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Summary
Background Small trials have suggested that radial access for percutaneous coronary intervention (PCI) reduces 
vascular complications and bleeding compared with femoral access. We aimed to assess whether radial access was 
superior to femoral access in patients with acute coronary syndromes (ACS) who were undergoing coronary 
angiography with possible intervention.

Methods The RadIal Vs femorAL access for coronary intervention (RIVAL) trial was a randomised, parallel group, 
multicentre trial. Patients with ACS were randomly assigned (1:1) by a 24 h computerised central automated voice 
response system to radial or femoral artery access. The primary outcome was a composite of death, myocardial 
infarction, stroke, or non-coronary artery bypass graft (non-CABG)-related major bleeding at 30 days. Key secondary 
outcomes were death, myocardial infarction, or stroke; and non-CABG-related major bleeding at 30 days. A masked 
central committee adjudicated the primary outcome, components of the primary outcome, and stent thrombosis. All 
other outcomes were as reported by the investigators. Patients and investigators were not masked to treatment 
allocation. Analyses were by intention to treat. This trial is registered with ClinicalTrials.gov, NCT01014273.

Findings Between June 6, 2006, and Nov 3, 2010, 7021 patients were enrolled from 158 hospitals in 32 countries. 
3507 patients were randomly assigned to radial access and 3514 to femoral access. The primary outcome occurred in 
128 (3·7%) of 3507 patients in the radial access group compared with 139 (4·0%) of 3514 in the femoral access group 
(hazard ratio [HR] 0·92, 95% CI 0·72–1·17; p=0·50). Of the six prespecifi ed subgroups, there was a signifi cant 
interaction for the primary outcome with benefi t for radial access in highest tertile volume radial centres (HR 0·49, 
95% CI 0·28–0·87; p=0·015) and in patients with ST-segment elevation myocardial infarction (0·60, 0·38–0·94; 
p=0·026). The rate of death, myocardial infarction, or stroke at 30 days was 112 (3·2%) of 3507 patients in the radial 
group compared with 114 (3·2%) of 3514 in the femoral group (HR 0·98, 95% CI 0·76–1·28; p=0·90). The rate of 
non-CABG-related major bleeding at 30 days was 24 (0·7%) of 3507 patients in the radial group compared with 
33 (0·9%) of 3514 patients in the femoral group (HR 0·73, 95% CI 0·43–1·23; p=0·23). At 30 days, 42 of 3507 patients 
in the radial group had large haematoma compared with 106 of 3514 in the femoral group (HR 0·40, 95% CI 
0·28–0·57; p<0·0001). Pseudoaneurysm needing closure occurred in seven of 3507 patients in the radial group 
compared with 23 of 3514 in the femoral group (HR 0·30, 95% CI 0·13–0·71; p=0·006).

Interpretation Radial and femoral approaches are both safe and eff ective for PCI. However, the lower rate of local 
vascular complications may be a reason to use the radial approach.

Funding Sanofi -Aventis, Population Health Research Institute, and Canadian Network for Trials Internationally 
(CANNeCTIN), an initiative of the Canadian Institutes of Health Research.

Introduction
In patients with acute coronary syndromes (ACS; 
ST-segment elevation myocardial infarction [STEMI] 
and non-ST-segment elevation ACS [NSTE-ACS]), major 
bleeding is as common as recurrent myocardial 
infarction and occurs in about 5% of patients, depending 
on the defi nition used. A substantial proportion of the 
bleeding occurs at the vascular access site.1–4 Findings 
from observational studies suggest that major bleeding 
is associated with increased risk of death and recurrent 
ischaemic events.5,6 Vascular access via the radial 
artery—a superfi cial and readily compressible site—

might result in less bleeding than access through the 
femoral artery. Also, observational studies have 
suggested a lower risk of death and myocardial 
infarction with radial than with femoral access, but 
these analyses are limited because of potential 
confounding factors.7–9 A meta-analysis of small 
randomised trials suggested that radial access might 
reduce major bleeding and was associated with weak 
evidence of a reduction in the composite of death, 
myocardial infarction, or stroke but also with weak 
evidence of an increased rate of percutaneous coronary 
intervention (PCI) failure.10 The individual trials were 
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small, often single-centred, and underpowered to detect 
diff erences in important clinical events.

Accordingly, we did a large, multicentre, randomised 
trial among patients with ACS who were undergoing 
coronary angiography with possible intervention, to assess 
whether radial access was superior to femoral access.

