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Background: Old age and the presence of aortic stenosis are associated with

the unfolding of the intrathoracic aorta. This may result in increased di�culties

navigating catheters from the right compared to the left radial approach.

Objective: To investigate whether increasing age or presence of severe aortic

stenosis was associated with increased catheterization success rates from left

(LRA) compared to right radial artery approach (RRA).

Methods: We compared coronary angiography success rates of RRA and LRA

according to di�erent age groups and in a subgroup of patients with severe

aortic stenosis.

Results: A total of 21,259 coronary angiographies were evaluated. With

increasing age, the first pass success rate from either radial access decreased

significantly (p < 0.001). In patients aged <85 years, there was no di�erence

between LRA and RRA. However, in patients aged ≥85 years, LRA was

associated with significantly higher success rates compared to RRA (90.1 vs.

82.8%, p= 0.003). Patients aged≥85 years received less contrast agent and had

shorter fluoroscopy time when LRA was used [86.6 ± 41.1 vs. 99.6 ± 48.7ml

(p < 0.001) and 4.5 ± 4.1min vs. 6.2 ± 5.7min (p < 0.001), mean (±SD)]. In

patients with severe aortic stenosis (n = 589) better first pass success rates

were observed via LRA compared to the RRA route (91.9 vs. 85.1%, p = 0.037).

Conclusion: LRA, compared to RRA, is associated with a higher first-pass

catheter success rate for coronary artery angiography in patients aged ≥85

years and those with severe aortic stenosis.

KEYWORDS

coronary angiography (CAG), radial access, aortic unfolding, elderly patients, aortic

stenosis (AS)
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Introduction

Coronary angiography and percutaneous coronary

intervention (PCI) play a major role in the diagnosis and

treatment of coronary artery disease (CAD) (1–3). Since the first

transradial procedure in 1989 (4), radial artery replaced femoral

approach as the first access site choice for most coronary

procedures. The shift toward radial access was possible due

to evolution of smaller size equipment and its popularity was

driven by its lower bleeding risk compared to femoral access (4).

In current clinical practice, radial access is performed

primarily from the right radial artery. The reason is an

ergonomic catheterization table setup for right-handed

operators. An exception to this practice is coronary angiography

in patients with previous coronary artery bypass grafting

(CABG) with a left internal mammary artery graft where

right-radial approach is associated with low success rates (5).

While some authors report shorter fluoroscopy time for LRA

when compared to RRA (6, 7), others suggest no significant

differences between left and right radial access in terms of

success rates, amount of contrast used, or complications (8, 9).

Small, randomized trials reported less radiation exposure to the

operator with LRA compared to RRA (6, 10).

We hypothesize that specifically in elderly patients an initial

LRA, compared to the RRA approach might result in higher

success rates.

There are a few anatomical differences between LRA and

RRA access routes, which are hypothesized to be a consequence

of age-related changes in aortic arch geometry (11). Aortic

unfolding is a condition described as the elongation and
increased curvature of the aortic arch (Figure 1) (8). It is
associated with increasing age, proximal aortic stiffness (11),

body surface area, hypertension, and increased coronary artery
calcification (9). Furthermore, right subclavian tortuosity was

more frequently observed compared to the left side (12, 13).
These age-related aortic arch changes could lead to a lower

success rate when performing diagnostic angiography fromRRA

and one could assume that it may be easier to overcome aortic

unfolding due to better anatomical angulation via the LRA route

(Figure 1).

To determine whether there is any age-related difference

in LRA compared to the RRA approach, we evaluated

the success rates of both routes in different age groups

and a population with severe aortic stenosis. Our primary

hypothesis stated that in the elderly population LRA,

compared to RRA will be associated with a higher success

rate to engage coronary arteries. Our second hypothesis

was that a higher success rate will also be achieved via

the LRA approach in a population with severe aortic

stenosis. If the primary hypotheses were proven correct,

we planned further analysis, whether a primary LRA use

could be associated with less fluoroscopy time and saving of

contrast volume.

Materials and methods

This retrospective observational study was approved by the

Karl-Landsteiner Scientific Integrity and Ethics Commission

(ethics commission number 1056/2021). The reporting of

this study is in accordance with the STrengthening the

Reporting of OBservational studies in Epidemiology (STROBE)

recommendations (14).

