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Extremity Dysfunction After Large- Bore 
Radial and Femoral Arterial Access
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Thomas Schmitz, MD; Maurits T. Dirksen , MD, PhD; Sudhir Rathore, MD; René J. van der Schaaf, MD, PhD; 
Paul Knaapen, MD, PhD; Joseph Dens, MD, PhD; Juan F. Iglesias , MD; Pierfrancesco Agostoni , MD, PhD; 
Vincent Roolvink, MD, PhD; Miguel E. Lemmert, MD, PhD; Renicus S. Hermanides, MD, PhD;  
Niels van Royen , MD, PhD; Maarten A. H. van Leeuwen , MD, PhD

BACKGROUND: The use of large- bore (LB) arterial access and guiding catheters has been advocated for complex percutane-
ous coronary intervention. However, the impact of LB transradial access (TRA) and transfemoral access (TFA) on extremity 
dysfunction is currently unknown.

METHODS AND RESULTS: The predefined substudy of the COLOR (Complex Large- Bore Radial PCI) trial aimed to assess 
upper and lower- extremity dysfunction after LB radial and femoral access. Upper- extremity function was assessed in LB 
TRA- treated patients by the Quick Disabilities of the Arm, Shoulder, and Hand questionnaire and lower- extremity function 
in LB TFA- treated patients by the Lower Extremity Functional Scale questionnaire. Extremity pain and effect of access 
site complications and risk factors on extremity dysfunction was also analyzed. There were 343 patients who completed 
analyzable questionnaires. Overall, upper and lower- extremity function did not decrease over time when LB TRA and TFA 
were used for complex percutaneous coronary intervention, as represented by the median Quick Disabilities of the Arm, 
Shoulder, and Hand score (6.8 at baseline and 2.1 at follow- up, higher is worse) and Lower Extremity Functional Scale 
score (56 at baseline and 58 at follow- up, lower is worse). Clinically relevant extremity dysfunction occurred in 6% after 
TRA and 9% after TFA. A trend for more pronounced upper- limb dysfunction was present in female patients after LB TRA 
(P=0.05). Lower- extremity pain at discharge was significantly higher in patients with femoral access site complications 
(P=0.02).

CONCLUSIONS: Following LB TRA and TFA, self- reported upper and lower- limb function did not decrease over time in the major-
ity of patients. Clinically relevant limb dysfunction occurs in a small minority of patients regardless of radial or femoral access.

REGISTRATION: URL: https://www.clini caltr ials.gov; Unique identifier: NCT03846752.
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The radial artery has become the standard access 
site for percutaneous coronary intervention (PCI). 
For PCI of complex coronary lesions, the fem-

oral artery is still used in a considerable proportion of 
patients because of the need for large- bore access 
(≥7F), and is associated with higher success rates for 
chronic total occlusions.1 Recent efforts to miniaturize 
transradial equipment have led to increased adoption 

of transradial access (TRA) for complex PCI. As shown 
recently by the COLOR (Complex Large- Bore Radial 
PCI) trial, large- bore TRA with the Glidesheath Slender 
7F (Terumo, Tokyo, Japan) sheath leads to similar pro-
cedural success rates for PCI of complex coronary 
lesions, while significantly reducing clinically relevant ac-
cess site– related complications compared with trans-
femoral access (TFA).2 Nevertheless, TRA might lead 
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to disabling upper- extremity dysfunction, especially in 
patients with large- bore access because of sheath- 
to- artery mismatch and subsequent vascular injury.3– 6 
However, upper- extremity dysfunction after large- bore 
TRA has never been studied up to now. Similarly, little is 
known about the incidence of lower- extremity dysfunc-
tion after TFA, especially for large- bore TFA.7– 9 The aim 
of our study was to assess upper and lower- extremity 
dysfunction after large- bore access for complex PCI.

METHODS
Study Design
Study data are available on request from the authors 
(see the Data Sharing Plan provided in Data S1 for 
details). This study was a predefined substudy of the 
COLOR trial. The COLOR trial was an investigator- 
initiated international multicenter study with a prospec-
tive, open- label, randomized controlled superiority 
design. Full study rationale and protocol have been 
published previously.10 The primary end point of the 
COLOR trial was the occurrence of clinically significant 
bleeding or vascular complications at discharge related 

to the randomized access site. The main results of the 
COLOR trial have been published previously.2

Patient Population
All patients aged 18  years or older presenting with 
chronic coronary syndrome, unstable angina, or 
non– ST- segment– elevation myocardial infarction and 
planned for PCI of complex coronary lesions including 
chronic total occlusion, left main stem, heavily calcified 
lesions, and complex bifurcations in whom the operator 
anticipated a 7F guiding catheter was indicated, were 
screened for inclusion in the COLOR trial. Patients with 
ST- segment– elevation myocardial infarction or cardio-
genic shock were excluded. Patients with contraindi-
cations for femoral or radial access, such as occlusive 
peripheral artery disease, known severe radial artery 
spasm (RAS), or known anatomical variants prohibit-
ing radial or femoral access on both sides were also 
excluded. Enrolling centers were the Isala Heart Center 
(Zwolle, the Netherlands; coordinating center), Radboud 
University Medical Center (Nijmegen, the Netherlands), 
Catharina Hospital (Eindhoven, the Netherlands), 
Elisabeth- Krankenhaus (Essen, Germany), NorthWest 
Clinics (Alkmaar, the Netherlands), Frimley National 
Health Service Foundation Trust (Surrey, United 
Kingdom), Onze Lieve Vrouwe Gasthuis Hospital 
(Amsterdam, the Netherlands), Centre Hospitalier 
Universitaire de Charleroi (Charleroi, Belgium), 
VU University Medical Center (Amsterdam, the 
Netherlands), Hospital Oost- Limburg (Genk, Belgium), 
Geneva University Hospital (Geneva, Switzerland), and 
ZNA Middelheim (Antwerpen, Belgium).

Trial Organization
The trial was approved by the appropriate ethics re-
view board at each site. Written informed consent was 
obtained from all patients before enrollment. The trial 
was designed in accordance with the Declaration of 
Helsinki. All data were collected in an electronic data- 
capturing system, the eDREAM (electronic case record 
form Diagnostic Research and Management). Diagram 
BV (Zwolle, the Netherlands), was responsible for over-
all trial and data management, as well as monitoring 
of the study. Evaluation of serious adverse events was 
performed by an independent data safety monitoring 
board. A clinical events committee reviewed and adjudi-
cated all end point– related adverse events. The COLOR 
trial has been registered in the ClinicalTrials.gov data-
base (URL: https://www.clini caltr ials.gov; Unique identi-
fier: NCT03846752).

