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Abstract
Transradial (TR) cardiac catheterisation is thought to be associated with an increased exposure to radiation 
compared with the traditional transfemoral (TF) access. This paper provides a review of current literature 
describing these reported associations. Although several studies have reported an increase in radiation expo-
sure to both operator and patient with TR compared with TF access, others have reported findings suggesting 
no significant difference, even reporting decreased exposure with TR access. Ultimately, increased radiation 
exposure appears likely with TR access; however, in consideration of the many benefits associated with TR 
access, radiation exposure remains only one of many considerations when deciding between routes of access. 
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Introduction
Diagnostic and interventional cardiac catheterisation represents an 
important source of radiation1. While transfemoral (TF) access has 
been the mainstay of catheterisation procedures, the transradial (TR) 
route has become increasingly popular due to benefits in cost, patient 
outcomes, and patient comfort2-5. Numerous studies have demonstrated 
a reduction in vascular complications with TR access, improvements 
in ambulation time, length of post-procedure hospital stay, and simpli-
fied same-day discharge6. Despite these advantages, TR is estimated to 
be used in only 6-12% of diagnostic coronary procedures and percuta-
neous coronary interventions (PCI) worldwide7-9.

One explanation for the slow adoption rate of TR is the perceived 
concern about an association between TR catheterisation and 
increased radiation exposure to both operator and patient10-13.

This paper will review the most pertinent contemporary literature 
and describe the risk of radiation exposure as well as protective 
strategies for both operator and patient with TR access.

Editorial, see page 657

Radiation dose basic principles
Protection from radiation exposure is driven by what is known as 
the ALARA principle, the goal of maintaining exposure at a level 
that is “as low as reasonably achievable”14 by increasing the dis-
tance from the radiation source, by decreasing the duration of expo-
sure, and by the implementation of shielding equipment. 

Radiation can be expressed in a variety of ways. Concentration 
of x-ray or gamma-ray ionising energy in a given volume of air is 
expressed as coulombs/kg15. Units of absorbed dose, expressed as 
gray or Gy, take into account the amount of energy imparted to 
a specific point by mass. Air kerma is the amount of energy 
absorbed in a given mass of air, expressed as joules/kg. Finally, the 
dose equivalent, or a measure of the biological damage done by 
radiation to human tissues, is expressed as sievert (Sv)15. Absorbed 
dose is often expressed as a dose area product (DAP), which is 
a measure of the absorbed dose of radiation spread over a given sur-
face area of exposure16. DAP allows for the estimation of dose to 
the irradiated tissue and may therefore be the best indicator for can-
cer risk. Fluoroscopy time (FT) is the most readily assessed and 
reported measurement of radiation exposure; however, it is an indi-
rect measure of radiation (Table 1 and Table 2).

Table 1. Radiation dose nomenclature.

Measurements of radiation Units

x-ray energy per given volume of air coulomb/kg

Units of absorbed dose gray (Gy)

Amount of energy absorbed  
in given mass of air air kerma (J/kg)

Measure of biological damage  
done to human tissues sievert (Sv)

Absorbed dose of radiation  
across given surface area

dose area product (DAP), 
Gycm2

cm: centimetre; J: joules; kg: kilogram

Table 2. Maximum allowable radiation limits for medical radiation 
workers from all sources.

Area of exposure mSv/yr

Whole body 50

Skin 300-500 

Hands, feet 500-750

Lens of the eye 50-150

Lens of the eye (ICRP 2011)45 20

Foetus (pregnant worker) 5 (0.5 mSv/mo)

Foetus (pregnant worker) (ICRP 2007)46 1 mSv/yr

Other, including thyroid 150

Cumulative exposure 10 mSv x age

Reproduced with permission from Limacher et al15 with modifications; 
ICRP: International Commission on Radiological Protection; 
mSv: millisievert

Patient exposure
Several observational and randomised studies suggest differences in 
radiation exposure to patients between TR and TF catheterisation. 
The majority of this data infers increased radiation exposure to both 
patient and operator through increased fluoroscopy time without data 
to support direct increased exposure (Table 3). The paucity of quality, 
randomised data in the literature has confounded efforts to identify 
trends in exposure associated with the TR access definitively.

Despite these considerations, the majority of studies reviewed 
concluded that TR access was associated with higher patient expo-
sure rates (Table 4, Figure 1). However, the radiation risks of the 
TR access to the patient must be carefully weighed against its ben-
efits, namely its reduced rates of complication.

Moreover, the one-time increase in radiation exposure to the 
patient remains far below the threshold for deterministic effects to be 
seen12,17,18. Placed into perspective, Neill et al reported a difference in 
diagnostic studies between TR and TF access of just 0.4 mSv, the 
equivalent of 20 chest x-rays. Additionally, the increase in lifetime 
risk for induction of cancer with the TR approach amounted to just 
0.002%12.

