
Systematic Review and Meta-analysis of Major Cardiovascular 

Outcomes for Radial Versus Femoral Access in Patients with 

Acute Coronary Syndrome

Ernesto Ruiz-Rodriguez, MD, Ahmed Asfour, MD, Georges Lolay, MD, Khaled M. Ziada, MD, 
and Ahmed K. Abdel-Latif, MD, PhD

Division of Cardiovascular Medicine, Gill Heart Institute, University of Kentucky and the Lexington 
VA Medical Center, Lexington, Kentucky

Abstract

Objectives—Radial artery access (RA) for left heart catheterization and percutaneous coronary 

interventions (PCIs) has been demonstrated to be safe and effective. Despite consistent data 

showing less bleeding complications compared with femoral artery access (FA), it continues to be 

underused in the United States, particularly in patients with acute coronary syndrome (ACS) in 

whom aggressive anticoagulation and platelet inhibition regimens are needed. This systematic 

review and meta-analysis aims to compare major cardiovascular outcomes and safety endpoints in 

patients with ACS managed with PCI using radial versus femoral access.

Methods—Randomized controlled trials and cohort studies comparing RA versus FA in patients 

with ACS were analyzed. Our primary outcomes were mortality, major adverse cardiac event, 

major bleeding, and access-related complications. A fixed-effects model was used for the primary 

analyses.

Results—Fifteen randomized controlled trials and 17 cohort studies involving 44,854 patients 

with ACS were identified. Compared with FA, RA was associated with a reduction in major 

bleeding (odds ratio [OR] 0.45, 95% confidence interval [CI] 0.33–0.61; P < 0.001), access-related 

complications (OR 0.27, 95% CI 0.18–0.39; P < 0.001), mortality (OR 0.64, 95% CI 0.54–0.75; P 

< 0.001), and major adverse cardiac event (OR 0.70, 95% CI 0.57–0.85; P < 0.001). These 

significant reductions were consistent across different study designs and clinical presentations.

Conclusions—Based on this large meta-analysis, RA for primary PCI in the setting of ACS is 

associated with reduction in cardiac and safety endpoints when compared with FA in both urgent 

and elective procedures. This should encourage a wider adoption of this technique among centers 

and interventional cardiologists.
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Radial artery access (RA) has been demonstrated to be a safe and effective technique for 

coronary angiography and percutaneous coronary interventions (PCIs).1–4 Although 

performing PCI via RA requires the development of specific skills and involves a significant 

learning curve, success rates are similar and bleeding complications are lower when 

compared with femoral artery access (FA).5–9 The possible reduction in bleeding and 

vascular complications is clinically relevant because studies have demonstrated a relation 

between major bleeding and morbidity and mortality.10–13 Despite consistent evidence in the 

literature showing the benefits of RA over FA, particularly when an aggressive 

anticoagulation and platelet inhibition regimen is needed, RA continues to be significantly 

underused in this setting, especially in certain areas of the United States.14,15 This may be 

the result of unfamiliarity with the technique, the need for skill-set development, and 

possibly the lack of dedicated catheters.

The Society for Cardiac Angiography and Interventions, the European Association of 

Percutaneous Cardiovascular Interventions, and the European Society of Cardiology have 

published expert consensus documents favoring RA as the vascular access of choice in 

conjunction with current recommendations regarding optimal antithrombotic strategies.16,17 

Studies examining the use of RA in PCI, particularly in the setting of acute coronary 

syndromes (ACSs) and ST-elevation myocardial infarction (STEMI) have been small and 

could not reach solid conclusions, however. This meta-analysis aims to compare major 

cardiovascular outcomes and safety profile in patients with ACS managed with PCI using 

RA versus FA.

Methods

Review Question and Study Protocol

We report this protocol-driven systematic review and meta-analysis according to the 

Preferred Reported Items for Systematic Reviews and Meta-Analyses.18 Our review 

question was whether PCIs in patients with ACSs performed using the RA are as safe and 

efficacious as those performed using the FA.

Search Strategy and Eligibility Criteria

We searched MEDLINE, the Cochrane databases, EMBASE and CINAHL (September 

1998–June 2014), using the following database-appropriate Medical Subject Heading terms: 

radial access, transradial, femoral access, transfemoral, percutaneous coronary intervention, 

ST-segment elevation myocardial infarction, acute coronary syndrome, and clinical 

outcomes. We sought additional studies by reviewing the reference lists of eligible studies, 

relevant review articles, and published abstracts of major international annual meetings. Two 

reviewers (A.A. and E.R.R.) independently judged the eligibility of all of the studies. 

Eligible studies included randomized controlled trials (RCTs) and cohort studies that 
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compared RA and FA during PCI in patients with ACS and measured at least one of the 

following cardiovascular outcomes: mortality, major adverse cardiac events (MACE), major 

bleeding, and access-related complications. We excluded studies with fewer than 100 

patients because of the small sample size that may influence the results. We also excluded 

studies and registries that examined the outcome retrospectively.19

Data Abstraction

Two reviewers working in duplicate and independently used a standardized form to abstract 

the data from each study. Any discrepancies were resolved by consensus and arbitration by a 

third investigator (A.A.L.). For each outcome, absolute event numbers were extracted and 

results are expressed as a ratio of total participants with complete follow-up. The longest 

follow-up data available were used for each study.

