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Abstract

Vascular access is an essential component of coronary angiography and percutaneous coronary intervention. The
choice of access site significantly impacts on procedural outcome. Distal transradial access (dTRA) via the anato-
mical snuffbox has emerged as an alternative to the conventional transradial approach. This article presents an
analysis of dTRA, examining its anatomical considerations, procedural aspects, and clinical outcomes. While dTRA
offers potential benefits such as improved patient comfort and a reduced risk of radial artery injury, challenges re-
main, including a steeper learning curve for operators and limitations in specific patient populations. This review
aims to provide a comprehensive understanding of dTRA, enabling informed decisions regarding its adoption and
advancement in contemporary cardiac catheterization.
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Introduction transradial access (dTRA) has emerged, offering potential ad-

vantages over the conventional TRA (cTRA) [9-10]. The dTRA

Transradial access (TRA) has become the preferred ap- involves cannulating the radial artery (RA) in the anatomical

proach for cardiac catheterization, surpassing femoral access snuffbox (also known as the radial fossa or fovea radialis),

due to its reduced local complications and improved patient a triangular depression located at the base of the thumb.
comfort [1-8]. However, a novel technique known as distal
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This distal puncture site, compared to the traditional proximal
RA access, provides distinct advantages [11-12].

The shift towards dTRA is motivated by its potential to
reduce vascular complications, improve patient comfort and
preserve the RA for future access [9-10, 13]. This preservation
is critical, as the RA access may be required for subsequent
procedures, including coronary or non-coronary interven-
tions, arteriovenous fistula creation for hemodialysis or use as
a graft in coronary surgery. These benefits stem from the an-
atomical characteristics of the RA in the snuffbox region [11].
This review aims to present the literature on dTRA through
the snuffbox, focusing on its benefits, limitations and future
applications beyond coronary procedures.

Material and methods

A literature search was conducted using PubMed and
Google Scholar databases to identify relevant articles pub-
lished in English about the use of dTRA. The search strategy
incorporated a combination of keywords and their synonymes,
including but not limited to: distal transradial access, dTRA,
anatomical snuffbox access, distal radial artery access, cardiac
catheterization, coronary angiography, percutaneous coro-
nary intervention, PCl, transradial intervention.

The search yielded 239 abstracts. After screening and
a comprehensive assessment, 49 full-text articles (21 rand-
omized controlled trials, 24 prospective and retrospective ob-
servational trials, 2 large registries and 2 meta-analyses) were
deemed eligible for inclusion in this review.

Historical aspects

The first mention of TRA in the literature dates back to
1948, when surgical cut-down provided access for aortic cath-
eterization [14-15]. TRA for cardiac catheterization was pio-
neered by Campeau in 1989 and later developed by Kiemeneij
and Larman in 1993 [16-17]. This was a paradigm shift in in-
terventional cardiology because the TRA offers significant ad-
vantages over the traditional femoral approach, particularly
in reducing access site complications [3-4, 8]. This has driven
the widespread adoption of the TRA and led to continuous re-
finement of techniques and exploration of alternative access
points along the RA.

The dTRA (also known as snuffbox access) emerged as
a further advancement of the TRA. Kiemeneij is credited with
pioneering this approach in 2017, recognizing the potential
benefits of accessing the RA in the anatomical snuffbox [13]. Al-
though the first mentions of accessing the dorsal RA for blood
pressure monitoring in children and adults occurred nearly 50
years ago [18-19], and its usefulness for coronary and non-cor-
onary procedures was reported by other researchers a few
years before Kiemeneij, these early reports did not generate
much attention or enthusiasm [20]. In 2011, Babunashvili and
Dundua introduced a procedure utilizing dTRA access for ret-
rograde recanalization of forearm RA within several days of an
initial cTRA procedure complicated by occlusion [21].

Anatomy of the distal radial artery

This region, characterized by its superficial location and
unique anatomical features, offered the possibility of minimiz-
ing vascular injury, enhancing patient comfort and preserving
the proximal RA for future access. The key landmark for dTRA
is the anatomical snuffbox, a triangular depression on the dor-
solateral wrist which is best visualized when the thumb is ex-
tended. It is bordered by the tendons of the extensor pollicis
longus (medially), extensor pollicis brevis and abductor polli-
cis longus (laterally) and the radial styloid process (proximally)
[11, 22-23]. Its floor consists of the scaphoid and trapezium
bones. The distal RA, the target for dTRA, passes through this
region, located superficially beneath the skin (see Figure 1).
This location facilitates easier access and potentially reduces
the risk of deep punctures (see Figure 2).

