
original article

Wien Klin Wochenschr
https://doi.org/10.1007/s00508-017-1260-5

Radial versus femoral access site for percutaneous
coronary intervention in patients suffering acutemyocardial
infarction

A randomized prospectivemulticenter trial

Christiana Schernthaner · Matthias Hammerer · Stefan Harb · Matthias Heigert · Kurt Hoellinger ·
Elisabeth Lassnig · Edwin Maurer · Jochen Schuler · Peter Siostrzonek · Hanno Ulmer · Andreas Winter ·
Johann Altenberger

Received: 3 May 2017 / Accepted: 18 August 2017
© Springer-Verlag GmbH Austria 2017

Summary
Background Transradial access (TRA) in percutaneous
coronary intervention (PCI) is a widely used standard
technique with lower complication rates compared to
transfemoral access (TFA). The aim of this study was
to evaluate the impact of TRA versus TFA for PCI on
clinically significant vascular access complications in
the setting of acute myocardial infarction (AMI).
Methods This multicenter study randomly assigned
250 patients in a 1:1 fashion (TRA vs. TFA) admitted
with or without ST-segment elevation AMI undergo-
ing immediate PCI. The primary endpoint was defined
as the occurrence of hematoma, pseudo-aneurysm or
local bleeding at the access site requiring any further
intervention and/or prolonged hospital stay. Radia-
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tion exposure to the patient and operator was also
investigated.
Results In the study cohort (N = 250 patients, mean
age 62 ± 12.7 years, 76% males) 5 patients (2%)
achieved the primary endpoint without a significant
difference between groups, 4 out of 125 (3.2%) in the
TFA group and 1 out of 125 (0.8%) in the TRA group
(p = 0.17). Access site hematoma was significantly
more frequent in the TFA group compared to the TRA
group (24.8% vs. 8.8%, respectively; p < 0.0007). Local
bleeding was only seen in the TFA group (3.2% vs. 0%,
p = 0.04). Time intervals from admission to catheter
laboratory to first balloon inflation were longer in the
TRA compared to the TFA group (34 ± 17min vs 29.5 ±
13min, respectively; p = 0.018). Radiation exposure
to the patient and operator was identical.
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Conclusion The use of TRA was accompanied by lower
rates of access site complications; however, the need
for subsequent treatment or prolonged hospital stays
was not observed using either of the two access ap-
proaches.

Keywords Coronary angiography · Acute myocardial
infarction · Access site · Hematoma

Introduction

Transradial access (TRA) is increasingly used for coro-
nary angiography (CAG) and percutaneous coronary
intervention (PCI). The radial approach is techni-
cally more challenging; however, with dedicated TRA
equipment in experienced hands the cross-over rate
to transfemoral access (TFA) is very low [1]. Com-
pared to TFA, TRA has been shown to reduce vascular
access site complications and/or bleeding, support
earlier ambulation and improve patient comfort and
outcome [2–11]. Moreover, in patients with acute
coronary syndrome, TRA significantly reduced major
bleeding events and 30-day all-cause mortality [2].
The aim of this study was to evaluate the impact of
a TRA versus a TFA approach for CAG and possible
PCI on clinically significant vascular access compli-
cations in the setting of acute myocardial infarction
(AMI).

Methods

A total of 250 patients were included between April
2010 and November 2011 in 4 different centers in
Austria. Patients presenting with AMI were randomly
assigned in a 1:1 fashion to TRA or TFA group for
diagnostic CAG and PCI, if indicated. They were eli-
gible if they presented with AMI with or without ST-
segment elevation with imminent immediate invasive
intervention and had given written informed consent
to participate in the study protocol prior to treatment.
Diagnosis of AMI was based on clinical symptoms,
elevated serum creatine kinase and/or cardiac tro-
ponin I levels and standardized electrocardiographic
(ECG) changes. The treating interventional cardiol-
ogist had to have expertise for both techniques and
had to perform both approaches on a regular basis
for diagnostic and intervention purposes (>150 PCI/
year, including at least 40% radial procedures within
the previous year). Dual circulation of the hand was
assessed by Allen’s test in all patients prior to study
inclusion. Excluded were all patients with a patho-
logic Allen test, patients presenting in cardiogenic
shock with the need for implantation of an intra-
aortic balloon pump, any form of vasculitis leading
to ischemia, arterio-venous fistula for hemodialysis,
peripheral artery disease precluding femoral access
and patients after coronary aortic bypass graft with
bilateral mammary artery grafts. Additionally, un-
fractionated heparin was given during the procedure