Objectives
The primary objective of this study was to evaluate the 
impact of large- bore TRA and TFA on upper and lower- 
extremity dysfunction.

CLINICAL PERSPECTIVE

What Is New?
• Following large- bore arterial access for com-

plex percutaneous coronary intervention, self- 
reported upper and lower- extremity function 
does not decrease over time in the majority of 
patients.

What Are the Clinical Implications?
• Informing patients about the small possibility 

for extremity dysfunction should be considered 
when obtaining informed consent before com-
plex percutaneous coronary intervention, irre-
spective of which access site will be used.

Nonstandard Abbreviations and Acronyms

COLOR Complex Large- Bore Radial PCI
LEFS Lower Extremity Functional Scale
MCID minimal clinically important 

difference
QuickDASH Quick Disabilities of the Arm, 

Shoulder, and Hand
RAS radial artery spasm
TFA transfemoral access
TRA transradial access

https://www.clinicaltrials.gov
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Secondary objectives were:

1. The association between extremity dysfunction and 
access site– related bleeding or vascular complications

2. To identify risk factors for upper and lower- extremity 
dysfunction after large- bore radial and femoral access.

Questionnaires
Extremity dysfunction was assessed using 2 validated 
questionnaires. All patients were asked to answer both 
questionnaires right before the PCI procedure and at the 30- 
day follow- up. For upper- extremity dysfunction, the Quick 
Disabilities of the Arm, Shoulder, and Hand (QuickDASH) 
questionnaire was used (Data S2). The QuickDASH ques-
tionnaire contains 11 items and is an abbreviated version 
of the 30- item Disabilities of the Arm, Shoulder, and Hand 
outcome measure, with similar reliability and responsive-
ness.11 Ten of the 11 items need to be completed for the 
scores to be valid. Each item is graded on a 5- point Likert 
scale. Each item has 5 response options from 1 (no diffi-
culty to perform, no symptom, or no impact) to 5 (unable to 
do, severe symptom, or high impact). The assigned values 
for all completed responses are averaged and then trans-
formed to a score of 0 to 100 by subtracting 1 from the aver-
age score and multiplying this by 25. A higher QuickDASH 
score indicates worse upper- limb function or symptoms. 
The minimal clinically important difference (MCID) score for 
the QuickDASH that corresponds to a change in clinical 
status appreciated by the patient varies between 8 and 
14 points.12,13 Lower- extremity dysfunction was measured 
with the Lower Extremity Functional Scale (LEFS) (Data S3), 
a reliable and responsive 20- item questionnaire used for 
assessing lower- extremity functional impairment in a wide 
array of patient groups with lower- extremity conditions.14,15 
Seventeen out of the 20 items need to be completed for 
the scores to be valid. Each item has 5 response options 
from 0 (extreme difficulty or unable to perform activity) to 4 
(no difficulty). The maximum possible score is 80 points, 
indicating high function, and the minimum possible score 
is 0 points, indicating low function. The MCID score for the 
LEFS that corresponds to a change in clinical status varies 
between 9 and 12 points.14,16

Besides extremity dysfunction, pain related to the 
access site was measured using the visual analog 
scale (VAS). The VAS pain scale was a 10- point pain 
scale, where 0=no pain, 1=slight pain, through 10, 
which equates to the patient’s worst imaginable pain. 
VAS scores were collected directly after the procedure, 
at discharge, and at the 30- day follow- up.

End Points
Upper- extremity function was assessed as follows:

1. QuickDASH score at baseline and follow- up for 
all patients treated with large-  bore radial access

2. Proportion of patients exceeding 1 or both 
QuickDASH MCID thresholds

3. Subgroup analyses based on access site distribution
4. Access site pain (VAS) after procedure, at discharge, 

and at follow- up
5. Influence of TRA- related bleeding and vascular com-

plications on upper- extremity dysfunction
6. Risk factors for extremity dysfunction and pain on 

upper- extremity dysfunction

Lower- extremity function was assessed as follows:

1. LEFS score at baseline and follow- up for all patients 
treated with large- bore femoral access

2. Proportion of patients exceeding 1 or both LEFS 
MCID thresholds

3. Subgroup analyses based on access site distribution
4. Access site pain (VAS) after procedure, at discharge, 

and at follow- up
5. Influence of TFA- related bleeding and vascular com-

plications on lower- extremity dysfunction
6. Risk factors for extremity dysfunction and pain on 

lower- extremity dysfunction

Statistical Analysis
Primary analysis assessed upper- extremity function 
decrease in all patients treated with large- bore TRA 
and lower- extremity function decrease in all patients 
treated with large- bore TFA (per protocol analysis). 
Secondary analyses consisted of upper and lower- 
extremity function decrease in predefined subgroups 
(single radial, biradial, single femoral, and bifemoral 
access). Influence of bleeding and vascular complica-
tions end points and prespecified known or potential 
modifiers for extremity dysfunction (female sex, hy-
pertension, diabetes, RAS, and ultrasound- guided 
puncture) were analyzed as well and tested in uni-  and 
multivariate analyses for prediction of clinically relevant 
extremity dysfuntion.17– 19 Depending on the distribution 
of the data, between- group tests were performed by 
using t tests or Mann- Whitney U tests. Within- subject 
tests were performed by using the paired t test or 
Wilcoxon signed rank test. A proportion of subjects 
were tested by using the Pearson χ2 test or Fisher 
exact test. Normally distributed data are expressed as 
mean±standard deviation and nonnormally distributed 
data as median with interquartile range.

RESULTS
Patient and Access Site Characteristics
The mean age of the total population was 69 years, 
and 81% were men. The primary indication for com-
plex PCI was chronic coronary syndrome (85%). 



