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Is trans-radial approach related to an increased risk of radiation
exposure in patients who underwent diagnostic coronary angiography
or percutaneous coronary intervention? (The SAKARYA study)
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ABSTRACT

Objective: It is still debatable whether diagnostic coronary angiography (CA) or percutaneous coronary interventions (PCls) increase radiation
exposure when performed via radial approach as compared to femoral approach. This question was investigated in this study by comparison of
dose-area product (DAP), reference air kerma (RAK), and fluoroscopy time (FT) among radial and femoral approaches.

Methods: All coronary procedures between November 2015 and November 2017 were assessed; and 4215 coronary procedures were enrolled
in the study. Patients with bifurcation, chronic total occlusion, cardiogenic shock, or prior coronary artery bypass surgery were excluded. These
4215 procedures were evaluated for three different categories: diagnostic CA (Group I), PCl in patients with stable angina (Group Il), and PCl in
patients with ACS (Group Ill).

Results: Age was significantly higher in the femoral arm of all groups. Among patients in the radial arm of Groups | and Il, males were over-
represented. Therefore, a multiple linear regression analysis with stepwise method was performed. After adjusting these clinical confounders,
there was no significant difference with regard to DAP, RAK, and FT between femoral and radial access in Group I. In contrast, PCl via radial
access was significantly associated with increased DAP, RAK, and FT in Groups Il and III.

Conclusion: In spite of an increased experience with trans-radial approach, PCI of coronary lesions via radial route was associated with a
relatively small but significant radiation exposure in our study. Compared to femoral access, diagnostic CA via radial access was not related to
an increased radiation exposure. (Anatol J Cardiol 2019; 22: 5-12)
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as compared to femoral approach. As medical exposure to ion-
izing radiation is associated with stochastic risks (carcinogenic
and genetic effects) and deterministic effects (radiation-induced
skin injury and cataract), it is a crucial issue for interventional
cardiologists (5-8). Therefore, it is also important to apply the
practical ways to reduce radiation exposure as fluoroscopy sys-

Introduction

Inrecent years, radial access has become a more frequently
used access site during coronary interventions. It is recom-
mended over femoral access in contemporary cardiology guide-
lines because of diminished vascular access site complications,

enhanced patient comfort, earlier discharge, diminished costs,
and decreased morbidity and cardiac mortality, particularly in
patients with acute coronary syndrome (ACS) (1-4). However, it
is still a matter of debate as to whether diagnostic coronary an-
giography (CA) or percutaneous coronary interventions (PCls) in-
crease radiation exposure when performed via radial approach

tem customization, workflow adaptations, and effective use of
shielding equipment (9).

This study was designed to assess whether there was a dif-
ference between radial and femoral access sites with regard to
the parameters of ionizing radiation as measured by dose-area
product (DAP) (which demonstrates the stochastic risk), refer-
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ence air kerma (RAK) (which demonstrates the deterministic ef-
fect), and fluoroscopy time (FT).

Methods

Study design and patient population

The SAKARYA study is a single-center, observational, and ret-
rospective study; and 5707 consecutive coronary procedures per-
formed between November 2015 and November 2017 were evalu-
ated. Radiation parameters were not available in 843 procedures,
and they were therefore excluded from the study. Patients with
chronic total occlusion (CTO), bifurcation lesion, prior coronary ar-
tery bypass grafting (CABG), or cardiogenic shock were excluded
from the study (194,103, 222, and 41 procedures, respectively). This
was because a femoral approach was preferred in all patients
with CTO, bifurcation lesion, cardiogenic shock, and in almost all
of the patients with prior CABG. Moreover, 89 patients who had
conversions from one access to another (trans-radial to trans-
femoral, due to puncture failure or vice-versa due to bilateral iliac
or femoral artery occlusion) were also excluded from the study
because the total amount of radiation exposure was increased
because of two attempts. Thus, 4215 procedures were enrolled in
this study. A flowchart of the study is shown in Figure 1.

