Effectiveness and safety of transradial artery access for
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The transradial approach for coronary angiography and angioplasty, while
not new, is gaining momentum again as a viable alternative to the transfemoral approach. While technically it may have some challenges, there
are significant benefits including reduced patient discomfort, improved
time to ambulation, reduction in costs, and reduction in potentially lifethreatening complications. The technique is not difficult to learn, and
the equipment is similar to that used in more traditional approaches. To
expand awareness of this method, this article discusses the history of
the technique, reviews the data comparing it to the more widely used
transfemoral technique, and discusses some of the experience at Baylor
University Medical Center at Dallas, where this approach has been gaining popularity.

I

n 2007, over 1 million diagnostic coronary angiograms and
over 1 million coronary angioplasties were performed (1).
Since this is an invasive procedure, there are risks including
(but not limited to) death, stroke, and bleeding. The risk
of a life-threatening complication is low, roughly 1 in 1000
(2, 3). This overall risk has remained stable over the last few
decades, despite increased utilization of blood thinners and ad
hoc angioplasty as a commonplace occurrence (4). The most
common complication associated with coronary angiography is
bleeding at the access site (5). Since most coronary angiograms
are performed through the transfemoral technique, most of the
bleeding complications that are seen tend to be related to femoral access. Arterial access through the transradial approach was
described in the late 1980s for both diagnostic angiography and
percutaneous coronary intervention (PCI) (6, 7). Lately, this
technique has been gaining acceptance from the interventional
community as an alternative to traditional femoral access (8).
This report focuses on the advantages of the transradial over the
transfemoral approach.

THE RADIAL TECHNIQUE
Unlike transbrachial artery access, with transradial access
there is less of a chance of limb-threatening damage since there
is usually adequate collateral blood supply from the ulnar artery
to the palmar arch (Figure 1). Prior to accessing the radial artery, Allen’s test can be helpful for evaluating patency of ulnar
artery circulation (9). To perform this test, the patient’s radial
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Figure 1. The dual circulation of the hand, with arterial flow from both the radial
artery and the ulnar artery. If a patient were to incur damage to the radial artery,
there is less chance of significant vascular compromise of the hand due to
collateral arterial flow through the ulnar artery.

