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Abstract

The radial approach is widely used in the treatment of patients with coronary artery disease. We conducted a meta-analysis of
published results on the efficacy and safety of the left and right radial approaches in patients undergoing percutaneous coronary
procedures. A systematic search of reference databases was conducted, and data from 14 randomized controlled trials
involving 6870 participants were analyzed. The left radial approach was associated with significant reductions in fluoroscopy
time [standardized mean difference (SMD)=–0.14, 95% confidence interval (CI)=–0.19 to –0.09; Po0.00001] and contrast
volume (SMD=–0.07, 95%CI=–0.12 to –0.02; P=0.009). There were no significant differences in rate of procedural failure of the
left and the right radial approaches [risk ratios (RR)=0.98; 95%CI=0.77-1.25; P=0.88] or procedural time (SMD=–0.05, 95%
CI=0.17–0.06; P=0.38). Tortuosity of the subclavian artery (RR=0.27, 95%CI=0.14–0.50; Po0.0001) was reported more
frequently with the right radial approach. A greater number of catheters were used with the left than with the right radial
approach (SMD=0.25, 95%CI=0.04–0.46; P=0.02). We conclude that the left radial approach is as safe as the right radial
approach, and that the left radial approach should be recommended for use in percutaneous coronary procedures, especially in
percutaneous coronary angiograms.
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Introduction

The radial approach has been demonstrated to be as
effective as the femoral approach for both diagnostic and
interventional coronary procedures (1,2). When compared
with the femoral approach, the benefits of the radial
approach include a lower incidence of entry site complica-
tions, decreased patient discomfort, reduced occurrence
of cardiovascular events, and lower total variable proce-
dural costs (3-5). The radial approach, which is safe and
effective for diagnostic and interventional procedures, has
been widely used in the treatment of patients with
coronary artery disease (3). Since its first reported use
for coronary angiography in 1989 (6), many researchers
have published reports on the management of the radial
artery approach (7). Most clinical studies have focused
solely on the right radial approach (RRA) and rarely
consider the left radial approach (LRA). Indeed, the RRA
presents technical obstacles related to anatomy and
clinical practice. For instance, a higher incidence of
tortuosity of the subclavian artery and radial-ulnar artery

loop are expected with the RRA as well as a longer
learning curve (8-12). However, the RRA is still generally
used in clinical practice despite its disadvantages.

Recent investigations found that the LRAwas associated
with lower fluoroscopy time (FT) and operator radiation
exposure (13,14). Increased interest in the LRA, which offers
all the advantages of the RRA and avoids most of its
disadvantages, has led to reports proposing that the LRA
offers greater benefits than the RRA (15,16). However, the
evidence supporting these proposals is not robust, and
recent randomized controlled trials (RCTs) have yielded
conflicting results (13,15-17). Previous meta-analyses of
trials comparing procedural failures, procedural time, and
fluoroscopy time concluded that the LRA was preferable to
the RRA for diagnostic or interventional coronary procedures
(18-20). However, some important variables and recent
RCTs have not yet been considered.

In this meta-analysis of RCTs, we evaluated the
efficacy and safety of the LRA compared with the RRA
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in patients undergoing percutaneous coronary procedures
with regard to procedural failures, fluoroscopy time,
procedural time, contrast volume, tortuosity of the
subclavian artery, and the number of catheters used.

Material and Methods

Search strategy and study selection
We searched several reference databases, including

PubMed, the Cochrane Central Register of Controlled
Trials (CENTRAL), and the Web of Science, for listings up
to October 2014 using different combinations of the
following key words: left AND right AND radial AND
(transradial OR coronary). Additional relevant articles
were obtained by scanning conference summaries and
reference lists. No language restrictions were applied.

RCTs of the LRA versus RRA for percutaneous
coronary procedures were selected for analysis from
among the retrieved publications. Trials enrolling patients
who underwent a percutaneous coronary angiogram were
included whether or not the procedure was followed by a
coronary intervention during the study period. Results
obtained from patients who had previous coronary artery
bypass graft surgery were excluded.

The primary outcome measures were the proportion
of procedural failures and the standardized mean
difference (SMD) in changes of fluoroscopy time from
baseline to endpoint. The secondary outcome meas-
ures were the SMD in changes of procedure time and
contrast volume from baseline to endpoint. We also
evaluated the proportion of procedures with tortuosity of
the subclavian artery, and the number of catheters used.
When the standard deviations (SD) of absolute changes
from the baseline were not available from individual
trials, they were imputed as described in the Cochrane
Handbook (21).

