Transradial angioplasty for ST-elevation

myocardial infarction

Use of the radial artery as the access site for cardiac interventions has been increasing over the last decade.
With this, its application to primary percutaneous coronary intervention (PCl) for ST-elevation myocardial
infarction (STEMI) has also become more common and continues to rise, with increasing interest across
Europe and more recently the USA. The most obvious benefits of this approach are the increased mobility
and patient comfort that is afforded by avoiding a femoral approach. However, as more data is generated
for PCl in general and specifically for PCl for STEMI, the benefits of reductions in access site complications,
and possibly major adverse cardiovascular events, are becoming apparent. These benefits are achieved
without any significant reduction in efficacy. This combination suggests that the current trend of increasing
adoption of the transradial approach in STEMI should continue to broaden.
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Since the widespread introduction of cardiac
catheterization using the Judkins technique, the
transfemoral approach has been the mainstay
in cardiac catheterization. Coronary catheter-
ization using the transradial approach has pro-
gressed significantly, technically as well as with
widespread application and popularity, since
it was first described by Campeau in 1989 [1].
Initially, it was used for diagnostic procedures.
In 1993, Kiemeneij described its application for
interventional procedures [2]. The last decade has
been witness to a progressive worldwide expan-
sion of this approach. Most operators adopting
this technique have initiated their experience
with stable patients undergoing elective proce-
dures [3-5]. However, over the last decade, an
increased number of patients with acute coro-
nary syndrome, including ST-elevation myo-
cardial infarction (STEMI), have undergone
primary percutaneous coronary interventions
(PClIs) with this approach [6-11]. In an era of
aggressive and prolonged antiplatelet and anti-
thrombotic regimens, bleeding has emerged as
one of the most important prognostic factors in
the outcome of patients suffering acute coronary
syndromes and particularly STEMI [12.13]. In
recent years evidence has accumulated to suggest
that in experienced hands, transradial PCI offers
significant advantages to patients, in particular,
lowering bleeding rates and access site-related
complications with a resultant morbidity ben-
efit [611.14]. There are a few small randomized
prospective trials comparing interventions from
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the radial with the traditional femoral approach
in terms of success rate and morbidity, none of
which are powered to demonstrate a mortality
benefit [6-11]. Most of the data has been gener-
ated from registries or case series. In this article
we focus upon patients admitted with STEMI
with particular emphasis on data comparing the
radial and femoral approaches in primary PCI.

Prevalence & geographical
penetration

Owing to disparate penetration and the initial
absence of randomized trials comparing the
transradial to the transfemoral approach, a sig-
nificant geographical diversity has developed
not only between countries but also between
proximate interventional centers. By assessing
different reported studies this disparity becomes
obvious. Approximately 20% of the PCls dur-
ing the years 1999-2005 in British Colombia
were performed using the transradial approach
as reported at the British Columbia Cardiac
Registry. The ratios remain the same among
the patients that were included in the MORTAL
trial over the same years. The study includes
prospectively collected data from approxi-
mately 38,872 procedures performed in four
major centers. Of these, 7972 were performed
using the transradial approach with 90% of
them performed in only one of the four centers
that participated in that study [15]. Two thirds
of the patients were classified as urgent or emer-
gency. In comparison, in the USA, only 1.3%
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of the total PCls were reported to be performed
using the radial approach [16). Of these, non-
STEMI acute coronary syndrome and STEMI
were the indications for referral for interven-
tions in 50 and 3% of patients, respectively. A
recent observational study from a single center
in the UK demonstrates the adoption trend of
the radial approach as the access site of choice
for interventions in acute myocardial infarc-
tions [14]. Of the 1051 primary PCls performed
between 2004 and 2008, the selected access site
was radial in 55% of cases. However, when the
study was commenced, the radial approach was
the site of choice in only 20% of cases, escalating
to 80% by the same operators 4 years later. In
China, 60% of coronary angiography and 56%
of PCI procedures were perfomed via the radial
approach in 2007 [17).

