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Peripheral artery disease (PAD) remains a major cause of morbidity and future cardio-
vascular events despite advancement in the surgical interventions and optimal medical
therapy. The aim of our study is to evaluate the efficacy and safety of anticoagulation
(AC) therapy for reducing cardiovascular and limb events in patients with PAD.
PUBMED, Medline, and Cochrane Library were searched through 2020 for randomized
clinical trials comparing major adverse cardiovascular events (MACE) and risk of major
bleeding (MB), between AC and standard of care (SOC) therapy, among patients with
PAD. Meta-analysis was performed using weighted pooled absolute risk difference (RD)
with 95% confidence interval (CI) and fixed effects model for overall and sub-groups of
full dose (FD) and low dose (LD) AC therapies. Amongst 17,684 patients from 7 different
studies, the addition of AC to SOC therapy was associated with MACE reduction (RD
-0.022, 95% CI -0.033 to -0.012, p <0.001) and increased MB (RD 0.02, 95% CI 0.014 to
0.025, p <0.001). For FD, MACE reduction was (RD -0.021, 95% CI -0.042 to 0.001,
p = 0.061) and MB (RD 0.036, 95% CI 0.025 to 0.047, p <0.001). For LD, MACE reduction
was (RD -0.023, 95% CI -0.035 to -0.011, p <0.001) and MB (RD 0.011, 95% CI 0.005 to
0.017, p <0.001). In conclusion, addition of AC to the current SOC therapy can mitigate
future MACE events in patients with PAD albeit at risk of increased bleeding. LD AC
is associated with an efficacy/safety net benefit compared to FD AC therapy. © 2021
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hael A. Wiener Cardiovascular Institute, Icahn School of

nt Sinai, New York City, New York; bCardiovascular

a University Medical Center, Oklahoma City, Okla-

enspital, Department of Cardiology, Austria and Sig-

rsity, Vienna, Austria; and dAustria and Sigmund Freud

al School, Vienna, Austria. Manuscript received January

anuscript received and accepted February 23, 2021.

qually.

or disclosure information.

g author: Tel: (212) 241-5407; fax: (212) 534-2845.

s: prakash.krishnan@mountsinai.org (P. Krishnan).

www.ajconline.orgPublished by Elsevier Inc.

1016/j.amjcard.2021.02.033

o para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en junio 08, 
. Para uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
Peripheral arterial disease (PAD) remains a major cause
of morbidity, mortality, and disability across the world
despite the recent advancement in medical, endovascular,
and surgical therapies.1−3 PAD patients are at a higher risk
of cardiovascular and limb events despite optimal medical
therapy.4 Although current medical and surgical societal
guidelines have advocated single or dual antiplatelet ther-
apy (SAPT and DAPT) for these patients.5,6 Recent ran-
domized controlled trials (RCTs) have found superior
outcomes with the addition of oral anticoagulation (AC) to
antiplatelet.7,8 Addition of AC to anti-platelet therapy in
patients with PAD has been shown to provide an additional
anti-ischemic benefit albeit at the cost of higher bleeding
risk.9−11 More recent randomized clinical trials have shown
a similar reduction of ischemic events with the addition of
low-dose rivaroxaban to antiplatelet therapy for patients
with PAD.7,8 Therefore, we constructed a study level meta-
analysis, comparing AC combination therapy to the current
standard of care (SOC) antiplatelet therapy. In addition, we
aimed to evaluate full-dose (FD)9−12 versus low-dose
(LD)7,8,13 AC on safety and efficacy outcomes.
Methods

A search was conducted in the MEDLINE, Cochrane
Library, and the Embase database through 2020 and
clinical trials were identified by searching the keywords,
“peripheral artery disease,” “peripheral artery inter-
vention,” and Boolean operator and “anticoagulation” by 2
independent authors (HK, RM). Studies were included if
they were RCT by design, compared AC therapy to anti-
platelet therapy, and reported individual cardiovascular and
limb events. All studies in the SOC arm used either single
antiplatelet or dual antiplatelet (ePAD9 only), whereas the
AC arm included AC with antiplatelet or without antiplate-
let (Dutch BOA11 trial only). Studies were excluded if they
were observational, nonrandomized, retrospective, sub-
group of the original study or abstract. Figure 1 depicts a
summary of our systematic review for inclusion, exclusion,
and final selection of studies for the meta-analysis whereas
Table 1 summarizes inclusion and exclusion criteria for
each individual study. The study did not require institu-
tional review board approval being a systemic review of the

