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Objectives. Several randomized controlled trials (RCTs) consistently reported better clinical outcomes with radial as compared to
femoral access for primary percutaneous coronary intervention (PCI). Nevertheless, heterogeneous use of potent antiplatelet
drugs, such as Gp IIb/IIIa inhibitors (GPI), across different studies could have biased the results in favor of radial access. We
performed an updated meta-analysis and meta-regression of RCTs in order to appraise whether the use of GPI had an impact on
pooled estimates of clinical outcomes according to vascular access. Methods. We computed pooled estimates by the random-
effects model for the following outcomes: mortality, major adverse cardiovascular events (death, myocardial infarction, stroke,
and target vessel revascularization), and major bleedings. Additionally, we performed meta-regression analysis to investigate the
impact of GPI use on pooled estimates of clinical outcomes. Results. We analyzed 14 randomized controlled trials and 11090
patients who were treated by radial (5497) and femoral access (5593), respectively. Radial access was associated with better
outcomes for mortality (risk difference 0.01 (0.00, 0.01), p = 0.03), MACE (risk difference 0.01 (0.00, 0.02), p = 0.003), and major
bleedings (risk difference 0.01 (0.00, 0.02), p = 0.02). At meta-regression, we observed a significant correlation of mortality with
both GPI use (p = 0.011) and year of publication (p = 0.0073), whereas no correlation was observed with major bleedings.
Conclusions. In this meta-analysis, the use of radial access for primary PCI was associated with better clinical outcomes as
compared to femoral access. However, the effect size on mortality was modulated by GPI rate, with greater benefit of radial access
in studies with larger use of these drugs.

1. Introduction

Several trials and meta-analyses consistently showed better
clinical outcomes with radial as compared to femoral access
for primary PCI in patients with ST-elevation myocardial
infarction (STEMI), mainly because of a striking reduction
of bleeding events related to vascular access site [1, 2].
Bleedings negatively impact prognosis in acute coronary
syndromes [3]; therefore, several bleeding avoidance

strategies, including radial access, femoral vascular closure
devices (VCD), and safer antithrombotic drugs, such as
bivalirudin, have been adopted in order to improve out-
comes [4]. Consequently, the use of potent antiplatelet
agents known to increase hemorrhagic risk, such as Gp IIb/
IIIa inhibitors (GPI) [5], has declined in recent years [6] and
is now mostly recommended for bail-out by clinical practice
guidelines [7]. This change in practice is reflected in ran-
domized trials comparing radial and femoral access, with
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variable reported rate of GPI use (generally higher in pre-
vious trials and lower in contemporary trials). We per-
formed an updated meta-analysis and meta-regression of
randomized trials aiming to investigate whether the rate of
GPI use may affect the extent of benefit of radial as compared
to femoral access for primary PCI.

