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Abstract 

Background  Compared with conventional transradial access (TRA), distal radial access (DRA) is rarely used for percu-
taneous coronary intervention (PCI) in patients with ST-elevation myocardial infarction (STEMI) and may be beneficial 
to prevent radial artery occlusion (RAO). We aimed to evaluate the incidence of RAO between DRA and TRA 24 h 
after primary PCI in patients with STEMI.

Methods  This is a single-center, open-label, prospective, randomized controlled trial conducted at Beijing Luhe Hos-
pital, China, between January 2022 and July 2023. Five hundred and twenty patients (mean age: 61.3 ± 13.0 years; 81% 
male) with STEMI were randomly assigned to the DRA (n = 260) or TRA (n = 260) group. Primary PCI was performed 
using the radial artery access assigned study group. The primary endpoint was the rate of RAO assessed using Dop-
pler ultrasound 24 h after primary PCI. Secondary outcomes included time taken for sheath insertion, access success 
rate, hemostasis time, fluoroscopy time, radiation dosage, and access-related complications.

Results  The incidence of RAO was significantly lower in the DRA group than that in the TRA group (1.9% vs. 8.5%, 
P = 0.001). Access was successful in 94.6% of patients, and the crossover rate was 5.4% in both groups. The median 
time taken for sheath insertion was significantly longer (133 s vs. 114 s, P = 0.009), whereas the mean hemostasis 
time was shorter (209 ± 71 min vs. 372 ± 70 min, P < 0.001) in the DRA group. The incidence of modified Early Dis-
charge After Transradial Stenting of Coronary Arteries (mEASY) ≥ II hematoma was lower in the DRA group (0.8% vs. 
3.5%, P = 0.033). However, there was no significant difference in fluoroscopy time, radiation dosage, or access-related 
complications.

Conclusions  In patients with STEMI undergoing primary PCI, compared with TRA, DRA prevented RAO 24 h postop-
eratively and was associated with shorter hemostasis time and a lower incidence of mEASY ≥ II hematoma.

Trial registration  Clinical Trials.gov Identifier: NCT05461781.
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Background
The radial artery is the preferred access route for patients 
with ST-segment elevation myocardial infarction 
(STEMI) undergoing primary percutaneous coronary 
intervention (PCI) [1]. However, radial artery occlusion 
(RAO) remains a common complication, with incidence 
rates of 1–33% [2]. Maintaining radial artery patency is 
crucial for patients with STEMI, especially those with 
multivessel disease requiring staged PCI, and serves as 
a donor for bypass grafts and creating arteriovenous fis-
tulas for hemodialysis. Strategies to reduce RAO include 
reducing catheter or sheath size, providing adequate pro-
cedural anticoagulation, having a patent hemostasis pro-
tocol, minimizing pressure, and shortening hemostasis 
time [3].

Previous studies have indicated that the incidence of 
RAO was significantly lower after distal radial access 
(DRA) than after conventional transradial access (TRA) 
[4, 5]. However, these studies excluded patients with 
STEMI, limiting the data on RAO reduction during pri-
mary PCI via DRA. Thus, the effectiveness of DRA for 
patients with STEMI undergoing primary PCI, which 
requires prompt action and great skill to access the dis-
tal radial artery, is unclear; therefore, we designed a ran-
domized controlled trial (RCT) to compare primary PCI 
through DRA and TRA in those patients.

Methods
Study design and participants
The RAPID III study is an open-label, single-center, 
prospective, RCT conducted at Beijing Luhe Hospital, 
China, between January 2022 and July 2023. Participants 
aged ≥ 18 years, diagnosed with STEMI, admitted within 
12  h of symptom onset, and having palpable pulses on 
both radial artery access sites (DRA and TRA) were eli-
gible. The inclusion and exclusion criteria were detailed 
in Additional file 1: Table S1 [6]. Patients were randomly 
assigned to two groups (DRA or TRA) in a 1:1 ratio with 
a block size of 4 using Strata software (Version 17.0, 
Strata Decision Technology, Chicago, IL, USA). The 
randomization results were sealed in opaque envelopes, 
which were opened by a trainee before the arterial punc-
ture to reveal the patient’s group assignment and proceed 
with the corresponding intervention.

The study was approved by the Beijing Luhe hospital 
Institutional Review Board, adhered to the Declaration 
of Helsinki, was registered on ClinicalTrials.gov as “Dis-
tal Radial Access for Primary PCI in STEMI Patients to 
Prevent RAO [RAPID III]” (NCT05461781), and com-
plies with the Consolidated Standards of Reporting Tri-
als guidelines for RCTs. Written informed consent was 
obtained from all participants.