Most studies reported significant differences in FT between TR 
and TF access, highlighting the increased time that was necessary to 
navigate the catheter into the ascending aorta to intubate the coronary 
artery ostia; cineangiography, which delivers a higher dose of radia-
tion, is not seen to differ10,19. Importantly, many studies reported FTs 
as alternative measures of radiation exposure with the assumption 
that increasing FT correlates with increased exposures. However, FT 
does not include aspects of the procedure such as cine acquisition and 
is not a reliable predictor of radiation dose20,21. These findings suggest 
that operators should be cognisant of FT and the need for cineangio-
graphic imaging capture during TR procedures.

Several studies noted a significantly higher body mass index 
(BMI) of patients in the TR comparison group10,12,22,23, presumably 
due to greater risk or difficulties encountered in accessing the femoral 
artery in these individuals. One study reported a positive correlation 
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Table 3. Fluoroscopy times reported with transradial and transfemoral cardiac catheterisation access.

Procedure N Femoral (min) Radial (min) p
Randomised (n=8,562) Achenbach et al19 CA 307 4.7 5.6 NS

Brueck et al26 CA 1,024 5.8 9.0 0.001

Jolly et al7 PCI 7,021 8.0 9.3 <0.0001

Lange et al28 CA 210 2.1 2.7 <0.001

Observational (n=5,666) Farman et al47 CA 1,016 4.0 6.3 <0.001

PCI 10.3 15.1 0.02

Geijer et al27 PCI 169 13.2 13.0 NS

Lehmann et al48 Diagnostic CA 1,466 2.9 4.1 0.002

PCI 9.7 8.9 NS

Lo et al25 59 8.0 10.5 NS

Looi et al40 Diagnostic CA 1,001 4.1 5.3 <0.01

Neill et al12 Diagnostic CA 1,813 2.34 4.43 <0.001

PCI 9.36 12.02 <0.001

Sandborg et al49 CA 142 4.6 7.5 0.003

CA plus PTCA 12.5 18.4 0.13

CA: coronary angiography; NS: not significant; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal coronary angiography

Table 4. Radiation exposures reported with transradial and transfemoral cardiac catheterisation access.

Measure N Femoral Radial p
Randomised (n=8,562) Achenbach et 

al19
DAP (mGycm2) 307 3,199 3,737 NS

Contrast volume (mL) 79 88 NS

Brueck et al26 DAP (Gycm2) 1,024 38.2 41.9 0.034

Jolly et al7 Contrast volume for PCI (mL) 7,021 180 181 NS

Lange et al28 DAP for CA (Gycm2) 210 21.9 23.2 NS

Observational (n=3,900) Brasselet et al10 Radiation exposure for CA (µSv) 420 37.5 59.0 <0.0001

Radiation exposure for 
CA plus ad hoc PCI (µSv) 103.0 125.5 <0.001

Lehmann et al48 Contrast volume for PCI (mL) 1,466 125 120 NS

Radiation exposure time (min) 10.1 11.3 NS

Lo et al25 Radiation exposure (Gycm2) 59 31 33.9 NS

Neill et al12 DAP (µGym2) for diagnostic CA 1,813 1,657 1,837 <0.001

DAP (µGym2) for PCI 3,392 3,682 NS

Sandborg et al49 DAP for CA (Gycm2) 142 38 51 0.003

DAP for CA plus PTCA (Gycm2) 47 75 0.013

CA: coronary angiography; DAP: dose area product; NS: not significant; PCI: percutaneous coronary intervention; PTCA: percutaneous transluminal 
coronary angiography

between BMI and DAP (correlation coefficient 0.42, p<0.001)12. 
Secondly, another reported the thickness of the patient to be the most 
dominant factor in determining radiation scatter dose values24. These 
findings suggest that the predilection for TR catheterisation in heav-
ier individuals may further skew results towards greater exposure 
associated with this route. Despite these concerns, several stud-
ies2,19,25,26 reported no significant differences in BMI between TR and 
TF groups and the extent to which such factors influence exposure 
trends remains unclear. 

Operator exposure 
Compared with literature on patient radiation exposures, little data 
exist on operator radiation exposures with TR catheterisation. 
Nonetheless, published studies have reported strong correlations 
between patient and operator exposure10,27, with one study reporting 
correlation factors of r=0.68 (p<0.0001) and r=0.61 (p<0.0001) for 
CA and CA followed by ad hoc PCI, respectively10. Therefore, it is 
reasonable to assume that an increase in patient exposure will result 
in an increase in operator exposure.
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Brasselet et al reported an increase in radiation exposure from 
13.0 to 29.0 μSv with TR access when compared with TF access in 
coronary angiography (CA) procedures (p<0.0001), and a similar 
increase in CA followed by ad hoc PCIs: 41.0 vs. 69.5 μSV 
(p=0.018)10. Overall, there was an 82.7% increase in operator radia-
tion exposure for radial CA, and a 38.1% increase for radial CA fol-
lowed by ad hoc PCI.