All consecutive patients who underwent cardiac

catheterization via primary radial access between January

2014 and November 2021 were identified from the local

database at the Sankt Pölten University Hospital, Austria. Data

extraction was done by MaWi and MU independently on two

different occasions yielding the same results and a data quality

check was independently performed by KS and MaWi.

To compare LRA vs. RRA success rates, we stratified the

whole population into subgroups according to their age and

compared if there was a difference between the right and left

radial approaches in terms of success. A first-pass success was

defined as a successful coronary angiography without the need

to switch to an alternative access route. The stratification into

age groups was set by decades in the younger patients, and in

half decades in patients above the age of 70 years, where we

hypothesized the impact of aortic elongation on the success rates

via RRA.

A second analysis compared LRA and RRA first-pass success

rates in a population of patients with severe aortic stenosis.

These patients were selected from our database under the

coding of “Transcutaneous aortic valve replacement (TAVR)

evaluation”. All these patients were previously diagnosed with

severe aortic stenosis by echocardiography and underwent

elective coronary angiography prior to heart team discussion

regarding the best treatment strategy (transcutaneous aortic

valve replacement vs. surgical valve replacement). Most of the

aortic stenosis patients received an aortogram to assess iliac and

femoral arteries for TAVR access, resulting in extra radiation

dose and contrast volume.

For the comparison of fluoroscopy time, contrast volume,

and number of used catheters, only patients with diagnostic

procedures were included. Contrast volume, fluoroscopy time,

and the number of used catheters were compared for all

angiographies, which were initially started by either radial artery

access (regardless of first pass success and the possible need

for switch to an alternative route). All diagnostic procedures,

which in the same session were followed by PCI, were excluded.

Furthermore, diagnostic procedures in patients with CABGwere

also excluded.

Statistical analysis

All statistical tests were performed by MiWe using the

SPSS software (IBM, Version 27.0, IBM, Armonk, NY). Due
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FIGURE 1

Aortic unfolding and its consequences for transradial angiography. (A) Normal aortic arch anatomy: (B) Aortic unfolding leading to

anti-clockwise rotation, elongation of aortic arch, posterior displacement and tortuosity of right radial and innominate artery (white arrows). (C)

Unfavorable catheter position from right radial (black) compared to left radial (blue) access route in unfolded thoracic aorta. Figures created

using smart.servier.com image bank. (D) Example of tortuous catheter route in unfolded aorta in elderly patient from right radial route, white

arrows: EBU catheter. (E) 3D reconstruction of the unfolded aorta and posteriorly displaced innominate artery in a patient with severe aortic

stenosis.

to the large sample size, we did not use statistical tests for
normal distribution but used histograms and QQ-plots to
identify relevant deviations from a normal distribution. In
cases of skewed data, we used median as well as first and
third quartiles (IQR, interquartile range) as descriptive statistics.
Nominal data were described using absolute frequencies and
percentages. To compare contrast volumes and fluoroscopy

times of the left- vs. right-radial approach, Mann-Whitney

U-tests were used due to skewed data. The success rates

of the two approaches were compared using crosstabs

and chi² tests. To identify predictors of success for the

left and right radial approach, multiple logistic regressions

were used. All tests were two-tailed and p < 0.05 was

considered statistically significant. Normally distributed data

were expressed as mean±SD and non-normally distributed data

as median (IQR).

Results

A total of 21,259 coronary angiographies with primary radial

access were included in our analysis. The mean age of the

patients was 67.8 ± 11.7 years and 14,024 (66%) were male.

The majority were elective cases (16,493, 77.6% respectively),

whereas 4,758 (22.4%) angiographies were undertaken due to

acute coronary syndrome (ACS).

Multiple binary logistic regression revealed that the first-

pass success rate of transradial access was independently affected
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TABLE 1 Predictors of transradial success in a logistic

regression model.

Independent variable Odds ratio (95% CI) p

Sex 1.1 (1.0–1.2) 0.028

Side 0.8 (0.8–1.0) 0.017

Age 1.0 (0.9–1.0) <0.001

by increasing age, gender, and the side of access [p < 0.001, p

= 0.028, p = 0.017, respectively (Table 1)]. Increasing age was

the strongest predictor of failure to successfully carry out trans-

radial angiography by the first pass, whereas female gender and

RRA predicted slightly less successful first-pass success.