The RA’s distal anatomy contributes significantly to the
safety of TRA. Near the anatomical snuffbox, the RA branches
to form both the superficial palmar arch (anastomosing with
the ulnar artery) and distally the deep palmar arch (anasto-
mosing with the deep palmar branch of the ulnar artery).
Interconnected by extensive collateral vessels, this robust
dual-arch system ensures continued antegrade flow to the
hand even if the distal RA is occluded, minimizing the risk of
retrograde thrombosis [11, 22-25]. This anatomical character-
istic is the key to its potential benefits in reducing radial artery
occlusion (RAO):

e Preserved Blood Flow. Because the access site is locat-
ed after the palmar arch branches off, therefore even if
a thrombus were to form at the access site, blood flow
to the hand can often continue through the palmar arch.
This collateral circulation helps maintain perfusion and re-
duces the risk of hand ischemia.

e Lower Occlusion Risk. By preserving blood flow through
the palmar arch, dTRA minimizes the duration of com-
plete RAO during and after the procedure. This reduced
occlusion time is considered significant factor in lowering
the overall risk of RAO.
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Figure 1. Distal transradial access via the anatomical snuffbox (fovea radialis)

White lines next to the arterial sheath indicate the boundaries of the snuffbox area: the tendon of the extensor pollicis longus (medially)
and the tendons of the extensor pollicis brevis and abductor pollicis longus (laterally).

The snuffbox also houses the cephalic vein and branches
of the radial nerve. The initial segment of the cephalic vein, is
often prominent within the snuffbox. Branches of the radial
nerve, responsible for sensation in the dorsal hand, are typical-
ly located deeper and lateral to the RA [11, 22-23]. While the
superficial location of the RA in the snuffbox is advantageous,
the smaller arterial caliber and proximity of tendons necessi-
tate a thorough understanding of the anatomy for safe and
successful cannulation without complications. It is important
to distinguish dTRA within the snuffbox from the “very distal
TRA,” which involves puncture distal to the snuffbox and carries
additional anatomical considerations [26]. This “very dTRA”
modification was not assessed in this review because of insuf-
ficient published evidence regarding its efficacy and safety.

RA size

The success of dTRA is significantly influenced by the di-
ameter of the distal RA [27-30]. Studies show that the distal
RA is significantly smaller than the proximal RA, with average
diameters ranging from 1.70 to 2.99 mm [30-43]. Reported
distal RA diameter measurements vary due to inconsistent
methods, including measurement techniques, anatomical
landmark identification, vessel diameter definition (inner vs.
outer) and study conditions. Studies conducted in European
populations have report an average distal RA diameter of ap-
proximately 2.30 mm [30, 37, 43]. A strong positive correla-

tion (r = 0.66) exists between the distal RA size and forearm
RA size, with the distal RA measuring 80-89% of the forearm
segment’s dimension [30-32, 40]. Studies highlight a correla-
tion between specific anthropometric and clinical factors and
distal RA size. For instance, males have RA diameters that are
on average 14% larger compared to females [30]. Further-
more, height, body weight, body mass index and body surface
are consistently correlated with RA diameter [30, 32, 36, 40].
Certain comorbidities (e.g. diabetes and hypertension) are as-
sociated with smaller distal RA dimensions [40].

The reduced size of the distal RA, particularly in women
and individuals with smaller body surface area, is correlated
with technical difficulties for operators, potentially elevating
the risk of complications (e.g. vasospasm or occlusion) [30].
Using larger vascular sheaths can exacerbate this challenge,
as the size discrepancy between the sheath and the artery
increases the likelihood of damage to the arterial wall and oc-
clusion. Ultrasound-guided assessment of RA size, particularly
comparing the distal and proximal segments and considering
gender differences, is essential for appropriate patient selec-
tion, guiding procedural technique and minimizing complica-
tions [27]. In the absence of ultrasonography, a well-palpable
distal RA pulse and a proximal RA pulse may indicate a sat-
isfactory distal RA size, as there is a positive correlation be-
tween those two parameters (r = 0.5) [30].
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Figure 2. Angiography of the distal radial artery at the snuffbox

This angiogram was performed by administering contrast media
through a sheath placed in the ulnar artery. The * symbol marks
the site of distal radial artery puncture at the level of the snuf-
fbox, visualized with the hand in pronation (A) and in a neutral
position (B).

