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Abstract
Aims: We sought to determine whether a transradial (TR) approach compared with a transfemoral (TF) 
approach was associated with improved clinical outcomes in patients with ST-segment elevation myocardial 
infarction (STEMI) undergoing primary percutaneous coronary intervention (PCI) in a post hoc analysis of 
the HORIZONS-AMI trial. There is a paucity of data comparing the TR approach with the TF approach in 
patients with STEMI treated with primary PCI and contemporary anticoagulant regimens.

Methods and results: In HORIZONS-AMI, primary PCI for STEMI was performed in 3,340 patients, 
either by the TR (n=200) or TF approach (n=3,134). Endpoints included the 30-day and one-year rates of 
major adverse cardiovascular events (MACE: death, reinfarction, stroke or target vessel revascularisation), 
non CABG-related major bleeding, and net adverse clinical events (NACE: MACE or major bleeding). TR 
compared to TF access was associated with significantly lower 30-day rates of composite death or reinfarc-
tion (1.0% vs. 4.3%, OR 0.23, 95% CI [0.06,0.94], p=0.02), non CABG-related major bleeding (3.5% vs. 
7.6%, OR 0.45, 95% CI [0.21,0.95], p=0.03), MACE (2.0% vs. 5.6%, OR 0.35, 95% CI [0.13,0.95], p=0.02), 
and NACE (5.0% vs. 11.6%,OR 0.42, 95% CI [0.22,0.78], p<0.01). At one year, the TR group still had sig-
nificantly reduced rates of death or reinfarction (4.0% vs. 7.8%, OR 0.51, 95% CI [0.25,1.02], p=0.05), non 
CABG-related major bleeding (3.5% vs. 8.1%, OR 0.42, 95% CI [0.20,0.89], p=0.02), MACE (6.0% vs. 
12.4%, OR 0.47, 95% CI [0.26,0.83], p<0.01) and NACE (8.5% vs. 17.8%, OR 0.45, 95% CI [0.28,0.74], 
p<0.001). By multivariable analysis, TR access was an independent predictor of freedom from MACE and 
NACE at 30 days and one year.

Conclusions: In patients with STEMI undergoing primary PCI with contemporary anticoagulation regimens 
in the HORIZONS-AMI trial, a TR compared with a TF approach was associated with reduced major bleed-
ing and improved event-free survival.
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Abbreviations and acronyms
ACEI angiotensin-converting enzyme inhibitor
BMI body mass index
BMS bare metal stent
CABG coronary artery bypass graft
CAD coronary artery disease
DES drug-eluting stent
GP IIb/IIIa glycoprotein IIb/IIIa
GUSTO  global utilisation of streptokinase and tissue plas-

minogen activator for occluded coronary arteries
HORIZONS-AMI  Harmonizing Outcomes with RevascularIZatiON 

and Stents in Acute Myocardial Infarction
MACE major adverse cardiovascular events
NACE net adverse clinical events
PCI percutaneous coronary intervention
PES paclitaxel-eluting stent
RIVAL  Radial Versus Femoral Access for Coronary Angi-

ography and Intervention in Patients with Acute 
Coronary Syndromes

STEMI ST-segment elevation myocardial infarction
SVG saphenous vein graft
TF transfemoral
TIMI Thrombolysis In Myocardial Infarction
TR transradial
UFH unfractionated heparin

Introduction
Primary percutaneous coronary intervention (PCI) and antithrom-
botic therapies have significantly improved the prognosis of 
patients with ST-segment elevation myocardial infarction 
(STEMI1,2) Nonetheless, post-PCI bleeding complications occur 
frequently and are associated with a poor prognosis3-7. Growing evi-
dence has demonstrated a strong correlation between bleeding, 
ischaemic events and mortality in patients undergoing PCI, and 
recent studies emphasise reduction of bleeding as a major therapeu-
tic goal for patients receiving antithrombotic therapy and those 
undergoing PCI8-14. Compared with transfemoral (TF) arterial 
access, vascular access via the transradial (TR) artery has been 
associated with a significant decrease in major and minor bleeding, 
early ambulation, less patient discomfort , as well as reduced intra-
hospital cost15-17. Benefits associated with TR access have been 
found across the spectrum of patients undergoing PCI, including 
those with STEMI18-20. Nonetheless, the TR approach is infre-
quently used, accounting for only 1% of the total PCI procedures 
being performed in the United States21, although its adoption has 
recently been increasing. There is also a relative paucity of data 
comparing the TR and TF approaches in STEMI22-30; with most 
studies having been limited by their retrospective nature23,30, small 
sample sizes23-27,29 and/or short-term follow-up22-24,26-29. Recently, 
the multicentre randomised RIVAL trial (radial versus femoral 
access for coronary angiography and intervention in patients with 
acute coronary syndromes) has been published, and while overall 
negative, suggested that TR compared to TF access may be superior 

in a STEMI population20. Of note, however, less than 3% of the 
patients received bivalirudin in the RIVAL trial. We therefore eval-
uated the impact of the TR approach on the 30-day and one-year 
clinical outcomes in patients with STEMI enrolled in the Harmo-
nizing Outcomes with RevascularIZatiON and Stents (HORI-
ZONS-AMI) trial, a large-scale, contemporary international study 
of patients undergoing primary PCI with contemporary antithrom-
botic regimens.