according to activated clotting time with the aim to
achieve an activated clotting time ≥250 s. The use of
glycoprotein IIb/IIIa inhibitors, thrombus aspiration
and PCI strategy was left to the operator’s discre-
tion. At the end of the TRA procedures TR band
(TerumoTM, Tokyo, Japan) a pneumatic compressive
device or a self-constituted compression bandage was
used. In the case of TFA, either an arterial closure de-
vice AngiosealTM (St. Jude Medical, St. Paul, MN) or
manual compression was applied. The primary end-
point was defined as the occurrence of hematoma,
pseudo-aneurysm or local bleeding at the access site
requiring a subsequent intervention and/or prolon-
gation of the index hospital stay. Such interventions
were defined as follows:

1. necessity for manual or
2. ultrasound compression or
3. surgical intervention or
4. thrombin injection or
5. need for blood transfusion.

The size of the hematoma was defined as large when
palpable swelling of >4 cm occurred at the femoral
access site. In the radial group, hematomas were
categorized as follows: type I: hematoma diameter
<2 cm, type II: >2 and <5 cm, type III: >10 cm but not
above the elbow, type IV: extending above the elbow
and type V: hematoma anywhere with ischemic threat
of the hand. Hematoma ≥ type II at the radial site was
defined as large. Clinical follow-up was performed at
30 days and at 1 year. The specified secondary end-
point was 30-day and 1-year composite morbidity,
defined as overall death or recurrent AMI or stroke.
Procedural times were registered (symptom onset,
first medical presentation, arrival at catheter labo-
ratory, insertion of sheath, first injection of contrast
agent, balloon inflation and thrombus aspiration)
and relevant time intervals were calculated. Further-
more, radiation exposure to the patient and operator,
as well as the amount of contrast agent used, were
investigated in both groups. Operator radiation expo-
sure was measured using active electronic personal
dosimeters (EPD Mk 2.3, Thermo Elektron, Erlangen,
Germany) located on left arm and thorax. The left
arm dosimeter was located outside of the lead gown,
while the thorax dosimeter had to be fixed under the
lead apron to measure passive doses. Patient radia-
tion exposure was assessed using a plate ionization
chamber on the digital angiography apparatus. Ef-
fective doses on electronic dosimeters (μSv), dose-
area products and fluoroscopy times in minutes were
recorded. The study was approved by the ethics com-
mittee of each participating center and all patients
gave written informed consent.

Statistical analysis

This study was sized to detect a clinically meaning-
ful difference in the primary endpoint between the

Radial versus femoral access site for percutaneous coronary intervention in patients suffering acute. . . K



original article

femoral and the radial access for performing acute
PCI in the setting of AMI. Based on our study assump-
tions, the trial was powered initially for 153 patients in
each group. With the actual sample size of n = 125 per
group the study had a power of at least 80% to detect
a difference of 8% or greater in the primary endpoint
when applying a two-group χ2-test with a two-sided
significance level of 5%. The difference in the primary
endpoint showed only 2.4%. Analyses were performed
according to the intention-to-treat principle. The IBM
SPSS statistical software version 22 (IBM SPSS, Ar-
monk, NY) was used for data analysis. Characteristics
of patients were described as means ± standard devi-
ations, if nothing else is indicated. In general, contin-

Table 1 Baseline characteristicsof patients according to accesssite

Variables All patients TRA group TFA group p-value

N = 250 N = 125 N = 125

Mean age, years± SD (range) 62 ± 12.7 (29–92) 61.9 ± 13.1 (29–92) 62.2 ± 12.3 (32–88) 0.833