Quality Assessment

The criterion of Jüni et al20 was used to ascertain the methodological quality and the 

potential for bias of included randomized trials. A modified Newcastle-Ottawa scale21 was 

used to assess the quality of registry studies (details included in the online-only 

supplemental material). Briefly, the authors evaluated the study quality based on the 

following criteria: adequacy of allocation, appropriate description of randomization method, 

similarity of groups at the onset of the study, blinding for both participants and caregivers, 

blind ascertainment of outcomes, attrition, and intention to treat analysis. The authors’ 

statements regarding blinding and other methods in the original manuscripts were accepted 

verbatim.

Data Analyses

We performed a meta-analysis of the RCTs and cohort studies comparing clinical outcomes 

of patients with ACSs undergoing PCI using either RA or FA for their index procedure. The 

prespecified outcomes of our analyses were all-cause mortality, MACE, major bleeding, and 

access-related complications. Given the inherent difference in study design, we performed 

separate meta-analyses for the RCTs and the cohort studies.22 This was followed by a 

pooled estimate for all of the studies. Because MACE had different definitions in the 

incorporated studies, we only included studies that specifically reported the outcome and 

used a traditional definition of its components. For mortality, some studies used all-cause 

mortality, whereas others used cardiac mortality. Given the observed heterogeneity in the 

study methods, we conducted random effects meta-analyses to obtain estimated odds ratios 

(ORs) for the prespecified main clinical outcomes comparing radial versus femoral access 

and their associated 95% confidence intervals (CIs). The estimated OR from separate studies 

was combined according to the DerSemonian-Laird method.23 We calculated the number 

needed to treat (NNT) and the number needed to harm (NNH) to assess clinical relevance of 

the results. The NNT and NNH are the reciprocal of the estimated risk difference calculated 

based on the Mantel-Haenzel method. NNT denotes the number of patients who would need 

to be treated with radial access PCI instead of FA PCI to prevent one adverse event, whereas 

NNH denotes the number of patients who would need to be treated with FA PCI instead of 

RA PCI to cause one adverse outcome in this analysis. We estimated the proportion of 

between-study inconsistency resulting from true differences among studies (rather than 
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differences from chance) using the I2 statistic,24 with values of 25%, 50%, and 75% 

considered low, moderate, and high, respectively. Funnel plots were graphically explored for 

evidence of publication bias. RevMan version 5.1.2 (Copenhagen, Denmark) was used for 

these analyses.

Results

Search Results

Of 295 articles retrieved during the initial search (Fig. 1A), 46 were not original 

investigations (review articles and editorials) and 217 were not pertinent to the study 

question (study design was not pertinent to the meta-analysis question or the clinical 

outcomes were not reported adequately). Thirty-two studies (15 RCTs and 17 cohorts) 

containing 44,854 patients were found eligible for inclusion in the meta-analysis. Of these 

44,854 patients, 10,482 (23%) underwent RA and 34,372 (77%) underwent FA PCI. 

Interreviewer agreement on study eligibility was 100%.

Study Characteristics

The main characteristics of the included trials for both RCTs and cohort studies are 

presented in Table 1. Overall, the median number in cohort studies was larger than that in 

the RCTs (306 vs 63 patients per group). The age reflects the general clinical practice for 

patients with ACS and was equal in RCTs and cohort studies (median age 62 years in RCTs 

and 61.75 in cohort studies). Twelve of the 15 RCTs and 14 of the 17 cohort studies 

included patients with STEMI exclusively. None of the RCTs included patients with 

cardiogenic shock, whereas 6 of the 17 cohort studies included this patient category.

Study Quality

Several metrics were used to assess the data quality and reliability of this meta-analysis 

result. Supplemental Table 1 (http://links.lww.com/SMJ/A42) presents the well-balanced 

methodological quality of the RCTs. Because blinding to the access site is not logistically 

feasible, it was not achieved in any of the included studies. We judged whether the follow-up 

was adequate based on the expected time frame of occurrence of major bleeding and access 

site complications; however, 12 of the 17 studies had a follow-up duration of ≤30 days, 

which may not be adequate to assess the rates of mortality or MACE. Follow-up was 

complete in all of the included RCTs except in the study by Gan et al,26 in which 12% to 

16% of the study population was lost to follow-up. Supplemental Table 2 (http://

links.lww.com/SMJ/A43) presents the quality of the cohort studies. All 17 observational 

studies received favorable ratings on 6 of the 8 domains, but ratings were lower on 

assessment of outcome and comparability. None of the studies blinded the caregivers to 

access assignment. The interreviewer agreement on these quality domains was 90%.

AThere were no figure callouts after this point in text as received. The copyeditor inserted callouts for Figs 2–5 based on best 
estimates, but guessed at the placement of Figs 6–9. Please check and move/reorder the callouts if needed. The callouts must occur in 
numerical/consecutive order.
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Meta-analyses

Overall Sample—A total of 1378 patients (3.2%) died during follow-up: RA was 

associated with a significant reduction in mortality (2.1% vs 3.4%, OR 0.64, 95% CI 0.54–

0.75, P < 0.001); this reduction was observed in both RCTs (1.9% vs 2.7%, OR 0.69, 95% 

CI 0.53–0.90, P = 0.006) and cohort studies (2.3% vs 3.6%, OR 0.61, 95% CI 0.50–0.74, P 

< 0.001). MACE was observed in 2788 patients (6.7%) and RA was associated with a 

significant reduction in MACE as compared with FA (5.0% vs 7.2%, OR 0.84, 95% CI 

0.76–0.94, P < 0.01). This reduction was significant only in cohort studies (6.2% vs 7.6%, 

OR 0.85, 95% CI 0.75–0.97, P < 0.01).