http://crossmark.crossref.org/dialog/?doi=10.1016/j.amjcard.2021.02.033&domain=pdf
mailto:prakash.krishnan@mountsinai.org
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Figure 1. Study selection process: flow diagram depicting the process of screening and selection of final studies for the meta-analysis.
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previously published RCT. The study is registered with
international, prospective register for systematic review
protocols (Prospero; CRD42020190815).

Qualified studies were reviewed by 2 independent
authors (HK, RM) to assess suitability. A total of 7 studies
were selected after discrepancies were resolved and mutual
consensus among all the co-authors for final inclusion.
Study characteristics and results were extracted by the
authors and incorporated in a standardized form. Data
extracted from the studies included the first author’s name,
publication year, country of origin, sample size, gender,
and age of study participants. Also, years of follow-up,
method to assess events, the number of cases, and partici-
pants in each treatment subgroup were recorded and sum-
marized in Table 1. The data underlying in this article will
Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Librar
2021. Para uso personal exclusivamente. No se permiten otros usos sin autoriz
be shared on reasonable request to the corresponding
author.

Primary efficacy endpoint was defined as major adverse
cardiovascular events (MACE) as a composite of cardiovas-
cular death (CVD), myocardial infarction (MI), stroke (or
cerebrovascular accident [CVA]), limb events (revasculari-
zation, amputation) and net benefit. Primary safety outcome
was defined as major bleeding (MB) according to trial defi-
nition and summarized in supplementary data Table S1
whereas Supplementary Table S2 and S3 summarize indi-
vidual outcomes of interest reported by each trial. Second-
ary endpoints include individual rates of all-cause death
(ACD), cardiovascular death, CVA, target vessel/limb
revascularization (TRL/TVR), and major amputation
(AMP). The net clinical benefit (NCB) of AC compared
y of Health and Social Security de ClinicalKey.es por Elsevier en junio 08, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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with SOC was calculated using the following formula:
NCB = (MACE rate on AC - MACE rate on SOC) − (major
bleeding rate on AC - major bleeding rate on SOC).

The data were analyzed using the Comprehensive Meta-
Analysis package V3 (Biostat, Englewood, NJ, USA). The
Mantel-Haenszel method was used for calculating the
weighted pooled absolute risk difference under the fixed
effects model.14 The data are reported as RD with 95% con-
fidence interval (CI). To access the heterogeneity of the
treatment effect among the different RCT included,
Cochran’s Q and I2 statistic were calculated under the ran-
dom effects model and reported for each individual out-
come in the results section respectively.15 Publication bias
was assessed using the Egger’s test and a p value < 0.05
considered significant for potential bias (Supplementary
Table S4). Sensitivity analysis was performed using the one
study removed technique to explore the effect of individual
study on overall outcomes (Supplementary Table S5 and
Supplementary Figure 4 to 11). To further evaluate the
effect of dose of AC used, we also conducted a sub-group
analysis for FD and low dose LD AC therapy. Forest plots
were used to represent within group, and overall effect size
along with their respective 95% CI. A p value <0.05 was
considered significant for our analysis.
Results

A total of 7 studies were included in the final analysis.
Figure 1 summarizes the selection criteria for the final stud-
ies included in the meta-analysis while Figure 2 represents
the summary of primary efficacy (MACE) and safety (MB)
outcomes with their respective forest plots. Figure 3 repre-
sents the NCB or harm associated with AC as compared to
SOC therapy. The basic demographic parameters of the AC
and SOC groups and a summary of the trials included in the
study is summarized in Table 1. The individual mortality,
ischemic, and limb events are presented in the supplemen-
tary material. The study included a total of 17, 684 subjects,
of whom 8,843 were assigned to AC group and 8,841 to
SOC group, mean age 68 +/- 3 years. There are 4 studies in
the FD and 3 studies in the LD AC group.