These 4215 procedures were classified as diagnostic CA
(Group I), PCl in patients with stable angina (elective PCI) (Group
), and PCI in patients with ACS (Group IIl). PCI was subclassi-
fied into two different categories, stable angina and ACS, based
on the different nature of coronary lesions, which may possibly
change the difficulties during PCI. This may cause a difference
in radiation exposure, and this issue has not yet been evaluated.

5707 coronary procedures
assessed for eligibility

843 coronary procedures excluded
due to lack of radiation parameters

4864 coronary procedures with
radiation parameters

222 KABG
194 CTO
103 Bifurcation

excluded

41 Cardiogenic shock

4304 procedures

89 crossovers among
vascular access sites

A4

4215 procedures were eligible
for study enrollment

Figure 1. The flowchart of procedure selection
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In our institution, more than 1000 diagnostic CAs and more
than 1500 PCls are performed each year in two catheter labora-
tories by 10 interventional cardiologists. Fifty percent of all these
procedures are performed via radial access, of which the right
radial artery constitutes 99%. In addition, radial operators in our
institution have a lifetime radial access experience of at least
1000 cases.

Standard Judkins coronary catheters were initially used for
CA via femoral access, whereas a radial TIG catheter (Terumo,
NJ, USA) was initially used for CA via radial access. Left ven-
triculography was not routinely performed during diagnostic
CAs, and it occurred far less than 1% of the time in this study.
In addition, if there was more than one lesion, the second lesion
underwent angioplasty in another session in either the same or
the next hospitalization in our institution. This study complies
with the Declaration of Helsinki, and the research protocol was
approved by the Local Ethics Committee.

Dose metrics and angiographic equipment

In this study, the radiation parameters registered were DAP
(expressed in ¢cGY*cm?), RAK (expressed in mGy), and FT (ex-
pressed in min). All of these parameters were provided by built-
in software of the angiography system, which was periodically
calibrated by a technician.

DAP is the integral of radiation dose across the entire X-ray
beam emitted from the x-ray tube. Briefly, it is the total amount
of energy delivered to the patient. RAK is the air kerma accumu-
lated at a specific point in space, which is the patient entrance
reference point relative to the fluoroscopic gantry for a proce-
dure. Air kerma is the energy released in a small volume of air
when an X-ray beam irradiates it (10). DAP is strongly related to
the long-term stochastic risk (carcinogenic and genetic effects)
of cancer. In contrast, DAP is a poor indicator of the determinis-
tic effects that are the tissue reactions as radiation-induced skin
injury and cataract. However, as compared to DAP RAK is a more
accurate indicator to demonstrate the deterministic effects.

All cardiovascular procedures were performed using Toshi-
ba Infinix 8000V and Toshiba Infinix 8000G5 (Toshiba Medical
Systems, Nasushiobara, Japan). The number of frames was set
at 7.5 s frame rate for both fluoroscopy and cineangiography.

Statistical analysis

Statistical analyses were performed using the SPSS soft-
ware version 24 (SPSS Inc, Chicago IL, USA). Variables were
investigated using visual and analytical methods (Kolmogorov-
Smirnov test) to determine whether they were normally distrib-
uted. As the variables [DAP RAK, FT, age, and body mass index
(BMI)] were not normally distributed and gender was a categori-
cal variable, a Mann-Whitney U test was used to compare these
variables between the femoral and radial access groups. The
variables affecting DAP, RAK, and FT were investigated using the
Spearman correlation. A multiple linear regression analysis with
stepwise method was performed, and vascular access site and
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Table 1. Comparison of baseline characteristics of patient groups according to radial vs. femoral access sites
Diagnostic CA Pvalue PCI of stable angina Pvalue PCl of ACS Pvalue
(Group ) (Group 11) (Group 111)

Age
Femoral 61 (22-89) <0.001 62 (34-88) 0.017 62 (29-100) <0.001
Radial 58 (18-100) 60 (31-86) 59 (30-100)