A total of 38,522 patients were analyzed for major bleeding, 10,709 of whom (28%) 

underwent RA procedures and 27,813 (72%) underwent FA procedures (Fig. 2). Major 

bleeding was observed in 1047 patients (2.7%). Among those, RA reduced the risk of major 

bleeding by 55% compared with FA (1.4% vs 3.2%, OR 0.45, 95% CI 0.33–0.61, P < 

0.001). This reduction was significant in both RCTs (1.0% vs 2.0%, OR 0.54, 95% CI 0.37–

0.80, P = 0.002) and cohorts (1.8% vs 3.5%, OR 0.39, 95% CI 0.25–0.61, P < 0.001).

Furthermore, 31,409 patients were analyzed for access-related complications, 8952 of whom 

underwent RA and 22,457 of whom underwent FA (Fig. 3). Access-related complications 

were observed in 909 patients (2.9%). RA was superior to FA in terms of the risk of access-

related complications (1.2% vs 3.6%, OR 0.27, 95% CI 0.18–0.39, P < 0.001). This benefit 

was observed in both RCTs (1.9% vs 4.9%, OR 0.38, 95% CI 0.30–0.49, P < 0.001) and 

cohorts (1.2% vs 3.1%, OR 0.12, 95% CI 0.06–0.27, P < 0.001).

Analysis of the STEMI Population—We conducted a separate analysis for studies 

involving only patients with STEMI to evaluate potential differences in outcomes when 

compared with non-ST elevation ACS. A total of 12,944 patients were analyzed for 

mortality outcomes. Of these patients, 4329 (33%) underwent RA and 8615 (67%) 

underwent FA. A total of 520 patients (4%) died during follow-up. Among them, RA was 

associated with an overall reduction in mortality (2.8% vs 4.6%, OR 0.61, 95% CI 0.49–

0.76, P < 0.001). This reduction was observed in both RCTs (3.4% vs 5.8%, OR 0.57, 95% 

CI 0.39–0.82; P = 0.003) and cohort studies (2.6% vs 4.4%, OR 0.63, 95% CI 0.48–0.84, P 

= 0.002). A total of 12,931 patients were analyzed for MACE, 5081 of whom (39%) 

underwent RA and 7850 (61%) underwent FA (Fig. 4). MACE was observed in a total of 

657 patients (5.8%). RA was associated with a significant reduction in MACE as compared 

with FA (4.3% vs 6.4%, OR 0.55, 95% CI 0.45–0.68, P < 0.001), both in RCTs (5.8% vs 

8.1%, OR 0.67, 95% CI 0.49–0.90, P < 0.01) and cohorts (3.3% vs 6.1%, OR 0.45, 95% CI 

0.34–0.60, P < 0.001). A total of 14,026 patients were analyzed for major bleeding, 4868 

(34.7%) of whom underwent RA and 9158 (65.3%) of whom underwent FA. Major bleeding 

was observed in 432 patients (3.0%). Among those, RA reduced the risk of major bleeding 

significantly compared with FA (1.7% vs 3.8%, OR 0.38, 95% CI 0.26–0.57, P < 0.001), 

both in RCTs (1.9 % vs 4.7%, OR 0.45, 95% CI 0.29–0.70 P = 0.0004) and cohorts (1.6% vs 

3.6%, OR 0.31, 95% CI 0.16–0.59, P = 0.0004). Furthermore, 6913 patients were analyzed 

for access-related complications; 3111 (45%) underwent RA and 3802 (55%) underwent FA. 

Access-related complications were observed in 320 patients (4.6%). RA was significantly 
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superior to FA in reducing the risk of access-related complications (1.5% vs 7.2%, OR 0.25, 

95% CI 0.15–0.39, P < 0.001), both in RCTs (2.6% vs 7.1%, OR 0.36, 95% CI 0.24–0.54, P 

< 0.001) and cohorts (0.5% vs 7.2%, OR 0.09, 95% CI 0.03–0.29, P < 0.001).

Sensitivity Analyses—We also conducted sensitivity analyses comparing randomized 

with cohort studies to explore the possibility of selection bias in our results. There were no 

significant differences between the outcomes in both arms and we did not observe any 

significant interactions (Table 2). Similarly, we did not observe significant interactions 

among studies that enrolled patients with STEMI compared with studies that included 

patients with ACS (Table 3). Our findings were unchanged when we again performed the 

meta-analysis using the fixed-effects instead of the random-effects model (data not shown). 

The heterogeneity observed in our analyses was generally in the low-to-moderate range, and 

we elected to present the data from the random-effects model.

The absolute risk difference in major bleeding was 2% (CI 3%–1%, P < 0.001) with NNT of 

50 individuals. The absolute risk difference in access site complications was 4% (CI 6%–

3%, P = 0.001) with NNT of 25 individuals. The absolute risk difference in MACE was 2% 

(CI 3%–1%, P = 0.01) with NNT of 50 individuals. The absolute risk difference in mortality 

was 1% (CI 2%–1%, P < 0.001) with NNT of 100 individuals. This reduction in absolute 

risk difference and subsequent NNT was consistent among RCTs and cohort studies.

Heterogeneity Analysis—Tests for heterogeneity were performed for each of the clinical 

endpoints using the I2 statistic. We also examined funnel plots to assess publication bias 

(supplemental Fig. 1, http://links.lww.com/SMJ/A44 [Funnel plots of the included studies 

showing the lack of publication bias and the consistency of the study results around the 

overall odds ratio estimate. The plots were constructed for each outcome separately.]). 

Overall, the heterogeneity in our analyses based on the I2 statistic was moderate 

(approximately 40%) except for mortality, for which the heterogeneity was low (0%). We 

drew funnel plots to seek evidence of publication bias; where inconsistency was high, the 

funnel plots were not interpretable and where inconsistency was low, the funnel plots were 

inconclusive.