Coronary intervention protocol
Before primary PCI, all patients received a pretreat-
ment loading dose of 300 mg aspirin and a P2Y12 inhibi-
tor (600 mg clopidogrel or 180 mg ticagrelor). The right 
access site was our study’s preferred choice for the DRA 
and TRA groups.

Before coronary angiography, the operator assessed the 
eligibility of patients scheduled for catheterization. Par-
ticipants were randomly assigned to the DRA or TRA 
group for primary PCI if clinically indicated. The decision 
to use unfractionated heparin or bivalirudin, glycoprotein 
IIb/IIIa inhibitors, and the individual PCI strategy was at 
the operators’ discretion. Notably, all access procedures 
were performed by three high-volume interventional 
cardiologists who had at least 5 years of experience with 
TRA and had performed at least 150 PCI procedures via 
DRA.

Puncture and hemostasis procedure
In the TRA group, 2% lidocaine was used as a local anes-
thetic. The arterial puncture was performed 2 cm proxi-
mal to the styloid process with a 20-gauge needle using 
the through-and-through technique. After inserting a 
16-cm 6F Radifocus® Introducer II hydrophilic sheath 
(Terumo Corp., Tokyo, Japan), a “cocktail” comprising 
200  µg nitroglycerin, 2.5  mg verapamil, and 100  IU/kg 
unfractionated heparin was administered through the 
sheath’s side port. The heparin dosage was adjusted based 
on the activated clotting time (ACT).

In the DRA group, the puncture site was located at 
the anatomical snuffbox. The same transradial kit was 
used or TRA. After a successful puncture, the needle 
was removed, and a hydrophilic, straight plastic 0.025″ 
mini guidewire of the sheath was inserted through the 
venipuncture catheter. If the mini guidewire encountered 
resistance, a 0.014″ guidewire with the tip hand-shaped 
at 30° was used; once successful, the venipuncture cath-
eter was advanced further, and the 0.025″ guidewire was 
reinserted. The remaining steps of the procedure were 
conducted following the TRA method.

Hemostasis protocol
After the procedure, the sheath was immediately 
removed. Hemostasis was achieved using an Airpower 
(Shenzhen, China) compression device for 2–3  h in the 
DRA group and 4–6  h in the TRA group. The hemo-
static time was recorded from the device application 
until removal. Trained nurses checked the compression 
site hourly. If the puncture site was bleeding or swollen 
with a slight hematoma, compression was continued for 
30–60  min. Access time, calculated in minutes, started 
when the puncture needle made contact with the skin 
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and ended once the guidewire passed through the punc-
ture needle into the artery [7]. All patients were evaluated 
for radial artery patency within 24 h after the procedure 
using Doppler ultrasound.

Study endpoints
The primary endpoint in the two groups was RAO at 24 h 
after primary PCI was assessed by an independent inves-
tigator, who was not involved in the procedure. RAO 
was determined by the absence of a duplex ultrasound 
anterograde flow signal distal to the RA access site, using 
a portable ultrasound machine with a 7.5MH frequency 
probe.

The secondary endpoints included successful sheath 
insertion, time required for sheath insertion, fluoroscopy 
time, radiation dosage, contrast volume, hemostasis time, 
and other access-related complications such as arterial-
venous fistula formation, arterial dissection/perforation, 
pseudoaneurysm, and local hematoma. These were rou-
tinely recorded for all patients during the hospital stay. 
Puncture site bleeding was defined using the modified 
Early Discharge After Transradial Stenting of Coronary 
Arteries (mEASY) study criteria [5]. The endpoints defi-
nitions were available in Additional file 1: Table S2 [7].

Statistical analysis
This study was designed as a superiority trial, with the 
incidence rate of RAO 24 h post-intervention as the pri-
mary outcome measure. Sample size calculations were 
based on previous reports on the difference between 
DRA and TRA [4, 5]. Specifically, the incidence of RAO at 
24 h post-intervention was set at 8% and 1% for the TRA 
and DRA groups, respectively [4]. The DRA and TRA 
groups were randomly divided in a 1:1 ratio to achieve a 
90% power and 0.05 significance level. Using PASS soft-
ware (version 16.0.1, NCSS Kaysville, UT, USA), the cal-
culated sample size was 244 cases per group. Accounting 
for a dropout rate of 5%, the final sample size was set at 
512 cases (256 cases per group).