J Am Heart Assoc. 2022;11:e023691. DOI: 10.1161/JAHA.121.023691 4

Meijers et al Substudy of the COLOR Trial

Fifty- nine percent of patients were treated with sin-
gle large- bore transradial or transfemoral access, and 
41% were treated with an additional access site (ie, in 
case of chronic total occlusion PCI). Twelve percent of 
patients with dual arterial access had biradial access, 
22% bifemoral access, and 66% had a combina-
tion of radial and femoral access. Forty- four percent 
of secondary access sheath size was 7F. Baseline 
characteristics of the entire cohort as well as for both 
single- access and dual- access groups stratified by 
randomized access strategy were highly comparable 
(Table S1 through S3). Figure 1 provides a complete 
graphic overview of access site distribution and ana-
lyzable questionnaires.

Questionnaires
Three hundred eighty- two patients (98%) had com-
pleted 1 or more analyzable questionnaires. Three 
hundred forty- three patients (88%) had completed 
analyzable questionnaires appropriate for their corre-
sponding access site(s) at baseline as well as follow- up 
(181 and 169 patients for large- bore TRA, respectively, 
and 182 and 174 patients for large- bore TFA, respec-
tively [Figure 1]). Baseline characteristics were highly 
comparable between the complete COLOR trial co-
hort and the cohort analyzed in the current substudy 
(Table S1).

Upper Extremity Function
Median QuickDASH score at baseline was 6.8 (in-
terquartile range, 0– 27). At the 30- day follow- up, 
the median QuickDASH score was 2.5 (interquartile 
range, 0– 16), indicating no decreased limb function 
at follow- up compared with baseline for the com-
plete cohort (Figure  2). A total of 9% of patients 
experienced a decrease of upper- limb function ex-
pressed by an MCID ≥8. When an MCID of ≥14 was 
applied, 6% of patients experienced clinically rel-
evant upper- limb dysfunction. All QuickDASH out-
comes for patients treated with primary large- bore 
TRA are displayed in Table  1. Patients with single 
7F radial access had a lower QuickDASH score 
at follow- up compared with baseline as well (4.5 
compared with 6.8). The same applies for biradial- 
treated patients (1.1 versus 4.5). For patients treated 
with secondary radial access in case of primary 
femoral access (n=45), 9.3% experienced clini-
cally relevant decrease of upper- extremity function. 
Details about radial- treated subgroups are provided 
in Table 2.

Lower Extremity Function
Median LEFS score at follow- up was 59 (interquar-
tile range, 40– 71), which was comparable to median 
LEFS at baseline (56 [interquartile range, 37– 69]; 

Figure 1. Flowchart representing access site distribution and questionnaire response.
The percentages shown reflect the proportion of patients with analyzable questionnaires. Fr indicates French; LEFS, Lower Extremity 
Functional Scale; and QD, QuickDASH, Quick Disabilities of Arm, Shoulder, and Hand. COLOR indicates Complex Large- Bore Radial PCI trial.
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P=0.08) (Figure  2). Twenty- seven percent of large- 
bore TFA- treated patients experienced a decrease in 
LEFS score at follow- up compared with baseline, re-
flecting worse lower- limb function. Eleven percent of 
primary large- bore TFA- treated patients experienced 
clinically significant worsening of lower- limb function 
when MCID ≥9 was applied (9% with MCID ≥12). For 
patients treated with secondary femoral access in 
case of primary radial access (n=58), 10.6% experi-
enced clinically relevant decrease of lower- extremity 
function. LEFS outcomes for primary large- bore TFA- 
treated patients are displayed in Table  2. Median 
baseline and follow- up LEFS scores were compara-
ble for single large- bore femoral access and bifemoral 
access as well (Table 3).

Access Site Pain
Postprocedural access site pain was present in 36% 
for primary TRA (median VAS, 3.2) and 37% for primary 
TFA- treated patients (median VAS, 3.3) (P=0.96). At 
discharge and follow- up, pain was present in 25% and 
18% of patients, respectively, with no significant differ-
ence between both randomized strategies. The same 
applied for secondary access– related VAS scores. All 
VAS data are displayed in Table 4.

Access Site Complications
Clinically significant decrease in upper and lower- limb 
function was compared for patients with and without 
clinically relevant access site complications, as defined 

Figure 2. Quick Disabilities of Arm, Shoulder, and Hand (QuickDASH) score for primary transradial- treated patients and Lower 
Extremity Functional Scale (LEFS) score for primary transfemoral- treated patients at baseline and at the 30- day follow- up.

Table 1. QuickDASH and LEFS Scores at Baseline and 
Follow- Up (Per Protocol Analysis)

Baseline QuickDASH score, median (IQR) 6.8 (0– 27)

Follow- up QuickDASH score, median (IQR) 2.5 (0– 16)

P value for QuickDASH difference 0.0002

Patients with worsening QuickDASH score 37 (22%)

MCID ≥8, n (%) 16 (9%)

MCID ≥14, n (%) 10 (6%)

Baseline LEFS score, median (IQR) 56 (37– 69)

Follow- up LEFS score, median (IQR) 59 (40– 71)

P value for LEFS difference 0.08

Patients with worsening LEFS score 47 (27%)

MCID ≥9, n (%) 18 (11%)

MCID ≥12, n (%) 15 (9%)

IQR indicates interquartile range; LEFS, Lower Extremity Functional 
Scale; MCID, minimal clinically important difference; and QuickDASH, Quick 
Disabilities of Arm, Shoulder, and Hand.

Table 2. QuickDASH Scores for Single Radial and Biradial 
Access Subgroups

Single radial, n=115 Value

QuickDASH baseline, median (IQR) 6.8 (0– 27)

QuickDASH follow- up, median (IQR) 4.5 (0– 16)

P value for QuickDASH difference 0.01

MCID ≥8, n (%) 11 (11%)

MCID ≥14, n (%) 6 (6%)

Biradial, n=19 Value

QuickDASH baseline, median (IQR) 4.5 (0– 20)

QuickDASH follow- up, median (IQR) 1.1 (0– 6.8)

P value for QuickDASH difference 0.006

MCID ≥8, n (%) 0 (0%)

MCID ≥14, n (%) 0 (0%)

IQR indicates interquartile range; MCID, minimal clinically important 
difference; and QuickDASH, Quick Disabilities of Arm, Shoulder, and Hand.
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as the primary end point of the COLOR trial. For pa-
tients with Bleeding Academic Research Consortium 
scores 2, 3, or 5 bleeding or vascular complications 
requiring intervention of the randomized radial access 
site, 0% experienced clinically significant decrease of 
upper- extremity function (MCID ≥8) compared with 6% 
of patients without clinically significant radial access 

site complications (P=1.0). For femoral- treated pa-
tients, percentage of patients with clinically significant 
decrease of lower- limb function was both 10% with 
and without clinically relevant access site complica-
tions. Median VAS at discharge was significantly higher 
for femoral- treated patients with access site compli-
cations compared with patients without (6 versus 3, 
P=0.02). Table 5 displays extremity dysfunction in re-
lation with important bleeding or vascular access site 
complications.