Methods
Study design and patients
The RadIal Vs femorAL access for coronary intervention 
(RIVAL) trial was a randomised, parallel group, 
multicentre trial. The design of the RIVAL trial has been 
previously published.11 The RIVAL trial fi rst enrolled 
patients within an investigator-initiated randomised 
substudy of the Clopidogrel and aspirin optimal dose 
Usage to Reduce Recurrent EveNTS—Seventh 
Organization to Assess Strategies in Ischemic Syndromes 
(CURRENT-OASIS 7) trial.12 The CURRENT-OASIS 7 trial 
was a randomised trial (n=25 086) with a factorial design 
that compared double dose clopidogrel (600 mg followed 
by 150 mg for 7 days then 75 mg once daily) versus 
standard dose clopidogrel (300 mg followed by 75 mg 
daily) and high-dose (300–325 mg) versus low-dose aspirin 
(75–100 mg) in patients with acute coronary syndromes.13,14 
After the CURRENT-OASIS 7 trial was completed, 
additional patients were enrolled in the RIVAL trial.

Patients were included if they had ACS with or without 
ST segment elevation, an invasive approach was planned, 
the interventional cardiologist was willing to proceed 
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Figure 1: Trial profi le

7021 enrolled and randomised

3507 assigned to radial access 3514 assigned to femoral access

28 withdrew
20 received femoral access

10 physician decision
9 physician error
1 randomisation error

8 did not have an angiogram

3479 received radial access

245 crossed over after failed
radial access
242 to femoral access

3 to brachial access

3234 had successful radial access

1 lost to follow-up

3507 included in analyses

46 withdrew
38 received radial access

10 physician decision
12 physician error
16 patient refusal

8 did not have an angiogram

3468 received femoral access

32 crossed over after failed
femoral access
32 to radial access

3436 had successful femoral access

1 lost to follow-up

3514 included in analyses

Radial 
(n=3507)

Femoral 
(n=3514)

Demographics

Age (years) 62 (12) 62 (12)

Age >75 years 506 (14·4%) 529 (15·1%)

Men 2599 (74·1%) 2561 (72·9%)

Diagnosis at admission 

Unstable angina 1554 (44·3%) 1606 (45·7%)

NTSTEMI 998 (28·5%) 905 (25·8%)

STEMI 955 (27·2%) 1003 (28·5%)

Ethnic origin

European 2558 (72·9%) 2575 (73·3%)

Black 18 (0·5%) 32 (0·9%)

South Asian 483 (13·8%) 475 (13·5%)

East Asian 149 (4·2%) 137 (3·9%)

Other 299 (8·5%) 293 (8·3%)

History

Present smoker 1083 (30·9%) 1097 (31·2%)

Hypertension 2118 (60·4%) 2076 (59·1%)

Diabetes mellitus 781 (22·3%) 722 (20·5%)

Myocardial infarction 658 (18·8%) 622 (17·7%)

PCI 431 (12·3%) 408 (11·6%)

Coronary artery bypass graft surgery 79 (2·3%) 75 (2·1%)

Peripheral vascular disease 91 (2·6%) 82 (2·3%)

Baseline characteristics

ECG fi ndings at study entry for NSTE-ACS*

ST-segment depression 927 (36·3%) 930 (37·0%)

T-wave inversion 785 (30·8%) 751 (29·9%)

Elevated biomarker (among NSTE-ACS) 1586 (62·1%) 1613 (64·2%)

Antithrombotic treatment in hospital

Aspirin 3479 (99·2%) 3489 (99·3%)

Clopidogrel 3368 (96·0%) 3358 (95·6%)

Clopidogrel loading dose ≤300 mg 
before PCI†

893 (38·6%) 963 (41·0%)

Clopidogrel loading dose >300 mg 
before PCI†

1208 (52·3%) 1165 (49·6%)

Low-molecular-weight heparin 1806 (51·5%) 1819 (51·8%)

Intravenous unfractionated heparin 1168 (33·3%) 1110 (31·6%)

Fondaparinux 383 (10·9%) 381 (10·8%)

Bivalirudin 76 (2·2%) 109 (3·1%)

Glycoprotein IIb/IIIa inhibitor 887 (25·3%) 844 (24·0%)

Glycoprotein IIb/IIIa inhibitor in 
patients with STEMI‡

329 (34·5%) 312 (31·1%)

Other in-hospital medications

Proton-pump inhibitors 1050 (29·9%) 1097 (31·2%)

β blockers 3104 (88·5%) 3130 (89·1%)

Angiotensin-converting-enzyme 
inhibitors

2546 (72·6%) 2539 (72·3%)

Angiotensin-II-receptor blockers 377 (10·7%) 386 (11·0%)

Statins 3309 (94·4%) 3289 (93·6%)

Calcium-channel blockers 655 (18·7%) 623 (17·7%)

Data are mean (SD) or number (%). STEMI=ST-segment elevation myocardial 
infarction. NSTEMI=non-STEMI. PCI=percutaneous coronary intervention. NSTE-
ACS= non-ST-segment elevation acute coronary syndromes. *n=2552 in the radial 
group and n=2511 in the femoral group. †n=2311 in the radial group and n=2349 in 
the femoral group. ‡n=955 in the radial group and n=1003 in the femoral group. 

