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Transradial access for coronary procedures 
is associated with less vascular access 

site complications. Occasionally, radial 
access fails and makes conversion to a 
transfemoral route inevitable. In this paper, 
which updates UK radial experience, we 
report the outcomes in a single UK centre in 
developing a transradial access programme.

We analysed 3,225 consecutive patients 
who underwent transradial coronary 
procedures over a five-year period. The 
primary outcome measure was rate of 
conversion from transradial to transfemoral 
access route. Of 3,225 radially approached 
cases, conversion from radial to femoral 
access route occurred in 148 patients 
(4.6%). With experience after the learning 
curve, the conversion rate fell to 2.0%. 

In conclusion, after an initial learning curve, 
procedural success rate is high with low cross-
over rate from radial to femoral entry site.

Introduction
Arterial access through the transradial approach 
was described in the late 1980s.1 Radial approach 
in coronary interventions has advantages 
over the femoral approach with less vascular 
complications, less access site bleeding and earlier 
discharge post-procedure.2-4 In the PREVAIL 
(Prospective REgistry of Vascular Access in 
Interventions in Lazio region) study, patients who 
underwent coronary procedures through the radial 
artery had a statistically significant reduction in 
both major and minor bleeding (4.2% vs. 1.96%, 
p=0.03) and death or myocardial infarction (3.1% 
vs. 0.6%, p=0.005).5 

Despite the multiple advantages of the transradial 
access route, many cardiologists remain 
unconvinced and unwilling to change practice, as 
the radial access procedure is technically more 
challenging, with a steep learning curve. Multiple 

studies have reported various rates of transradial 
approach failure, varying from 0 to 8.9% (table 1).

The number of coronary procedures performed via 
the radial artery access route is increasing, but 
unfortunately, radial access still accounts for less than 
10% of procedures worldwide. In the US, the overall 
rate of radial use remains at 10–16% of percutaneous 
coronary intervention (PCI) procedures.6,7 

UK literature on this subject is limited. The purpose 
of this retrospective study is to report a UK 
single-centre experience developing a transradial 
approach. High success rate with low radial to 
femoral cross-over rate are described. 

To our knowledge, since a discouraging paper 
published in 1998,8 this is the first large single-
centre study that has assessed conversion rate from 
radial to femoral approach in a UK centre. 

Methods
We studied all consecutive emergency, urgent 
and elective patients who underwent diagnostic 
coronary angiography and/or PCI procedures using 
an initial radial artery vascular access at Watford 
General Hospital, over five years from April 2009 
to March 2014. From these data we identified 
all patients in whom the procedure was initially 
started using the radial artery vascular access, but 
were converted during the procedure to a femoral 
artery access route. The initial selection of the 
arterial access route was decided by the operator 
and the patients’ preference. The radial access 
site was routinely obtained using local anaesthetic, 
a 21-gauge needle, 0.018 inch guide wire and 
11 cm 5Fr or 6Fr sheaths for diagnostic and PCI 
procedures, respectively. All cases who had an 
initial radial artery vascular access approach had 
routine pre-procedure sublingual glyceryl trinitate 
400–800 µg. After introduction of the sheath, all 
patients also routinely received 50 µg/kg heparin, 
200 µg isosorbide dinitrate and 5 mg verapamil by 
intra-arterial administration through the sheath. 
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Figure 1. The conversion rate from radial to femoral access route over five years at 
Watford General Hospital

Cardiac procedures in the catheterisation 
laboratory were reported by the primary operator 
using the McKesson Horizon Cardiology Medcon 
reporting module. Cardiac clinical physiologists 
also separately reported all procedures using the 
Siemens Sensis angiography reporting module. 
We reviewed all clinical and procedural data and 
the outcome of the procedures where more than 
one vascular access site was used from each 
database. Indication for the procedure, the type 
of procedure, operator (diagnostician or 
interventionalist, consultant or trainee), reason 
for conversion and any complications during 
conversion to another arterial access site were 
documented.

The outcome of this retrospective study was 
to analyse the conversion rate from radial to 
femoral arterial access, at our centre over a 
five-year period of time and over consecutive 
serial six-month periods. We also documented 
the reason for conversion and the relationship 
to the operators’ experience. Analysis of the 
data was performed using IBM SPSS statistics 
software. Our data contain categorical 
variables, which are reported as absolute 
values and actual percentages. Comparison 
between categorical variables was performed 
using Pearson Chi-square test.

Results
A total of 8,912 consecutive diagnostic and 
interventional coronary angiographic procedures 
were performed at Watford General Hospital over 
a five-year period, from April 2009 to March 
2014. There were 3,225 cases (36%) done 
using the radial access route. Of these, 1,374 
procedures (43%) were diagnostic angiography 
and 1,851 (57%) were PCI or potential PCI.