Discussion

This comprehensive meta-analysis including RCTs and cohort studies demonstrates that RA 

access for PCI in the setting of ACS is safer and associated with better cardiovascular 

outcomes compared with FA (Figs. 5–9). We demonstrated a significant reduction in 

mortality, MACE, major bleeding, and access-related complications with RA. This benefit 

was consistent across multiple study designs, clinical scenarios, and patient populations. 

This is the largest and most comprehensive meta-analysis to date to address this important 

clinical scenario, and the results presented herein support the adoption of RA for PCI even in 

the setting of emergency primary PCI.

We included data from 32 studies and found significant reduction in mortality from RA 

when PCI was performed in ACS in both RCTs and cohort studies. The mechanism by 

which RA reduces mortality and MACE in patients with ACS may be directly related to the 
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prevention of both major bleeding and access-related complications. Although the 

responsible mechanism of increased mortality in populations with major bleeding is 

uncertain, bleeding complications have been strongly linked to mortality in patients 

undergoing coronary angiography and PCI.10–13 Data from the Acute Catheterization and 

Urgent Intervention Triage strategY trial demonstrated that the increased risk of mortality 

associated with significant bleeding events is comparable to those experiencing a recurrent 

myocardial infarction.11 FA has been associated with higher rates of bleeding and vascular 

access complications as compared with RA. The cardinal finding of our analyses is the 

significant reduction in vascular access complications as well as bleeding. These reductions 

were consistent both in RCTs and cohort studies. In addition, when we limited the analyses 

to patients with STEMI who traditionally have higher incidences of bleeding and vascular 

complications, these reductions in bleeding and access site complications remained 

significant. Our findings are consistent with results from a study based on the National 

Cardiovascular Data (CathPCI) registry examining 2,820,874 procedures ranging from 

elective (40%) to urgent (40%) to emergent (20%) and salvage (0.4%) PCI.14 The results 

demonstrated the superiority of RA, which was associated with lower adjusted risk of 

bleeding (OR 0.51, 95% CI 0.49–0.54) and vascular access complications (OR 0.39, 95% CI 

0.31–0.50). These reductions were consistent among different age groups, sexes, and clinical 

presentations. Of note, the registry population included significant percentage of patients 

with STEMI (18%) and patients with non-ST elevation ACS (62%).14

Although the cumulative data showed a reduction in MACE with adopting RA, some of the 

studies included did not show consistent benefit in terms of MACE. When we restricted the 

analysis to patients with STEMI, we observed greater reduction in MACE when adopting 

RA. We believe that patients with STEMI benefit more because of the greater reduction in 

bleeding, particularly with the higher dose of antithrombotic/antiplatelet therapy used in this 

group. Overall, the benefit was observed more in cohort studies compared with RCTs and 

this can be explained by selection bias in these studies. It is important to point out that RA is 

associated with a learning curve, and it is essential that before adopting an RA ACS/STEMI 

program, operators and institutions must develop their skills in less challenging, low-acuity 

patient populations. There is evidence that operator and institutional expertise play a major 

role in the relation between RA and prevention of MACE. This suggests that adopting a 

high-volume radial program will bring additional benefits to a wide range of patients.35

Many of the studies contained in our meta-analysis were intention to treat and were 

associated with significant crossover rates between RA and FA (5.6% and 1.2%, 

respectively). The RadIal Vs femorAL access for coronary intervention study, one of the 

largest RCTs in our analysis, had a crossover rate of 7.3%, and when significant access-

related bleeding events were analyzed, the location of these bleeding events was found to be 

in the FA site, mainly in the crossover group when RA access was not possible. Of note, this 

study was excluded from our STEMI-focused analysis because it included patients with 

STEMI and non-STEMI diagnoses. We repeated the analyses excluding studies that had 

significant crossover, and the significant benefits of RA persisted (data not shown). Overall, 

the rates of crossover also were higher in the RA-assigned group.
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Our meta-analysis has a number of potential limitations. We relied on published data 

because we did not have access to patient-level data that could have allowed for more 

accurate and detailed analysis of subgroups. We also included both RCTs and cohort studies; 

however, we analyzed each subset separately and our sensitivity analysis did not find any 

significant interactions between the results of RCTs and cohort studies except for access site 

complications, which were significantly lower in cohort studies. This can be explained by 

possible selection bias in cohort studies—operators may have selected RA in patients with a 

higher risk of access site complications, for instance. Finally, although the analyzed studies 

included mostly patients with STEMI, we opted to use the term ACS with or without ST-

elevation, because this broadly represented the overall population. We conducted a 

sensitivity analysis among studies that exclusively enrolled patients with STEMI compared 

with those that included all patients with ACS, and there was no significant interaction 

between the two groups.

Conclusions

This meta-analysis of randomized and cohort studies showed that among patients with ACS 

with or without ST-elevation undergoing primary PCI, RA is associated with consistent 

reductions in mortality, MACE, major bleeding, and access site–related complications. As 

such, RA should be considered the default approach in patients with ACS, as recommended 

in expert consensus documents.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

A.K.A. is supported by University of Kentucky Clinical and Translational Science Pilot Award (UL1TR000117), 

the UK COBRE Early Career Program (P20 GM103527), and National Institutes of Health Grant no. R56 

HL124266. K.M.Z. has received compensation for educational training.

