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Background: Radial artery access is a mainstay in the diagnosis and treatment of coronary artery disease.
However, there is uncertainty on the comparison of right versus left radial access for coronary procedures.
We thus undertook a systematic review and meta-analysis comparing right versus left radial access for cor-
onary diagnostic and interventional procedures.
Methods: Pertinent studies were searched in CENTRAL, Google Scholar, MEDLINE/PubMed, and Scopus,
together with international conference proceedings. Randomized trials comparing right versus left radial
(or ulnar) access for coronary diagnostic or interventional procedures were included. Risk ratios (RR) and
weighted mean differences (WMD) were computed to generate point estimates (95% confidence intervals).
Results: A total of 5 trials (3210 patients) were included. No overall significant differences were found com-
paring right versus left radial access in terms of procedural time (WMD = 0.99 [—0.53; 2.51]min, p=0.20),
contrast use (WMD=1.71 [—1.32; 4.74]mL, p=0.27), fluoroscopy time (WMD = —35.79 [—3.54; 75.12]s,
p=0.07) or any major complication (RR=2.00 [0.75; 5.31], p=0.49). However, right radial access was
fraught with a significantly higher risk of failure leading to cross-over to femoral access (RR=1.65 [1.18;
2.30], p=0.003) in comparison to left radial access.
Conclusions: Right and left radial accesses appear largely similar in their overall procedural and clinical per-
formance during transradial diagnostic or interventional procedures. Nonetheless, left radial access can be
recommended especially during the learning curve phase to reduce femoral cross-overs.

© 2011 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Since the first pioneering experiences [1,2], radial artery access
has gained ongoing momentum as a safe and effective approach for
diagnostic and interventional procedures in patients with or at risk
for coronary artery disease [3]. Indeed, the radial access provides
very significant reductions in local access site complications in
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comparison to brachial or femoral access, at the price of a lower
access site success (but not overall procedural success) [3-5]. Similar
benefits and drawbacks have been reported for the ulnar artery
access [6,7].

Despite such evidence in favor of the radial access, especially in pa-
tients with acute myocardial infarction [3-5,8], operators wishing to
adopt this approach remain uncertain on which radial artery is best.
In fact, limited evidence and conflicting trials have been reported on
the comparison of right versus left radial access in patients undergo-
ingcoronary procedures [9,10].

As systematic reviews including statistical pooling of individual
study findings may achieve greater statistical power and external
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validity than single studies alone [11], we aimed to perform a com-
prehensive systematic review and meta-analysis of studies compar-
ing right versus left radial access for diagnostic or interventional
coronary procedures.

2. Methods
2.1. Study design

The present review was performed according to the Cochrane Collaboration and
PRISMA statements [12,13]. In addition, it was prospectively registered on www.
metcardio.org (protocol #2/2010).

2.2. Search strategy

CENTRAL, Google Scholar, MEDLINE/PubMed and Scopus were searched by two
independent reviewers (GBZ, ML) for studies comparing right versus left radial access
for diagnostic or interventional coronary procedures published up to 15 April, 2011. In
particular MEDLINE/PubMed was searched according to Biondi-Zoccai et al. [14] with
the following strategy: right AND left AND (radial OR ulnar) AND coronary AND (ran-
domized controlled trial[pt] OR controlled clinical trial[pt] OR randomized controlled
trialsfmh] OR random allocation[mh] OR double-blind method[mh] OR single-blind
method[mh] OR clinical trial[pt] OR clinical trialsimh] OR (clinical trial[tw] OR
((singl*[tw] OR doubl«[tw] OR trebl«[tw] OR tripl«[tw]) AND (mask[tw] OR blind
[tw])) OR (latin square[tw]) OR placebos[mh] OR placebo*[tw] OR random = [tw] OR
research design[mh:noexp] OR follow-up studies[mh] OR prospective studies/mh]
OR cross-over studiesimh] OR control «[tw] OR prospectiv«[tw] OR volunteer «[tw])
NOT (animal[mh] NOT human[mh]) NOT (comment[pt] OR editorial[pt] OR meta-
analysis[pt] OR practice-guideline[pt] OR review|[pt])).