MACE was reported by 5 studies, including 8,284
patients in the AC and 8,288 in the SOC group (Figure 2).
Overall, MACE on AC was (RD -0.022, 95% CI -0.033 to
-0.012, p <0.001), for FD (RD -0.021, 95% CI -0.042 to
0.001, p = 0.061) and for LD (RD -0.023, 95% CI -0.035 to
-0.011, p <0.001). There was no statistically significant het-
erogeneity (Q 1.14, I2 0%, p = 0.89). MB was reported by
all 7 studies, including 8,813 subjects in the AC and 8,811
in the SOC group (Figure 2). Overall, MB on AC was (RD
0.02, 95% CI 0.014 to 0.025, p <0.001), for FD (RD 0.036,
95% CI 0.025 to 0.047, p <0.001) and for LD (RD 0.011,
95% CI 0.005 to 0.017, p <0.001). There was moderate het-
erogeneity observed (Q 17.93, I2 66.5%, p = 0.0069).

MI was reported by all 7 studies, including 8,843
patients in the AC groups and 8,841 in the SOC group (Sup-
plementary Figure 1). Overall, MI on AC was (RD -0.006,
95% CI -0.012 to -0.001, p = 0.039), for FD (RD -0.006,
95% CI -0.016 to 0.005, p = 0.296) and for LD (RD -0.006,
95% CI -0.013 to 0.001, p = 0.071). There was no statisti-
cally significant heterogeneity (Q 3.51, I2 0%, p = 0.74).
y of Health and Social Security de ClinicalKey.es por Elsevier en junio 08, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.



Figure 2. (A, top): Primary efficacy outcomes: major adverse cardiovascular outcomes between anticoagulation and standard of care therapy. The diamond

and its width indicate the pooled risk difference and corresponding 95% CI. M-H indicates Mantel-Haenszel. (B, bottom): primary safety outcomes: risk of

major bleeding between anticoagulation and standard of care therapy. The diamond and its width indicate the pooled risk difference and corresponding 95%

CI. AC = anticoagulation; FD = full dose; LD = low dose; MACE = major adverse cardiovascular events; MB =major bleeding; M-H =Mantel-Haenszel;

SOC = standard of care.
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All cause CVA was reported by 7 studies, including 8,843
in the AC and 8,841 in the SOC group (Supplementary Fig
1). Overall, CVA on AC was (RD -0.005, 95% CI -0.009 to
-0.001, p = 0.046), for FD (RD -0.004, 95% CI -0.014 to
0.005, p = 0.383) and for LD (RD -0.005, 95% CI -0.01 to
0.001, p = 0.055). There was no statistically significant het-
erogeneity (Q 5.72, I2 0%, p = 0.47). Ischemic CVA was
reported by 3 studies, including 5,692 patients in the AC
and 5,683 patients in the SOC group. Overall, ischemic
CVA on AC was (RD -0.007, 95% CI -0.013 to -0.002, p =
0.009), for FD (RD -0.013, 95% CI -0.021 to -0.004,
p = 0.003) and for the LD there was only one study avail-
able and thus no sub-group analysis was performed. There
was no statistically significant heterogeneity (Q 2.78, I2

28.32%, p = 0.25).
ACD was reported by 7 studies, including 8,834 subjects

in the AC and 8,841 in the SOC group (Supplementary
Figure 2). Overall ACD on AC was (RD 0.007, 95% CI
-0.002 to 0.016, p = 0.119), for FD (RD 0.017, 95% CI
-0.001 to 0.034, p = 0.066) and for LD (RD 0.002, 95% CI
-0.007 to 0.012, p = 0.66). There was no statistically signifi-
cant heterogeneity (Q 11.97, I2 49.87%, p = 0.06). CVD
was reported by 6 studies, including 8,702 subjects in the
AC and 8,701 in the SOC group (Supplementary Figure 2).
Overall, CVD on AC was (RD 0.001, 95% CI -0.006 to
0.008, p = 0.746), for FD (RD -0.001, 95% CI -0.015 to
0.014, p = 0.97) and for LD (RD 0.002, 95% CI -0.006 to
Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Librar
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0.009, p = 0.623). There was no statistically significant het-
erogeneity (Q 5.15, I2 2.9%, p = 0.4).

