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Introduction

Early and complete reperfusion is the
goal of acute myocardial infarction (AMI)
therapy, and both thrombolysis and percu-
taneous coronary intervention (PCI) have
been shown to yield good results1. In recent
years, PCI has proved to be a safe and ef-
fective alternative to thrombolysis2-6. In
AMI, the use of intense anticoagulation or
antiplatelet therapy, such as IIb/IIIa recep-
tor blockers, potentially increases the risk
of bleeding complications during a PCI
performed via the transfemoral route7,8.

Recently, the transradial approach has
been increasingly employed as an alterna-
tive means of performing elective diagnos-
tic and interventional coronary proce-

dures9,10. This approach was shown to be
associated with a lower incidence of vascu-
lar access site complications and allows an
earlier mobilization of the patients, with a
reduced hospital stay and hospitalization
costs11. The very low incidence of access
site bleeding complications suggests the
transradial approach as an interesting alter-
native to the femoral technique in AMI pri-
mary PCI, particularly when performed un-
der an aggressive anticoagulation regi-
men12-17.

Nevertheless, the possibility of employ-
ing the transradial approach also for prima-
ry PCI has not been thoroughly investigated
so far. Therefore, we sought to investigate
the safety, feasibility and efficacy of trans-
radial primary PCI in patients with AMI.
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Background. In recent years the transradial approach has been increasingly employed as an al-
ternative approach to percutaneous coronary intervention. The aim of this study was to investigate
the safety, feasibility and efficacy of transradial primary angioplasty.

Methods. We studied 726 patients (552 males, 174 females, mean age 61.5 ± 12 years) with a diag-
nosis of acute myocardial infarction (< 12 hours after onset; Killip class 1-3) who underwent prima-
ry percutaneous coronary intervention. The transradial approach (group A) was used in 163 consec-
utive patients (126 males, 37 females, mean age 61.5 ± 12 years) with a negative Allen test by a single
experienced operator. The transfemoral approach (group B) was used for vascular access in the re-
maining patients (n = 563).

Results. No significant differences in baseline characteristics were observed between the two
groups. The radial access was achieved in all patients of group A, but 9 who were switched to either
left radial (n = 7) or right femoral approaches (n = 2). The time of radial artery cannulation was in all
cases < 2 min. The cannulation time (from skin anesthesia to the time of arterial cannulation) and the
total procedure time (from patient arrival at the catheterization room to the completion of the proce-
dure) did not significantly differ between group A and group B (1.7 ± 0.4 vs 1.6 ± 0.6 min, p = 0.8; 62
± 23 vs 61 ± 22 min, p = 0.7, respectively). In 71.1% of cases of group A, a single catheter (Sones type
I or II) was employed for diagnostic angiography of the right and left coronary arteries and of the left
ventricle. Only balloon angioplasty was performed in 6.1% of group A patients vs 9.9% of group B
patients (p = NS). The primary success rate was identical: 96.9% in the radial and 95.5% in the
femoral group. There were no major bleeding complications in group A as opposed to 7 (1.2%) in
group B (p = 0.04). In the radial group patients during the 30-day follow-up period there was no fore-
arm ischemia or loss of the radial pulse. The total length of hospitalization was slightly shorter in the
radial group, although this difference was not statistically significant (5.9 ± 2 vs 6.4 ± 2.8 days, p = 0.1).

Conclusions. Provided it is performed by experienced operators, the transradial approach can
represent a safe and feasible method for performing primary angioplasty with similar results to those
of the transfemoral approach.
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Methods

Population. Between January 2000 and September
2002, 748 consecutive patients were admitted to our
laboratory on an emergency basis because of AMI
without cardiogenic shock, within 12 hours of the onset
of chest pain. AMI was defined as typical chest pain
lasting > 30 min, resistant to nitrates, with ST-segment
elevation > 0.1 mV in the limb leads or > 0.2 mV in two
or more chest leads. All patients gave their formal writ-
ten consent before the procedure and were submitted to
urgent coronary angiography. After coronary angiogra-
phy was performed, 22 patients did not undergo further
interventions because of infarct-related artery stenosis
< 60% with TIMI flow grade 3; moreover, these pa-
tients showed markedly attenuated clinical signs of is-
chemia at the time of coronary angiography. The re-
maining 726 patients (552 males, 174 females, mean
age 61.5 ± 12 years) underwent a primary PCI and form
the basis of the present report. Exclusion criteria for the
right transradial approach were an abnormal Allen test,
previous coronary artery bypass grafting with both the
right and left internal mammary arteries, chronic renal
failure, absence of the radial pulse and previous
brachial cut-down.