2. Materials and Methods

We performed a study-level meta-analysis of randomized
trials comparing radial to femoral access and including pa-
tients with STEMI undergoing primary PCI. Major electronic
databases (PubMed, Scopus, and the Cochrane Library) were
searched from inception through December 2020 using the
following terms: “(trans)radial,” “(trans)femoral,” “primary
percutaneous coronary intervention,” “ST-elevation myocar-
dial infarction,” and “randomized controlled trial.” We limited
our search to articles published in English language on peer-
reviewed Journals; the “Similar articles” section of PubMed
and references from selected studies were also checked. The
following clinical end-points were considered for analysis: (1)
in-hospital or 30-day mortality for all causes (according to
study definition), (2) major bleedings, and (3) major adverse
cardiovascular events (MACE). Major bleedings were defined
according to the TIMI criteria or, alternatively, according to
the definition provided by each study. Procedural success rate
was also appraised. Two investigators independently per-
formed the literature search, screened studies for eligibility,
and extracted data using a standardized collection form (SR
and EC). Disagreement was resolved by consensus. For studies
comparing radial and femoral access in the whole spectrum of
acute coronary syndromes, we only considered outcomes
relative to the STEMI subgroup. This analysis was planned in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis protocols [8]. Data were extracted
onto standard spreadsheets, based on a standardized data
configuration protocol. The Cochrane Collaboration tool was
used to assess the risk of bias in randomized controlled trials
[9]. The study quality was also evaluated according to a score,
expressed on an ordinal scale, allocating 1 point for the
presence of each of the following: (1) statement of objectives,
(2) explicit inclusion and exclusion criteria, (3) description of
interventions, (4) objective means of follow-up, (5) description
of adverse events, (6) power analysis, (7) description of sta-
tistical methods, (8) multicenter design, (9) discussion of
withdrawals, and (10) details on medical therapy (e.g.,
antithrombotic regimens) during and after coronary proce-
dures [10]. For dichotomous variables, pooled statistics were
calculated as weighted risk differences (RD) with 95% con-
fidence intervals (Cls) using the random-effects DerSimonian
and Laird model [11, 12]. The number needed to treat (NNT)
was calculated according to the following formula: NNT =1/
RD. We tested heterogeneity of the included studies with Q
statistics and the extent of inconsistency between results with I
[2] statistics, which describe the percentage of total variation
across studies that is due to heterogeneity. Heterogeneity is
described as low, moderate, and high, based on I [2] values of
25%, 50%, and 75%, respectively. Presence of publication bias
was visually estimated by constructing funnel plots. Sensitivity
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analyses were performed using the fixed effects model and a
leave-one-out analysis to assess whether the pooled results
were influenced by a single trial. To assess whether the pro-
portion of patients receiving GPI modulates study-specific
estimates (RDs of mortality, major bleeding, and MACE
between radial and femoral access), a random-effects restricted
maximum likelihood meta-regression analysis was conducted
[13]. Statistical significance was set at p <0.05 (2-tailed).
Statistical analyses were carried out using the Review Manager
5.3 software (available from http://tech.cochrane.org/revman)
and the Comprehensive Meta-Analysis 3.0 software (Biostat,
Englewood, NJ, USA).

3. Results

We included in this meta-analysis 14 randomized trials
enrolling a total of 11090 patients randomly allocated to
radial (n=5497) or femoral access (n=5593) [14-27]. The
different steps of the search through the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis flow dia-
gram are illustrated in Figure 1, whereas the summary of
included trials is reported in Table 1. The overall rate of GPI
ranged from 0% to 100%, with an average of 48.5% (Fig-
ure 2). Data about the use of femoral VCD were inconsis-
tently reported across studies; no data were reported by 6
studies; whereas in the remaining, the rate of VCD use
ranged from 0% to 93% (average 25.9%). Cardiogenic shock
was an exclusion criterion in most studies. Pooled rates of
mortality were 3.29% in femoral arm and 2.35% in radial
arm (risk difference 0.01 (0.00, 0.01), p = 0.03, NNT 167)
with a very low heterogeneity across studies (I*=1%, Fig-
ure 3). Pooled rates of MACE were 6.83% in femoral arm
and 5.44% in radial arm (risk difference 0.01 (0.00, 0.02),
p =0.003, NNT 83) with no heterogeneity across studies
(I*=0%, Figure 4). Pooled rates of major bleedings were
2.19% in femoral arm and 1.33% in radial arm (risk dif-
ference 0.01 (0.00, 0.02), p = 0.02, NNT 100) with moderate
heterogeneity across studies (I = 42%, Figure 5). Procedural
success rate was similar in femoral and radial arm (88.07%
vs. 88.41%, p = 0.54). The Cochrane Collaboration risk of
bias graph and summary are reported in Figures 6 and 7,
respectively; all studies presented a performance bias (no
blinding of participants and personnel) and a detection bias
(no blinding of outcome assessment). Similar results were
obtained using the fixed effects model and leave-one-out
analysis. Visual inspection of funnel plots showed asym-
metry for the outcome “major bleedings.” Meta-regression
indicated a significant correlation with mortality for both
rate of GPI use (r*=100%, coefficient 0.0410, 95% CI
0.0092-0.0728, p = 0.011; Figure 8) and year of publication
(r* =100%, coeficient —0.0021, 95% CI —0.0036 to —0.0006,
p = 0.0073), whereas no significant correlation was observed
between major bleedings and rate of GPI use (p = 0.65).