All statistical analyses were performed based on the 
intention-to-treat (ITT) principle, including randomiza-
tion of all patients and treatment according to the allo-
cated access, regardless of whether they crossed over 
to another access site or did not undergo PCI. The per-
protocol (PP) population excluded patients who were 
not suitable for the study protocol or/and were lost to 
follow-up. The primary endpoint was analyzed using ITT 
and PP analysis. The secondary endpoints were analyzed 
using the ITT approach.

Categorical variables are presented as numbers and 
percentages, and continuous variables as mean ± stand-
ard deviation or median (interquartile range). Continu-
ous variables were compared using Student’s t-tests or 

the Mann–Whitney U test, and categorical variables 
were compared using the chi-square or Fisher’s exact test 
as appropriate. To identify the predictors of RAO and 
forearm hematoma, multivariate analysis was performed 
using binary logistic regression. All variables with P < 0.1 
in the univariable analysis were included in the multivari-
able model.

All statistical analyses were performed using IBM SPSS 
Statistics 24.0 (Chicago, IL, USA). Statistical significance 
was set at P < 0.05.

Results
Patient characteristics
Between January 2022 and July 2023, 520 patients who 
met the inclusion criteria were assigned to the DRA or 
TRA group. Patient recruitment details are provided in 
Fig. 1. The ITT population comprised 520 patients, ran-
domized to the DRA (n = 260) or TRA (n = 260) groups. 
The PP population (n = 239 per group) excluded the 
patients whose access site changed or were lost followed-
up (data of patients without ultrasound follow-up is 
available in Additional file 1: Table S3).

There were no significant differences (P > 0.05) in base-
line traits between the groups other than ejection fraction 
and the number of patients taking β-blockers (Table  1). 
The mean age of all patients was 61.3  years, 81% were 
male, 24.8% had diabetes mellitus, and 57.3% had hyper-
tension. Notably, 12.1% of the patients had a history of 
myocardial infarction and 12.9% had previously under-
gone TRA. Most patients (99.6%) had received antiplate-
let medications and 3.3% were on oral anticoagulants.

Procedural characteristics
Table  2 presents the procedural characteristics. Right-
side access was initially selected in most patients in both 
groups (100% vs. 98.8%, P = 0.249), and similar propor-
tions of patients underwent primary PCI in both groups 
(98.1% vs. 99.6%, P = 0.10). The success rates of primary 
PCI were high in both groups, with Thrombolysis in 
Myocardial Infarction (TIMI) grade-3 flow rates of 96.5% 
and 94.6%, P > 0.05. The groups showed no significant dif-
ferences in culprit vessels and intravascular-guided imag-
ing, and their ACTs were similar (mean: 319 s vs. 318 s; 
P = 0.687).

The DRA group had more puncture attempts, but the 
difference was not statistically significant (P = 0.079). To 
achieve successful sheath insertion, a 0.014” guidewire 
was used more frequently in the DRA group than in the 
TRA group (8.5% vs. 1.2%, P < 0.001). The overall rate of 
vascular approach crossover was 5.4% and similar in both 
groups. Crossover occurred in 14 patients randomized to 
the DRA group: 11 crossed over to the same-side TRA, 
two to femoral arteries, and one to the brachial artery. 



Page 4 of 11Li et al. BMC Medicine          (2025) 23:173 

However, in the TRA group, 14 patients crossed over: 
nine to DRA, four to femoral artery access, and one to 
brachial artery access. The reasons for the crossover are 
provided in Table 3.

Doppler evaluation and primary endpoint
When evaluating RAO 24  h after the procedure, Dop-
pler follow-up was available within 24 h for 253 (97.3%) 
and 252 (96.9%) patients in the DRA and TRA groups, 
respectively. ITT analysis revealed RAO in 1.9% and 
8.5% of patients in the DRA and TRA groups, respec-
tively (P = 0.001). Primary endpoint analysis in the PP 
population yielded consistent results: RAO rates were 
1.7% and 8.4% for the DRA and TRA groups, respectively 
(P = 0.001) (Fig. 2). Multivariate logistic regression analy-
sis identified TRA (OR: 5.872; 95% CI: 1.971 to 17.499; 
P = 0.001), bivalirudin use (OR: 2.811; 95% CI: 1.214 to 

6.507; P = 0.016), and the RA/sheath diameter ratio (OR: 
0.034; 95% CI: 0.002 to 0.487; P = 0.013) as independent 
predictors of RAO at 24 h (Additional file 2: Table S1–2).