Risk Factors
Table  6 displays extremity dysfunction in relation to 
sex, RAS, and ultrasound- guided puncture. Female 
patients treated with large- bore TRA did show a trend 
toward increased occurrence of clinically relevant 
upper- limb dysfunction (MCID ≥8) compared with male 
patients (20% versus 7%, P=0.05). Incidence of RAS 
was 6.7% for TRA- treated patients, and did not lead 
to increased extremity dysfunction. In uni-  and multi-
variate analyses, female sex was the only independ-
ent predictor of MCID ≥8 (Table S4), whereas for LEFS 
≥9, no independent risk factors could be identified 
(Table S5). Ultrasound- guided puncture in TFA- treated 
patients resulted in a lower median VAS at discharge 
compared with patients without ultrasound- guided 
puncture (4 versus 2, P=0.008), but VAS at follow- up 
was comparable.

DISCUSSION
This study is the first to assess the impact of large- 
bore radial and femoral access on extremity dys-
function and pain. In the complete study cohort, 
upper- extremity function does not decrease over time 
after large- bore TRA. The proportion of patients with 
clinically relevant decrease in upper- extremity function 
at the 30- day follow- up is limited (6% or 9% depending 
on the applied MCID cutoff value). These outcomes are 
observed in the entire large- bore TRA- treated group 
as well as patients treated with biradial access and a 
radial/femoral hybrid approach in case of dual arterial 
access for chronic total occlusion PCI. Patients treated 
with large- bore TFA had a lower LEFS score at follow-
 up, reflecting decrease in lower- extremity function, but 
this difference is not statistically significant.

Pain at discharge and follow- up was comparable 
for large- bore TRA-  and TFA- treated patients and was 
usually mild. Clinically relevant access site– related 
complications did not lead to a significant decrease 
in extremity dysfunction, although the occurrence of 
this primary end point was low in TRA- treated patients. 
Of note, incidence of radial artery occlusion was low 
(<1%) but not routinely assessed or confirmed with 
ultrasound; therefore, a relation between radial artery 

Table 3. LEFS Scores for Single and Double Femoral 
Access Subgroups

Single femoral, n=114 Value

LEFS baseline, median (IQR) 60 (39– 67)

LEFS follow- up, median (IQR) 60 (40– 69)

P value for LEFS difference 0.06

MCID ≥9, n (%) 8 (8%)

MCID ≥12, n (%) 6 (6%)

Bifemoral, n=35 Value

LEFS baseline, median (IQR) 43 (28– 66)

LEFS follow- up, median (IQR) 49 (26– 66)

P value for LEFS difference 0.16

MCID ≥9, n (%) 5 (16%)

MCID ≥12, n (%) 5 (16%)

IQR indicates interquartile range; LEFS, Lower Extremity Functional Scale; 
and MCID, minimal clinically important difference.

Table 4. Extremity Pain for Primary and Secondary 
Access Sites

Randomized access 
site

Primary 
access 
radial

Primary 
access 
femoral P value

Postprocedural pain 
present, n (%)

70 (36) 71 (37) 0.92

VAS, median±SD 3.2±2.1 3.3±2.2 0.96

Discharge pain present, 
n (%)

45 (23) 52 (27) 0.41

VAS, median±SD 2.7±1.9 3.5±2.0 0.22

Follow- up pain present, 
n (%)

35 (18) 35 (18) 0.94

VAS, median±SD 2.9±1.4 2.8±1.5 0.90

Secondary access site

Secondary 
access 
radial

Secondary 
access 
femoral

Postprocedural pain 
present, n (%)

28 (44) 37 (40) 0.62

VAS, median±SD 2.3±1.5 3.4±2.5 0.12

Discharge pain present, 
n (%)

16 (25) 32 (35) 0.21

VAS, median±SD 2.2±1.6 2.9±2.0 0.65

Follow- up pain present, 
n (%)

11 (18) 19 (21) 0.58

VAS, median±SD N/A 2.0±1.0 N/A

N/A indicates not available (not enough data); and VAS, visual analog 
scale.
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occlusion and upper- extremity dysfunction could not 
be assessed. TFA- treated patients who had clinically 
relevant access site complications had a significantly 
higher VAS score at discharge, which can probably 
be explained by femoral nerve compression caused 
by prolonged hemostasis therapy and/or large hema-
toma. This difference in lower- extremity pain was not 
observed at the 30- day follow- up. In radial access, no 
difference in pain scores was observed comparing 
patients with or without access site complications, al-
though limited by the low complication rate.

For TRA- treated patients, overall incidence of RAS 
was 6.7%. Previous studies have described a higher 
incidence of RAS, varying between 10% and 16%.18,20 
However, this is influenced by whether a clinical or an-
giographic definition of spasm is used, the former being 
dependent on operator as well as patient. In addition, se-
lection bias may have caused a lower incidence of RAS, 
because patients with known severe RAS were excluded 
in this trial or could have refused informed consent be-
cause of previous painful transradial procedures. Sheath- 
to- artery mismatch is more likely to occur in female 
patients, which may explain the trend toward a higher 
incidence of clinically relevant upper- limb dysfunction in 
female patients compared with male patients in this trial.

Ultrasound- guided femoral puncture has been 
shown to reduce postprocedural pain in previous 

studies.21 This is confirmed in the present trial, show-
ing significantly lower VAS score at discharge for 
ultrasound- guided femoral puncture. This difference 
could not be observed at the 30- day follow- up. The 
proportion of patients with clinically relevant lower- 
limb dysfunction was comparable for TFA with and 
without ultrasound guidance. There is a possible 
selection bias involved, because ultrasound may be 
used if first or second puncture failed or in patients 
with known difficult femoral access, for example be-
cause of peripheral arterial disease. Consistent use 
of ultrasound- guided femoral artery puncture by well- 
trained and experienced operators may have a ben-
eficial influence on both vascular complications and 
extremity dysfunction.