Male Gender
Femoral 56.2% 0.011 69.5% 0.003 76.7% 0.095
Radial 61.7% 79.3% 80.7%

BMI
Femoral 27.2(18.0-37.1) 0.064 27.2(19.2-38.7) 0.941 27.3 (21.6-41.3) 0.872
Radial 27.2 (17.6-42.3) 27.3(20.9-40.1) 27.2 (24.1-31.8)

ACS - acute coronary syndrome, BMI - body mass index, CA - coronary angiography, PCI - percutaneous coronary intervention

the other variables that were distributed differently between ra-
dial and femoral arms were included in the models to identify the
independent predictors of DAP RAK, and FT. A p-value of less
than 0.05 was considered as statistically significant.

Results

A total of 4215 coronary procedures were eligible for the
study. Baseline characteristics of patients are shown in Table 1.
Those procedures were classified as diagnostic CA (Group 1),
PCl to patients with stable angina (Group Il), and PCI to patients
with ACS (Group Il1) (Table 2).

Results of Group |

Diagnostic CAs were performed in 2069 patients, 1213 (58.6%)
of whom were executed by means of a radial approach. There
was no statistical difference regarding the DAP value, RAK, and
FT between radial and femoral arms (Table 3). However, median
age was higher in the femoral arm of Group I, and the ratio of
male gender was higher in the radial arm of Group I (p<0.001 and
p=0.011, respectively). There was no statistical difference regard-

Table 2. The distribution of patient groups according to
vascular access sites

Diagnostic CA PCl of stable angina  PCIl of ACS
(Group 1) (Group 11) (Group I11)
(n, %) (n, %) (n, %)
Femoral 856 (41.4%) 407 (57.2%) 989 (69%)
Radial 1213 (58.6%) 305 (42.8%) 445 (31%)
Total 2069 (100%) 712 (100%) 1434 (100%)

ACS - acute coronary syndrome, CA - coronary angiography, n - number,
PCI - percutaneous coronary intervention

ing BMI between radial and femoral arms (p=0.064). In a univari-
ate analysis, older age was associated with higher DAP RAK, and
FT (p<0.001, p=0.001, and p<0.001, respectively). Moreover, male
gender was associated with higher DAP and RAK, whereas male
gender was not associated with FT (p=0.003, p=0.002, and p=0.489,
respectively). Age, gender, and vascular access site were includ-
ed in multiple linear regression analysis with the stepwise method
to determine the independent predictors of DAP RAK, and FT. Age
was an independent predictor of DAP RAK, and FT; and gender
was an independent predictor of DAP and RAK; whereas vascular
access site had no impact on DAP, RAK, and FT (Table 4). These
results also mean that there was still no statistical difference be-
tween femoral and radial arms in terms of DAP, RAK, and FT after
adjusting for age and gender.