Table 1: Demographics and baseline characteristics
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with either radial or femoral access (and had expertise 
for both, including at least 50 radial procedures for 
coronary angiography or intervention within the previous 
year), and dual circulation of the hand was intact as 
assessed by an Allen’s test. Patients were ineligible for 
RIVAL if they presented with cardiogenic shock, severe 
peripheral vascular disease precluding a femoral 
approach, or previous coronary bypass surgery with 

use of more than one internal mammary artery. 
Webappendix p 1 contains detailed eligibility criteria, 
which have been previously published.11

The study was approved by all appropriate national 
regulatory authorities and the ethics committees of 
participating centres. All patients provided written 
informed consent to participate before enrolment. The 
trial was coordinated by the Population Health Research 
Institute at McMaster University and Hamilton Health 
Sciences in Hamilton, ON, Canada. An independent data 
monitoring committee periodically reviewed unmasked 
data. An international steering committee was responsible 
for the conduct of the trial.

Radial 
(n=3507)

Femoral 
(n=3514)

Invasive procedures after randomisation during initial stay in hospital

Coronary angiography 3499 (99·8%) 3506 (99·8%)

PCI 2311 (65·9%) 2349 (66·8%)

Stent*† 2187 (94·6%) 2233 (95·1%)

Bare-metal stent 1428 (65·3%) 1544 (69·1%)

≥1 drug-eluting stent 835 (38·2%) 722 (34·6%)

Coronary artery bypass grafting 308 (8·8%) 291 (8·3%)

STEMI initial reperfusion therapy‡

Primary PCI 702 (73·5%) 749 (74·7%)

Fibrinolytic therapy 121 (12·7%) 112 (11·2%)

Facilitated PCI 31 (3·2%) 31 (3·1%)

Neither primary PCI nor 
fi brinolytic

101 (10·6%) 111 (11·1%)

Operator’s annual volume

PCI per year 300 (190–400) 300 (190–400)

Percent radial PCI 40 (25–70) 40 (25–70)

Total number radial (diagnostic 
and PCI) procedures per year

352 (180–599) 345 (180–575)

Total number femoral (diagnostic 
and PCI) procedures per year

386 (181–647) 390 (190–655)

Procedural characteristics

Arterial sheath size§

≤5 French¶ 505 (14·4%) 237 (6·8%)

6 French|| 2708 (77·4%) 2811 (80·2%)

≥7 French¶ 35 (1·0%) 212 (6·0%)

Number of diagnostic catheters 
used**

1¶ 1073 (30·7%) 521 (14·9%)

2¶ 1705 (48·7%) 2172 (62·0%)

≥3 703 (20·1%) 797 (22·7%)

Number of PCI guide catheters 
used†

1 1890 (81·8%) 1970 (83·9%)

2 307 (13·3%) 291 (12·4%)

≥3 106 (4·6%) 82 (3·5%)

Intra-aortic balloon pump 31 (0·9%) 37 (1·1%)

Data are number (%) or median (IQR). PCI=percutaneous coronary intervention. 
STEMI=ST-segment elevation myocardial infarction.*Bare-metal stent p=0·006; 
drug-eluting stent p=0·013. †As a proportion of patients having PCI. ‡n=955 in 
the radial group and n=1003 in the femoral group. §n=3248 in the radial group 
and n=3260 in the femoral group; sheath size was not recorded on the 
case-report forms of the fi rst 497 patients. ¶p<0·0001. ||p=0·004. **n=3481 in 
the radial group and n=3490 in the femoral group; data on the number of 
diagnostic catheters were missing for 34 patients who had coronary angiography.

Table 2: Invasive procedures after randomisation, operator volumes, 
and procedural characteristics

See Online for webappendix

Radial
(n=3507)

Femoral 
(n=3514)

Hazard ratio 
(95% CI)