Secondary outcomes and access‑related complications
Successful sheath insertion was observed in 94.6% of 
patients in the DRA and TRA groups. Furthermore, 
access time was significantly longer in the DRA group 
than in the TRA group (133 s vs. 114 s, P = 0.009). How-
ever, there was no difference in puncture time, and door-
to-balloon (DTB) time between the two groups. Also, no 
significant differences were observed in mean fluoros-
copy time or radiation dosage. However, hemostasis time 
was significantly shorter in the DRA than in the TRA 
group (209 ± 71 min vs. 372 ± 69.6, P < 0.001) (Fig.3).

Fig. 1  Flowchart depicting patient selection. This flow chart illustrates the selection and randomization of STEMI patients for the study, comparing 
distal radial access (DRA) and proximal radial access (PRA). Out of 598 screened patients, 520 were randomized equally into DRA (n = 260) 
and PRA (n = 260) groups. The diagram details exclusions due to various criteria (e.g., onset time > 12 h, prior CABG), and follow-up data, showing 
the inclusion in intention-to-treat (ITT) and per-protocol (PP) analyses leading to inclusion of 239 patients in each group. CABG, coronary artery 
bypass graft; ITT, intention-to-treat; PCI, percutaneous coronary intervention; PP, per-protocol; PRA, proximal radial access; STEMI, ST-segment 
elevation myocardial infarction
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Vascular complications occurred in 16.5% and 
19.6% of patients in the DRA and TRA groups, respec-
tively (P = 0.362). The incidence of severe hematoma 
(mEASY ≥ II) was significantly lower in the DRA group 
than in the TRA group (0.8% vs. 3.5%, P = 0.033) (Fig.3), 
and no patient required surgical treatment. Multi-
variate logistic regression analysis revealed that weight 
(OR: 0.968; 95% CI: 0.942 to 0.993; P = 0.014), multiple 
puncture attempts (OR: 1.455; 95% CI: 1.082 to 1.956; 
P = 0.013), and TRA (OR: 1.906; 95% CI: 1.010 to 3.597; 
P = 0.047) were independent predictors for hematoma 
formation (Additional file  2:Table  S3). Furthermore, the 
incidence of hematomas, spasms, finger numbness, and 
pseudoaneurysm did not differ between the two groups 
(Table 4).

Discussion
This single-center, open-label RCT compared the efficacy 
and safety between DRA and TRA in patients undergo-
ing primary PCI for STEMI. The major findings were 
that DRA significantly reduced RAO and hemostasis 
time compared with TRA. DRA was also associated with 
a lower incidence of mEASY ≥ II hematoma but led to a 
marked increase in the time required for sheath inser-
tion. However, this increase did not result in a longer 
DTB time, and the longer sheath insertion time was not 
clinically relevant.

RAO benefits from DRA
Data from registries [8, 9], RCTs [4, 5, 10–13], and 
meta-analyses [14, 15] indicate a significantly low 
incidence of RAO associated with DRA. For instance, 
the multicenter Korean Prospective Registry reported 
a low RAO rate of 0.8% at a 1-month follow-up [9]. 
Furthermore, a meta-analysis involving 6208 patients 
across 14 RCTs comparing DRA with TRA found a sig-
nificant reduction in RAO rates, both in-hospital (1.4% 
vs. 5.3%, P < 0.001) and during follow-up (1–60  days 
follow-up, 1.6% vs. 5.2%, P < 0.001) in patients, when 
DRA was used [11, 14]. A substantial reduction in 
RAO rates, ranging from 0.7%-3.7% for DRA compared 
with 3.3%—9.0% for TRA, was also observed in the six 
original RCTs published as full papers with RAO as the 
primary endpoint [4, 11–13, 16, 17]. Consistent with 
these findings, our results demonstrated a significant 
decrease in early RAO rates with DRA compared with 
TRA (1.9% vs. 8.5%, P < 0.01, based on ITT analy-
sis). However, the large-scale DISCO RADIAL trial 
revealed no significant difference in RAO between 
DRA and TRA (0.31% vs. 0.91%, P = 0.29) [15]. This 
can be explained by the fact that the RAO rate in the 