It is clear from the variety of reports from
across the globe that the penetration of the
transradial approach for coronary angiography,
PCI and particularly primary PCI is heteroge-
neous. Despite this, the trends are of increasing
numbers, with the USA being an area of slower
adoption but of increasing interest as witnessed
by the development of new courses such as
those offered by the Society of Cardiovascular
Angiography and Intervention, and the promise
of interventionalists to increase the proportion of
transradial cases within their practices.

Success rates

The crucial issues raised regarding the adoption
of any novel technique are what are the benefits
and at what expense are these achieved. The
benefits of the transradial approach to PCI are

generally claimed to be reduced complication
rates and earlier ambulation as will be discussed
later. The concern of many interventionalists
is: does this come at the expense of our current
standard excellent success rate?

The TEMPURA trial published in 2003 was
the first to prospectively compare transradial to
transfemoral access in the setting of primary
PCI for STEMI (6]. The study was performed
at a single center where the default approach
was radial. Subsequently, a number of addi-
tional small trials were performed comparing
the two approaches [7.9.11]. Conversely, in these
studies, the operators’ prestudy default had
been the transfemoral approach. Overall, the
success rates of transradial PCI in STEMI are
very high in all the trials and are not inferior
to that of the transfemoral approach (Tasie 1).
Patient selection and crossover rates are impor-
tant variables that need to be considered when
comparing the success rate of the two methods
in the different trials. The success rates in the
TEMPURA trial were 96.1 and 97.1% in the
radial-PCI (r-PCI) and femoral-PCI (f-PCI)
groups, respectively [¢]. In RADIAL-AMI (7,
a small Canadian multicenter randomized pilot
trial that enrolled 50 patients, and the FARMI
trial [9], a single-center randomized trial with
a total of 114 patients, the intention-to-treat
success rates were equivalent. In a meta-ana-
lysis published in 2009, Jolly er al. included
23 studies comparing the radial to the femoral
approach for catheterization [18]. The population
studied was diverse and although including some
patients who underwent primary or rescue cath-
eterization, the majority were electively treated

Table 1. Radial versus femoral approach in ST-elevation myocardial infarction: study design, success rates

and complications.

Study (year) Design Radial/femoral (n) Success (%) Crossover MACE (%) Major Ref.
bleeding

TEMPURA (2003) P, R, SC 77172 96.1/97.2 0/1 5.2/8.3 [6]

RADIAL-AMI (2005) P, R, MC 25/25 [7]

Li et al. (2007) P, R, SC 184/186 94.8/94.2 3/2 NA NA (50]

Ziakas et al. (2007) RS, NR, SC 87/68 0/21 (43]

FARMI (2007) P, R, SC 57/57 NA [9]

RADIAMI (2009) P, R, SC 50/50 88/92 [11]

Hetherington et al. (2009) P, NR, SC NA [14]

Weaver et al. (2010) P, NR, SC NA NA (33]

Pancholy et al. (2010) P, NR, MC 109/204 89/91 NA 23.8/25.5* 16/081 [34]

"Major vascular events.

*1-year MACE.

Blood transfusion.

TStatistically insignificant.

MACE: Major adverse cardiovascular events; MC: Multicenter; NA: Not available; NR: Nonrandomized, P: Prospective; R: Randomized; RS: Retrospective;

SC: Single center.
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patients. They neutralized cases of access fail-
ure in order to specifically assess the number
of cases in which the procedure failed because
of an inability to open the target coronary
artery. There was a trend toward higher fail-
ure rate with the radial approach (4.7% r-PCI
vs 3.4% {-PCI; p = 0.2). However, in those
studies performed by experienced transradial
interventionalists, the failure rates were simi-
lar with a p-value of 0.44, reinforcing the fact
that in skilled hands there were similar success
rates. Another meta-analysis published recently
included only studies that focused on urgent
catheterization, for instance, primary or rescue
PClIs 19]. This article included 12 studies and a
total of 3324 patients between 2002 and 2009.
No difference was found in the success rates or
the length of the procedure between the two
methods. In summary, the success rates of the
two approaches appear similar in both elective
and urgent patients, provided the procedure is
performed by an experienced operator.