References of retrieved studies were checked for additional studies (backward snow-
balling) and 2008-2011 conference proceedings of the American College of Cardiology,
American Heart Association, European Society of Cardiology, and Transcatheter
Cardiovascular Therapeutics scientific sessions were also manually searched. No language
restriction was enforced.

2.3. Study selection

Citations were first scanned at the title/abstract level. Shortlisted studies were
then retrieved in full text and appraised according to the following criteria. Inclusion
criteria were as follows (all had to be met for inclusion): inclusion of patients undergo-
ing diagnostic or interventional coronary procedures; by means of right or left radial
artery access; and with randomized treatment allocation. Exclusion criteria were as
follows (one was sufficient for study exclusion): duplicate publication; and random-
ized treatment allocation not focused on right versus left access. Study selection was
performed by two independent reviewers (GBZ, ML), with divergences resolved by
consensus.

2.4. Data abstraction and validity assessment

The followed data were abstracted from retrieved studies by two independent
reviewers (GBZ, ML), with divergences resolved by consensus: location, patients, pri-
mary end-point, females, diabetes mellitus, acute coronary syndromes, percutaneous
coronary intervention, Allen test, sequence generation, allocation concealment, blind-
ing, data outcome completion, reporting features, procedural time (minutes), contrast
use (mL), fluoroscopy time (seconds), cross-over to femoral access, in-hospital death,
myocardial infarction, stroke, and major bleeding as per Thrombolysis in Myocardial
Infarction (TIMI) definitions, as well as the composite end-point of in-hospital death,
myocardial infarction, stroke, or major bleeding. In addition, all corresponding authors
of shortlisted studies were directly queried for missing or unclear data. Validity fea-
tures were appraised according to the Cochrane Collaboration [12].

2.5. Data analysis

Continuous variables are reported as mean (standard deviation) or median
(range), when appropriate. In case of missing values for standard deviations and lack
of replies to direct queries to corresponding authors, these were imputed according
to normal distribution assumptions, where mean + 0.6745 = standard deviation equals
to 1st-3 rd quartiles. Categorical variables are expressed as n/N (%). Statistical pooling
was performed computing risk ratios (RR) for categorical variables and weighted mean
differences (WMD) for continuous variables, both with 95% confidence intervals.
Statistical homogeneity was tested with the y? test and consistency with I? [12]. In
case of 1>>50% (suggesting substantial inconsistency), a random-effect model was
used as this provides larger and more conservative confidence intervals. Conversely,
in case of ?<50% (suggesting mild or moderate inconsistency), a fixed-effect model
was used as this provides more precise estimates and lends more statistical weight
to larger studies. Small study effects (including publication bias) were appraised
with graphical inspection of funnel plots. Unadjusted p values are reported throughout,
with hypothesis testing set at the two-tailed 0.05 level. Computations were performed
with RevMan 4.3 (The Cochrane Collaboration, Copenhagen, Denmark).

3. Results
3.1. Included studies

From a total of 9216 citations, 5 randomized trials were finally
included (Fig. 1) [9,10], [15-17]. These studies were conducted in
Italy, Japan, Spain, and USA, were published between 2004 and
2011, and included a total 3210 patients (Table 1). Most procedures
were diagnostic coronary angiographies, with PCI performed during
the same procedure in 32.5% of patients. Notably, subjects were
enrolled only after proof of a normal Allen test, despite recent sugges-
tions that this may not be mandatory in clinical practice [18,19].

Appraisal of the internal validity of included studies suggested a
moderate to low risk of bias, despite the obvious lack of patient or
physician blinding (Table 2). Nonetheless, in 2 studies means for gen-
eration of allocation sequence were not mentioned [9,15], whereas
Kanei et al. used a pseudorandomization scheme [17].

