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Distal Versus Proximal Radial Artery 
Access for Cardiac Catheterization: 30-Day 
Outcomes of the DIPRA Study
Karim Al-Azizi , MD; Ghadi Moubarak , MD; Chadi Dib, MD; Sameh Sayfo, MD; Molly Szerlip , MD; 
Sibi Thomas, DO; Julie McCracken, BS; Adam Smith, BS; Uma Kelavkar, BS; Sarah Hale, BA; 
Johanna Van Zyl , PhD; Shelby L. McCoy , BS; Allison T. Lanfear, BS; Jasjit K. Banwait, PhD; 
Preethi Ravindranathan, MS; Kristen Chionh, MS; J. Michael DiMaio , MD; Michael J. Mack , MD;  
Srinivasa Potluri, MD

BACKGROUND: Proximal radial artery (pRA) access for cardiac catheterization is safe but can jeopardize subsequent use of the 
artery because of occlusion. Distal radial artery (dRA) access in the anatomical snuffbox preserves the radial artery, but safety 
and potential detrimental effects on hand function are unknown.

METHODS AND RESULTS: In the DIPRA (Distal Versus Proximal Radial Artery Access for Cardiac Catheterization and Intervention) 
study, a single-center trial, 300 patients were randomized 1:1 to cardiac catheterization through dRA or pRA. The primary end 
point of change in hand function from baseline to 30 days was a composite of the QuickDASH (Quick Disabilities of the Arm, 
Shoulder and Hand) questionnaire, hand-grip test, and thumb forefinger pinch test. Secondary end points included access 
feasibility and complications; 254 of 300 patients completed follow-up at 30 days; of these, 128 were randomized to dRA and 
126 to pRA with balanced demographic and procedural characteristics. Both groups had similar rates of access site bleeding 
(dRA 0% versus pRA 1.4%; P=0.25). Six patients with dRA failed access compared with 2 patients with pRA. Radial artery 
occlusion occurred in 2 pRA versus none in dRA. There were no significant differences in change in hand function, median 
hand-grip (dRA 0 [−3.2, 3.3] versus pRA 0.7 [−2.3, 3.3] kg; P=0.21), pinch-grip (dRA −0.3 [−1.2, 0.5] versus pRA 0 [−0.9, 0.9] 
kg; P=0.09), and QuickDASH (dRA 0 [−4.6, 2.3] versus pRA 0 [−4.6, 2.3] points, P=0.96). There was no significant difference 
in the composite of hand function between pRA and dRA.

CONCLUSIONS: dRA is a safe strategy for cardiac catheterization with a low complication rate. Compared with pRA, there is no 
increased risk of hand dysfunction at 30 days.

REGISTRATION: URL: https://www.ClinicalTrials.gov. Unique identifier: NCT04318990.
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Access methods for cardiac catheterization are 
controversial aspects that have changed several 
times over the years. Femoral artery access has 

traditionally been the most commonly used method. 
However, radial artery (RA) catheterization has become 

the preferred approach for percutaneous coronary in-
terventions. Indeed, RA access has been associated 
with lower bleeding and vascular complications, lead-
ing to better patient outcomes compared with femoral 
artery access.1–5 The American College of Cardiology/

Correspondence to: Karim M. Al-Azizi, MD, Baylor Scott & White Health – The Heart Hospital Plano, 1100 Allied Dr, Plano, TX 75093, USA.  
Email: karim.alazizi@bswhealth.org

This manuscript was sent to Jennifer Tremmel, MD, Associate Editor, for review by expert referees, editorial decision, and final disposition.

This work was presented in part at the SCAI Scientific Abstracts sessions, May 19 – 22, 2022, and published in abstract form Journal of the Society for 
Cardiovascular Angiography & Interventions. 2022;1:100320. doi:10.1016/j.jscai.2022.100320.

Supplemental Material is available at https://www.ahajo​urnals.org/doi/suppl/​10.1161/JAHA.123.030774

For Sources of Funding and Disclosures, see page 10.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative 
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use 
is non-commercial and no modifications or adaptations are made. 