Crossover

Success rates may be alternatively represented
as success in achieving a patent vessel from the
selected or predetermined access site, or whether
successful revascularization was achieved irre-
spective of the final access used. The anatomi-
cal differences between the radial and femoral
arteries indicate that the approach to each access
site be distinct and site specific. Furthermore,
the anatomical variations of the radial artery,
its smaller caliber, the area it supplies and the
competency of the palmer arches, necessitate
more attention prior to puncture, during wir-
ing, sheath insertion and catheter passage to the
ascending aorta. Additionally, the radial artery
is more prone to spasm, a feature that neces-
sitates judicious use of spasmolytics [20], as well
as minimizing vessel trauma and avoidance of
catheter/sheath to vessel mismatch. Concern
has been expressed about the limitation of guide
catheter size to be used in the radial artery. This
issue has been well addressed by the continuous
miniaturization that has occurred in angioplasty
equipment. The vast majority of transfemoral
procedures are performed in 6F guide catheters
and these are appropriate for radial use in the
majority of patients. This approach has been
adopted by the majority of centers commencing
their transradial experience. Most cases, how-
ever, can be performed in 5F and as such many
centers have adopted this size for standard angio-
plasty from the radial approach. Some special-
ized transradial centers have adopted specialized
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guiding catheters such as the Asahi Sheathless
system (Asahi Intecc, Japan), allowing for larger
bore catheters with smaller puncture sites and
excellent hydrophilicity, all of which contribute
to less radial arterial trauma [21]. This in turn
reduces spasm and theoretically should contrib-
ute to improved long-term patency. The combi-
nation of the need for rapid reperfusion, a small
vessel and the potential requirement for 6 or
7F has dissuaded many interventionalists from
adopting the radial approach in STEMI where
complex bifurcations may be uncovered or where
significant thrombus load may require the use of
aspiration thrombectomy or protection devices.
This same constellation of primary PCI results
in operators having less patience before abandon-
ing the transradial approach and crossing over to
the transfemoral approach in attempts to reduce
door-to-balloon times.

Crossover rates in primary PCI have varied
between 0 and 12% in different reports (Tasce 1).
In the TEMPURA study there were no crossovers
from the radial to the femoral approach [¢]. There
was, however, a single crossover from femoral to
radial. A single radial to femoral crossover of 25
primary PClIs was reported in the pilot study
RADIAL-AMLI. This occurred owing to failure
to cannulate the radial artery. However, in the
FARMI trial, crossovers were far more frequent
with 7 out of 57 (12%) instances, all occurring
at the diagnostic stage [9]. Each of the operators
in these two trials had experience of greater than
100 cases of transradial PCI prior to enrolling
patients in the trial. Four out of 50 patients in the
radial arm of the RADIAMI trial crossed over to
femoral approach, three of them due to positive
Allen tests [11]. Similar patients were excluded
from randomization in most of the other trials,
such that radial failure or crossover rates remain
similar. Crossover rates in a recent meta-analysis
were divided into two categories: inability to can-
nulate the access artery and procedural failure
due to inability to open the coronary artery after
successful cannulation. Access site cannulation
failure was significantly higher with the radial
approach. Following arterial cannulation, success
rates were similar with a slight trend to the femo-
ral approach [18]. In a meta-analysis that focused
on urgent catheterization, crossover rates were
significantly higher using the radial approach
(19]. Most operators prefer right radial artery
access as the access site of choice. Some use the
left radial artery when they expect technical dif-
ficulties with the right radial approach, as is the
case in patients with an 77 situ left internal mam-
mary graft. A comparison of left and right radial
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approaches reached inconclusive results with
respect to success rates and procedural times.
While in most studies the right radial approach
was the default approach for radial access [22],
other studies indicate left radial access superior-
ity [23,24]. A retrospective analysis of 135 STEMI
patients, 85 from the right radial artery and 50
from the left, revealed that there was no differ-
ence between the groups in terms of procedural
success, length or complications [25].

There is no doubt that the additional tech-
nical challenges that the interventionalist faces
from the transradial approach have significant
impact at the early stages of the learning curve.
As the interventionalist generates greater expe-
rience, the necessity to crossover to the femoral
approach becomes a rare event. Additionally, the
transradialist has little concern in crossing over
to the femoral technique when this is necessary,
however, the majority of operators not skilled in
the transradial technique have limited options
when faced with insurmountable obstacles dur-
ing the a priori decision to adopt the femoral
approach, particularly during primary PCI

where time is of the essence.