4, Discussion

The main results of this meta-analysis can be summarized as
follows: (1) in patients with STEMI undergoing primary PCI,
radial access is associated to a significantly reduced risk of
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FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-Analysis flow diagram.
TaBLE 1: Characteristics of randomized controlled trials included in the meta-analysis.
GP IIb/ Gp
. . . Overall
Femoral Radial Mean Male  Follow- Illain IIb\IIa in Femoral . .
. Gp IIb/ Major bleeding  Study
Study, year arm, n  arm, age gender up femoral radial Ila use VCD, definition ualit
(%) n(%) (SD) (%)  length  arm, am, = S0 n (%) quatty
n (%) n (%) ’
77 In
TEMPURA, 2003 72 (48.3) (51.7) 66 (11) 121 (81.2) hospital 0 (0.0) 0 (0.0) 0.0 NR TIMI 9
Intracranial or
intraperitoneal
bleeding, a drop in
hemoglobin > 5 g/
RADIAL-AML 55 500y 25 55(12) 44 (88) 30 days 23 (92.0) 24 (960) 940 2 (8.0) dl or 8
2005 (50.0) .
hematocrit > 15%
or whole blood or
packed red cell
transfusions
FARMI, 2007 57 (50.0) 57 (50) 59 (12) 96 (84.2) hOSIIIJIital 57 (100.0) 57 (100.0)  100.0 0 (0) TIMI 8
Yan et al, 2008 46 (44.7) (55;73) 7(%)8 77 (748) 30 days 46 (100.0) 57 (100.0) 1000 0 (0) TIMI 7
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TaBLE 1: Continued.
GP 11b/ Gp Overall
Femoral Radial Mean Male Follow- IIla in  IIb\IIla in Femoral . .
. Gp IIb/ Major bleeding  Study
Study, year arm, n arm, age gender up femoral radial Tla use VCD, definition alit
(%) n (%) (SD) (%) length arm, arm, n (%) > on (%) q Y
n (%) n (%) ’
105 90 52.9 In R
Gan et al., 2009 (53.8) 62) (12) 157 (80.5) hospital 36 (34.3) 28 (31.1) 32.8 0 (0) Not specified 6
Fatal bleeding,
bleeding requiring
blood transfusion,
RADIAML 2009 50 (500) =0 5 68(68) , ' 21 (420) 22(440) 43.0 NR operation, or
? ’ (50.0) (91.1) hospital ’ ’ ’ resulting in >3 gr/
dl hemoglobin
drop, intracranial
hemorrhage
Hemoglobin
100 100 65.6 drop >2 mmol/l,
Hou et al., 2010 | 141 (70.5) 30 days 20 (20.0) 28 (28.0) 24.0 0 (0) blood transfusion, 6
(50.0)  (50.0) (8)
need for vascular
repair
Bleeding resulting
in death or
needing
transfusion or
RADIAMI 11, 49 59.6 In surgical
2011 59 (54.6) (45.4) (10) 69 (64) hospital 32 (54) 25 (51.0) 53.0 55 (93) intervention, 8
hemoglobin
drop >3 gr/dl,
intercranial
bleeding
1003 955 1548 TIMI and
RIVAL, 2012 (512)  (sg) O 0D oy 30days 312(L1) 329(345) 327 NR ACUITY 10
RIFLE-STEACS, 501 500
2012 (50.1) (49.9) 65 (10) 734 (73.4) 30 days 350 (69.9) 337 (67.4) 68.6 NR TIMI 10
STEMI-RADIAL, 359 348 62.1
2014 (50.8) (492) (11.5) 546 (77) 30 days 162 (45.1) 155 (45.5) 44.8 136 (38) HORIZONS-AMI 10
OCEAN RACE, 52 In
2014 51 (49.5) (50.5) 62 (11) 79 (77) hospital 30 (58.8) 31 (59.6) 59.2 NR REPLACE-2 8
2009 2001 63.9 3093 BARC, TIMI, and
MATRIX, 2017 (50.1) (49.9) 12) 77.1) 30 days 383 (19.1) 435 (21.7) 20.4 NR GUSTO 10
SAFARI-STEMI, 1156 1136 1784
2020 (50.4) (49.6) 62 (12) (77.8) 30 days 68 (5.9) 69 (6.1) 6.0 789 (68) TIMI and BARC 10