Previous studies assessing upper- extremity dys-
function by using the QuickDASH questionnaire 
scores before and after transradial access are limited. 
The ACRA (Assessment of Disability After Coronary 
Procedures Using Radial Access) anatomy and per-
fusion studies examined hand function in relation to 
palmar arch completeness and digital hand perfusion, 
respectively, and used the QuickDASH questionnaire 
as an outcome measure.22,23 Similar to the present 
study (although not statistically significant), no signif-
icant decrease in upper- limb function was observed 
in the total population at short- term follow- up in the 

Table 5. Effect of Access Site Bleeding on Extremity Dysfunction (Per Protocol Analysis)

7F primary radial access
Important bleeding or 
vascular complication

No important bleeding or 
vascular complication P value

QD MCID ≥8, n (%) 0/8 (0%) 10/162 (6%) 1.0

QD MCID ≥14, n (%) 0/8 (0%) 16/162 (10%) 1.0

VAS discharge, median (IQR) 5 (5– 5) 2 (1– 3) 0.28

VAS follow- up, median (IQR) N/A 2.5 (2– 4) N/A

Primary and/or secondary radial access Any bleeding, BARC 0– 5 No bleeding, BARC 0

QD MCID ≥8, n (%) 3/36 (8%) 17/174 (10%) 1.0

QD MCID ≥14, n (%) 2/36 (6%) 9/174 (5%) 1.0

VAS discharge, median (IQR) 2 (2– 5) 2 (1– 3) 0.72

VAS follow- up, median (IQR) 3 (3– 3) 2 (2– 4) 1.0

7F primary femoral access
Important bleeding or 
vascular complication

No important bleeding or 
vascular complication

LEFS MCID ≥9, n (%) 3 (10%) 15 (10%) 1.0

LEFS MCID ≥12, n (%) 2 (6%) 13 (9%) 1.0

VAS discharge, median (IQR) 6 (5– 7) 3 (2– 4) 0.02

VAS follow- up, median (IQR) 3.5 (2– 5) 2 (2– 3) 0.38

Primary and/or secondary femoral access Any bleeding, BARC 0– 5 No bleeding, BARC 0

LEFS MCID ≥9, n (%) 11 (11%) 12 (10%) 0.67

LEFS MCID ≥12, n (%) 8 (8%) 10 (8%) 0.93

VAS discharge, median (IQR) 4 (2.5– 5.5) 2.5 (1– 5) 0.15

VAS follow- up, median (IQR) 3 (1.5– 4.0) 2 (1– 2) 0.18

BARC indicates Bleeding Academic Research Consortium; IQR, interquartile range; LEFS, Lower Extremity Functional Scale; MCID, minimal clinically 
important difference; N/A, not available (not enough data); QD, Quick Disabilities of Arm, Shoulder, and Hand; and VAS, visual analog scale.
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ACRA study. However, the proportion of patients with 
clinically significant decrease in hand function, using 
an MCID threshold of 14, was <5%, whereas in the 
present study this percentage is slightly higher (5%– 
6%). Nonetheless, caution must be used to compare 
both trials, because not only sheath diameter but also 
study populations are not similar. Mean age and pres-
ence of vascular risk factors are higher in the current 
study population, and the same applies for procedural 
time and lesion complexity. These factors possibly 
influence extremity dysfunction, although no studies 
have evaluated such predictors.24 To our knowledge, 
no previous studies have been performed evaluating 
lower- extremity dysfunction using the LEFS question-
naire; therefore, the current results on lower- extremity 
function cannot be compared with historical data.

Several tests and questionnaires are available 
to assess upper- extremity dysfunction. The Cold 
Intolerance Severity Scale can be used to assess 
pathological cold intolerance, which commonly occurs 
after a variety of upper- extremity injuries, but is limited 
to detecting sensibility disorders.25 The Michigan Hand 

Outcomes questionnaire is a more extensive question-
naire but focuses exclusively on hand function, and 
has not previously been described in a TRA popula-
tion.26 The QuickDASH score has proven to be a vali-
dated outcome measure with good test– rest reliability 
to monitor upper- extremity disability for both clinical 
and research purposes. No serious alternative ques-
tionnaires for measuring lower- extremity function are 
available to our knowledge.

The present study has some limitations. First, be-
cause of missing or incomplete questionnaires, not 
all patients could be analyzed for both baseline and 
follow- up, introducing a chance for response bias. 
Proportion of missing or unanalyzable questionnaires 
was low, though, and baseline characteristics of both 
the complete cohort and analyzable cohort were simi-
lar. Second, because patients might report less upper- 
extremity symptoms at follow- up when their complex 
coronary artery lesions have been successfully treated 
by PCI, questionnaire bias may have affected the out-
come by the design of the questions and how the ques-
tionnaires are administered or completed.27 As a result, 

Table 6. Effect of Risk Factors on Extremity Dysfunction (Per Protocol Analysis)