Lange et al reported an increase in operator radiation exposure of 
100% (p<0.001) for TR diagnostic procedures, and an increase of 
51% for TR PCI (p<0.05)11. When comparing TF to TR approaches 
to diagnostic CA, FT increased from 1.7 to 2.8 minutes (p<0.001) 
and DAP increased from 13.1 to 15.1 Gycm2 (p<0.05) for coronary 
interventions; however, there was no significant difference in either. 
Total radiation exposure for CA followed by PCI increased from 
110 to 166 μSv (p<0.05)11. Of note, the authors of this study utilised 
a 7” shield flap attached to a side shield for femoral cases, a shield 
flap which was not utilised for radial cases due to the potential hin-
drance in TR access. The upper shield flap, normally an extension 
of a 0.5 mm lead pivotal side shield utilised during TF shielding, 
was flipped downward to provide maximal access to the TR access 
site. The extent of the influence of this additional protection on the 
exposures reported is unknown.

However, in a more recent study by Lange et al28, the shield flap 
was uniformly folded down for all cases. They again reported 
increased operator radiation exposures associated with TR access 
(20.9 vs. 15.3 µSv, p<0.001). The difference was largely attributed 
by the authors to closer operator proximity to the radiation source 
required for TR access.

Mann et al reported increased external whole body dose to the 
operator associated with TR over TF access (13.5 vs. 8.8 mrem/
case, p<0.01). However, with the addition of a movable floor shield 
to standard safety equipment, TR radiation decreased to levels 
below those of TF access (3.3 vs. 8.8 mrem/case, p<0.01)29. 

In the largest study to date, reviewing over 5,954 diagnostic cath-
eterisations, Mercuri et al23 studied 16 high-volume operators with 
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   Geijer et al27
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Figure 1. Percentage of studies explored that reported patient 
radiation exposures. TF: transfemoral; TR: transradial

extensive experience in both TR and TF approaches. They employed 
a multivariate regression model to account for a variety of factors 
including BMI, sex, age, the presence of a fellow, and previous 
CABG. The study concluded that radiation exposure varied signifi-
cantly from one operator to the next, but across the board exposure 
was greater with TR access (FT 3.82 vs. 5.46 min, p<0.001; log air 
kerma 6.28 vs. 6.49 mGy, p<0.001). Interestingly, they found that 
for each operator the difference in exposure between TR and the TF 
access was about equal, downplaying the impact of varying opera-
tor experience on the perceived trend towards increased exposure 
with TR access. Rather, increased exposures appear inherent to TR 
access. Furthermore, the variability in radiation exposure between 
operators was seen to be greater than that between access sites for 
a given operator. In the light of these findings, concern over the 
apparent increase in radiation risk inherent to TR access may be 
supplanted by an emphasis on adequate training of highly skilled 
operators, regardless of the access site chosen.

Mercuri et al concluded that, while exposures are higher with TR 
access, the increase remained below the level at which determinis-
tic effects (2-Gy) may be seen. The cumulative effects to the opera-
tor, however, are less certain. Assuming a 20-year career, the 
authors found the increased exposure would amount to four addi-
tional years of exposure were the operator to perform TR proce-
dures exclusively. Importantly, the authors conceded that their 
study was not designed to investigate operator dose, and the full 
cumulative effects on operators are not well known23.

Right vs. left radial approach
Several studies have illuminated differences in radiation exposure 
and FT between the left and right radial access (Table 5). Findings 
of prolonged FT with the right vs. left approach may be secondary 
to greater subclavian artery tortuosity and the associated imaging 
needed to navigate this anatomy with right radial access. However, 
trends towards increased exposure with right access may be offset 
by the fact that right-sided access is more easily accessed by tradi-
tional cardiac catheterisation laboratory set-ups that situate the 
operator on the right side of the patient.

In the TALENT study, Sciahbasi et al compared left versus 
right TR approaches for coronary angiography. They found that 
for patients ≥70 years old, the left TR approach was associated 
with a shorter FT (149 vs. 168 seconds, p=0.0025) and less 
DAP (10.7 vs. 12.1 Gycm2, p=0.004) compared with the right. 
However, in patients <70 years old, there was only a trend towards 
such results30. The average patient weight in this study was 78 kg. 
Since large body habitus significantly impacts on performance of 
the left radial approach the relationship between body weight and 
exposure from left vs. right radial catheterisation is unknown at 
the present time. 

Sciahbasi et al additionally explored operator radiation exposure 
associated with left vs. right TR approaches and found no signifi-
cant differences at any of the following dosimeters: respectively, 
thorax above the lead apron (1.12 vs. 0.85 mSv, p=0.33); thyroid 
(0.34 vs. 0.36 mSv, p=0.87); shoulder (0.94 vs. 0.73 mSv, p=0.27). 
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However, they reported significantly higher exposures at the level 
of the wrist associated with right vs. left TR access (2.44 vs. 1 mSv, 
respectively, p=0.002). Radiation exposures were undetectable for 
the thorax under the lead apron for both approaches13.