and ulnar arteries are compressed and then the patient is asked
to make a tight ﬁst with that hand. This compresses the blood
from the hand and blanches the palm. The ulnar artery is then
released, and the time it takes for the hand to return to a normal
color is measured. Typically, the test is considered “positive”
or “normal” when the time to return of normal color is 5 or 6
seconds (10). This test can be performed using plethysmography, which is useful in patients with darker-colored skin or in
patients whose radial or ulnar pulses are diﬃcult to accurately
palpate (11).
Patients are placed in a standard supine position on the
catheterization lab table. Their right arm is placed immobilized and the wrist is hyperextended and then draped in
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After the
patient receives
drugs to reduce
arterial spasm
and thrombosis,
diagnostic catheters are inserted
and coronar y
angiography or
angioplasty can
b
a
be performed.
In patients who
are particularly
tall, longer catheters (>110 cm)
may be necessary because the
distance between
the wrist and
the coronaries
is greater than
from the femod
c
ral artery to the
heart. Coronary
Figure 2. (a) For coronary catheterization, the patient’s arm is placed on a side board (e.g., Rad Board pictured), and the wrist is supported
catheters that
and hyperextended to expose the radial artery. (b) The wrist is sterilely prepared and draped with a separate fenestrated drape. (c) A
are shaped for
micropuncture kit is used with a highly tapered, hydrophilic sheath, which reduces the trauma of insertion and removal. (d) Newer-shaped
use through the
catheters have been developed that allow a single catheter to be used for ventriculography as well as right and left selective coronary
injections. (Images courtesy of Radial Assist, Roswell, GA, and Terumo Cardiovascular, Ann Arbor, MI.)
femoral artery
approach may be
sterile fashion (Figures 2a and 2b). The radial artery is accessed
used from the wrist. A number of specially shaped catheters
using a direct or modiﬁed Seldinger technique, and a sheath
(Figure 2d) have been created, which enable the operator to
is inserted over a guide wire using a vascular micropuncture
obtain both left and right coronary angiograms as well as a
kit and a highly tapered, hydrophilic sheath (Figure 2c) (12).
ventriculogram without having to switch to a diﬀerent catheter
Hydrophilic sheaths make both insertion into the artery and
(Figure 3).
removal much less traumatic than with traditional arterial
sheaths (13).
COMPARISON BETWEEN THE TRANSRADIAL AND
The right radial artery is usually accessed, as it is closer
TRANSBRACHIAL TECHNIQUES
to where the operator is standing. Accessing the left radial
Transbrachial access has a success rate similar to that of
artery is equally feasible and may be less challenging when
transradial approaches (19). However, it is technically more
the great arteries are tortuous (14). For patients who have
diﬃcult if a cutdown is used, and theoretically there is less risk
had previous coronary bypass grafting, the left radial apof limb ischemia with the radial approach (20).
proach provides better access to the left internal mammary
artery (15).
COMPARISON BETWEEN THE TRANSRADIAL AND
Once the sheath is in place, the patient is given mediTRANSFEMORAL TECHNIQUES
cation to reduce spasm as well as anticoagulants to reduce
Compared with the transfemoral approach, the biggest
the chance of thrombosis. Medications that seem to work
beneﬁt of the transradial technique is the reduction of access
best to reduce spasm include either verapamil (up to 5 mg)
site complications. Metaanalyses of smaller trials have suggested
or nitroglycerine (50–100 mcg) given directly through the
reductions in bleeding, as well as trends towards reductions in
sheath into the radial artery immediately after sheath insermyocardial ischemic events and death due to these bleeding
tion (16). Heparin reduces the chances of thrombosis, and it
reductions (21). Patients who underwent coronary procedures
doesn’t seem to matter if it’s given through the access sheath
through the radial artery had a statistically signiﬁcant reduction
or systemically (17). Standard dosing regimens have included
in both major and minor bleeding (4.2% vs 1.96%, P = 0.03)
weight-based approaches (50–70 U/kg up to 5000 U maxiand death or myocardial infarction (3.1% vs 0.6%, P = 0.005)
mum) and weight-independent approaches (3000–5000 U)
(22). This reduction of bleeding was present when patients were
(16–18). Anticoagulants such as bivalirudin seem to be as
randomized to either radial or femoral artery access and was
eﬀective as heparin in reducing thrombotic events (18).
even more dramatic in patients who were sickest (e.g., acute
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technique, there
is very little difference in rates
of successful access (30). There
is also very low
rate of crossover
to a femoral site
when converting
from diagnostic
angiography to
angioplasty (21,
30–32).
There are
also challenges
when it comes to
b
a
catheter manipulation. Since the
radial artery is of
a caliber close to
that of the catheter itself, radial
artery spasm can
occur, which can
make manipulation of the catheters much more
difficult (33).
Much of this
can be mitigated
by use of sheath
sizes that are appropriate to the
d
c
caliber of the
patient’s radial
Figure 3. An example of a cardiac catheterization performed through the radial artery approach. (a) A ventriculogram is performed using