p value 

Primary outcome

Death, MI, stroke, or non-CABG 
bleeding at 30 days

128 (3·7%) 139 (4·0%) 0·92 (0·72–1·17) 0·50

Secondary outcomes at 30 days

Death, MI, or stroke 112 (3·2%) 114 (3·2%) 0·98 (0·76–1·28) 0·90

Non-CABG major bleeding 24 (0·7%) 33 (0·9%) 0·73 (0·43–1·23) 0·23

Death 44 (1·3%) 51 (1·5%) 0·86 (0·58–1·29) 0·47

MI 60 (1·7%) 65 (1·9%) 0·92 (0·65–1·31) 0·65

Stroke 20 (0·6%) 14 (0·4%) 1·43 (0·72–2·83) 0·30

Secondary outcomes at 48 h

Death, MI, stroke, or non-CABG 
bleeding

50 (1·4%) 65 (1·8%) 0·77 (0·53–1·11) 0·17

Non-CABG major bleeding 11 (0·3%) 18 (0·5%) 0·61 (0·29–1·30) 0·20

Death 9 (0·3%) 15 (0·4%) 0·60 (0·26–1·37) 0·23

MI 29 (0·8%) 31 (0·9%) 0·94 (0·56–1·56) 0·80

Stroke 7 (0·2%) 6 (0·2%) 1·17 (0·39–3·48) 0·78

Other secondary outcomes

PCI success* 2204 (95·4%) 2235 (95·2%) 1·01 (0·95–1·07) 0·83

Access site crossover 265 (7·6%) 70 (2·0%) 3·82 (2·93–4·97) <0·0001

Major vascular complications 49 (1·4%) 131 (3·7%) 0·37 (0·27–0·52) <0·0001

Minor bleeding 100 (2·9%) 118 (3·4%) 0·84 (0·65–1·10) 0·21

Safety outcomes

Non-CABG TIMI major bleeding 19 (0·5%) 19 (0·5%) 1·00 (0·53–1·89) 1·00

CABG-related bleeding 48 (1·4%) 48 (1·4%) 1·00 (0·67–1·49) 1·00

Non-CABG-related blood transfusions 39 (1·1%) 45 (1·3%) 0·87 (0·56–1·33) 0·51

All blood transfusions 99 (2·8%) 98 (2·8%) 1·01 (0·76–1·33) 0·95

Post-hoc exploratory outcomes

ACUITY major bleeding† 66 (1·9%) 157 (4·5%) 0·43 (0·32–0·57) <0·0001

Death, MI, or stroke, or ACUITY 
major bleed†

167 (4·8%) 256 (7·3%) 0·65 (0·53–0·78) <0·0001

Non-CABG major bleeding and major 
vascular complications

67 (1·9%) 157 (4·5%) 0·43 (0·32–0·57) <0·0001

Death, MI, stroke, non-CABG major 
bleeding, or major vascular 
complications

167 (4·8%) 260 (7·4%) 0·63 (0·52–0·77) <0·0001

Data are number (%). MI=myocardial infarction. CABG=coronary artery bypass graft. PCI=percutaneous coronary 
intervention. TIMI=thrombolysis in myocardial infarction. ACUITY=Acute Catheterization and Urgent Intervention 
strategy. *As a proportion of patients who had PCI: n=2311 in the radial group and n=2349 in the femoral group. 
†Large haematomas diagnosed as per investigator’s clinical decision.

Table 3: Primary, secondary, safety, and exploratory outcomes
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Randomisation and masking
Patients were randomly assigned (1:1) to radial or femoral 
access by a 24 h computerised central automated voice 
response system located at the Population Health 
Research Institute. Randomisation was done in permuted 
blocks of variable sizes (two, four, and six), stratifi ed by 
centre. A masked central committee adjudicated the 
primary outcome, components of the primary outcome, 
and stent thrombosis. All other outcomes were as 
reported by investigators. Patients and investigators were 
not masked to treatment allocation.

Procedures
Before coronary angiography, patients were assigned to 
either transradial access or transfemoral access for 
coronary angiography and same-sitting PCI if clinically 
indicated. The antithrombotic regimen (including 
glycoprotein IIb/IIIa inhibitors) used for PCI was at the 
discretion of the treating physician, as was the use of 
femoral vascular closure devices.

The primary effi  cacy outcome was the occurrence of 
death, myocardial infarction, stroke, or non-coronary 
artery bypass graft (non-CABG)-related major bleeding 
within 30 days. Key secondary outcomes were death, 
myocardial infarction, or stroke; and non-CABG-related 
major bleeding at 30 days. Other secondary outcomes 
included components of the primary outcome, major 
vascular access site complications at 48 h and 30 days, 
and PCI procedural success.

Detailed outcome defi nitions have been published11 and 
are available in webappendix pp 2–3. In brief, major 
bleeding was defi ned as bleeding that was: (1) fatal; 
(2) resulted in transfusion of two or more units of red 
blood cells or equivalent whole blood; (3) caused substantial 
hypotension with the need for inotropes; (4) needed surgical 
intervention (a requirement for surgical access site repair 
constitutes major bleeding only if there has been substantial 
hypotension or transfusion of at least two units of blood); 
(5) caused severely disabling sequelae; (6) was intracranial 
and symptomatic or intraocular and led to signifi cant 
visual loss; or (7) led to a drop in haemoglobin of at least 
50 g/L. Acute Catheterization and Urgent Intervention 
strategy (ACUITY) non-CABG-related major bleeding was 
defi ned as RIVAL major bleeding, large haematomas, and 
pseudoaneurysms requiring intervention. Minor bleeding 
was defi ned as bleeding events that did not meet the 
criteria for a major bleed and required transfusion of one 
unit of blood or modifi cation of the drug regimen 
(ie, cessation of antiplatelet or antithrombotic therapy). 
Major vascular access site complications were routinely 
recorded during hospital stay and at 30 days in all patients 
and included pseudoaneurysms needing closure, large 
haematoma (as judged by investigator), arteriovenous 
fi stula, or an ischaemic limb needing surgery. These 
complications were classed as a major bleeding event or a 
minor bleeding event only if they also met the above 
defi nitions of major or minor bleeding.

