ful puncture was (18.56 ± 7.63  min) (range: 3–36  min). 
The procedural time was (52.28 ± 12.85) minutes 
(range: 35–89  min). X-ray exposure time averaged 
19.18 ± 4.77 min (range: 12–27 min), and the cumulative 
radiation dose was 585.00 ± 209.84 mGy (range: 121–
1075 mGy). Details regarding the completion of interven-
tional therapy are presented in Table 2.

Complication data
Among the cohort, one individual experienced bruising 
along the radial artery course on the third postoperative 
day. This condition resolved without specific treatment, 
and a follow-up clinical evaluation one month later con-
firmed a palpable radial artery pulse. Another individual 
developed a localized visual field defect within 24 h of the 
procedure, which improved following administration of 
neuroprotective therapy.

All 32 patients were followed up through telephone 
consultations, outpatient visits, and online communi-
cation, with a follow-up duration ranging from 1 to 29 
months (mean: 5.4 ± 3.6 months). No cases of radial 
artery occlusion, puncture site ischemic events, or car-
diovascular and cerebrovascular events were reported 
during the follow-up.

Discussion
At present, CAS via TRA has been recommended by 
relevant national and international guidelines and con-
sensus. Previous studies have shown that radial artery 
puncture has a higher rate of radial artery occlusion [1, 
7]. However, dTRA has shown promise in mitigating this 
complication compared to cTRA. Since dTRA is associ-
ated with shorter postoperative hemostasis time and a 
lower incidence of ischemic events, it is a promising new 
alternative [9–11]. At present, dTRA is mostly used in 
cerebral angiography in the neurointerventional field, 
and research on CAS via dTRA remains limited [12–14]. 

The success rate of puncture at the distal radial artery 
is lower than that at the proximal radial artery, and the 
learning curve for performing this procedure is steeper. 
Furthermore, the smaller diameter of the distal radial 
artery raises concerns about the suitability of conven-
tional treatment equipment for neurointerventional pro-
cedures [15]. A 6  F guiding catheter, typically used for 
CAS through the proximal radial artery, is appropriate 
for placing stents with a diameter of 8  mm or less. The 
diameter of the internal carotid artery ranges from 3 to 
6 mm, while the diameter of the common carotid artery 
is typically around 8 mm. Therefore, a stent with an 8 mm 
diameter can generally meet the clinical needs for most 
carotid artery stenosis.

Recent small-scale studies abroad have confirmed 
the feasibility and safety of using a 5 F guiding catheter 
for CAS through the distal radial artery [5]. Systematic 
reviews suggest that a 4- or 5-F catheter is commonly 
used for cerebral arteriography via dTRA, while a 6  F 

Table 2  Interventional therapy outcomes
Treatment completion N(%)
Puncture situation
RdTRA 32(100%)
Completion rate of imaging technique 32(100%)
Guidewire suspension technique:
  • Loach guidewire 3(25.9%)
  • V-18 guidewire 20(56.9%)
  • V-18 + V-14 double-suspension technology 9(17.2%)
Embolic protection devices:
  • FilterWire 11
  • SpiderFX™ embolic protection device 6
  • Emboshield NAV® embolic protection device 16
Stent Implantation Success Rate: 32(100%)
  • RC1 24(75%)
  • LC1 8(25%)
Stent diameter
  • 7 mm 29(87.9%)
  • 8 mm 3(10.3%)
Interventional treatments
  • Open-loop stent 3(8.6%)
  • Closed-loop stent 29(91.4%)
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catheter is typically used for treatment [6]. However, 
there are limited reports on the feasibility, safety, and sur-
gical technique of using a 6 F catheter for CAS via dTRA.

The Chinese Expert Consensus on Coronary Inter-
ventional Diagnosis and Treatment through the Distal 
Radial Artery and the Expert Consensus on Neurointer-
ventional Diagnosis and Treatment via the Transradial 
Access have reported that the diameter of the distal radial 
artery ranges from 1.7 ± 0.5 mm to 2.4 ± 0.5 mm [7, 16]. 
These guidelines suggest that the diameter of the distal 
radial artery can accommodate a 6 F radial artery sheath, 
a 7  F radial thin-walled sheath, or an 8  F unsheathed 
catheter for most patients. The pre-measure function 
of the CTA software was used to predict the distal and 
proximal diameters of carotid artery stenosis. If the pre-
assessment indicates that a stent with a diameter of 8 mm 
or smaller is suitable, then dTRA could be considered a 
viable approach.