The primary operator in 2,422 (75%) 
cases was a consultant cardiologist. In 803 
procedures (25%) the primary operator 
was a specialist registrar (trainee), directly 
supervised by a consultant cardiologist.

In 148 patients (4.6% of the radial cases), 
the initial vascular access site was changed 
from radial artery to femoral artery during the 
procedure. Of these cases, 89 had diagnostic 
angiography and 59 were interventional cases.

The conversion rate from radial access site to 
femoral access site was 4.3% in procedures 
performed by consultants, whereas this rate was 
5.6% in procedures in which specialist trainees 

Table 1. International trials that had radial approach failure requiring femoral access

Author/trial Year N Transradial 
approach failure rate 
(attempting one or 
both arteries)

Predominant 
reason for 
failure

Intra-radial artery 
antispasmodic/
antithrombotic 
medication

Looi16 January–
December 
2008

661 8% Inability to 
secure access

Heparin, verapamil, 
further intra-arterial
verapamil or glyceryl 
trinitrate

Brueck3 2006–2008 518 3.5% Inability to 
secure access

Isosorbide dinitrate, 
heparin

Guedes17 2005–2007 1,826 1.2% Inability to 
secure access

Heparin, verapamil

Dehghani18 2002–2006 2,100 4.7% Inability to 
advance guide 
catheter

Verapamil or
nitroglycerin 

Louvard19

OCTOPLUS 
study

2001–2003 192 8.9% ? Heparin 

Louvard20 1998–1999 140:
70 R
70 L

0% ? Heparin, molsidomine,
verapamil 

Hildick-Smith8 1994–1997 250 7.6% Inability to 
secure access

Nitrate, lignocaine, 
heparin

Mann21 April–June 
1997

68 4.4% Inability to 
secure access

Verapamil

Benit22 1994–1995 56 3.5% Inability to 
secure access

No intra-radial 
medication

Kiemeneij1 1993–1995 300 7% Nitroglycerin, 2% 
xylocaine 

Schneider23 ? 300 1% ? ?

Weighted 
mean

6,411 4.0%
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were the primary operators. This difference was 
not statistically significant (p=0.11).

The conversion rate from radial access site to 
femoral access site was 3.8% in procedures 
performed by interventionalists, and 6.1% 
in procedures performed by diagnosticians. 
This difference was not statistically significant 
(p=0.11).

The conversion rate was also assessed over 
consecutive six-monthly periods (figure 1). The 
conversion rate was 1.5% (two of 133 cases) 
during the initial six months of starting the radial 
approach technique in our laboratories in 2009.  
The conversion rate increased to a maximum of 
10.1% (27 of 267 cases) more than two years 
later. The most recent conversion rate was 2.0% 
(9 of 435 cases) between October 2013 and 
March 2014.

Causes of failed radial attempt
The reasons for conversion from radial to femoral 
access site in our laboratory are categorised 
in six main groups and listed in table 2. The 
most common reason was difficulty in securing 
radial access (31.8%). This includes inability 
to puncture the radial artery due to small size, 
inability to advance the wire through the needle 
into the artery, and inability to advance the 
sheath.

The second most common reason of failure was 
inability to advance the guide wire or catheter 
due to tortuosity of brachial or axillary artery 
(26.4%). Inability to advance or manipulate the 
guide wire and catheter due to radial or brachial 
spasm accounted for 18.2% of failures. In 
12.9% of cases, intubation of the left or right 
coronary artery was not possible due to difficulty 
in advancing or manipulating the catheter. In 
13 cases (8.8%), no reason for conversion was 
documented. A further 2% of patients required 
intra-aortic balloon pump (IABP).

There were no statistically significant differences 
between various groups of operators (consultants, 
trainees, interventionists, diagnosticians) in the 
reasons for conversion from radial access to a 
femoral one (p=0.76). 

Complications
Complications occurred in six of the 148 
conversion cases. Five patients developed a 
vasovagal reaction (3.4%). Dissection of radial 
artery, which required surgical intervention, 
occurred in one patient.

Discussion
In 2009, Watford General Hospital commenced 
a transradial vascular access programme. 
During early phases of adopting this technique, 
a relatively small proportion of patients were 
chosen for this approach. Over the first 12 
months of initiating a radial vascular access 
technique the conversion rate was the lowest of 
these five years (1.5–1.9%). This high number 
of successful procedures with low conversion 
rate may well reflect that less complicated 
cases were chosen by operators, who were less 
experienced at the beginning of adopting the 
radial technique. With increasing experience, 
the volume of coronary procedures performed 
via the radial access route increased, including 
more difficult cases; the conversion rate 
increased for up to two years.

