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Radial Versus Femoral Randomized Investigation
in ST-Segment Elevation Acute Coronary Syndrome
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Objectives The purpose of this study was to assess whether transradial access for ST-segment elevation acute coronary syn-
drome undergoing early invasive treatment is associated with better outcome compared with conventional trans-
femoral access.

Background In patients with acute coronary syndrome, bleeding is a significant predictor of worse outcome. Access site com-
plications represent a significant source of bleeding for those patients undergoing revascularization, especially
when femoral access is used.

Methods The RIFLE-STEACS (Radial Versus Femoral Randomized Investigation in ST-Elevation Acute Coronary Syndrome)
was a multicenter, randomized, parallel-group study. Between January 2009 and July 2011, 1,001 acute
ST-segment elevation acute coronary syndrome patients undergoing primary/rescue percutaneous coronary in-
tervention were randomized to the radial (500) or femoral (501) approach at 4 high-volume centers. The primary
endpoint was the 30-day rate of net adverse clinical events (NACEs), defined as a composite of cardiac death,
stroke, myocardial infarction, target lesion revascularization, and bleeding). Individual components of NACEs and
length of hospital stay were secondary endpoints.

Results The primary endpoint of 30-day NACEs occurred in 68 patients (13.6%) in the radial arm and 105 patients
(21.0%) in the femoral arm (p � 0.003). In particular, compared with femoral, radial access was associated with
significantly lower rates of cardiac mortality (5.2% vs. 9.2%, p � 0.020), bleeding (7.8% vs. 12.2%, p � 0.026),
and shorter hospital stay (5 days first to third quartile range, 4 to 7 days] vs. 6 [range, 5 to 8 days]; p � 0.03).

Conclusions Radial access in patients with ST-segment elevation acute coronary syndrome is associated with significant clini-
cal benefits, in terms of both lower morbidity and cardiac mortality. Thus, it should become the recommended
approach in these patients, provided adequate operator and center expertise is present. (Radial Versus Femoral
Investigation in ST Elevation Acute Coronary Syndrome [RIFLE-STEACS]; NCT01420614) (J Am Coll Cardiol
2012;xx:xxx) © 2012 by the American College of Cardiology Foundation
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Bleeding complications in patients with acute coronary
syndrome are a significant predictor of morbidity and
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mortality (1–3). In particular, patients with ST-segment
levation acute coronary syndrome (STEACS) constitute a
igh-risk subset of acute patients requiring more aggressive
harmacological treatment (e.g., glycoprotein IIb/IIIa in-
ibitors, thrombolysis) and urgent revascularization strategy
4,5). In these patients, access site complications still rep-
esent a significant source of bleeding, especially when
emoral access is used (6,7).

Notwithstanding the development of new more selective
nd safe antithrombotic agents, the use of radial access remains

ikely the best way to dramatically affect access site–related

http://www.clinicaltrials.gov/ct2/show/NCT01420614?term=NCT01420614&rank=1
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bleeding risk (7–12). Indeed, al-
though technically more demand-
ing, the transradial approach has
been demonstrated feasible in the
acute coronary syndrome setting
and the safest in terms of local
vascular complications (13–17).

Whether this evident access-site
bleeding reduction may also have a
positive impact on prevention of
further cardiovascular events re-
mains to be defined. The available
clinical evidence summarized in a

recent meta-analysis seems to suggest that the radial approach
could also be associated with improved outcome (12). More-
over, the RIVAL (Radial Versus Femoral Access for Coronary
Intervention) trial showed a clear benefit in terms of mortality
in the subgroup of patients with STEACS undergoing percu-
taneous coronary intervention (PCI) (18). Nonetheless, the
small sample size of conducted randomized trials, all under-
powered to detect difference for hard clinical event (e.g.,
death), and the inevitable selection bias of observational studies
included in the meta-analysis prevent any conclusion.

In this trial, we aimed to test, in an adequately powered
study, whether transradial access for STEACS treatment
was associated with better outcomes compared with the
conventional transfemoral approach.

Methods

Study design and endpoints. The RIFLE-STEACS (Ra-
dial Versus Femoral Randomized Investigation in ST-
Elevation Acute Coronary Syndrome) was a multicenter,
randomized, parallel-group, investigator-initiated study. All
patients with suspected STEACS planned for early revas-
cularization strategy (within 24-h of symptom onset) were
eligible for the study. Before arterial stick for percutaneous
access, all enrolled patients were randomized (1:1 ratio) to
radial or femoral access according to opaque, numbered,
sealed envelopes with randomization based on a computer-
generated random series and stratified by center. By proto-
col, contraindication to either radial or femoral vascular
access (e.g., abnormal Allen’s test or known severe periph-
eral vascular disease), recent stroke (within 4 weeks), anti-
coagulant therapy assumption with an international normal-
ized ratio �2, or other severe bleeding diathesis were the
pre-specified exclusion criteria adopted, whereas presenta-
tion with cardiogenic shock and/or hemodynamic instability
did not preclude enrollment. The study protocol received
ethical committee approval, and written informed consent
was obtained by the patient or immediate family member in
case the patient’s clinical condition precluded the ability to
provide written consent.