Statistical analyses
Because of a lower than expected overall event rate for the 
primary outcome, in July, 2009, the sample size was 
increased from 4000 to 7000 by the RIVAL steering 
committee. We calculated that a sample size of 7000 
would provide 80% power to detect a 25% relative risk 
reduction with a control event rate of 6% and a 30% relative 
risk reduction with a control event rate of 4·5%.11

All patients were included in the fi nal intention-to-treat 
analyses, regardless of whether they crossed over to 
another access site or did not undergo PCI. A signifi cance 
level of 0·05 with two-sided test was used, and all analyses 
were done in SAS (version 9.1). The relative effi  cacy of 
radial versus femoral access for the primary outcome was 
assessed by comparison of the survival curves (estimated 
with the Kaplan-Meier method) for the two approaches 
by the log-rank statistic.

The six prespecifi ed pre-randomisation subgroups 
were age (<75 and ≥75 years), sex, body-mass index 

Figure 2: Kaplan-Meier event curves for the primary outcome and a key secondary outcome
(A) Composite primary outcome of death, myocardial infarction, stroke, or non-coronary artery bypass graft 
related major bleeding. (B) Secondary outcome of non-coronary artery bypass graft related major bleeding.  
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(<25, ≥25 to ≤35, and >35 kg/m²), STEMI versus NSTE-
ACS, and by tertiles of each operator’s annual radial 
PCI volume (low [≤70 radial PCI per year per oper ator], 
intermediate [71–142 radial PCI per year per operator], 
and high [>142 radial PCI per year per operator]), and 
each centre’s median operator’s radial PCI volume (low 
[≤60 radial PCI per year per operator], intermediate 
[61–146 radial PCI per year per operator], and high 
[>146 radial PCI per year per operator]). The rationale to 
assess centre volume characteristics is that randomisation 
was stratifi ed by centre and there was the potential for an 
individual operator to do only one study procedure, 
making inferences at the operator level less reliable.15,16 
The signifi cance level for interaction was set at 0·05. A 
prespecifi ed analysis examined the results in patients 
who underwent PCI versus no PCI.

We did an updated meta-analysis with the same 
method as in our previous meta-analysis (web-
appendix p 4).10 We searched Medline and Embase and 
also hand searched conference abstracts from the 
American Heart Association, American College of 
Cardiology, Transcatheter Therapeutics, and European 
Society of Cardiology from April, 2008, to 
December, 2010.10 We assessed the following outcomes: 

non-CABG major bleeding (RIVAL defi nition); blood 
transfusion; major vascular access site complications; 
death, myocardial infarction, or stroke; death; myocardial 
infarction; and stroke.

This trial is registered with ClinicalTrials.gov, 
NCT01014273.

Role of the funding source
The sponsors of the study had no role in study design, 
data collection, data analysis, data interpretation, or 
writing of the report. SSJ, SY, SRM, JC, PG, and RA had 
full access to all the data in the study and the steering 
committee had fi nal responsibility for the decision to 
submit for publication.

Results
Between June 6, 2006, and Nov 3, 2010, 7021 patients 
were enrolled from 158 hospitals in 32 countries. 142 of 
597 CURRENT-OASIS 7 sites participated in RIVAL and 
these sites enrolled 3831 (45%) of 8515 of patients from 
CURRENT-OASIS 7 into RIVAL. 3190 additional patients 
were enrolled after CURRENT-OASIS 7 was completed. 
3507 of 7021 patients were randomly assigned to radial 
access and 3514 to femoral access (fi gure 1). 7005 (99·8%) 

Figure 3: Forest plot of prespecifi ed subgroup analyses of the composite primary outcome 
HR=hazard ratio. BMI=body-mass index. PCI=percutaneous coronary intervention. NSTE-ACS=non-ST-segment elevation myocardial infarction. STEMI=ST-segment 
elevation myocardial infarction.  
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of 7021 patients underwent diagnostic coronary 
angiography. 4660 (66·4%) of 7021 patients had PCI and 
599 (8·5%) had coronary bypass surgery. Follow-up was 
complete in all but two patients (fi gure 1). The overall 
rates of access site crossover were 7·6% in the radial 
group versus 2·0% in the femoral group. However, 
when excluding non-adherence (fi gure 1), crossover 
related to failure of initial strategy was 7·0% in the radial 
group and 0·9% in the femoral group. Reasons for 
crossover are available in the 3190 patients who were 
randomised after CURRENT-OASIS 7, and in the radial 
group these reasons were radial spasm in 80 (5·0%), 
radial artery loop in 20 (1·3%), and subclavian tortuosity 
in 31 (1·9%) of 1594 patients. The reasons for crossover 

in the femoral group were femoral iliac tortuosity in ten 
(0·6%) and peripheral vascular disease in nine (0·6%) 
of 1596 patients. The baseline characteristics for the two 
groups were well balanced (table 1). Of the 7021 patients 
included, 5063 had NSTE-ACS and 1958 (28·5% of the 
radial group and 27·2% of the femoral group) had 
STEMI at presentation. 25% of patients received glyco-
protein IIb/IIIa inhibitors. 2·2% of patients in the radial 
group and 3·1% of those in the femoral group were 
receiving bivalirudin. 