Table 1  Comparison of baseline data between the two patient 
groups

Variable DRA (n = 260) TRA (n = 260) P-value

Age, years 61.3 ± 12.9 61.1 ± 13.1 0.861

Male 214 (82.3) 207 (79.6) 0.434

Height, cm 167.8 ± 7.4 167.8 ± 7.4 0.920

Weight, kg 73.5 ± 10.7 73.6 ± 12.8 0.910

BMI, kg/m2 26.0 ± 3.2 26.0 ± 3.9 0.885

Risk factors for CHD, n (%)

  Hypertension 139 (53.5) 159 (61.2) 0.076

  Diabetes 69 (26.5) 60 (23.1) 0.361

  Hyperlipidemia 77 (29.6) 78 (30.0) 0.924

  Smoking 147 (56.5) 138 (53.1) 0.428

  Family history of CHD 56 (21.5) 57 (21.9) 0.915

Past medical history

  Previous angiography 36 (13.8) 37 (14.2) 0.900

  Previous myocardial infarction 30 (11.5) 33 (12.7) 0.687

  Peripheral vascular disease 12 (4.6) 12 (4.6) 1.000

  Stroke 26 (10.0) 25 (9.7) 0.894

  Previous TRA​ 33 (12.7) 34 (13.1) 0.896

Vital signs on admission

  Systolic BP, mmHg 120.6 ± 20.4 117.8 ± 20.7 0.128

  Diastolic BP, mmHg 80.3 ± 16.4 78.3 ± 17.5 0.182

  Heart rate, beats/min 76.0 ± 17.1 76.0 ± 18.9 0.966

Clinical presentation

  Anterior STEMI 122 (46.9) 126 (48.5) 0.725

  Inferior STEMI 138 (53.1) 134 (51.5)

  Atrial fibrillation 16 (6.2) 18 (6.9) 0.723

  Killip classification, n (%) 0.489

  I–II 247 (95.0) 247 (95.0)

  III 4 (1.5) 1 (0.4)

  IV 9 (3.5) 12 (4.6)

Ejection fraction, % 62.5 ± 9.7 60.8 ± 9.7 0.047*

Laboratory tests

  White blood cell count, × 10⁹/L 10.0 ± 3.1 10.2 ± 3.0 0.409

  Creatinine, μmol/L 83.6 ± 64.3 81.9 ± 30.1 0.707

  LDL, mmol/L 2.9 ± 0.8 3.0 ± 0.9 0.078

  C-reactive protein, mg/L 9.1 ± 14.9 11.6 ± 24.2 0.171

  Glucose, mmol/L 9.5 ± 3.5 10.0 ± 4.5 0.178

  Lactate, mmol/L 2.6 ± 6.4 2.4 ± 1.6 0.652

  Hemoglobin A1c, % 6.5 ± 1.3 6.6 ± 1.5 0.405

Medications

  Aspirin 258 (99.2) 260 (100) 0.499

  Clopidogrel 58 (22.3) 60 (23.1) 0.834

  Ticagrelor 199 (76.5) 200 (76.9) 1.000

  ACEI/ARB 170 (65.4) 176 (67.7) 0.577

  Beta-blockers 146 (56.2) 171 (65.8) 0.025

  Statins 253 (97.3) 251 (96.5) 0.612

  Oral anticoagulants 12 (4.6) 5 (1.9) 0.084

Values are presented as n (%) or mean ± standard deviation

ACEI Angiotensin-converting enzyme inhibitor, ARB Angiotensin receptor 
blocker, BMI Body mass index, BP Blood pressure, CHD Coronary heart 
disease, LDL Low-density lipoprotein cholesterol, STEMI ST-segment elevation 
myocardial infarction, TRA​ Transradial access, DRA Distal radial access
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control group was much lower than expected. As a 
result, the calculated study population was too low, 
and the study was underpowered to demonstrate any 
significant difference.

Risk factors influencing RAO
Notably, various factors account for the observed dis-
crepancies in RAO rates. First, the timing of RAO assess-
ments: 24  h [4], at discharge [17], 30  days [4], 60  days 
[5], 90  days [12], and 3  months [13]. The optimal RAO 

Table 2  Comparison of procedural characteristics between the two patient groups

Values are presented as n (%), median (interquartile range), or mean ± standard deviation

IABP Intra-aortic balloon pump, IVUS Intravenous ultrasound, OCT Optical coherence tomography imaging, TIMI Thrombolysis in myocardial infarction, TRA​ Transradial 
access, DRA Distal radial access

Variable DRA (n = 260) TRA (n = 260) p-value

Loading dose, n (%)
  Aspirin 300 mg + clopidogrel 600 mg 23 (8.8) 34 (13.1) 0.123