The right transradial approach was used in 163 pa-
tients (group A) by a single experienced operator (OV
> 400 transradial diagnostic and interventional proce-
dures per year). The transfemoral approach was used
for vascular access in the remaining patients (group B,
n = 563). Transfemoral procedures were performed by
two different interventional cardiologists.

Arterial cannulation. Radial artery cannulation was
performed with the right arm positioned beside the
patient’s body with the wrist hyperextended. After lo-
cal anesthesia with 1 ml of 2% xylocaine and 1 ml of
NaHCO3

-, the radial artery was punctured with a 20G
1-piece metal needle and a 0.025” straight guidewire
was inserted through the needle. Upon removal of the
needle, a 23 cm long 6F sheath (Cordis Corporation,
Miami, FL, USA) was placed over the guidewire. To
reduce spasm and discomfort, an intra-arterial drug
“cocktail” containing 200 �g of nitroglycerin, 5 mg
of verapamil, 2 ml of NaHCO3

- and 2 ml of 2% xylo-
caine was delivered through the sheath. Diagnostic
angiography was performed using 6F catheters
(Cordis Corporation) and PCI using 6F guiding
catheters manufactured by either Boston Scientific/
Scimed (Maple Grove, MN, USA) or Medtronic
(Maple Grove, MN, USA) and with inner lumen di-
ameters of 0.064”. Access to the right femoral artery
was performed in the usual manner and was followed
by insertion of a 6F sheath. Coronary angiography
was performed using 6F diagnostic catheters (usually
the Judkins type). All interventions were done using
6F guiding catheters.

Treatment. Before PCI all patients received aspirin,
intravenous nitrates and a 5000 IU bolus of unfrac-
tionated heparin. During coronary angioplasty an ad-
junctive bolus of heparin was administered. The dose
was determined on the basis of the patient’s body
weight (70 IU/kg) and of activated clotting time mon-
itoring (therapeutic range 250-350 s). Glycoprotein
IIb/IIIa inhibitors were administered as clinically in-
dicated during the procedure. After the procedure no
more heparin was given and the activated partial
thromboplastin time was monitored for the following
12 hours. Patients who received a coronary stent were
treated with aspirin 100 mg daily plus ticlopidine 250
mg twice a day for 1 month. Beta-blockers and an-
giotensin-converting enzyme inhibitors, if not con-
traindicated and well tolerated, were routinely admin-
istered to all patients. Angiographic success of prima-
ry PCI was defined as achievement of a residual steno-
sis < 30% of the lumen diameter with TIMI flow grade
2-3.

Sheath management. In the radial group, the arterial
sheath was removed following completion of the pro-
cedure and hemostasis of the puncture site was
achieved by a selective application of a gauzes pile with
a compressive bandage supported by one tourniquet.
Over the course of 30 min, the occlusive pressure of the
tourniquet was gradually decreased, followed by appli-
cation of a selective radial pressure bandage. Patients
were then transferred to the coronary care unit.

In the femoral group, patients were transferred to
the coronary care unit where the sheath was removed
when the activated clotting time was < 180 s. Hemosta-
sis was achieved using manual compression followed
by a pressure bandage.

Patients referred from peripheral hospitals returned
to the reference hospital immediately after the proce-
dure had been successfully performed (transferred pa-
tients).

Clinical and metabolic data. All patients were
screened for ECG changes; creatine kinase (CK) and
CK-MB values were assessed every 6 hours during the
first day and then every day before discharge unless
clinical events prompted repeat measurements. Ad-
verse clinical events (including death, ventricular ar-
rhythmias, reinfarction, recurrent angina, target lesion
revascularization and heart failure) were evaluated dur-
ing the in-hospital follow-up.

Bleeding was defined according to the criteria of the
Thrombolysis in Myocardial Infarction trial18; major
bleeding was defined as a decrease in the hemoglobin
basal level of 5 g/dl, intracranial hemorrhage or cardiac
tamponade; minor bleeding was defined as a decrease
in the hemoglobin basal level exceeding 3 g/dl from an
identifiable site, spontaneous gross hematuria, he-
matemesis, hemoptysis or puncture site bleeding.

