
CL IN ICAL  RESEARCH
C O R O N A R Y  I N T E R V E N T I O N S

e522

EuroIntervention 2
0
1
9

;1
5

:e
5

2
2-e

5
3

0  published online ahead of p
rint M

ay 2
0
1
9

 
 published online e

-edition A
ugust 2

0
1
9

 
D

O
I: 1

0
.4

2
4

4
/E

IJ-D
-1

9
-0

0
3

3
6

© Europa Digital & Publishing 2019. All rights reserved.

*Corresponding author: Cardiology Department, Campbelltown Hospital, Therry Road, Campbelltown, NSW 2560, Australia. 
E-mail: ndtphong1@gmail.com

Standard versus ultrasound-guided radial and femoral 
access in coronary angiography and intervention (SURF): 
a randomised controlled trial

Phong Nguyen1,2,3,4*, MBBS, FRACP; Angela Makris2,3,4, MBBS, PhD, FRACP; 
Annemarie Hennessy1,2,3, MBBS, PhD, FRACP; Sumedh Jayanti2,4, Ms; 
Alexandra Wang2,4, MBBS; Kevin Park2,4, MBBS; Vanessa Chen4, MBBS; 
Tram Nguyen2,4, MBBS; Sidney Lo2,4, MBBS, FRACP; Wei Xuan4,5, MSc, MAppStat, PhD; 
Melissa Leung2,4,5, MBBS, MBiostat, PhD, FRACP; Craig Juergens2,4, MBBS, DMedSc, FRACP

1. Campbelltown Hospital, Campbelltown, NSW, Australia; 2. Liverpool Hospital, Liverpool, NSW, Australia; 
3. Western Sydney University, Campbelltown, NSW, Australia; 4. University of New South Wales, Liverpool, NSW, Australia; 
5. Ingham Institute, Liverpool, NSW, Australia

This paper also includes supplementary data published online at: https://eurointervention.pcronline.com/doi/ 10.4244/EIJ-D-19-00336

Abstract
Aims: This study aimed to compare outcomes in unselected patients undergoing cardiac catheterisation via 
transradial versus transfemoral access and standard versus ultrasound-guided arterial access.

Methods and results: This was a prospective, randomised (radial vs femoral and standard vs ultrasound), 
2x2 factorial trial of 1,388 patients undergoing coronary angiography and percutaneous coronary interven-
tion. The primary outcome was a composite of ACUITY (Acute Catheterization and Urgent Intervention 
Triage strategY) major bleeding, MACE (death, stroke, myocardial infarction or urgent target lesion revas-
cularisation) and vascular complications at 30 days. Transradial access reduced the primary outcome (RR 
0.37, 95% CI: 0.17-0.81; p=0.013), mostly driven by ACUITY major bleeding (RR 0.343, 95% CI: 0.123-
0.959; p=0.041) when compared with the transfemoral approach. There was no difference in the primary 
outcome between standard and ultrasound guidance (p=0.76). Ultrasound guidance, however, reduced mean 
access time (93 sec vs 111 sec; p=0.009), attempts (1.47 vs 1.9; p<0.0001), difficult accesses (4.5% vs 
9.2%; p=0.0007), venepuncture (4.1% vs 9.2%; p<0.0001) and improved first-pass success (73% vs 59.7%; 
p<0.0001).

Conclusions: Transradial access significantly reduced the composite outcome compared to transfemoral 
access. Ultrasound guidance did not reduce the primary outcome compared to the standard technique, but 
significantly improved the efficiency and overall success rate of arterial access.
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Standard vs ultrasound radial femoral access trial

Abbreviations
ACS acute coronary syndrome
BMI body mass index
CA coronary angiography
MACE major adverse cardiovascular events
NSTE-ACS  non-ST-segment elevation acute coronary syndrome
PCI percutaneous coronary intervention
SD standard
STEMI ST-segment elevation myocardial infarction
TFA transfemoral access
TRA transradial access
US ultrasound

Introduction
Despite continual improvements in pharmacological and technical 
measures, bleeding complications still remain a major concern in 
patients undergoing invasive coronary interventions. A significant 
number of these arise from the access site1,2. Major bleeding has been 
associated with recurrent ischaemia and increased in-hospital and 
one-year mortality3,4. A number of registries5,6 and recent studies7,8 
have shown that transradial access reduces vascular complications, 
major bleeding and all-cause mortality compared with transfemo-
ral access in acute coronary syndrome (ACS) patients undergoing 
coronary angiography (CA) and percutaneous coronary interven-
tion (PCI). However, only a small number of randomised trials 
exist comparing access sites in non-ACS coronary investigations9,10.

Furthermore, ultrasound guidance in facilitating arterial access 
may reduce vascular complications and possible bleeding. It is 
routinely used when inserting central venous catheters. Multiple 
randomised trials have demonstrated significant reductions in 
complications, failure rates, and time accessing central veins when 
real-time ultrasound (US) guidance is used11,12. There are limited 
trials assessing real-time US guidance for coronary angiography. 
To date, only two large randomised trials have examined US guid-
ance for femoral and radial arterial access13,14. Both showed higher 
success rates in vascular access; however, reduced vascular com-
plications were only demonstrated in the femoral study comparing 
US versus fluoroscopic guidance.