In contrast, a study by Larsen et al found no significant differ-
ence between FT (14.5 vs. 13.03 min, p=0.8162) or contrast vol-
ume (200 vs. 200 mL, p=0.87) between left and right TR access, 
respectively31. Similarly, Santas et al reported no significant differ-
ences in diagnostic FT between left and right radial access (5 vs. 
5 min, p=0.2)3. Lastly, a recent study of octogenarians by Freixa et 
al reported more frequent subclavian tortuosity with right vs. left 
access, but no difference in fluoroscopy time (8.9 vs. 8.1 min, 
p=0.704) or contrast volume (105.4 vs. 95.8 mL, p=0.217)32.

Radiation protection devices
Traditionally, standard protective garments include a 0.5 mm lead 
apron, effective at blocking up to 95% of radiation33, a lead thyroid 
collar, eye-protection glasses, leaded glass shields projecting from 
the ceiling, and lead glass or fabric drapes under the bed to the floor 
to prevent scatter from reaching the physician. Several groups have 
devised equipment in addition to standard protection in the hope of 
further minimising operator radiation exposure during TR proce-
dures (Figure 2).

RADIATION PROTECTION DRAPES
The RadPad® (Worldwide Innovations & Technologies, Overland 
Park, KS, USA) is a flexible, lead-free disposable radiation drape 
designed to produce significant reduction in scatter radiation during 
fluoroscopy procedures. In a randomised trial exploring the effica-
cies of the RadPad® during TR cases, Politi et al reported a signifi-
cantly decreased total radiation exposure to the operator (282.8 vs. 
367.8 μSv, p<0.0001). Overall, they reported a 13-34% absolute 

Table 5. Doses associated with the left vs. right radial approach.

N Right radial Left radial p
Right>Left 
(n=1,967)

Sciahbasi et al30 FT (sec) in patients >70 years old 1,467 168 149 0.0025

DAP (Gycm2) in patients >70 years old 12.1 10.7 0.004

FT (sec) in patients <70 years old 158 138 0.048

DAP (Gycm2) in patients <70 years old 11.1 10.2 0.11

Sciahbasi et al13 Dose (mSv) at operator thorax above apron 309 0.85 1.12 NS

Dose (mSv) at operator thyroid 0.36 0.34 NS

Dose (mSv) at operator shoulder 0.73 0.94 NS

Dose (mSv) at operator wrist 2.44 1 0.002

Hildick-Smith et al50 FT (min) 500 8.1 6.8 <0.05

EQUAL 
(n=1,240)

Larsen et al31 FT (min) 135 13.03 14.05 NS

Contrast volume (mL) 200 200 NS

Santas et al3 Diagnostic FT (min) 1,005 5 5 NS

Freixa et al32 Diagnostic FT (min) 100 8.9 8.3 NS

Contrast volume (mL) 105.4 95.8 NS

DAP: dose area product; FT: fluoroscopy time; min: minutes; mL: millilitres; mSv: millisievert; NS: not significant; sec: seconds
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Figure 2. Percentage reduction with various shielding. NS: not 
significant; TF: transfemoral; TR: transradial

reduction in mean radiation exposure at all locations of the body - 
wrist, chest, thyroid, and eye level. The RadPad® was used in addition 
to conventional shielding tools and was shown to add additional radi-
ation protection to the operator without increasing FT (Figure 3)34.

In an effort to elucidate further the role of lead shields in TR cath-
eterisation, Lange et al28 conducted a study utilising a pelvic lead 
shield. They found the shield lowered operator exposure for TR 
access from 20.9 to 9.0 µSv (p<0.0001), and for TF access from 15.3 
to 2.9 µSv (p<0.0001). The authors concluded that, with the imple-
mentation of their pelvic lead shield, an operator would be able to 
perform four times the number of femoral cases and twice the num-
ber of radial cases for the same amount of radiation exposure. With 
the use of the pelvic lead shield, this study has shown very low 
radiation exposures can be achieved, especially with transfemoral 
catheterisation.
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PROTECTION BOARDS AND EXTENSION DEVICES
Behan et al developed a transradial radiation protection board 
(TRPB) to be used in addition to conventional protection equip-
ment. They found the TRPB allowed for a significant reduction in 
operator radiation exposure (28 vs. 19.5 μSv, p=0.003) for control 
vs. TRPB, respectively. For both diagnostic CA and ad hoc PCIs, 
there were no significant changes in total FT, procedure duration, or 
contrast load (Figure 4)35.

Based on the principle that operator exposure maintains an inverse-
square relationship with the distance from the source of radiation, 

Figure 4. Transradial radiation protection board. Image reproduced 
with permission from Behan et al35.