  Aspirin 300 mg + ticagrelor 180 mg 237 (91.2) 226 (86.9)

Anticoagulants
  Bivalirudin 74 (28.5) 69 (26.5) 0.623

  Heparin 186 (71.5) 191 (73.5)

GP IIb/IIIa inhibitor
  Tirofiban 12 (4.6) 20 (7.7) 0.144

  6F sheath used 260(100) 260(100)

Target vessel, n (%) 0.648

  Left anterior descending 123 (47.3) 123 (47.3)

  Left circumflex 19 (7.3) 24 (9.2)

  Right coronary artery 117 (45.0) 113 (43.5)

  Left main 1 (0.4) 0(0.0)

Angiographic results, n (%)
  Single vessel disease 79 (30.4) 63 (24.2) 0.115

  Multivessel disease 181 (69.6) 197 (75.8)

Interventional strategies, n (%)
  Stent implantation 193 (74.2) 193 (74.2) 1.000

  Drug balloon dilatation 44 (16.9) 45 (17.3) 0.907

  Door-to-balloon time, min 69 (57–88) 66 (56–82) 0.242

  Catheter lab door-to-balloon time, min 23 (20–28) 22 (19–26) 0.093

  Procedure time, min 50 (37–64) 51 (38–66) 0.616

  IABP 2 (0.8) 5 (1.9) 0.450

  Simultaneous treatment of non-culprit vessel 10 (3.8) 18 (6.9) 0.120

  Total number of catheters 1.2 ± 0.5 1.2 ± 0.5 0.807

  Number of guide wires 1.1 ± 0.3 1.1 ± 0.3 0.722

Intravascular imaging, n (%)
  OCT/IVUS 123 (47.3) 111 (42.7) 0.290

Preoperative TIMI flow, n (%)
  0/1 224 (86.2) 220 (84.6) 0.774

  2 30 (11.5) 35 (13.5)

  3 6 (2.3) 5 (1.9)

Postoperative TIMI flow, n (%)
  0/1 4 (1.5) 1 (0.4) 0.067

  2 5 (1.9) 13 (5.0)

  3 251 (96.5) 246 (94.6)

Contrast agent dose, mL 130 (110–210) 150 (110–210) 0.538

Activated clotting time, s 319 (272–399) 318 (272–384) 0.687

Length of hospital stay, days 6 (5–7) 6 (5–7) 0.689
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assessment time remains unknown [18]. Previous stud-
ies demonstrated that the RAO rate decreases over time 
after the first day and is attributed to the radial artery’s 
spontaneous recanalization [2, 19]. Radial arteries that 
are initially patent, typically remain patent [2, 18, 20]. 
Our study focused on early RAO within 24  h post-pro-
cedure, when we observed a higher incidence rate than at 
other times.

Second, most RCTs have excluded STEMI patients due 
to the need for immediate coronary reperfusion during 
primary PCI and the potential delays caused by longer 
puncture time with DRA [4, 5, 11–13, 16]. However, 
despite limitations such as small sample sizes and lack of 
randomization, small observational studies have shown 
the efficacy of DRA in primary PCI with lower RAO rates 
[21, 22]. A small-scale RCT comprising patients with 
STEMI found that DRA had a significantly lower RAO 
incidence at discharge when compared with TRA (2.0% 
vs. 9.0%, P = 0.030) [17]. Thus, our study confirms differ-
ences in RAO rates 24  h post-procedure between DRA 
and TRA in patients receiving primary PCI.

Third, the sheath size outer diameter is associated with 
RAO [23]. Various studies have used different sheath 
sizes, as follows: a 6F Slender sheath (2.46 mm) in 99.5% 

Table 3  Access site crossover between the two patient groups

Values are presented as n (%) or mean ± standard deviation

DRA Distal radial access, TRA​ Transradial access

Variable DRA (n = 260) TRA (n = 260) P-value

Distal radial artery diameter, 
mm

2.26 ± 0.45 2.21 ± 0.34 0.107

0.014″ guidewire assist 22 (8.5) 3 (1.2)  < 0.001

Access crossover rate 14 (5.4) 14 (5.4) 1.000

Same-side TRA​ 11 (4.2) 0 (0.0)

Same-side DRA 0 (0.0) 9 (3.5)

Femoral access 2 (0.8) 4 (1.5)

Brachial access 1 (0.4) 1 (0.4)