330

Ital Heart J Vol 4 May 2003



Statistical analysis. Categorical data are presented as
absolute values and percentages whereas continuous da-
ta are summarized as mean values ± SD. The �2 and
Fisher’s exact tests were used for comparison of categor-
ical variables as appropriate. Comparison of continuous
variables was performed by means of the Student’s t-test
or Wilcoxon rank-sum test as appropriate. P values
< 0.05 were considered statistically significant.

Results

The baseline demographic and clinical characteris-
tics are shown in table I. The mean age was the same in
both groups and the majority of patients were males.
The percentage of transferred patients was higher in the
radial group (19.6 vs 12.7%, p = 0.04). The two groups
did not significantly differ with regard to the prevalence
of diabetes mellitus, the time elapsing from symptom
onset to the first balloon inflation, the degree of ST-seg-
ment elevation at admission, and the prevalence of an-
terior infarction and left anterior descending coronary
artery involvement.

Procedural data. The procedural outcomes in both
groups are shown in table II. The primary success rate
was high in both groups and not statistically different:
96.9% radial, 95.5% femoral; the percentage of TIMI 3
final flow was higher in the radial group (94.5 vs 90%,
p = 0.04). Right radial access was achieved in all pa-
tients of group A, but 2 were switched to a right femoral
approach and 7 to a left radial approach because no ad-
equate guiding position could be obtained from the
right radial artery. The time necessary for radial artery
cannulation was in all cases < 2 min. The cannulation
time (from skin anesthesia to the time of arterial can-
nulation) and the total procedure time (from patient ar-
rival at the catheterization room to the completion of
the procedure) did not significantly differ between
group A and group B (1.7 ± 0.4 vs 1.6 ± 0.6 min, p =

0.8; 62 ± 23 vs 61 ± 22 min, p = 0.7, respectively). In
71.1% of cases of group A (n = 116) a single catheter
(Sones type I or II; Cordis Corporation) was employed
for diagnostic angiography of the right and left coro-
nary arteries and of the left ventricle. Only balloon an-
gioplasty was performed in 6.1% of group A patients vs
9.9% of group B patients (p = NS).

A slightly higher percentage of patients in the radial
group received glycoprotein IIb/IIIa inhibitors, although
this difference was not significant. A minority of patients
received multiple stents, and the number of stents deliv-
ered was the same in both groups (average 1.3 stents per
patient). The vessel distribution and lesion morphology
were the same in both groups. The majority of patients
had a complex lesion morphology.

Bleeding complications and follow-up. Severe hem-
orrhagic complications occurred in 7 patients of the
femoral group (1.2%): 2 patients developed a hemor-
rhagic stroke at 10 and 14 hours after coronary angio-
plasty; one of these patients died. Two patients devel-
oped cardiac tamponade and 3 patients large
hematomas at the puncture. These complications ne-
cessitated a longer length of hospitalization. None of
these patients required surgical correction, although 2
required transfusion. No patient in the radial group de-
veloped a major bleeding complication. Access site
bleeding occurred in 10 patients of the femoral group
(1.7%) and in 1 patient of the radial group (0.6%, p =
0.3). Minor bleeding complications occurred in 7 pa-
tients of the femoral group (1.2%) and in 1 patient of
the radial group (0.6%, p = NS; Fig. 1).

All patients of group A had a palpable radial artery
following the procedure and no patient had symptoms
or physical signs of hand ischemia. However, Doppler
examination was not routinely performed and the inci-
dence of asymptomatic radial artery occlusion could
thus not be determined.

The clinical course was similar among the two
groups (Table III). In-hospital death occurred in 1 pa-
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Table I. Baseline patient characteristics.

Variable Group A Group B p
(n=163) (n=563)

Age (years) 61.5 ± 12 61.5 ± 12.6 0.8
Female 37 (22.7%) 137 (24.3%) 0.5
Smoke 69 (42.3%) 170 (30.1%) 0.02
Dyslipidemia 58 (35.6%) 152 (26.9%) 0.1
Hypertension 66 (40.5%) 199 (35.3%) 0.5
Diabetes 17 (10.4%) 63 (11.9%) 0.1
Previous AMI 7 (4.3%) 37 (6.6%) 0.2
Transferred patients 32 (19.6%) 72 (12.7%) 0.04
Killip class 1-2 154 (94.4%) 525 (93.1%) 0.1
Killip class 3 9 (5.6%) 38 (6.7%) 0.3
Time from onset (min) 4.3 ± 8.4 3.9 ± 5.6 0.4
Anterior AMI 81 (49.7%) 257 (45.6%) 0.4

AMI = acute myocardial infarction.