Marque et al hypothesised that the implementation of a 30 cm exten-
sion tube would further decrease operator exposure during TR angi-
ography, similar to the distance a femoral approach would allow. 
However, they found only a trend towards lower operator exposure at 
the level of the lower left arm (28.7 vs. 38.4 μSv, p=0.0739). No sig-
nificant difference was perceived at the level of the thorax36.

Learning curve
Several studies have suggested the minimal number of cases to 
achieve modest proficiency in the TR technique, ranging from 50 to 
20037,38. Although the present data on the impact of the learning 
curve with TR CA on radiation exposures are scarce, the findings 
strongly suggest a significant influence indeed12,39-41.

In a study of 1,001 patients, Looi et al compared radial experts, 
defined as interventionalists with experience of over 100 TR proce-
dures with non-experts. For diagnostic CA with or without ad hoc 
PCIs, the non-expert group had significantly higher procedure times 
(27 vs. 24 min, p<0.001) and longer fluoroscopic times (6.2 vs. 
5.3 min, p<0.004) than the radial expert group. However, after three 
months, these differences were no longer apparent. At six months, 
there were significant reductions in both FT (7.3 vs. 6 min, p=0.04) 
and procedure time (30 vs. 26 min, p=0.04) within the non-expert 
group.40

Ball et al conducted a study including 1,672 patients and 28 opera-
tors, the latter being categorised by their TR experience into groups of 
1-50, 51-100, 101-150, 151-300. The group with >300 cases was des-
ignated the control group. Significantly longer FTs were associated 
with the 1-50 group compared with the 101-150 group (15 vs. 13 min, 

Figure 3. Simulation of radiation exposure with (A) and without (B) the RadPad®. Image reproduced with permission from Politi et al34.
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p=0.04) and compared with control (15 vs. 12 min, p=0.02). In addi-
tion, greater contrast volumes were associated with the 1-50 group 
compared with the 101-150 group (180 vs. 170 mL, p=0.02) and com-
pared with control (180 vs. 168 mL, p=0.05). Their findings sug-
gested decreases in contrast volumes and FTs with greater experience, 
with a substantial absolute change observed after 50 cases39.

In a study encompassing over 1,800 cases, Neill et al imposed 
a transition phase to account for the influence of a learning curve on 
operator exposure. They found that for diagnostic procedures FT 
decreased from the transition phase to the default radial phase, 
5.12 vs. 4.21 min (p=0.03), but there was no significant change in 
DAP. For interventional procedures, FT increased from 10.51 to 
12.14 min (p=0.02) with no significant change found in DAP12.

Most studies exploring the role of the learning curve did not 
report actual exposure, but instead procedure duration and FTs, 
parameters which can both only be assumed to imply increased 
exposure (Table 6 and Table 7). 

Areas of uncertainty and future challenges
The impact of the TR approach and radiation exposure on catheteri-
sation staff has not been explored. While assumptions may be made 
regarding increased exposures and prolonged FT and cine-acquisi-
tions, for obvious reasons, it is important to characterise doses 
using dosimeters on staff members apart from the operator. 
Additionally, the impact of the type of source equipment utilised in 

Table 6. Effect of the learning curve on fluoroscopy time during 
transradial catheterisation.

Group 1 
experience

Fluoroscopy 
time (min)

Group 2 
experience

Fluoroscopy 
time (min)

p

Looi et al40 <100 6.2 >100 5.3 <0.004

Ball et al39 1-50 15 101-150 13 0.04

1-50 15 >300 12 0.02

Salgado et al41 <200 6.4 >200 15 <0.001

Hildick-Smith  
et al50

1-20 9.6 20-100 6.5 <0.05

1-20 9.6 >100 6.8 <0.05

Neill et al12 Transition 
(diagnostic 
procedures)

5.12 Non-transition 
(diagnostic 
procedures)

4.21 0.03

Transition 
(interventional 

procedures)

10.51 Non-transition 
(interventional 

procedures)

12.14 0.02

Table 7. Effect of the learning curve on other parameters during transradial catheterisation.

Group 1 experience (cases) Group 2 experience (cases) p
Looi et al40 PT (min) <100 27 >100 24 <0.001

Ball et al39 CV (mL) 1-50 180 101-150 170 0.02

1-50 180 >300 168 0.05

Salgado et al41 PT (min) <200 23 >200 19 <0.001

CV: contrast volume; PT: procedure time

TR catheterisation is as yet unknown. Some data have suggested 
significantly higher dose rates associated with image-intensifier 
units compared with flat-panel detectors42, while others have 
reported no differences between them43. Perhaps modern equip-
ment, with its high image quality, may allow inexperienced and 
improperly trained operators a greater margin within which to prac-
tise poor technique. Lastly, medico-legal implications of perform-
ing TR procedures which afford reduced complications and 
access-site bleeding while delivering increased radiation dose to the 
patient are uncertain.