Success rates for RRA and LRA stratified by different age

groups are shown in Table 2 and Figure 2. The reduction in

success rates with RRA was most evident among patients of age

85 or older, whereas success rates via LRA remained stable in

this age group (Figure 2). For these elderly patients, the rate of

first-pass success for LRA compared to RRA was 90.1 vs. 82.8%

(p = 0.003), respectively. In patients aged <85 years, there was

no difference in the first-pass success rate comparing RRA vs.

LRA [13,551 (90.0%) vs. 4,614 (90.8 %), p = 0.11]. When the

study population was divided into more detailed age groups,

the age group between 50 and 59 years showed a statistically

greater proportion of success with LRA compared to RRA that

was statistically significant (p = 0.031). We have no explanation

for this statistical finding, which is at odds with findings in other

similar age groups, but the clinical significance of a 2% side

difference is clinically negligible and could be driven by large

sample size.

Fluoroscopy time and contrast volume increased with age

and were affected by the choice of access side (Table 3).

Patients who underwent LRA received significantly lower

median contrast volume (77 vs. 94ml, p < 0.001). Every 1-

year age increase was associated with the additional use of a

0.3ml contrast agent. This increase was more evident in men

(9.9ml more than in women) and with RRA (3.0ml more

than with LRA). In case of first pass failure, an additional

17.2ml was required. These analyses concerning contrast use

were adjusted for age, gender, and first-pass failure. In non-

adjusted analysis, LRA compared with RRA was associated with

an average reduction in contrast volume of 33ml (95%CI: 5.346–

1.330).

Moreover, LRA was associated with a significantly shorter

median fluoroscopy time (3.2 vs. 4.4min, p < 0.001) in our

study population. On average, an increase in age by one year

was associated with a 0.2-min longer fluoroscopy time for

the procedure. This increase was pronounced in men (1.0min

more than in women) and with RRA (1.5min more than with

LRA). In case of first pass failure, RRA required a 2.5-min

longer fluoroscopy time when compared to LRA. These findings

concerning fluoroscopy time were adjusted for age, gender, and

TABLE 2 Comparison of coronary angiography success rates RRA vs.

LRA route—divided by age groups and for severe aortic stenosis

population.

Age RRA RRA LRA LRA p

(y) success, success, success, success

n (total) % n (total) %

<39 155 (176) 88.1 69 (77) 89.6 0.832

40–49 842(929) 90.6 294 (321) 91.6 0.654

50–59 2,686 (2,961) 90.7 841(904) 93.0 0.031*

60–69 3,762 (4,133) 91.0 1,210 (1,317) 91.9 0.371

70–74 2,230 (2,494) 89.4 800 (881) 90.8 0.271

75–79 2,377 (2,655) 89.5 846 (948) 89.2 0.806

80–84 1,498 (1,712) 87.5 554 (636) 87.1 0.834

85–90 568 (677) 83.9 214 (238) 89.9 0.025*

>90 112 (144) 77.8 49 (54) 90.7 0.041*

Total 14,232 (15,883) 89.6 4,877 (5,376) 90.7 0.020*

<84 13,551 (15,061) 90.0 4,614 (5,084) 90.8 0.109

85+ 680 (821) 82.8 263 (292) 90.1 0.003*

AS 509 (589) 85.1 125 (136) 91.1 0.037*

RRA, Right radial access; LRA, Left radial access; *p < 0.05, AS severe aortic

stenosis population.

first-pass failure. In non-adjusted analysis, LRA compared with

RRA was associated with an average reduction of fluoroscopy

time of 1.6min (95%CI: 2.03–1.1).

The number of used diagnostic material was numerically

marginally different between right and left radial access groups,

favoring the latter [n = 11,352, 2.58 (2.57–2.60) vs. 2.52 (2.48–

2.56), respectively, p = 0.002, mean (95% CI)]. This finding

was numerically more pronounced in patients older than 85

years, and probably due to the smaller sample size did not

reach statistical significance [n = 545, 2.90 (2.82–2.97) vs. 2.75

(2.57–2.93), respectively, p= 0.127, mean (95% CI)].