Access site complications

Current increasing use of antiplatelet and anti-
thrombotic agents has dramatically reduced post-
PCl ischemic events [26,27]. Their widespread use
on the one hand, and the miniaturization of the
equipment on the other, have resulted in a reduc-
tion of access site complication frequency, but
with an associated potential increase in the bleed-
ing severity of individual cases. In fact, when
taking into account traditional major adverse
cardiovascular events (MACE) and bleeding,
the effect of bleeding is almost as important
as postprocedural ischemia, particularly peri-
and post-procedural access site bleeding [12]. A
greater than twofold reduction in major access
site bleeding rates in the femoral PCI approach
was demonstrated in a single center retrospective
study spanning 1994 to 2005 [28]. Brendan ez
al. reported a significant reduction, from 8.4%
between 1994 and 1995 to 3.5% between 2000
and 2005, respectively. These changes were
attributed to the use of smaller sheath sizes, a
reduction in the postprocedural anticoagula-
tion treatment and procedural duration. A total
of 60-70% of the patients in that study were
reported as having undergone urgent or emer-
gency PCI. Interestingly, there was no significant
difference in the major bleeding rates between
these acute patients and the elective patients,
contrary to what may have been expected.
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Although the bleeding rate from the femoral
approach has reduced significantly over recent
years, it remains a troublesome issue. In a single-
center prospective study that included 1703 PCls
performed for a variety of indications, includ-
ing 15% of STEMI, a significantly lower rate of
major bleeding events was reported in men when
compared with women treated using the femoral
approach [29]. This difference was not apparent
in patients treated using the radial approach,
owing to an extremely low bleeding rate
(0.06%). Of all patients treated using the tran-
sradial approach in this study, only a single case
of major bleeding was noted. Gender, peripheral
arterial disease, older age, IIB/IIIA usage and
the urgency of the procedure were all found to
be related to bleeding tendency and access site
complication, each of which were significantly
reduced by the use of transradial access. STEMI
patients treated with abciximab had significantly
lower access site complications with the radial
compared with the femoral approach as evident
from the recently published EUROTRANSFER
registry [30]. There were significantly lower access
site complications among patients suffering from
peripheral arterial disease who underwent pri-
mary PCI using the radial approach (31]. In the
previously described registry from the USA,
only 3% were STEMI patients. The procedural
success rates were equal, however, a significant
reduction in access site bleeding and complica-
tions were noted [16]. In the PREVAIL study, in
which approximately 10% of the procedures per-
formed were primary PCI, the major bleeding
rate was exceptionally low at 0.4%. Intention-to-
treat total bleeding rate was not statistically dif-
ferent between both arms, but was statistically
lower in the radial group in per treatment ana-
lysis [32]. In studies that included only primary
PCls, there was a trend toward lower bleeding
rate in patients treated with the radial approach.
In view of the small patient numbers included
in these studies and a resultant lack of power to
detect such differences, reduction of bleeding
rates with the radial approach did not achieve
statistical significance in most of the trials. In
the FARMI trial, in which 114 STEMI patients
were randomized, there were three major bleed-
ing events in each group in the intention-to-treat
analysis [9). However, all of the cases of major
bleeding in the radial approach group occurred
following crossover to the femoral approach,
such that in a per-protocol assessment, there were
no transradial vascular complications. Weaver
reported a trial specifically designed to assess
the time taken to flow restitution with primary
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PCl in the radial approach when compared with
the femoral approach [33]. There were seven out
of 124 (5.7%) cases of access site major bleeds
in the radial group as compared with 16 out of
116 (13.8%) in the femoral group (p = 0.05).
In another study on a primary or rescue PCI
population, patients older than 70 years of age
demonstrated lower radial access site major
bleeding (none of 87) when compared with the
femoral approach (two out of 68). Pancholy e a/.
reported significantly higher access site compli-
cations in patients treated with femoral primary
PClIs (20 events in 204 patients) as compared
with transradially treated patients (one event in
109 patients) with 16 requiring blood transfu-
sions as opposed to none in the radial group [34].
A retrospective analysis of 582 STEMI patients
demonstrated significant lower major and minor
access site complications among patients treated
by the radial approach compared with the femo-
ral approach. In fact, there were no major access
site complications in the radial primary PCI
group compared with 5% at the femoral pri-
mary PCI group (p < 0.05). MACE rates were
also significantly reduced in the radial group (4
vs 11%, respectively; p < 0.05) [35].