3.2. Meta-analysis

Pooled analyses (Figs. 2-5) demonstrated that right radial access was
associated with similar procedural time (random-effect WMD = 0.99
[—0.53; 2.51]min, p for effect=0.20, p for heterogeneity<0.001,
12=79%), contrast use (fixed-effect WMD=1.71 [—1.32; 4.74] mL, p
for effect=0.27, p for heterogeneity = 0.28, I* = 22%), and fluoroscopy
time (random-effect WMD = 35.79 [ —3.54; 75.12]s, p for effect =0.07,
p for heterogeneity<0.001, 12 = 80%). However, right radial access was
apparently inferior to left radial access in terms of access site failure
leading to cross-over to femoral access (5.2% versus 3.1%, fixed-effect
RR=1.65 [1.18; 2.30], p for effect=0.003, p for heterogeneity =0.25,
I>=25%).

In terms of patient-relevant outcomes, right and left radial
showed similar risks of death (0.3% versus 0.2%, fixed-effect
RR=2.00 [0.37; 10.89], p for effect=0.42, p for heterogeneity = 1.0,
12=0), myocardial infarction (0.3% versus 0.3%, fixed-effect
RR=1.33 [0.30; 5.94], p for effect=0.71, p for heterogeneity = 0.66,
12=0), stroke (0.1% versus 0, fixed-effect RR=3.00 [0.12; 73.53], p
for effect=0.50, p for heterogeneity=1.0, I>=0), major bleeding
(0.3% versus 0.1%, fixed-effect RR=23.00 [0.31; 28.78], p for effect=
0.34, p for heterogeneity = 1.0, I>=0), or their composite end-point
(1.0% versus 0.5%, fixed-effect RR=2.00 [0.75; 5.31], p for effect=
0.16, p for heterogeneity = 0.49, I =0).

The association between fluoroscopy time, radial access, and cross-
over rate was formally tested with exploratory meta-regression, with-
out statistically significant results (p=0.450). However, this analysis
is strongly limited by the few included studies. Exploration for small

9216 citations screened at the title/abstract
level:

51 from CENTRAL

8910 from Google Scholar

217 from MEDLINE/PubMed

38 from Scopus

9205 citations excluded because patently not
pertinent

11 articles retrieved in full and appraised
according to the selection criteria

6 studies excluded because not fulfilling
inclusion/exclusion criteria

5 randomized trials finally included in the
systematic review and meta-analysis

Fig. 1. Review profile.
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Table 1
Main features of included studies.
Study Location Patients Primary end-point Females (%) DM (%) ACS (%) PCI (%) Preliminary
Allen test
Fernandez-Portales (2006) Spain 364 Not specified 31 34 Not reported 28 Mandatory
[15]
Kanei (2011) [17] USA 193 Procedural difficulty (hydrophilic/coronary wire use for 48 37 Not reported 22 Mandatory
tortuosity, stiff wire use for the coronary engagement,
>2 catheters use, or nonselective injection)
Kawashima (2004) [9] Japan 443 Not specified 45 23 Not reported Not reported Mandatory
Santas (2009) [16] Spain 670 Procedural success 30 35 Not reported 37 Mandatory
Sciahbasi (2011) [10] Italy 1540 Fluoroscopy time 32 29 46 47 Mandatory
ACS = acute coronary syndromes; DM = diabetes mellitus; PCI = percutaneous coronary intervention.
Table 2
Internal validity of included studies.
Study Adequate sequence generation? Allocation Blinding? Incomplete data Free of selective Free of
concealment? outcome addressed? reporting? other bias?
Fernandez-Portales (2006) Not reported Not reported  No No No Yes
[15]
Kanei (2011) [17] No (“After informed consent, patients were randomized to the No No No Yes Yes
right radial or left radial approach on the basis of medical
record number”)
Kawashima (2004) [9] Not reported Not reported  No No No Yes
Santas (2009) [16] Yes Yes No Yes Yes Yes
Sciahbasi (2011) [10] Yes Yes No Yes Yes Yes

study effects and publication bias did not disclose any evidence of such
phenomena (Fig. 6). However, the small number of studies also limits
the power of such analyses.