The dTRA technique

Numerous studies were focused on refining the tech-
nique for dTRA, with a particular emphasis on optimizing pa-
tient comfort during the procedure [12-13]. Ultrasound plays
a crucial role in assessing the suitability of dTRA by measuring
the distal RA diameter and identifying potential anatomical
challenges [27]. This pre-procedural assessment allows for
informed decision-making and selection of the most appro-
priate access site.

Patient positioning is another important element of suc-
cessful dTRA. For right-sided access, the patient’s arm should
be placed neutrally alongside their body, with the lateral side
facing upwards. Left-sided access can be achieved by either
flexing the left hand medially towards the patient’s groin or
abducting the left arm on a supportive board for easier ac-

cess. The patient’s arm should be maintained in a neutral po-
sition throughout the procedure, which may be particularly
beneficial for patients who are obese and those with limit-
ed range of motion in the arm. Both the left- and right-sided
dTRA may improve the ergonomics of the procedure for both
the patient (comfortable forearm position) and the operator
(not leaning over the patient).

Once the patient is appropriately positioned, the operator
should identify the optimal access site based on anatomical
landmarks and the course of the distal RA [12-13]. A dimin-
ished RA pulse can be observed following the subcutaneous
administration of an anesthetic (lidocaine or bipuvacaine),
thus obscuring the ideal puncture site and necessitating addi-
tional access attempts. This may be attributable to anesthetic
infiltration within the confined anatomical space of the snuff-
box, potentially inducing vasospasm. Therefore, using smaller
volumes of anesthetic (0.5-2.0 ml) are be recommended. The
preferred technique for RA puncture is the modified Seldinger
technique [12-13]. This approach involves directly accessing
the arterial lumen with the needle and without traversing
the posterior wall, as opposed to the through-and-through
technique. Periosteal puncture at the base of the anatomi-
cal snuffbox can cause discomfort and potentially contribute
to vasospasm and therefore should be avoided. Repeated
punctures carry an inherent risk of iatrogenic arterial spasm,
further complicating another puncture attempt. Therefore,
maximizing first-attempt success is crucial. Due to the RA’s
curvature, the needle’s angle relative to the skin will influence
its entry angle into the vessel. To minimize the risk of arterial
dissection, the needle should be slightly angled downwards
(30°-45°) before advancing the guidewire. Due to their lubric-
ity and flexibility, hydrophilic guidewires are recommended
when navigating tortuous anatomy or encountering arterial
spasm. If distal RA tortuosity impedes guidewire advance-
ment, maneuvers such as pronating/supinating the hand or
ulnar deviation can mitigate vessel curvature and facilitate
passage. A combination of 2 or 3 spasmolytic drugs (typically
nitroglycerin, verapamil or papaverine) effectively minimizes
the risk of RA spasm.

Due to the anatomy of the distal RA, smaller arterial
sheaths are generally preferred. Specifically, hydrophilic-coat-
ed slender sheaths are advantageous due to their smoother
insertion. Thanks to their thin-walled design, the outer diam-
eter is reduced by one French (Fr) size while preserving the
inner diameter. Slender sheaths are commercially available in
sizes 5 Fr, 6 Frand 7 Fr.

Fluoroscopy or ultrasound guidance can be invaluable
during guidewire insertion, particularly if there is any uncer-
tainty about its positioning [27]. Visualizing the guidewire’s
path helps ensure proper placement within the artery and
minimizes the risk of complications. Additionally, the pressure
waveform from the introducer sheath can provide further



confirmation of successful access. Catheter selection for dTRA
is determined by the same factors as for cTRA: patient anat-
omy and the particular procedure. In all patients undergo-
ing dTRA, an additional 3-5 cm of catheter length should be
factored in to accommodate the longer course of the artery,
particularly in taller patients (> 185 cm in height). Therefore,
diagnostic and guiding catheters exceeding the standard
length of 100 cm are recommended. In clinical scenarios ne-
cessitating larger catheter sizes, a sheathless approach may
be a viable alternative. Resistance during guidewire or cath-
eter advancement at the level of the antecubital fossa may
occasionally occur when using the left-sided access. This is
attributable to arterial angulation secondary to joint flexion
and transient forearm extension during passage typically mit-
igates this issue.