artery as well as
a multi-purposed catheter. (b) The same catheter is used to perform selective coronary injection, which shows a high-grade lesion (arrow)
in the left anterior descending artery. (c) A standard guiding catheter is used through the radial artery approach, through which a stent
through the use
is placed across the coronary lesion (arrow). (d) The final result of the coronary intervention is good, without residual stenosis. Even with
of medicines to
anticoagulation for the coronary intervention, there is no risk of groin complications and a minimal requirement for bed rest, as the entire
reduce spasm
procedure was performed through the wrist.
(16, 34). Some
of the diﬃculty
myocardial infarctions) and patients who were the most heavily
with catheter manipulation relates to the course the catheter
anticoagulated (23–27).
must take to navigate the right subclavian artery to the ascending
The second beneﬁt from the transradial approach is patient
aorta. Although this manipulation is typically not insurmountsatisfaction. Since patients need not remain ﬂat (as required
able in experienced hands, there is evidence that an approach
after femoral access), they tend to have less overall discomfort
from the left radial artery may minimize some of these diﬃculrelated to their procedure, and this is reﬂected in improved
ties (35). There is also signiﬁcant variation in forearm arterial
satisfaction (28, 29).
anatomy, some of which is diﬃcult to traverse with even ﬂexible
coronary catheters (36).
CHALLENGES WITH TRANSRADIAL PROCEDURES
One of the biggest concerns about performing cardiac cathOVERALL BENEFITS
eterization through the radial artery is obtaining access. The
Despite the aforementioned diﬃculties, the beneﬁts of the
technique is similar to the transfemoral technique, but given the
transradial approach lie in its earlier ambulation times and reduced
smaller size of the radial artery and the tendency of the radial
need for painful clamps. Patients’ satisfaction was higher with this
artery to spasm, it is sometimes harder to place a sheath. Once
approach than with the transfemoral approach (28, 29). There is
operators have gained some experience in the micropuncture
also a cost savings with this approach, both directly due to reduced
July 2011
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equipment needs and indirectly due to the reduced need for postprocedure observation and reduction in bleeding complications
(29, 37). The transradial approach can even facilitate outpatient
PCI with safe same-day discharge (38, 39).
BAYLOR DALLAS EXPERIENCE
Until a few years ago, most radial procedures at Baylor University Medical Center at Dallas were performed on patients
because of diﬃculties obtaining femoral access. Radial procedures were relegated to those patients who had severe peripheral
arterial disease (e.g., occluded distal aorta) or who were morbidly obese. With the newer generations of sheaths, the newer
catheter shapes, and the renewed interest of the interventional
community in the transradial approach, it is increasingly being
utilized as a routine strategy for patients undergoing coronary
angiography and angioplasty.
In our catheterization lab, the patient’s femoral artery is
prepped and draped in standard fashion as a backup access site
in case the transradial approach fails. Hydrophilic sheaths and
micropuncture kits are used universally for obtaining radial
access. Once the sheath is in place, a 5-mg dose of verapamil
is used as the agent of choice to reduce radial artery spasm. A
lower dose of heparin (2500 U, not weight based) is used as a
baseline antithrombotic, and then bivalirudin is used if ad hoc
angioplasty is performed. In general, for smaller patients, a 5 Fr
diagnostic catheter is used and then upsized to 6 Fr if intervention needs to be performed.
The catheters used for diagnostic evaluation vary, but most
cases begin with a multipurpose catheter such as a Jacky or Tiger
catheter (Terumo Cardiovascular, Ann Arbor, MI), which can
be used for both ventriculography and coronary angiography
(Figure 3). Most of the time, a single catheter is needed for the
entire procedure. If a coronary intervention is necessary, standard guides are used. At this time, we are typically not using the
transradial approach for cases of acute myocardial infarction.
However, this approach has been used in our lab in such cases
when femoral access is not feasible.
After the procedure, all equipment is removed, and a TR
Band hemostatic device (Terumo Cardiovascular, Ann Arbor,
MI) is placed over the arteriotomy and inﬂated. The sheath
is then removed in the lab before the patient leaves. In our
diagnostic-only cases, patients go directly to the ﬂoor. The nursing staﬀ has a protocol for removal of the hemostatic band.
Patients who receive angioplasty or stents go to a recovery area
for approximately an hour and then go to the ﬂoor, where the
TR Band is removed per protocol. Since very little heparin is
given for diagnostic cases, typically hemostasis is achieved in
<2 hours. Our interventional patients, most of whom receive
bivalirudin, spend several hours after leaving the recovery area
with the hemostatic band in place before it is removed by the
nursing staﬀ on the ﬂoor.
The success rate for diagnostic angiography through the
radial artery is well over 90%, and it is rare to need to switch
to a femoral approach. To date, there have been no major access site complications related to any radial artery procedure at
our institution.
208