The reporting of radiation exposures during interventional cardiology 
procedures remains a relatively scarce practice. One estimate places 
only about 4% of studies between 1996 and 2010 as having reportable 
radiation exposures44. Until a greater emphasis is placed on exploring 
maximal radiation safety with the radial access, this approach may not 
gain widespread acceptance within the United States.

Summary
The majority of studies suggest that TR coronary angiography is 
associated with a small but increased radiation dose to the patient 
and the operator compared to the TF approach. However, much of 
the data is observational, with the majority of studies presenting 
findings of fluoroscopy time, a poor indicator of radiation expo-
sure; there remains a need for definitive randomised studies. While 
the one-time increase in exposures to patients with TR access 
appears minimal, various methods may be employed to reduce 
cumulative exposures to operators. In addition to general radiation 
“best practices”, the left radial approach, increased operator experi-
ence and additional shielding will significantly reduce radiation 
doses. Further research is needed to determine the impact of new 
imaging equipment, dedicated radial catheters and techniques for 
radiation dose reduction.

Conflict of interest statement
L. Van-Thomas Crisco is founder of and owns interest in Radial 
Assist, LLC. The other authors have no conflicts of interest to declare.

References
 1. Pantos I, Patatoukas G, Katritsis DG, Efstathopoulos E. Patient 
radiation doses in interventional cardiology procedures. Curr 
Cardiol Rev. 2009;5:1-11.
 2. Louvard Y, Benamer H, Garot P, Hildick-Smith D, Loubeyre C, 
Rigattieri S, Monchi M, Lefevre T, Hamon M. Comparison of 



     

752

EuroIntervention 2
0

1
3

;9
:745-753 

 transradial and transfemoral approaches for coronary angiography 
and angioplasty in octogenarians (the OCTOPLUS study). Am J 
Cardiol. 2004;94:1177-80.
 3. Santas E, Bodi V, Sanchis J, Nunez J, Mainar L, Minana G, 
Chorro FJ, Llacer A. The left radial approach in daily practice. A 
randomized study comparing femoral and right and left radial 
approaches. Rev Esp Cardiol. 2009;62:482-90.
 4. Pristipino C, Trani C, Nazzaro MS, Berni A, Patti G, Patrizi R, 
Pironi B, Mazzarotto P, Gioffre G, Biondi-Zoccai GG, Richichi G. 
Major improvement of percutaneous cardiovascular procedure out-
comes with radial artery catheterisation: results from the PREVAIL 
study. Heart. 2009;95:476-82.
 5. Hamon M, Mehta S, Steg PG, Faxon D, Kerkar P, Rupprecht HJ, 
Tanguay JF, Afzal R, Yusuf S. Impact of transradial and transfemoral 
coronary interventions on bleeding and net adverse clinical events in 
acute coronary syndromes. EuroIntervention. 2011;7:91-7.
 6. Bertrand OF, Rao SV, Pancholy S, Jolly SS, Rodes-Cabau J, 
Larose E, Costerousse O, Hamon M, Mann T. Transradial approach 
for coronary angiography and interventions: results of the first 
international transradial practice survey. JACC Cardiovasc Interv. 
2010;3:1022-31.
 7. 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 femo-
ral access for coronary intervention (RIVAL) trial: a randomized 
comparison of radial versus femoral access for coronary angiogra-
phy or intervention in patients with acute coronary syndromes. Am 
Heart J. 2011;161:254-60. e1-4.
 8. Rao SV, Ou FS, Wang TY, Roe MT, Brindis R, Rumsfeld JS, 
Peterson ED. Trends in the prevalence and outcomes of radial and 
femoral approaches to percutaneous coronary intervention: a report 
from the National Cardiovascular Data Registry. JACC Cardiovasc 
Interv. 2008;1:379-86.
 9. Nadarasa K, Robertson MC, Wong CK, Green BK, Chen VH, 
Wilkins GT, Williams MJ. Rapid cycle change to predominantly 
radial access coronary angiography and percutaneous coronary 
intervention: effect on vascular access site complications. Catheter 
Cardiovasc Interv. 2012;79:589-94.
 10. Brasselet C, Blanpain T, Tassan-Mangina S, Deschildre A, 
Duval S, Vitry F, Gaillot-Petit N, Clement JP, Metz D. Comparison of 
operator radiation exposure with optimized radiation protection devices 
during coronary angiograms and ad hoc percutaneous coronary inter-
ventions by radial and femoral routes. Eur Heart J. 2008;29:63-70.
 11. Lange HW, von Boetticher H. Randomized comparison of 
operator radiation exposure during coronary angiography and inter-
vention by radial or femoral approach. Catheter Cardiovasc Interv. 
2006;67:12-6.
 12. Neill J, Douglas H, Richardson G, Chew EW, Walsh S, 
Hanratty C, Herity N. Comparison of radiation dose and the effect 
of operator experience in femoral and radial arterial access for coro-
nary procedures. Am J Cardiol. 2010;106:936-40.
 13. Sciahbasi A, Romagnoli E, Trani C, Burzotta F, Sarandrea A, 
Summaria F, Patrizi R, Rao S, Lioy E. Operator radiation exposure 