JAHA is available at: www.ahajournals.org/journal/jaha

https://orcid.org/0000-0003-0195-4984
mailto:
https://orcid.org/0009-0002-9280-5238
https://orcid.org/0000-0002-4907-1825
https://orcid.org/0000-0003-4205-9214
https://orcid.org/0000-0003-2158-8432
https://orcid.org/0000-0002-6064-5869
https://orcid.org/0000-0002-3148-9158
http://www.ClinicalTrials.gov
mailto:karim.alazizi@bswhealth.org
https://doi.org/10.1016/j.jscai.2022.100320
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.030774
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha


J Am Heart Assoc. 2023;12:e030774. DOI: 10.1161/JAHA.123.030774� 2

Al-Azizi et al� Thirty-Day Outcomes of the DIPRA Study

American Heart Association/Society of Cardiovascular 
Intervention and the European Society of Cardiology/
European Association for Cardio-Thoracic Surgery 
now support RA catheterization as the default vascular 
approach for percutaneous coronary interventions.6,7

Recently, distal radial artery (dRA) access in the 
anatomic snuffbox has emerged as a promising al-
ternative to conventional proximal radial artery (pRA) 
access, with several small studies reporting the safety 
and feasibility of this approach.8–12 In addition to im-
proved procedure ergonomics, particularly with the left 
dRA access,13 the dRA access has been a promising 
approach to further reduce the rates of RA occlusion 
and access site hematoma compared with pRA ac-
cess, but the dRA access has been associated with 
higher access site crossover.14 This is particularly im-
portant, especially in patients with end-stage renal 
disease or coronary artery disease, who may require 
a patent RA for arteriovenous fistula for hemodialysis 
or as a conduit for coronary artery bypass surgery. 
However, because the dRA is a smaller artery and 
passes close to the radial nerve, there are concerns 
that the dRA may affect hand function. To date, despite 
positive accumulating data on the feasibility and safety 
of the dRA access,15,16 there have been no randomized 

control trials addressing concerns about hand func-
tion and other potential complications, especially when 
compared with the gold standard and widely accepted 
pRA. Herein, we report the 30-day outcomes of the 
DIPRA (Distal Versus Proximal Radial Artery Access for 
Cardiac Catheterization and Intervention) study to eval-
uate the safety and effectiveness of dRA compared with 
pRA in patients undergoing cardiac catheterization.

DIPRA METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

STUDY DESIGN AND OBJECTIVES
The DIPRA study is a prospective, randomized, paral-
lel controlled, open-label, single center trial evaluating 
hand function, feasibility, and safety of dRA access 
compared with pRA access in patients undergoing car-
diac catheterization. The trial design and study protocol 
has been described in detail previously.17 Patients were 
enrolled and randomized in a 1:1 fashion from March 
2020 to December 2021. The DIPRA study is regis-
tered at Clini​calTr​ials.gov, identifier NCT04318990, and 
funded by a philanthropic gift from Satish and Yasmin 
Gupta to Baylor Scott & White The Heart Hospital, 
Plano, Texas. The study, conducted in accordance with 
Good Clinical Practice from the International Council 
for Harmonization and the Declaration of Helsinki, was 
approved by the ethics committee of the Baylor Scott 
& White Research Institute Institutional Review Board 
(identifier number: 019-504). Participation in the study 
was voluntary and required written informed consent 
before any procedure could be performed.

PRIMARY AND SECONDARY END 
POINTS
The primary end point is the change from baseline to 
1 month of hand function in patients undergoing car-
diac catheterization using dRA versus pRA. Several 
independent primary end points were included to as-
sess hand function, including the QuickDASH ques-
tionnaire, the hand grip test, and the thumb-forefinger 
pinch test. Secondary end points included success 
rate of arterial access and safety outcomes, such 
as access site bleeding defined by the EASY (Early 
Discharge After Transradial Stenting of Coronary 
Arteries Study) criteria, access site hematoma defined 
using an easy-to-use hematoma scale, other vascular 
access site complications, and rates of RA occlusion 
assessed by 1-month Doppler ultrasound.

CLINICAL PERSPECTIVE

What Is New?
•	 Change in hand function at 30 days was as-

sessed between the distal and proximal ra-
dial access for cardiac catheterization using 
the QuickDASH (Quick Disabilities of the Arm, 
Shoulder and Hand) questionnaire, hand grip 
test, and thumb forefinger pinch test.

•	 Compared with proximal radial artery, there is 
no increased risk of hand dysfunction or radial 
artery occlusion at 30 days.

What Are the Clinical Implications?
•	 Distal radial access is a safe access strategy for 

cardiac catheterization with low complication 
rates.