Methods
PATIENT POPULATION AND STUDY PROTOCOL
The HORIZONS-AMI trial design and patient eligibility criteria 
have been previously described in detail2. In brief, HORIZONS-AMI 
was a prospective, open-label, randomised, multicentre trial enrolling 
3,602 patients at 123 international centres with STEMI who pre-
sented within 12 hours after the onset of symptoms for primary PCI. 
Patients were randomised in a 1:1 ratio in the emergency room to 
administration of anticoagulation with unfractionated heparin (UFH) 
plus a GP IIb/IIIa inhibitor (active control group) or bivalirudin mon-
otherapy. Following angiography, 3,006 PCI patients with lesions 
eligible for stenting underwent a second randomisation in a 3:1 ratio 
to either TAXUS® Express2™ paclitaxel-eluting stents (PES) or oth-
erwise identical Express2™ bare metal stents (BMS) (both: Boston 
Scientific, Natick, MA, USA). The present analysis is restricted to 
patients who received at least one stent (either a DES or BMS) during 
the index procedure, whether or not in the stent randomisation arm. 
Clinical follow-up was pre-specified at 30 days, six months, one year, 
and yearly thereafter for five years.

ACCESS SITE: RADIAL VS. FEMORAL
The choice of access route was left to the discretion of the investi-
gator. All analyses are reported according to the actual access site 
used to perform the PCI. A clinical events committee blinded to 
treatment assignment adjudicated all endpoint events using original 
source documents. The study was approved by the institutional 
review board or ethics committee at each participating centre, and 
all patients signed informed consent.

ENDPOINTS AND DEFINITIONS
The endpoint definitions in the HORIZONS-AMI trial have been 
previously reported in detail2. Two primary endpoints were pre-
specified: major bleeding not related to coronary artery bypass 
grafting (CABG), and net adverse clinical events (NACE), defined 
as the combination of major bleeding or a composite of major 
adverse cardiovascular events (MACE), including death, reinfarc-
tion, target vessel revascularisation for ischaemia, or stroke. Major 
bleeding was defined as intracranial or intraocular haemorrhage, 
haematoma ≥5 cm in diameter, access site haemorrhage requiring 
intervention, reoperation for bleeding, clinically overt bleeding 
with a decrease in haemoglobin by ≥3 g/dl, reduction in haemoglo-
bin concentration of ≥4 g/dl without an overt source of bleeding, or 
the need for any blood product transfusion31. Bleeding events were 
also graded using the Thrombolysis In Myocardial Infarction 
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(TIMI32) and global utilisation of streptokinase and tissue plasmi-
nogen activator for occluded coronary arteries (GUSTO33) classifi-
cations. The present sub-analysis reports these endpoint measures 
and their components at 30-day and one-year follow-up, comparing 
primary PCI via TR access vs. TF access. Quantitative and qualita-
tive coronary analysis was performed by an independent angio-
graphic core laboratory (The Cardiovascular Research Foundation, 
New York, NY, USA) for baseline and final lesion and flow 
characteristics34.

STATISTICAL ANALYSIS
Continuous variables were expressed as median and interquartile 
range and were compared using the Wilcoxon rank-sum test. Cate-
gorical variables were compared with the chi-square test or Fisher’s 
exact test. Kaplan Meier methods were used to estimate event rates at 
follow-up and to plot time-to-event curves; comparisons were made 
using the log-rank test. A Cox proportional hazards regression was 
performed to identify the independent predictors of 30-day and one-
year adverse events (α=0.05). Interactions were tested by including 
the cross product of the two variables (an interaction term) in the Cox 
model. The multivariable models were built by stepwise variable 
selection with entry and exit criteria set at the p<0.1 level. To avoid 
over-fitting the models, the following potential covariates, which are 
known to affect ischaemic and/or bleeding outcomes in STEMI were 
included: age, sex, diabetes, Killip class, baseline haemoglobin, 
platelet and white blood cell counts, creatinine clearance, previous 
CABG, thienopyridine loading dose (clopidogrel 600 mg vs. other), 
use of heparin before randomisation, randomisation to bivalirudin vs. 
UFH + GP IIb/IIIa inhibitors, symptom onset to first balloon time, 
LAD infarct artery, and access site (TR vs. TF).

Results
A total of 3,602 patients were enrolled at 123 centres in 11 countries, 
3,344 of whom underwent primary PCI, in whom the access site was 
identified as either TR (n=200; 6.0%) or TF (n=3,134). A total of 10 
patients who underwent PCI via brachial access were excluded. Only 
17 centres (13.8%) treated one or more enrolled patients via TR 
access. Figure 1 shows the proportion of cases completed by TR 
access among centres that enrolled at least one TR patient.