Data extraction and quality assessment
Two reviewers independently identified the articles to

be analyzed by their inclusion and exclusion criteria,
assessed their quality, and completed a standardized data
extraction form. Any disagreements were resolved via
discussion. The data abstracted included year of publica-
tion, study location, number of study patients, patient
characteristics, and outcome data (procedure failure,
fluoroscopy time, procedure time, contrast volume, tortu-
osity of the subclavian artery, and the number of catheters
used during the procedure). The methodological quality of
the studies was assessed using the Risk of Bias
assessment tool from the Cochrane Handbook (21).

Statistical analysis
We performed a pairwise meta-analysis using Review

Manager (RevMan version 5.3, http://tech.cochrane.org/
revman). We calculated the pooled estimates of the SMDs
with 95% confidence intervals (CIs) for continuous

outcomes and risk ratios (RRs) with 95%CIs for categor-
ical outcomes between two direct comparisons (21).
Heterogeneity of treatment effects across studies was
assessed by I2 and the Cochrane Q test (21,22). I2 values
of 25, 50, and 75% represented low, moderate, and high
heterogeneity, respectively (23). With low heterogeneity
for outcome data, a fixed-effects model was used. A
random-effects model was used to analyze data with
moderate or high heterogeneity. A P value of p0.05
was taken as statistically significant. Publication bias was
examined by funnel plots. Sensitivity analysis was
conducted to evaluate high heterogeneity. Separate
subgroup analyses of fluoroscopy time, procedural time,
and contrast volume for cardiac catheterization in angio-
graphy and percutaneous coronary intervention (PCI)
studies were conducted.

Results

As shown in Figure 1, we initially identified 852 records
from key reference databases and additional relevant
articles; 629 potentially relevant studies were kept after
duplicates were eliminated. Of those, a total of 588 studies
were excluded after a review of the abstracts revealed that
they were either not relevant or not RCTs. An additional 27
of the remaining 41 studies were eliminated after a
reading of the full text. A total of 14 RCTs involving 6870
participants satisfied the inclusion criteria and were
included in this meta-analysis (13,15-17,24-33).

Three of the 14 RCTs were from North America
(27,28,30), 7 were from Europe (13,16,17,24,25,31,33),
and 4 were from Asia (15,26,29,32). Table 1 lists the
characteristics of the included trials. All were published
between 2004 and 2014, the number of participants

Figure 1. Flowchart of study selection.
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ranged from 40 to 1540, and the largest two were
conducted by Sciahbasi et al. and Hu et al. (13,26). Most
were single center studies. The mean age of participants
was approximately 59.3 years, about two-thirds (64%) were
male, and the inclusion and exclusion criteria of the
participants were well described in all studies. Eight studies
involved participants undergoing only angiography
(13,15,16,24,26,30-32), six involved participants under-
going PCI (13,17,25,27,29,33), and only one study did
not clearly describe the reason for the procedure (28).
Mean age, country, number of patients, and proportions of
females and patients with hypercholesterolemia, hyperten-
sion, and diabetes are reported in Table 1.

The overall quality of studies was rated as good,
although many reports did not provide the methods of
randomization, allocation concealment, or blinding. Out-
comes with incomplete data were adequately described in
all studies.

Data on procedural failures that followed operations
were available for 11 studies with 5912 participants
(Figure 2A). There was no significant difference between
the LRA and the RRA in the rate of procedural failure
(RR=0.98, 95%CI=0.77–1.25). The LRA had a signifi-
cantly shorter fluoroscopy time than the RRA (SMD=
–0.14, 95%CI=–0.19 to –0.09; Po0.00001; Figure 2B).

The secondary outcome of contrast volume showed a
significant benefit for the LRA over the RRA in the study
participants (SMD=–0.07, 95%CI=–0.12 to –0.02;
P=0.009; Figure 3A). There was no significant difference
between the two approaches in the duration of the
procedure (SMD=–0.05, 95%CI=–0.17 to 0.06; P=0.38;
Figure 3B). However, a significant, moderate heterogene-
ity was found among the studies reporting the duration of
procedures (Po0.00001; I2=77%).

In addition, separate subgroup analyses of angiogra-
phy versus PCI studies were conducted for fluoroscopy
time, procedural time, and contrast volume. No significant
difference in procedural time for LRA and RRA was found
(SMD=–0.05, 95%CI=0.17–0.06; P=0.38; Supplementary
Figure S1A–C), and the differences in fluoroscopy time
and contrast volume were significant for angiography but
not PCI studies.