4. Discussion
4.1. Overall findings

This systematic review and meta-analysis is, to the best of our
knowledge, the first to compare right versus left radial access in
patients undergoing percutaneous diagnostic or interventional proce-
dures [20,21]. Our main original findings are: a) both right and left
radial accesses are equally safe and effective; b) neither right nor
left radial access appears significantly better than the other in terms
of procedural duration, contrast use, fluoroscopy time or clinically rel-
evant end-points; c) nonetheless, left radial access is associated with
fewer failures leading to cross-over to femoral access; d) thus, left
radial should be preferred by inexperienced operators or when wish-
ing to minimize risk of cross-over to femoral access.

4.2. Current clinical and research context

Radial access is most likely to become the standard access site for
diagnostic and interventional coronary procedures given its major
clinical benefits in comparison to femoral or brachial accesses [2-5],
[8]. Specifically, Agostoni et al. have previously demonstrated in a
meta-analysis including 3224 patients that radial access is associated

with similar rates of major adverse cardiac events in comparison to
femoral access, but much fewer access site complications (odds
ratio=0.20, p<0.001) [3]. A more comprehensive review by Jolly et
al. demonstrated that radial access significantly reduces major bleed-
ing and hospital stay, with numerical yet statistically non-significant
reductions in death and the composite of death, myocardial infarc-
tion, or stroke [4]. Similar findings have been reported also by the
RIVAL trial investigators among 7021 subjects with acute coronary
syndromes, where radial access was associated with a significantly
lower rate of major vascular complications (hazard ratio=0.37,
p<0.001) and ACUITY-defined major bleedings (hazard ratio = 0.43,
p<0.001), albeit at the expense of more access site cross-overs
(hazard ratio=3.8, p<0.001) [5].

Despite substantial evidence in favor of radial access in general,
debate continues on which radial artery should be targeted [22].
Indeed, whereas most operators prefer right radial access for comfort
reasons, left radial access ensures catheter maneuvers which are
more similar to those required with femoral access [23]. Yet, it
remains unclear whether right radial access is equivalent or inferior
to left radial access in the hands of experienced operators.

4.3. Implications of the present study

This systematic review and meta-analysis builds upon recent evi-
dence in support of the safety and efficacy of radial artery access [3-
5], and provides clinically relevant suggestions on which radial access
should be chosen. Indeed, right and left radial access proved similar in

Right Left WD (random) Weight WD (random)
or sub-category N Mean (SD) N Mean (SD) 95% CI % 95% Cl
Kawashima 208 13.70(6.40) 232 11.40(4.80) = 22.91 2.30 [1.28, 3.37)
Femndndez-Fortales 171 10.77¢6.71) 180 7.88(6.47) o 21.31 2.89 (1.51, 4.27)
Santas 338 28.00(12.00) 335 28.00(12.00) is.87 0.00 (-1.82, 1.82)
Kanei 101 37.70(21.60) EH 43.80(20.60) =l 5.20 =6.10 [-12.06, =0.14)
Sciahbasi - Angio 732 16.00(9.00) 738 16.00(10.00) 23.38 0.00 [=0.87, 0.97)
Sciahbasi- PCI 344 46.00(29.00) 345 44.00(29.00) - 8.3z 2.00 [-2.33, 6.33)
Total (95% CI) 1es8 1918 100.00 0.99 [-0.53, 2.51]
Tes! for heterogenety: Chi = 23.22 df = 5 (P = 0.0003), F = 78.5%
Test for overall effect: Z = 1.28 (P = 0.20)
-100 -50 0 50 100
Favors nght  Favors left