Nonstandard Abbreviations and Acronyms

DASH	 Disabilities of the Arm, Shoulder and 
Hand Questionnaire

dRA	 distal radial artery
pRA	 proximal radial artery
RA	 radial artery

http://clinicaltrials.gov
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PROCEDURE DESCRIPTION
Patients with a clinical indication for percutaneous 
coronary procedure and patent dRA and pRA on ini-
tial screening were considered for enrollment. The pa-
tency and accessibility of dRA and pRA were assessed 
at bedside by palpation and by ultrasonography of the 
dRA and pRA access sites before the procedure. Once 
the remaining inclusion criteria were met, participants 
were randomized using closed envelopes. Patients 
randomized to pRA underwent coronary procedure 
using the standard of care RA access. Participants 
randomized to dRA underwent the procedure as pre-
viously described in the published literature.8,18 The 
right or left hand is placed on the ipsilateral side of 
the patient. In conventional transradial access, the pa-
tient’s arm was placed in an extended position with 
the palm supinated. For dRA, the patient’s hand was 
placed in a mid-supination position and placed on a 
comfortable arm support, bringing the wrist in passive 
ulnar flexion. The patient is asked to grasp his thumb 
toward the palm. This brings the RA to the surface, 
allowing easier puncture. A brachial drape is used to 
expose the anatomical snuffbox, dRA, and pRA site 
of the hand. After a subcutaneous anesthetic injection 
of lidocaine in the anatomical snuffbox above the ar-
tery, and under ultrasound guidance, the artery was 
punctured at the site of the greatest pulse using a can-
nulated 21 gauge needle (Terumo) with the modified 
Seldinger technique. After a successful anterior wall 
puncture, a Nitrol sheath wire is carefully introduced 
while retaining the patient’s wrist in the same position. 
Proper position is confirmed by fluoroscopy to ensure 
the wire has not crossed the palmar arch. Following 
this, a hydrophilic radial sheath (5 or 6 French slender 
radial sheaths) is advanced through the micropuncture 
needle into the radial artery. Arterial dilation is achieved 
by administering 200 to 400 mg of nitroglycerin and 2.5 
to 5 mg of verapamil through the radial sheath, blood 
pressure permitting. At this point, successful arterial 
access has been achieved. Maneuvering the catheter 
and wire through the forearm could result in poten-
tial vascular injury and perforation, so wire insertion 
can be done under fluoroscopy and with a roadmap 
if necessary. Periprocedural anticoagulation was ad-
ministrated appropriately for all patients based on the 
standard hospital protocol of 60 units/kg up to 5000 
international units or heparin intravenously or weight-
based according to operator preference.

Hemostasis was achieved according to local prac-
tice, using a standard distal radial hemostatic band 
(Merit Medical Preclude SYNC DISTAL radial compres-
sion device), with the lowest possible pressure and the 
shortest possible time. As for proximal radial access, 
patent hemostasis technique is used. After the proce-
dure, the patient can use both arms without restrictions 

and without the need for special support measures. All 
relevant procedural data were recorded.

ASSESSMENT OF HAND FUNCTION 
AND STRENGTH QuickDASH 
QUESTIONNAIRE
The QuickDASH questionnaire is a widely used tool 
for measuring self-reported outcomes related to mus-
culoskeletal disorders of the upper limbs. It stands 
for Disabilities of the Arm, Shoulder, and Hand. The 
QuickDASH questionnaire is a shorter version of the 
original DASH questionnaire, making it easier to ad-
minister and less burdensome for patients, while 
maintaining a high correlation with the original DASH 
questionnaire.19 The QuickDASH questionnaire con-
sists of 11 questions to assess the functional status 
and progress of patients with upper limb injuries or dis-
eases.19,20 Each question in the QuickDASH is scored 
on a 5-point Likert scale, ranging from 1 to 5. A score 
of 1 indicates no difficulty, whereas a score of 5 indi-
cates extreme difficulty or inability to perform the activ-
ity. The questionnaire was completed at baseline and 
after 1 month.

Pinch Grip Test by Use of a Pinch Grip 
Dynamometer and Hand Grip Test by Use 
of Jamar Hand Hydraulic Dynamometer
Both the Pinch Grip Test and the Hand Grip Test 
are objective and valuable tools for assessing hand 
strength, monitoring progress during rehabilitation 
and evaluating the impact of hand-related condi-
tions on hand function. The Pinch Grip Test evaluates 
the strength and coordination of the thumb and fin-
gers during a pinch grip motion. It typically involves 
3 variations: Tip pinch, key pinch, and palmar pinch. 
Baseline® Mechanical Pinch Gauge (Baseline Medical, 
Quakertown, PA) measures the force exerted during 
each type of pinch. The Hand Grip Test assesses over-
all hand strength by measuring the maximal isometric 
force generated during a gripping motion. The Jamar® 
Hand Hydraulic dynamometer, 200-pound capacity, 
(Fabrication Enterprises, White Plains, NY) was used 
for this test. The values of both tests were expressed in 
kilograms (kg). These tests were performed bilaterally, 
regardless of side of access, before the procedure and 
at 1 month.