Table II. Procedural and angiographic characteristics.

Variable Group A Group B p
(n=163) (n=563)

IRA (LAD) 78 (47.8%) 259 (46%) 0.8
GP IIb/IIIa 42 (25.7%) 112 (20%) 0.2
Cannulation time (min) 1.7 ± 0.4 1.6 ± 0.6 0.8
Procedure time (min) 62 ± 23 61 ± 22 0.7
TIMI 0/1 flow pre 106 (65%) 405 (71.9%) 0.04
TIMI 2 flow final 4 (2.4%) 31 (5.5%) 0.1
TIMI 3 flow final 154 (94.5%) 507 (90%) 0.04
Stent rate 1.15 ± 0.4 1.1 ± 0.6 0.8
2/3 diseased vessels 68 (41.7%) 275 (48.8%) 0.08
LVEF (%) 49.2 ± 7.7 49.7 ± 8.7 0.5

GP = glycoprotein; IRA = infarct-related artery; LAD = left an-
terior descending coronary artery; LVEF = left ventricular ejec-
tion fraction.



tient of the radial group (0.6%) and in 10 patients
(1.7%) of the femoral group (p = 0.3). One patient of
group A and another of group B presented with post-in-
farction angina; 1 patient of group A and 4 of group B
presented with life-threatening ventricular arrhythmias.
The two groups were also similar with regard to the de-
velopment of Q waves, as well as with regard to peak
creatinephosphokinase and CK-MB release.

The total length of hospitalization was slightly
shorter in the radial group, although this difference was
not statistically significant (5.9 ± 2 vs 6.4 ± 2.8 days, p
= 0.1).

Discussion

The present study demonstrates that a transradial
primary PCI in patients with AMI can be performed
safely and efficaciously by interventional cardiologists
who are familiar with the transradial approach. In this
prospective study, radial access was achieved in all pa-
tients by a single experienced operator; only in 9 pa-
tients was it necessary to switch to either a left radial or
femoral approach, because of tortuosity of the brachy-

cephalic artery; moreover, the mean cannulation time
and total procedural time did not differ between the
transradial and transfemoral approaches. The cannula-
tion time was in all cases < 2 min. The primary success
rate was almost the same, regardless of whether the
procedure was performed via the radial or femoral ap-
proach. No procedure performed through the radial
artery was associated with inadequate support of the
guiding catheter, despite the fact that most guiding
catheters are not designed for the right radial approach.
Good backup support for the right coronary artery
could be achieved by means of multipurpose and Am-
platz left 1-2 guiding catheters. For the left main coro-
nary artery, Extra backup 4 or Amplatz left 2 guiding
catheters are suggested. Venous bypass grafts can usu-
ally be cannulated with multipurpose and Judkins right
catheters. The primary success rate was high in both
groups and not statistically different. Major vascular
complications occurred more frequently after trans-
femoral angioplasty and were absent after transradial
PCI. However, the incidence of major bleeding compli-
cations after the use of 6F guiding catheters by the
femoral approach was still low. The clinical course was
similar both for the radial and femoral groups; the
length of hospitalization was slightly shorter in the ra-
dial group although this difference was not statistically
significant; finally, the number of transferred patients
was significantly higher in the radial group.

Our results are consistent with those of recent studies
on transradial primary PCI for AMI in selected pa-
tients12-17. Ochiai et al.13 reported that radial artery punc-
ture was achieved within 15 min in all patients and with-
in 5 min in 79% of the patients. However, the times re-
quired to achieve vascular access in the transradial and
transfemoral groups were not compared. In the study by
Kim et al.16 the cannulation time was < 10 min in the ma-
jority of patients (only in 1 patient was it not possible to
gain access to the radial artery) and just as in the study by
Louvard et al.17 and in our study, the mean cannulation
time and total procedural time did not differ between the
transradial and transfemoral approaches. In our series
the cannulation time was shorter than in previously re-
ported studies probably because in our study the cannu-
lation time did not include the arm preparation time.

In the present study, the incidence of access site
bleeding complications in the femoral group was 1.7%,
which is as low as has been reported in the literature in
a controlled study of patients with AMI. Johnson et al.19

reported an incidence of vascular complications of
2.4% out of 1579 PCI procedures performed using the
femoral and brachial techniques. Popma et al.20 report-
ed a 5.9% incidence of vascular complications after
1413 PCI procedures with different techniques; the
highest incidence was observed after coronary stenting
(14%).