References

1. Louvard Y, Ludwig J, Lefevre T, et al. Transradial approach for coronary angioplasty in the setting 

of acute myocardial infarction: a dual-center registry. Catheter Cardiovasc Interv. 2002; 55:206–

211. [PubMed: 11835648] 

2. Philippe F, Larrazet F, Meziane T, et al. Comparison of transradial vs. transfemoral approach in the 

treatment of acute myocardial infarction with primary angioplasty and abciximab. Catheter 

Cardiovasc Interv. 2004; 61:67–73. [PubMed: 14696162] 

3. Saito S, Tanaka S, Hiroe Y, et al. Comparative study on transradial approach vs. transfemoral 

approach in primary stent implantation for patients with acute myocardial infarction: results of the 

test for myocardial infarction by prospective unicenter randomization for access sites (TEMPURA) 

trial. Catheter Cardiovasc Interv. 2003; 59:26–33. [PubMed: 12720237] 

4. Ziakas A, Klinke P, Mildenberger R, et al. Comparison of the radial and the femoral approaches in 

percutaneous coronary intervention for acute myocardial infarction. Am J Cardiol. 2003; 91:598–

600. [PubMed: 12615270] 

5. Agostoni P, Biondi-Zoccai GG, de Benedictis ML, et al. Radial versus femoral approach for 

percutaneous coronary diagnostic and interventional procedures. Systematic overview and meta-

analysis of randomized trials. J Am Coll Cardiol. 2004; 44:349–356. [PubMed: 15261930] 

Ruiz-Rodriguez et al. Page 8

South Med J. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



6. Doyle BJ, Ting HH, Bell MR, et al. Major femoral bleeding complications after percutaneous 

coronary intervention: incidence, predictors, and impact on long-term survival among 17,901 

patients treated at the Mayo Clinic from 1994 to 2005. JACC Cardiovasc Interv. 2008; 1:202–209. 

[PubMed: 19463301] 

7. Jolly SS, Amlani S, Hamon M, et al. Radial versus femoral access for coronary angiography or 

intervention and the impact on major bleeding and ischemic events: a systematic review and meta-

analysis of randomized trials. Am Heart J. 2009; 157:132–140. [PubMed: 19081409] 

8. Moscucci M, Fox KA, Cannon CP, et al. Predictors of major bleeding in acute coronary syndromes: 

the Global Registry of Acute Coronary Events (GRACE). Eur Heart J. 2003; 24:1815–1823. 

[PubMed: 14563340] 

9. Segev A, Strauss BH, Tan M, et al. Predictors and 1-year outcome of major bleeding in patients with 

non-ST-elevation acute coronary syndromes: insights from the Canadian Acute Coronary Syndrome 

Registries. Am Heart J. 2005; 150:690–694. [PubMed: 16209967] 

10. Hamon M, Filippi-Codaccioni E, Riddell JW, et al. Prognostic impact of major bleeding in patients 

with acute coronary syndromes. A systematic review and meta-analysis. EuroIntervention. 2007; 

3:400–408. [PubMed: 19737724] 

11. Manoukian SV, Feit F, Mehran R, et al. Impact of major bleeding on 30-day mortality and clinical 

outcomes in patients with acute coronary syndromes: an analysis from the ACUITY trial. J Am 

Coll Cardiol. 2007; 49:1362–1368. [PubMed: 17394970] 

12. Rao SV, Jollis JG, Harrington RA, et al. Relationship of blood transfusion and clinical outcomes in 

patients with acute coronary syndromes. JAMA. 2004; 292:1555–1562. [PubMed: 15467057] 

13. Yang X, Alexander KP, Chen AY, et al. The implications of blood transfusions for patients with 

non-ST-segment elevation acute coronary syndromes: results from the CRUSADE National 

Quality Improvement Initiative. J Am Coll Cardiol. 2005; 46:1490–1495. [PubMed: 16226173] 

14. Feldman DN, Swaminathan RV, Kaltenbach LA, et al. Adoption of radial access and comparison of 

outcomes to femoral access in percutaneous coronary intervention: an updated report from the 

national cardiovascular data registry (2007–2012). Circulation. 2013; 127:2295–2306. [PubMed: 

23753843] 

15. Subherwal S, Peterson ED, Dai D, et al. Temporal trends in and factors associated with bleeding 

complications among patients undergoing percutaneous coronary intervention: a report from the 

National Cardiovascular Data CathPCI Registry. J Am Coll Cardiol. 2012; 59:1861–1869. 

[PubMed: 22595404] 

16. Caputo RP, Tremmel JA, Rao S, et al. Transradial arterial access for coronary and peripheral 

procedures: executive summary by the Transradial Committee of the SCAI. Catheter Cardiovasc 

Interv. 2011; 78:823–839. [PubMed: 21544927] 

17. Hamon M, Pristipino C, Di Mario C, et al. Consensus document on the radial approach in 

percutaneous cardiovascular interventions: position paper by the European Association of 

Percutaneous Cardiovascular Interventions and Working Groups on Acute Cardiac Care** and 

Thrombosis of the European Society of Cardiology. EuroIntervention. 2013; 8:1242–1251. 

[PubMed: 23354100] 

18. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews and meta-

analyses: the PRISMA statement. PLoS Med. 2009; 6:e1000097. [PubMed: 19621072] 

19. Baklanov DV, Kaltenbach LA, Marso SP, et al. The prevalence and outcomes of transradial 

percutaneous coronary intervention for ST-segment elevation myocardial infarction: analysis from 

the National Cardiovascular Data Registry (2007 to 2011). J Am Coll Cardiol. 2013; 61:420–426. 