Patient Population
The study population includes both men and women 
aged >18 years who underwent cardiac catheterization 
at Baylor Scott and White – The Heart Hospital Plano. 
The DIPRA trial’s criteria for participant inclusion and 
exclusion have been previously published.17
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Subject Screening, Enrollment, 
Randomization, and Follow-Up
Eligible patients who met the screening inclusion cri-
teria and have not met any of the trial exclusion crite-
ria were randomly assigned, in a 1:1 ratio, to undergo 
coronary catheterization by either dRA or pRA access. 
Screening assessments were conducted by review-
ing medical records and conducting interviews after 
obtaining informed consent. In addition, for research 
purposes, a mandatory screening examination was 
performed to assess the patency of the pRA and dRA. 
This assessment was initially performed by palpation, 
and if both arteries were palpable, Doppler ultrasound 
was performed.

Participants randomized to pRA received conven-
tional access catheterization according to the standard 
of care. Required follow-up visit assessment was per-
formed at 1 month (±10 days). Assessments included: 
hand function assessment using the QuickDASH 
questionnaire, hand grip assessment using the hand 
dynamometer, pinch grip assessment using a pinch 
grip dynamometer, any clinical change from baseline, 
reinterventions using the RA between the index proce-
dure and follow-up, and measurement of the pRA and 
dRA patency with Doppler ultrasound. Deviations from 
the follow-up window are summarized in Table S1.

STATISTICAL ANALYSIS
The statistical analysis plan was published before pa-
tient enrollment17 and is available with the protocol. The 
analysis for the primary and secondary end points was 
performed as modified intention-to-treat including all 
subjects who completed follow-up at 30 days regard-
less of the access method. Patient demographics and 
characteristics are analyzed and compared between 
the dRA and pRA groups. Continuous variables were 
expressed as means with corresponding SDs or as 
medians with quartile ranges [quartile 1, quartile 3], if 
skewed. Categorical variables were presented as fre-
quencies and percentages. Statistical analysis to iden-
tify differences in demographic and clinical variables, 
as well as safety and compliance, involved appropriate 
tests such as 2-sample t-tests and chi-square tests (or 
Wilcoxon rank-sum test and Fisher exact test).

SAMPLE SIZE AND POWER
A Monte Carlo simulation study was used to calcu-
late the minimum sample size required to achieve at 
least 80% power to detect a small clinical difference 
between dRA and pRA in the primary composite out-
come of hand function. A small clinical effect was de-
fined as a 10%±10% and 0%±10% reduction in 1 of 
the 3 pre- to post-operation test scores for pRA and 

dRA, respectively. Assumptions used to simulate pre-
operation scores and means±SDs for the simulated 
difference in test scores are reported in Table S2. The 
resulting mean±SD of the composite average z-scores 
from 1000 Monte Carlo simulations were 0.14±0.69 
versus −0.14±0.69 for a 10% reduction in hand grip 
strength, 0.14±0.69 versus −0.14±0.69 for a 10% re-
duction in pinch grip strength, and 0.13±0.68 versus 
−0.13±0.70 for a 10% reduction in QuickDASH score 
comparing dRA versus pRA, respectively. A sam-
ple size of n=125 per group is sufficient to achieve at 
least 80% power under a correlation of 0.3 between 
the 3 tests. Allowing for a loss-to-follow-up rate of 
15%, 300 patients (150 per arm) were enrolled in the 
study. Subjects lost to follow-up were excluded from 
the primary analyses, and demographic and baseline 
characteristics were compared between included and 
lost-to-follow-up subjects.

DIPRA PRIMARY END POINT 
ANALYSIS
The primary composite outcome of hand func-
tion was measured using the average Z-score 

Figure 1.  Patient enrollment flow diagram.
Among 300 patients enrolled and randomized 1:1 to distal and 
proximal radial access, 46 patients did not complete follow-up 
assessments at 30 days and were excluded. F/U indicates follow-
up; and SAE, severe adverse event.
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method.21,22 The average z-score for each subject 
was defined as the average of the z-scores of the dif-
ferences between the measurements at baseline and 
1-month post-operation for 3 individual tests. The 3 
tests that measure a subject’s daily functionality and 
hand strength and are included in the composite 
outcome are: (a) the QuickDASH questionnaire score 
(0–100) calculated as [(sum of n responses/n)−1] * 
25, (b) thumb and forefinger pinch strength test (in 
kilograms), and (c) hand grip strength test (in kilo-
grams). The average of these 3 z-scores of the dif-
ference between pre- and 1-month post-operation 
was compared between dRA and pRA using the 
Wilcoxon rank-sum test.

DIPRA SECONDARY END POINTS 
ANALYSIS
A chi-square test (or Fisher exact test) was used to 
evaluate the arterial access success rate, access site 
bleeding, access site hematoma, and RA occlusion in 
both dRA and pRA cohorts at 1 month. Associations 
with RA occlusion and access site bleeding were not 
performed because of the small number of events (<5).

All P values were reported as 2-sided tests, and 
P<0.05 was considered statistically significant. R version  

4.1.1 (R Foundation for Statistical Computing) was used 
to perform the statistical analysis.