In this study, a 6  F radial sheath was used during the 
conventional operation process in the distal radial artery, 
and a 6 F guiding catheter was utilized for all cases. All 
patients underwent successful operations using the 
6  F guiding catheter, with satisfactory stent placement, 
and no post-dilation was performed following stent-
ing. The main advantage of rdTRA is that there is no 
need for strict braking after the operation, and patients 
can resume activities immediately, significantly reducing 
discomforts such as low back pain and urinary retention 
caused by prolonged bed rest or restricted limb move-
ment. In addition, the puncture point of dTRA is located 
in the snuffbox area on the dorsal side of the wrist, away 
from the superficial palmar arch, which can preserve the 
blood flow of the proximal radial artery, thereby reduc-
ing the risk of postoperative radial artery occlusion. It 
is worth noting that for the radial artery in the snuffbox 
area with a thinner diameter (1.5–2.5  mm) and com-
plex surrounding bony structures, precise positioning 
is required during puncture, and the technical require-
ments for the operator are relatively high. The mechani-
cal characteristics of the reverse path result in a weak 
supporting force of the catheter, and it may face chal-
lenges of insufficient stability in complex interventional 
treatments (such as stent release or thrombus aspiration). 
For beginners, the steep learning curve and high failure 
rate of dTRA (especially in cases of slender or calcified 
blood vessels) are its main limiting factors.

One patient in this study developed a transient isch-
emic attack (3%), which is consistent with the inci-
dence reported in other studies [3]. This aligns with the 
expected complication rates recommended by stroke 
prevention guidelines, which suggest that the rate should 
be less than 6% for symptomatic patients and less than 
3% for asymptomatic patients. Among the 32 patients in 
this study, only one experienced bruising along the radial 

artery course, 24 h postoperatively. The follow-up period 
ranged from 1 to 29 months, with no occurrence of fore-
arm hematoma, radial pulse weakening, or occlusion.

In this study, no complications of radial artery occlu-
sion were observed after using 6  F Guiding via dTRA. 
This outcome may be attributed to the small sample size, 
the negative results of the modified Allen test in patients 
prior to surgery, or preoperative radial artery ultrasound 
indicating a radial artery diameter of ≥ 2  mm. Further 
large-scale studies and meta-analyses are needed to vali-
date these findings and provide additional evidence.

This study employed three modalities for pathway 
establishment: loach guidewire guidance, 0.018-inch 
guidewire guidance, and a combination of 0.018-inch 
guidewire and 0.014-inch guidewire guidance. During 
the interventional treatment, for 25.9% of the patients, 
the loach guidewire was used to guide the guiding cath-
eter into the right common carotid artery. Addition-
ally, for 56.9% of the patients, the right common carotid 
artery was accessed using only the 0.018-inch guide-
wire. For cases where a sharp angle existed between the 
right common carotid artery and the subclavian artery, 
the catheter was advanced successfully using the double 
guidewire suspension technique, involving both 0.018-
inch and 0.014-inch guidewires.

In this cohort, closed-loop stents were utilized in the 
majority of cases (75%), aligning with findings from pre-
vious studies suggesting that closed-loop stents are suit-
able for most clinical scenarios. These results support 
existing evidence regarding the applicability and effec-
tiveness of closed-loop stents in CAS [17]. 

This study has the following limitations. Firstly, this 
study lacks a direct comparison with other access routes 
and does not have a control group with the proximal 
radial artery or femoral artery approach, which limits a 
comprehensive assessment of the advantages and disad-
vantages of rdTRA compared to other commonly used 
interventional treatment routes. Future studies should 
consider including these comparisons and even utilize 
historical control data to further explore the unique value 
of rdTRA. Secondly, the sample size is relatively small 
and the follow-up time is limited. Although the prelimi-
nary results of this study suggest a high surgical success 
rate and a low complication rate, due to the small num-
ber of participants and the short follow-up period, it is 
not sufficient to fully reveal all potential risks and long-
term effects. Therefore, it is suggested that subsequent 
studies expand the sample size and extend the follow-up 
time to more accurately evaluate the effect of rdTRA. As 
a relatively new technique, the operational difficulty and 
learning curve of rdTRA have not been fully clarified. 
The surgeries in this study were performed by experi-
enced neurointerventional physicians, which means that 
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beginners may need more time and practice to achieve 
similar success rates and safety standards.

Conclusion
This study demonstrates that CAS using a 6  F guiding 
catheter through rdTRA is a safe and feasible approach. 
These outcomes depend on proper patient screening, 
thorough preoperative and intraoperative evaluations, 
and the surgeon’s experience in performing carotid 
angioplasty through the radial artery. Furthermore, this 
study provides a detailed summary of the surgical tech-
nique to serve as a reference for clinicians.

However, there are several limitations to this study 
which should be noted. First, the small sample size, lim-
ited follow-up time, and potential biases in data analysis 
constrain the generalizability of the findings. Future stud-
ies will aim to include a larger sample size and longer 
follow-up periods. Second, the study involved a limited 
number of surgeons, emphasizing the need for broader 
surgeon participation to validate the evaluation protocol. 
Third, further research comparing dTRA with alternative 
access routes is required to comprehensively confirm its 
efficacy and safety.
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