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Distal radial access in acute coronary syndrome patients with good
arterial pulsation: a subgroup analysis from the KODRA registry
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Background/Aims: Distal radial access (DRA) has been associated with fewer access-site complications, but evidence in
acute coronary syndrome (ACS) remains limited. This study evaluated the feasibility and safety of DRA in ACS patients with
good arterial pulsation.

Methods: Patients with good arterial pulsation from the prospective, multicenter KODRA registry were analyzed, comparing
those with ACS (n = 1,618) and non-ACS (n = 2,588). The primary efficacy endpoint was successful coronary angiography
(CAG) without access-site crossover. The primary safety endpoint was DRA-related bleeding, and the secondary safety end-
point was radial artery occlusion (RAO). Multivariable logistic regression was performed to assess the association between
ACS and study endpoints.

Results: The mean age was 66.3 = 11.9 years, and 69.6% were male. The rate of successful CAG without access-site cross-
over was comparable between ACS and non-ACS patients (94.2% vs. 94.9%, p = 0.094). DRA-related bleeding occurred
more frequently in ACS (4.3% vs. 2.6%, p = 0.002). RAQO rates were similar before discharge (0.1% vs. 0.2%, p = 0.396), but
lower at one-month in ACS patients (0.3% vs. 1.0%, p = 0.010). ACS was not independently associated with either primary
efficacy (OR 0.871, 95% Cl 0.664-1.144) or primary safety endpoint (OR 0.817, 95% Cl 0.538-1.240).

Conclusions: In patients with good arterial pulsation, DRA was feasible in ACS, with higher bleeding but lower RAO com-
pared with non-ACS. ACS was not independently associated with procedural failure or DRA-related bleeding. DRA may be
considered a reasonable access strategy in selected ACS patients.

Keywords: Radial artery; Acute coronary syndrome; Coronary angiography; Bleeding

INTRODUCTION

Interventional treatment of acute coronary syndrome (ACS)
begins with securing appropriate vascular access and ends
with achieving effective hemostasis at the puncture site. Pa-
tients with ACS are at increased bleeding risk due to the
frequent use of potent antiplatelet agents, parenteral an-
ticoagulation, or intravenous glycoprotein lib/llla inhibitors.
The 2023 European and 2025 American guidelines for the
management of ACS recommend transradial access (TRA)
over transfemoral access (TFA) to reduce bleeding, vascular
complications, and mortality [1,2].

In cases of severe coronary calcification, complex and
high-risk coronary intervention, or cardiogenic shock, TFA
is often required because large-bore guiding catheters are
necessary for left main disease, bifurcation lesion, rotation-
al atherectomy or mechanical circulatory support. There-
fore, determining the most appropriate vascular access is
crucial in ACS, balancing guideline recommendations with
real-world procedural demands. In the Korean Prospective
Registry for Evaluating the Safety and Efficacy of Distal Radi-
al Approach (KODRA) registry, 37.4% of patients presented
with ACS. In this cohort, puncture failure was strongly as-
sociated with weak distal radial artery pulsation and limited
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operator experience (< 100 distal radial access [DRA] cases)
[3]. Although the learning curve improves with increasing
operator experience [4,5], weak arterial pulsation remains a
major limitation for DRA, particularly in ACS patients.

While several randomized controlled trials (RCTs) and me-
ta-analyses have established the safety and efficacy of DRA
in elective or stable coronary procedures, clinical evidence
regarding its use in ACS remains limited [6-9]. Therefore,
we aimed to assess the feasibility and safety of DRA in ACS
patients with good arterial pulsation using data from the
KODRA registry.

METHODS

Study design and population

This study is a subgroup analysis derived from the KODRA
registry. Patients aged > 20 years who were scheduled for
coronary procedures and exhibited good or very good ar-
terial pulsation on physical examination were included.
Patients with weak or nonpalpable arterial pulsation were
excluded. Additional exclusion criteria comprised a posi-
tive modified Allen test, pregnancy or potential pregnancy,
breastfeeding, and any other condition deemed unsuitable
for participation by the investigator. Of the 4,977 patients
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enrolled at 14 hospitals between September 2019 to Sep-
tember 2021, a total of 4,206 patients met the inclusion cri-
teria and were eligible for analysis (Fig. 1). The study proto-
col was approved by the Institutional Review Board of each
hospital (approval number: CR319083) and all participants
provided written informed consent (ClinicalTrials.gov identi-
fier: NCT04080700).

Study procedures and protocol

The target puncture site was disinfected and locally anes-
thetized with lidocaine. Distal radial artery, located either
within the anatomical snuffbox or on the dorsum of the
hand, was punctured with a needle, followed by the inser-
tion of a mini-guidewire and subsequent placement of an
introducer sheath. Administration of antiplatelet agents,
unfractionated heparin, and other anticoagulants were at
the operator’s discretion. After completion of diagnostic
coronary angiography (CAG) and percutaneous coronary
intervention (PCl), hemostasis was achieved using one of
four methods: adhesive tape fixation over packed gauze,
wrapping with an elastic bandage, a dedicated compression
device, or manual compression. The choice between three-
way directional compression across the first intermetacarpal
space and conventional two-way directional compression

Overall KODRA population
n=4977

KJIM™

resembling radial compression was also at the operator’s
discretion. The access-site was assessed by careful palpation
before discharge and at the one-month follow-up visit.