As the primary endpoint of the study, we assessed the
30-day incidence of net adverse clinical events (NACEs),

Abbreviations
and Acronyms

CI � confidence interval

HR � hazard ratio

NACE � net adverse
clinical event

PCI � percutaneous
coronary intervention

STEACS � ST-segment
elevation acute coronary
syndrome
defined as the composite of cardiac death, myocardial s
infarction, stroke, target lesion revascularization, and non–
coronary artery bypass graft–related bleeding. Secondary
endpoints were 30-day individual components of NACEs
and hospital stay. Endpoint adjudication was performed by
a blinded central independent clinical-event committee.
Patients and investigators were not blinded to the proce-
dure. No extramural funding was used to support this work,
and authors are solely responsible for the design, conduct,
and final contents of this study.
Population and procedures. The study population in-
cluded patients undergoing primary/rescue PCI at 4 high-
volume centers. Procedural anticoagulation was achieved
with preliminary administration of an unfractionated hep-
arin bolus at a dose of 70 UI/kg, supplemented during the
procedure to maintain an activated clotting time of �250 s.
The choice of additional periprocedural antithrombotic
agents (e.g., glycoprotein IIb/IIIa inhibitors or bivalirudin)
or different revascularization strategies (e.g., thrombectomy,
direct stenting) was left to the operators according to the
institution’s standard procedure. Unless clinically contrain-
dicated, all anticoagulants were discontinued at the end of
the procedure, whereas glycoprotein IIb/IIIa inhibitor bo-
luses were followed by a �12-h infusion. All patients were
pre-treated with acetylsalicylic acid plus a loading dose of
clopidogrel (300 to 600 mg) and were discharged on dual-
antiplatelet therapy for �12 months at the discretion of the
perator and depending on the stent implanted.

Before the procedure, bilateral femoral and radial pulses
ere evaluated by a physician. In particular, Allen’s test was
erformed twice on both hands to exclude insufficient ulnar
ollateral circulation; in case of an abnormal Allen’s test
esult, further evaluation with pulse oximetry or plethys-
ography was not precluded but not encouraged to prevent

onsistent time delay. In patients presenting with cardio-
enic shock, radial pulse and Allen’s test were assessed after
ntra-aortic balloon positioning or specific pharmacological
reatment (i.e., inotropic drug administration); patients with
ersistent pulseless cardiogenic shock were excluded from
he study.

All participating interventional cardiologists were high-
olume operators (�150 PCIs/year) and had adequate
xpertise in both approaches, meeting minimal proficiency
riteria of �50% interventional cases by radial approach per
ear.

ata collection and definitions. By design, ad hoc dedi-
ated databases for data entry and explicit definitions for
utcomes were adopted. Data on 30-day outcomes were
btained by direct patient visit or contact with referring
hysician in the absence of any adverse event. Source
ocumentation was obtained for all clinical events and
nalyzed by the central clinical-event committee.

Cardiac death was defined as any death due to cardiac
ause, procedure-related deaths, and death of unknown
ause. Stroke was defined as the presence of a new focal
eurological deficit thought to be vascular in origin, with

ign or symptoms persisting �24 h and in the presence of
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cerebral lesions as assessed by imaging procedures. New
myocardial infarction was defined as new ischemic symp-
toms lasting �20 min and new or recurrent ST-segment
levation or depression �1 mm in at least 2 contiguous
eads, associated with a �20% increase of the cardiac
iomarker values not attributable to the evolution of the
ndex myocardial infarction (19). Target lesion revascular-
zation was defined as any revascularization procedure per-
ormed because of angiographic restenosis or thrombosis
t the site of the culprit lesion, associated with clinical
nd/or objective evidence of inducible myocardial isch-
mia. Stent thrombosis was classified using the Academic
esearch Consortium definition (20). Post-procedural
leeding (Table 1) was considered to be any overt and
ctionable hemorrhage not related to coronary artery
ypass graft with �3 g/dl decrease in hemoglobin,
equiring prompt evaluation by a health care professional
nd leading to an increased level of care. Bleeding was
urther categorized as access site and non–access site
elated according to its relationship to the arterial vascu-
ar access.
tatistical analysis. Assumptions for sample-size analysis
ere based, for the control event rate, on NACE rates

eported in the HORIZONS-AMI (Harmonizing Out-
omes With Revascularization and Stents in Acute Myo-
ardial Infarction) trial and pertinent meta-analyses (21–23)
nd, for the experimental event rate, on several meta-
nalyses on radial access (11,22,23). It must be emphasized
hat the concept of NACEs is a relatively novel one and that
ts absolute rates are highly variable, depending on the
efinitions of myocardial infarction, revascularization, and,
ost importantly, bleeding. Thus, the consensus among
embers of the steering committee was that assuming a

.2% 30-day NACE rate in the control group and a 4.5%
ate in the experimental group could be clinically and
cientifically sound. Thus, aiming for 5% alpha and 20%
eta errors and discounting for a likely 5% rate of losses to
ollow-up, 500 patients were included in each group (N �
,000).
Baseline characteristics of the patients are summarized

ith mean � SD for continuous variables with normal
istribution, median (first to third quartiles) for those
ontinuous but with skewed distribution, and number (per-
entage) for categorical variables; 95% confidence intervals

Bleeding DefinitionTable 1 Bleeding Definition

Overt and Actionable Bleeding Needing Evaluation by
Physician and Fulfilling the Following Criteria

Bleeding requiring blood transfusion Leading to:

Bleeding requiring surgical repair Unplanned diagnostic
examinations and/or

Cerebral bleeding � Prolonged hospitalization and/or

Intracranial or retroperitoneal bleeding Lifesaving drug discontinuation

Decrease in hemoglobin level �3 g/dl

Intrapericardial with cardiac tamponade
T
Fatal bleeding
CIs) for proportions are calculated by the Wilson method.
he Student t, Mann-Whitney U, and Fisher exact tests
ere computed when appropriate for bivariate analyses.
Combined adverse events were evaluated on a per-patient

ierarchical basis; thus, each patient could provide only 1
ard event per event type. Analyses were conducted on

ntention-to-treat basis, regardless possible access site cross-
ver or unneeded coronary revascularization. Cumulative
vent rates were compared with the log-rank test and
ummarized as Kaplan-Meier estimates.