Primary and/or secondary radial access Male sex Female sex P value

QD MCID ≥14, n (%) 8 (5%) 3 (9%) 0.40

QD MCID ≥8, n (%) 13 (7%) 7 (20%) 0.05

VAS discharge, median (IQR) 2 (1– 3) 3 (2– 5) N/A

VAS follow- up, median (IQR) 2 (2– 3) 4.5 (4– 5) N/A

Primary and/or secondary femoral access Male sex Female sex

LEFS MCID ≥9, n (%) 17 (10%) 6 (13%) 0.41

LEFS MCID ≥12, n (%) 12 (7%) 6 (13%) 0.22

VAS discharge, median (IQR) 3.5 (2– 5) 3.5 (2– 6) 0.67

VAS follow- up, median (IQR) 2 (2– 3) 2 (1– 4) 0.95

Primary and/or secondary radial access RAS No RAS

QD MCID ≥14, n (%) 0 (0%) 11 (6%) 1.0

QD MCID ≥8, n (%) 2 (15%) 18 (9%) 0.36

VAS discharge, median (IQR) 3 (1– 3) 2 (1– 5) 1.0

VAS follow- up, median (IQR) 4.5 (4– 5) 2 (2– 3) 0.09

Primary and/or secondary radial access Ultrasound guided Not ultrasound guided

QD MCID ≥14, n (%) 0 (0%) 11 (6%) 1.0

QD MCID ≥8, n (%) 1 (7%) 19 (10%) 1.0

VAS discharge, median (IQR) 1.5 (1– 5) 2.5 (1.5– 3) 0.53

VAS follow- up, median (IQR) N/A 2.5 (2– 4) N/A

Primary and/or secondary femoral access Ultrasound guided Not ultrasound guided

LEFS MCID ≥9, n (%) 9 (10%) 14 (11%) 0.90

LEFS MCID ≥12, n (%) 6 (7%) 12 (9%) 0.53

VAS discharge, median (IQR) 2 (1– 3) 4 (4– 6) 0.008

VAS follow- up, median (IQR) 2 (2– 3) 2.5 (1– 3.5) 1.0

IQR indicates interquartile range; LEFS, Lower Extremity Functional Scale; MCID, minimal clinically important difference; N/A, not available (not enough data); 
QD, Quick Disabilities of Arm, Shoulder, and Hand; RAS, radial artery spasm; and VAS, visual analog scale.
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the questionnaire scores at follow- up can show im-
provement, although limb function itself is not expected 
to improve after large- bore arterial access. Third, the 
use of secondary access may have influenced primary 
and secondary outcome parameters, although the re-
sults were consistent among single-  and double- access 
subgroups. Fourth, assessment of pain after PCI and at 
discharge may have been influenced by periprocedural 
medical treatment such as use of analgesics.

CONCLUSIONS
Following large- bore TRA and TFA, self- reported 
upper- limb and lower- limb function did not decrease 
over time in the vast majority of patients. Clinically 
relevant limb dysfunction occurs in a small minority 
of patients regardless of radial or femoral large- bore 
access. Of note, previous studies have shown that 
upper- extremity dysfunction resolves in the majority of 
patients at 1 year follow- up.28
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Will individual participant 

data be available (including 

data dictionaries)? 

Will be separately decided for each request. The 

sponsor will have to agree before publication.  

What data in particular will 

be shared? 

All data that is required to minimally fulfill the 

request.  

 

What other documents will 

be available? 

Study Protocol, Statistical Analysis Plan 

When will data be available 

(start and end dates)? 

After publication of final specific subgroup analyses, 

no predetermined end-date 

 

With whom? Depending on the request, this will be decided by the 

PI of the study. 

For what types of analyses? For individual participant data meta-analysis. 

By what mechanism will data 

be made available? 

Proposals should be directed to the PI of the study 

(m.a.h.van.leeuwen@isala.nl). To gain access, data 

requestors will need to sign a data transfer agreement.  
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INSTRUCTIONS 

This questionnaire asks about your 

symptoms as well as your ability to 

do certain activities.  

Please answer every question, based 

on your condition in the last week, by 

circling the appropriate number.  

If you did not do an activity in the last 

week, please give your best guess 

which response would be most 

accurate. 

It doesn’t matter which hand or arm 

you use to do the activity; please 

answer based on your ability 

regardless of how you do the task . 

Quick DASH
OUTCOME MEASURE 

British English 
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 Quick DASH  

  

Please rate your ability to do the following activities in the last week by circling the number below the 

appropriate response.  

 

your normal social activities with family. 

friends, neighbours or groups?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

shoulder or hand? (circle number)  

 
QuickDASH DISABILITY/SYMPTOM SCORE = [(sum of n responses) –1] x 25 (where n is the number of 

completed responses)                                                                                 n  

A QuickDASH score may not be calculated if there is greater than 1 missing item. 

Quick DASH  
  

  

WORK MODULE (OPTIONAL)  

  
The following questions ask about the impact of your arm, shoulder or hand problem on your ability to work 

(including home-making if that is your main work role).  
  
Please indicate what your job / work is: 

______________________________________________________________  
  

 I do not work (you may skip this section).  
    
Please circle the number that best describes your physical ability in the past week.  

  
Did you have any difficulty:  

NO 

DIFFICULTY  
MILD 

DIFFICULTY  
MODERATE  
DIFFICULTY  

SEVERE 

DIFFICULTY  
UNABLE  

1. Doing your work in your usual 

way?  
  

1  
  

2  
  

3  
  

4  
  

5  
2. Doing your usual work because of 

arm, shoulder or hand pain?  
  

1  
  

2  
  

3  
  

4  
  

5  
      

3. Doing your work as well as you 

would like?  
  

1  
  

2  
  

3  
  

4  
  

5  
4. Spending your usual amount 

of time  doing your work?  
          

) circle number (   
NOT LIMITED  

AT ALL   

SLIGHTLY  
LIMITED   

MODERATELY  
LIMITED   

VERY LIMITED   UNABLE   

8 . During the past week, were you limited in your 
work or other regular daily activities as a result of  
your arm, shoulder or hand problem?  ( circle  
number)   

1   2   3   4   5   

the  the  rate  Please  following  of  severity  
symptoms in the last week   ( circle number )   NONE   MILD   MODERATE   SEVERE   EXTREME   
9 . Arm, shoulder or hand pain 1   2   3   4   5   
10 . Tingling (pins and needles) in your arm, 
shoulder or hand   

1   2   3   4   5   

NO  
DIFFICULTY   

MILD  
DIFFICULTY   

MODERATE  
DIFFICULTY   

SEVERE  
DIFFICULTY   

SO MUCH  
DIFFICULTY  

THAT I  
CAN’T SLEEP   

11 . During   the past week, how much difficulty have 
you had sleeping because of the pain in your arm,  1   2   3   4   5   



1  2  3  4  5  

 

  

  

  

SPORTS/PERFORMING ARTS MODULE (OPTIONAL)  

  
The following questions relate to the impact of your arm, shoulder or hand problem on playing your musical 

instrument or sport or both. If you play more than one sport or instrument (or play both), please answer with 

respect to that activity which is most important to you.   
  
Please indicate the sport or instrument which is most important to you: 

__________________________________________  
  

 I do not play a sport or an instrument. (You may skip this section).   
  
Please circle the number that best describes your physical ability in the past week.  

  
Did you have an difficulty:  

NO 

DIFFICULTY  
MILD 

DIFFICULTY  
MODERATE  
DIFFICULTY  

SEVERE 

DIFFICULTY  
UNABLE  

1. Playing your instrument or sport in 

your usual way?  
  

1  
  

2  
  

3  
  

4  
  

5  
2. Playing your musical instrument or 

sport because of arm, shoulder or 

hand pain?  

  
1  

  
2  

  
3  

  
4  

  
5  

3. Playing your instrument or sport as 

well as you would like?  
  