Study endpoints and definitions

The primary efficacy endpoint was defined as success-
ful CAG without access-site crossover. The primary safety
endpoint was DRA-related bleeding. The secondary safety
endpoint was radial artery occlusion (RAO) assessed before
discharge and at one-month follow-up. The degree of ar-
terial pulsation was assessed through careful palpation and
categorized into four grades: very good, good, weak, and
no pulsation. Puncture success was defined as successful
arterial puncture followed by mini-guidewire insertion, and
introducer sheath placement into the distal radial artery.
Overall access-site crossover was defined as any change
from the initially intended vascular access-site. In addition,
access-site crossover after puncture success was defined as
crossover occurring after successful puncture. Puncture time
was measured from the skin contact with the needle to the
insertion of the mini-guidewire. Access time was defined
as the interval from subcutaneous lidocaine injection to the
placement of introducer sheath. CAG time was measured
as the duration from the insertion to the removal of the di-

Weak pulsation

v

Patients performed coronary procedures
n = 4,206

ACS Non-ACS
n=1618 n=2588

Efficacy endpoint

Successful CAG without access-site crossover

(n=771)

Puncture failure

v

Patients with successful puncture of DRA
n = 4,060

ACS Non-ACS
n = 1,562 n=2498

Safety endpoint
DRA-related bleeding

(n=146)

Figure 1. Study flowchart. KODRA, Korean Prospective Registry for Evaluating the Safety and Efficacy of Distal Radial Approach; ACS,
acute coronary syndrome; CAG, coronary angiography; DRA, distal radial access.
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Table 1. Baseline characteristics
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Variable Total (n = 4,206) ACS (n = 1,618) Non-ACS (n = 2,588) p value
Age (yr) 66.3+11.9 65.8 £ 121 66.7 + 11.7 0.018
Male 2,929 (69.6) 1,174 (72.6) 1,755 (67.8) 0.001
BMI (kg/m?) 25035 250+34 25036 0.769
Body surface area (m?) 1.73+£0.19 1.74 £ 0.19 1.73+0.19 0.030
Clinical risk factors

Hypertension 2,663 (63.3) 1,015 (62.7) 1,648 (63.7) 0.535

Diabetes mellitus 1,574 (37.4) 620 (38.3) 954 (36.9) 0.342

Chronic kidney disease 289 (6.9) 108 (6.7) 181 (7.0) 0.691

Dyslipidemia 2,400 (57.1) 907 (56.1) 1,493 (57.7) 0.298

Atrial fibrillation 261 (6.2) 65 (4.0) 196 (7.6) < 0.001

Current smoker 931 (22.1) 458 (28.3) 473 (18.3) < 0.001
Past medical history

Previous MI 503 (12.0) 161 (10.0) 342 (13.2) 0.002

Previous PCl 1,002 (23.8) 333(20.6) 669 (25.9) <0.001

Previous CABG 21(0.5) 2(0.7) 9(0.3) 0.078

Previous CVA 294 (7.0) 110 (6.8) 184 (7.1) 0.700
Reasons for coronary procedure < 0.001

Unstable angina 963 (22.9) 963 (59.5)

NSTEMI 459 (10.9) 459 (28.4)

STEMI 196 (4.7) 196 (12.1)

Stable angina 1,159 (27.6) 1,159 (44.8)

Atypical symptom 407 (9.7) 407 (15.7)

Follow-up CAG 288 (6.8) 288 (11.1)

Vasospastic angina 148 (3.5) 148 (5.7)

Heart failure 138 (3.3) 138 (5.3)

Pre-operative evaluation 106 (2.5) 106 (4.1)

Suspicious Ml 81(1.9) 81 (3.1)

Cardiomyopathy 61 (1.5) 61 (2.4)

Suspicious CAD 55(1.3) 55 (2.1)

Arrhythmia 49 (1.2) 49 (1.9)

Valvular heart disease 19(0.5) 19(0.7)

Staged PCI 18 (0.4) 18 (0.7)

EKG abnormality 14 (0.3) 14(0.5)

Syncope 11 (0.3) 11 (0.4)

Cardiac arrest 10(0.2) 10(0.4)

Others 24.(0.6) 24.(0.9)
Proportion of AMI 655 (15.6) 655 (40.5) 0(0.0) < 0.001
Medications