The negative prognostic implications of
peri- and postprocedural bleeding are well
established in the literature, particularly their
association with an increased mortality rate
(12,28,36-38]. There are many theories that try to
explain the high mortality rates among patients
that had major bleeding, particularly among
those requiring blood transfusion. Early cessa-
tion of antiplatelet therapy and hemodynamic
changes may only be part of the explanation.
Additionally, there is evidence that stored blood
has proinflammatory and prothrombotic effects
(39], increased red blood cell viscosity, a tendency
to aggregate [40] and impaired vasodilatory
effects due to reduced NO [41]. All these factors
may contribute to the poorer outcome amongst
bleeding patients.

Based upon this, it seems likely that the radial
approach to primary PCI would result in lower
mortality rates due to lower access site major
bleeding. It is important to note, however, that
to date no study has demonstrated a decrease
in mortality among radial approach primary
PCI patients when compared with the femoral
approach. Although not specific to primary PCI,
the MORTAL study demonstrated mortality
benefit in the radial group compared with the
femoral group for the first time [15]. In this study,
data was gathered prospectively from four high-
volume centers. Extremely elevated mortality
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rates were noted in the patients that required
blood transfusion. Transfused patients had mor-
tality rates of 12.6 and 22.9% at 30 days and
at 1 year, whereas in the patients not requiring
transfusions, the 30-day and 1-year mortality
rates were 1.3 and 3.2%, respectively, find-
ings that are consistent with previous studies.
30-day mortality rates were 1 and 1.7%, with
1-year mortality rates of 2.8 and 3.9% for the
radial versus femoral approaches, respectively
(p < 0.01). It was calculated that the preven-
tion of 15 blood transfusions would result in the
saving of one patient life.

In order to further elucidate this issue, a num-
ber of meta-analyses were performed assessing
access site outcomes. In the first, published in
2004, Agostoni et al. included 12 studies that
compared the radial to the femoral approach in
3224 patients [42]. Predominantly ambulatory
patients were studied, with only a single study
including STEMI patients. The access site com-
plications with the radial approach were much
lower when compared with the femoral approach,
however, at the expense of a slightly lower success
rate but with an equivalent MACE rate. In a
more recent meta-analysis that included 23 ran-
domized trials with 7020 patients of which a sig-
nificantly higher percentage of patients suffered
acute coronary syndromes including STEMI, a
73% reduction in major bleeding was noted in
the transradial group (odds ratio: 0.27; 95% CI:
0.16-0.45; p < 0.001) (18]. It also demonstrated a
trend toward a lower MACE rate and mortality
in the radial group.

Most recently, a meta-analysis specifically
comparing the use of the transradial to the
transfemoral approach in primary and rescue
PCI for STEMI was published [19]. It included
3324 patients from five randomized trials
and seven observational studies. The radial
approach reduced the risk of major bleeding by
70%, with an associated reduction of the com-
posite end point of death, MI and stroke (3.65
vs 6.55%; odds ratio: 0.56; 95% CI: 0.39-0.79;
p = 0.01). A definitive randomized study pow-
ered to assess a mortality benefit resulting from
access site is necessary.

Time, radiation & contrast

The importance of rapidly restituting flow through
the culpritlesion in STEMI has been demonstrated
many times in the past. In most cases, the length
of the procedure correlates directly with contrast
medium volume used and the amount of radia-
tion to which the patient and operator are exposed.
Particularly with less experienced operators, access
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to the smaller caliber radial artery and coronary
engagement may be more challenging. As such,
the concern has been voiced that radial access
procedures may be prolonged, with such dif-
ferences more pronounced and more critical in
STEMI patients than stable patients undergoing
elective PCI. It is also reasonable to consider that
an operator’s median procedure length will have
direct correlation with crossover rates, MACE and
access site complication, while an inverse correla-
tion will be found with success rates. All of these
outcomes should be dependent upon the operator’s
experience with the radial approach.