all-cause mortality, major bleeding, and MACE as compared
to femoral access; (2) GPI may act as modulators of the effect
size on mortality, with higher benefit of radial as compared
to femoral access in studies with higher rate of use of these
drugs; (3) there is a significant interaction between years of
publication and effect size on mortality, with higher benefit
of radial as compared to femoral access in earlier studies.
Radial access for PCI was introduced in the early 1990s
and gained popularity being associated to increased patient
comfort and less access site complications as compared to
femoral access [28, 29]. In the following years, the detrimental
prognostic impact of bleedings was acknowledged, especially
in acute coronary syndrome patients [3, 30]; therefore, radial
access was increasingly recognized as an effective way to
reduce access-related bleedings. Several randomized trials and
meta-analyses, conducted in a 15-years frame, consistently
showed the superiority of radial over femoral access for PCI

on several clinical end-points, including mortality [31].
Differently, in SAFARI-STEMI, the last randomized trials
published so far, no significant differences were observed
between the 2 sites of access both in 30-day all-cause mortality
and in major bleedings, although the trial was prematurely
terminated for futility [27]. Several factors have been taken
into account in order to explain these findings; among these,
the most relevant are the high rate of the use of bleeding
avoidance strategies in SAFARI-STEMYI, including bivalirudin
and VCD in the femoral arm, and the low, single-digit rate of
Gp IIb/1lla administration. The latter point prompted us to
investigate, through meta-regression, whether the effect size
of vascular access site on clinical outcomes could be mod-
ulated by different use of potent antiplatelet drugs. Indeed, we
observed a strong correlation between rate of GPI use and
benefit of radial access on the risk of all-cause mortality, in
contrast with a recently published study, although study
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FIGURE 2: Overall prevalence of glycoprotein IIb/IIla inhibitors use in the included studies.
Study or subgroup Femoral Radial Weight Risk difference Year Risk difference
Events Total Events Total (%) 1V, random, 95% CI 1V, random, 95% CI
TEMPURA 2003 6 72 4 77 0.5 0.03 (-0.05,0.11) 2003
RADIAL-AMI pilot 2005 1 25 0 25 0.3 0.04 (-0.06,0.14) 2005
FARMI 2007 3 57 3 57 0.5 0.00 (-0.08, 0.08) 2007
Yan et al. 2008 3 46 3 57 0.4 0.01 (-0.08,0.10) 2008
Gan et al. 2009 3 105 2 90 1.6 0.01 (-0.04, 0.05) 2009 I
RADIAMI 2009 1 50 1 50 1.1 0.00 (-0.05, 0.05) 2009 S A
Hou et al. 2010 5 100 4 100 1.0 0.01 (-0.05,0.07) 2010 -1
RADIAMIII 2011 0 59 0 49 24 0.00 (-0.04,0.04) 2011 -1
RIVAL 2011 32 1003 12 955 184 0.02 (0.01, 0.03) 2011 a
RIFLE-STEACS 2012 46 501 26 500 3.1 0.04 (0.01, 0.07) 2012 I
OCEAN RACE 2014 3 51 1 52 0.6 0.04 (-0.03,0.11) 2014 -1 -
STEMI-RADIAL 2014 11 359 8 348 5.6 0.01 (-0.02,0.03) 2014 T
MATRIX 2015 55 2009 48 2001 31.8 0.00 (-0.01,0.01) 2015
SAFARI-STEMI 2020 15 1156 17 1136 329 -0.00 (-0.01, 0.01) 2020
Total (95% CI) 5593 5497 100.0 0.01 (0.00, 0.01)
Total events 184 129
Heterogeneity: tau® = 0.00; chi? = 13.09, df = 13 (P = 0.44); P = 1% " T f T
-0.2 -0.1 0 0.1 0.2