Learning curve of the dTRA

The adoption of dTRA has a significant learning curve
[44-45]. Achieving and sustaining a high success rate (> 94%)
required approximately 200 procedures [44]. As operator
experience grew, both procedural duration and the number
of access attempts decreased [44-45]. Furthermore, female
sex (odds ratio (OR) 1.84, 95% confidence interval (Cl) 1.01-
-3.39, p =0.049) and systolic blood pressure below 120 mmHg
(OR 1.87, 95% Cl 1.04-3.36, p = 0.036) were identified as in-
dependent predictors of unsuccessful dTRA cannulation [44].
These findings underscore the critical role of operator experi-
ence and careful patient selection in optimizing dTRA success.

Radial artery occlusion

Table 1 presents collected data (including RAO rates) from
two large registries and the available prospective randomized
clinical trials (RCTs) on dTRA [46-70]. RAO is the main com-
plication of TRA, precluding future access to the RA. Report-
ed rates of RAO after cTRA vary significantly in the literature,
ranging from < 1% to as high as 33% [71]. This variability partly
stems from differences in the timing and methods used to as-
sess RA patency. A meta-analysis of RCTs revealed an overall
incidence of early (within 24 hours) RAO of 7.7% and 5.5%
after 1 week follow-up, highlighting the need for standard-
ized reporting and assessment of this complication [72]. Over
the years, a decline in RAO rates down to 3.7% has been ob-
served, reflecting a growing awareness and implementation
of best practices aimed at preventing this complication [72].

The development of RAO is a complex process involving
multiple contributing factors. Acute RAO occurs shortly after
TRA, is primarily driven by arterial thrombosis due to a con-
fluence of factors, including vessel wall injury induced by
sheath and catheter manipulation, a localized hypercoagula-
ble state and reduced blood flow due to hemostasis via com-
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pression [73]. In contrast, chronic RAO is characterized by
a gradual thickening of the arterial wall, specifically the in-
timal and medial layers. This thickening results from the hy-
perplasia of vascular smooth muscle cells, representing a re-
sponse to the initial injury [74]. Numerous randomized trials
have established a clear understanding of the risk factors as-
sociated with RAO. These factors can be categorized as either
modifiable or non-modifiable. Non-modifiable factors include
female sex, low body mass index, diabetes and previous RA
cannulation [72]. Modifiable risk factors for RAO include sub-
optimal sheath-to-artery ratio (> 1), inadequate anticoagula-
tion, multiple unsuccessful puncture attempts, occlusive and/
or prolonged hemostasis and RA spasm [72, 75].

The PROPHET study demonstrated that implementing the
so-called patent hemostasis strategy (hemostasis with the
preservation of blood flow) during cTRA significantly reduced
the incidence of both early and late RAO. This approach re-
sulted in a 59% reduction in early RAO and a 75% reduction
in late RAO [75]. Furthermore, the PROPHET-II trial revealed
that prophylactic ipsilateral ulnar compression during RA he-
mostasis, in conjunction with a patent hemostasis protocol,
led to a significant decrease in RAO rates at 30 days post-pro-
cedure [76]. This combined approach resulted in an occlusion
rate of 0.9%, compared to 3.0% without ulnar artery compres-
sion . Discrepancies in reported RAQ incidence rates are partly
due to inconsistencies in assessment methods and the limita-
tions of pulse palpation. Even in the presence of significant
occlusion collateral circulation can often maintain a palpable
pulse, leading to an underestimation of true RAO rates [77].
Accurate determination of RAO incidence necessitates more
objective evaluation methods, such as doppler ultrasound.

It was precisely the need for the reduction of RAO after
TRA that was the main driver of the switch to the dTRA ac-
cess. Initial observational studies on small groups estimate
the rate of in-hospital forearm RAO after dTRA at 0% to 7%
[13, 45-46, 78-82]. The majority of RCTs have demonstrated
a lower incidence of RAO following dTRA compared to cTRA.
This difference is often statistically significant, with reported
RAO rates ranging from 0% to 5% for dTRA versus 0% to 13%
for cTRA [46-60, 62-65, 69-70]. Importantly, none of the tri-
als have shown inferior RAO outcomes for dTRA compared
to cTRA. The ANGIE study, a larger trial in a Greek popula-
tion, demonstrated a significant reduction in RAO incidence
at 60 days post-procedure with dTRA (3.7%) compared to
CTRA (7.9%; p = 0.014) [55]. The multicenter DISCO RADI-
AL trial included 1218 participants in Europe and demon-
strated remarkably low RAO rates in both the dTRA (0.31%)
and cTRA (0.91%) groups when measured until hospital
discharge [60]. Although the difference in RAO rates wasn’t
statistically significant (p = 0.29), it is worth noting that both
groups benefited from a strict hemostasis protocol adhering
to current best practice recommendations, which likely con-
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Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access