Aspirin loading 2,343 (55.7) 1,216 (75.2) 1,127 (43.5) < 0.001

P2Y12 receptor inhibitor loading 2,382 (56.6) 1,241 (76.7) 1,141 (44.1) < 0.001

Clopidogrel 1,739 (41.3) 713 (44.1) 1,026 (39.6) 0.005

Ticagrelor 627 (14.9) 518 (32.0) 109 (4.2) <0.001

Prasugrel 27 (0.6) 20(1.2) 7(0.3) < 0.001
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Table 1. Continued

Variable Total (n = 4,206) ACS (n = 1,618) Non-ACS (n = 2,588) p value
Use of heparin 3,894 (92.6) 1,595 (98.6) 2,299 (88.8) < 0.001
Heparin dose 5,000 (3,000-8,000) 7,500 (5,000-10,000) 3,000 (3,000-5,000) < 0.001
Heparin dose > 8,000 IU 1,071 (27.6) 766 (48.4) 305 (13.3) <0.001
Warfarin 22 (0.5) 5(0.3) 17 (0.7) 0.128
NOAC 116 (2.8) 24.(1.5) 92 (3.6) <0.001
Glycoprotein lIb/llla inhibitor 45 (1.1) 44.(2.7) 1(0.0) < 0.001

Values are presented as mean + standard deviation, number (%), or median (interquartile range).

ACS, acute coronary syndrome; BMI, body mass index; MI, myocardial infarction; PCl, percutaneous coronary intervention; CABG,
coronary artery bypass graft; CVA, cerebrovascular accident; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST-elevation
myocardial infarction; CAG, coronary angiography; CAD, coronary artery disease; PCl, percutaneous coronary intervention; EKG,
electrocardiography; AMI, acute myocardial infarction; NOAC, non-vitamin K antagonist oral anticoagulant.

agnostic catheter. Hemostasis time was defined as the time
required to achieve complete hemostasis, measured from
the application to the removal of the compression materials.
Bleeding events were recorded according to the Bleeding
Academic Research Consortium (BARC) criteria and modi-
fied Early Discharge After Transradial Stenting of Coronary
Arteries (EASY) study hematoma classification [3,10]. Ac-
cess-site complications included distal radial artery occlusion
(DRAO), RAOQ, local tenderness, hand edema, numbness,
arterial perforation, arterial dissection, hand dysfunction,
pseudoaneurysm, and arteriovenous fistula. The clinical
indication for coronary procedures was obtained through
detailed records.

Statistical analysis

Continuous variables are presented as mean + standard de-
viation or as median with interquartile range, as appropri-
ate. Categorical variables are expressed as frequencies and
percentages. Comparisons between the ACS and non-ACS
groups were performed using the chi-square test, or Fish-
er's exact test for categorical variables, and the independent
t-test, or Wilcoxon rank-sum test for continuous variables,
depending on data distribution. The associations between
ACS and the primary efficacy and safety endpoints were
evaluated using univariable logistic regression analysis. Vari-
ables with a p value < 0.05 in univariable analysis, including
demographic characteristics, comorbidities, medications,
and procedure-related factors, were subsequently included
in the multivariable logistic regression analysis, using the
enter method. A stratified subgroup analysis for the effica-
¢y endpoint, including interaction testing, was conducted
across the following predefined subgroups: age, sex, body
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surface area, hypertension, diabetes mellitus, chronic kid-
ney disease, and operator experience (< 100 DRA cases). All
tests were two-sided, and p values < 0.05 were considered
statistically significant. Statistical analyses were performed
using IBM SPSS Statistics for Windows, version 29.0 (IBM
Corp., Armonk, NY, USA).

RESULTS

Baseline patient characteristics are summarized in Table 1.
The mean age of the study population was 66.3 + 11.9
years, and 2,929 patients (69.6%) were male. Patients in
the ACS group were younger and more frequently male
compared with the non-ACS group. The prevalence of hy-
pertension, diabetes mellitus, chronic kidney disease and
dyslipidemia was comparable between the two groups.
Atrial fibrillation was more common in the non-ACS group,
whereas current smoking, prior myocardial infarction, and
previous PCl were more prevalent in the non-ACS group.
Among the non-ACS group, the most frequent indications
for coronary procedures were atypical symptoms (15.7%)
and follow-up CAG (11.1%) (Table 1). Preloading with an-
tiplatelet agents and the use of heparin were significantly
more frequent in the ACS group.