Therefore, we performed a randomised trial assessing the value of 
real-time US guidance compared with standard (SD) palpation tech-
nique, in both transradial (TRA) and transfemoral access (TFA), on 
unselected patients, with or without ACS, referred for CA and PCI.

Methods
STUDY DESIGN AND PARTICIPANTS
The Standard versus Ultrasound-guided Radial and Femoral access 
(SURF) trial was a prospective, investigator-initiated, single-cen-
tre, randomised, single-blinded, 2x2 factorial trial. All-comer, con-
secutive patients 18 years or older referred for CA and PCI were 
consented for enrolment in the trial conducted according to the 
CONSORT guidelines (Supplementary Appendix 1). The par-
ticipating cardiology trainees, fellows and interventional cardio-
logists were competent, dual-trained in both radial and femoral 

access, and in using US guidance. All operators had performed 
at least 75 coronary interventions in the previous year, a mini-
mum of 50 standard TRA and TFA, and 10 proctored US-guided 
access for both the radial and the femoral artery. All who satis-
fied the required training numbers were certified before taking 
part in the trial. For SD femoral access patients, fluoroscopy using 
a radiopaque marker prior to the procedure was undertaken at the 
discretion of the operator. A single L25x/13-6 MHz, linear-array 
transducer (Fujifilm SonoSite, Bothell, WA, USA) was used for 
both TRA and TFA US guidance. All US guidance was performed 
freehand without a needle guide.

Ineligible patients were those in cardiogenic shock, those on 
dialysis, and those who had known severe peripheral vascular dis-
ease, previous failed access, or a failed Allen’s test. The trial was 
undertaken at a large metropolitan tertiary hospital and approved 
by the local ethics committee (reference number HREC/11/
LPOOL/55). All patients gave written informed consent. An inde-
pendent clinical events committee masked to treatment allocation 
adjudicated all suspected outcome events.

RANDOMISATION AND MASKING
Patients were randomised (1:1) to radial or femoral access, and 
(1:1) to either standard or US guidance. Sealed envelopes bal-
anced in blocks of 50 were used for randomisation. Patients and 
investigators were not masked to access allocation.

ENDPOINTS
The primary endpoint was the composite of ACUITY (Acute 
Catheterization and Urgent Intervention Triage strategY)15 major 
bleeding, major adverse cardiovascular events (MACE) com-
prising death, stroke, myocardial infarction or urgent target 
lesion revascularisation, and vascular complications at 30 days. 
The secondary endpoints were access time, number of attempts, 
venepuncture, difficult accesses and first-pass success. All patients 
were followed up at one week and one month.

ENDPOINT DEFINITIONS
Access time was recorded from when the local anaesthetic needle 
first touched the skin until the sheath was successfully inserted, 
excluding set-up and fluoroscopic imaging time. Attempts were 
defined as forward motion of the needle separated by any with-
drawal. Difficult accesses were those requiring five or more 
attempts. All were recorded by an independent observer.

STATISTICAL ANALYSIS
At the time of the trial design, a minimum total sample size of 
1,388 was calculated in order to detect a 25% relative risk reduc-
tion between group vascular complication rates in Factor 1 (TRA vs 
TFA) and Factor 2 (SD vs US), with a significance level of 2.5%, 
using a two-tailed F-test, accounting for a 10% loss to follow-up. 
All patients were included in the intention-to-treat analyses. Logistic 
regression was used to compare the composite outcome between 
TRA versus TFA, and standard versus US guidance with a rate 
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ratio and 95% confidence interval reported. Pre-specified subgroup 
analyses based on age, body mass index (BMI), gender, diabetes, 
operator experience, indication and procedure type were performed. 
Kaplan-Meier cumulative hazard curves were constructed for the 
primary endpoint of ACUITY major bleeding, MACE and vascu-
lar complications with log-rank testing for significance between 
strata. A two-tailed p-value of <0.05 was used for significance. 
Analyses were performed using SAS 9.4 (SAS Institute Inc., Cary, 
NC, USA) and Stata v12 (StataCorp, College Station, TX, USA).

Results
BASELINE CHARACTERISTICS AND PROCEDURAL DATA
Between November 2012 and November 2017, 2,440 consecutive 
patients referred to the cardiac catheter laboratories were screened 
and 1,388 patients were enrolled, among whom 688 and 700 were 
randomised to TFA and TRA, respectively. Non-enrolment reasons 
included inability to provide informed consent, patient’s preference 
for TRA and operator’s preference for TRA due to favourable evi-
dence in ACS patients. In the TFA group, 357 patients were ran-
domised to the SD technique and 331 were randomised to US 
guidance. Similarly, in the TRA group, 343 and 357 patients were 
randomised to SD and US guidance, respectively (Figure 1). Loss 
to follow-up was similar between the TFA and TRA groups (3.8% 
vs 3%), but crossover rates were higher in the TRA (7.7%) com-
pared with the TFA (1.6%) group. This higher rate of crossover was 
observed in both the SD (8.2%) and US guidance (7.3%) subgroups 
of the TRA arm, although it was mostly in the SD TFA subgroup 
(SD TFA 2.5% vs US TFA 0.6%). Reasons for crossover in the TRA 
group were radial artery spasm (51.9%), converting to US guidance 
for arterial localisation (33.3%) and subclavian tortuosity (14.8%). 
In the TFA group, conversion to US guidance occurred to locate the 
artery (81.8%), dissection (9.1%) and failure to pass the wire (9.1%). 
The overall demographic and baseline characteristics were well 

balanced between the TRA and TFA, as well as between the SD and 
US guidance groups (Table 1). Of the 1,388 patients included, 591 
had unstable angina, 388 had NSTE-ACS and 61 had STEMI. The 
majority of patients were male, Caucasian with BMI ≥25 kg/m2 and 
had a history of smoking, hypertension and hypercholesterolaemia. 
Two patients in the US TRA group had thrombolysis prior to PCI.