Indeed, in this paper only one access site bleeding
complication was encountered in the radial group
(0.6%). The safety of the transradial approach is main-
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Figure 1. Bleeding complications occurred in 14 patients of the femoral
group (2.4%) and in 1 patient of the radial group (0.6%).
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Table III. In-hospital follow-up.

Variable Group A Group B p
(n=163) (n=563)

Creatine kinase (U/l) 2100 ± 2028 2027 ± 1816 0.7
Hospitalization (days) 5.9 ± 2 6.4 ± 2.8 0.1
Minor bleeding 1 (0.6%) 7 (1.2%) 0.09
Major bleeding 0 7 (1.2%) 0.04
Access site bleeding 1 (0.6%) 10 (1.7%) 0.3
Death 1 (0.6%) 10 (1.7%) 0.3
Stroke 1 (0.6%) 5 (0.8%) 0.8
Re-infarction 0 2 (0.3%) 0.2
Ischemic TVR 3 (1.8%) 7 (1.2%) 0.3
Heart failure 7 (4.3%) 9 (1.5%) 0.09

TVR = target vessel revascularization.



ly determined by the favorable anatomic relations of
the radial artery to its surrounding structures. No major
veins or nerves are located near the artery, minimizing
the chance of injury to these structures. Thrombotic or
traumatic arterial occlusion does not endanger the via-
bility of the hand if an adequate collateral blood supply
from the ulnar artery is present. The superficial location
of the radial artery allows easy hemostasis, and the use
of a mechanical compression device minimizes utiliza-
tion of personnel21,22. An additional advantage of the ra-
dial approach is the passive achievement of hemostasis
by a pressure device or by a pressure bandage, reducing
the workload of nursing and medical staff.

In this study 142 patients (87.1%) received one or
more stents in the infarct-related artery and direct stent-
ing was attempted in 101 patients (61.9%). Stenting via
the radial route is technically more challenging. How-
ever, almost all recently designed stents can be deliv-
ered through 6F guiding catheters. Therefore, stent em-
bolism or dislodgment was not encountered in our se-
ries and in no case did we fail to deliver the stent. These
results are consistent with those of previous studies in-
cluding smaller numbers of patients and in which it was
concluded that in hemodynamically stable patients pri-
mary stenting or PCI can be performed expeditiously
and safely using the transradial approach13,16.

Previous papers concluded that the total hospital
costs were lower for the radial group as compared to the
femoral group10,11; our study partially confirms this da-
tum but we did not find any statistically significant dif-
ference between the two groups, probably because only
patients with AMI were included and although the trans-
radial group patients, who were at relatively low risk,
were allowed to ambulate the day after the procedure.

An important criticism of the radial approach is that
it is not suitable for every patient. However, several re-
ports attest the use of the transradial approach in virtu-
ally all clinical situations23-25; in our study the PCI was
performed in almost all patients (98.5%). Of course,
patient selection before the procedure, on the basis of
the clinical status (Killip class < 4) and of the anatom-
ic characteristics of the radial artery (normal Allen
test), is very important.

Study limitations. A main limitation of the present
study is the absence of randomization; another limita-
tion is the lack of follow-up Doppler information on the
patency of the radial artery through which the proce-
dure was performed. Although no patient in the present
study had an absent pulse or symptoms suggesting vas-
cular ischemia of the hand, it is likely that asympto-
matic radial artery occlusion occurred in a small per-
centage of patients. Previous series have demonstrated
the incidence of asymptomatic radial artery occlusion
in the 3-5% range, but the benign nature of this problem
has been emphasized26,27.

The need for the use of small guide catheters (6F)
has been felt to be a significant limitation of the trans-

radial approach in case of lesions requiring complex
devices (e.g. thrombus removal or distal protection) or
techniques (kissing balloon). However, with experience
and the recent continued miniaturization of interven-
tional devices, this is no longer a serious drawback. In-
deed, in the present study no patient crossed over to the
femoral approach for these reasons.

Finally the large experience of the single operator
(OV) with the transradial route (> 1400 PCI by the trans-
radial approach) may limit the possibility of transfer-
ring our results to less experienced, low-volume centers
and operators.

In conclusion, provided it is employed by experi-
enced operators, the transradial approach may repre-
sent a safe and feasible technique for performing pri-
mary PCI with similar results and a slight trend to-
ward less bleeding complications as compared to the
transfemoral approach; it is especially useful for he-
modynamically stable patients who do not require a
second vascular access site for intra-aortic balloon
pumping.
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