1  
  

2  
  

3  
  

4  
  

5  
4. Spending your usual amount of time  

practising or playing your 

instrument or sport?  

  
1  

  
2  

  
3  

  
4  

  
5  

 

  
Scoring the optional modules: add up the assigned values for each 

response; divide by  4 (number of items); subtract 1;  

multiple by 25.  

  
An optional module score may not be calculated if there are any missing items. 
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Lower Extremity Functional Scale (LEFS)  

  

 

  

Source: Binkley JM, Stratford PW, Lott SA, Riddle DL. The Lower Extremity Functional 

Scale (LEFS): scale development, measurement properties, and clinical application. North 

American Orthopaedic Rehabilitation Research Network. Phys Ther. 1999 Apr;79(4):371-83.  

  

The Lower Extremity Functional Scale (LEFS) is a questionnaire containing 20 questions 

about a person’s ability to perform everyday tasks. The LEFS can be used by clinicians as a 

measure of patients' initial function, ongoing progress and outcome, as well as to set 

functional goals.  

The LEFS can be used to evaluate the functional impairment of a patient with a disorder of 

one or both lower extremities. It can be used to monitor the patient over time and to evaluate 

the effectiveness of an intervention.  

Scoring instructions  

The columns on the scale are summed to get a total score. The maximum score is 80.  

Interpretation of scores  
 The lower the score the greater the disability.   

 The minimal detectable change is 9 scale points.   

 The minimal clinically important difference is 9 scale points.   

 % of maximal function =  (LEFS score) / 80 * 100  Performance:   

 The potential error at a given point in time was +/- 5.3 scale points.   

 Test-retest reliability was 0.94.   

 Construct reliability was determined by comparison with the SF-36. The scale was found to 

be reliable with a sensitivity to change superior to the SF-36.  
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Lower Extremity Functional Scale (LEFS)    

 

  

Instructions  
We are interested in knowing whether you are having any difficulty at all with the activities 

listed below because of your lower limb problem for which you are currently seeking 

attention. Please provide an answer for each activity.  

Today, do you or would you have any difficulty at all with:  

Activities  

Extreme 

difficulty  

or unable  

to 

perform 

activity  

Quite a bit 

of  

difficulty  

Moderate 

difficulty  

A little bit 

of  

difficulty  

No  

difficulty  

1.  Any of your usual work, 

housework   or school activities.  

0  1  2  3  4  

2.  Your usual hobbies, recreational 

or  sporting activities.  

0  1  2  3  4  

3.  Getting into or out of the bath.  0  1  2  3  4  

4.  Walking between rooms.  0  1  2  3  4  

5.  Putting on your shoes or socks.  0  1  2  3  4  

6.  Squatting.  0  1  2  3  4  

7.  Lifting an object, like a bag of  

 groceries from the floor.  

0  1  2  3  4  

8.  Performing light activities 

around  your home.  

0  1  2  3  4  

9.  Performing heavy activities 

around  your home.  

0  1  2  3  4  

10. Getting into or out of a car.  0  1  2  3  4  

11. Walking 2 blocks.  0  1  2  3  4  

12. Walking a mile.  0  1  2  3  4  



13. Going up or down 10 stairs 

(about  1 flight of stairs).  

0  1  2  3  4  

14. Standing for 1 hour.  0  1  2  3  4  

15. Sitting for 1 hour.  0  1  2  3  4  

16. Running on even ground.  0  1  2  3  4  

17. Running on uneven ground.  0  1  2  3  4  

18. Making sharp turns while 

running   fast.  

0  1  2  3  4  

19. Hopping.  0  1  2  3  4  

20. Rolling over in bed.  0  1  2  3  4  

  Column Totals:  0  1  2  3  4  
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Table S1. Baseline characteristics for complete versus analyzable cohort. 

 
Baseline Complete cohort (n=388) Analyzable cohort (n=343) 

      

Age, y 69.5 ± 10.4 69.4 ± 10.4 

Male, n (%) 316 (81%) 282 (82%) 

Height, cm 174 ± 9 175 ± 9 

Weight, kg 86 ± 16 87 ± 16 

BMI, kg/m2 28.4 ± 4 28.3 ± 4 

Medical history, n (%)   

Hypertension 260 (67%) 229 (67%) 

Hypercholesterolemia 229 (59%) 201 (59%) 

Diabetes Mellitus 115 (30%) 95 (28%) 

Current smoking 54 (14%) 45 (13%) 

Family history of CAD 142 (37%) 119 (35%) 

Peripheral arterial disease 59 (15%) 49 (14%) 

Previous MI 150 (39%) 128 (37%) 

Previous PCI 199 (51%) 171 (50%) 

Previous CABG 63 (16%) 52 (15%) 

Previous stroke 37 (10%) 29 (9%) 

Indication for complex PCI   

Chronic coronary syndrome 297 (87%) 328 (85%) 

NSTE-ACS 60 (16%) 46 (13%) 

Left ventricular ejection fraction, n (%)   

Poor (<30%) 14 (4%) 18 (5%) 

Moderate (30-50%) 104 (27%) 93 (27%) 

Good (>50%) 258 (67%) 229 (68%) 

Hb, mmol/l 8.5 ± 1.0 8.5 ± 1.0 

MDRD, ml/min/1.73m2 70 ±19 70 ± 19 

Values are mean SD or n (%). BMI- body mass index; CABG-coronary artery bypass grafting; 

CAD-coronary artery disease; Hb-hemoglobin; LVEF-left ventricular ejection 

fraction; MDRD-Modification of Diet in Renal Disease; MI- myocardial infarction; 

NSTE-ACS- non–ST-segment elevation acute coronary syndrome; PCI- percutaneous coronary intervention;  

 

 

 

 

 

 

 

 

 

 



Table S2. Baseline characteristics for single radial versus single femoral access in 

analyzable cohort. 