All variables in Tables 2 and 3 were tested for bivariate
ssociation with NACEs, and nominally significant (p �
.05) covariates were simultaneously forced into a Cox
egression model to identify independent outcome predic-
ors and to calculate their adjusted hazard ratios (HRs) with
ssociated 95% CIs. A 2-tailed p value �0.05 was estab-
ished as the level of statistical significance for all tests. All
tatistical analyses were performed using SPSS-PASW
ersion 18.0 (IBM, Armonk, New York).

esults

aseline population characteristics. Between January
009 and July 2011, 501 patients were randomly assigned to
emoral access and 500 to radial access (Fig. 1). The
nrollment rate was �75% of all STEACS patients treated
t the participating centers during the study period. There
ere no significant baseline demographic and clinical dif-

erences between the 2 study arms (Table 2). The prevalence
f comorbidities and severity of coronary artery disease were
omparable as well as acute clinical presentation with �10%
f patients in Killip class III/IV and 8% requiring intra-
ortic balloon support during the procedure.
rocedural characteristics. There were no differences in

he symptom-to-balloon and door-to-balloon times be-
ween the 2 study groups (Table 3), whereas the time from
rtery puncture to first balloon inflation was slightly longer
n the radial group (10 min [range, 8 to 20 min] vs. 10 min
range, 8 to 15 min], p � 0.035). A sheath �6-F was used
ore frequently in the radial group than in the femoral

roup (90.8% vs. 81.4%, p � 0.001) (Table 3). The overall
ate of vascular approach crossover was 6.1% (n � 61): 9.6%
n � 47) in the radial arm and 2.8% (n � 14) in the femoral
rm. However, excluding cases of nonadherence to the
andomized allocation by operators (Fig. 1), the actual
ccess failure was 6% (n � 30) in the radial arm and 1%
n � 5) in the femoral arm. Cardiogenic shock at presen-
ation (HR, 3.43; 95% CI: 1.7 to 7.1; p � 0.01), unknown
eripheral vascular disease (HR, 2.55; 95% CI: 1.4 to 4.6;
� 0.02), and previous thrombolytic administration (HR,

.22; 95% CI: 1.0 to 4.7; p � 0.041) were the main
eterminants of vascular access crossover.
Lesion and procedural characteristics for the 2 groups

ere also well balanced (e.g., target vessel distribution) with
culprit lesion clearly identifiable in 99% of cases (Table 3).

he culprit vessel was occluded at the time of the procedure
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in 60% of patients; thrombectomy devices were used in 41%,
whereas a direct stenting strategy was possible in 28% of
patients. The angiographic successful result rate, no-reflow
incidence, creatine kinase-myocardial band peak, and stent/
patient ratio were also comparable (Table 3).

Notably, periprocedural anticoagulant and antithrom-
botic therapies were similar in the 2 groups: 8% of patients
had received previous fibrinolytic treatment, the mean
heparin dose administered was 76 � 21 U/kg, and glyco-

rotein IIb/IIIa inhibitors were used in 69% of patients,
hereas bivalirudin was used in only 8%.
0-day outcome. No patient was lost at 30-day follow-up;
hus, all 1,001 patients were included in the final intention-
o-treat-analyses. The primary endpoint of 30-day NACEs
ccurred in 173 patients (17.3%) and was significantly fewer
n the radial arm compared with the femoral arm (13.6% vs.
1.0%, 95% CI, 2.7 to 12.0; p � 0.003) (Table 4). A
aplan-Meier curve of the incidence of 30-day NACEs is

hown in Figure 2. Analysis of individual NACE compo-
ents showed 72 deaths (7.2%) attributable to cardiac causes

Baseline Patient CharacteristicsTable 2 Baseline Patient Characteristics

Overall
(N � 1,001)

Clinical characteristics

Age, yrs* 65 (55–76

Female 267 (26.7)

Body mass index, kg/m2 27.0 (25–30

Left ventricular ejection fraction 45.0 (40–50

CKD (GFR �60 ml/min/1.73 m2) 238 (23.8)

COPD 71 (7.1)

Peripheral arterial disease 143 (14.3)

Previous myocardial infarction, 141 (14.1)

Previous cerebrovascular accident 41 (4.1)

Previous revascularization 117 (11.7)

Previous PCI 105 (10.5)

Previous CABG 19 (1.9)

Cardiac risk factors

Hypertension 608 (60.7)

Hypercholesterolemia 417 (41.7)

Smoking 401 (40.1)

Family history of CAD 177 (17.7)

Diabetes 237 (23.7)

Severity of CAD (p � 0.471)

No epicardial vessel disease 11 (1.1)

Isolated left main disease 2 (0.2)

Single-vessel disease 544 (54.3)

Double-vessel disease 285 (28.5)

Triple-vessel disease 159 (15.9)

Killip class presentation (p � 0.164)

I 678 (67.7)

II 210 (21.0)

III 52 (5.2)

IV 61 (6.1)

Values are n (%) or median (quartiles).
CABG � coronary artery bypass graft; CAD � coronary artery disea

disease; GFR � glomerular filtration rate; PCI � percutaneous corona
Online Appendix 1) with a significantly lower incidence in
atients randomized to the radial approach compared with
he femoral approach (5.2% vs. 9.2%; 95% CI, 0.8 to 7.3;
� 0.020); on the contrary, myocardial infarction (1.2% vs.

1.4%; 95% CI, �1.4 to 1.8; p � 1.000), target lesion
revascularization (1.2% vs. 1.8%; 95% CI, �1.0 to 2.3; p �
0.604), and stroke (0.8% vs. 0.6%; 95% CI, �1.5 to 1.0;

� 0.725) rates were comparable in the 2 study groups.
Bleeding occurred in 100 patients (10.0%) and was

significantly less frequent in the radial arm than in the
femoral arm (7.8% vs. 12.2%; 95% CI, 2.7 to 12.0; p �
0.026) (Table 4). This difference was mainly due to a 60%
decrease in access site–related bleeding in the radial group
compared with the femoral group (2.6% vs. 6.8%; 95% CI,
1.6 to 7.0; p � 0.002). Indeed, non–access site–related
bleeding, accounting for 53% of total bleeding events, were
similar in the 2 study groups (5.2% vs. 5.4%; 95% CI, �2.7
to 3.0; p � 1.000). The clinical relevance of this decrease in
access site bleeding was underscored by less need for blood
transfusion in patients undergoing a transradial procedure
(1.0% vs. 3.2%; 95% CI, 0.4 to 4.2; p � 0.025). Post hoc