Study population
Clinical and angiographic characteristics of the two groups are shown 
in Tables 1-3. Compared to patients in the TR group, those in the TF 
group more frequently had hyperlipidaemia, previous CABG, and 
were more likely to have been treated with aspirin, a thienopyridine, 
and calcium-channel within five days prior to enrolment. Patients in 
the TF group received a 600 mg clopidogrel loading dose more fre-
quently than did the TR group (66.2% vs. 30.8%; p<0.0001). Patients 
in the TF group also more frequently received bail-out GP IIb/IIIa 
inhibitors (13.7% vs. 2.9%; p<0.0001). There were no significant dif-
ferences in lesion characteristics between the two groups with the 
exception of a slight excess of bifurcation lesions in the TR group and 
thrombotic lesions in the TF group.

Figure 1. Proportion of cases done by TR approach among the 
17 centres that have enrolled at least one case performed by TR 
access in the HORIZONS trial.
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Door-to-balloon times were substantially longer in the TR group 
compared with the TF group (116 min vs. 97 min; p<0.0001), mainly 
due to a longer time from cathlab arrival to first angiogram (28 min 
vs. 15 min; p<0.0001). Total ischaemic time in the TR group was also 
longer, due both to a longer time from symptom onset to ER arrival, 
as well as from ER arrival to balloon inflation. However, total proce-
dural time (from first angiogram to last angiogram), fluoroscopy, and 
amount of contrast used were similar in both groups. Post PCI TIMI-3 
flow was present in a significantly higher proportion of patients in the 
TR group. Closure devices were used in 29% of the TF cases, includ-
ing Angio-Seal™ (St. Jude Medical, St. Paul, MN, USA) in 58%, 
StarClose™ (Abbott Vascular, Redwood City, CA, USA) in 32% and 
Perclose™ (Abbott Vasuclar) in 10%.

Aspirin and thienopyridine treatment was similar in both groups 
at 30-day follow-up. However, patients in the TR group were more 
likely to have received aspirin and a thienopyridine at one-year 
follow-up.

Clinical outcomes
As shown in Table 4, patients in the TR compared with the TF 
group had significant reductions in the 30-day rates of non CABG-
related major bleeding, TIMI and GUSTO bleeding, reinfarction, 
MACE and NACE. These findings persisted at one-year follow-up 
(Table 5 and Figure 2). Stent thrombosis rates were comparable 
between the two groups. By multivariable analysis, TR access was 
an independent predictor of freedom from NACE, MACE, and 
composite death or reinfarction at 30 days, with a non-statistically 
significant trend present for reduced major bleeding. At one-year, 
TR access was an independent predictor of freedom from NACE, 
MACE, and non-CABG major bleeding, with a non-statistically 
significant trend present for reduced composite death or reinfarc-
tion (Table 6). The lowest rates of adverse events occurred in 
patients randomised to bivalirudin who underwent PCI by TR 
access, whereas the highest event rates were observed in patients 
randomised to heparin plus GP IIb/IIIa inhibitors who underwent 
PCI by TF access (Figure 3).
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Table 1. Baseline characteristics, antithrombin and stent randomisation according to arterial access site.

Radial (n=200) Femoral (n=3,134) p-value
Age, yrs (IQR) 59.0 [51.7, 68.3] 60.1 [52.5, 69.9] 0.25

Female%, n/total 27.0% (54/200) 22.6% (708/3,134) 0.15

Body mass index 27.3 [24.6, 30.6] 27.1 [24.5, 30.1] 0.72

History of hypertension 48.0% (96/200) 53.0% (1,662/3,133) 0.17

History of hyperlipidaemia 31.5% (63/200) 43.7% (1,368/3,133) 0.0008

History of smoking 69.5% (139/200) 64.0% (1,997/3,118) 0.12

History of diabetes mellitus 15.5% (31/200) 16.3% (510/3,133) 0.77

Insulin requiring 7.0% (14/200) 4.2% (133/3,133) 0.06

History of prior myocardial infarction 10.5% (21/200) 10.6% (331/3,133) 0.97

History of prior percutaneous coronary intervention 8.5% (17/200) 10.7% (334/3,132) 0.33

History of prior coronary artery bypass graft surgery 0.0% (0/200) 2.8% (88/3,133) 0.01