Procedural characteristics are summarized in Table 2.
The overall puncture success rate in the total study popu-
lation was 96.5%, with no significant difference between
the ACS and non-ACS groups (p = 0.977). The overall ac-
cess-site crossover rates were 4.9% in the ACS group and
4.3% in the non-ACS group (p = 0.351). The incidences of
access-site crossover after puncture success were 1.5% in
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Table 2. Procedural characteristics
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Variable Total ACS Non-ACS p value
Puncture-related variables n=4,206 n=1618 n=2588
Puncture success 4,060 (96.5) 1,562 (96.5) 2,498 (96.5) 0.977
Overall access-site crossover 192 (4.6) 80 (4.9) 112 (4.3) 0.351
Access-site crossover (after puncture success) 46 (1.1) 24 (1.5) 22 (0.9) 0.055
Crossover route < 0.001
Same-side TRA 101 (2.4) 29(1.8) 72 (2.8)
Opposite-side DRA 24 (0.6) 9(0.6) 15 (0.6)
Opposite-side TRA 16 (0.4) 8(0.5) 8(0.3)
Femoral access 51(1.2) 34 (2.1) 17 (0.7)
Reason for crossover
Puncture failure 146 (3.5) 56 (3.5) 90 (3.5) 0.977
Vessel tortuosity 24 (0.6) 6 (0.4) 18(0.7) 0.174
Vasospasm 5(0.4) 4(0.2) 11 (0.4) 0.347
Vessel occlusion 0(0.2) 6 (0.4) 4(0.2) 0.161
Need for larger catheter 12 (0.3) 12(0.7) 0(0.0) < 0.001
Small vessel 10 (0.2) 5(0.3) 5(0.2) 0.453
Complication 8(0.2) 5(0.3) 3(0.0) 0.162
Unstable vital sign 3(0.1) 2 (0.1) 1(0.0) 0.315
Routine crossover for PCl 1(0.0) 1(0.1) 0(0.0) 0.206
Other 10(0.2) 6 (0.4) 4(0.2)
Operator experience of DRA < 100 cases 1,226 (29.1) 377 (23.3) 849 (32.8) < 0.001
Puncture with steel needle 1,872 (44.5) 611 (37.8) 1,261 (48.7) < 0.001
Use of 0.014-inch coronary guidewire 240 (5.7) 122 (7.5) 118 (4.6) < 0.001
Puncture in the anatomical snuffbox 3,557 (84.6) 1,390 (85.9) 2,167 (83.7) 0.057
Puncture in the left hand 2,621 (62.3) 1,138 (70.3) 1,483 (57.3) < 0.001
CAG-related variables n=4,206 n=1618 n=2588
Route for CAG < 0.001
Left distal radial 2,542 (60.4) 1,105 (68.3) 1,437 (55.5)
Right distal radial 1,524 (36.2) 462 (28.6) 1,062 (41)
Left radial 58 (1.4) 20(1.2) 38(1.5)
Right radial 53(1.3) 14.(0.9) 39(1.5)
Femoral 29(0.7) 17 (1.1) 12 (0.5)
Disease extent < 0.001
Normal or minimal 1,600 (38.0) 265 (16.4) 1,335 (51.6)
1-vessel disease 1,172 (27.9) 566 (35.0) 606 (23.4)
2-vessel disease 840 (20.0) 458 (28.3) 382 (14.8)
3-vessel disease 594 (14.1) 329 (20.3) 265(10.2)

CAG performed 4172 (99.2) 1,604 (99.1) 2,568 (99.2) 0.745
CAG success 4,172 (100.0) 1,604 (100.0) 2,568 (100.0) NA
PCl performance 1,505 (35.8) 1,103 (68.2) 402 (15.5) < 0.001
Use of introducer sheath >6 Fr 1,746 (41.5) 930 (57.5) 816 (31.5) <0.001
Puncture time, second 60 (30-112) 60 (30-110) 60 (30-114) 0.814
Access time, second 100 (61-164) 97 (58-160) 100 (65-169.5) 0.022
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Variable Total ACS Non-ACS p value
CAG time, minute 8 (5-14) 8(4.1-13) 9 (5-15) < 0.001
Hemostasis-related variables n=4,060 n=1562 n=2,498
Hemostasis method <0.001
Adhesive tape fixation 1,948 (48.0) 926 (59.3) 1,022 (40.9)
Elastic bandage wrapping 2,072 (51.0) 616 (39.4) 1,456 (58.3)
Compression device 19 (0.5) 5(0.3) 14.(0.6)
Manual compression 21(0.5) 15 (1.0) 6 (0.2)
Hemostasis direction < 0.001
2-way 2,342 (58.3) 761 (49.4) 1,581 (63.8)
3-way 1,677 (41.7) 781 (50.6) 896 (36.2)
Recompression 147 (3.6) 50 (3.2) 97 (3.9) 0.258
Hemostasis time, minute 199.2 + 137.2 2232+ 1746 184.1 + 104.6 < 0.001

Values are presented as number (%), mean + standard deviation, or median (interquartile range).
ACS, acute coronary syndrome; TRA, transradial access; DRA, distal radial access; PCl, percutaneous coronary intervention; CAG,

coronary angiography.

the ACS group and 0.9% in the non-ACS group (p = 0.055).
Operator with DRA experience < 100 cases were more fre-
quently observed in the non-ACS group. Left DRA was cho-
sen in 60.4% of cases, while femoral access for CAG was
used in only 0.7%. Of the 4,172 patients (99.2%) who un-
derwent CAG, the overall CAG success rate was 100%. The
rate of PCl and the use of an introducer sheath > 6 Fr were
significantly higher in the ACS group. Compared with the
non-ACS group, ACS group demonstrated similar puncture
time, but had shorter access and CAG time, and required
longer hemostasis time.