We also analyzed the available data on tortuosity of
the subclavian artery (six studies) and the number of
catheters used (nine studies). Tortuosity of the subclavian
artery occurred significantly more often (RR=0.27, 95%
CI=0.14–0.50; Po0.0001) in patients with the RRA
(Figure 4A), and the number of catheters used was
significantly greater in patients with the LRA (SMD=0.25,
95%CI=0.04–0.46; P=0.02; Figure 4B). High heterogene-
ity (Po0.00001; I2=90%) was found among the studies
reporting the number of catheters used during the
procedures, with the RRA using fewer catheters. How-
ever, after excluding the studies by Kanei et al. and
Louvard et al. (30,31), a low heterogeneity was observed
(P=0.72, I2=0%), and no significant difference was found
in the test for overall effect (SMD=0.02; 95%CI=–0.04 to
0.08; P=0.51). Visual inspection of the funnel plot revealed
no obvious publication bias (Figure 5).

Discussion

In our literature review, we found recent studies
comparing the LRA with the RRA, two of which were
published in 2014 (26,28). We only included RCTs
retrieved from key international databases to maintain
the high quality and reliability of analysis. Moreover, data
concerning subclavian tortuosity and catheter count were

Table 1. Characteristics of included trials.

Study Country Patients
(n)

LRA
(n)

RRA
(n)

Mean age
(years)

Female
(%)

Hypercho-
lesterolemia

Hypertension Diabetes

Dominici (24) Netherlands 413 204 209 68.0 31.7 215 283 67
Fernández-Portales (16) Spain 351 180 171 65.5 31.1 NA 207 117

Freixa (25) Spain 100 50 50 82.6 41.0 59 86 30
Hu (26) China 1400 700 700 61.5 41.4 631 937 394
Kado (28) USA 100 50 50 59.3 41.0 74 83 52
Kado (27) USA 60 31 29 59.5 41.7 50 53 32

Kanei (30) USA 192 92 101 65.3 47.7 124 155 72
Kawashima (15) Japan 437 232 205 65.5 45.8 134 260 104
Khan (29) Bangladesh 512 256 256 NA NA NA NA 512

Louvard (31) France 140 70 70 61.2 22.1 85 63 19
Norgaz (32) Turkey 1000 500 500 60.0 36.0 NA 556 289
Pacchioni (33) Italy 40 20 20 65.6 40.0 28 30 8

Santas (17) Spain 585 305 280 66.0 30.7 403 450 236
Sciahbasi (13) Italy 1540 770 770 66.1 31.6 NA 1059 446

LRA: left radial approach; RRA: right radial approach; NA: not available.
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extracted to evaluate both radial approaches comprehen-
sively. Meta-analysis of all 14 RCTs found that the LRA is
effective for percutaneous coronary procedures and
superior to the RRA in fluoroscopy time and contrast
volume. In addition, based on the procedural failure
results, the LRA is as safe as the RRA, with no differences
found in procedural time. Subclavian tortuosity was much
less frequent when the LRA rather than the RRA was
used. However, the LRA used a greater number of
catheters. The subgroup analysis revealed significant

differences in the fluoroscopy time and contrast volume
reported in the angiography and the PCI studies.

Analysis of procedural failure showed that the LRA was
as safe as the RRA. Indeed, transradial approaches can be
performed with a high success rate, low complication rate,
and good angiographic quality (31). Furthermore, com-
pared with the transfemoral approach, the transradial
approaches show lower incidences of access-site bleeding
complications, decreased patient discomfort, increased
patient ambulation, and reduced hospital stays (34).

Figure 3. Meta-analysis of secondary outcomes.
A, Comparison of the left radial approach (LRA)
versus the right radial approach (RRA) for
contrast volume. B, Comparison of the LRA
versus the RRA for procedural time. In the study
of Sciahbasi (13), we reported the meta-analysis
results of percutaneous coronary intervention
(PCI) and diagnostic angiography (Angio). See
Table 1 for numbers of all references cited.

Figure 2. Meta-analyses of primary outcomes.
A, Comparison of the left radial approach (LRA)
versus the right radial approach (RRA) for
procedural failure. B, Comparison of the LRA
versus the RRA for fluoroscopy time. In the study
of Sciahbasi (13), we reported the meta-analysis
results of percutaneous coronary intervention
(PCI) and diagnostic angiography (Angio). See
Table 1 for numbers of all references cited.
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Indeed, the analysis found that LRA is as valid an
alternative to the femoral approach as the RRA (17).

The primary outcome of fluoroscopy time was
found to be significantly longer for the RRA than the
LRA, which may be attributable to right subclavian
tortuosity that impeded the procedure. Kawashima et
al. pointed out that improvements in catheters and X-ray
systems might be expected to shorten fluoroscopy time
and to decrease the amount of contrast material in both
approaches (15).