during percutaneous coronary procedures through the left or right 
radial approach: the TALENT dosimetric substudy. Circ Cardiovasc 
Interv. 2011;4:226-31.
 14. Moores BM, Regulla D. A review of the scientific basis for radi-
ation protection of the patient. Radiat Prot Dosimetry. 2011;147:22-9.
 15. Limacher MC, Douglas PS, Germano G, Laskey WK, 
Lindsay BD, McKetty MH, Moore ME, Park JK, Prigent FM, 
Walsh MN. ACC expert consensus document. Radiation safety in 
the practice of cardiology. American College of Cardiology. J Am 
Coll Cardiol. 1998;31:892-913.
 16. Mahesh M. Fluoroscopy: patient radiation exposure issues. 
Radiographics. 2001;21:1033-45.
 17. 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;78:823-39.
 18. Bhatia GS, Ratib K, Lo TS, Hamon M, Nolan J. Transradial 
cardiac procedures and increased radiation exposure: is it a real 
phenomenon? Heart. 2009;95:1879-80.
 19. Achenbach S, Ropers D, Kallert L, Turan N, Krahner R, 
Wolf T, Garlichs C, Flachskampf F, Daniel WG, Ludwig J. Transradial 
versus transfemoral approach for coronary angiography and inter-
vention in patients above 75 years of age. Catheter Cardiovasc Interv. 
2008;72:629-35.
 20. Chambers CE. Radiation dose: it is more than just “time”. 
Catheter Cardiovasc Interv. 2011;78:143-4.
 21. Sawdy JM, Kempton TM, Olshove V, Gocha M, Chisolm JL, 
Hill SL, Kirk A, Cheatham JP, Holzer RJ. Use of a dose-dependent 
follow-up protocol and mechanisms to reduce patients and staff 
radiation exposure in congenital and structural interventions. 
Catheter Cardiovasc Interv. 2011;78:136-42.
 22. McNulty PH, Ettinger SM, Field JM, Gilchrist IC, Kozak M, 
Chambers CE, Gascho JA. Cardiac catheterization in morbidly 
obese patients. Catheter Cardiovasc Interv. 2002;56:174-7.
 23. Mercuri M, Mehta S, Xie C, Valettas N, Velianou JL, 
Natarajan MK. Radial artery access as a predictor of increased radi-
ation exposure during a diagnostic cardiac catheterization proce-
dure. JACC Cardiovasc Interv. 2011;4:347-52.
 24. Vano E, Ubeda C, Leyton F, Miranda P, Gonzalez L. Staff 
radiation doses in interventional cardiology: correlation with 
patient exposure. Pediatr Cardiol. 2009;30:409-13.
 25. Lo TS, Buch AN, Hall IR, Hildick-Smith DJ, Nolan J. 
Percutaneous left and right heart catheterization in fully anticoagulated 
patients utilizing the radial artery and forearm vein: a two-center expe-
rience. J Interv Cardiol. 2006;19:258-63.
 26. Brueck M, Bandorski D, Kramer W, Wieczorek M, Holtgen R, 
Tillmanns H. A randomized comparison of transradial versus trans-
femoral approach for coronary angiography and angioplasty. JACC 
Cardiovasc Interv. 2009;2:1047-54.
 27. Geijer H, Persliden J. Radiation exposure and patient experi-
ence during percutaneous coronary intervention using radial and 
femoral artery access. Eur Radiol. 2004;14:1674-80.