In a recent meta-analysis that included urgent
patients as well as ambulatory patients [18], the
mean procedure time was 3.1 min longer in the
radial patients than those treated via the femoral
route. The authors conjecture that the diversity
in procedural length between the different trials
was predominantly dependent upon the opera-
tor’s experience. The mean time for -PCI was
1.7 min longer than f-PCI in the hands of opera-
tors that have great experience in PCls using the
radial approach compared with 4.7 min in nonra-
dial experts. Radiation exposure was also greater
with the transradial approach, as estimated by
fluoroscopy time. In the TEMPURA trial, the
procedural lengths, the amount of contrast and
fluoroscopy time were all lower in the r-PCI com-
pared with the femoral PCls (Tapie2) 6]. Procedure
time was 44 + 18 versus 51 + 21 min (p = 0.033)
in the radial versus the femoral approach, respec-
tively. The contrast volume used and the fluoros-
copy time were lower in the radial group, but this
difference did not attain statistical significance.

Conversely, in the RADIAL-AMI trial, the
contrast use and fluoroscopy time were greater in
the radial primary PCls [7]. In this study, in an
attempt to more closely determine the effects of
different components of procedural length with
particular emphasis on minimizing door-to-
balloon time in STEMI patients, the procedure
time was divided into several segments. The time
from local anesthetic injection to first balloon
inflation was longer in the radial primary PCls
(32 min) when compared with the transfemoral
PClIs (26 min; p = 0.04). These findings sup-
port the suppositions that for most operators the
radial artery is more time consuming to punc-
ture, and the passage to the coronary artery and
catheter manipulations are more challenging
compared with the femoral approach.

Several other trials have also demonstrated
that the procedure time, fluoroscopy time and
contrast medium volumes were greater when the
radial approach was used, however, in most cases
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the differences were small and not statistically
significant. In one study the procedural time was
shorter in the radial approach but in that study
seven patients in whom the radial approach
failed, were excluded [43]. In the FARMI trial,
the radial approach procedure took, on average,
6 min longer when compared with the femoral
approach [9]. This prolongation is markedly lon-
ger than that found in most other trials and is
probably associated with the high rates of failed
procedures and crossover rates from the radial
approach in this study.

Conversely, in a single-center US study, that
compared door-to-balloon time between both
access routes, the radial approach was on aver-
age 10 min shorter for the entire procedure
(33]. This study examined the entire procedure
and divided portions of the procedure into
timed segments. When looking at the proce-
dural segments that were specifically related
to the access site such as case commencement
to balloon inflation, the radial approach was
slightly faster, 30.8 min in the radial group
versus 34.6 min in the femoral group. Another
recent single-center study from the USA com-
pared door-to-balloon time in primary PCI,
in which 313 patients were divided into two
groups, 204 in the femoral group and 109 in
the radial group. Five operators participated in
this study, with two radial experts and three
femoral experts. The door-to-balloon time was
not significantly different, with trend to shorter
time with the radial access approach [34].

In summary, in current day practice some
prolongation of procedural time may be noted
in some centers, particularly those centers with
limited transradial experience. However, in
most studies the difference is minimal without
any significant difference in contrast material
volume or fluoroscopy time used. The nursing
aspects requiring preparation and draping of
both the radial and femoral sites as well as the
puncturing of the smaller vessel, make it likely
that a small time delay will remain with the
radial approach. This has led some operators
to suggest not draping the groin at all, but this
remains controversial. It seems inevitable that
as more operators and laboratory staff develop
greater experience in the transradial approach,
these differences will minimize such that its
differential impact on MACE will be negligible.