RESULTS
Trial Participants and Baseline 
Characteristics
A total of 300 patients were randomly assigned to dis-
tal radial access (150 patients) or proximal radial ac-
cess (150 patients) (Figure  1). The primary modified 
intention-to-treat analysis at 30 days included 254 pa-
tients (128 dRA and 126 pRA), with the remaining 46 pa-
tients excluded who did not have 30-day assessments 
completed. Patient demographic characteristics were 
similar between the randomized groups, with a mean 
age of 66.6±9.6 years and 75.3% being male (Table 1). 
Comparing baseline patient characteristics and hand 
function at screening between those included and ex-
cluded, no significant differences were noted, with the 
exception of those excluded being 3.7 years younger 
on average (P=0.03) (Table S3).

Procedure Characteristics
There was no statistical difference in procedure char-
acteristics between treatment groups, including the 

Table 1.  Baseline Patient Characteristics at Enrollment

Variable Overall (n=300) Distal (n=150) Proximal (n=150) P

Age, y 66.6±9.6 65.9±8.7 67.3±10.5 0.23

BMI, kg/m2 30.0 [26.8, 34.4] 29.9 [26.8, 34.1] 30.1 [26.9, 35.0] 0.98

Ethnicity

Hispanic or Latino 7 (2.3%) 2 (1.3%) 5 (3.3%) 0.46

Not Hispanic or Latino 290 (96.7%) 147 (98%) 143 (95.3%)

Unknown/Not reported 3 (1%) 1 (0.7%) 2 (1.3%)

Sex

Women 74 (24.7%) 31 (20.7%) 43 (28.7%) 0.14

Men 226 (75.3%) 119 (79.3%) 107 (71.3%)

Race

American Indian/Alaska Native 1 (0.3%) 0 (0%) 1 (0.7%) 0.72

Asian 13 (4.3%) 8 (5.3%) 5 (3.3%)

Black or African American 17 (5.7%) 8 (5.3%) 9 (6%)

More than 1 race 1 (0.3%) 1 (0.7%) 0 (0%)

Unknown/Not reported 8 (2.7%) 5 (3.3%) 3 (2%)

White 260 (86.7%) 128 (85.3%) 132 (88%)

Diabetes 96 (32%) 51 (34%) 45 (30%) 0.54

Hypercholesteremia 56 (18.7%) 27 (18%) 29 (19.3%) 0.88

Hypertension 232 (77.3%) 112 (74.7%) 120 (80%) 0.33

Prior myocardial infarction 39 (13%) 23 (15.3%) 16 (10.7%) 0.3

Prior CABG 6 (2%) 3 (2%) 3 (2%) 1

Prior PCI 56 (18.7%) 25 (16.7%) 31 (20.7%) 0.46

Values are frequency (%), mean ± SD, or median [quartiles].
BMI indicates body mass index; CABG, coronary artery bypass graft; and PCI, percutaneous coronary intervention.
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sheath size used (6 French 99.3% in dRA versus 99.3% 
in pRA) and type of procedure completed (percutane-
ous coronary intervention 35.9% in dRA versus 32.9% 
in pRA) (Table  2). Six patients randomized to dRA 
failed successful access and converted to pRA while 2 
pRA patients failed successful access. Catheterization 
was performed on the right hand in 97.7% of patients. 
Baseline hand grip measure and QuickDASH score 

were not statistically different at screening before the 
procedure, with a median hand grip strength of 26 kg 
(interquartile range [IQR, 18.7–32.8] in the right hand 
and median QuickDASH score of 4.6 [IQR, 0–15.9]). 
Median pinch grip strength was 7.4 kg [IQR, 5.4–8.9] in 
the right hand, with higher values among dRA patients 
compared with pRA (dRA 7.9 [6.0, 9.1] versus pRA 7.3 
[5.3, 8.5] kg; P=0.02) (Table 3).

Table 2.  Catheterization Procedure Characteristics

Variable Overall (n=300) Distal (n=150) Proximal (n=150) P

Dominant hand

Both 1 (0.3%) 0 (0%) 1 (0.7%) 0.58

Left 31 (10.3%) 14 (9.3%) 17 (11.3%)

Right 268 (89.3%) 136 (90.7%) 132 (88%)

Artery size, mm

Proximal 2.7 [1.9, 3.6] 2.7 [2.0, 3.5] 2.5 [1.8, 3.5] 0.09

Distal 2.3 [1.8, 3.2] 2.4 [1.9, 3.3] 2.2 [1.7, 3.1] 0.08

Sheath size

5 French 2 (0.7%) 1 (0.7%) 1 (0.7%) 1

6 French 296 (99.3%) 149 (99.3%) 147 (99.3%)

Type of procedure 0.68

Diagnostic 185 (65.6%) 91 (64.1%) 94 (67.1%)