Author name
(Trial name)

Study type

Total sample

dTRA sample

cTRA sample

Diabetes
(dTRA vs. cTRA)

Procedure

Access time
(dTRA vs. cTRA)

Koutouzis [46] Vefali [47] Lin [48] Sharma (DORA) [49]
RCT RCT RCT RCT

200 205 900 970

100 102 450 485

100 103 450 485

27% vs. 28% 36.2% vs. 37.8% 10.7% vs. 12.4% n/a

CAG CAG and PCI CAG and PCI CAG

6 Fr 5 Fr, 6 Fr 6 Fr 5 Fr, 6 Fr

269 + 251 s 46.85 + 2.41 s 3.90 = 2.50 min n/a

vs. 140 £ 161 s

vs. 36.66 £ 5.16 s

vs. 3.10 £ 2.40 min

RA spasm
(dTRA vs. cTRA)

3% vs. 4%

0% vs. 4%

n/a

1% vs. 12%

Crossover rate

30% vs. 2%

5% vs. 4%

4% vs. 3.3%

4% vs. 2%

RAO at forearm
(dTRA vs. cTRA)

5% vs. 9%

Year published

Country

(at discharge) n/a 1.6% vs. 3.8% 2% vs. 13%
until hospital until hospital .

S dlE discharge discharge PERCI ST

2019 2019 2020 2020

Greece Turkey China India

CAG — coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath
slender; n/a — not available; min — minute; PCl — percutaneous intervention; RCT — randomized controlled trial; s — second




Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access (continued)

Author name
(Trial name)

Study type

Total sample

dTRA sample

cTRA sample

Diabetes
(dTRA vs. cTRA)

Procedure

Sheath size

Access time
(dTRA vs. cTRA)

RA spasm
(dTRA vs. cTRA)

Crossover rate

RAO at forearm
(dTRA vs. cTRA)

Follow-up

Year published

Country

CAG - coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath
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Eid-Lidt (DAPRAO) [50] Wang [51] Xiong [52] Dadarwal [53]
RCT RCT RCT RCT

282 200 161 320

140 100 81 160

142 100 80 160

51.4% vs. 43.7% 26% vs. 18% 9.9% vs. 5.0% n/a

CAG and PCI PCI CAG and PCI CAG and PCI
6F 6 Fr n/a 5 Fr, 6 Fr
2.7 £ 1.9 min _ 2.4 (1.7-4.2) min _ 86 = 26 s n/a

vs. 2.7 £ 2.0 min vs. 1.7 (1.4-2.3) min vs. 74 £ 25 s

3.5% vs. 4.2% n/a 0% vs. 1.3% n/a

13.3% vs. 0.7% 2% vs. 6% n/a 7.5% vs. 2.5%
24 hours and 1 month until hospital discharge | 48 hours g:‘]stcilhggggital
2021 2022 2022 2022

Mexico China China India

slender; n/a — not available; min — minute; PCl — percutaneous intervention; RCT — randomized controlled trial; s — second
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Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access (continued)

Author name
(Trial name)

Study type

Total sample

dTRA sample

cTRA sample

Diabetes
(dTRA vs. cTRA)

Procedure

Access time
(dTRA vs. cTRA)

RA spasm
(dTRA vs. cTRA)

Crossover rate

Lucreziotti [54] Tsigas (ANGIE) [55] | Sanhoury [56] Mokbel [57]
RCT RCT RCT RCT

204 1042 100 114

104 518 50 57

100 524 50 57

30% vs. 28.8% 29.4% vs. 32.0% 50% vs. 54% n/a

PCI CAG and PCI PCI CAG and PCI
6 Fr, 7 Fr 5Fr, 6 Fr, 7 Fr 5Fr 6 Fr

137 + 162 120 (60-251) s 5.10+ 1.61s n/a

vs. 82 £ 95 vs. 75 (50-120) s vs. 2.28 £ 1.16 s

n/a ?s'gvzl:_g)s' 00 26% vs. 6% n/a

33% vs. 9.6% 21.8% vs. 5.5% 26% vs. 4% n/a

RAO at forearm
(dTRA vs. cTRA)