[PubMed: 23265340] 

20. Jüni P, Altman DG, Egger M. Systematic reviews in health care: assessing the quality of controlled 

clinical trials. BMJ. 2001; 323:42–46. [PubMed: 11440947] 

21. Wells, G.; Shea, B.; O’Connell, D., et al. The Newcastle-Ottawa Scale (NOS) for assessing the 

quality of nonrandomised studies in meta-analysis. http://www.ohri.ca/programs/

clinical_epidemiology/oxford.asp. Accessed October 26, 2015

22. Hannan EL. Randomized clinical trials and observational studies: guidelines for assessing 

respective strengths and limitations. JACC Cardiovasc Interv. 2008; 1:211–217. [PubMed: 

19463302] 

Ruiz-Rodriguez et al. Page 9

South Med J. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp


23. DerSimonian R, Kacker R. Random-effects model for meta-analysis of clinical trials: an update. 

Contemp Clin Trials. 2007; 28:105–114. [PubMed: 16807131] 

24. Higgins JP, Thompson SG, Deeks JJ, et al. Measuring inconsistency in meta-analyses. BMJ. 2003; 

327:557–560. [PubMed: 12958120] 

25. Brasselet C, Tassan S, Nazeyrollas P, et al. Randomised comparison of femoral versus radial 

approach for percutaneous coronary intervention using abciximab in acute myocardial infarction: 

results of the FARMI trial. Heart. 2007; 93:1556–1561. [PubMed: 17639099] 

26. Gan L, Lib Q, Liuc R, et al. Effectiveness and feasibility of transradial approaches for primary 

percutaneous coronary intervention in patients with acute myocardial infarction. J Nanjing Med 

Univ. 2009; 23:270–274.

27. Hou L, Wei YD, Li WM, et al. Comparative study on transradial versus transfemoral approach for 

primary percutaneous coronary intervention in Chinese patients with acute myocardial infarction. 

Saudi Med J. 2010; 31:158–162. [PubMed: 20174731] 

28. Li WM, Li Y, Zhao JY, et al. Safety and feasibility of emergent percutaneous coronary intervention 

with the transradial access in patients with acute myocardial infarction. Chin Med J (Engl). 2007; 

120:598–600. [PubMed: 17442210] 

29. Mann T, Cubeddu G, Bowen J, et al. Stenting in acute coronary syndromes: a comparison of radial 

versus femoral access sites. J Am Coll Cardiol. 1998; 32:572–576. [PubMed: 9741495] 

30. Koltowski L, Filipiak KJ, Kochman J, et al. Access for percutaneous coronary intervention in ST 

segment elevation myocardial infarction: radial vs. femoral—a prospective, randomised clinical 

trial (OCEAN RACE). Kardiol Pol. 2014; 72:604–611. [PubMed: 24671918] 

31. Cantor WJ, Puley G, Natarajan MK, et al. Radial versus femoral access for emergent percutaneous 

coronary intervention with adjunct glycoprotein IIb/IIIa inhibition in acute myocardial infarction

—the RADIAL-AMI pilot randomized trial. Am Heart J. 2005; 150:543–549. [PubMed: 

16169338] 

32. Chodor P, Krupa H, Kurek T, et al. RADIal versus femoral approach for percutaneous coronary 

interventions in patients with Acute Myocardial Infarction (RADIAMI): a prospective, 

randomized, single-center clinical trial. Cardiol J. 2009; 16:332–340. [PubMed: 19653176] 

33. Chodor P, Kurek T, Kowalczuk A, et al. Radial vs femoral approach with StarClose clip placement 

for primary percutaneous coronary intervention in patients with ST-elevation myocardial 

infarction. RADIAMI II: a prospective, randomised, single centre trial. Kardiol Pol. 2011; 69:763–

771. [PubMed: 21850615] 

34. Romagnoli E, Biondi-Zoccai G, Sciahbasi A, et al. Radial versus femoral randomized investigation 

in ST-segment elevation acute coronary syndrome: the RIFLE-STEACS (Radial Versus Femoral 

Randomized Investigation in ST-Elevation Acute Coronary Syndrome) study. J Am Coll Cardiol. 

2012; 60:2481–2489. [PubMed: 22858390] 

35. Jolly SS, Yusuf S, Cairns J, et al. Radial versus femoral access for coronary angiography and 

intervention in patients with acute coronary syndromes (RIVAL): a randomised, parallel group, 

multicentre trial. Lancet. 2011; 377:1409–1420. [PubMed: 21470671] 

36. Bernat I, Horak D, Stasek J, et al. ST-segment elevation myocardial infarction treated by radial or 

femoral approach in a multicenter randomized clinical trial: the STEMI-RADIAL trial. J Am Coll 

Cardiol. 2014; 63:964–972. [PubMed: 24211309] 

37. Wang YB, Fu XH, Wang XC, et al. Randomized comparison of radial versus femoral approach for 

patients with STEMI undergoing early PCI following intravenous thrombolysis. J Invasive Cardiol. 

2012; 24:412–416. [PubMed: 22865313] 

38. Yan ZX, Zhou YJ, Zhao YX, et al. Safety and feasibility of transradial approach for primary 

percutaneous coronary intervention in elderly patients with acute myocardial infarction. Chin Med 

J (Engl). 2008; 121:782–786. [PubMed: 18701040] 

39. Arzamendi D, Ly HQ, Tanguay JF, et al. Effect on bleeding, time to revascularization, and one-year 

clinical outcomes of the radial approach during primary percutaneous coronary intervention in 

patients with ST-segment elevation myocardial infarction. Am J Cardiol. 2010; 106:148–154. 