MACE

The effects of access site on MACE rates are
multifactorial, based upon a combination of suc-
cess rates, complications and procedural delays.
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Study (year) Procedural length Time (min) Fluoroscopy Contrast Ref.

r/f time (min) use (ml)
TEMPURA (2003) Total procedural time 44/51° 15.1/16.1 180/186 (6]
RADIAL-AMI (2005) Local anesthetic to balloon 32/26" 11.3/9 210/180 (7]
Li et al. (2007) Total procedural time 56.2/54.8 NA NA (50]
Ziakas et al. (2007) Cath lab to balloon 38.8/44% 13/15.7 212/238 (43]
FARMI (2007) PCI duration 28/26 13/8" 175/164 Bl
RADIAMI (2009) Total procedural time 58.3/55.1 10.9/11.2 198/197 (11]
Hetherington et al. (2009) Needle to balloon 17117 25/32s 210/240  [14]
Weaver et al. (2010) Cath lab to balloon 28.4/32.7"  12.5/15.21 168/186"  [33]
Pancholy et al. (2010) Door to balloon 70/72 NA NA [34]
0 < 0.05.

*Failed r-PCl not included.
Radiation dose absorbed (Gy/cm?).

NA: Not available,; PCI: Percutaneous coronary intervention, r/f: Radial/femoral.

There was no difference in either in-hospital or
6-month MACE rates between the two arms
(transradial and transfemoral) in the random-
ized TEMPURA trial [6]. More than half of the
patients underwent repeat angiography within
6 months after first admission, which demon-
strated no difference between target vessel diam-
eters between the two groups. The majority of
primary PCI trials demonstrated no significant
difference in MACE rates in the radial group com-
pared with the femoral group, but none of these
trials was large enough or adequately powered to
distinguish such a difference (Taste 1).

In a meta-analysis by Vorobesuk er al., 12
studies were included in the MACE rate cal-
culation [19]. Most of these individual studies
demonstrated trends to reduce MACE rates with
radial access without demonstrating statistical
significance. In the meta-analysis, however, a sig-
nificant MACE benefit in favor of radial access
was clearly demonstrated.

Early ambulation & discharge

Competent management of arterial access
sheaths and their removal represent major steps
towards the reduction of bleeding complica-
tions. Traditionally, removal of the femoral
sheath is delayed post-PCI for a number of hours
to allow normalization of coagulation following
intra-procedural medication. It is then removed
either empirically or following an assessment of
coagulation by using some laboratory measures
such as activated clotting time. In some centers,
femoral sheaths are removed immediately on the
table at the conclusion of the procedure by using
a closure device. A number of these devices are
available and have been shown on the whole to
be effective at reducing time to ambulation but
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without reducing bleeding rates 44] and in some
reports have even resulted in increased bleeding
rates [45]. Conversely, when using the transradial
approach, the sheath is removed immediately
at the completion of the procedure and a com-
pression device placed. This allows for imme-
diate ambulation without the risk of increased
bleeding rates.

Early ambulation allows for the early dis-
charge of patients that have undergone PCI
using the transradial approach with the addi-
tional advantage of lower costs due to shorter
hospitalization. This is true particularly for
ambulatory patients [46].

Patients admitted with acute myocardial
infarction undergoing primary PCI, however,
routinely remain hospitalized for a number of
days; therefore the length of hospital stay is not
directly influenced by the access site. It may, how-
ever be influenced by an associated hematoma
and vascular complications. Early discharge
was successful among 62% (62 out of 100) of
patients admitted with acute myocardial infarc-
tion [27]. The patients were catheterized by the
radial approach, underwent stent implantation
and treated with tirofiban per protocol. In the
TEMPURA trial, the investigators adopted an
early discharge protocol, with planned discharge
being on the third hospitalization day [6]. There
are several scoring methods to assess the risk for
adverse events after myocardial infarction, for
instance, the CADILLAC score is a simple and
popular choice [47]. Mean hospital stays were 5.7
and 7.4 days for the transradial and transfemo-
ral approaches, respectively. Furthermore, dis-
charge on day 3 was successful in 58.9% of the
patients treated transradially with only 48.5% in
the femoral approach group. Owing to the small
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study size these findings did not attain statistical
significance (p < 0.204) nor did the reduction of
hospitalization cost (p < 0.591).