The efficacy endpoint, defined as successful CAG with-
out access-site crossover, was comparable between the two
groups (94.2% in the ACS group vs. 94.9% in the non-ACS
group, p = 0.094) (Table 3). Regarding the safety endpoint,
DRA-related bleeding occurred more frequently in the ACS
group (4.3% vs. 2.6%, p = 0.002). All bleeding events were
classified as BARC type 1 or type 2. According to the mod-
ified EASY hematoma classification, the majority were mi-
nor hematoma (EASY la). One case of EASY Il and one case
of EASY IIl occurred, both due to voluntary removal of the
compressive material by uncooperative patients. Access-site
complications before discharge were also more frequent in
the ACS group (4.3% vs. 3.0%, p = 0.030), although most
were clinically insignificant, including local tenderness or
hand edema. The incidence of DRAO and RAO before dis-
charge did not differ significantly between the two groups.

https://doi.org/10.3904/kjim.2025.349

However, at one-month follow-up, both DRAO and RAO
were observed more frequently in the non-ACS group,
though the incidence rates remained low (DRAO 1.1%,
RAO 1.0%).

In univariable logistic regression analysis, ACS at presen-
tation was not associated with the efficacy endpoint (odds
ratio [OR] 0.871, 95% confidence interval [Cl] 0.664-1.144)
(Table 4). In contrast, body surface area, prior history of
myocardial infarction, and operator experience of DRA <
100 cases were significantly associated with the efficacy
endpoint. In the multivariable model, operator experience
of DRA < 100 cases remained the only independent pre-
dictor of efficacy (OR 0.438, 95% Cl 0.334-0.576). For the
safety endpoint, ACS at presentation was not predictive (OR
0.817, 95% Cl 0.538-1.240). However, smaller body sur-
face area (OR 0.173, 95% Cl 0.046-0.645), P2Y12 receptor
inhibitor preloading (OR 2.128, 95% Cl 1.138-3.976), and
heparin dose > 8,000 IU (OR 2.213, 95% Cl 1.287-3.805)
were significantly associated with DRA-related bleeding
(Table 5).

In the subgroup analysis for the efficacy endpoint, there
were no significant interactions across clinically relevant
subgroups, including age, sex, body surface area, hyper-
tension, diabetes mellitus, chronic kidney disease, operator
experience of DRA < 100 cases (Fig. 2).
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Table 3. Study endpoints

Variable Total ACS Non-ACS p value
Efficacy endpoint n=4,206 n=1618 n=2,588

CAG success without access-site crossover 3,980 (94.6) 1,524 (94.2) 2,456 (94.9) 0.094
Safety endpoints n=4,060 n=1562 n=2,498

DRA-related bleeding 131 (3.2) 67 (4.3) 64 (2.6) 0.002

Bleeding classification
BARC type 0.009

Type 1 44(1.1) 24 (1.5) 20(0.8)
Type 2 87 (2.1) 43(2.8) 44 (1.8)
Modified EASY hematoma classification 0.003
EASY la
<2m 67 (1.7) 26 (1.7) 41 (1.6)
2-5cm 21(0.5) 13(0.8) 8(0.3)
>5cm 5(0.1) 4(0.3) 1(0.0)
Hand swelling 31(0.8) 19(1.2) 12 (0.5)
EASY Ib (wrist < 5 cm) 5(0.1) 4(0.3) 1(0.0)
EASY Il (wrist < 10 cm) 1(0.0? 1(0.1)? 0(0.0)
EASY Il (forearm) 1(0.05? 0(0.0) 1(0.0%?

Access-site complications (except for bleeding)

Before discharge 142 (3.5) 67 (4.3) 75 (3.0 0.030
Occlusion of distal radial artery 11 (0.3) 4(0.3) 7 (0.3) 0.886
Occlusion of radial artery 5(0.1) 1(0.1) 4(0.2) 0.396
Tenderness 74 (1.8) 33(2.1) 41 (1.6) 0.275
Hand edema 65 (1.6) 38 (2.4) 27 (1.1) 0.001
Numbness 13(0.3) 7 (0.4) 6(0.2) 0.254
Perforation 6 (0.1) 2(0.1) 4(0.2) 0.796
Dissection 5(0.1) 3(0.2) 2(0.) 0.322

One-month follow-up 83(2.2) 41 (2.7) 42 (1.8) 0.067
Occlusion of distal radial artery 29(0.8) 5(0.3) 24 (1.1) 0.012
Occlusion of radial artery 26(0.7) 4(0.3) 22 (1.0) 0.010
Tenderness 10 (0.3) 8(0.5) 2(0.1) 0.009
Hand edema 17 (0.4) 11(0.7) 6 (0.3) 0.034
Numbness 32(0.8) 19(1.2) 13(0.6) 0.022
Hand dysfunction 4(0.1) 3(0.2) 1(0.0) 0.148

Values are presented as number (%).