History of peripheral vascular disease 4.0% (8/200) 4.3% (136/3,132) 0.82

History of renal insufficiency 1.0% (2/200) 2.9% (92/3,132) 0.11

Left ventricular ejection fraction <40% 15.1% (28/186) 14.6% (387/2,644) 0.88

Killip class 1 92.0% (184/200) 91.3% (2,857/3,130) 0.73

Killip class 2 6.5% (13/200) 7.1% (221/3,130) 0.76

Killip class 3 0.5% (1/200) 0.9% (28/3,130) 1

Killip class 4 1.0% (2/200) 0.8% (24/3,130) 0.67

Baseline haemoglobin (g/dL) 14.6 [13.9, 15.3] 14.6 [13.6, 15.6] 0.81

Medications, 5-days pre-enrolment

Aspirin 14.0% (28/200) 23.9% (748/3,129) 0.0013

Thienopyridine 0.5% (1/200) 2.9% (92/3,134) 0.04

Beta blocker 16.5% (33/200) 21.7% (679/3,129) 0.08

Calcium channel blocker 5.5% (11/200) 10.5% (328/3,129) 0.02

ACE inhibitor or ARB 23.5% (47/200) 23.6% (738/3,129) 0.97

Clopidogrel loading dose

300 mg 67.7% (134/198) 32.5% (997/3,064) <0.0001

600 mg 30.8% (61/198) 66.2% (2,029/3,064) <0.0001

Pre-procedure heparin 73.5% (147/200) 70.8% (2,219/3,133) 0.41

Bivalirudin in cathlab, as anticoagulant 51.0% (102/200) 49.8% (1,555/3,123) 0.74

Glycoprotein IIb/IIIa inhibitor use 49.5% (99/200) 52.7% (1,648/3,129) 0.38

Abciximab 45.0% (90/200) 28.7% (899/3,129) <0.0001

Eptifibatide 5.5% (11/200) 27.4% (857/3,129) <0.0001

Tirofiban 0.0% (0/200) 0.4% (13/3,129) 1

Given with bivalirudin for bail-out 2.9% (3/102) 13.7% (214/1,567) 0.0018

Stent type

Bare metal 71.6% (136/190) 72.2% (2,117/2,934) 0.86

Drug-eluting 31.1% (59/190) 28.9% (848/2,934) 0.52

Both 2.6% (5/190) 1.5% (43/2,934) 0.21

Discharge medications

Aspirin 99.5% (197/198) 98.7% (3,018/3,059) 0.51

Thienopyridine 98.5% (195/198) 97.9% (2,997/3,061) 0.79

Beta blockers 91.5% (183/200) 90.5% (2,825/3,120) 0.65

ACE inhibitor or ARB 91.4% (180/197) 81.9% (2,508/3,062) 0.0007

Statin 95.4% (188/197) 95.6% (2,926/3,062) 0.93

Medication use at 30 days

Aspirin 99.5% (192/193) 98.0% (2,899/2,959) 0.17

Thienopyridine 98.5% (191/194) 97.2% (2,881/2,964) 0.29

Medication use at 1 year

Aspirin 99.5% (186/187) 96.8% (2,745/2,837) 0.04

Thienopyridine 80.7% (151/187) 69.0% (1,959/2,840) 0.0006
Renal insufficiency was defined as a calculated creatinine clearance rate of <60 mL/min as determined by the Cockcroft-Gault equation
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Table 2. Procedure-related factors and time intervals according to arterial access site.

Radial (n=200) Femoral (n=3,134) p-value
Symptom onset to balloon (minutes) 264.0 [193.0, 364.0] 220.0 [159.0, 330.0] <0.0001

Symptom onset to study hospital (minutes) 180.0 [110.0, 292.5] 125.0 [75.0, 225.0] <0.0001

Door to balloon* (minutes) 116.0 [84.0, 163.0] 97.0 [72.0, 133.0] <0.0001

Study hospital to cathlab arrival (minutes) 40.0 [23.0, 60.0] 47.0 [30.0, 72.0] 0.006

Cathlab arrival to first angio (minutes) 28.0 [20.0, 36.5] 15.0 [11.0, 22.0] <0.0001

First to last angiogram (minutes) 38.0 [30.0, 54.0] 42.0 [30.0, 59.0] 0.11

Sheath placement to removal (minutes) 55.0 [43.0, 73.0] 280.0 [63.0, 449.0] <0.0001

Total fluoroscopy time 11.0 [9.0, 15.0] 12.0 [7.0, 17.0] 0.99

Total amount of contrast 230.0 [180.0, 280.0] 225.0 [180.0, 296.0] 0.35

Peak activated clotting time (seconds) 291.0 [242.0, 380.0] 312.0 [254.0, 390.0] 0.04

Aspiration catheter 6.6% (13/196) 11.8% (366/3,092) 0.02

Number of stents implanted 1.5±0.7 1.5±0.8 0.63

Total stents length implanted 24.0 [16.0, 36.0] 24.0 [20.0, 36.0] 0.43

Number of vessels treated 1.0±0.2 1.0±0.2 0.36

Direct stenting attempted 39.5% (75/190) 30.1% (879/2,924) 0.006

Closure device N/A 29.0% (908/3,128) N/A

* Door-to-balloon is calculated as time from arrival outside hospital or study hospital emergency room to first balloon inflation.

Table 3. Core angiographic laboratory characteristics according to arterial access site.