Results of Group Il

PCl in patients with stable angina was performed in 712 pro-
cedures; and the DAP value, RAK, and FT were all significantly
higher in the radial arm (305 procedures, 42.8%) (Table 3). How-
ever, median age was higher in the femoral arm of Group I, and
the ratio of male gender was higher in the radial arm of Group
Il (p=0.017, and p=0.003, respectively). There was no statistical
difference with regard to BMI between radial and femoral arms
of Group Il (p=0.941). In a univariate analysis, age and gender
were not found to be correlated with DAP, RAK, and FT (p=0.704,
p=0.770, and p=0.058, respectively for age; and p=0.516, p=0.392,
and p=0.203, respectively for gender). Age, gender, and vascular
access site were included in multiple linear regression analysis
with the stepwise method to determine the independent predic-
tors of DAP, RAK, and FT. Vascular access site was an indepen-
dent predictor of DAP, RAK, and FT. These results suggest that
radial approach is associated with higher radiation exposure in
patients with stable angina who have undergone PCI after ad-
justing for age and gender. The average increase was 7.3% in
DAP 8.8% in RAK, and 7.6% in FT as shown in Figure 2.
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Table 3. Radiation exposure parameters according to patient groups
Diagnostic CA Pvalue PCl of stable angina Pvalue PCl of ACS Pvalue
(Group 1) (Group 1) (Group Il1)
DAP (cGy*cm?)
Femoral 798.70 3006.31 3492.88
(126.78-5907.71) 0.580 (428.72-14546.20) <0.001 (563.07-20854.49) 0.006
Radial 721.88 3241.47 3686.68
(129.54-4767.13) (625.00-12787.69) (510.50-23311.97)
RAK (mGy)
Femoral 64.75 259.24 323.27
(8.84-768.60) 0.802 (39.77-1824.92) <0.001 (38.96-3938.50) 0.001
Radial 61.94 284.39 349.27
(7.49-789.56) (37.30-1636.80) (33.18-4189.03)
FT (minute)
Femoral 1.9 1.3 78
(0.3-27.8) 0.156 (1.1-36.7) <0.001 (0.5-48.9) 0.003
Radial 1.6 19 8.1
(0.5-18.1) (2.2-39.6) (2-54.1)
ACS - acute coronary syndrome, CA - coronary angiography, DAP - dose-are product, FT - fluoroscopy time, NoE - number of exposures, PCI - percutaneous coronary intervention,
RAK - reference air kerma

. . . L . dergone PCl involving either the radial or femoral arms (p=0.872,
Table 4. Multiple linear regression analysis with stepwise X . . .
method for DAP RAK, and FT and p=0.095, respectively). However, median age was higher in
the femoral arm of Group Il (p<0.001). In a univariate analysis,
Group | Group Il Group Il older age was found to be correlated with higher DAP RAK, and
Pvalue Pvalue Pvalue FT (p<0.001, p=0.002, and p<0.001, respectively). Age and vascu-
lar access site were included in multiple linear regression analy-
DAP sis with the stepwise method to determine the independent pre-
Age 0.001 * <0.001 dictors of DAP RAK, and FT (Table 4). Age and vascular access
Male gender <0.001 * * site were independent predictors of DAP, RAK, and FT. Therefore,
Vascular access site * <0.001 0.022 radial access was associated with higher radiation exposure in
RAK patients with ACS who underwent PCl as compared to femoral
Age 0.002 o 0,002 access l.Jan‘t.er adjusting foroage. The average i.ncr.ease was 5.3% in
Male gender 0,001 N . DAP 7.4% in RAK, and 3.7% in FT as shown in Figure 3.
Vascular access site * <0.001 0.014 . .
Discussion
FT
Age <0.001 i <0.001 It is still debatable whether radial approach leads to pro-
e el * * i longed procedures and increased radiation exposure during
Vascular access site * 0.021 0.009 coronary procedures. As the results of published studies are
*The factors that were not included in the final model formed by stepwise method. contradictory, new studies are needed to find an answer to this
DAP - dose-are product, FT - fluoroscopy time, RAK - reference air kerma tough question.

This study demonstrated that there was a similar radiation
exposure in both radial and femoral arms during diagnostic CAs
when performed by experienced operators. The DAP value, RAK,

Results of Group IlI
The DAP value, RAK, and FT were again significantly higherin

the radial arm of patients with ACS who underwent PCI (445 pro-
cedures, 31%) (Table 3). There was no statistical difference with
regard to the BMI and gender of Group Ill patients who had un-

and FT were similar in both groups, irrespective of the entry site.
Therefore, we stated that the stochastic risk and the determinis-
tic effects of radiation exposure were not increased in patients
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Figure 2. The difference of dose-area product (a), reference air
kerma (b), and fluoroscopy time (c) between radial and femoral arms
in Group Il.