Causes of crossover

  Puncture failure 4 (1.5) 7 (2.7) 0.361

  Wire failure 8 (3.1) 5 (1.9) 0.399

  Sheath wire only 7 (2.7) 4 (1.5)

  Assist 0.014-inch guidewire 1 (0.4) 1 (0.4)

  Vessel tortuosity 2 (0.8) 1 (0.4) 0.561

  Need good support 0 (0.0) 1 (0.4) 0.317

Fig. 2  Primary endpoint. The distal radial access (DRA) strategy for primary percutaneous coronary intervention (PCI) reduces radial artery occlusion 
(RAO) as the primary endpoint



Page 8 of 11Li et al. BMC Medicine          (2025) 23:173 

of DISCO RADIAL cases [16], and a standard 6F sheath 
(2.63  mm) in 90.8% of DAPRAO cases [4], 99.5% of 
CONDITION cases [13], and 98.8% of cases in our study. 
The ANGIE trial [5] used a 5F sheath in 62.7% and a 6F 
sheath in 36.8% of cases, while The Litaunent study [11] 
used a 5F sheath in 16.4% and a 6F sheath in 76.9% of 
cases.

Fourth, patent hemostasis is crucial for preventing 
RAO [24], although its application varies across stud-
ies. It was used in 94.4% of DISCO RADIAL cases [16], 
100% of DAPRAO cases, and 100% of cases in our trial 
[4]. However, it was not used in the ANGIE [5] or CON-
DITION [13] trials.

Table 4  Comparison of study endpoints between the two patient groups

Values are presented as n (%), mean ± standard deviation, or median (interquartile range)

AK Air kerma, DAP Dose area product, DRA Distal radial access, TRA​ Transradial access, mEASY modified Early Discharge After Transradial Stenting of Coronary Arteries

Variable DRA (n = 260) TRA (n = 260) P-value

Forearm radial artery occlusion 5 (1.9) 22 (8.5) 0.001

Access successful rate 246 (94.6) 246 (94.6) 1.000

Sheath insertion time, s 133 (97–213) 114 (92–184) 0.009

Fluoroscopy time, min 11.7 (8.1–15.7) 12.2 (8.6–16.4) 0.388

DAP, cGy/cm2 78,762 (54,775–103,977) 77,296 (55,077–106,069) 0.704

AK, mGy 1214 (867–1613) 1162 (845–1597) 0.594

Hemostasis time, min 209 ± 71 372 ± 69.6  < 0.0001

Complications, n (%)
  Hematoma 20 (7.7) 32 (12.3) 0.079

  Local hematoma 18 (6.9) 23 (8.8) 0.416

  Hematoma (mEASY ≥ II) 2 (0.8) 9 (3.5) 0.033

Spasm 19 (7.3) 16 (6.2) 0.600

Finger numbness 4 (1.5) 3 (1.2) 1.000

Pseudoaneurysm 0 1 (0.4) 1.000

Arteriovenous fistula 0 0 -

Fig. 3  Secondary endpoint. Secondary endpoint comparison showed that DRA had a shorter hemostasis time and a lower incidence of mEASY ≥ II 
hematoma but had a longer puncture time. There was no impact on access success rate, radiation dosage, and fluoroscopic time. mEASY, modified 
Early Discharge After Transradial Stenting of Coronary Arteries; STEMI, ST-segment elevation myocardial infarction



Page 9 of 11Li et al. BMC Medicine          (2025) 23:173 	

Fifth, longer hemostasis time independently predicts 
RAO [25]. Optimal hemostasis duration for TRA var-
ies from 20  min to 10  h [13, 26, 27], and is influenced 
by sheath size [25], procedure type [20], and hemostatic 
method [28]. In various RCTs, PCI rates were low, rang-
ing from 22.5% to 50.8% [5]. In our study, PCI was per-
formed on 98.8% of patients via TRA. Post-DRA, the 
optimal compression time varies across studies, ranging 
from 85 to 155  min [11, 12, 16]. Roh et  al. [29] recom-
mended 3  h compression hemostasis post-DRA based 
on the results of a multicenter study. In our study, the 
compression time was 209 min, which is similar to that 
observed in previous reports [12, 16].