We believe the operators’ experience and 
proficiency increased with higher volumes of 
radial procedures. The concept of a learning 
curve, in which operators’ skills improve 
with increased number of procedures, was 
demonstrated in this observational study. 
With more experienced operators, the success 
rate has become more consistent. The 
conversion rate has fallen to about 2.0% in 
recent months.

Table 1 lists the conversion rates reported in 
the medical literature. The overall reported 
weighted conversion rate was 4.0%. We 
suggest that, as a clinical standard, an 
appropriate conversion rate for experienced 
operators should be approximately 2%, and 
less than 4%.

In 2013, a common consensus view on 
the technical, clinical and organisational 
implications of using the radial approach for 
coronary angiography and interventions was 
developed by the European Association of 
Percutaneous Cardiovascular Interventions 
(EAPCI).9 The goal of the association was to 
define the role of the radial approach in modern 
practice, and to provide a consensus on 
different aspects of the transradial procedure, 
such as learning curve and conversion rate. 
According to this consensus, the conversion 
rate in recent registries has been as low as 
1.5%, which is due to improved technique and 
materials. In the published literature, however, 
it varies between zero and 8.9%. The learning 
curve for radially performed procedures is 

steep, with no significant difference in failure 
rate after 50 cases compared with that of 
experienced operators.7,10 The relationship 
between volume of procedures and failures 
demonstrates a high failure rate, with wide 
inter-operator variability for the first one to 
50 radial cases, and a consistent reduction in 
failure rate with higher transradial volumes. It is 
agreed that a case-volume threshold of 50–80 
transradial procedures is required to overcome 
the learning-curve threshold.11 This number, 
however, can be individual and vary from 
operator to operator.

One study, that has specifically analysed 
learning curve to assess radially approached 
coronary procedures, is based on single-
centre data from Canada.10 In this study, 
authors showed that a case-volume threshold 
of at least 50 transradial procedures was 
required for new radial operators to achieve 
similar procedural outcomes as experienced 
radial performers. 

The learning curve experience at our centre 
was more than 200 cases per operator, 
considerably more than the literature 
suggests. Difficulty in obtaining access is 
one of the main concerns in radial technique. 
Compared with the transfemoral route, 
the radial artery is small in size with a 
tendency to develop spasm. Older, female, 
and shorter patients more often exhibit 
anatomic anomalies in the arms,12 as well 
as tortuous brachiocephalic arteries,13 small 
radial arteries,12 and radial spasm.14 The most 
difficult anatomical variations for transradial 
approach are the radiolunar loop and the 
presence of a lusoria subclavian artery.15 

Table 2. Reason for conversion from 
radial artery access to femoral access 
route

Conversion reason Percentage

Difficulty to obtain radial access 32.0%

Difficulty in guide wire/catheter 
manipulation due to tortuosity  

26.4%

Radial/brachial artery spasm 18.2%

Unable to manipulate catheter/
intubate artery 

12.9% 

Undocumented reason 8.8%

Intra-aortic balloon pump required 2.0%
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Difficulty in obtaining access was the main 
cause of failure of radial attempts in our 
centre. Difficult arterial puncture and radial 
artery spasm account for most failures during 
the first 50 cases.

With increasing transradial experience, 
operators can select more complex cases 
without sacrificing procedural success. 

Strengths
This study is a large analysis with a low 
chance of selection bias. It provides 
contemporaneous data of radial access. Since 
1998, when Hildick-Smith et al.8 published 
a UK experience of coronary angiography 
from the radial artery – and discouraged this 
technique due to its limitations – no further 
studies have assessed radial to femoral 
conversion rate in a UK centre. 

Study limitations

This is a retrospective analysis of a large data 

set. In our department, consultant cardiologists 

supervise trainees very closely. This might reflect 

why any differences between the two groups of 

operators were not statistically significant.

Conclusion
This single-centre, large, retrospective analysis 

of all radially performed diagnostic coronary 

angiography and interventional procedures 

shows that after an initial learning curve, there 

is a high success rate with low cross-cover 

rate from radial to femoral entry site. This low 

failure rate matches the world literature •
Conflict of interest
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Key messages
•	Transradial access is advantageous 

over transfemoral access, with fewer 
vascular complications

•	The transradial approach is 
preferred in ST-elevation myocardial 
infarction (STEMI) 

•	After 50–80 cases, the learning-
curve threshold will be overcome

•	All radial-proficient team members 
should aim to maintain transfemoral 
competency

•	Training in the procedure is safe 
when undertaken by trainees 
supervised by consultants
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