DAP - dose-are product, RAK - reference air kerma

who underwent diagnostic CA via radial approach. There are
only a few studies which have focused on radiation exposure of
patients who only underwent diagnostic CA, whereas most stud-
ies have analyzed radiation exposure involving both diagnostic
CA and PCI arms. In parallel with our result, Kuipers et al. (11)
demonstrated similar radiation exposure between trans-radial
and trans-femoral groups in the diagnostic CA arm of the study.
Moreover, Gray et al. (12) have found similar radiation exposure
for both femoral and radial approaches in patients who under-
went diagnostic CA. Furthermore, the REVERE trial noted that
radiation exposure to patients was similar during diagnostic CA,
irrespective of the vascular access site (13). However, Mercuri
et al. (14) have stated that radial approach was a predictor of in-
creased radiation exposure during diagnostic CA. Farman et al.
(15) emphasized that radial approach during diagnostic CA was
related to prolonged FT, even when performed by experienced
operators. Shah et al. (16) stated that trans-radial approach per-
formed by experienced operators was associated with higher

Figure 3. The difference of dose-area product (a), reference air
kerma (b), and fluoroscopy time (c) between radial and femoral arms
in Group III.

DAP - dose-are product, RAK - reference air kerma

radiation exposure in the diagnostic CA arm. A meta-analysis by
Plourde et al. (17) also demonstrated an increased radiation ex-
posure in the diagnostic CA arm of the study (17). On the other
hand, Georges et al. (18, 19) have stated that radial approach dur-
ing diagnostic CA was associated with lower radiation exposure
than femoral approach in high-radial-volume centers. A possible
explanation for the similar radiation exposure observed in the di-
agnostic CA arm of this study (as compared to other studies that
demonstrated a higher radiation exposure during diagnostic CA)
is that a radial TIG catheter was used, instead of standard Judkins
left-and-right catheters. Thus, only a single effort was needed to
reach the aortic root and to visualize both left and right coronary
arteries via an easy manipulation of the TIG catheter to disengage
the left main coronary artery and to engage the right coronary ar-
tery. Here, it should be emphasized that TIG catheter cannot be
purchased and found in every catheter laboratory; thus, two dif-
ferent diagnostic catheters are used during diagnostic CA, which
may potentially increase the radiation exposure.
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In the PCI arm of this study, PCls were classified into two
separate groups as “PCl in patients with stable angina” and
“PCl in patients with ACS”. These groups were evaluated as
distinct groups based on the different nature of coronary le-
sions: stable angina and ACS (which may possibly change the
difficulties encountered during PCI). No study addressed this
issue in the literature. This study demonstrated an increased
radiation exposure during PCl to patients with stable angina and
PCI to patients with ACS when a radial approach was chosen.
In both groups, the DAP RAK, and FT were all higher in the radial
access arm. Thus, the PCl groups produced similar results in
this study and the trans-radial approach was associated with
an increased radiation exposure irrespective of the nature of
the coronary lesions (either stable or unstable). The average in-
crease in radiation exposure in the radial arm ranged between
3.7% and 8.8% in Groups Il and Il according to DAP, RAK, and
FT. The difference in radiation exposure between the radial and
femoral arms was relatively small but significant. This finding
is similar to the results of the meta-analysis by Plourde et al.
(17) with regard to the patients who underwent PCI. Plourde
et al. (17) also concluded that there was a small but significant
increase in radiation exposure in patients who underwent PCI
via a radial approach. Because of this study, we suggested that
PCI of stable or unstable coronary lesions via radial approach
may prolong the procedure time and may lead to increased DAP
and RAK. Thus, PCl via trans-radial approach may increase the
stochastic risk and the deterministic effects of radiation expo-
sure in patients who have undergone PCI.