TLR/TVR was reported by 6 studies, including 6,351
patients in the AC and 6,337 in the SOC group (Supplemen-
tary Figure 3). Overall, TLR/TVR on AC was (RD -0.015,
95% CI -0.028 to -0.002, p = 0.022), for the FD (RD -0.009,
95% CI -0.026 to 0.009, p = 0.329) and for LD (RD -0.02,
95% CI -0.029 to -0.002, p = 0.031). There was no statisti-
cally significant heterogeneity (Q 3.69, I2: 0%, p = 0.59).
AMP was reported by 7 studies, including 8,843 patients in
the AC group and 8,841 in the SOC group (Supplementary
Figure 3). Overall, AMP on AC was (RD -0.004, 95% CI
-0.009 to 0.001, p = 0.115), for FD (RD -0.002, 95% CI
-0.012 to 0.008, p = 0.673) and for LD (RD -0.004, 95% CI
-0.01 to 0.001, p = 0.079). There was no statistically signifi-
cant heterogeneity (Q 2.79, I2 0%, p = 0.83).

When LD and FD are both taken into consideration, the
absolute risk reduction (ARR) for MACE was 2.2%,
whereas the absolute risk increase (ARI) for MB was 1.9%.
The net benefit was 0.3% in favor of AC as compared to
SOC therapy and in the LD group, the NCB was higher at
1.2%, however in the FD, there was no clinical benefit
noted (Figure 3).

There was no publication bias noted for any of the
reported outcomes in our meta-analysis, suggesting an over-
all good quality of study selection (Supplementary Table
S4). In regards to heterogeneity, only major bleeding
y of Health and Social Security de ClinicalKey.es por Elsevier en junio 08, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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Figure 3. Net clinical benefit and harm: overall ischemic reduction and

risk of bleeding associated with anticoagulation as compared to standard

of care therapy. (A, top) Overall, (B, bottom left) low dose, and (C, bottom

right) full dose anticoagulation therapy. ARI = absolute risk increase;

ARR = absolute risk reduction; MACE =major adverse cardiovascular

events; MB =major bleeding.
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outcome displayed moderate heterogeneity. This was fur-
ther explored using the sensitivity analysis (1 study
removed: Dutch BOA trial) and confirmed our results for
primary efficacy and safety outcomes. However, MI and
CVA which were borderline significant in the core analysis,
were no longer significant upon sensitivity analysis (Sup-
plementary Table S5 and Supplementary Figure 4 to 11).
Discussion

PAD is a global burden with increasing incidence world-
wide. Patients with PAD are at increased risk for cardiovas-
cular and limb related events.1−3 Current society guidelines
recommend SAPT for all patients with PAD and DAPT for
a limited duration after revascularization.5,6 Despite the
advancement in revascularization strategies, the risk of sub-
sequent cardiovascular and limb events remains unaccept-
ably high.4 Several studies were performed to investigate
strategies to mitigate this residual ischemic risk, those stud-
ies showed a lower risk for ischemic events and favorable
graft patency rates when AC was added to or replaced anti-
platelet therapy.10−12

Similarly, trials utilizing vorapaxar, a thrombin receptor
antagonist, showed a significant reduction of risk of
acute limb ischemia in patients with stable PAD.16 The dis-
advantage, however, of the above-mentioned treatment
strategies was a significantly higher rate of bleeding
events.10,11,16 Recent trials showed a favorable reduction of
ischemic events with LD rivaroxaban in patients with
PAD.7,8 In the Cardiovascular Outcomes for People Using
Descargado para BINASSS BINASSS (pedidos@binasss.sa.cr) en National Librar
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Anticoagulation Strategies (COMPASS) trial, LD AC
resulted in a reduction of MACE at the cost of higher risk
of bleeding according to a modified International Society
on Thrombosis and Haemostasis (ISTH) definition.8 In the
VOYAGER trial, LD AC added to antiplatelet therapy
resulted in a reduction of MACE with a non-significant
increase in bleeding events.7 Across these trials, the
authors have used varied bleeding definitions, including
thrombolysis in myocardial infarction (TIMI) bleeding cri-
teria, bleeding academic research consortium (BARC), and
ISTH.7,17−19 The lack of standardization makes the com-
parison of bleeding events between studies challenging.
Interestingly, earlier trials used individual definitions for
bleeding events.10−13 A comparison between several bleed-
ing definitions has shown a fourfold difference in the rates
when utilizing different bleeding definitions; however, one
finding that remains consistent is that bleeding events are
associated with worse outcomes.20 This is likely due to the
inherent hazard of bleeding but also to the subsequent inter-
ruption of anti-thrombotic therapy resulting in increased
ischemic events.21−23 Of note, when the ISTH definition
was applied in numerous trials, AC therapy was associated
with a significant higher risk of bleeding compared to SOC
antiplatelet therapy.