ACS, acute coronary syndrome; CAG, coronary angiography; DRA, distal radial access; BARC, Bleeding Academic Research
Consortium; EASY, Early Discharge After Transradial Stenting of Coronary Arteries.

JEASY Il and Il hematoma were caused by uncooperative patients during hemostasis.

DISCUSSION ACS group was comparable to that in the non-ACS group,
whereas the incidence of DRA-related bleeding was high-
This study evaluated the feasibility and safety of DRA in er in the ACS group. Second, logistic regression analysis

patients with ACS and good distal radial pulsation. Several demonstrated that ACS presentation was not independent-
key findings were observed (Central illustration). First, the ly associated with either efficacy or safety endpoints. Third,
rate of successful CAG without access-site crossover in the puncture success and access-site crossover rates were similar
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Table 4. Logistic regression analysis for efficacy endpoint
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i Univariable Multivariable
Variable
OR 95% Cl p value OR 95% Cl p value

Demographic variables

Age 1.008 0.997-1.020 0.137 1.005 0.992-1.018 0.426

Female 1.014 0.757-1.358 0.927 0.759 0.531-1.085 0.131

Body surface area 0.500 0.250-0.999 0.050 0.450 0.180-1.121 0.086
Medical history

Hypertension 1.129 0.858-1.485 0.388

Diabetes mellitus 0.785 0.598-1.029 0.080

Chronic kidney disease 0.844 0.514-1.388 0.505

Current smoker 0.775 0.572-1.051 0.101

Prior Ml 0.677 0.470-0.976 0.037 0.766 0.527-1.112 0.161

Prior PCI 0.799 0.592-1.078 0.142

Atrial fibrillation 1.002 0.575-1.747 0.995

ACS presentation 0.871 0.664-1.144 0.321
Procedure-related variables

Operator experience of DRA < 100 cases 0.435 0.332-0.570 < 0.001 0.438 0.334-0.576 < 0.001

OR, odds ratio; Cl, confidence interval; MI, myocardial infarction; PCl, percutaneous coronary intervention; ACS, acute coronary

syndrome; DRA, distal radial access.

between groups. Fourth, although the ACS group showed
comparable puncture time and faster CAG time, a longer
hemostasis time was required. Finally, the incidences of
DRAO and RAO before discharge were very low and similar
in both groups, but occurred more frequently at one-month
follow-up in the non-ACS group.

Proper management of patients with ACS encompasses
various aspects, including the choice of invasive strategy,
management of cardiogenic shock, technical challenges
during procedures, prevention of ACS-related complica-
tions, and optimization of antithrombotic regimen in pa-
tients at high bleeding risk. From a procedural perspective,
the initial and crucial step is the selection of an optimal vas-
cular access route to ensure favorable outcome. Based on
robust evidence, the 2023 European Society of Cardiology
(ESC) guidelines for the management of ACS recommend
the use of TRA to reduce access-site related bleeding and
vascular complications [1]. The recently published 2025
ACC/AHA/ACEP/NAEMSP/SCAI  guidelines  incorporated
new data demonstrating that DRA and transulnar access
provide outcomes comparable to TRA [2]. However, these
guidelines also highlight that ultrasound-guided TFA should
be considered in patients requiring mechanical circulatory
support or in cases where TRA, transulnar access or DRA

https://doi.org/10.3904/kjim.2025.349

are not feasible. Within these contexts, our study specifically
focused on patients with good distal radial pulsation, who
are generally considered acceptable candidates for DRA
even in ACS settings. The findings demonstrated that ACS
presentation did not confer additional risks in terms of arte-
rial puncture, access-site crossover, CAG success, puncture
time, access time, or CAG time. The only observed differ-
ence was a higher incidence of minor DRA-related bleed-
ing in ACS patients; however, this was not attributable to
ACS itself but rather to factors such as smaller body surface
area, preloading with P2Y12 receptor inhibitors, and perfor-
mance of PCI.

Several studies have evaluated the feasibility of DRA in
ACS setting. The RAPID Ill RCT (Distal Radial Access for Pri-
mary PCl in STEMI Patients to Prevent RAQO) enrolled 260
patients in each group and demonstrated identical success
rates of vascular access between DRA and TRA (94.6%)
[11]. Importantly, DRA was associated with a significantly
lower incidence of hematoma (modified EASY > 2 hema-
toma: 0.8% vs. 3.5%, p = 0.033), while fluoroscopic time,
radiation dose, and access-related complications were com-
parable. Moreover, DRA significantly reduced the incidence
of RAO assessed by Doppler ultrasound at 24 hours after
primary PCl (1.9% vs. 8.5%, p = 0.001). The recently pub-
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Table 5. Logistic regression analysis for safety endpoint