Test for overall effect: Z = 2.22 (P = 0.03)

Favours femoral Favours radial

FIGURE 3: Forest plot showing all-cause mortality between radial and femoral access.

inclusion criteria and, therefore, included studies were dif-
ferent [32]. Interestingly, we did not observe a significant
correlation between rate of GPI use and major bleedings.
Although this finding is counterintuitive and is in contrast
with the proposed mechanism of benefit of radial access (less
bleedings translating in less mortality), another recently
published, comprehensive meta-analysis of studies compar-
ing radial and femoral access for coronary angiography and
PCI reported a lack of correlation between major bleeding and
mortality estimates [33]. In our opinion, there are 3 possible

explanation for these findings: (1) potent antithrombotic
agents, such as GPI, administered in patients with STEMI
markedly increase the risk of nonaccess site bleeding, possibly
diluting the treatment effect on bleeding according to access
site; (2) different from mortality, myocardial infarction, or
stroke, the adjudication of bleeding events in clinical trial is
more difficult, and there is marked heterogeneity in reporting
this outcome across different studies, although we tried to
reduce such variability by adopting the TIMI classification
when provided by the authors; (3) apart from GPI use, other
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Study or subgroup Femoral Radial Weight Risk difference Year Risk difference
Events Total Events Total (%) 1V, random, 95% CI 1V, random, 95% CI

TEMPURA 2003 16 72 13 77 0.4 0.05 (-0.07,0.18) 2003

RADIAL-AMI pilot 2005 1 25 0 25 0.6 0.04 (-0.06, 0.14) 2005

FARMI 2007 7 57 7 57 0.5 0.00 (-0.12,0.12) 2007

Yan et al. 2008 3 46 3 57 0.8 0.01 (-0.08,0.10) 2008 -

Gan et al. 2009 5 105 5 90 1.8 -0.01 (-0.07, 0.05) 2009 e R

RADIAMI 2009 4 50 2 50 0.8 0.04 (-0.05,0.13) 2009 ]

Hou et al. 2010 5 100 4 100 2.1 0.01 (-0.05,0.07) 2010 - 1

RADIAMIII 2011 1 59 1 49 2.6 -0.00 (-0.05, 0.05) 2011 . I

RIVAL 2011 52 1003 30 955 22.0 0.02 (0.00, 0.04) 2011 -

RIFLE-STEACS 2012 57 501 36 500 53 0.04 (0.01,0.08) 2012 -

OCEAN RACE 2014 6 51 5 52 0.5 0.02 (-0.10,0.14) 2014

STEMI-RADIAL 2014 15 359 12 348 8.6 0.01 (-0.02,0.04) 2014 I

MATRIX 2015 165 2009 142 2001 252 0.01 (-0.01, 0.03) 2015 ™=

SAFARI-STEMI 2020 45 1156 39 1136 289 0.00 (-0.01,0.02) 2020 -

Total (95% CI) 5593 5497  100.0 0.01 (0.00, 0.02) ‘

Total events 382 299

Heterogeneity: tau® = 0.00; chi® = 6.36, df = 13 (P = 0.93); I> = 0% i T T
-0.2 -0.1 0 0.1 0.2

Favours femoral

Test for overall effect: Z = 2.95 (P = 0.003)
Favours radial

FIGURE 4: Forest plot showing major adverse cardiovascular events between radial and femoral access.