A 5 French sheath was used more often in patients in the 
radial group than the femoral group (p<0·0001), as was a 
single diagnostic coronary angiography catheter (p<0·0001; 
table 2). The number of PCI guide catheters used was 

Figure 4: Forest plot of outcomes by centre’s radial PCI volume
HR=hazard ratio. PCI=percutaneous coronary intervention. MI=myocardial infarction. CABG=coronary artery bypass graft. 
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similar between the two groups (p=0·059). Stents were 
used in most patients who underwent PCI (95%) in both 
groups. The ratio of drug-eluting (p=0·013) and bare-metal 
(p=0·006) stents was higher in the radial than in the 
femoral group, but clinical diff erences were small. Median 
fl uoroscopy time was higher in the radial group than the 
femoral group (7·8 min vs 6·5 min; p<0·0001).

The primary outcome of death, myocardial infarction, 
stroke, or non-CABG-related major bleeding at 30 days 
occurred in 3·7% of patients in the radial access group 
and 4·0% in the femoral access group (p=0·50; table 3; 
fi gure 2). The diff erence between groups in the secondary 
outcomes of death, myocardial infarction, or stroke at 
30 days (p=0·90), and non-CABG related major bleeding 
(p=0·23; table 3; fi gure 2) were not signifi cant. In a post-
hoc analysis, when we used a bleeding defi nition from the 
ACUITY trial,2 the rate was signifi cantly less with radial 
than with femoral access (p<0·0001). There was a 
signifi cant reduction in the secondary endpoint of vascular 
access site complications with radial compared with 

femoral access (p<0·0001). Symptomatic radial occlusion 
needing medical attention and ultrasound confi rmation 
occurred in six patients (0·2%) in the radial group, but 
none of these patients needed surgical intervention.

Access site major bleeding occurred in six (0·2%) 
patients in the radial group compared with 12 (0·3%) in 
the femoral group (hazard ratio [HR] 0·50, 95% CI 
0·13–1·33). However, in a post-hoc analysis that assessed 
the actual location of the access site major bleed, there 
were no reported cases of access site major bleeds at 
the radial access site versus 18 at femoral access site 
(because of crossover, intra-aortic balloon pump 
insertion, or subsequent procedures; webappendix p 5). 
Of 57 non-CABG-related major bleeds, 40 occurred 
remotely from the access site and the rates of such 
bleeding were not signifi cantly diff erent between the two 
groups (0·5% radial vs 0·6% femoral; p=0·75). The 
most common origin of non-CABG bleeding was 
gastro intestinal (21 of 57; 37%), followed by cardiac 
tampon ade (six of 57; 11%), and intracranial haemorrhage 

Figure 5: Forest plot of outcomes by STEMI versus NSTE-ACS
HR=hazard ratio. NSTE-ACS=non-ST-segment elevation myocardial infarction acute coronary syndromes. STEMI=ST-segment elevation myocardial infarction. 
MI=myocardial infarction. CABG=coronary artery bypass graft.
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(fi ve of 57; 9%). There were no reported cases of 
compartment syndrome in either group.

In exploratory analyses, when we analysed outcomes 
by the access site used to complete the procedure, the 
primary outcome did not diff er between radial and 
femoral access (3·4% radial vs 4·1% femoral; HR 0·83, 
95% CI 0·65–1·06; p=0·14). The rates of death, 
myocardial infarction, or stroke were also similar 
(3·1% radial vs 3·3% femoral; HR 0·92, 95% CI 
0·71–1·19; p=0·52); however, the rate of non-CABG 
related major bleeding was lower with radial access 
(0·6% vs 1·0%, HR 0·53, 95% CI 0·30–0·92; p=0·025).

There were no signifi cant interactions between the 
eff ects on the primary outcome of the access site groups 
and the prespecifi ed subgroups of age, sex, and body-
mass index (fi gure 3). There was no signifi cant interaction 
by whether patients were recruited within the CURRENT-
OASIS 7 study versus later (data not shown). However, 
there were signifi cant interactions between the 
prespecifi ed subgroups of radial PCI volume by centre 
and a diagnosis of STEMI versus NSTE-ACS for the 
primary outcome and some secondary outcomes 
(fi gure 3; fi gure 4; fi gure 5).

In the centres with radial PCI volumes in the upper 
tertile, there seemed to be a benefi t of radial versus 
femoral access for the primary outcome, with no such 
benefi t in middle or low tertiles (interaction p=0·021; 
fi gure 4). At centres undertaking a high proportion of 

radial procedures, there was a benefi t with radial access 
over femoral access for access site crossover, major 
vascular complications, and the composite of death, 
myocardial infarction, or stroke (fi gure 4). We did a post-
hoc analysis of the outcomes after dividing centres on the 
basis of their experience with femoral access, and did not 
fi nd a signifi cant interaction with radial versus femoral 
access for the primary outcome (interaction p=0·75).