The procedural characteristics were similar among the groups 
(Table 2). Most patients had diagnostic coronary angiography 
only. The majority of cases were carried out by cardiology fel-
lows, followed by advanced trainees and consultants. Less than 1% 
of patients received glycoprotein IIb/IIIa inhibitors. The TR Band 
(Terumo Corp., Tokyo, Japan) without ulnar artery compression was 
used for all TRA. The only closure device used for TFA was the 
Angio-Seal™ VIP (Terumo Corp.) and the usage rate was similar 
between femoral US and femoral SD groups (40.2% vs 35.6%).

CLINICAL OUTCOMES
The primary composite outcome of ACUITY major bleeding, 
MACE and vascular complications at 30 days occurred in 1.3% 
and 3.5% of the TRA and TFA groups, respectively (p=0.013) 
(Figure 2, Figure 3). In the subgroup analysis, there was no signi-
ficant difference between TRA and TFA based on patients’ age, 
indication or operator experience, but the results were numeri-
cally superior with consultant experience. The TRA group had 
a reduced composite endpoint in females (1.1% vs 5.1%; HR 0.21, 
95% CI: 0.046-0.979; p=0.047), diabetics (0.4% vs 4.3%; HR 
0.098, 95% CI: 0.012-0.77; p=0.027) and patients with BMI ≥25 
kg/m2 (0.8% vs 3.4%; HR 0.22, 95% CI: 0.073-0.664; p=0.007). 
There was no difference between the US guidance and SD groups 
in the primary composite outcome at 30 days (Figure 3, Figure 4). 
The overall event rates were 2.3% in the US group versus 2.5% in 
the SD group (p=0.756). No difference in the composite outcome 
between groups was noted in the subgroup analyses.

1,388
patients enrolled

688
randomised to transfemoral

access group

331
randomised to

ultrasound guidance

700
randomised to transradial

access group

357
randomised to

standard

343
30-day follow-up

319
30-day follow-up

333
30-day follow-up

346
30-day follow-up

357
randomised to

ultrasound guidance

343
randomised to

standard

9 patients
crossed over

14 lost to
follow-up

2 patients
crossed over

12 lost to
follow-up

28 patients
crossed over

10 lost to
follow-up

26 patients
crossed over

11 lost to
follow-up

Figure 1. Flow chart of the study.
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Standard vs ultrasound radial femoral access trial

Table 1. Demographics and baseline characteristics.

Radial  
(N=700)

Femoral  
(N=688)

Ultrasound 
(N=688)

Standard 
(N=700)

Demographics Age (years) 63.63 (11.1) 63.45 (11.6) 63.38 (11.1) 63.60 (11.5)

Male 520 (74.3%) 486 (70.6%) 488 (70.9%) 518 (74.0%)

Body mass index (kg/m2) 29.84 (5.3) 28.28 (5.4) 28.85 (5.4) 28.51 (5.7)

Ethnicity Caucasian 487 (69.6%) 443 (64.4%) 466 (67.7%) 473 (67.6%)

South East Asian 60 (8.6%) 93 (13.5%) 87 (12.6%) 66 (9.4%)

South Asian 57 (8.1%) 56 (8.2%) 50 (7.2%) 63 (9.0%)

Middle Eastern 79 (11.3%) 77 (11.2%) 71 (10.3%) 85 (12.1%)

Pacific Islander 18 (2.6%) 17 (2.5%) 16 (2.3%) 19 (2.7%)

Cardiovascular 
risk factors

Coronary artery bypass graft 20 (2.8%) 33 (4.8%) 23 (3.3%) 30 (4.3%)

Previous myocardial infarction 98 (14%) 118 (17.2%) 101 (14.7%) 115 (16.4%)

Stroke 29 (4.1%) 34 (5.0%) 28 (4.1%) 35 (5.0%)

Previous percutaneous coronary intervention 144 (20.6%) 137 (20%) 141 (20.5%) 140 (20.0%)

Cardiogenic shock 4 (0.6%) 5 (0.7%) 6 (0.9%) 3 (0.4%)

Congestive cardiac failure 15 (2.1%) 16 (2.3%) 8 (1.2%) 23 (3.3%)

Hypertension 450 (64.3%) 461 (67.0%) 444 (64.5%) 467 (66.7%)

Diabetes mellitus 237 (33.8%) 235 (34.2%) 226 (32.8%) 246 (35.1%)

Hypercholesterolaemia 420 (60.0%) 439 (63.8%) 434 (63.1%) 425 (60.7%)