Femoral
(n � 501)

Radial
(n � 500) p Value

65 (55–77) 65 (56–75) 0.409

141 (28.1) 126 (25.2) 0.317

26.6 (24–30) 27.2 (25–30) 0.140

45.0 (40–50) 45.0 (40–52) 0.175

127 (25.3) 111 (22.2) 0.156

40 (8.0) 31 (6.2) 0.325

68 (13.6) 75 (15.0) 0.529

71 (14.2) 70 (14.0) 1.000

22 (4.4) 19 (3.8) 0.750

52 (10.4) 65 (13.0) 0.202

45 (9.0) 60 (12.0) 0.123

12 (2.4) 7 (1.4) 0.355

309 (61.7) 299 (59.8) 0.561

199 (39.7) 218 (43.6) 0.223

191 (38.1) 210 (42.0) 0.221

81 (16.2) 96 (19.2) 0.215

122 (24.4) 115 (23.0) 0.656

6 (1.2) 5 (1.0) 1.000

1 (0.2) 1 (0.2) 1.000

265 (52.9) 279 (55.8) 0.374

149 (29.7) 136 (27.2) 0.401

80 (16.0) 79 (15.8) 1.000

330 (65.9) 348 (69.6) 0.224

108 (21.5) 102 (20.4) 0.698

28 (5.6) 24 (4.8) 0.670

35 (7.0) 26 (5.2) 0.290

D � chronic kidney disease; COPD � chronic obstructive pulmonary
vention.
)

)

)

bleeding analysis according to the Thrombolysis In Myo-
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cardial Infarction classification showed a comparable rate of
major Thrombolysis In Myocardial Infarction bleeding
between the 2 groups (2.8% vs. 1.8%; 95% CI, �0.9 to 3.0;

� 0.399), but a significantly lower rate of minor Throm-
olysis In Myocardial Infarction bleeding in the radial arm
7.2% vs. 4.0%; 95% CI, 0.3 to 6.1; p � 0.038) (Table 4).

Hospital stay was shorter in the radial group than in the
emoral group (Table 4). Indeed, a significant reduction in
oronary care unit stay (3 days [range, 2 to 4 days] vs. 4 days
range, 3 to 5] days, p � 0.001) after a transradial procedure led

to earlier discharge than after a transfemoral procedure (5 days
[range, 4 to 7 days] vs. 6 days [range, 5 to 8 days], p � 0.008).

Lesion and Procedural CharacteristicsTable 3 Lesion and Procedural Characterist

Ove
(N � 1

Target vessel

Left main trunk 6 (0.

Left anterior descending/diagonal artery 469 (46

Left circumflex/obtuse marginal artery 163 (16

Right coronary/posterior descending artery 342 (34

Bypass graft 10 (1.

Target lesion

Occlusive stenosis 597 (59

Stent thrombosis treatment 51 (5.

High thrombotic burden (TS �3) 782 (78

Bifurcation 184 (18

Procedural characteristics

Symptom-to-balloon time, min 207 (14

Door-to-balloon time, min 56 (34

Artery puncture-to-balloon time, min 10 (8–

Systolic blood pressure, mm Hg 129 (11

Arterial sheath size

�6-F 862 (86

�7-F 139 (13

Baseline TIMI flow grade 0.80 �

0–1 719 (71

2–3 282 (28

Baseline creatinine, mg/dl 0.94 (0.

Baseline hemoglobin, g/dl 14.3 (13

Stent/patient ratio 1.42 �

Total stent length, mm 24 (18

Drug-eluting stent implantation 243 (24

Failed thrombolysis 76 (7.

Heparin, U/kg 71 (62

Glycoprotein IIb/IIIa inhibitors 687 (68

Bivalirudin 76 (7.

Thrombectomy device use 407 (40

Direct stenting 281 (28

IABP support 80 (8.

CK-MB baseline, ng/ml 5.1 (3–

Final TIMI flow grade 2.82 �

0–1 37 (3.

2–3 964 (96

Angiographic failure* 121 (12

Values are n (%), median (quartiles), or mean � SD. *Angiographic fa
CK-MB � creatine kinase-myocardial band; IABP � intra-aortic ballo
The differences in terms of outcome between the 2 study 1
groups became more evident when data were analyzed accord-
ing to a per-protocol basis (Online Appendix 2).
Outcome predictors. Multivariate analysis confirmed the
radial approach as an independent predictor of 30-day
NACEs (HR, 0.7; 95% CI, 0.5 to 0.9; p � 0.028) together
with female sex (HR, 1.4; 95% CI, 1.1 to 2.0; p � 0.037),
chronic kidney disease (HR, 1.8; 95% CI, 1.3 to 2.5; p �
.001), left descending artery as the culprit vessel (HR, 1.5;
5% CI, 1.1 to 2.0; p � 0.020), Killip class at presentation

(HR, 1.5; 95% CI, 1.3 to 1.8; p � 0.001), impaired left
ventricular ejection fraction (HR, 1.6; 95% CI, 1.1 to 2.3;
p � 0.027), and angiographic no reflow (HR, 1.9; 95% CI,

Femoral
(n � 501)