[PubMed: 20598995] 

Ruiz-Rodriguez et al. Page 10

South Med J. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



40. Diaz de la Llera LS, Fournier Andray JA, Gomez Moreno S, et al. Transradial approach for 

percutaneous coronary stenting in the treatment of acute myocardial infarction. Rev Esp Cardiol. 

2004; 57:732–736. [in Spanish]. [PubMed: 15282061] 

41. Siudak Z, Zawislak B, Dziewierz A, et al. Transradial approach in patients with ST-elevation 

myocardial infarction treated with abciximab results in fewer bleeding complications: data from 

EUROTRANSFER registry. Coron Artery Dis. 2010; 21:292–297. [PubMed: 20453640] 

42. Hamon M, Mehta S, Steg PG, et al. Impact of transradial and transfemoral coronary interventions 

on bleeding and net adverse clinical events in acute coronary syndromes. EuroIntervention. 2011; 

7:91–97. [PubMed: 21550908] 

43. Hetherington SL, Adam Z, Morley R, et al. Primary percutaneous coronary intervention for acute 

ST-segment elevation myocardial infarction: changing patterns of vascular access, radial versus 

femoral artery. Heart. 2009; 95:1612–1618. [PubMed: 19596690] 

44. Genereux P, Mehran R, Palmerini T, et al. Radial access in patients with ST-segment elevation 

myocardial infarction undergoing primary angioplasty in acute myocardial infarction: the 

HORIZONS-AMI trial. EuroIntervention. 2011; 7:905–916. [PubMed: 22157475] 

45. Ibebuogu UN, Cercek B, Makkar R, et al. Comparison between transradial and transfemoral 

percutaneous coronary intervention in acute ST-elevation myocardial infarction. Am J Cardiol. 

2012; 110:1262–1265. [PubMed: 22840847] 

46. Kajiya T, Agahari F, Wai KL, et al. A single-center experience of transitioning from a routine 

transfemoral to a transradial intervention approach in ST-elevation myocardial infarction: Impact 

on door-to-balloon time and clinical outcomes. J Cardiol. 2013; 62:12–17. [PubMed: 23618916] 

47. Klutstein MW, Westerhout CM, Armstrong PW, et al. Radial versus femoral access, bleeding and 

ischemic events in patients with non-ST-segment elevation acute coronary syndrome managed with 

an invasive strategy. Am Heart J. 2013; 165:583.e1–590.e1. [PubMed: 23537976] 

48. Qin X, Xiong W, Wang L, et al. Clinical investigation of transradial access for emergent 

percutaneous coronary intervention in patients with acute myocardial infarction. Clin Interv Aging. 

2013; 8:1139–1142. [PubMed: 24039410] 

49. Secco GG, Marinucci L, Uguccioni L, et al. Transradial versus transfemoral approach for primary 

percutaneous coronary interventions in elderly patients. J Invasive Cardiol. 2013; 25:254–256. 

[PubMed: 23645052] 

50. Gellen B, Lesault PF, Canoui-Poitrine F, et al. Feasibility limits of transradial primary 

percutaneous coronary intervention in acute myocardial infarction in the real life (TRAP-AMI). Int 

J Cardiol. 2013; 168:1056–1061. [PubMed: 23159410] 

51. Valsecchi O, Musumeci G, Vassileva A, et al. Safety, feasibility and efficacy of transradial primary 

angioplasty in patients with acute myocardial infarction. Ital Heart J. 2003; 4:329–334. [PubMed: 

12848090] 

52. Weaver AN, Henderson RA, Gilchrist IC, et al. Arterial access and door-to-balloon times for 

primary percutaneous coronary intervention in patients presenting with acute ST-elevation 

myocardial infarction. Catheter Cardiovasc Interv. 2010; 75:695–699. [PubMed: 20146306] 

53. Yip HK, Chung SY, Chai HT, et al. Safety and efficacy of transradial vs transfemoral arterial 

primary coronary angioplasty for acute myocardial infarction: single-center experience. Circ J. 

2009; 73:2050–2055. [PubMed: 19755749] 

Ruiz-Rodriguez et al. Page 11

South Med J. Author manuscript; available in PMC 2017 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Key Points

• Radial artery access (RA) for coronary angiography and interventions offers 

equivalent success rates to femoral artery access in patients with acute coronary 

syndromes.

• RA access for coronary angiography and interventions is associated with 

significantly lower access-related complication and bleeding rates compared 

with femoral artery access in patients with acute coronary syndromes.

• The benefits of RA access for coronary angiography and interventions extend 

across different study designs, patient populations, and clinical scenarios. As 

such, these data should encourage the wide adoption of RA in clinical practice.
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Fig. 1. 

Selection of trials for inclusion in the meta-analysis. RCTs, randomized controlled trials.
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Fig. 2. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for major 

bleeding after percutaneous coronary intervention in patients with acute coronary syndromes 

undergoing radial artery access (RA) compared with femoral artery access (FA). A total of 

38,522 patients were analyzed for major bleeding, 10,709 of whom (28%) underwent RA 

and 28,976 (75%) underwent FA. Major bleeding was observed in a total of 1047 patients 

(2.7%). RA was associated with a reduction in major bleeding as compared with FA (1.4% 

vs 3.2%, OR 0.45, 95% CI 0.33–0.61; P < 0.001), similarly in both randomized controlled 
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trials (1.0% vs 2.2%, OR 0.54, 95% CI 0.37–0.80, P = 0.002) and cohorts (1.8% vs 3.5%, 