The major findings of the present study-level meta-anal-
ysis are the following. First, adding AC to a SOC antiplate-
let treatment offers a reduction in MACE at the cost of
higher risk of MB. The absolute risk for MACE was 2.2%
at the cost of 1.9% absolute risk increase in MB. Second,
LD AC provides a favorable balance between reduction of
MACE and increased risk of MB. A net benefit of 1.2%
reflects the beneficial effect of LD AC in this patient popu-
lation. In the present analysis, we used either the individual
trial definition or the ISTH definition to maintain consis-
tency, since these were reported in most studies. The impact
of dose of AC on MB events is a novel finding of the pres-
ent analysis. LD compared to FD AC resulted in a favorable
balance between MACE and MB. However, there is no risk
score that has been validated to weigh the risk of ischemia
and bleeding in patients with PAD. Thus, it is paramount
for the clinician to identify patients with PAD who are at
high risk for ischemic or bleeding events, in order to tailor
the antithrombotic regimen after surgical or endovascular
revascularization. It is important to mention the recently
published meta-analysis by Saverese et al, who addressed
the safety and efficacy of different combinations of anti-
platelet and anthithrombotic therapies for the prevention of
cardiovascular and limb events among patients with
PAD.24 Although, their findings are in line with ours, the
current meta-analysis is focused on the addition of AC to
SOC rather than investigating different strategies of anti-
platelet drugs and regimens.

Several limitations should be taken into account while
interpreting the results of the present study. First, there
were variations in the type and dose of AC between the
studies. Second, bleeding definition across the included tri-
als were highly variable, which we attempted to standardize
by using either ISTH or the individual trial definition. This
likely represents the reason for the observed heterogeneity
for the only MB outcome but did not change the overall
results on sensitivity analysis. However, regardless of the
y of Health and Social Security de ClinicalKey.es por Elsevier en junio 08, 
ación. Copyright ©2021. Elsevier Inc. Todos los derechos reservados.
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definition applied, MB is a risk factor for mortality and
morbidity and associated with subsequent ischemic
events.20,22 Additionally, some trials included in the present
analysis were designed to assess safety or major adverse
limb events (MALE) and not MACE which makes it chal-
lenging for clinicians to make decisions with regards to
adding AC to SOC therapy. Third, there was variability in
the duration and follow-up of the included studies, therefore
the long-term efficacy and safety of AC remains uncertain.
Fourth, the majority of the FD AC trials were of relatively
small sample size, and only one trial was powered to detect
statistically significant differences in cardiovascular and
ischemic endpoints.9−11 Fifth, the age distribution of the
included trials ranged from 64 to 74 § 10 years and hence
our results cannot be directly extrapolated to patients youn-
ger than 55 or older than 85 years of age. Finally, FD AC
with warfarin is considered SOC for patients who under-
went bypass surgery utilizing vein grafts, based on sub-
group analyses of the Dutch BOA study and it does not
represent high quality evidence. No sufficiently powered
studies have been performed to investigate graft patency
with LD AC. Therefore, our results cannot be directly
extrapolated for this particular subset of PAD patients.

In conclusion, the addition of AC to SOC antiplatelet
therapy in patients with PAD is associated with a lower risk
for ischemic cardiovascular events but at the cost of higher
bleeding risk. However, LD, compared to FD AC, has a
favorable safety/efficacy ratio and should be applied in
patients if bleeding risk is low.
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