Gender (male/female), N 190/60 95/30 95/30 1

Body mass index, kg/m2 ± SD 27.5 ± 4.7 27.3 ± 4.3 27.6 ± 5.1 0.581

Family history of coronary artery disease, N (%) 78 (31.2) 35 (28) 43 (34.4) 0.275

Diabetes mellitus, N (%) 42 (16.8) 17 (13.6) 25 (20) 0.176

Arterial hypertension, N (%) 133 (53.2) 62 (49.6) 71 (56.8) 0.254

Smoker, N (%)

Current 103 (41.2) 50 (40) 53 (42.4) 0.87

Previous 55 (22) 27 (21.6) 28 (22.4)

Peripheral vascular disease, N (%) 16 (6.4) 7 (5.6) 9 (7.2) 0.605

Chronic renal dysfunction, N (%) 15 (6) 7 (5.6) 6 (6.4) 0.79

Previous myocardial infarction, N (%) 25 (10) 9 (7.2) 16 (12.8) 0.140

Previous percutaneous coronary intervention, N (%) 26 (10.4) 10 (8) 16 (12.8) 0.214

Previous coronary artery bypass graft, N (%) 2 (0.8) 2 (1.6) 0 (0) 0.156

Previous cerebrovascular disease, N (%) 13 (5.2) 5 (4) 8 (6.4) 0.393

Clinical presentation

Killip class, N (%)

I 197 (78.8) 101 (80.8) 96 (76.8) 0.439

II 53 (21.2) 24 (19.2) 29 (23.2)

Heart rate, beats per min± SD 77.4 ± 16.5 74 ± 15 80. 6 ± 12.6 0.001

Systolic blood pressure, mmHg ± SD 136.7 ± 25.6 133.4 ± 25.5 140 ± 25.3 0.04

Diastolic blood pressure, mm Hg ± SD 80.1 ± 14.2 79.5 ± 15.6 80.6 ± 12.5 0.524

STEMI, N (%)/left bundle branch block 206 (82.4)/1 (0.4) 106 (84.8)/0 100 (80)/1 (0.8) 0.416

NSTEMI 43 (17.2) 19 (15.2) 24 (19.2) 0.402

Preprocedural medications

Clopidogrel

300mg 23 (9.2) 9 (7.2) 14 (11.3) 0.224

600 mg 157 (69) 76 (60.8) 81 (65.3)

Prasugrel 49 (19.7) 29 (23.2) 20 (16.1) 0.161

Ticagrelor 8 (15.4) 3 (12) 5 (18.5) 0.515

Enoxaparin 42 (16.8) 17 (13.6) 25 (20) 0.176

Heparin 169 (67.6) 88 (70.4) 81 (64.8) 0.344

Thrombolysis 10 (4) 4 (3.2) 6 (4.8) 0.519

Glycoprotein IIb/IIIa inhibitor 6 (2.4) 4 (3.2) 2 (1.6) 0.409

Fondaparinux 4 (1.6) 2 (1.6) 2 (1.6) 1

TRA transradial, TFA transfemoral, STEMI ST-elevation myocardial infarction, NSTEMI non-ST-elevation myocardial infarction, n. s. not significant

uous variables were compared using a t-test for inde-
pendent groups. If non-parametric analyses were ap-
propriate for comparison, the Wilcoxon Mann-Whit-
ney U-rank sum test was used instead. Categorical
data were analyzed using the χ2-test. A P-value ≤0.05
was considered statistically significant.