Radial (n=200) Femoral (n=3134) p-value
Index PCI vessels

LAD 43.1% (93/216) 40.5% (1,357/3,349) 0.46

LCX 14.8% (32/216) 15.9% (533/3,349) 0.66

RCA 41.7% (90/216) 41.9% (1,403/3,349) 0.94

LM 0.5% (1/216) 0.6% (19/3,349) 1

SVG 0.0% (0/216) 1.0% (35/3,349) 0.27

IMA 0.0% (0/216) 0.0% (1/3,349) 1

MACC lesion classification

A 3.5% (8/231) 3.6% (120/3,346) 0.92

B1 10.8% (25/231) 10.7% (359/3,346) 0.96

B2 or C 85.7% (198/231) 85.7% (2,867/3,346) 0.99

Calcification

None/mild 81.6% (613/751) 79.0% (9,397/11,900) 0.08

Moderate 15.4% (116/751) 17.2% (2,041/11,900) 0.22

Severe 2.9% (22/751) 3.9% (462/11,900) 0.18

Thrombus 11.2% (84/751) 15.9% (1,901/11,984) 0.0008

Tortuosity: moderate/severe 0.4% (1/230) 1.2% (41/3,344) 0.51

Bifurcation lesion 38.8% (291/750) 34.9% (4,153/11,904) 0.02

Reference vessel diameter (mm) 2.88 [2.58,3.28] 2.88 [2.54,3.21] 0.35

Minimal luminal diameter (mm) 0.18 [0.00,0.53] 0.12 [0.00,0.64] 0.53

Diameter stenosis (%) 93.4 [76.3,100] 95.5 [76.4,100] 0.55

Lesion length (mm) 14.09 [10.00,20.06] 14.75 [10.30,20.05] 0.50

TIMI flow pre PCI

TIMI 0/1 60.2% (130/216) 65.7% (2,193/3,338) 0.09

TIMI 2 18.5% (40/216) 15.8% (528/3,338) 0.29

TIMI 3 21.3% (46/216) 18.5% (617/3,338) 0.30

TIMI flow after PCI

TIMI 0/1 0.9% (2/216) 2.5% (83/3,343) 0.14

TIMI 2 2.3% (5/216) 6.4% (213/3,343) 0.01

TIMI 3 96.8% (209/216) 91.1% (3,047/3,343) 0.004

LAD: left anterior descending coronary artery; LCx: left circumflex coronary artery; RCA: right coronary artery; SVG: saphenous venous graft; IMA: 
internal mammary artery; MACC: Modified America College of Cardiology; TIMI flow: Thrombolysis In Myocardial Infarction
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Discussion
The present study represents the first large-scale multicentre report 
examining the impact of TR vs. TF access on 30-day and one-year 
clinical outcomes in patients with STEMI undergoing primary PCI 
in the era of contemporary antithrombotic therapies. The principal 
findings of the present analysis are: 1) Compared with the TF 

approach, the TR approach was associated with lower rates of com-
posite death or reinfarction, non CABG-related major bleeding, 
MACE and NACE at 30-day and one-year follow-up; 2) After 
adjusting for possible confounders, the TR approach remained an 
independent predictor of event-free survival at 30-day and one-year 
follow-up; 3) The lowest rates of adverse events were observed in 

Table 4. Clinical outcomes at 30 days according to arterial access site.

Radial (n=200) Femoral (n=3,134) Odds ratio [95% CI] p-value
Net adverse clinical events 5.0% (10) 11.6% (362) 0.42 [0.22,0.78] 0.005

Major adverse cardiovascular events 2.0% (4) 5.6% (176) 0.35 [0.13,0.95] 0.02

Death or reinfarction 1.0% (2) 4.3% (133) 0.23 [0.06,0.94] 0.02

Major bleeding (non CABG-related) 3.5% (7) 7.6% (237) 0.45 [0.21,0.95] 0.03

Haematoma ≥5 cm at puncture site 0.0% (0) 2.0% (63) N/A 0.04

TIMI bleeding 2.5% (5) 7.6% (235) 0.32 [0.13,0.78] 0.008

Minor 2.0% (4) 3.9% (120) 0.51 [0.19,1.39] 0.18

Major 0.5% (1) 3.7% (116) 0.13 [0.02,0.95] 0.01

GUSTO bleeding 3.5% (7) 8.8% (275) 0.39 [0.18,0.82] 0.009

Severe or life threatening 0.5% (1) 0.5% (17) 0.92 [0.12,6.89] 0.93

Moderate 1.5% (3) 3.7% (116) 0.40 [0.13,1.25] 0.10

Mild 1.5% (3) 4.9% (152) 0.30 [0.10,0.95] 0.02

Severe, life threatening, or moderate 2.0% (4) 4.2% (132) 0.47 [0.17,1.26] 0.12

GUSTO: global utilisation of streptokinase and tissue plasminogen activator for occluded coronary arteries; TIMI: Thrombolysis In Myocardial Infarction

Table 5. Clinical outcomes at one year according to arterial access site.