Interventional/PCI 97 (34.4%) 51 (35.9%) 46 (32.9%)

Catheterization hand 0.45

Left 7 (2.3%) 2 (1.3%) 5 (3.3%)

Right 293 (97.7%) 148 (98.7%) 145 (96.7%)

Catheterization access -

Distal 144 (48%) 144 (96%) 0 (0%)

Femoral 2 (0.7%) 0 (0%) 2 (1.3%)

Proximal 154 (51.5%) 6 (4%) 148 (98.7%)

Hemostasis time (s)* 160 [135, 195] 166 [135, 201] 160 [138, 192] 0.57

Hemostasis technique <0.001

Preclude SYNC BAND 125 (45%) 125 (88.7%) 0 (0%)

TR BAND 153 (55%) 16 (11.3%) 137 (100%)

Values are frequency (%) or median [quartiles].
PCI indicates percutaneous coronary intervention; and TR, tricuspid regurgitation.
*Hemostasis time was obtained by chart in 68% of patients.

Table 3.  QuickDASH, Hand Grip, and Pinch Grip at Baseline Screening

Variable Overall (n=300) Distal (n=150) Proximal (n=150) P

Hand grip, kg

Left hand 21.2 [15.3, 28.7] 21.5 [15.5, 29.5] 20.3 [15.3, 28] 0.23

Right hand 26 [18.7, 32.8] 26 [19.1, 36] 24.3 [18.2, 31.2] 0.07

Pinch grip, kg

Left hand 6.8 [5.1, 8.5] 7.3 [5.1, 8.5] 6.5 [5.1, 8.2] 0.20

Right hand 7.4 [5.4, 8.9] 7.9 [6.0, 9.1] 7.3 [5.3, 8.5] 0.02

QuickDASH

Score 4.6 [0, 15.9] 5.7 [0, 13.6] 4.6 [0, 15.9] 0.84

Values are median [quartiles].
DASH indicates Disabilities of the Arm, Shoulder, and Hand Questionnaire.
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Primary Outcome
The primary composite outcome of hand function was 
measured in the catheterization hand as the average 
of the 3 z-scores for change at 30 days from baseline 
in the QuickDASH, hand grip strength, and pinch grip 
strength. The average z-scores were not statistically 
different between dRA (median −0.01, IQR: −0.32 
to 0.24) and pRA (median 0.11, IQR: −0.30 to 0.51) 
(P=0.09) (Table 4; Figure 2).

Secondary Outcomes
Secondary outcomes at catheterization and 30-day 
follow-up are reported in Table  5. Both groups had 
similar rates of access site bleeding (dRA 0% versus 

pRA 1.4%; P=0.25) and hematoma (dRA 0% versus 
pRA 0.7%; P=0.50). Successful access to the radial 
artery was not statistically different between groups 
(dRA 96.7% versus pRA 98%; P=0.72). There were no 
significant differences in the change of hand function 
in the catheterization hand between groups measured 
as hand grip strength (dRA 0 [IQR, −3.2 to 3.3] ver-
sus pRA 0.7 [IQR, −2.3 to 3.3] kg; P=0.21), pinch grip 
strength (dRA −0.3 [IQR, −1.2 to 0.5] versus pRA 0 
[IQR, −0.9 to 0.9] kg; P=0.09), and QuickDASH (dRA 
0 [IQR, −4.6 to 2.3] versus pRA 0 [IQR, −4.6 to 2.3] 
points; P=0.96), with the median change being less 
than 5% of the baseline level for each measure and 
group. Similarly, changes in the function of the non-
catheterization hand were not statistically different 

Table 4.  Average Z-Score Test for the Composite Primary Outcome at 30 Days

Variable Overall (n=254) Distal (n=128) Proximal (n=126) P

Average Z-score 0.04 [−0.32, 0.35] −0.01 [−0.32, 0.24] 0.11 [−0.30, 0.51] 0.09

Change in QuickDASH Z-score 0.01 [−0.19, 0.40] 0.01 [−0.19, 0.40] 0.01 [−0.19, 0.40] 0.96

Change in hand grip Z-score −0.04 [−0.58, 0.50] −0.1 [−0.67, 0.50] 0.02 [−0.51, 0.51] 0.21

Change in pinch grip Z-score 0.06 [−0.55, 0.62] 0 [−0.61, 0.52] 0.21 [−0.41, 0.82] 0.09

The primary composite outcome is defined as the average of the z-scores for change from baseline hand grip strength, pinch grip strength, and QuickDASH 
score in the catheterization hand. Values are median [quartiles].

DASH indicates Disabilities of the Arm, Shoulder, and Hand Questionnaire.