Study or subgroup Femoral Radial Weight Risk difference Year Risk difference
Events Total Events Total (%) 1V, random, 95% CI IV, random, 95% CI
TEMPURA 2003 2 72 0 77 2.9 0.03 (-0.02,0.07) 2003 ]
RADIAL-AMI pilot 2005 0 25 0 25 1.1 0.00 (-0.07,0.07) 2005 - 1
FARMI 2007 3 57 3 57 1.0 0.00 (-0.08, 0.08) 2007 ]
Yan et al. 2008 1 46 0 57 2.0 0.02 (-0.03,0.08) 2008 -1
Gan et al. 2009 2 105 0 920 5.1 0.02 (-0.01, 0.05) 2009 T
RADIAMI 2009 7 50 3 50 0.5 0.08 (-0.04, 0.20) 2009
Hou et al. 2010 3 100 0 100 3.9 0.03 (-0.01, 0.07) 2010 T
RADIAMI 11 2011 6 59 4 49 0.6 0.02 (-0.09,0.13) 2011
RIVAL 2011 6 1003 8 955 22.6 -0.00 (-0.01, 0.01) 2011 r
RIFLE-STEACS 2012 14 501 9 500 114 0.01 (-0.01,0.03) 2012 ™
OCEAN RACE 2014 2 51 3 52 0.9 -0.02 (-0.10, 0.06) 2014 —
STEMI-RADIAL 2014 26 359 5 348 6.0 0.06 (0.03,0.09) 2014 -
MATRIX 2015 24 2009 19 2001 239 0.00 (-0.00, 0.01) 2015 a
SAFARI-STEMI 2020 27 1156 19 1136 18.0 0.01 (<0.00, 0.02) 2020 ™
Total (95% CI) 5593 5497  100.0 0.01 (0.00, 0.02) ’
Total events 123 73
Heterogeneity: tau® = 0.00; chi® = 22.51, df = 13 (P = 0.05); I = 42% T T T T
-0.2 -0.1 0 0.1 0.2

Test for overall effect: Z =2.30 (P = 0.02)

Favours femoral Favours radial

FIGURE 5: Forest plot showing TIMI major bleedings between radial and femoral access.

factors may play a role in modulating the effect size associated
with the selection of vascular access. In this regard, the
correlation between years of publication and effect size on
mortality that we observed in the present study is particularly
interesting in the light of a recently reported correlation
between years of publication and major bleedings, with
greater benefit with radial access in studies published before
2010 [33]. Indeed, one could argue that the advantage of radial
over femoral access on both mortality and bleeding events
may have been mitigated through years not only by a pro-
gressive decline in the use of GPI but also by other factors,
including refinements in operator skills and device technol-
ogy and a growing expertise in the management of vascular
access and closure. Notwithstanding the lack of firm evidence

[34], the use of femoral vascular closure device was associated
with a mortality benefit in a propensity-matched analysis of a
large database [35].

Our study presents several limitations. First of all, this is
a study-level, not a patient-level meta-analysis, providing
average treatment effects; this needs to be taken into account
when exploring associations between clinical outcomes and
average rates of use of GPIs, as we did in the present study.
Second, data about femoral vascular closure device use were
inconsistently reported among the included studies. Third,
as previously outlined, the definition of major bleeding
varied widely among the included studies.

In conclusion, our meta-analysis confirms previous findings
showing the superiority of radial as compared to femoral access
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FIGURE 8: Meta-regression graph describing the effect of the prevalence of glycoprotein IIb/IIIa inhibitors use on the risk difference for

mortality according to vascular access (radial or femoral).

in the reduction of mortality, major bleedings, and MACE in
STEMI patients undergoing primary PCI. Moreover, our study
suggests that the benefit of radial access may be modulated by
different rates of GPI use and, possibly, by the implementation
of other bleeding avoidance strategies, such as femoral VCD,
although their impact could not be formally assessed.

Data Availability

The data used to support this META-ANALYSIS are from
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cited. The processed data are available from the corre-
sponding author upon request.
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