Radial
(n � 500) p Value

4 (0.8) 2 (0.4) 0.687

234 (46.7) 235 (47.0) 0.950

75 (15.0) 88 (17.6) 0.267

177 (35.3) 165 (33.0) 0.464

5 (1.0) 5 (1.0) 1.000

299 (59.7) 298 (59.6) 1.000

21 (4.2) 30 (6.0) 0.200

394 (78.6) 388 (77.6) 0.703

85 (17.0) 99 (19.8) 0.254

) 198 (135–392) 214 (145–375) 0.290

53 (31–91) 60 (35–99) 0.175

10 (8–15) 10 (8–20) 0.035

) 123 (106–146) 130 (110–143) 0.104

408 (81.4) 454 (90.8) �0.001

93 (18.6) 46 (9.2) �0.001

0.76 � 1.0 0.83 � 1.1 0.309

367 (73.3) 352 (70.4) 0.326

134 (26.7) 148 (29.6) 0.326

0.95 (0.8–1.2) 0.93 (0.8–1.1) 0.112

14.2 (13–15) 14.3 (13–15) 0.153

1.41 � 0.9 1.43 � 1.0 0.745

24 (18–38) 24 (18–40) 0.265

111 (22.2) 132 (26.4) 0.122

35 (7.0) 41 (8.2) 0.477

70 (63–86) 71 (61–88) 0.973

350 (69.9) 337 (67.4) 0.414

36 (7.2) 40 (8.0) 0.635

203 (40.5) 204 (40.8) 0.949

140 (27.9) 141 (28.2) 0.944

42 (8.4) 38 (7.6) 0.727

5.2 (3–19) 5.1 (3–18) 0.112

2.81 � 0.6 2.83 � 0.6 0.657

19 (3.8) 18 (3.6) 1.000

482 (96.2) 482 (96.4) 1.000

65 (13.0) 56 (11.2) 0.438

TIMI flow grade �3 and/or residual stenosis �30%.
p; TIMI � Thrombolysis In Myocardial Infarction; TS � thrombus score.
ics

rall
,001)

6)

.9)

.3)

.2)

0)

.6)

1)

.1)

.4)

0–380

–95)

17)

0–145

.1)

.9)

1.1

.8)

.2)

8–1.1)

–15)

0.9

–38)

.3)

6)

–87)

.6)

6)

.7)

.1)

0)

18)

0.56

7)

.3)

.1)
.3 to 2.7; p � 0.001).
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Discussion

The present multicenter randomized clinical trial has the
following implications. First, systematic use of transradial
access for STEACS treatment translates into an evident
clinical advantage in terms of NACEs, cardiac mortality,
and bleeding; second, the radial approach in these pa-
tients is associated with a substantial decrease in access
site hemorrhagic events compared with the femoral
approach; third, patients undergoing a transradial proce-
dure need shorter intensive coronary care unit and hos-
pital stays.

Hemorrhagic complications constitute an important risk
factor for a worse outcome in STEACS (1–3). Due to the
strict correlation among bleeding, ischemic events, and
mortality, more attention has been recently paid to the
reduction of all avoidable iatrogenic hemorrhagic complica-
tions. Several bleeding risk score models have been devel-
oped to define the patient risk profile and facilitate a
personalized decision-making process (24–26), but the
urgency of care and the unavoidable need to minimize
ischemic risk often limit the applicability of standardized
treatment, especially in terms of antithrombotic regimens.

In this context, use of the transradial approach for acute
patients undergoing early invasive treatment has undoubt-
edly a key role in the prevention of access site–related
bleeding, accounting for as many as 40% of all causes of
bleeding in acute coronary syndrome patients (1,2,6,27).
Several studies have strongly emphasized the possible link
between the decrease in major vascular complications and

Figure 1 Study Flowchart

Flowchart of patients with ST-segment elevation acute coronary syndrome (STEACS
improved outcome associated with the transradial approach,
especially in patients with STEACS (18,28). Nonetheless,
the currently available evidence in this context is limited by
the small number of patients and/or the observational study
design. More recently, the RIVAL study (18) and a post-
hoc analysis of the HORIZON-AMI trial showing im-
proved event-free survival in patients undergoing primary
PCI by the transradial approach (28) raised the question
about the best vascular access in acute patients.

The RIFLE-STEACS is the first large randomized
clinical trial specifically designed to compare the radial and
femoral approaches for primary/rescue PCI. The RIFLE-
STEACS is also the first randomized study to demonstrate
an improved outcome in terms of NACEs and cardiac
survival associated with the radial approach in patients with
STEACS. This result is consistent with data emerging from
meta-analyses and pooled analyses demonstrating in
STEMI patients a 46% to 48% reduction in risk of mortality
associated with the transradial approach compared with
transfemoral access (23,29). The 30-day rate of 7.2% of
cardiac deaths seen in this trial is higher than the rate of
2.9% reported in the heparin plus glycoprotein IIb/IIIa
inhibitors group in HORIZON-AMI trial (21); neverthe-
less, the less stringent selection criteria and the inclusion of
patients with critical conditions such as cardiogenic shock
and failed thrombolysis may explain this significant differ-
ence in cardiac mortality (23,29).

Possible explanations for this beneficial effect on outcome
seem to be the lower rate of bleeding-related hemodynamic
compromise, need for blood transfusion, and lifesaving drug

lled in the study.
) enro
discontinuation. Indeed, in this nearly all-comers study,
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radial access reduced the odds of clinically relevant access
site bleeding by 60%, with a significant decrease in the need
for transfusion. These data are consistent with the results of
previous reports showing as much as a 55% reduction in the
rate of non–coronary artery bypass graft–related bleeding
(23,28). To overcome the evident limit of the heterogeneous
bleeding classifications adopted in previous studies (30) and
o focus only on hemorrhagic complications potentially
ffecting the outcome (31,32), the RIFLE-STEACS con-
idered only overt bleeding events causing substantial blood
oss and requiring increased level of care (e.g., unplanned
iagnostic exam) and/or specific treatment (e.g. antithrom-
otic therapy modification); thus, ordinary access site local
ematomas independently from its dimensions were not
onsidered for the primary outcome. Again, the high patient
isk profile and the extensive use of glycoprotein IIb/IIIa
nhibitors (32), might partially explain the considerable
emorrhagic event rate recorded in this study population.
onetheless, considering the inclusion of patients with

ailed thrombolysis (i.e., rescue PCI) and the low use of
ivalirudin in the RIFLE-STEACS, the 10% bleeding rate
t 30 days is to some extent comparable to the 7.3% reported