In the subgroup of patients with severe AS, LRA led to

significantly higher success rates compared with RRA (91.9 vs.

85.1%, p= 0.037 (Figure 3; Table 2). Fluoroscopy time and used

contrast volume did not differ between the two groups in this

cohort [8.2 (7.5) min vs. 8.5 (10.3) min, p = 0.716 and 128.7

(52.4) vs. 129.8 (79.0) ml, p= 0.861, respectively, mean (SD)]. In

the subgroup of patients with severe aortic stenosis, themean age

was 81.4 [5.6]. On average, the aortic valve area prior to TAVR

was 0.72 cm2 and AV mean was 44.9 mmHg.

Discussion

This study has several key findings. First, left radial access

compared to the right radial approach was associated with a

higher first pass success rate in the elderly population (≥85

years of age) and in a population with severe aortic stenosis.

In the elderly population, the left radial approach resulted in
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FIGURE 2

Age-dependent comparison of coronary angiography success rates (RRA vs. LRA route).

TABLE 3 Contrast volume and fluoroscopy times*.

>85 years of age n RRA LRA p

Contrast volume ml, median (IQR) 586 94 (62–130) 77 (55–110) <0.001

Fluoroscopy time min, median (IQR) 586 4.4 (2.4–7.8) 3.2 (1.7–5.9) <0.001

Aortic stenosis RRA LRA p

Contrast volume ml, median (IQR) 671 116.5 (93–14) 116.0 (94–160) 0.861

Fluoroscopy time min, median (IQR) 671 5.3 (3.1–0.4) 6.1 (3.0–10.5) 0.716

*Results after exclusion of PCIs, CABG-angiographies, and statistical outliers (>100min

fluoroscopy time and 500ml contrast volume); IQR, interquartile range.

shorter fluoroscopy times and lower contrast volume use. Radial

approach success rates from either side decreased with older age

and were lower in female compared to male patients.

There is strong evidence supporting radial over femoral

access safety advantage in the elderly population (15–17). In

2009, Dehghani et al. postulated three independent risk factors

of transradial PCI failure: age above 75 years, prior coronary

artery bypass graft surgery, and short stature (18). In our

study, increasing age was the strongest predictor of failure to

successfully navigate cardiac catheter via radial access, hence

making the aspiration of achieving safe radial access in every

geriatric patient potentially more challenging (19).

Notably, congenital coronary artery disease or malformation

may have influenced coronary artery catheterization.

Unfortunately, there is no available data concerning this

topic in our study population. Nevertheless, according to

previous literature, the prevalence of coronary anomalies in

most populations is quite low and reported only in 0.2–2% of all

coronary angiographies (20).

Our findings of worse radial success in women are supported

by the findings of existing literature. Radial access in women

has been reported to be affected by smaller vessel calibers

and higher rates of radial artery spasm, which can result in

procedure failure and high crossover rates to femoral access

(18, 21). Pandie et al. (22) reported a 2-fold higher failure of

first pass radial success in a pre-specified subgroup analysis of

the randomized, multicenter RIVAL (Radial vs. Femoral Access

for Coronary Intervention) trial (23). Crossover from radial to

femoral approach was reported with 11.1% in women and 6.3%

in men, and this is a consequence of higher rates of radial artery

spasm (9.5% in women vs. 3.3% in men).

We present a novel finding identifying the age of 85 years

(or older) as a cut-off age when there was greater coronary

artery catheterization success via the LRA compared to RRA.

In addition, LRA was associated with a decrease in fluoroscopy

time and used contrast agents in this population. Previous

randomized trials compared the efficacy of the right- vs. left-

radial approach for coronary angiography. Dominici et al.

demonstrated a reduction of fluoroscopy time and decreased

the number of catheters used via LRA in a prospective trial

including over 1,000 patients (24). Surprisingly, no significant

difference in the amount of used contrast agent was observed
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FIGURE 3

Severe aortic stenosis population–radial approach success rates according to initial side choice.

between the groups. Another prospective trial by Norgaz et al.