Fig. 2. Forest plot for procedural time (minutes). CI = confidence interval; df = degrees of freedom; SD = standard deviation; WMD = weighted mean difference.
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Study Right Left WMD (random) Weight WMD (random)
or sub-category N lean (SD) N Mean (SD) 95% CI % 95% CI
Kawashima 208 83.00(25.00) 232 79.00(27.00) 27.0% 4.00 (-0.88, 8.88)
Santas 338 84.00(41.00) 335 87.00(30.00) = 23.09 -3.00 [-B8.44, 2.44]
Kanei 101 106.00(63.00) 82 111.00(582.00) —r 3.38 -5.00 [-21.24, 11.24)
Scishbasi - Angio 732 68.00(35.00) 735 €5.00(32.00) & 41.87 3.00 (-0.43, 6.43)
Sciahbasi - PCI 344 165.00(91.00) 344 160.00(92.00) -— 4.65 5.00 (-8.67, 18.67)
Total (95% Ci} 1717 1738 ] 100.00 1.71 [=1.32, 4.74)
Test for heterogenety: Cht = 5.11,df = 4 (P = 0.28), F = 21.8%
Test for overal effect Z=1.11(P=0.27)

-100 -50 50 100

Favors right  Favors lkeft

Fig. 3. Forest plot for contrast use (mL). CI = confidence interval; df = degrees of freedom; SD = standard deviation; WMD = weighted mean difference.

Study Right Left WMD (random) Weight 'WMD (random)
or sub-category N Mean (SD) N Mean (SD) 95% C % 9% Cl
Kawashima 208 300.00(1%8.00) 232 222.00(150.00) - 21.23 78.00 [44.73, 111.27)
Fernandez-Fortales. i 331.10(233.81) 180 236.56(195.48) - 18.81 94.54 [49.33, 139.78)
Santas. 3385 300.00(200.00) 338 300.00(300.00) l 20.17 0.00 [-38.61, 38.61)
Kanei 101 §52.00(402.00) 92 630.00(402.00) —=1 8.11 -78.00 (-191.55, 35.55)
Sciahbasi - Angio 732 227.00(177.00) 735 213.00(181.00) = 23.74 14.00 ([-4.32, 32.32)
Sciahbasi - PCI 344 936.00(749.00) 344 880.00(794.00) +— 7.94 $6.00 [=59.35, 171.35)
Total (35% C1) 1888 1918 % 100.00 35.79 [-3.54, 75.12)
Test for heterogenety: Ch? = 2474 df = 5 (P = 0.0002), P = 79.8%
Test for overall effect 2 = 1.78 (P = 0.07)

-1000 -500 500 1000

Favors nght  Favors left

Fig. 4. Forest plot for fluoroscopy time (seconds). CI = confidence interval; df = degrees of freedom; SD = standard deviation; WMD = weighted mean difference.

terms of clinical outcomes, procedure duration, and contrast volume.
However, right radial access appeared inferior to left radial access in
terms of need for femoral cross-over (5.2% versus 3.1%, respectively).
The strong, albeit non-significant trend (p = 0.07), of lower fluorosco-
py times in the left radial access group also supports a superiority of
this access site. An absolute 2% difference in the risk of cross-over
may not appear striking, but in relative terms it translates into a rela-
tive risk reduction of 40%, when a left radial access is chosen instead
of a right radial access. In addition, we can expect higher overall rates
of radial failure by inexperienced operators, and thus larger benefits
from using a left radial access. Indeed, it is conceivable that most
operators involved in the included studies were highly experienced
and thus at an overall low risk of radial failure.

Whereas our personal preference goes almost invariably to right
radial or ulnar access, mainly because of greater operator comfort
[6,7], [19], we can thus suggest radial beginners to systematically
adopt left radial access until they reach a substantial expertise in
transradial procedures. Once their learning curve is complete and
their transradial skills refined, both right and left radial accesses can
be used. Nonetheless, left radial access could still be recommended
even to expert radialists when wishing to minimize radiation expo-
sure (e.g. in women with childbearing potential) or risk of cross-
over to femoral access (e.g. in patients with international normalized
ratio >2.0). Another setting in which left radial access should be the
first choice is the patient with prior coronary artery bypass grafting
requiring selective angiography of saphenous vein grafts originating

from the anterior wall of the ascending aorta or left internal mamma-
ry artery grafts [24,25].