In an additional single-center observational
study with prospectively collected data, hospital
stay was 2.46 days in the transradial group and
3.51 days in the transfemoral group (p < 0.001)
(14]. In other studies, hospital stay was not
different in other primary PCI trials [9,43].

In conclusion, following uncomplicated pri-
mary PCI for STEMI, hospital stay is mainly
influenced by the underlying disease and not by
access site. However, there are some data demon-
strating a reduction of hospital stay in PCI centers
with transfer back to referring centers within a
few hours [48]. Nonetheless, the increasing popu-
larity of early discharge protocols in association
with the reduced incidence of access site compli-
cations when using the radial approach are likely
to result in a difference in hospitalization length
and cost when the two approaches are compared.

Conclusion

Recent years have seen a dramatic change in
the access site of choice in some centers and
countries. In most centers where the radial
approach was adopted, it has become the
default approach for primary PCls as well.
Excellent success rates have been demonstrated
with the radial approach. Publications to date

give the impression that once an operator has
become familiar and expert with the radial
approach in elective cases it soon progresses to
become the access site of choice for urgent cath-
eterizations. Success rates, equivalent radiation
exposure and contrast doses compared with
the femoral approach probably all contribute
to this trend. In addition, the radial approach
permits early ambulation with greater patient
convenience. However, the most important
benefit is the reduction of access site compli-
cations. While there is a trend toward lower
MACE rates, small trial sizes with inadequate
statistical power have probably resulted in an
inability to demonstrate this conclusively. To
date, the radial approach offers many real ben-
efits, however, we are in need of larger studies,
with the power to demonstrate significant ben-
efits in morbidity and probably mortality with
this technique.

Future perspective

The indications that we are getting from stud-
ies and meta-analyses are that the transradial
approach for STEMI patients along with
improved patient comfort affords outcome
benefits, particularly those related to access site
complications. These benefits may be poten-
tially shown to result in MACE and mortality
benefits in larger more statistically powerful

Primary transradial percutaneous coronary interventions (PCls) compared with primary transfemoral PCls: success rate
Equal and very high success rate in both approaches.
Patients presenting with cardiogenic shock or after coronary artery bypass were excluded from most trials.
Right radial approach is equal to the left radial approach in terms of success.
Primary transradial PCls compared with primary transfemoral PCls: crossover rates
Higher in the radial approach compared with the femoral approach.
Do not have significant impact on success rate in the intention-to-treat calculation.
In inverse relation to the operator experience and are practically negligible in high volume, radial-oriented centers.
Primary transradial PCls compared with primary transfemoral PCls: access site complication
Much higher in the femoral approach.
Major access site bleeding almost eradicated with the radial approach.
Although trends toward reduction in access site major bleeding exist, large randomized, prospective, multicenter studies are needed in
order to demonstrate a significant difference and mortality benefit.
Primary transradial PCls compared with primary transfemoral PCls: patient safety & satisfaction
Same amount of contrast use.
Equal radiation exposure.
Equal procedural length.
Primary transradial PCls compared with primary transfemoral PCls: major adverse cardiovascular event (MACE) rates
Small trials demonstrate equal MACE rates in both approaches.
Lack of large randomized trials that compare the two approaches in ST-elevation myocardial infarction.
Single meta-analysis demonstrates significantly lower MACE in the radial approach.
Primary transradial PCls compared with primary transfemoral PCis: mobility
Early ambulation due to immediate sheath extraction and excellent control on access site.
No difference in hospitalization length in small trials.
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studies. The RIVAL trial and a substudy from
the CURRENT trial are both prospective, ran-
domized trials that compare the radial approach
to the femoral approach in acute coronary syn-
drome patients. The RIVAL study results were
recently published and demonstrated no mor-
tality benefit for the transradial approach in the
total population [49]. A specific subanalysis of
primary PCI in STEMI patients is ongoing and
with the results of these and more studies over
the next 5-10 years, we are confident that such
benefits will be well established. This in turn
will generate further momentum for the trend
of broader adoption of the transradial technique
across the globe. As we train a younger genera-
tion of interventionalists that are more ‘radial
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