In-Hospital and Follow-Up Clinical OutcomesTable 4 In-Hospital and Follow-Up Clinical O

O
(N �

30-day outcome (hierarchical)

NACE 173

MACE 93

Cardiac death 72

Stroke 7

Myocardial infarction 13

Target lesion revascularization 15

Stent thrombosis 15

Definite 12

Probable 1

Possible 2

Non-CABG bleeding 100

Access site related 47

Non–access site related 53

TIMI major bleeding 23

TIMI minor bleeding 56

TIMI bleeding requiring medical attention 21

Blood transfusion required 21

Surgical repair required 3

Cerebral bleeding 1

Intracranial or retroperitoneal bleeding 2

Decrease in hemoglobin level �3 g/dl 79

Intrapericardial with cardiac tamponade 5

Fatal bleeding 6

Hospital stay, days (range)

Total hospital stay 6

Intensive coronary care unit 3

Cardiology ward 3

Values are n (%) and median (quartiles).
MACE � hierarchical major adverse cardiac event (cardiac death, no

net adverse clinical event (MACE � bleeding); other abbreviations as
n the post-hoc analysis of the HORIZON-AMI study s
28). Notably, non–access site–related bleeding still ac-
ounted for �50% of all hemorrhagic events, underscoring
he fact that the choice of the best antithrombotic regimen
ith the lowest bleeding potential remains a major issue to

ncrease the safety margin in the treatment of patients with
TEACS.
Thus, the reduction in cardiac mortality and bleeding

ound in the radial arm of the RIFLE-STEACS corrobo-
ates the link between mortality and “clinically relevant”
ccess site bleeding (33,34). The multivariable analysis
onfirmed the role of a systematic radial approach as an
ndependent 30-day outcome predictor.

Consistent with an improved clinical outcome, patients in
he radial arm also showed a shorter intensive coronary care
nit stay, translating into reduced overall hospital stay.
ecause prolonged bed rest itself seems to be a predictor of
orse prognosis in coronary artery disease (35), the possi-
ility of a more rapid mobilization as a result of the decrease
n access site complications might have also played a role in
he outcome difference.

Finally, the few exclusion criteria adopted in this trial and
he enrollment of quite complex patients together with

es

1)
Femoral

(n � 501)
Radial

(n � 500) p Value

) 105 (21.0) 68 (13.6) 0.003

57 (11.4) 36 (7.2) 0.029

46 (9.2) 26 (5.2) 0.020

3 (0.6) 4 (0.8) 0.725

7 (1.4) 6 (1.2) 1.000

9 (1.8) 6 (1.2) 0.604

9 (1.8) 6 (1.2) 0.604

7 (1.4) 5 (1.0) 0.773

1 (0.2) 0 (0.0) 1.000

1 (0.2) 1 (0.2) 1.000

) 61 (12.2) 39 (7.8) 0.026

34 (6.8) 13 (2.6) 0.002

27 (5.4) 26 (5.2) 1.000

14 (2.8) 9 (1.8) 0.399

36 (7.2) 20 (4.0) 0.038

11 (2.2) 10 (2.0) 0.502

16 (3.2) 5 (1.0) 0.025

2 (0.4) 1 (0.2) 0.999

0 (0.0) 1 (0.2) 0.999

1 (0.2) 1 (0.2) 0.480

49 (9.8) 30 (6.0) 0.036

3 (0.6) 2 (0.4) 0.998

3 (0.6) 3 (0.6) 0.684

) 6 (5–8) 5 (4–7) 0.008

) 4 (3–5) 3 (2–4) �0.001

) 3 (1–4) 2 (1–4) 0.472

yocardial infarction, target lesion revascularization, stroke); NACE �

s 2 and 3.
utcom

verall
1,00

(17.3

(9.3)

(7.2)

(0.7)

(1.3)

(1.5)

(1.5)

(1.2)

(0.1)

(0.2)

(10.0

(4.7)

(5.3)

(2.3)

(5.6)

(2.1)

(2.1)

(0.3)

(0.1)

(0.2)

(7.9)

(0.5)

(0.3)

(5–8

(2–4

(1–4
ubjects at lower risk also confirm the feasibility of the radial
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approach in the emergency setting, with an access failure
rate of 6% and negligible time delay by expert operators.
This access crossover rate is comparable to the 5.3% rate
reported in the RIVAL study (18) and the 3.8% rate
eported by expert operators choosing the radial approach as
nitial access for primary PCI in patients without cardio-
enic shock (36). Nonetheless, specific transradial expertise
o guarantee procedural time and a success rate comparable
o those with the femoral approach are strongly recom-
ended before using this technique in the emergency

etting. The exclusion of those who are not ideal candidates
or radial approach (e.g., abnormal Allen’s test) and the
bility to handle specific vascular access difficulties (e.g.,
nfavorable anatomic variants) are necessary to avoid harm-
ul treatment delays in treating STEACS patients (37,38).
ndeed, there is some evidence that the more expert the
perator is with radial access, the more patients will benefit
rom the use of radial approach (36,39).

Study limitations. The main limitation of this study is the
almost exclusive use of heparin and glycoprotein IIb/IIIa
inhibitors, with only 8% of patients receiving bivalirudin.
Although it could have negatively affected the rate of
bleeding events recorded in the study, the post hoc analysis
of the HORIZON-AMI confirmed the advantage of the
transradial approach with regard to hemorrhagic complica-
tions also in patients treated with bivalirudin (28). This may
lso explain the relatively high rate of NACEs in the
emoral group in our trial compared with other similar
andomized studies.