Radial (n=200) Femoral (n=3,134) Odds ratio [95% CI] p-value
Net adverse clinical events 8.5% (17) 17.8% (553) 0.45 [0.28,0.74] 0.001

Major adverse cardiovascular events 6.0% (12) 12.4% (385) 0.47 [0.26,0.83] 0.009

Death 3.5% (7) 4.1% (126) 0.86 [0.40,1.84] 0.69

Cardiac 2.0% (4) 3.0% (93) 0.67 [0.24,1.81] 0.42

Non-cardiac 1.5% (3) 1.1% (33) 1.40 [0.43,4.56] 0.57

Bleeding related 0.0% (0) 0.0% (1) N/A 0.80

Reinfarction 0.5% (1) 4.3% (131) 0.12 [0.02,0.83] 0.01

Q-wave 0.0% (0) 2.3% (71) N/A 0.03

Non-Q-wave 0.5% (1) 2.2% (65) 0.24 [0.03,1.69] 0.11

Death or reinfarction 4.0% (8) 7.8% (241) 0.51 [0.25,1.02] 0.05

Stroke 0.5% (1) 1.0% (30) 0.52 [0.07,3.78] 0.50

Ischaemic target vessel revascularisation 2.1% (4) 7.3% (221) 0.27 [0.10,0.73] 0.007

Ischaemic target lesion revascularisation 2.1% (4) 5.7% (173) 0.35 [0.13,0.95] 0.03

Stent thrombosis (ARC definite or probable) 1.6% (3) 3.5% (103) 0.45 [0.14,1.40] 0.15

Major bleeding (non CABG-related) 3.5% (7) 8.1% (252) 0.42 [0.20,0.89] 0.02

Major bleeding (including CABG related) 3.5% (7) 9.5% (294) 0.36 [0.17,0.76] 0.005

TIMI bleeding (major or minor) 2.5% (5) 8.0% (250) 0.31 [0.13,0.74] 0.006

Minor 2.0% (4) 4.0% (124) 0.50 [0.18,1.35] 0.16

Major 0.5% (1) 4.1% (126) 0.12 [0.02,0.87] 0.01

GUSTO bleeding 3.5% (7) 9.4% (291) 0.36 [0.17,0.77] 0.006

Severe or life threatening 0.5% (1) 0.7% (22) 0.71 [0.10,5.23] 0.73

Moderate 1.5% (3) 4.1% (128) 0.36 [0.11,1.13] 0.06

Mild 1.5% (3) 5.1% (157) 0.29 [0.09,0.92] 0.02

Severe, life threatening, or moderate 2.0% (4) 4.8% (148) 0.41 [0.15,1.12] 0.07

CABG: coronary artery bypass graft; ARC: Academic Research Consortium; GUSTO: global utilisation of streptokinase and tissue plasminogen activator 
for occluded coronary arteries; TIMI: Thrombolysis In Myocardial Infarction
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patients treated with bivalirudin monotherapy in whom PCI was 
performed with TR access; 4) Nonetheless, TR access was used in 
only 6% of patients undergoing primary PCI for STEMI in this 
large multicentre international trial.

Nine prior studies comparing TR versus TF access in STEMI 
have been published14,22-30. In the largest prospective randomised 
trial, 149 STEMI patients were randomised to either the TR (77 

patients) or the TF approach (72 patients25). In this small study the 
TR approach achieved similar rates of reperfusion and in-hospital 
MACE as TF access. In the largest single-centre, observational 
study published to date in patients with STEMI, Hetherington et al 
observed similar procedural success, in-hospital MACE and time to 
discharge between the TR approach (571 patients) and the TF 
approach (480 patients)28. In a recent meta-analysis including 

Figure 2. Time-to-event curves for one-year cumulative: A) NACE; B) MACE; C) non CABG-related major bleeding; and D) death or 
reinfarction in patients undergoing primary PCI with transradial vs. transfemoral access.
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Figure 3. Clinical outcomes according to access site and randomised antithrombotic regimen at 30 days.
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12 studies and 3,324 patients, use of TR access in primary PCI was 
associated with a decrease in the risk of major bleeding, MACE and 
death at short-term follow-up35.

All of these prior studies were limited by either the small num-
ber of patients24-27,29, the heterogeneity of the population studied 

(combination of rescue and primary PCI24,26), the absence of uni-
fied definitions for major outcomes14,22-27, and/or short-term fol-
low-up (in-hospital or 30 days14,22-24,26-29). Moreover, only heparin 
and GPIIb/IIIa inhibitors were used in these studies30, this being a 
limitation because the use of the direct thrombin inhibitor bivali-

Table 6. Independent predictors of clinical outcomes at 30 days and one year.