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

i Univariable Multivariable
Variable
OR 95% Cl p value OR 95% Cl p value

Demographic variables

Age 1.033 1.017-1.050 < 0.001 1.016 0.997-1.035 0.102

Female 2.050 1.445-2909  <0.001 1.533 0.964-2.437 0.071

Body surface area 0.090 0.035-0.231 < 0.001 0.173 0.046-0.645 0.009
Medical history

Hypertension 1.140 0.789-1.648 0.485

Diabetes mellitus 0.911 0.633-1.312 0.617

Chronic kidney disease 1.654 0.937-2.920 0.082

Current smoker 0.671 0.418-1.077 0.098

Prior MI 1.097 0.653-1.843 0.725

Prior PCI 1.126 0.756-1.675 0.560

Atrial fibrillation 1.701 0.945-3.061 0.076

ACS presentation 1.704 1.203-2.415 0.003 0.817 0.538-1.240 0.817
Medication

Aspirin loading 1.610 1.112-2.331 0.012 0.639 0.353-1.156 0.138

P2Y12 receptor inhibitor loading 2.096 1.416-3.103 < 0.001 2.128 1.138-3.976 0.018

Use of heparin 2.644 0.970-7.202 0.057

Heparin dose > 8,000 U 3.297 2.307-4.711 < 0.001 2.213 1.287-3.805 0.004

Use of Glycoprotein Ilb/Illa inhibitor 0.712 0.097-5.212 0.738

Concomitant NOAC use 1.445 0.579-3.607 0.430
Procedure-related variables

Operator experience of DRA < 100 cases 1.003 0.682-1.477 0.986

Use of steel needle 0.782 0.547-1.119 0.179

Puncture within anatomical snuffbox 1.339 0.777-2.310 0.293

PCl performance 3.594 2.491-5.185 < 0.001 1.862 0.972-3.565 0.061

Introducer sheath > 6 Fr 2.509 1.749-3.600 < 0.001 1.254 0.812-1.937 0.308

Hemostasis with elastic bandage 1.070 0.755-1.516 0.703

Hemostasis with 3-way direction 1.222 0.860-1.738 0.263

ACS, acute coronary syndrome; DRA, distal radial access; MI, myocardial infarction; NOAC, non-vitamin K antagonist oral

anticoagulant; PCl, percutaneous coronary intervention.

lished DRAMI trial (comparison of DRA and TRA for the
successful puncture in patients with ST-elevation myocar-
dial infarction) compared puncture success rates between
DRA and TRA in 354 patients (176 vs. 178, respectively)
[12]. The puncture success rate in the DRA group was high
and numerically similar to that in the TRA group (94.3%
vs. 96.1%, p = 0.442); however, DRA did not demonstrate
non-inferiority to TFA in the intention-to-treat population.
Other procedural outcomes, including CAG success, PCl
success, access-site crossover, and bleeding complications,
were comparable between groups, and RAO occurred in
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only one patient in the TRA group at one-month follow-up.
In addition, the DR-STEMI trial (distal versus conventional
TRA for coronary catheterization in patients with STEMI) has
been designed as a prospective, multicenter, non-inferiori-
ty RCT to evaluate the time from arterial puncture to wire
crossing in the infarct-related artery [13]. The results of this
trial may provide further context and potentially challenge
the negative findings of the DRAMI trial. Collectively, cur-
rent evidence suggests that DRA in ACS is both feasible and
safe, although certain limitations such as puncture success
in the emergency setting remain under debate. Our study
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Number of events / number of patients (%)

KJIM™

ACS Non-ACS
Age > 70 years 615/648 (94.9) 1,066/1,121 (95.1)
< 70 years 909/970 (93.7) 1,390/1,467 (94.8)
Sex Male 1,103/1,174 (94) 1,668/1,755 (95.0)
Female 421/444 (94.8) 788/833 (94.6)
Body surface area > median 824/881(93.5)  1,209/1,278 (94.6)
< median 700/737 (95.0) 1,247/1,310 (95.2)
Hypertension Yes 965/1,015 (95.1) 1,561/1,648 (94.7)
No 559/603 (92.7) 895/940 (95.2)
Diabetes mellitus Yes 576/620 (92.9) 901/954 (94.4)
No 948/998 (95.0) 1,555/1,634 (95.2)
Chronic kidney disease Yes 100/108 (92.6) 171/181 (94.5)
No 1,424/1,510 (94.3) 2,285/2,407 (94.9)
Operator experience <100 DRA cases Yes 336/377 (89.1) 783/849 (92.2)
No 1,188/1,241 (95.7) 1,673/1,739 (96.2)

HR (95% Cl) p for interaction
— 0.962 (0.618-1.497) 0.595
—. 0.825 (0.584-1.167)
——— 0.810 (0.587-1.119) 0.412
— 1.045 (0.624-1.751)
,_.__. 0.825 (0.575-1.185) 0.601
— 0.956 (0.630-1.449)
—im 1.076 (0.753-1.537) 0.067
— . 0.639 (0.416-0.981)
— 0.770 (0.509-1.164) 0.425
— 0.963 (0.670-1.385)
= 0.731 (0.279-1.913) 0.710
PR 0.884 (0.666-1.174)
,_._.4 0.691 (0.458-1.041) 0.380
— 0.884 (0.611-1.279)
T T T 1
05 1 15 2 2.5