Finally, anticoagulation levels significantly affect RAO 
rates [30]. One study demonstrated that heparin doses 
of > 50  IU/kg reduced RAO risk by 80% [31]. Typically, 
patients receive 5000 IU of intra-arterial heparin during 
sheath insertion, with additional doses during interven-
tions [4, 12, 16]. In our study, heparin (100  IU/kg) was 
used for all patients after sheath insertion. The aver-
age ACT was 320  s, higher than the 250  s reported in 
the DISCO study [15]. This difference may be related to 
longer hemostasis times. In our study, several potential 
predictors of RAO were identified, and the independ-
ent predictors of RAO were TRA, bivalirudin use, and 
the RA/sheath diameter ratio. Except for bivalirudin use, 
the other two variables are consistent with findings from 
meta-analyses and RCT trials [4, 14, 32].

Learning curve
There is a smaller diameter and more tortuous angulation 
with DRA than with TRA, resulting in a steeper learning 
curve, as evidenced by more puncture attempts, longer 
insertion times, and lower success rates [12], and con-
tributing to a significantly higher crossover rate for DRA 
(4.5–21.8%) than for TRA (0.71–5.5%) [3, 7, 10, 14].Typi-
cally, proficiency in DRA requires 100–200 cases [9, 33], 
compared to 30–100 cases for TRA [34–36]. Our results 
demonstrated longer access time for DRA, aligning with 
previous findings [5, 12, 14, 16], but no significant differ-
ence in crossover rates, likely due to the extensive experi-
ence of our interventional cardiologist, having performed 
at least 150 transradial procedures in the preceding year.

Notably, the use of a 0.014″ guidewire was more com-
mon in DRA than in TRA (8.5% vs. 1.2%, P < 0.001), 
highlighting the need for dedicated sheaths. A special-
ized tapered hydrophilic sheath design, combined with 
a hydrophilic 30° J-tip or adjustable-tip miniwire, and a 
finer tip size (e.g., 0.014″), would help better navigate the 
challenging anatomy of the distal radial artery, improving 
wire advancement and DRA success.

Procedure time and dose area product (DAP)
Meta-analyses and several RCTs showed similar pro-
cedure times for DRA and TRA [4, 11–13, 16], but the 
ANGIE trial showed a longer procedure time for DRA 
(14  min vs. 11  min; P < 0.001) [5]. Radiation exposure 
results have been equivocal, with no significant differ-
ence in air kerma [12, 13, 16], fluoroscopic time [4, 5, 13, 
16], or DAP [11] between DRA and TRA across stud-
ies. However, Tsigkas et  al. [5] reported higher DAP 
with DRA. Our results showed no significant differences 
between DRA and TRA in radiation dose, contrast vol-
ume, or procedure time.

Access‑related complications
In this study, we observed no significant difference in 
local hematoma rates and other complications, including 
finger numbness, pseudoaneurysms, and spasms between 
the DRA and TRA groups, consistent with the findings of 
previous studies [4, 13, 37]. Previous reports have shown 
that the incidence of forearm hematoma, according to 
the mEASY classification, ranges from 6.34 to 10% [9, 
38] with mEASY ≥ II occurring in 0.08% to 6.0% cases [5, 
9, 38]. In our study, the incidence of forearm hematoma 
was 10%, with mEASY ≥ II hematomas being observed in 
2.1%, which is consistent with previously reported data. 
However, mEASY ≥ II hematomas were significantly 
more frequent in the TRA group than in the DAR group 
(3.5% vs. 0.8%, P = 0.033), consistent with the meta-analy-
sis of Ferrante [14]. Predictors of hematoma in our study 
included low weight, multiple puncture attempts, and 
transradial access, which align with findings from previ-
ous studies [38].

Clinical implications of DRA in patients with STEMI
Unlike earlier RCTs that excluded patients with STEMI, 
this study focuses on those patients undergoing primary 
PCI through DRA. Our results showed a significant 
reduction in RAO rates 24  h post-procedure without 
impacting the procedure time. This finding supports 
the effectiveness of DRA as an access site for primary 
PCI, enhancing patient outcomes by minimizing vas-
cular complications without compromising procedural 
efficiency.

Study limitations
Our study highlights DRA’s benefits in preventing RAO 
post-PCI but has limitations. First, the single-center 
design may limit generalizability. Second, the open-label 
nature could introduce bias, although the objective meas-
ures of RAO and hemostasis time likely mitigate this con-
cern. Although ultrasound-guided puncture can improve 
puncture success rates, it was not used in this study. We 
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hope that future studies will evaluate the potential value 
of ultrasound guidance in emergency interventions.

Conclusions
This prospective RCT study demonstrated that DRA 
is superior to TRA in preventing RAO in patients with 
STEMI.
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