Table 5.  Comparison of Secondary Outcomes During the Catheterization Procedure and at 30 Days

Variable Overall Distal Proximal

PCatheterization procedure n=300 n=150 n=150

Bleeding 2 (0.7%) 0 (0%) 2 (1.4%) 0.25

Hematoma 1 (0.4%) 0 (0%) 1 (0.7%) 0.50

Radial artery accessed 289 (97.3%) 145 (96.7%) 144 (98%) 0.72

30-day outcomes n=254 n=128 n=126

Hand grip strength, kg

Baseline 25.8 [18.7, 32.7] 26 [19.2, 34.8] 24.3 [18.7, 31.1] 0.20

30 days 26.3 [19.2, 32.7] 27.3 [19, 33] 25.3 [19.3, 31.3] 0.28

Change from baseline* 0.3 [−2.7, 3.3] 0 [−3.2, 3.3] 0.7 [−2.3, 3.3] 0.21

Pinch grip strength, kg

Baseline 7.4 [5.4, 8.8] 7.9 [5.9, 9.1] 7.3 [5.4, 8.4] 0.06

30 days 6.9 [5.1, 8.7] 7.3 [5.3, 8.7] 6.4 [5, 8.3] 0.43

Change from baseline* −0.2 [−1.1, 0.6] −0.3 [−1.2, 0.5] 0 [−0.9, 0.9] 0.09

QuickDASH

Baseline 4.6 [0, 13.6] 4.6 [0, 13.6] 4.6 [0, 15.9] 0.87

At 30 days 4.6 [0, 15.9] 4.6 [0, 15.9] 4.6 [0, 15.3] 0.75

Change from baseline† 0 [−4.6, 2.3] 0 [−4.6, 2.3] 0 [−4.6, 2.3] 0.96

Radial artery occlusion

Distal 0 (0%) 0 (0%) 0 (0%) 1

Proximal 2 (0.8%) 0 (0%) 2 (1.6%) 0.24

Reinterventions using the radial artery 12 (4.8%) 4 (3.2%) 8 (6.4%) 0.38

Values are frequency (%) or median [quartiles].
DASH indicates Disabilities of the Arm, Shoulder, and Hand questionnaire.
*Hand grip and pinch grip change were calculated as 30 days – baseline such that negative values indicate worsening.
†QuickDASH change was calculated as baseline – 30 days such that negative values indicate worsening.
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between dRA and pRA groups (Table S4). Radial ar-
tery occlusion occurred in 2 pRA patients versus none 
in dRA. The rate of reinterventions using the RA was 
not statistically different (dRA 3.2% versus pRA 6.4%, 
P=0.38) between groups.

DISCUSSION
Randomized controlled trials comparing the effects of 
dRA and pRA accesses on neurological functions are 
essential to better gauge safety. The aim of the DIPRA 
trial was to compare hand function and access site 
safety of dRA versus pRA access. To our knowledge, 
this was the first randomized controlled trial to assess 

hand function following dRA access for cardiac cath-
eterization. The main finding of the DIPRA trial was that 
dRA access is safe and did not impair hand function 
based on a systematic multidimensional evaluation 
compared with the gold standard pRA (Figure 3).

The distal segment of the RA is characterized by 
an unpredictable course at the level of the hand as it 
winds and twists in the anatomic snuffbox.23 The dRA 
courses more superficial to the skin than the pRA, 
which can sometimes cause the dRA to slide during 
needle insertion, requiring redirection.23 In addition, the 
dRA is superficially crossed by the commencement of 
the cephalic vein, which can sometimes result in in-
travenous cannulation instead of intra-arterial.24 These 

Figure 2.  Average Z-score test for the composite primary outcome at 30 days.
The primary composite outcome is defined as the average of the z-scores for change from baseline hand grip strength, pinch grip 
strength, and QuickDash score in the catheterization hand. A, Average of the z-score for change from baseline hand grip at 1 month 
(B). Average of the z-score for change from baseline pinch grip at 1 month (C). Average of the z-score for change from baseline DASH 
score at 1 month (D). DASH indicates Disabilities of the Arm, Shoulder, and Hand Questionnaire; HGS, hand grip strength; PCI, 
percutaneous coronary intervention; and PGS, pinch grip strength.
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features may entail multiple puncture attempts, the po-
tential consequences of which have not yet been in-
vestigated. The superficial branches of the radial nerve 
run in close proximity to the dRA within the anatomic 
snuffbox.24 Iatrogenic radial nerve injury or compres-
sion following dRA access for cardiac catheteriza-
tion can potentially cause neurological impairment, 
including hand dysfunction. To our knowledge, the 
“RATATOUILLE” study by Sgueglia et al was the only 
study that assessed hand function after dRA access 
and demonstrated the safety of dRA on hand func-
tion; however, the study lacked a randomized control 
group.16