4.4. Avenues for further research

Further and larger randomized studies comparing right versus left
radial access are welcome and would surely improve the statistical
precision of the quantitative estimates hereby provided. However,
they would not be likely to substantially change the main findings
of our review. Nonetheless, further issues worth researching include
the appraisal of a total wrist access strategy (attempting both ipsilat-
eral radial and ulnar accesses before moving to the contralateral radi-
al or ulnar arteries) [19]. Whereas fluoroscopy time is easily collected,
it has a very limited usefulness to estimate radiation exposure.
Indeed, fluoroscopy times are just general and indirect indicators of
the radiation produced by X-ray machinery therefore no direct infer-
ence can be made regarding operators exposure, which needs a spe-
cific recording of personal absorption in different zones of the body
of operators, over and below the surface of the apron. The weight of
patients in this context is also a major determinant of operator's
exposure. In addition, dose area product (DAP) and air kerma are
much more clinically relevant measures of radiation exposure. Unfor-
tunately, the above data were not systematically collected and ana-
lyzed in the included studies, and thus they are beyond the scope of
our work. Further trials should focus in greater details on these key
aspects.

Study Right Left RR (foced) Weight RR (fxed)
or sub-category N n/N 95% CI % 95% CI
Kawashima 87205 1/232 l.88 5.66 [0.67, 48.04]
Ferndndez-Portales 117179 4/185 7.88 2.84 [0.92, 8.7¢)
Santas $7/335 35/335 [} 70.11 1.63 [1.10, 2.41)
Kanei 37101 i/92 2.10 2.73 [0.29, 25.81]
Sciahbasi €/770 8/770 18.03 0.67 [0.24, 1.86]
Total (95% CI) 1590 1614 . 100.00 1.65 [(1.18, 2.30)
Total events: 82 (Right), 50 (Left)
Test for heterogenetty. Chf = 5,35, df = 4 (P = 0.25), F = 25.3%
Test for overall effect: Z = 2.94 (P = 0.003)

0.001 001 0.1 1 10 100 1000

Favors right  Favors left

Fig. 5. Forest plot for radial failure leading to cross-over to femoral access. CI = confidence interval; df = degrees of freedom; RR = risk ratio.
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4.5. Limitations

This systematic review is fraught with the typical limitations of
meta-analyses [26]. More specifically, the small number of included
studies, the reliance on end-points with limited patient relevance
(such as procedural time) and the statistical inconsistency underlying
several sub-analyses appear as major drawbacks of this work. None-
theless, inclusion of randomized trials only and systematic queries
to corresponding authors for data checking strengthen the overall
validity and robustness of our work. On the other hand, randomized
trials maximize internal validity at the expense of external validity.
Thus, reliance only on highly selective randomized trials limits the
external validity of our findings, which can be reinforced only by
carefully conducted yet comprehensive observational studies. Anoth-
er drawback of our work is the lack of focus on the importance of
operator experience and volume and their impact on procedural
outcomes of radial access. Indeed, no data on operator experience/
volume could be extracted from the included studies, and thus formal
analysis of this important aspect was beyond the scope of our work.
Nonetheless, we can safely state, based on both personal extensive
experience in radial access and medical literature [3,19], that left radi-
al access can be considered more suitable to operators already trained
in femoral access but with experience in radial procedures, mainly
because left radial access entails more favorable catheter geometry
than right radial access. Finally, the apparent mismatch between the
higher cross-over rate to femoral access with right radial access and
procedural duration, contrast administration and fluoroscopy time
might be explained by several factors. First, operators might have dif-
ferent thresholds to shift from radial to femoral when using a right
versus left access, with the latter being discontinued only after more
and repeated attempts. In addition, the extreme variability and lack
of Gaussian distribution of procedural duration, contrast administra-
tion and fluoroscopy time may limit the precision and statistical
power of their pooled analysis. Finally, as always in biostatistics, sta-
tistical significance is proof of effect, but lack of statistical significance
cannot be considered proof of lack of effect, but rather only as lack of
proof of effect [27].

5. Conclusions

Right and left radial accesses appear largely similar in their overall
procedural and clinical performance during transradial diagnostic or
interventional procedures. Nonetheless, left radial access can be
recommended especially during the learning curve phase to reduce
femoral cross-overs.
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