Renal insufficiency (eGFR  
<60 mL/min/1.73 m2) 83 (11.9%) 100 (14.5%) 87 (12.6%) 96 (13.7%)

Peripheral vascular disease 10 (1.4%) 7 (1.0%) 8 (1.2%) 9 (1.3%)

Smoking history 450 (64.3%) 407 (59.2%) 421 (61.2%) 436 (62.3%)

Indication Unstable angina 308 (44%) 283 (41.1%) 314 (45.6%) 277 (39.6%)

NSTE-ACS 181 (25.9%) 207 (30.0%) 181 (26.3%) 207 (29.6%)

STEMI 36 (5.1%) 25 (3.6%) 32 (4.6%) 29 (4.2%)

Other 176 (25.1%) 170 (24.7%) 162 (23.5%) 185 (26.2%)

Preprocedural 
medications

Aspirin 601 (85.6%) 602 (87.5%) 592 (86.0%) 611 (87.3%)

Clopidogrel 307 (43.9%) 299 (43.5%) 281 (40.8%) 325 (46.4%)

Ticagrelor 92 (13.1%) 107 (15.6%) 98 (14.2%) 101 (14.4%)

Prasugrel 2 (0.30%) 1 (0.1%) 2 (0.3%) 1 (0.1%)

Enoxaparin 48 (6.8%) 57 (8.3%) 54 (7.8%) 51 (7.3%)

Warfarin or novel oral anticoagulant 30 (4.3%) 23 (3.4%) 29 (4.2%) 24 (3.4%)

Recent thrombolysis 2 (0.30%) 0 (0) 2 (0.31%) 0 (0)

Data are n (%) or mean (standard deviation). eGFR: estimated glomerular filtration rate; NSTE-ACS: non-ST-segment elevation acute coronary syndrome; 
STEMI: ST-segment elevation myocardial infarction

Table 2. Procedural characteristics.

Radial  
(N=700)

Femoral  
(N=688)

Ultrasound  
(N=688)

Standard  
(N=700)

Angiogram only 542 (77.4%) 502 (72.9%) 518 (75.2%) 526 (75.1%)

Percutaneous coronary intervention 158 (22.5%) 186 (27.1%) 170 (24.7%) 174 (24.9%)

Operator experience Advanced trainee 192 (27.4%) 185 (26.9%) 161 (23.3%) 215 (30.7%)

Fellow 348 (49.7%) 343 (49.9%) 361 (52.4%) 330 (47.1%)

Consultant 160 (23.0%) 160 (23.2%) 166 (24.1%) 155 (22.5%)

Sheath size 5 Fr 33 (4.7%) 0 (0) 18 (2.6%) 16 (2.3%)

6 Fr 667 (95.3%) 675 (98.1%) 663 (96.4%) 676 (96.6%)

7 Fr 0 (0) 13 (1.9%) 7 (1.0%) 8 (1.1%)

Vessels affected Single 195 (27.9%) 196 (28.5%) 194 (28.2%) 197 (28.2%)

Double 142 (20.3%) 105 (15.2%) 122 (17.8%) 125 (17.9%)

Triple  101 (14.4%) 110 (16.0%) 105 (15.3%) 106 (15.2%)

Procedural medication IIb/IIIa inhibitor 4 (0.6%) 6 (0.9%) 6 (0.9%) 4 (0.6%)

N (%) is used for categorical data. 
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Figure 3. Kaplan-Meier event curves for the primary outcome. A) Radial vs femoral access. B) Standard vs ultrasound-guided access.

Overall 9/679 (1.3%) 23/662 (3.5%) 0.373 (0.171-0.813) 0.013

Age (years)
< 65 5/374 (1.3%) 12/362 (3.3%) 0.395 (0.138-1.133) 0.08

≥ 65 4/305 (1.3%) 11/300 (3.5%) 0.349 (0.110-1.109) 0.07

BMI (kg/m2)
≥ 25 4/519 (0.8%) 16/470 (3.4%) 0.220 (0.073-0.664) 0.007

< 25 5/159 (3.1%) 7/189 (3.7%) 0.844 (0.263-2.713) 0.78

Diabetes mellitus
Yes 1/277 (0.4%) 10/231 (4.3%) 0.098 (0.012-0.770) 0.027

No 8/452 (1.8%) 13/431 (3.0%) 0.579 (0.239-1.412) 0.23

Gender
Female 2/177 (1.1%) 10/195 (5.1%) 0.211 (0.046-0.979) 0.047

Male 7/502 (1.4%) 13/467 (2.9%) 0.494 (0.195-1.249) 0.14

Operator experience
Advanced trainee 2/185 (1.1%) 6/175 (3.4%) 0.308 (0.061-1.546) 0.15