The DIPRA trial implemented a comprehensive set 
of multidomain tests, to capture the possible multi-
factorial nature of hand impairment. Careful selection 
of reliable and validated tests is crucial to determine 
general hand function and evaluate the consequences 
of a novel invasive procedure. The QuickDASH ques-
tionnaire, previously validated for monitoring upper 
limb musculoskeletal function, has been demonstrated 
to be a reliable tool even among patients with vari-
able upper extremity conditions.19,20 The QuickDASH 
score was used in our study to measure self-reported 
physical symptoms and functional status. Although the 

“RATATOUILLE” study assessed hand sensory func-
tion using the monofilament test,16 we believe that the 
QuickDASH score provides a more general sensory 
assessment of the hand as it covers different aspects 
of sensory function, is not subject to test variability, 
and is self-reported. At 30-day follow-up, there was 
no significant change in QuickDASH score in either 
the pRA or dRA groups, reflecting good sensorineural 
response and preservation of hand function for daily 
household activities.

Hand grip and pinch grip strength measurements 
were performed by an independent specialist and pro-
vided a more objective assessment of the upper ex-
tremity function. Changes from baseline in these tests 
were not statistically different between pRA and dRA 
groups at 30-day follow-up for both hands. In some 
patients, hand grip strength improved slightly after dRA 
and pRA, which can be explained by the different clini-
cal conditions of the patients at baseline. It is even pos-
sible that underlying cardiovascular disease, such as 
acute myocardial infarction, affects baseline handgrip 
strength, which could explain the progressive improve-
ment in handgrip strength over time.25 Deterioration 
in pinch grip strength of the catheterization hand was 
reported by some patients in both the dRA and pRA 

Figure 3.  Thirty-day results of the DIPRA study — a randomized controlled trial.
Safety of cardiac catheterization comparing distal versus radial access was assessed for feasibility and complications, including hand 
function as a composite of hand grip strength, pinch grip strength, and QuickDASH questionnaire score post-radial access. DASH 
indicates Disabilities of the Arm, Shoulder, and Hand Questionnaire; BSWH, Baylor scott and white health; DIPRA, Distal Versus 
Proximal Radial Artery Access for Cardiac Catheterization and Intervention; HGS, hand grip strength; PCI, percutaneous coronary 
intervention; PGS, pinch grip strength; and RA, radial artery.
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groups. However, the difference between both groups 
in the change in overall pinch grip strength at 30 days 
was not statistically significant. The reason for this de-
terioration in pinch grip strength for some patients is 
probably because of access-related factors, such as 
local hematoma and edema. In our study, the patients 
with dRA experiencing a worsening in their pinch grip 
strength did not report significant changes in test re-
sults between their catheterization hand and the con-
tralateral one, thus indicating that dRA access does 
not affect hand function more than other nonvascular 
access circumstances.

In the current study, dRA and pRA groups had sim-
ilar rates of access site bleeding and hematoma. Given 
the subcutaneous course of the distal branches of 
the radial artery, access site hematoma may be more 
visible after dRA access than pRA access. However, 
because of the small subcutaneous space to contain 
bleeding, dRA-related hematoma makes compart-
ment syndrome unlikely. Recent studies have shown 
dRA access to be a safer alternative to pRA access in 
terms of conventional complications such as bleeding 
and hematoma formation.14

In the current study, RA occlusion occurred in 2 
patients with pRA versus none in dRA. dRA may pre-
serve the RA for future procedures/access with lower 
RA occlusion rates compared with pRA, as evidenced 
by recent studies.14,15 Indeed, the RA makes multiple 
anastomotic connections before its entry in the ana-
tomic snuffbox, providing collateral circulation to the 
hand and wrist in case of vessel occlusion at the punc-
ture site.23 Our study is further evidence of the much 
lower incidence of RA occlusion after dRA. Overall, the 
extremely low complication rate demonstrates safety 
as a particular advantage of dRA.

LIMITATIONS
Evaluation of hand function is complex, and the tim-
ing of assessment may influence study outcomes. For 
instance, in the 30 days after cardiac catheterization, 
access site hematoma or edema can cause functional 
hand impairment, impacting study outcomes. Long-
term follow-up is needed to demonstrate a more accu-
rate causality-effect relationship. Another limitation is 
that data were pooled from a single health care center; 
therefore, generalizability to a larger percutaneous 
coronary intervention population with varying opera-
tor experience and beyond our geographical region is 
uncertain.

CONCLUSIONS
In this single-center randomized controlled trial, dRA 
was not associated with an increased risk of hand 

dysfunction or RA occlusion at 30 days compared 
with pRA. This is the first randomized controlled trial 
to highlight the safety and noninferiority of dRA com-
pared with pRA.
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