OR 0.39, 95% CI 0.25–0.61, P < 0.001).
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Fig. 3. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for access-

related complications after percutaneous coronary intervention in patients with acute 

coronary syndromes undergoing radial artery access (RA) compared with femoral artery 

access (FA). A total of 31,409 patients were analyzed for access-related complications, 8952 

of whom underwent RA and 22,457 underwent FA. Access-related complications were 

observed in 909 patients (2.9%). RA was associated with a reduction in access-related 

complications compared with FA (1.2% vs 3.6%, OR 0.27, 95% CI 0.18–0.39, P < 0.001), 
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similarly in both randomized controlled trials (1.9% vs 4.9%, OR 0.38, 95% CI 0.30–0.49, P 

< 0.001) and cohorts (0.4% vs 3.1%, OR 0.12, 95% CI 0.06–0.27, P < 0.001).
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Fig. 4. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for major 

adverse cardiovascular events (MACE) after percutaneous coronary intervention in patients 

with acute coronary syndromes undergoing radial artery access (RA) compared with femoral 

artery access (FA). A total of 38,520 patients were analyzed for MACE, 9544 (25%) of 

whom underwent RA and 28,976 (75%) underwent FA. MACE was observed in a total of 

2608 patients (6.8%). RA was associated with a reduction in MACE as compared with FA 

(5.0% vs 7.3%, OR 0.70, 95% CI 0.57–0.85, P < 0.001). This significant reduction was only 

observed in cohort studies (6.4% vs 7.9%, OR 0.61, 95% CI 0.44–0.84, P < 0.01), however.
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Fig. 5. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for mortality 

after percutaneous coronary intervention in patients with acute coronary syndromes 

undergoing radial artery access (RA) compared with femoral artery access (FA). A total of 

43,714 patients were analyzed for mortality, 10,696 (25%) of whom underwent RA and 

33,018 (75%) underwent FA. A total of 1378 patients (3.2%) died during follow-up. RA was 

associated with an overall reduction in mortality (2.1% vs 3.4%, OR 0.64, 95% CI 0.54–

0.75, P < 0.001). Benefits were observed in both randomized controlled trials (1.9% vs 

2.7%, OR 0.69, 95% CI 0.53–0.90, P = 0.006) and cohort studies (2.3% vs 3.6%, OR 0.61, 

95% CI 0.50–0.74, P < 0.001).
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Fig. 6. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for major 

bleeding after primary percutaneous coronary intervention in patients with ST-elevation 

myocardial infarction undergoing radial artery access (RA) compared with femoral artery 

access (FA). A total of 107,208 patients were analyzed for major bleeding, 4868 of whom 

(34.7%) underwent RA and 9158 (65.3%) underwent FA. Major bleeding was observed in a 

total of 432 patients (3.0%). RA was associated with a reduction in major bleeding as 

compared with FA (1.7% vs 3.8%, OR 0.38, 95% CI 0.26–0.57, P < 0.001), similarly in both 
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randomized controlled trials (1.9 % vs 4.7%, OR 0.45, 95% CI 0.29–0.70, P < 0.001) and 

cohorts (1.6% vs 3.6%, OR 0.31, 95% CI 0.16–0.59, P < 0.001).
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Fig. 7. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for access-

related complications after primary percutaneous coronary intervention in patients with ST-

elevation myocardial infarction undergoing radial artery access (RA) compared with femoral 

artery access (FA). A total of 6913 patients were analyzed for access-related complications, 

3111 (45%) of whom underwent RA, and 3802 (55%) of whom underwent FA. Access-

related complications were observed in 320 patients (4.6%). RA was associated with a 

reduction in access-related complications compared with FA (1.5% vs 7.2%, OR 0.25, 95% 

CI 0.15–0.39, P < 0.001), similarly in both randomized controlled trials (2.6% vs 7.1%, OR 
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0.36, 95% CI 0.24–0.54, P < 0.001) and cohorts (0.5% vs 7.2%, OR 0.09, 95% CI 0.03–0.29 

P < 0.001).
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Fig. 8. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for major 

adverse cardiovascular events (MACE) after primary percutaneous coronary intervention in 

patients with ST-elevation myocardial infarction undergoing radial artery access (RA) 

compared with femoral artery access (FA). A total of 12,931 patients were analyzed for 

MACE, 5081 (39%) of whom underwent RA and 7850 (61%) of whom underwent FA. 

MACE was observed in a total of 751 patients (5.8%). RA was associated with a reduction 

in MACE as compared with FA (4.5% vs 7.1%, OR 0.55, 95% CI 0.45–0.68, P < 0.001), 

similarly in both randomized controlled trials (3.4% vs 6.6%, OR 0.67, 95% CI 0.5–0.90, P 

= 0.009) and cohorts (3.5% vs 6.6%, OR 0.46, 95% CI 0.34–0.63, P < 0.001).
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Fig. 9. 

Forest plot of unadjusted odds ratios (ORs; 95% confidence intervals [CIs]) for mortality 

after primary percutaneous coronary intervention in patients with ST-elevation myocardial 

infarction undergoing radial artery access (RA) compared with femoral artery access (FA). A 

total of 12,944 patients were analyzed for mortality outcomes, 4329 (33%) of whom 

underwent RA and 8615 (67%) of whom underwent FA. A total of 520 patients (4%) died 

during follow-up. In the meta-analysis, RA was associated with an overall reduction in 

mortality (2.8% vs 4.6%, OR 0.61, 95% CI 0.49–0.76, P < 0.001). Benefits were observed in 
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both randomized controlled trials (3.4% vs 5.8%, OR 0.57, 95% CI 0.39–0.82, P < 0.003) 

and cohort studies (2.6% vs 4.4%, OR 0.63, 95% CI 0.48–0.84, P = 0.002).
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