Fellow 5/335 (1.5%) 9/332 (2.7%) 0.544 (0.180-1.640) 0.28

Consultant 2/159 (1.3%) 8/155 (5.2%) 0.234 (0.049-1.120) 0.07

Indication
STEMI 3/36 (8.3%) 1/25 (4%) 2.182 (0.214-22.278) 0.51

NSTE-ACS 4/175 (2.4%) 5/199 (2.5%) 0.908 (0.240-3.434) 0.89

Unstable angina 0/136 (0%) 8/139 (5.8%) N/A 0.95

Stable angina 2/160 (1.3%) 1/136 (0.7%) 1.709 (0.153-19.053) 0.66

Procedure
Angiogram only 5/529 (0.9%) 13/485 (2.7%) 0.346 (0.123-0.979) 0.046

PCI 4/150 (2.7%) 10/177 (5.7%) 0.458 (0.141-1.490) 0.19

0.01 0.1 1 10 100

Risk ratio (95% CI)

 Radial (n=679) Femoral (n=662) Risk ratio (95% CI) p-value

Figure 2. Primary composite outcomes based on access site. Numbers in each subgroup may not equal the total because of incomplete data in 
some patients. BMI: body mass index; CI: confidence interval; NSTE-ACS: non-ST-segment elevation acute coronary syndrome; 
PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction



e527

EuroIntervention 2
0
1
9

;1
5

:e
5

2
2-e

5
3

0

Standard vs ultrasound radial femoral access trial

INTRAPROCEDURAL OUTCOMES
When compared to the TRA approach, TFA was associated with 
a significant reduction in the mean access time (p<0.0001), mean 
access attempts (p=0.02), number of difficult accesses (p<0.0001) 
and dose area product (p=0.04) (Table 3). Venepuncture was 
higher in the TFA (9.3%) compared with the TRA (4.0%) group 
(p<0.0001). US guidance resulted in improved procedural out-
comes in all subgroup analyses compared with the SD technique. 
Use of US significantly reduced mean access time (93.1 sec US 
vs 111 sec SD, p=0.01), mean access attempts (1.47 US vs 1.9 
SD, p<0.0001), number of difficult accesses (4.5% vs 9.2%, 
p=0.0007), venepuncture (4.1% vs 9.2%, p<0.0001) and improved 
first-pass success (73% US vs 59.7% SD, p<0.0001) (Table 4).

Discussion
Among patients referred to our cardiac catheter laboratories, with 
or without ACS, the use of TRA for CA or PCI significantly 

reduced the primary composite endpoint of ACUITY major bleed-
ing, MACE and vascular complications when compared with 
TFA. This was mostly driven by reduced ACUITY major bleed-
ing (0.7% TRA vs 2.1% TFA; HR 0.343, 95% CI: 0.123-0.959; 
p=0.041) (Supplementary Table 1). Major bleeding with femoral 
access in our study was lower than in published studies1,7. This 
could be explained by the non-ACS cohort studied and the local 
expertise in TFA. Nonetheless, our result still favoured TRA, in 
keeping with previous meta-analyses16,17, registries5,6 and the two 
recent large randomised trials7,8. RIVAL (RadIal Vs femorAL 
access for coronary intervention)7 initially did not show a signi-
ficant difference when non-coronary bypass graft-related major 
bleeding was used. However, when the ACUITY bleeding defi-
nition was applied post hoc, the rate was significantly less with 
TRA. In fact, most previous radial versus femoral studies which 
favoured radial access were driven by major bleeding, despite 
variations in bleeding definitions. Females, diabetics and patients 

Overall 15/665 (2.3%) 17/676 (2.5%) 0.895 (0.443-1.806) 0.76

Age (years)
< 65 7/365 (1.9%) 10/371 (2.7%) 0.706 (0.266-1.875) 0.49

≥ 65 8/300 (2.7%) 7/305 (2.3%) 1.166 (0.418-3.258) 0.77

BMI (kg/m2)
≥ 25 8/501 (1.6%) 12/488 (2.5%) 0.644 (0.261-1.589) 0.34

< 25 7/163 (4.3%) 5/185 (2.7%) 1.615 (0.503-5.192) 0.42

Diabetes mellitus
Yes 5/218 (2.3%) 6/240 (2.5%) 0.915 (0.275-3.043) 0.89

No 10/447 (2.2%) 11/436 (2.5%) 0.884 (0.372-2.103) 0.78

Gender
Female 6/198 (3.0%) 6/174 (3.5%) 0.875 (0.277-2.764) 0.82

Male 9/467 (1.9%) 11/502 (2.2%) 0.877 (0.360-2.136) 0.77

Operator experience
Advanced trainee 2/153 (1.3%) 6/207 (2.9%) 0.444 (0.088-2.229) 0.32

Fellow 8/348 (2.3%) 6/319 (1.9%) 1.227 (0.421-3.577) 0.71

Consultant 5/164 (3.1%) 5/150 (3.3%) 0.912 (0.259-3.215) 0.89

Indication
STEMI 1/32 (3.1%) 3/29 (10.3%) 0.8303 (0.565-9.313) 0.25

NSTE-ACS 6/176 (3.4%) 3/198 (1.5%) 2.294 (0.565-9.313) 0.25

Unstable angina 4/156 (2.6%) 4/119 (3.3%) 0.757 (0.185-3.089) 0.70

Stable angina 3/146 (2.1%) 0/150 (0%) NIA 0.95

Procedure
Angiogram only 10/504 (2.0%) 8/510 (1.6%) 1.270 (0.497-3.245) 0.62

PCI 5/161 (3.1%) 9/166 (5.4%) 0.559 (0.183-1.706) 0.31

0.01 0.1 1 10

Risk ratio (95% CI)

 Ultrasound (n=665) Standard (n=676) Risk ratio (95% CI) p-value

Figure 4. Primary composite outcomes based on guidance technique. Numbers in each subgroup may not equal the total because of 
incomplete data in some patients. BMI: body mass index; CI: confidence interval; NSTE-ACS: non-ST-segment elevation acute coronary 
syndrome; PCI: percutaneous coronary intervention; STEMI: ST-segment elevation myocardial infarction
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Table 3. Secondary outcomes based on access site.