0% vs. 0%

3.7% vs. 7.9%

4% vs. 14%

0% vs. 6%

Year published

Country

until hospital
1 month 2 months 2 months discharge
2022 2022 2022 2022
Italy Greece Egypt Romania

CAG — coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath

slender; n/a — not available; min — minute; PCl — percutaneous intervention; RCT — randomized controlled trial; s — second
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Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access (continued)

Author name
(Trial name)

Study type

Total sample

dTRA sample

cTRA sample

Diabetes
(dTRA vs. cTRA)

Procedure

Sheath size

Access time
(dTRA vs. cTRA)

RA spasm
(dTRA vs. cTRA)

Crossover rate

RAO at forearm
(dTRA vs. cTRA)

Follow-up

Year published

Country

Koledinskiy [58]

Daralammouri
(DARFORA) [59]

Aminian (DISCO
Radial) [60]

Oliveira
(DISTRACTION) [61]

RCT RCT RCT Registry
264 209 1218 3683
132 104 650 3683
132 105 657

n/a 41.3% vs. 44.8% 30.2% vs. 28.9% 39.7%
PCI CAG and PCI CAG and PCI CAG and PCI
n/a 6 Fr 6 Fr GS 6 Fr
125.1 £11.9s 56.6 £ 61.1s median: 2 (1—_4) min n/a

vs. 58.8 £ 8.2 s vs. 20.0 £ 184 s vs. 1 (1-3) min

5.6% vs. 13.2% 3.8% vs. 2.9% 5.4% vs. 2.7% n/a
5.3% vs. 2.3% 1.9% vs. 1.9% 7.4% vs. 3.5% 2.5%

0.8% vs. 6.2%

0% vs. 1.9%

0.31% vs. 0.91%

0% (palpation)

until hospital until hospital until hospital
discharge L ERy a1 2R discharge discharge
2022 2022 2022 2022

Russia Palestine Europe (multicenter) | Brazil

CAG — coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath
slender; n/a — not available; min — minute; PCl — percutaneous intervention; RCT — randomized controlled trial; s — second
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Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access (continued)

Author name Korotkikh (TENDERA)

Al-Azizi (DIPRA)

Acar (The Litaunent)

Koziriski (ANTARES)

(Trial name) [62] [63] [64] [65, 66, 67]
RCT - B
776 251 700 400
391 126 350 200
385 125 350 200

cTRA sample

Diabetes
(dTRA vs. cTRA)

27.5% vs. 26.7%

34% vs. 30%

36% vs. 35.1%

32% vs. 34%

Procedure

CAG and PCI CAG and PCI CAG and PCI CAG and PCI
MSFn6Fr 5 Fr, 6 Fr 5Fr, 6 Fr, 7 Fr 5 Fr, 6 Fr
Access time 42.0 (26.0; 84.0) s e 151.3 £ 73.9 median: 140 (85-322) s
(CLLVNE YO vs. 35.0 (23.0; 55.0) s vs. 73.4 £ 48.5 vs. 80 (58-127) s
RA spasm 23.5% vs. 22.8% n/a 4.8% vs. 3% 19% vs. 4.5%

(dTRA vs. cTRA)

Crossover rate 5.1% vs. 0.8%

4.0% vs. 1.3%

15.6% vs. 5.7%

10% vs. 3.5%

RAO at forearm

o 0
(dTRA vs. cTRA) 2.7% vs. 6.8%

0% vs. 1.6%

1.6% vs. 10%

1 day: 2.5% vs. 4.5%
60 days: 2.5% vs. 3%

90 days 1 month 2 months 1 day and 2 months
Year published 2023 2023 2023 2023
Country Russia USA Turkey Poland

CAG - coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath

slender; n/a — not available; min — minute; PCI —

percutaneous intervention; RCT — randomized controlled trial; s —

second




Table 1. Chronological list of large registries and randomized clinical trials comparing distal vs. conventional transradial access (continued)

Author name
(Trial name)

Study type

Total sample

dTRA sample

cTRA sample

Diabetes
(dTRA vs. cTRA)

Procedure

Sheath size

Access time
(dTRA vs. cTRA)

RA spasm
(dTRA vs. cTRA)

Crossover rate

RAO at forearm
(dTRA vs. cTRA)

Follow-up

Year published

Country

CAG — coronary angiography; cTRA — conventional transradial access; dTRA — distal transradial access; Fr — French (size); GS — glidesheath

Distal transradial access via snuffbox for cardiac...