Patients with STEMI benefi tted more from radial 
access with regards the primary outcome than did those 
with NSTE-ACS (interaction p=0·025; fi gure 5). In 
patients with STEMI, there was a benefi t with radial 
access for the composite of death, myocardial infarction, 
and stroke (interaction p=0·011), and death (interaction 
p=0·001; fi gure 5).

Of the 3514 patients randomly assigned to femoral 
access, 900 (25·6%) received a femoral vascular closure 
device. Angioseal (St Jude, Minneapolis, MN, USA) was 
the most commonly used device in these patients 
(628 patients; 70%); other devices, such as Starclose 
(Abbott Vascular, Redwood City, CA, USA; 81 patients; 9%) 
and Perclose (Abbott Vascular; 55 patients; 6%) were used 
infrequently; 136 patients received other closure devices. 
The rate of non-CABG related major bleeding in those 
who received a closure device was six (0·7%) of 900 versus 
27 (1·0%) of 2614 in those randomised to femoral access. 
For patients treated with glycoprotein IIb/IIIa inhibitors, 
the results were consistent with the overall results for the 

Radial (n=3507) Femoral (n=3514) HR (95% CI) p value

Major vascular complications at 30 days

Large haematoma 42 (1·2%) 106 (3·0%) 0·40 (0·28–0·57) <0·0001

Pseudoaneurysm needing closure 7 (0·2%) 23 (0·6%) 0·30 (0·13–0·71) 0·006

Arteriovenous fi stula 0 (0%) 5 (0·1%) ·· ··

Ischaemic limb needing surgery 1 (0%)* 0 (0%) ·· ··

PCI complications†

Abrupt closure 12 (0·5%) 11 (0·5%) 1·11 (0·49–2·51) 0·81

No refl ow 21 (0·9%) 31 (1·3%) 0·69 (0·40–1·20) 0·19

Dissection with reduced fl ow 30 (1·3%) 25 (1·1%) 1·22 (0·72–2·07) 0·46

Coronary perforation 5 (0·2%) 4 (0·2%) 1·27 (0·34–4·73) 0·72

Catheter thrombus 2 (0·1%) 2 (0·1%) 1·01 (0·14–7·21) 0·99

Stent thrombosis‡ 16 (0·7%) 26 (1·2%) 0·63 (0·34–1·17) 0·14

Defi nite 8 (0·4%) 16 (0·7%) 0·51 (0·22–1·19) 0·12

Probable 8 (0·4%) 11 (0·5%) 0·74 (0·30–1·84) 0·52

PCI procedural time (min) 35 (22–50) 34 (22–50) ·· 0·62

Fluoroscopy time (min)§ 9·3 (5·8–15·0) 8·0 (4·5–13·0) ·· <0·0001

PCI contrast volume (mL) 181 (140–240) 180 (145–240) ·· 0·87

Length of stay in hospital (days) 4 (3–7) 4 (3–7) ·· 0·18

Persistent pain at access site for >2 weeks 87/3378 (2·6%) 104/3392 (3·1%) 0·84 (0·63–1·12)¶ 0·22

Patient prefers radial next procedure 2962/3282 (90·2%) 1629/3210 (50·7%) 8·99 (7·86–10·28)¶ <0·0001

Data are number (%) or median (IQR), unless otherwise stated. HR=hazard ratio. PCI=percutaneous coronary intervention. *Related to iliac artery thrombosis secondary to 
intra-aortic balloon pump inserted via femoral site. †As a proportion of patients having PCI: n=2311 in the radial group and n=2349 in the femoral group. ‡As a proportion of 
individuals receiving a stent: n=2197 in the radial group and n=2243 in the femoral group. §Fluoroscopy times added to case report forms and available for 2850 patients in 
the radial group and 2890 patients in the femoral group. ¶Odds ratio (95% CI).

Table 4: Procedural complications and outcomes and patient preference
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primary outcome (4·6% radial vs 4·7% femoral; HR 0·97, 
95% CI 0·63–1·50; interaction p=0·76) and for non-CABG 
related major bleeding (1·5% vs 1·5%; HR 0·95, 95% CI 
0·44–2·05; interaction p=0·33).

At 30 days, more patients in the femoral group than in 
the radial group had large haematoma (p<0·0001) and 
pseudoaneurysm needing closure (p=0·006; table 4). 
About 3% of patients in each group had persistent pain at 
the access site for over 2 weeks. 