Radial (N=700) Femoral (N=688) Risk ratio (95% CI) p-value

Mean access time (seconds) 118.39 (141.16) 85.51 (112.96) N/A <0.0001

Mean access attempts 1.77 (1.50) 1.60 (1.17) N/A 0.02

Procedural time (minutes) 39.61 (25.69) 36.37 (26.21) N/A 0.02

Dose area product (dGy·cm²) 592.21 (472.73) 530.20 (652.56) N/A 0.04

Number of first-pass successes 456 (66.42%) 464 (67.44%) 0.890 (0.713-1.113) 0.31

Number of difficult accesses 67 (9.57%) 28 (4.07%) 2.483 (1.577-3.912) <0.0001

Venepuncture 28 (4.00%) 64 (9.30%) 0.404 (0.256-0.639) <0.0001

Data are n (%) or mean (standard deviation). N/A: not applicable

with BMI ≥25 kg/m2 demonstrated the greatest benefit from TRA. 
Whilst these findings were not clearly shown with previous trials, 
these groups of patients were most often associated with femoral 
access complications18,19.

US guidance did not affect the primary outcome compared with 
the SD technique. ACUITY major bleeding (1.4% US vs 1.5% SD, 
p=0.85), MACE (0.75% US vs 0.74% SD, p=0.98) and vascular 
complications (0.8% US vs 0.6% SD, p=0.72) were similar in the 
US and SD approaches, respectively (Supplementary Table 2). 
This was most likely due to our study being underpowered as 
a result of the high arterial access success rate and low compli-
cation rate observed with the standard technique. By combining 
radial and femoral US analysis, a dilution of any clinical bene-
fit may have occurred, especially in vascular complications, as 
demonstrated in the Femoral Arterial Access With Ultrasound 
Trial (FAUST)13. Another possible contributing factor is the simi-
lar BMI between the groups. Our study is the first double-ran-
domisation trial and, although combining both radial and femoral 
US analysis, the findings were consistent with previous indi-
vidual radial14,20 and femoral US13 trials. The mean access time 
for the femoral US group was shorter than for the femoral SD 
group (73.12 sec vs 85.51 sec), but that for the radial US group 
was slightly longer than that for the radial SD group (133.64 
sec vs 118.39 sec). However, this is still well within the three-
minute timeframe recommended by the Transradial Working 
Group21 before changing to an alternative access. This, coupled 
with a low number of access attempts and a high percentage of 

first-pass success, suggests that US guidance in TRA is possibly 
the technique of choice in primary PCI. The majority of the cases 
were carried out by advanced trainees and fellows; however, 
despite the operators’ relative inexperience, secondary outcomes 
remained superior in the US group. This indicates that the learn-
ing curve for both TRA and using US guidance is not as steep as 
previously reported22.

The number of first-pass successes was not significantly differ-
ent between the TRA and TFA groups (65.1% vs 67.6%, p=0.3), 
but the number of difficult accesses was much higher in the TRA 
group (9.6% vs 4.1%, p<0.0001). When US was used, both the 
number of first-pass successes (73% US vs 59.7% SD, p<0.0001) 
and of difficult accesses (4.5% US vs 9.2% SD, p=0.0007) was 
significantly improved. Due to its small size, the radial artery is 
often more difficult to access. Minimising TRA attempts may 
reduce vessel injury, surrounding tissue haematoma and resultant 
arterial spasm which contributes to access failure23.

Limitations
This was a single-centre study; hence, recruitment took a pro-
longed period of time. The number of participating proceduralists 
was initially low as training was required from femoral-domi-
nant to radial-based laboratories. Delays also occurred in acquir-
ing US experience. Conversely, during the later stage, operators 
were reluctant to enrol patients due to increasing evidence favour-
ing TRA in ACS patients. The low number of PCI patients enrolled 
was because of outpatients’ CA becoming ineligible when they 

Table 4. Secondary outcomes based on guidance technique.