A second limitation is the fact that all operators were

Figure 2 Time-to-Event Curves for NACE

Net adverse cardiac event (NACE) is the composite of cardiac death,
myocardial infarction, target lesion revascularization, stroke, and bleeding.
killed in the radial approach thus making the external
alidity of these results lower for centers where operators
ainly perform transfemoral procedures, underscoring the

eed for suitable training and learning curve for the radial
pproach to achieve optimal clinical results.

Another limitation is the sample size computation, which
as based on analysis of published data as well as consensus

mong steering committee members, because the concept of
ACEs is a new one in the field of STEACS, and NACE

ates vary substantially depending on definitions.
Finally, notwithstanding the comparable baseline clinical

nd procedural characteristics as well as in-hospital man-
gement and complication rates between the 2 study groups,
he possible role of unknown confounding factors on out-
ome could not be excluded. Indeed, most cardiac deaths
ere recorded in the early acute phase of STEACS (within
8 h), making the role of bleeding in the outcome not
lways clearly assessable (Online Appendix 1). Thus, further
tudies to confirm the benefit of the radial approach on
urvival in STEACS patients are warranted.

onclusions

he RIFLE-STEACS results clearly demonstrate the ad-
antage in terms of outcome of the radial over the femoral
pproach in STEACS patients. This net difference together
ith the high success rate should represent the primary

eason to use the radial approach for the treatment of acute
atients.

Reprint requests and correspondence: Dr. Enrico Romagnoli,
Policlinico Casilino, via Ugo de Carolis 48, 00136 Rome, Italy.
E-mail: enromagnoli@gmail.com.

REFERENCES

1. Rao SV, O’Grady K, Pieper KS, et al. Impact of bleeding severity on
clinical outcomes among patients with acute coronary syndromes.
Am J Cardiol 2005;96:1200–6.

2. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S.
Adverse impact of bleeding on prognosis in patients with acute
coronary syndromes. Circulation 2006;114:774–82.

3. Manoukian SV, Feit F, Mehran R, et al. Impact of major bleeding on
30-day mortality and clinical outcomes in patients with acute coronary
syndromes: an analysis from the ACUITY trial. J Am Coll Cardiol
2007;49:1362–68.

4. Moscucci M, Fox KA, Cannon CP, et al. Predictors of major bleeding
in acute coronary syndromes: the Global Registry of Acute Coronary
Events (GRACE). Eur Heart J 2003;24:1815–23.

5. Grines C, Patel A, Zijlstra F, Weaver WD, Granger C, Simes RJ,
PCAT Collaborators. Percutaneous transluminal coronary angioplasty.
Primary coronary angioplasty compared with intravenous thrombolytic
therapy for acute myocardial infarction: six-month follow up and
analysis of individual patient data from randomized trials. Am Heart J
2003;145:47–57.

6. Budaj A, Eikelboom JW, Mehta SR, et al. Improving clinical
outcomes by reducing bleeding in patients with non-ST-elevation
acute coronary syndromes. Eur Heart J 2009;30:655–61.

7. De Carlo M, Borelli G, Gistri R, et al. Effectiveness of the transradial
approach to reduce bleedings in patients undergoing urgent coronary
angioplasty with GPIIb/IIIa inhibitors for acute coronary syndromes.
Catheter Cardiovasc Interv 2009;74:408–15.

8. Mehran R, Lansky AJ, Witzenbichler B, et al. Bivalirudin in patients

undergoing primary angioplasty for acute myocardial infarction (HO-

mailto:enromagnoli@gmail.com


9JACC Vol. xx, No. x, 2012 Romagnoli et al.
Month 2012:xxx The RIFLE-STEACS Study
RIZONS-AMI): 1-year results of a randomised controlled trial.
Lancet 2009;374:1149–59.

9. Mehta SR, Granger CB, Eikelboom JW, et al. Efficacy and safety of
fondaparinux versus enoxaparin in patients with acute coronary syn-
dromes undergoing percutaneous coronary intervention: results from
the OASIS-5 trial. J Am Coll Cardiol 2007;50:1742–51.

10. Stone GW, McLaurin BT, Cox DA, et al. Bivalirudin for patients
with acute coronary syndromes. N Engl J Med 2006;355:2203–16.

11. Jolly SS, Amlani S, Hamon M, Yusuf S, Mehta SR. Radial versus
femoral access for coronary angiography or intervention and the impact
on major bleeding and ischemic events: a systematic review and
meta-analysis of randomized trials. Am Heart J 2009;157:132–40.

12. Bertrand OF, Bélisle P, Joyal D, et al. Comparison of transradial and
femoral approaches for percutaneous coronary interventions: a system-
atic review and hierarchical Bayesian meta-analysis. Am Heart J
2012;163:632–48.

13. Hamon M, Rasmussen LH, Manoukian SV, et al. Choice of arterial
access site and outcomes in patients with acute coronary syndromes
managed with an early invasive strategy: the ACUITY trial. EuroIn-
tervention 2009;5:115–20.

14. Cantor W, Puley G, Natarajan M, et al. Radial versus femoral access
for emergent percutaneous coronary intervention with adjunct glyco-
protein IIb/IIIa inhibition in acute myocardial infarction—the
RADIAL-AMI pilot randomized trial. Am Heart J 2005;150:543–9.

15. Mann T, Cubeddu G, Bowen J, et al. Stenting in acute coronary
syndromes: a comparison of radial versus femoral access sites. J Am
Coll Cardiol 1998;32:572–6.

16. Ochiai M, Isshiki T, Toyoizumi H, et al. Efficacy of transradial
primary stenting in patients with acute myocardial infarction. Am J
Cardiol 1999;83:966–8.

17. Valsecchi O, Musumeci G, Vassileva A, et al. Safety, feasibility and
efficacy of transradial primary angioplasty in patients with acute
myocardial infarction. Ital Heart J 2003;4:329–34.

18. Jolly SS, Yusuf S, Cairns J, et al., RIVAL trial group. Radial versus
femoral access for coronary angiography and intervention in patients
with acute coronary syndromes (RIVAL): a randomised, parallel
group, multicentre trial. Lancet 2011;377:1409–20.