Our previous meta-analysis included 23 randomised 
trials (n=7020; only 4458 patients in 18 trials had outcomes 
available for major bleeding).10 In our updated search in 
January, 2011, we identifi ed 354 abstracts and fi ve 
additional trials, including RIVAL (n=8404).11,17–20 A sixth 
trial was available only in abstract form and had insuffi  cient 
outcome data to do an analysis and so was excluded.21 With 
the RIVAL defi nition for non-CABG-related major 
bleeding, there was a reduction in major bleeding with 

radial compared with femoral access (p=0·002; fi gure 6). 
There was no signifi cant diff erence in the composite of 
death, myocardial infarction, or stroke, or the components 
of this outcome in the meta-analysis. However, when 
analyses were restricted to radial experts (preferred 
approach radial or known radial expert centre study with 
highest radial centre tertile in RIVAL), the composite of 
death, myocardial infarction, or stroke was lower in the 
radial group than the femoral group (p=0·005).

Discussion
In patients with ACS undergoing coronary angiography, 
radial access did not reduce the primary outcome of 
death, myocardial infarction, stroke, or non-CABG-
related major bleeding compared with femoral access. 
However, radial access signifi cantly reduced vascular 
access complications compared with femoral access, with 
similar PCI success rates, and was more commonly 

Figure 6: Forest plot of the updated meta-analysis
OR=odds ratio. CABG=coronary artery bypass graft. MI=myocardial infarction. *Defi ned as centres with radial as the preferred route or known expert centres for pre-RIVAL, 
and centres with the highest tertile radial intervention centre volume for RIVAL.
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preferred by patients for subsequent procedures. These 
results are consistent with a meta-analysis of all trials, 
including RIVAL (panel).

In the RIVAL trial, low rates of major bleeding overall 
were reported in patients treated with femoral access 
compared with previous studies,2–4 possibly because of 
improvements in technology (smaller diameter sheaths) 
and more experience. Retroperitoneal bleeding leading to 
a major bleed occurred in only 0·1% of patients in the 
femoral access group. This low rate suggests that the 
operators in our trial were highly skilled in femoral access.

There are several possible explanations for not fi nding 
a statistically signifi cant reduction in non-CABG-related 
major bleeding with radial access. First, for a vascular 
access site complication to qualify as a major bleed, it 
had to meet the rigorous defi nition of major bleeding. 
Second, only a third of all major bleeding events were 
classed as having been at a vascular access site; most 
originated from gastrointestinal, intracranial, pericardial, 
or other sites, and bleeds at these sites would not be 
expected to be altered by the method of angiography. 
Third, the femoral access site group had a much lower 
than anticipated risk of major bleeding (0·9%)—lower 
than that reported in most recent trials of ACS patients 
undergoing an early invasive strategy.13,15,22 The rate of 
femoral access site bleeding might have been low because 
operators participating in RIVAL were experienced, high-
volume interventional cardiologists, with a median PCI 
volume of 300 cases per year—substantially higher than 
the median for operators in the USA.22 

Our updated meta-analysis of randomised trials shows 
a clear reduction in non-CABG-related major bleeding 
with radial access. In RIVAL, the eff ect size for non-
CABG major bleeding was less than in the other trials in 
the meta-analysis, possibly because of diff erences in the 
distribution of bleeding sites between ACS patients 

having PCI and elective outpatients having PCI. In PCI 
trials (most of which enrol elective outpatients), 70% of 
non-CABG-related major bleeds arise from the access 
site, whereas in an ACS population (as enrolled in 
RIVAL) only 30% of non-CABG-related major bleeds 
arise from the access site.16 With more potent 
antithrombotic treatments in STEMI and NSTE-ACS, 
gastrointestinal, intracranial, and other sites of bleeding 
become more common.4

A potentially important fi nding of our trial was that 
radial access seemed to be benefi cial compared with 
femoral access in centres undertaking a high number 
of radial procedures. These centres had lower crossover 
rates, probably because of more expertise with radial 
access. The link between better outcomes and PCI 
procedural volume has been reported in multiple 
previous studies of primarily femoral procedures, so 
our identifi cation of a similar relation with radial 
procedures is logical.15,16 That the converse was not 
found is important; femoral access was not superior to 
radial access at high volume femoral centres. Experience 
and expertise might be particularly important with 
radial access.

Another potentially important fi nding was that, among 
patients with STEMI, radial access seemed to reduce the 
incidence of the primary outcome and the secondary 
outcomes of death, myocardial infarction, or stroke, and 
overall mortality. Although the rates of major bleeding 
were not less with radial access in patients with STEMI, 
the rates of major vascular complications were 
signifi cantly reduced. Future randomised trials will be 
useful to confi rm these fi ndings.

RIVAL was underpowered to conclusively rule out 
moderate but important diff erences in the primary 
outcome. On the basis of the reported event rate of 4%, a 
sample of size of 17 000 patients would be needed to have 
80% power to detect a 20% relative risk reduction in the 
primary outcome. 

Radial versus femoral access for coronary angiography 
and intervention resulted in similar rates of the 
composite of death, myocardial infarction, stroke, or 
non-CABG-related major bleeding. Radial access 
reduced major vascular complications compared with 
femoral access, with similar PCI success rates. The 
eff ectiveness of radial access might be linked to 
expertise and volume.
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