Lee (KODRA) [68]

Tehrani (PRESERVE RADIAL)
[69]
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tributed to the low overall RAO occurrence [60]. In the Brazil-
ian DISTRACTION registry (3683 patients), there are no cases
of RAO at discharge upon assessment by palpation [61]. A zero
incidence rate, while impressive, might be influenced by the
sensitivity of the detection method used. The South Korean
KODRA registry is the largest (4977 patients) and reported
a 0.8% RAO rate after 1 month detected upon palpation and
a 1.1% rate when assessed by ultrasonography [68]. A recent
meta-analysis of 15 randomized studies (7,196 patients, dTRA
= 3,475, cTRA = 3,721), found a significantly lower risk of
RAO in the dTRA group (1.8%) compared to the cTRA group
(6.6%). This translates to a risk ratio of 0.31 (95% Cl: 0.21-0.46,
p < 0.001) favoring dTRA [9].

The anatomical advantages of dTRA likely contribute to
its lower RAO rates. Even with distal RA occlusion during he-
mostasis, antegrade flow through the superficial palmar arch
helps maintain perfusion and reduce retrograde thrombus
propagation into the RA [13]. An experimental study simu-
lating RAO in healthy subjects demonstrated a key difference
between distal and proximal occlusion sites. While simulated
occlusion at the wrist (proximal RA) led to significant flow re-
duction in the forearm RA, simulated occlusion in the anatom-
ical snuffbox (distal RA) did not significantly impact flow [83].
Furthermore, the location of the superficial palmar branch
within the anatomical snuffbox allows for efficient compres-
sion and faster hemostasis, further minimizing the risk of RAO
development. Using thin-walled, hydrophilic sheaths during
dTRA procedures can potentially lower the occurrence of RAO
in both the forearm and the anatomical snuffbox [84].

The recently published prospective, multicenter ‘Open
Radial Artery Study,” might challenge the pursuit of novel dTRA
techniques as its authors reported a reduction in RAO inci-
dence after cTRA using a ‘patent hemostasis’ technique [85].
After 2 weeks, none of the 2181 patients who underwent the
procedure experienced RAO. These impressive results were
achieved by meticulously adhering to a protocol designed to
minimize the risk of RAO using appropriate sheath sizes, anti-
coagulation, minimizing hemostasis time (60 + 6 min) and ver-
ifying patency during hemostasis with plethysmography [85].
This highlights how that attention to such procedural details
might be more crucial to reducing RAO occurrence than the
choice of access site.

Non-RAO complications, access failure
and access time

The use of dTRA has a high safety profile for non-RAO ac-
cess-site complications, particularly bleeding. Real-world data
collected after implementing best practices revealed a 3.3%
incidence of dTRA-related bleeding. This breakdown included
mild 1.1% BARC (Bleeding Academic Research Consortium)

type 1 and 2.2% BARC type 2 bleeding [9, 68]. Importantly,
there were no instances of severe or life-threatening bleed-
ing events (BARC type 3 or 5) [68, 86]. Furthermore, mild
hematoma (EASY grade | (Early Discharge After Transradial
Stenting of Coronary Arteries Study)) occurred in only 3.1%
of patients, while serious hematoma was exceptionally rare in
a study population of approximately 5000 (68, 87). Other po-
tential complications (e.g. pseudoaneurysm or arteriovenous
fistula) were infrequent and often detected via ultrasound.
When recognized early, they can typically be managed with
extended compression at the radial fossa. [88-89]. Transient,
mild neuropathy, presenting as thumb numbness within a few
hours post-procedure, are observed in up to 29% of individu-
als, likely due to radial nerve irritation [65]. Interestingly, data
from two studies incorporated in the meta-analysis showed
significantly greater post-procedural pain in dTRA compared
with cTRA, with no differences in pain while accessing the
RA [9].

Undeniably, the dTRA is more technically demanding
than cTRA, as evidenced by higher rates of access failure and
crossover, typically to the ipsilateral proximal RA. Early reports
cited crossover rates as high as 30% [46]. A recent meta-anal-
ysis of 18 RCTs showed a significantly greater relative risk
of crossover with dTRA compared to cTRA (10.3% vs. 3.7%,
p < 0.001) [9]. The KODRA registry and a largest randomized
trial (DISCO RADIAL), reported crossover rates of 6.7% and
7.4%, respectively [60, 68]. Factors potentially contributing to
access failure include unsuccessful arterial puncture, limited
operator experience, weak RA pulse, smaller RA diameter,
lower body mass index, vasospasm and possibly female sex
[60, 65, 68].