Results

Patient characteristics

The baseline clinical characteristics of the patient co-
hort according to access site (TRA versus TFA group)
are summarized in Table 1. Due to a lower than ex-
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pected recruitment rate of patients, the study was
stopped prematurely after randomization of 250 pa-
tients. Patients with TFA showed a significantly higher
mean systolic blood pressure (140 ± 25.3 vs. 133.4 ±
25.5, respectively; p = 0.04) and higher mean heart
rate (80.8 ± 17.2 vs. 74 ± 15, respectively; p = 0.001).
All other variables did not significantly differ between
the study groups. Based on the presence or absence of
ST-segment elevations in the initial ECG, 206 (82.4%)
patients presented with a ST-segment elevation AMI,
43 (17.2%) with a non-ST-segment elevation AMI and
only 1 patient showed a new onset of a left bundle
branch block pattern in the admission ECG. There
was no difference between the TRA compared to the
TFA -group according to the number of leads showing
ST-elevation (p = 0.08) or ischemic ECG patterns (p =
0.68). Clopidogrel was administered prior to CAG in
180 (72.3%) patients, ticragelor in 8 (3.2%) patients,
and prasugrel in 49 (19.7%) patients, whereas 12
(4.8%) patients were not pretreated with any of these
medications. Heparin was administered prior to the
procedure in 88 (70.4%) patients in the TRA group
and in 81 (64.8) patients in the TFA group (p = 0.344).
Additionally, there was no difference in preprocedural
heparin dose in international units (IU) between the
two groups (p = 0.499).

Procedures

Procedural results according to access strategy are dis-
played in Table 2. Regarding procedure times, the in-
terval from patient admission to the catheter labora-
tory to first balloon inflation or thrombus aspiration
was significantly shorter in the TFA group compared
to the TRA group with a mean difference of 4min
(29.5 ± 13 and 34 ± 17min, respectively; p = 0.018);
however, no relevant difference in CK levels was ob-
served. Generally, standard laboratory values showed
no significant differences between study groups. The
TRA group patients received peri-procedural heparin
more often compared to the TFA group (109 patients
vs. 89 patients, p = 0.002) and even higher doses of
heparin compared to TFA group (5142 ± 1683 IE vs.
5005 ± 1792 E, p = 0.005). The guiding catheter di-
mension was smaller with the radial access strategy,
whereas no significant differences were found regard-
ing number of PCIs, type of treated vessel, stent im-
plantation in a single vessel compared to more than
one vessel, applied thrombus aspiration or preproce-
dural and postprocedural thrombolysis in myocardial
infarction (TIMI).

Complications

Access site complications and 30-day follow-up data
are shown in Table 3. Distribution of hematoma
was significantly lower in the TRA group with 11/125
(8.8%) compared to the TFA groupwith 31/125 (24.8%;
p = 0.0007). Hematomas defined as large in the TFA

group were found in 11/125 (8.8%) patients, whereas
only 4/125 (3.2%) patients with TRA approach devel-
oped a large hematoma by definition (p = 0.0623). Lo-
cal bleeding was only seen in the TFA (4/125) and not
in the TRA group (p = 0.043); however, hematomas
requiring manual or ultrasound compression oc-
curred only in one patient with a radial access and
in four patients with a femoral approach which re-
sulted in hemodynamic deterioration and need for
blood transfusion in two patients, both with femoral
access strategy; therefore, the primary endpoint did
not show statistically significant differences between
groups (p = 0.17). In one patient in the TFA group the
bleeding complication led to death. In one patient in
the TRA group and in two patients in the TFA group
discontinuation of the dual antiplatelet therapy was
necessary.

Follow-up

At 30-day follow-up data from 248 patients was avail-
able. In the TFA groups three patients and in the TRA
group one patient died due to cardiovascular causes
(p = 0.306). In the TFA group one patient suffered
stroke, two patients experienced recurrent AMI and
as reported by telephone contact one patient com-
plained of problems at the puncture site which in-
cluded swelling, signs of inflammation or paresthesia.
In the TRA group one patient had problems at the
puncture site. After 1 year, no further deaths or strokes
occurred. Nevertheless, two recurrent AMIs occurred,
one in each group and one patient in the TFA group
still had problems at the puncture site. The 1-year
follow up data were available from 199 patients. Re-
current AMI occurred in two patients in the TFA and
in one patient in the TRA group (p = 0.972), whereas
no further deaths or stroke were documented.