The published studies, which investigated whether a differ-
ence was present in radiation exposure with regard to the vas-
cular access site in patients who have undergone PCI, assessed
PCI as a whole without subclassification. In parallel with our re-
sults, Shah et al. (16) demonstrated that PCl via radial approach
and performed by experienced operators was associated with
higher radiation exposure. Moreover, Sciahbasi et al. (20) con-
cluded that radial approach was associated with higher operator
and patient radiation exposure when performed by expert op-
erators in patients with ACSs. In contrast, Georges et al. (18, 19)
stated that PCl via radial approach was associated with lower
radiation exposure compared to femoral approach in high-radi-
al-volume centers. They emphasized the importance of experi-
ence with regard to trans-radial angiography. In addition, Heth-
erington et al. (21) compared the radial approach and femoral
approaches in patients with ST elevation myocardial infarction
with regard to factors such as major and minor vascular com-
plications, in-hospital mortality, contrast volume used, radiation
dose absorbed. They concluded that radial approach was associ-
ated with lower radiation exposure as compared to femoral ap-
proach (21). Kuipers et al. (11) and Gray et al. (12) revealed similar
radiation exposures for both femoral and radial approaches in
patients who underwent PCI. Rigattieri et al. (22) found similar
results. They concluded that after adjusting for clinical and pro-
cedural confounders, trans-radial approach was not associated
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with increased radiation exposure as compared to trans-femoral
approach.

The main argument of the articles asserting a lower or similar
radiation exposure with the radial approach was that increased
radiation exposure was due to inadequate experience typical
of operators carrying out a radial approach. The experience of
radial operators and the coronary procedure volume in our in-
stitution was mentioned in the material and methods section.
Moreover, a study including more than 10,000 patients who un-
derwent diagnostic CA or PCl via radial approach was previously
published by our institution (23). Therefore, higher radiation ex-
posure due to trans-radial approach in Groups Il and Ill cannot
be explained by lower operator experience with the radial ap-
proach. A possible explanation for increased radiation exposure
in the PCI arm of this study is that PCI via radial approach may
be more technically arduous if the following conditions exist: i)
brachiocephalic-aortic axis or subclavian-aortic axis is tortuous
and ii) if several attempts to crossover this tortuous axis may be
needed during PCI.

Hence, this study suggests that patients who underwent diag-
nostic CA were exposed to similar levels of radiation in both radial
and femoral arms, whereas they were exposed to relatively small-
but significantly higher-levels of ionizing radiation during PCI via
radial approach. This study could not give an exact idea regard-
ing radiation exposure of operators, because radiation exposure
of operators should be selectively measured and assessed with
dosimeters for the thorax, wrist, and eye, rather than with as-
sessment of procedural DAP RAK, and FT. However, increased FT,
DAP and RAK may indirectly reveal an increased risk of radiation
exposure for operators. This could be argued because a similar
result for patients and operators with regard to radiation exposure
was demonstrated in the RAD-Matrix trial (20). Moreover, a strong
correlation between procedural DAP and reference personal do-
simeter dose was demonstrated by Sailer et al. (24). Furthermore,
Brasselet et al. (25) and Kuipers et al. (26) revealed strong correla-
tions between patient and operator exposure. Therefore, it might
be reasonable to deem that higher radiation exposure in patients
may correlate with increased radiation exposure in operators as
well. However, further trials addressing the radiation exposure of
both patients and operators are needed.

Study limitations

Our study has several limitations. Firstly, it was not designed
as a prospective study. Therefore, this may result in unmeasured
confounding variables. Moreover, the data for this study belong
to one institution. Thus, it is a retrospective and single-center
study. Furthermore, the coronary lesion characteristics were not
obtained and classified. Therefore, even the patient volume was
high, this might act as a confounding variable. Finally, DAP RAK,
and FT mainly demonstrate the radiation exposure of patients.
However, special dosimeters for the thorax, wrist, and eye are
needed for more exact measurements of radiation exposure of
operators.
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Conclusion

This study demonstrated that radial approach was not as-
sociated with increased radiation exposure during diagnostic
CAs. On the other hand, radial approach increased the radiation
exposure during PCl of stable lesions and PCl of ACS lesions. Al-
though radial approach during PCI decreases complications as
compared to femoral approach, it may increase the possible sto-
chastic risk and deterministic effects when performed even by
experienced operators. Therefore, additional stringent precau-
tions should be taken not only for the benefit of patients but also
for the benefit of operators in order to reduce radiation exposure
during coronary interventions via radial access, as thousands of
coronary interventions are performed by an operator during his/
her professional career.
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