1.

2.
3.

4.

5.

6.
7.
8.

9.
10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ, Eagle KA,
Legako RD, Leon DF, Murray JA, Nissen SE, Pepine CJ, Watson RM,
Ritchie JL, Gibbons RJ, Cheitlin MD, Gardner TJ, Garson A Jr, Russell RO Jr, Ryan TJ, Smith SC Jr. ACC/AHA guidelines for coronary
angiography: executive summary and recommendations. Circulation
1999;99(17):2345–2357.
Sabri N. Complications of cardiac catheterization, coronary angiography,
and coronary interventions. J Invasive Cardiol 1994;6(9):300–305.
Green GS, McKinnon CM, Rösch J, Judkins MP. Complications of
selective percutaneous transfemoral coronary arteriography and their
prevention. A review of 445 consecutive examinations. Circulation
1972;45(3):552–557.
Kimmel SE, Berlin JA, Hennessy S, Strom BL, Krone RJ, Laskey WK. Risk
of major complications from coronary angioplasty performed immediately
after diagnostic coronary angiography: results from the Registry of the
Society for Cardiac Angiography and Interventions. J Am Coll Cardiol
1997;30(1):193–200.
Johnson LW, Lozner EC, Johnson S, Krone R, Pichard AD, Vetrovec GW,
Noto TJ. Coronary arteriography 1984–1987: a report of the Registry
of the Society for Cardiac Angiography and Interventions. I. Results and
complications. Cathet Cardiovasc Diagn 1989;17(1):5–10.
Kiemeneij F, Laarman GJ. Percutaneous transradial artery approach for coronary stent implantation. Cathet Cardiovasc Diagn 1993;30(2):173–178.
Campeau L. Percutaneous radial artery approach for coronary angiography. Cathet Cardiovasc Diagn 1989;16(1):3–7.
Caputo RP, Tremmel JA, Rao S, Gilchrist IC, Pyne C, Pancholy S, Frasier
D, Gulati R, Skelding K, Bertrand O, Patel T. Transradial arterial access
for coronary and peripheral procedures: executive summary by the transradial committee of the SCAI. Catheter Cardiovasc Interv 2011 May 4.
doi: 10.1002/ccd.23052 [Epub ahead of print].
Hildick-Smith D. Use of the Allen’s test and transradial catheterization.
J Am Coll Cardiol 2006;48(6):1287; author reply 1288.
Puttarajappa C, Rajan DS. Images in clinical medicine. Allen’s test. N
Engl J Med 2010;363(14):e20.
Barbeau GR, Arsenault F, Dugas L, Simard S, Larivière MM. Evaluation
of the ulnopalmar arterial arches with pulse oximetry and plethysmography: comparison with the Allen’s test in 1010 patients. Am Heart J
2004;147(3):489–493.
Mangar D, Thrush DN, Connell GR, Downs JB. Direct or modiﬁed
Seldinger guide wire-directed technique for arterial catheter insertion.
Anesth Analg 1993;76(4):714–717.
Rathore S, Stables RH, Pauriah M, Hakeem A, Mills JD, Palmer ND, Perry
RA, Morris JL. Impact of length and hydrophilic coating of the introducer
sheath on radial artery spasm during transradial coronary intervention: a
randomized study. JACC Cardiovasc Interv 2010;3(5):475–483.
Kanei Y, Nakra NC, Liou M, Vales LL, Gowda R, Rosero H, Kwan T, Fox
JT. Randomized comparison of transradial coronary angiography via right
or left radial artery approaches. Am J Cardiol 2011;107(2):195–197.
Lee JH, Kim MJ, Cha KS, Choi JH, Lee SY, Nam YH, Park JS, Chung
SH, Kum DS, Park TH, Kim MH, Kim YD. The feasibility of bypass graft
angiography by right radial access. Korean Circ J 2009;39(8):304–309.
Chen CW, Lin CL, Lin TK, Lin CD. A simple and eﬀective regimen
for prevention of radial artery spasm during coronary catheterization.
Cardiology 2006;105(1):43–47.
Pancholy SB. Comparison of the eﬀect of intra-arterial versus intravenous
heparin on radial artery occlusion after transradial catheterization. Am J
Cardiol 2009;104(8):1083–1085.
Plante S, Cantor WJ, Goldman L, Miner S, Quesnelle A, Ganapathy A,
Popel A, Bertrand OF. Comparison of bivalirudin versus heparin on radial
artery occlusion after transradial catheterization. Catheter Cardiovasc Interv
2010;76(5):654–658.
Hildick-Smith DJ, Ludman PF, Lowe MD, Stephens NG, Harcombe
AA, Walsh JT, Stone DL, Shapiro LM, Schoﬁeld PM, Petch MC. Comparison of radial versus brachial approaches for diagnostic coronary angiography when the femoral approach is contraindicated. Am J Cardiol
1998;81(6):770–772.

Baylor University Medical Center Proceedings

Volume 24, Number 3

20. Gan HW, Yip HK, Wu CJ. Brachial approach for coronary angiography and intervention: totally obsolete, or a feasible alternative when
radial access is not possible? Ann Acad Med Singapore 2010;39(5):368–
373.
21. 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(1):132–140.
22. Pristipino C, Trani C, Nazzaro MS, Berni A, Patti G, Patrizi R, Pironi
B, Mazzarotto P, Gioﬀrè G, Biondi-Zoccai GG, Richichi G; Prospective
REgistry of Vascular Access in Interventions in Lazio Region Study Group.
Major improvement of percutaneous cardiovascular procedure outcomes
with radial artery catheterisation: results from the PREVAIL study. Heart
2009;95(6):476–482.
23. Hetherington SL, Adam Z, Morley R, de Belder MA, Hall JA, Muir
DF, Sutton AG, Swanson N, Wright RA. Primary percutaneous coronary intervention for acute ST-segment elevation myocardial infarction:
changing patterns of vascular access, radial versus femoral artery. Heart
2009;95(19):1612–1618.
24. Chodór P, Krupa H, Kurek T, Sokal A, Swierad M, Was T, Streb W,
Duszańska A, Swiatkowski A, Honisz G, Kalarus Z. RADIal versus femoral
approach for percutaneous coronary interventions in patients with Acute
Myocardial Infarction (RADIAMI): A prospective, randomized, singlecenter clinical trial. Cardiol J 2009;16(4):332–340.
25. Cruden NL, Teh CH, Starkey IR, Newby DE. Reduced vascular complications and length of stay with transradial rescue angioplasty for acute
myocardial infarction. Catheter Cardiovasc Interv 2007;70(5):670–675.
26. Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky P,
Budaj A, Niemelä M, Valentin V, Lewis BS, Avezum A, Steg PG,
Rao SV, Gao P, Afzal R, Joyner CD, Chrolavicius S, Mehta SR;
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(9775):1409–1420.
27. Choussat R, Black A, Bossi I, Fajadet J, Marco J. Vascular complications
and clinical outcome after coronary angioplasty with platelet IIb/IIIa
receptor blockade. Comparison of transradial vs transfemoral arterial
access. Eur Heart J 2000;21(8):662–667.
28. Molinari G, Nicoletti I, De Benedictis M, Terraneo C, Morando G,
Turri M, Anselmi M, Zardini P, Menegatti G, Vassanelli C. Safety
and eﬃ cacy of the percutaneous radial artery approach for coronary angiography and angioplasty in the elderly. J Invasive Cardiol
2005;17(12):651–654.