30 day outcomes Odds ratio [95%CI] p-value

NACE Radial (vs. femoral) access 0.42 [ 0.22, 0.82] 0.01

Bivalirudin randomisation 0.75 [ 0.60, 0.93] 0.01

Male 0.66 [ 0.52, 0.85] 0.0009

Creatinine clearance 0.99 [ 0.99, 0.99] <0.0001

Killip Class: 2-4 1.93 [ 1.44, 2.58] <0.0001

WBC (per 1,000 unit increase) 1.06 [ 1.03, 1.08] <0.0001

600 mg clopidogrel loading dose 0.66 [ 0.53, 0.82] 0.0003

MACE Radial (vs. femoral) access 0.33 [ 0.12, 0.89] 0.02

Killip class: 2-4 1.38 [ 1.21, 1.58] <0.0001

Age (per 10 year increase) 2.22 [ 1.52, 3.24] <0.0001

600 mg clopidogrel loading dose 1.09 [ 1.06, 1.13] <0.0001

Major bleeding* Radial (vs. femoral) access 0.51 [ 0.23, 1.16] 0.10

Bivalirudin randomisation 0.59 [ 0.44, 0.78] 0.0002

Male 0.66 [ 0.49, 0.90] 0.007

Creatinine clearance 0.99 [ 0.98, 0.99] <0.0001

Killip class: 2-4 1.78 [ 1.23, 2.59] 0.002

Death or MI Radial (vs. femoral) access 0.13 [ 0.02, 0.91] 0.04

Diabetes mellitus 1.75 [ 1.16, 2.64] 0.007

Creatinine clearance 0.99 [ 0.98, 0.99] <0.0001

Killip class: 2-4 2.73 [ 1.79, 4.16] <0.0001

WBC (per1,000 unit increase) 1.10 [ 1.06, 1.14] <0.0001

600 mg clopidogrel loading dose 0.59 [ 0.41, 0.85] 0.004

One year outcomes

NACE Radial (vs. femoral) access 0.44 [ 0.26, 0.75] 0.002

Male 0.73 [ 0.59, 0.90] 0.004

Creatinine clearance 0.99 [ 0.99, 0.99] <0.0001

Killip class: 2-4 1.69 [ 1.31, 2.18] <0.0001

WBC (per 1,000 unit increase) 1.04 [ 1.01, 1.06] 0.002

MACE Radial (vs. femoral) access 0.44 [ 0.22, 0.84] 0.01

History of diabetes mellitus 1.32 [ 1.01, 1.73] 0.04

Baseline creatinine clearance 0.99 [ 0.99, 0.99] <0.0001

LAD 1.48 [ 1.15, 1.92] 0.002

Killip class: 2-4

Major bleeding* Radial (vs. femoral) access 0.40 [ 0.18, 0.90] 0.02

Bivalirudin randomisation 0.62 [ 0.48, 0.81] 0.0004

Male 0.63 [ 0.48, 0.84] 0.0014

Baseline creatinine clearance 0.99 [ 0.98, 0.99] <0.0001

Death or MI Radial (vs. femoral) access 0.50 [ 0.22, 1.12] 0.09

Creatinine clearance 0.98 [ 0.98, 0.99] <0.0001

Killip class: 2-4 2.53 [ 1.83, 3.50] <0.0001

WBC (per 1,000 unit increase) 1.08 [ 1.05, 1.12] <0.0001

*: non CABG-related; NACE: net adverse clinical events; MACE: major adverse cardiovascular events; CABG: coronary artery bypass graft
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rudin during primary PCI has been shown to reduce major bleed-
ing and death in STEMI2,7. The present study is consistent with the 
results of these prior reports and is the first to report a significant 
decrease in both ischaemic and bleeding events with the TR 
approach in patients with STEMI undergoing primary PCI in 
the era of contemporary antithrombotic regimens (including 
bivalirudin).

In HORIZONS-AMI, TR compared to TF access was associated 
with a 55% reduction in the rate of non CABG-related major bleed-
ing at 30 days, due principally to a significant reduction in the occur-
rence of access site-related large haematomas (≥5 cm). Overt access 
site-related bleeding and retroperitoneal haematomas also occurred 
only with the TF approach. Indeed, there were no access site-related 
bleeds among the 200 patients with STEMI undergoing primary PCI 
with TR access in this study. The fact that TR compared to TF access 
“only” reduced major bleeding by 55% is explained by the fact that 
not all major bleeds are access site related. From a recent analysis of 
302,152 PCI procedures, among 7,328 (2.4%) patients with major 
bleeds, only 38% occurred at the percutaneous entry site (12.8% of 
which were retroperitoneal haematomas13).

Prior studies have shown that access site haematomas requiring 
transfusion are an independent predictor of one-year mortality36, 
and other studies have demonstrated a strong association between 
major bleeding complications and increased cardiac mortality37. 
Consistent with the present report, prior studies have demonstrated 
that TR access can be performed in the vast majority of patients 
undergoing PCI, and may prevent up to 50% of post-procedural 
bleeding complications13. The reduction in major access site bleed-
ing complications with the TR approach (especially retroperitoneal 
haematomas) would be expected to result in fewer transfusions, less 
complications from haemodynamic compromise, and a reduced 
need to discontinue life-saving medications, such as aspirin and 
thienopyridines. These and other benefits might be expected to 
result in improved survival. However, with only 200 patients under-
going primary PCI via the TR route, the present study was under-
powered to demonstrate improved survival with TR compared to 
TF access. The present study did, however, show a reduction in the 
risk of 30-day and one-year composite ischaemic endpoints when a 
TR approach was used.