Favor non-ACS Favor ACS

Figure 2. Subgroup analysis for efficacy endpoint. ACS, acute coronary syndrome; HR, hazard ratio; Cl, confidence interval; DRA, distal

radial access.

further complements these findings by focusing on patients
with good distal radial pulsation, demonstrating that ACS
presentation itself did not adversely affect procedural fea-
sibility or safety. Nevertheless, because ACS patients com-
monly present with weak or absent arterial pulsation, par-
ticularly in cardiogenic shock or low perfusion state, these
findings should not be generalized to such high-risk sub-
groups. Among 771 excluded patients with weak pulsation,
puncture success was significantly lower in the ACS group
(78.4% vs. 84.7%, p = 0.032; data not shown). These ob-
servations underscore the need for dedicated studies exam-
ining vascular conditions and access strategies to determine
the feasibility of DRA in a broader ACS population.

The incidences of RAO before discharge and at one-
month follow-up were remarkably low. The RAO rate before
discharge (0.3%) was comparable to that (0.31%) reported
in the DISCO-RADIAL trial (Distal vs Conventional Radial Ac-
cess) [14]. Meta-analyses have reported approximately 2%
RAQ in DRA versus > 5% in TRA [6-8]. Interestingly, the sin-
gle-center, open-label, 2 x 2 factorial RAPID trial (Strategies
to Maintain Radial Artery Patency Following Diagnostic Cor-
onary Angiography) reported markedly higher RAO rates in
both DRA and TRA groups (20.3% vs. 21.2%, p = 0.810)
and a higher access-site crossover rate in DRA (14.9% vs.
8.3%, p=0.032) [15]. Importantly, procedural anticoagula-
tion with unfractionated heparin or bivalirudin substantially
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reduced RAO incidence (7.3% vs. 33.9%, p < 0.001). In
our study, RAO at one-month follow-up was higher in the
non-ACS group (1.0% vs. 0.3%, p = 0.001), potentially re-
flecting lower use of antiplatelet therapy, less heparin, and
fewer PCls. Conversely, this may explain the lower bleeding
events observed in the non-ACS group. Therefore, the low-
er RAO rate in the ACS group is more likely driven by differ-
ences in antithrombotic therapy rather than a physiological
advantage conferred by DRA itself. Although the RAPID
trial emphasized the importance of adequate anticoagu-
lation, RAO rates showed substantial variability compared
with expectations from the international consensus paper
for the prevention of RAO [16]. These findings underscore
that, while DRA may reduce RAO, outcomes are influenced
by procedural factors, particularly anticoagulation and he-
mostasis protocols. Standardized procedural protocols and
further RCTs are warranted to optimize clinical outcomes in
the emerging DRA era.

Limitations

Several limitations should be acknowledged. First, patients
were not randomized, as this analysis was based on registry
data; confirmatory RCTs comparing with TRA are warranted
to validate these findings. Second, only patients with good
or very good distal radial pulsation on physical examination
were included, limiting the generalizability of the results to
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patients with weak or non-palpable pulsation. Third, the de-
cision-making processes for procedural strategies including
antithrombotic medication, access-site selection, puncture
technique, and hemostasis method, were left to the oper-
ator’s discretion, introducing potential variability that may
have influenced the observed outcomes, particularly for
the safety endpoint. Fourth, the proportion of less experi-
enced operators (DRA < 100 cases) was relatively high in the
non-ACS group. Given the impact of operator experience
on efficacy and safety outcomes, the procedural learning
curve may have obscured other potential covariables. Fifth,
access-site evaluation was primarily based on physical exam-
ination rather than by Doppler ultrasonography. As a result,
asymptomatic RAO may have been underestimated. Future
studies incorporating routine Doppler ultrasonography are
recommended to provide a more accurate evaluation of
access-site patency. Finally, the wide spectrum of clinical
presentation, including higher rates of PCl, and use of large-
bore sheaths, may have confounded the observed bleeding
outcomes, despite statistical adjustment.

Conclusions

In ACS patients with good arterial pulsation, DRA achieved
comparable CAG success without access-site crossover, but
with higher DRA-related bleeding and lower RAO. ACS itself
was not an independent predictor of primary efficacy and
safety outcomes. These findings support DRA as a feasible
access strategy in selected ACS patients.

KEY MESSAGE

1. DRA demonstrated comparable success of CAG
without access-site crossover, higher DRA-related
bleeding, and lower RAQO in patients with ACS and
good arterial pulsation.

2. ACS was not associated with procedural failure or
DRA-related bleeding.

3. These findings support DRA can be considered a
reasonable access strategy in selected ACS patients.
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