July 2011

29. Louvard Y, Lefèvre T, Allain A, Morice M. Coronary angiography through
the radial or the femoral approach: the CARAFE study. Catheter Cardiovasc Interv 2001;52(2):181–187.
30. Guédès A, Dangoisse V, Gabriel L, Jamart J, Chenu P, Marchandise B,
Schroeder E. Low rate of conversion to transfemoral approach when attempting both radial arteries for coronary angiography and percutaneous
coronary intervention: a study of 1,826 consecutive procedures. J Invasive
Cardiol 2010;22(9):391–397.
31. Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T, van der Wieken
R. A randomized comparison of percutaneous transluminal coronary
angioplasty by the radial, brachial and femoral approaches: the access
study. J Am Coll Cardiol 1997;29(6):1269–1275.
32. Jolly SS, Niemelä K, Xavier D, Widimsky P, Budaj A, Valentin V, Lewis
BS, Avezum A, Steg PG, Rao SV, Cairns J, Chrolavicius S, Yusuf S, Mehta
SR. Design and rationale of the radial versus femoral access for coronary
intervention (RIVAL) trial: a randomized comparison of radial versus
femoral access for coronary angiography or intervention in patients with
acute coronary syndromes. Am Heart J 2011;161(2):254–260.e1-4.
33. Ratib K, Chong AY, Routledge H, Nolan J. Spasm and occlusion in contemporary radial practice. JACC Cardiovasc Interv 2010;3(8):885–886.
34. Saito S, Ikei H, Hosokawa G, Tanaka S. Inﬂuence of the ratio between
radial artery inner diameter and sheath outer diameter on radial artery
ﬂow after transradial coronary intervention. Catheter Cardiovasc Interv
1999;46(2):173–178.
35. Kawashima O, Endoh N, Terashima M, Ito Y, Abe S, Ootomo T, Ogata
K, Honda H, Takizawa K, Miyazaki Y, Sugawara D, Komatsu M, Sawazi
Y, Ozaki T, Uchimuro T, Meguro T, Isoyama S. Eﬀectiveness of right or
left radial approach for coronary angiography. Catheter Cardiovasc Interv
2004;61(3):333–337.
36. Sengottuvelu G, Thanikachalam S. A strategy to cross radial fore-arm loop
during coronary angiogram using trans radial approach. Indian Heart J
2010;62(2):168–169.
37. Cooper CJ, El-Shiekh RA, Cohen DJ, Blaesing L, Burket MW, Basu A,
Moore JA. Eﬀect of transradial access on quality of life and cost of cardiac
catheterization: a randomized comparison. Am Heart J 1999;138(3 Pt
1):430–436.
38. Gilchrist IC, Nickolaus MJ, Momplaisir T. Same-day transradial outpatient stenting with a 6-hr course of glycoprotein IIb/IIIa receptor blockade:
a feasibility study. Catheter Cardiovasc Interv 2002;56(1):10–13.
39. Chung WJ, Fang HY, Tsai TH, Yang CH, Chen CJ, Chen SM, Cheng
CI, Fang CY, Hsieh YK, Hang CL, Yip HK, Wu CJ. Transradial approach
percutaneous coronary interventions in an out-patient clinic. Int Heart J
2010;51(6):371–376.

Effectiveness and safety of transradial artery access for cardiac catheterization

209