Ultrasound (N=688) Standard (N=700) Risk ratio (95% CI) p-value

Mean access time (seconds) 93.10 (112.98) 111.03 (142.58) N/A 0.01

Mean access attempts 1.47 (1.06) 1.90 (1.56) N/A <0.0001

Procedural time (minutes) 38.01 (25.78) 38.00 (26.22) N/A 0.99

Dose area product (dGy·cm²) 555.16 (453.01) 568.27 (664.83) N/A 0.67

Number of first-pass successes 503 (73.11%) 417 (59.57%) 1.822 (1.453-2.285) <0.0001

Number of difficult accesses 31 (4.51%) 64 (9.14%) 0.467 (0.300-0.727) 0.0007

Venepuncture 28 (4.07%) 64 (9.14%) 0.420 (0.266-0.663) <0.0001

Data are n (%) or mean (standard deviation). N/A: not applicable
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came back for a follow-up PCI. Also, a proportion of patients were 
referred for non-ACS reasons, such as cardiomyopathy, ventricular 
arrhythmia and valvular surgery work-up. Combining TRA and 
TFA analyses for US versus SD may not reflect accurately the indi-
vidual access benefit. The US versus SD comparison was under-
powered for clinical outcomes. The high success rates for both 
radial (92.3%) and femoral (98.4%) access, coupled with low com-
plication rates, especially in the radial group, mean that a larger 
sample size is required to show any difference in clinical outcome. 
Finally, given that this was a tertiary teaching hospital, the primary 
operators were mostly advanced trainees and interventional fellows.

Conclusions
In conclusion, our study showed that, for all patients referred to the 
cardiac catheter laboratories for CA and PCI, TRA significantly 
reduced the composite outcome, especially in females, diabetics 
and those with BMI ≥25 kg/m2 when compared with TRA. Whilst 
US guidance did not demonstrate a benefit in clinical outcomes 
compared with SD access, it improved the efficiency and overall 
success rate of arterial access. TRA and US guidance techniques 
were easily mastered by all operators.

Impact on daily practice
The SURF trial showed that, for all patients referred for CA and 
PCI, TRA was superior and reduced the composite outcome 
when compared with TFA. Diabetics, females and patients 
with BMI ≥25 kg/m2 derived the most benefit from TRA. US 
guidance increased success rates in arterial access by reduc-
ing access time, attempts, number of difficult accesses, and 
venepuncture, and by improving first-pass success. US guid-
ance in TRA can be the technique of choice in CA and PCI.
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Supplementary Appendix 1. CONSORT 2010 checklist of information to include when reporting a 
randomised trial*. 

 

Section/Topic 
Item 
No Checklist item 

Reported 
on page No 

Title and abstract 

 1a Identification as a randomised trial in the title 1 

1b Structured summary of trial design, methods, results, and conclusions (for specific guidance see CONSORT for abstracts) 2 

Introduction 

Background and 

objectives 

2a Scientific background and explanation of rationale 4 

2b Specific objectives or hypotheses 4 

Methods 

Trial design 3a Description of trial design (such as parallel, factorial) including allocation ratio 4,5 

3b Important changes to methods after trial commencement (such as eligibility criteria), with reasons N/A 

Participants 4a Eligibility criteria for participants 5 

4b Settings and locations where the data were collected 5 

Interventions 5 The interventions for each group with sufficient details to allow replication, including how and when they were 

actually administered 

N/A 

Outcomes 6a Completely defined pre-specified primary and secondary outcome measures, including how and when they 

were assessed 

5 

6b Any changes to trial outcomes after the trial commenced, with reasons N/A 

Sample size 7a How sample size was determined 6 

7b When applicable, explanation of any interim analyses and stopping guidelines N/A 

Randomisation:    

 Sequence 

generation 

8a Method used to generate the random allocation sequence 5 

8b Type of randomisation; details of any restriction (such as blocking and block size) 5 

 Allocation 

concealment 

mechanism 

9 Mechanism used to implement the random allocation sequence (such as sequentially numbered containers), 

describing any steps taken to conceal the sequence until interventions were assigned 

5 



 

 Implementation 10 Who generated the random allocation sequence, who enrolled participants, and who assigned participants to 

interventions 

5 

Blinding 11a If done, who was blinded after assignment to interventions (for example, participants, care providers, those 

assessing outcomes) and how 

5 

11b If relevant, description of the similarity of interventions N/A 

Statistical methods 12a Statistical methods used to compare groups for primary and secondary outcomes 6 

12b Methods for additional analyses, such as subgroup analyses and adjusted analyses 6 

Results 

Participant flow (a 

diagram is strongly 

recommended) 

13a For each group, the numbers of participants who were randomly assigned, received intended treatment, and 

were analysed for the primary outcome 

6 

13b For each group, losses and exclusions after randomisation, together with reasons 6 

Recruitment 14a Dates defining the periods of recruitment and follow-up 6 

14b Why the trial ended or was stopped N/A 

Baseline data 15 A table showing baseline demographic and clinical characteristics for each group 7,15,16,17 

Numbers analysed 16 For each group, number of participants (denominator) included in each analysis and whether the analysis was 

by original assigned groups 

7,15,16,17 

Outcomes and 

estimation 

17a For each primary and secondary outcome, results for each group, and the estimated effect size and its 

precision (such as 95% confidence interval) 

7,8,18,19,20,

21 

17b For binary outcomes, presentation of both absolute and relative effect sizes is recommended N/A 

Ancillary analyses 18 Results of any other analyses performed, including subgroup analyses and adjusted analyses, distinguishing 

pre-specified from exploratory 

7,8,20,21 

Harms 19 All important harms or unintended effects in each group (for specific guidance see CONSORT for harms) N/A 

Discussion 

Limitations 20 Trial limitations, addressing sources of potential bias, imprecision, and, if relevant, multiplicity of analyses 9 

Generalisability 21 Generalisability (external validity, applicability) of the trial findings 8,9,10 

Interpretation 22 Interpretation consistent with results, balancing benefits and harms, and considering other relevant evidence 8,9 

Other information  

Registration 23 Registration number and name of trial registry 5 

Protocol 24 Where the full trial protocol can be accessed, if available N/A 

Funding 25 Sources of funding and other support (such as supply of drugs), role of funders 10 

 



 

*We strongly recommend reading this statement in conjunction with the CONSORT 2010 Explanation and Elaboration for important clarifications on all the items. If relevant, we also 

recommend reading CONSORT extensions for cluster randomised trials, non-inferiority and equivalence trials, non-pharmacological treatments, herbal interventions, and pragmatic trials. 