Radiation

Radiation exposure to the patient or operator, as well
as the amount of contrast agent used did not differ
between the two groups. Radiation exposure in mil-
lisievert (mSV) measured in the ionization chamber
(TRA 76,695 ± 93,445 vs. TFA 63,673 ± 68,642, p =
0.29), with the thorax dosimeter (71.3 ± 109 vs. 96.6 ±
132, p = 0.1) and with the arm dosimeter (5.7 ± 20 vs.
4.6 ± 29; p = 0.73) did not differ significantly between
both groups. Furthermore, the amount of contrast
agent used in milliliters was nearly the same in both
groups (141.4 ± 88 ml vs. 136.9 ± 62 ml, p = 0.64).

Discussion

The main findings of the presented study can be
summarized as follows: in patients suffering from
ACS with or without ST-elevation and undergoing PCI
by experienced operators, complications were signif-
icantly reduced with the radial access site; however,
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Table 2 Procedural results according to accesssite

Variables All patients TRA group TFA group p-value

N = 250 N = 125 N = 125

Access right/left 195/55 73/52 122/3 –

Cross-over 4 2 2 1

Medications periprocedural, N (%)

Abciximab 112 (44.8) 54 (43.2) 58 (46.4) 0.611

Bivalirudin 6 (2.4) 2 (1.6) 4 (3.2) 0.409

Heparin, N (%) 198 (79.2) 109 (87.2) 89 (71.2) 0.002

Mean dose in IU ± SD 5080 ± 1730 5142 ± 1683 5005 ± 1792 0.005

Enoxaparin, N (%) 17 (6.8) 7 (5.6) 10 (8) 0.451

Mean dose in mg ± SD 52.9 ± 28.6 57.1 ± 33 50 ± 26 0.68

Guiding catheter

5 French 12 (4.8) 11 (8.8) 1 (0.8) 0.008

6 French 237 (94.8) 114 (91.2) 123 (98.4)

7 French 1 (0.4) 0 (0) 1 (0.8)

Percutaneous coronary intervention, N (%) 222 (88.8) 114 (91.2) 108 (86.4) 0.229

Lesions stented, N (%) 207 (82.8) 105 (84) 102 (81.6) 0.293

Single vessel 189 (91.3) 98 (93.3) 91 (89.2)

Multivessel 18 (8.7) 7 (6.7) 11 (10.8)

Thrombus aspiration, N (%) 89 (35.6) 45 (36) 44 (35.2) 0.895

TIMI flow before PCI, N (%)

0 or 1 154 (61.6) 75 (60) 79 (63.2) 0.103

2 33 (13.2) 22 (17.6) 11 (8.8)

3 63 (25.2) 28 (22.4) 35 (28)

TIMI flow after PCI, N (%)

0 or 1 10 (4) 5 (4) 5 (4) 0.839

2 12 (4.8) 5 (4) 7 (5.6)

3 228 (91.2) 115 (92) 113 (90.4)

Treated vessel(s), N (%)

Left main coronary artery 2 (0.8) 1 (0.8) 1 (0.8) 0.479

Left anterior descending artery 85 (34) 40 (32) 45 (36)

Left circumflex artery 38 (15.2) 17 (13.6) 21 (16.8)

Right coronary artery 105 (42) 60 (48) 45 (36)

Diagonal branch 4 (1.6) 2 (1.6) 2 (1.6)

Intermediate branch 1 (0.4) 1 (0.8) 0 (0)

Bypass graft 2 (0.8) 2 (1.6) 0 (0)

Occlusion technique, N (%)

Manual compression 83 (33.2) 63 (50.4) 20 (16) <0.001

Compression device 63 (25.2) 62 (49.6) 1 (0.8)

Occlusion device 104 (41.6) 0 104 (83.2)

Procedure times, min ± SD

From onset of pain to first medical contact 299.3 ± 592 287.9 ± 435 310.6 ± 716 n. s.

From onset of pain to balloon inflation or thrombus aspiration 561.8 ± 791 563 ± 770 560.3 ± 816 n. s.

Admission to catheter laboratory to first injection of contrast media 19.1 ± 12 20.8 ± 15 17.5±8 n. s.