While meta-analyses did not demonstrate a difference in
RA spasm rates between dTRA and cTRA, some authors report
a higher incidence with dTRA (up to 19% vs. 4.5% for cTRA).
This discrepancy may stem from differences in RA vasospasm
definition and diagnostic methods (ideally it should be con-
firmed through angiography, see Figure 3). Regardless of the
definition used, RA vasospasm can contribute to access fail-
ure. A recent study found that applying a transdermal nitro-
glycerin patch on the puncture site before dTRA significantly
increased first-attempt success rates for those using palpa-
tion-guided techniques [90]. This improvement, attributed to
a likely reduction in RA spasm, was accompanied by a notice-
able increase in the average diameter of the distal RA [90].

Although dTRA requires a significantly longer mean ac-
cess time when compared with cTRA (2.6 + 1.8 vs. 1.8 +
1.3 min; p < 0.001), the overall procedure time, contrast vol-
ume use and fluoroscopy time are comparable between the
two techniques [9]. The dTRA does not influence the motor
or sensory function of the hand, both in early and long-term
follow-up [91-92].



Figure 3. Severe distal radial artery spasm
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Coronary and noncoronary
procedures via dTRA

Experienced operators can success-
fully use the dTRA for a range of coro-
nary interventions, from straightforward
procedures to complex scenarios e.g.
high-risk interventions, chronic total oc-
clusion and even ST-elevation myocardial
infarction [81, 94-97]. With appropriate
patient selection, comparable access
times and overall procedural success can
be achieved in myocardial infarction cases
via dTRA as with cTRA [81, 95-96].

Beyond its established role in cor-
onary interventions, dTRA has shown

This angiogram demonstrates severe spasm of the distal radial artery (A), during an

attempt to advance a standard 0.018” J-shaped miniguidewire following puncture with
a 22-gauge needle. Contrast media was administered through the needle to visualize
the spasm. Image (B) shows the same radial artery after the spasm resolved.

Hemostasis

Following sheath removal, hemostasis is typically achieved
more rapidly with dTRA compared to cTRA [9, 12]. Traditional
radial hemostasis relies on distal wrist immobility, which may
not be sufficient for the more mobile dorsal hand [12]. A more
secure method involves tamponade with a gauze plug and
elastic bandage at the access site. Alternatively, a dedicated
dTRA hemostatic device can be employed. Its advantages are
secure positioning and precise compression, achieving results
comparable to the traditional gauze and bandage technique.
Currently, only one such dedicated dTRA hemostatic device
is commercially available (Preclude SYNC DISTAL radial com-
pression device by Merit Medical Systems) [28]. Although
many operators report successful use of hemostasis devices
designed for cTRA.

Despite general agreement that dTRA requires short-
er hemostasis times to balance RAO risk without increasing
access-site bleeding, no standardized protocol has been
accepted in clinical practice. Published data on optimal hemo-
stasis time varies widely, ranging from 135 + 62 minutesin a re-
centmeta-analysisto 180 minutes proposed by some operators
[9, 93]. Inthe largest studies, including the KODRA registry and
DISCO RADIAL, the hemostasis time was 153 minutes [60, 68].
Preliminary unpublished data from our group suggests even
shorter durations are feasible, with 90, 60 and 30 minutes
routinely applied after 7 Fr, 6 Fr, and 5 Fr thin-wall sheaths,
respectively. This inconsistency highlights the need for further
research to establish a standardized, evidence-based protocol
for dTRA hemostasis.

promise in carotid interventions, limb
ischemia treatment, pelvic organ pro-
cedures, neuroradiology and even pe-
rioperative blood pressure monitoring
[52, 96-99]. Preliminary reports indicate
both the safety and high success rates of these procedures.
It is very interesting to see reports of dTRA use in structural
heart disease procedures. Achim et al. successfully utilized bi-
lateral dTRA with an 8 Fr sheath in 32 high-risk patients with
severe symptomatic aortic stenosis undergoing balloon aortic
valvuloplasty [100]. They achieved a 100% technical success
rate and most patients were mobilized within 24 hours.

Distal transradial access can be a versatile technique for
percutaneous interventions. The data suggests that in the
hands of experienced operators and after implementation of
best practices, the dTRA offers efficacy comparable to cTRA,
with potentially lower rates of RA occlusion, shorter hemosta-
sis time and reduced bleeding complications.
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