(25) randomized 1,000 patients to RRA or LRA and fluoroscopy

time was found to be significantly shorter via LRA compared

with RRA. However, no significant difference comparing LRA

and RRA in terms of success rate, procedural time, amount of

contrast used, or the number of diagnostic catheters used In the

TALENT-trial (13), left radial access for diagnostic angiography

was associated with significantly lower fluoroscopy time and

this was more evident among lower experienced operators

and elderly patients (>70 years) according to prespecified

subgroup analyses. However, the benefits of LRA were not

consistent across the literature, and differences in procedural

and fluoroscopy times could not be demonstrated in small

randomized series of 100 octogenarian patients (26). A large

meta-analysis, including 14 studies by Xia et al. (26) on a total

of 6,870 patients, reported a significant reduction in fluoroscopy

times, less contrast volume, and fewer catheter numbers used via

the left radial route, but no significant difference in procedural

failure or procedural times when comparing the two approaches.

Interestingly, whereas most previous studies concentrated

on fluoroscopy times, numbers of catheters used, or

contrast volume used, they either rarely reported or failed

to demonstrate a difference in first pass success rates comparing

the two approaches.

The success rates of the two different radial approaches

depending on different age distributions were rarely reported.

To the best of our knowledge, our study with over 21,000

coronary angiographies presents by far the largest original data

set to date, which addresses the question of the LRA vs. RRA

approach for successful coronary angiography in different age

groups. We identified that the LRA was superior to the RRA

for the patients in the age group of >85 years. The most likely

explanation is difficult catheter navigation due to tortuosity

in the right subclavian artery, which was previously more

frequently reported when compared to the left subclavian artery

(13, 26). Thoracic aortic unfolding was described with increasing

age (11), and is most likely preventing a smooth path of the

catheter on its way from the right radial artery to the aortic root

in elderly patients.

Not only age but also calcific aortic disease seems to play

a major role in the pathophysiology of aortic unfolding. Aortic

stenosis is associated with post-stenotic ascending aorta dilation

and geometric changes in intrathoracic aorta (27). This may

negatively affect the right radial catheter route. To the best

of our knowledge, we are the first group to demonstrate that

the right radial success rate decreased, whereas the left radial

success rates remained stable in patients with severe aortic

stenosis. There was no difference in fluoroscopy time or contrast

volume used in the severe aortic stenosis population. We have

no explanation for this; however, presume that fluoroscopy

times and especially contrast volume comparison in the two

groups is somewhat difficult due to varying practice and volumes

injected into the abdominal aorta for femoral and iliac arteries

assessment prior to femoral TAVR access route planning. The

contrast volume injected into descending aorta is frequently

altered according to patient size and kidney function, and

was recently frequently omitted with good CT angiography

planning. In the future, large prospective randomized trials
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and other real-world registry data are warranted to confirm

our results.

Study limitations

This study has several limitations. First, it is a single-center

study and the practice in Austria may not be the same in other

countries. Second, the study took place over 7 years and some of

the procedures were undertaken at a time when operators were

transitioning from a routine femoral to radial approach. Third,

there is no data on the experience of the operator performing the

procedures as both experienced and training operators carried

out the procedures at our institution. However, the experience

of operators and their preferred access side choice should not

affect the fact that older age would be associated with different

outcomes if the operators stuck to their preferred initial side

choice across the entire age range.

Another limitation is that our aortic stenosis population

data apply to elderly patients with degenerative aortic stenosis

and cannot be extrapolated to other etiologies (e.g., bicuspid

aortic valve).

Finally, we initially planned to collect data and adjust to the

presence of hypertension or body size which may impact the

thoracic aorta and subclavian artery anatomy, but these data

were incomplete so could not be reliably included.

Despite the limitations mentioned above, our data

set offers real-world insight into the practice, avoiding

other biases associated with prospective randomized trials,

regarding the selection of a certain patient population or

certain operator experience. The unselected nature of our

documented procedures makes the information obtained

generally transferable to most settings.

Conclusion

Compared to the RRA, the use of the LRA approach

was associated with the higher success of coronary artery

angiography in patients above 85 years of age and those with

severe AS. These selected patients may benefit from an initial

LRA approach to reduce the need to change the access side.
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