Although no significant difference was found in the
procedural time of the two approaches, the LRA still had a
slight advantage. A longer procedural time with the RRA
may be partly attributable to right subclavian tortuosity.
However, the RRA, regardless of operator experience, is a
more complex procedure to perform and thus cannot be
resolved simply by overcoming the initial learning curve
(16). In addition, the evidence reveals that patients older
than 70 years of age who were treated with the RRA had a
six-fold greater risk of prolongation of procedural time than
those younger than 70 years of age (16). Moreover, longer
procedural times and catheter manipulation in or around
the neck vessels have been associated with increased
risk of both silent and symptomatic stroke (35,36).
Consequently, special attention is required when employ-
ing the RRA. In terms of contrast volume, the LRA showed
a slight benefit compared with the RRA. More contrast
was needed because more digital acquisitions are

required when using the RRA, which also results in an
increased cost of contrast materials (31).

The subclavian tortuosity results indicated that the LRA
was superior to the RRA. Indeed, the radial artery is a small
vessel that often shows spasms after percutaneous
coronary procedures are completed. The presence of right
subclavian artery-common brachiocephalic trunk (CBT)
and CBT-aorta bifurcations encountered during the RRA
always reduces the procedural success rate and increases
the incidence of procedural failure (37,38). In contrast, the
left subclavian artery is similar to the femoral artery, both of

Figure 5. Funnel plot assessment of publication bias.

Figure 4. Meta-analysis of subclavian tortuosity
and catheter count. A, Comparison of the left
radial approach (LRA) versus the right radial
approach (RRA) for tortuosity of the subclavian
artery. B, Comparison of the LRA versus the RRA
for catheter count. C, Sensitivity analysis of the
catheter count meta-analysis excluding the stu-
dies by Kanei and Louvard (30,31). See Table 1
for numbers of all references cited.
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which stem directly from the aortic arch, thereby reducing
the presence of tortuosity in the LRA (24).

In the catheter count analysis, a significant, high
heterogeneity was found in the number of catheters used
during the procedures (Po0.00001; I2=90%). When we
conducted a sensitivity analysis by excluding the studies
by Kanei et al. (30) and Louvard et al. (31), a low
heterogeneity was observed (P=0.72, I2=0%), and no
significant difference was found in the test for overall effect
(SMD=0.02, 95%CI=–0.04 to 0.08; P=0.51), indicating
that there was no significant difference between the LRA
and the RRA. We considered that several operator and
patient factors might have caused the high heterogeneity.
First, the choice of catheters in the Kanei study was
dependent on the discretion of the operator (30), which
may have influenced the numbers that were used in that
study. Second, the position of the operator was also
important. In the Louvard study (31), the operator stood on
the patient’s left side whereas the operator in other
studies stood on the right side (15,24). That may have
influenced the number of catheters used based on the
level of operator comfort during the procedure.

In the subgroup analyses, the fluoroscopy time and
contrast volume in the LRA and RRA were significantly
different only in angiography procedures, indicating that
the advantages of the LRA might apply to percutaneous
coronary angiograms but not to coronary interventions. A
previous meta-analysis of studies comparing the two
radial approaches came to the same conclusion (20).

In the past decade, an increasing number of studies
have focused on establishing optimal access to conduct
percutaneous coronary procedures, but few of these
studies directly compared the operator radiation expo-
sure among the different approaches. In the past year,
two RCTs reported details about continuous operator
radiation exposure (24,28). Both studies reported that the
LRA was associated with a lower radiation dose
absorbed by the operator, and was as effective as the
RRA. The reduction of radiation exposure was similar in

experienced and inexperienced operators. However, the
operators felt uncomfortable during vascular access with
the LRA in obese patients (28). Thus, increased operator
discomfort may be proposed as a reason for not
performing the LRA.

This meta-analysis had several limitations. First,
although we included 14 high-quality RCTs for the meta-
analysis, most of them were small-to-moderate size,
single-center studies. Second, some results exhibited
significant moderate heterogeneity. Third, data on dose-
area products were not frequently reported in the included
RCTs, so we were not able to assess this variable. Fourth,
most of the included RCTs did not measure the absorbed
radiation dose for either the patients or the operators.
Fifth, the selection of catheters and the experience level of
the operators were not consistent among the included
RCTs. Despite the shortcomings of this meta-analysis,
some of which may be unavoidable, we collected
sufficient data from the included RCTs to evaluate the
efficacy and safety of both transradial approaches for
patients undergoing percutaneous coronary procedures.

In conclusion, the LRA is as safe as the RRA for
percutaneous coronary procedures. The results showed
significant benefits in using the LRA compared with the
RRA, including reduced fluoroscopy time, contrast
volume, and subclavian tortuosity. The results of this
analysis support the LRA as the more prudent choice and
the one that should be recommended for use in
percutaneous coronary procedures, especially percuta-
neous coronary angiograms.
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