 
Baseline Radial randomised patients, 

single access (n=108) 

Femoral randomised patients, 

single access (n=104) 

      

Age, y 72 ± 10 71 ± 11 

Male, n (%) 91 (84) 82 (79) 

Height, cm 175 ± 10 175 ± 10 

Weight, kg 86 ± 16 87 ± 16 

BMI, kg/m2 28 ± 5 28 ± 4 

Medical history, n (%)   

Hypertension 80 (74) 77 (74) 

Hypercholesterolemia 66 (61) 66 (64) 

Diabetes Mellitus 34 (32) 30 (29) 

Current smoking 19 (18) 13 (13) 

Family history of CAD 40 (47) 30 (29) 

Peripheral arterial disease 14 (13) 17 (16) 

Previous MI 34 (32) 39 (38) 

Previous PCI 52 (48) 49 (47) 

Previous CABG 12 (11) 15 (14) 

Previous stroke 12 (11) 8 (8) 

Indication for complex PCI   

Chronic coronary syndrome 90 (83) 87 (84) 

NSTE-ACS 18 (17) 17 (16) 

Left ventricular ejection fraction, n (%)   

Poor (<30%) 3 (3) 5 (5) 

Moderate (30-50%) 27 (25) 23 (23) 

Good (>50%) 74 (70) 73 (72) 

Hb, mmol/l 8.4 ± 1 8.3 ± 1.1 

MDRD, ml/min/1.73m2 68 ± 17 70 ± 21 

Values are mean SD or n (%). BMI- body mass index; CABG-coronary artery bypass grafting; 

CAD-coronary artery disease; Hb-hemoglobin; LVEF-left ventricular ejection 

fraction; MDRD-Modification of Diet in Renal Disease; MI- myocardial infarction; 

NSTE-ACS- non–ST-segment elevation acute coronary syndrome; PCI- percutaneous coronary intervention;  

 

 

 

 

 

 

 

 



Table S3. Baseline characteristics for patients with dual access stratified by randomized 

strategy, for analyzable cohort. 

 
Baseline Radial randomized 

patients, dual arterial 

access (n=61) 

Femoral randomized 

patients, dual arterial 

access (n=70) 

      

Age, y 66 ± 9 65 ± 10 

Male, n (%) 51 (84) 58 (83) 

Height, cm 174 ± 10 176 ± 8 

Weight, kg 85 ± 14 90 ± 16 

BMI, kg/m2 28 ± 4 29 ± 4 

Medical history, n (%)   

Hypertension 32 (53) 40 (57) 

Hypercholesterolemia 31 (51) 38 (54) 

Diabetes Mellitus 15 (25) 16 (23) 

Current smoking 7 (12) 6 (9) 

Family history of CAD 19 (31) 30 (43) 

Peripheral arterial disease 9 (15) 9 (13) 

Previous MI 19 (31) 36 (51) 

Previous PCI 26 (43) 44 (63) 

Previous CABG 8 (13) 17 (24) 

Previous stroke 4 (7) 5 (7) 

Indication for complex PCI   

Chronic coronary syndrome 55 (90) 65 (93) 

NSTE-ACS 6 (10) 5 (7) 

Left ventricular ejection fraction, n (%)   

Poor (<30%) 4 (7) 2 (3) 

Moderate (30-50%) 16 (26) 27 (39) 

Good (>50%) 41 (67) 41 (59) 

Hb, mmol/l 8.7 ± 1 8.7 ± 0.9 

MDRD, ml/min/1.73m2 71 ± 19 71 ± 18 

Values are mean SD or n (%). BMI- body mass index; CABG-coronary artery bypass grafting; 

CAD-coronary artery disease; Hb-hemoglobin; LVEF-left ventricular ejection 

fraction; MDRD-Modification of Diet in Renal Disease; MI- myocardial infarction; 

NSTE-ACS- non–ST-segment elevation acute coronary syndrome; PCI- percutaneous coronary intervention;  

 

 

 

 

 

 

 

 

 



Table S4. Univariate and multivariate analysis for predictors of QuickDash MCID ≥ 8. 

 
Univariate 

 Odds ratio 95% CI P value 

Female sex 2.83 1.35 – 5.95 0.006 

Age ≥ 70 1.35 0.68 – 2.69 0.39 

Diabetes 1.12 0.53 – 2.37 0.77 

Hypertension 1.17 0.56 – 2.46 0.68 

Ultrasound guided puncture 1.31 0.60 – 2.84 0.50 

RAS 1.48 0.32 – 6.95 0.62 

Any bleeding 1.31 0.67 – 2.61 0.45 

Clinically relevant bleeding/vascular complication 1.01 0.34 – 3.04 0.98 

CI – confidence interval, RAS – radial artery spasm 

 

 

Multivariate 

Odds Ratio Estimates   
Point 

Estimate 

95% Wald 

Confidence Limits 

P value 

Female sex 2.61 1.20 5.70 0.02 

Age ≥70 1.27 0.63 2.55 0.52 

Diabetes 0.94 0.43 2.06 0.87 

Hypertension  1.13 0.52 2.43 0.77 

Ultrasound guided puncture 1.15 0.51 2.60 0.75 

RAS 1.18 0.24 5.96 0.84 

Any bleeding 1.20 0.55 2.62 0.66 

Clinically relevant bleeding/vascular complication 0.76 0.23 2.54 0.65 

RAS – radial artery spasm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S5. Univariate and multivariate analysis for predictors of LEFS MCID ≥ 9. 

 
Univariate  

 Odds ratio 95% CI P value 

Female sex 1.14 0.47 – 2.74 0.77 

Age ≥ 70 0.93 0.46 – 1.87 0.83 

Diabetes 0.88 0.39 – 1.95 0.74 

Hypertension 0.93 0.44 – 1.95 0.85 

Ultrasound guided puncture 0.86 0.36 – 2.04 0.72 

RAS 1.58 0.34 – 7.42 0.57 

Any bleeding 0.99 0.48 – 2.05 0.98 

Clinically relevant bleeding/vascular complication 1.08 0.36 – 3.26 0.89 

CI – confidence interval, RAS – radial artery spasm 

 

 

Multivariate 

Odds Ratio Estimates   
Point 

Estimate 

95% Wald 

Confidence Limits 

P value 

Female sex 1.14 0.45 2.85 0.78 

Age ≥ 70 0.94 0.46 1.93 0.87 

Diabetes 0.87 0.38 1.97 0.74 

Hypertension 0.93 0.44 2.00 0.86 

Ultrasound guided puncture 0.84 0.34 2.07 0.70 

RAS 1.50 0.31 7.31 0.62 

Any bleeding 0.99 0.43 2.24 0.97 

Clinically relevant bleeding/vascular complication 1.10 0.32 3.76 0.87 

RAS – radial artery spasm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