753

Radiation and radial catheterisation
EuroIntervention 2

0
1

3
;9

:745-753 

 28. Lange HW, von Boetticher H. Reduction of operator radiation 
dose by a pelvic lead shield during cardiac catheterization by radial 
access: comparison with femoral access. JACC Cardiovasc Interv. 
2012;5:445-9.
 29. Mann JT 3rd, Cubeddu G, Arrowood M. Operator Radiation 
Exposure in PTCA: Comparison of Radial and Femoral Approaches. 
J Invasive Cardiol. 1996;8 Suppl D:22D-25D.
 30. Sciahbasi A, Romagnoli E, Burzotta F, Trani C, Sarandrea A, 
Summaria F, Pendenza G, Tommasino A, Patrizi R, Mazzari M, 
Mongiardo R, Lioy E. Transradial approach (left vs right) and pro-
cedural times during percutaneous coronary procedures: TALENT 
study. Am Heart J. 2011;161:172-9.
 31. Larsen P, Shah S, Waxman S, Freilich M, Riskalla N, Piemonte T, 
Jeon C, Pyne C. Comparison of procedural times, success rates, and 
safety between left versus right radial arterial access in primary percuta-
neous coronary intervention for acute ST-segment elevation myocardial 
infarction. Catheter Cardiovasc Interv. 2011;78:38-44.
 32. Freixa X, Trilla M, Feldman M, Jimenez M, Betriu A, Masotti M. 
Right versus left transradial approach for coronary catheterization in 
octogenarian patients. Catheter Cardiovasc Interv. 2012;80:267-72.
 33. Chambers CE, Fetterly KA, Holzer R, Lin PJ, Blankenship JC, 
Balter S, Laskey WK. Radiation safety program for the cardiac 
catheterization laboratory. Catheter Cardiovasc Interv. 
2011;77:546-56.
 34. Politi L, Biondi-Zoccai G, Nocetti L, Costi T, Monopoli D, 
Rossi R, Sgura F, Modena MG, Sangiorgi GM. Reduction of scatter 
radiation during transradial percutaneous coronary angiography: a 
randomized trial using a lead-free radiation shield. Catheter 
Cardiovasc Interv. 2012;79:97-102.
 35. Behan M, Haworth P, Colley P, Brittain M, Hince A, Clarke M, 
Ghuran A, Saha M, Hildick-Smith D. Decreasing operators’ radiation 
exposure during coronary procedures: the transradial radiation pro-
tection board. Catheter Cardiovasc Interv. 2010;76:79-84.
 36. Marque N, Jegou A, Varenne O, Salengro E, Allouch P, Margot O, 
Spaulding C. Impact of an extension tube on operator radiation exposure 
during coronary procedures performed through the radial approach. Arch 
Cardiovasc Dis. 2009;102:749-54.
 37. Cohen MG, Alfonso C. Starting a transradial vascular access 
program in the cardiac catheterization laboratory. J Invasive 
Cardiol. 2009;21:11A-17A.
 38. Pawlowski T, Kulawik T, Gil RJ. Transradial approach to all 
interventional procedures a matter of the learning curve. JACC 
Cardiovasc Interv. 2010;3:463.

 39. Ball WT, Sharieff W, Jolly SS, Hong T, Kutryk MJ, Graham JJ, 
Fam NP, Chisholm RJ, Cheema AN. Characterization of operator 
learning curve for transradial coronary interventions. Circ 
Cardiovasc Interv. 2011;4:336-41.
 40. Looi JL, Cave A, El-Jack S. Learning curve in transradial 
coronary angiography. Am J Cardiol. 2011;108:1092-5.
 41. Salgado Fernandez J, Calvino Santos R, Vazquez Rodriguez JM, 
Vazquez Gonzalez N, Vazquez Rey E, Perez Fernandez R, Bouzas 
Zubeldia B, Castro Beiras A. [Transradial approach to coronary 
angiography and angioplasty: initial experience and learning 
curve]. Rev Esp Cardiol. 2003;56:152-9.
 42. Mesbahi A, Mehnati P, Keshtkar A, Aslanabadi N. Comparison 
of radiation dose to patient and staff for two interventional cardiology 
units: a phantom study. Radiat Prot Dosimetry. 2008;131:399-403.
 43. Chida K, Morishima Y, Inaba Y, Taura M, Ebata A, Takeda K, 
Shimura H, Zuguchi M. Physician-received scatter radiation with angi-
ography systems used for interventional radiology: comparison among 
many x-ray systems. Radiat Prot Dosimetry. 2012;149:410-6.
 44. Vargas A, Shroff AR, Vidovich MI. Reporting of radiation 
exposure in contemporary interventional cardiology trials. Catheter 
Cardiovasc Interv. 2012;80:570-4.
 45. ICRP. Statement on tissue reactions. International Commission 
on Radiological Protection; 2011.
 46. ICRP, 2007. The 2007 Recommendations of the International 
Commission on Radiological Protection. ICRP Publication 103. 
Ann. ICRP 37 (2-4).
 47. Farman MT, Khan NU, Sial JA, Saghir T, Rizvi SN, Zaman KS. 
Comparison of fluoroscopy time during coronary angiography and 
interventions by radial and femoral routes- can we decrease the 
fluoroscopy time with increased experience? An observational 
study. Anadolu Kardiyol Derg. 2011;11:607-12.
 48. Lehmann R, Ehrlich JR, Weber V, de Rosa S, Gotarda MN, 
Schachinger V, Zeiher AM, Fichtlscherer S. Implementation of the 
transradial approach for coronary procedures is not associated with 
an elevated complication rate and elevated radiation patient expo-
sure. J Interv Cardiol. 2011;24:56-64.
 49. Sandborg M, Fransson SG, Pettersson H. Evaluation of 
patient-absorbed doses during coronary angiography and interven-
tion by femoral and radial artery access. Eur Radiol. 2004;14:653-8.
 50. Hildick-Smith DJ, Walsh JT, Lowe MD, Shapiro LM, Petch MC. 
Transradial coronary angiography in patients with contraindica-
tions to the femoral approach: an analysis of 500 cases. Catheter 
Cardiovasc Interv. 2004;61:60-6.