Additional extensions are forthcoming: for those and for up to date references relevant to this checklist, see www.consort-statement.org.

http://www.consort-statement.org/


 

Supplementary Table 1. Major outcomes based on access site. 

 

N (%) is used for categorical data.  

ACUITY: Acute Catheterization and Urgent Intervention Triage strategY; N/A: non-applicable  

 

 

 Radial 

(N=679) 

Femoral  

(N=662) 

Risk ratio 

(95% CI) 

p-value 

ACUITY major 

bleeding  

Overall 5 (0.74%) 14 (2.11%) 0.343 (0.123-0.959) 0.04 

Haematoma >5 cm 4 (0.59%) 8 (1.21%) 0.484 (0.145-1.617) 0.24 

Reduction in haemoglobin 

>40 g/L without bleeding 

source 

0 (0%) 4 (0.6%) N/A 0.95 

Reduction in haemoglobin 

>30 g/L with bleeding source 

1 (0.15%) 1 (0.15%) 0.975 (0.061-15.617) 0.99 

Retroperitoneal bleeding 0 (0%) 1 (0.15%) N/A 0.96 

ACUITY minor bleeding 70 (10.31%) 189 (28.54%) 0.290 (0.215-0.391) <0.001 

Vascular 

complications 

Overall 2 (0.29%) 7 (1.06%) 0.277 (0.057-1.336) 0.11 

Pseudoaneurysm 1 (0.15%) 5 (0.76%) 0.194 (0.023-1.663) 0.13 

Occluded radial artery 1 (0.15%) 0 (0%) N/A 0.96 

Haematoma delaying 

discharge 

0 (0%) 1 (0.15%) N/A 0.96 

Deep vein thrombosis 0 (0%) 1 (0.15%) N/A 0.96 

Major adverse 

cardiovascular 

events 

Overall  3 (0.44%) 7 (1.06%) 0.415 (0.107-1.613) 0.20 

Death 1 (0.15%) 2 (0.3%) 0.487 (0.044-5.388) 0.56 

Stroke 0 (0%) 1 (0.15%) N/A 0.96 

Recurrent myocardial 

infarction 

1 (0.15%) 2 (0.3%) 0.487 (0.044-5.381) 0.56 

Urgent target lesion 

revascularisation 

1 (0.15%) 2 (0.3%) 0.487 (0.044-5.381) 0.56 



 

Supplementary Table 2. Major outcomes based on guidance technique. 

 Ultrasound 

(N=665) 

Standard  

(N=676) 

Risk ratio 

(95% CI) 

p-value 

ACUITY major 

bleeding  

Overall 9 (1.35%) 10 (1.48%) 0.914 (0.369-2.263) 0.85 

Haematoma >5 cm 5 (0.75%) 7 (1.04%) 0.724 (0.229-2.293) 0.58 

Reduction in haemoglobin 

>40 g/L without bleeding 

source 

2 (0.3%) 2 (0.3%) 1.017 (0.143-7.238) 0.99 

Reduction in haemoglobin 

>30 g/L with bleeding source 

1 (0.15%) 1 (0.15%) 1.017 (0.063-16.285) 0.99 

Retroperitoneal bleeding 1 (0.15%) 0 (0%) N/A 0.96 

ACUITY minor bleeding 115 (17.29%) 144 (21.30%) 0.776 (0.591-1.018) 0.07 

Vascular 

complications 

Overall 5 (0.75%) 4 (0.59%) 1.273 (0.340-4.760) 0.72 

Pseudoaneurysm 4 (0.6%) 2 (0.3%) 2.039 (0.372-11.172) 0.41 

Occluded radial artery 0 (0%) 1 (0.15%) N/A 0.96 

Haematoma delaying 

discharge 

1 (0.15%) 0 (0%) N/A 0.96 

Deep vein thrombosis 0 (0%) 1 (0.15%) N/A 0.96 

Major adverse 

cardiovascular 

events 

Overall  5 (0.75%) 5 (0.74%) 1.017 (0.293-3.528) 0.98 

Death 0 (0%) 3 (0.45%) N/A 0.95 

Stroke 1 (0.15%) 0 (0%) N/A 0.96 

Recurrent myocardial 

infarction 

3 (0.45%) 0 (0%) N/A 0.95 

Urgent target lesion 

revascularisation 

1 (0.15%) 2 (0.3%) 0.508 (0.046-5.611) 0.58 

 

N (%) is used for categorical data.  

ACUITY: Acute Catheterization and Urgent Intervention Triage strategY; N/A: non-applicable  

 