From admission to catheter laboratory to balloon inflation/thrombus aspiration 31.8 ± 15 34 ± 17 29.5 ± 13 p = 0.018

Radiation dosages

Ionization chamber, mGy/cm2 ± SD 71,184 ±
82,008

76,695 ± 93,445 63,673 ± 68,642 0.29

Arm dosimeter, mSV ± SD 83.3 ± 122 71.3 ± 109 96.6 ± 132 0.1

Thorax dosimeter, mSV ± SD 5.2 ± 25 5.7 ± 20 4.6 ± 29 0.73

Amount of contrast agent, ml ± SD 139.2 ± 76 141.4 ± 88 136.9 ± 62 0.64

mGy/cm2 (milligray.centimeter2) = dose area product = multiplication of the dose and the area exposed
TRA transradial access, TFA transfemoral access, n.s. not significant, TIMI thrombolysis in myocardial infarction, mSV millisievert
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Table 3 Clinical outcomesaccording to accesssite

Variables All patients TRA group TFA group p-value

N = 248 N = 125 N = 125

Primary endpoint: access site complication + need for intervention and/or
prolonged hospital stay

5 (2) 1 (0.8) 4 (3.2) 0.17

Problems at puncture site 2 (0.8) 1 (0.8) 1 (0.8) 0.99

Local bleeding 4 (1.6) 0 (0) 4 (3.2) 0.04

Hematoma 42 (16.9) 11 (8.8) 31 (24.8) 0.0007

Defined large hematomaa 15 (6) 4 (3.2) 11 (8.8) 0.0623

TIMI classification, N (%)

Major bleeding 4 (1.6) 1 (0.8) 3 (2.4) 0.27

Minimal bleeding 210 (84.3) 109 (87.2) 101 (81.5)

Minor bleeding 14 (5.6) 4 (3.2) 10 (8.1)

GUSTO classification, N (%)

Severe or life-threatening bleeding 1 (0.4) 0 (0) 1 (0.8) 0.53

Moderate bleeding 227 (91.2) 113 (90.4) 114 (91.9)

Mild bleeding 1 (0.4) 1 (0.8) 0 (0)

HORIZON classification 5 (2) 2 (1.6) 3 (2.4) 0.65

Cardiovascular mortality at 30-day follow-up 4 (1.6) 1 (0.8) 3 (2.4) 0.31

Myocardial infarction, N (%) at 30-day follow-up 2 (0.8) 0 (0) 2 (1.6) 0.15

Stroke, N (%) at 30-day follow-up 1 (0.4) 0 (0) 1 (0.8) 0.31

Myocardial infraction, N (%) at 1-year follow-up 2 (0.8) 1 (0.8) 1 (0.8) 0.972

TRA transradial, TFA transfemoral, TIMI thrombolysis in myocardial infarction, GUSTO Global Utilisation of Streptokinase or Tpa for Occluded arteries,
HORIZON Harmonizing Outcomes With Revascularization and Stents in Acute Myocardial Infarction
ain TFA > 4 cm
ain TRA hematoma ≥ type II

the primary endpoint, reflecting a clinically relevant
complication at the access site, did not differ between
both groups. Nevertheless, blood transfusions (N = 2)
and one fatal bleeding were experienced only in the
TFA group, but without statistical significance. These
findings might be due to the small simple size of the
study, which was mainly due to a lower than expected
randomization rate resulting in the premature termi-
nation of the trial. Radiation exposure to patient and
operator, as well as contrast agent utilization, were
similar with both access site strategies.

Access site-related bleeding events The femoral
artery access site is a common site for bleeding in
invasively managed patients [12]. In patients with
acute coronary syndrome, assess site-related bleed-
ing events account for 30% of total bleeding com-
plications and up to 50% in patients with ACS with
ST-elevation [13]. Anatomically, the radial artery
lies superficially, has a smaller caliber and is read-
ily compressible making bleeding controllable. In
the presented study, the incidence of local bleed-
ing events was significantly reduced by the use of
TRA compared to TFA. This is in accordance with
other randomized trials, registries and meta-analyses
demonstrating a significant reduction of site-related
bleeding with the use of TRA compared to TFA [4–6].