19. Thygesen K, Alpert JS, White HD. Joint ESC/ACCF/AHA/WHF
Task Force for the Redefinition of Myocardial Infarction. Universal
definition of myocardial infarction. Circulation 2007;116:2634–53.

20. Cutlip DE, Windecker S, Mehran R, et al. Academic Research
Consortium. Clinical end points in coronary stent trials: a case for
standardized definitions. Circulation 2007;115:2344–51.

21. Stone GW, Witzenbichler B, Guagliumi G, et al. HORIZONS-AMI
Trial Investigators. Bivalirudin during primary PCI in acute myocar-
dial infarction. N Engl J Med 2008;358:2218–30.

22. Agostoni P, Biondi-Zoccai GG, de Benedictis ML, et al. Radial versus
femoral approach for percutaneous coronary diagnostic and interven-
tional procedures; systematic overview and meta-analysis of random-
ized trials. J Am Coll Cardiol 2004;44:349–56.

23. Vorobcsuk A, Kónyi A, Aradi D, et al. Transradial versus transfemoral
percutaneous coronary intervention in acute myocardial infarction:
systematic overview and meta-analysis. Am Heart J 2009;158:814–21.

24. Pocock SJ, Mehran R, Clayton TC, et al. Prognostic modeling of
individual patient risk and mortality impact of ischemic and hemor-
rhagic complications: assessment from the acute catheterization and
urgent intervention triage strategy trial. Circulation 2010;121:43–51.

25. Mehran R, Pocock SJ, Nikolsky E, et al. A risk score to predict

bleeding in patients with acute coronary syndromes. J Am Coll Cardiol
2010;55:2556–66.
26. Subherwal S, Bach RG, Chen AY, et al. Baseline risk of major
bleeding in non–ST-segment-elevation myocardial infarction: the
CRUSADE (Can Rapid risk stratification of Unstable angina patients
Suppress adverse outcomes with Early implementation of the ACC/
AHA Guidelines) bleeding score. Circulation 2009;119:1873–82.

27. Mehta SK, Frutkin AD, Lindsey JB, et al. National Cardiovascular
Data Registry. Bleeding in patients undergoing percutaneous coronary
intervention: the development of a clinical risk algorithm from the
National Cardiovascular Data Registry. Circ Cardiovasc Interv 2009;
2:222–9.

28. Généreux P, Mehran R, Palmerini T, et al., HORIZONS-AMI Trial
Investigators. Radial access in patients with ST-segment elevation
myocardial infarction undergoing primary angioplasty in acute myo-
cardial infarction: the HORIZONS-AMI trial. EuroIntervention
2011;7:905–16.

29. Mamas MA, Ratib K, Routledge H, et al. Influence of access site
selection on PCI-related adverse events in patients with STEMI:
meta-analysis of randomised controlled trials. Heart 2012;98:303–11.

30. Rao SV, O’Grady K, Pieper KS, et al. A comparison of the clinical
impact of bleeding measured by two different classifications among
patients with acute coronary syndromes. J Am Coll Cardiol 2006;47:
809–16.

31. Mehran R, Rao SV, Bhatt DL, et al. Standardized bleeding definitions
for cardiovascular clinical trials: a consensus report from the Bleeding
Academic Research Consortium. Circulation 2011;123:2736–47.

32. Romaguera R, Wakabayashi K, Laynez-Carnicero A, et al. Associa-
tion between bleeding severity and long-term mortality in patients
experiencing vascular complications after percutaneous coronary inter-
vention. Am J Cardiol 2012;109:75–81.

33. Verheugt FW, Steinhubl SR, Hamon M, et al. Incidence, prognostic
impact, and influence of antithrombotic therapy on access and non-
access site bleeding in percutaneous coronary intervention. J Am Coll
Cardiol Intv 2011;4:191–7.

34. Hermanides RS, Ottervanger JP, Dambrink JH, et al. Incidence,
predictors and prognostic importance of bleeding after primary PCI
for ST-elevation myocardial infarction. EuroIntervention 2010;6:
106 –11.

35. Allen C, Glasziou P, Del Mar C. Bed rest: a potentially harmful
treatment needing more careful evaluation. Lancet 1999;354:1229–33.

36. Vink MA, Amoroso G, Dirksen MT, et al. Routine use of the
transradial approach in primary percutaneous coronary intervention:
procedural aspects and outcomes in 2209 patients treated in a single
high-volume centre. Heart 2011;97:1938–42.

37. Weaver AN, Henderson RA, Gilchrist IC, Ettinger SM. Arterial
access and door-to-balloon times for primary percutaneous coronary
intervention in patients presenting with acute ST-elevation myocardial
infarction. Catheter Cardiovasc Interv 2010;75:695–9.

38. Pancholy S, Patel T, Sanghvi K, Thomas M, Patel T. Comparison of
door-to-balloon times for primary PCI using transradial versus trans-
femoral approach. Catheter Cardiovasc Interv 2010;75:991–5.

39. Romagnoli E, Mann T, Sciahbasi A, Pendenza G, Biondi-Zoccai
GG, Sangiorgi GM. Transradial approach in the catheterization
laboratory: pros/cons and suggestions for successful implementation.
Int J Cardiol 2011 Nov 30 [E-pub ahead of print].

Key Words: acute ST-segment elevation myocardial infarction y
coronary angioplasty y randomized controlled trial y transradial access.

APPENDIX
For supplemental material, please see the online version of this article.


	Radial Versus Femoral Randomized Investigation in ST-Segment Elevation Acute Coronary Syndrome
	Methods
	Study design and endpoints
	Population and procedures
	Data collection and definitions
	Statistical analysis

	Results
	Baseline population characteristics
	Procedural characteristics
	30-day outcome
	Outcome predictors

	Discussion
	Study limitations

	Conclusions
	References
	Appendix