Recently, the large-scale randomised RIVAL trial was published, 
demonstrating in 7,021 patients with acute coronary syndromes that 
TR and TF access resulted in similar rates of the 30-day composite 
measure of death, MI, stroke or non CABG-related major bleeding 
(the primary powered endpoint)20. A significant interaction was pre-
sent, however, between access site and the presence of STEMI vs. 
non-STEMI, such that the primary endpoint net adverse event rates 
were reduced in STEMI patients treated with TR access (p-value 
for interaction=0.025). Interpretation of positive subgroup findings 
from a negative trial must be made with extreme caution (if at all). 
Nonetheless, the results from the present study demonstrating 
reduced rates of MACE with TR access is consistent with these 
findings. However, whereas both death alone and composite death, 
reinfarction or stroke were reduced in STEMI patients randomised 

to TR access in the RIVAL trial, non CABG-related major bleeding 
was not. While differences in definitions or ascertainment methods 
may explain why major bleeding was reduced with TR compared to 
TF access in the present and prior studies but not in RIVAL, only a 
definitive randomised trial of TR vs. TF access in patients with 
STEMI will clarify the relative outcomes of these differing 
approaches. Finally, bivalirudin was the foundation anticoagulant 
in only 3% of patients in RIVAL. In HORIZONS-AMI, the magni-
tude of the reduction in non CABG-related major bleeding with TR 
compared to TF access was more evident in patients treated with 
heparin and GP IIb/IIIa inhibitors than with bivalirudin. 
Furthermore, the lowest absolute rates of events were observed in 
patients treated with bivalirudin and TR access. These findings 
emphasise the synergy between technique and adjunct pharmaco-
therapy if bleeding complications are to be minimised, and warrant 
including bivalirudin in future randomised trials of TR vs. TF 
access in STEMI.

Some studies have suggested that the TR approach may be asso-
ciated with longer fluoroscopy times, even in experienced 
hands18,20,38,39. In contrast, we observed similar procedural and fluor-
oscopy times. Nonetheless, TR access was associated with pro-
longed duration from cathlab arrival to angiography, and greater 
door-to-balloon times, which could be deleterious in patients with 
STEMI. These findings reinforce the need for an adequately pow-
ered randomised trial of TR vs. TF access in STEMI.

The HORIZONS-AMI protocol recommended selection of 
access site per operator discretion. Despite this provision (and the 
fact that the benefits of TR access in reducing bleeding were widely 
known during the recruitment phase of this trial), TR access was 
used in only 6% of patients, mainly in Europe. Potential explana-
tions for why TR access is rarely used (at least in STEMI) include 
concerns regarding anatomic variants or difficult vascular access 
which can slow door-to-balloon time; reduced guide catheter sup-
port; need for venous access and/or haemodynamic support devices; 
concerns related to the success rate being reduced; lack of training 
or experience of the operator or staff; and the learning curve 
required to achieve TR expertise. Nonetheless, some studies have 
suggested that the advantages of the TR approach compared to the 
TF approach are even more evident in patients with STEMI than in 
stable patients20,21, likely due to the more aggressive antithrombotic 
regimens used and the higher risk of bleeding. In this regard a 
recent meta-analysis reported an absolute 3.1% reduction in major 
bleeding with the TR compared to the TF approach in primary PCI 
for STEMI, vs. a 1.8% reduction in elective PCI19.

Given the fact that the prognosis in STEMI is highly dependent 
on ischaemic and procedural time, operators must be well trained in 
the TR approach before using this technique in primary PCI. 
Current recommendations state that 80 to 100 TR PCI procedures 
are needed for an operator to achieve procedural time and success 
rates comparable to the TF approach40,41. Furthermore, operators 
should be aware that some patients are not ideal candidates for TR 
intervention (e.g., those with Killip IV class presentation, insuffi-
ciency of the ulnopalmar arches, and saphenous vein graft lesions). 
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Careful patient selection is therefore of paramount importance. In 
contrast, even the selective use of TR access would be expected to 
benefit patients with high body mass index (BMI) or severe periph-
eral vascular disease, which warrants that all operators receive ade-
quate training in this technique.

Several important limitations of the present analysis should be 
discussed. This study was an observational post hoc analysis from 
the HORIZONS-AMI trial, not powered to assess radial vs. femoral 
outcomes. Differences were present between the TR and TF groups 
at baseline, which may have impacted the results. For example, the 
lower rate of TIMI-3 flow with the TF compared to the TR route 
may be due to the greater proportion of thrombotic lesions in the TF 
group. The crossover rate from TR to TF was not recorded in this 
study and the current analysis was performed using the actual 
access site used to complete the PCI. In the RIVAL trial, 7.0% of 
TR patients had failed access required crossover to the TF route20, 
which may prolong door-to-balloon times. Sheath sizes were not 
recorded and may have been larger in TF patients. The experience 
of the operator performing TR or TF access was not known, which 
may affect outcomes, especially with TR PCI20. Finally, potential 
unmeasured confounders may be present which cannot be adjusted 
by multivariable analysis, a limitation compounded by the modest 
size of the TR group. The results of this report should therefore be 
considered hypothesis-generating, especially given the imbalance 
in the use of TR and TF access. Prospective, randomised trials are 
needed to further evaluate the clinical impact of radial vs. femoral 
approaches in patients with STEMI undergoing primary PCI, espe-
cially in patients treated with bivalirudin.
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