Vascular access site complications In the presented
study, most of the local bleedings led to hematomas

and occurred significantly more frequently in patients
with TFA compared to TRA. Hematomas defined as
large were by trend more often seen with the TFA ap-
proach. In all reviewed studies, definition of vascular
access site complications varied substantially between
investigators; however, in most studies complications
were more frequent with the femoral approach [2–4,
6, 8–11].

Mortality/morbidity No significant differences in
30-day or 1-year mortality between the two groups
were observed; however, our study was not powered
to assess mortality. In the TFA group bleeding in one
patient was fatal. In many studies, the TRA strategy
was associated with a reduction in all-cause mortality
and/or major adverse cardiac events (MACE) [2–11].
The correlation of reduced bleeding and/or vascular
access site complications with mortality has been
discussed in many studies, but not proven. The exact
impact of the TRA approach on mortality still remains
unclear. It has been shown that hematomas (<15 cm)
do not significantly affect mortality [14]. Earlier am-
bulation with TRA, shorter hospital stay and reduction
of intensive care unit stay may further add to reduced
mortality [5, 6, 10, 15]. All these factors contribute to
reduced hospital costs and simplified patient logistics
with the TRA [16].

Procedure time/radiation exposure Adopting TRA
in acute PCI was often associated with concerns for
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delayed reperfusion caused by longer patient prepa-
ration, longer time to gain vascular access, and po-
tentially more difficult catheter manipulation via the
radial artery. Furthermore, increased radiation expo-
sure was a matter of concern with the TRA strategy.
We were able to document that radiation exposure
to patient and operator measured at three differ-
ent sites in the setting of primary PCI for AMI with
or without ST-elevation did not differ between TRA
versus TFA; however, the radiation dose in the ioniza-
tion chamber showed great variability in both groups,
expressing the different levels of difficulty of the inter-
ventions. Time delay from admission to the catheter
laboratory to balloon inflation or thrombus aspiration
was longer in the TRA group compared to the TFA
group (34 ± 14min vs. 29.5 ± 13min, respectively,
p = 0.018) and may reflect the longer preparation
and/or puncture time. Nevertheless, the procedural
time is also influenced by patient, lesion and oper-
ator factors. Creatinine kinase levels indicating the
infarct size were not different between groups. More-
over, fluoroscopy time and contrast agent used were
comparative in both access strategies.

Study limitations

A major limitation of this study is the low number of
patients. Due to lower than expected recruitment of
patients, the trial was underpowered to prove the se-
lected endpoints, or an impact onmortality. Toomany
patients were lost to 1-year follow-up; therefore, inter-
pretation of 1-year follow-up data is very limited. The
use of antithrombotic agents differed significantly in
many of the TRA trials [17]. The use of more selective
antithrombotic agents compared with heparin plus
glycoprotein IIb/IIIa receptor antagonists has been
shown to reduce access site-related bleeding [18]. In
our study, the use of bivalirudin was very low due to
the infrequent clinical use of this agent at the time this
study was conducted. At that time, bivalirudin was
not yet used as frequently as glycoprotein IIb/IIIa re-
ceptor antagonists. For closure of the femoral access
site, a single closure device was used (AngiosealTM,
St. Jude Medical, St. Paul, MN) in approximately 80%
of the patients. This may have influenced the results,
although the literature reports similar safety and ef-
ficacy outcomes in comparison with other vascular
closure devices and in comparison with manual com-
pression [19, 20]. Retrospective analysis of operator
experience revealed that most of the operators per-
formed up to 96% of the procedures via radial access
and approximately 4–50% via femoral access (supp.
Table 4) which may have influenced femoral access
site complications.

Conclusion

Hematomas occurred significantly more frequently in
the TFA group and bleeding occurred only in the TFA

group. Hematomas defined as large tended to oc-
cur more frequently in the TFA group; however, the
need for subsequent treatment or prolonged hospital
stay was not observed in either of the two access ap-
proaches. The use of the TRA approach as first choice
in primary PCI for the treatment of ACS seems rea-
sonable [21].
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