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Abstract: Objectives: To review the evidence on the effectiveness and safety of low-dose-rivaroxaban
2.5 mg twice daily (LDR) in patients with coronary artery disease (CAD) and/or peripheral artery
disease (PAD) taking antiplatelets. Methods: We performed a systematic review and meta-analysis
of randomized controlled trials (RCTs). Efficacy endpoints were cardiovascular events (CVEs),
myocardial infarction, stroke, all-cause, and cardiovascular death. Any, major, fatal bleeding, and
intracranial hemorrhage (ICH) were safety endpoints. Numbers needed to treat (NNT), and numbers
needed to harm (NNH) were also calculated. Results: Seven RCTs were included with 45,836 patients:
34,276 with CAD and 11,560 with PAD. Overall, 4247 CVEs and 3082 bleedings were registered. LDR
in association with either any antiplatelet drug or aspirin (ASA) alone reduced the risk of CVEs
(hazard ratio [HR] 0.86, 95% confidence interval [95%CI] 0.78-0.94) and ischemic stroke (HR 0.68,
95%CI 0.55-0.84). LDR + ASA increased the risk of major bleeding (HR 1.71, 95%CI 1.38-2.11) but
no excess of fatal bleeding or ICH was found. The NNT to prevent one CVE for LDR + ASA was
63 (43-103) and the NNH to cause major bleeding was 107 (77-193). Conclusions: The combination of
LDR with either antiplatelet drugs or low-dose aspirin reduces CVEs and ischemic stroke in patients
with CAD/PAD. There was an increased risk of major bleeding but no excess of fatal or ICH was
found. LDR seems to have a favorable net clinical benefit compared to ASA treatment alone.

Keywords: rivaroxaban; coronary artery disease; peripheral artery disease; bleeding; major adverse
cardiovascular events

1. Introduction

Coronary artery disease (CAD) and peripheral artery disease (PAD) are two clinical
conditions that often coexist, sharing the atherosclerotic process as a common pathophysio-
logical mechanism. Nearly 40% of patients diagnosed with CAD concurrently have PAD [1],
while approximately 50% of those diagnosed with PAD also have CAD [2]. This dual oc-
currence significantly amplifies the risk of adverse cardiovascular events (CVEs) when
compared to individuals afflicted with either condition alone [3]. Indeed, patients with
CAD and PAD have a cumulative risk for recurrent CVEs of 25% after 3 years and 17.6%
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after 4 years, despite recommended secondary prevention strategies [4—6]. Antiplatelet ther-
apy, either single or double, along with statins, remains the cornerstone of the secondary
prevention strategy in these high-risk patients [7,8]. However, the high rate of recurrent
cardiovascular events in patients with PAD and/or CAD suggests that antiplatelet drugs,
either aspirin (ASA) or P2Y12-inhibitor (or a combination of them), are not sufficient to
reduce the risk of recurrent thrombotic events in these patients [9]. Starting from this
evidence, several studies investigated the effect of combination therapies by the addition
of vitamin K antagonists or direct oral anticoagulants to antiplatelet drugs on residual
cardiovascular risk [10-15]. The physiopathology behind this therapeutic approach relies
on the fact that platelets and the coagulation system can crosstalk in different ways. In-
deed, thrombin can directly activate the platelet by binding the protease-activated receptor
(PAR-1), and the release of factor V from the platelet’s granules contributes to the formation
of the prothrombinase complex with factor X at the site of plaque rupture [16]. Previous
in vitro and in vivo evidence showed that the anti Xa oral anticoagulant can interrupt this
cross-talk blocking both the thrombin generation and the platelet activation through the
glycoprotein VI shedding [17,18] and the inhibition of PAR-1 [19].

Such dual pathway inhibition has been tested in randomized controlled trials, such
as the COMPASS (Cardiovascular Outcomes for People Using Anticoagulation Strategies)
study that included patients with either CAD or PAD or both and the VOYAGER (Vascular
Outcomes study of ASA along with rivaroxaban in endovascular or surgical limb revascu-
larization for peripheral artery disease) study in patients with PAD. These studies showed
that low-dose rivaroxaban 2.5 mg bid (LDR) plus ASA reduced the rate of cardiovascular
events compared to the antiplatelet regimen alone, despite an increase in the risk of major
bleeding [20,21]. Based on these results, the European Medicines Agency has approved
LDR for the prevention of recurrent adverse CVEs in patients with CAD and PAD and
the European Cardiology Society (ESC) indicates the dual antithrombotic therapy with
LDR with ASA as a possible option for the long-term antithrombotic treatment in patients
with CAD at high risk [22]. However, no clear indication has been provided from the main
European and North American guidelines for PAD management regarding the use of LDR
in this clinical context [7,23]. Moreover, the net clinical benefit between thrombotic risk
reduction and increased risk of bleeding of this dual antithrombotic approach in patients at
high risk of CVEs is not completely understood.

Two previous meta-analyses included acute coronary syndrome patients only [24,25],
whereas another meta-analysis included different DOACs, making the generalizability of
their findings difficult [26].

For this reason, we conducted a systematic review and meta-analysis of the random-
ized controlled trials with at least one treatment arm containing LDR and an antiplatelet
drug to evaluate the following: (1) efficacy endpoints: risk of cardiovascular events, MI,
stroke, cardiovascular death, and all-cause mortality; (2) safety endpoints: any and major
bleeding, intracranial hemorrhage and fatal bleeding; (3) the net benefit of LDR plus ASA
compared to ASA alone, which is the guideline recommended therapeutic regimen.

2. Methods
2.1. Searches Strategy and Study Selection

From 1 December 2021 to 31 December 2023, we researched MEDLINE (PubMed), Em-
base, the Cumulative Index to Nursing and Allied Health Literature, the Cochrane Central
Register of Controlled Trials in the Cochrane Library, and the WHO Global Index Medicus
for potentially relevant results. The search strategy included “rivaroxaban”, “coronary
artery disease”, and “peripheral artery disease” as keywords and is detailed in Supple-
mentary Table S1. The search strategy was performed according to PRISMA guidelines
Figure 1. The initial inclusion criteria were as follows: (1) English language, (2) full-text
articles available, (3) randomized controlled trials (RCTs), (4) the study condition was the
presence of PAD or CAD (older than 18 years). Case reports/case series, observational
studies, as well as reviews or editorials/letters were excluded. Retrieved citations were
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screened by title and abstract independently. Full texts of potentially relevant citations were
assessed for the final decision of inclusion or exclusion, and disagreements were solved by
collegial discussion. This study is registered as PROSPERO n°CRD42024518240.
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Figure 1. PRISMA flow diagram.

2.2. Data Extraction

From the included studies, we collected data on author name, year of publication,
study design, mean age, proportion of women/men, total patients, treatment, and control
arms with administered dose. All studies and outcome data were collected in an electronic
spreadsheet (Microsoft Excel, Office 365).

2.3. Risk-of-Bias Assessment

Two pairs of investigators (D.M. and T.B. and F.d.S. and G.G.) independently assessed
the risk of bias (RoB) using the Cochrane RoB 2 tool for RCTs, that evaluates the following
domains: randomization process, deviation from intended interventions, missing outcome
data, measurement of the outcome, and selection of the reported result [27]. RoB 2 figures
were created with the obvious online tool [28]. Publication bias was assessed with the
realization of funnel plots (Supplementary Figures S1 and S2).

2.4. Treatment Groups

To obtain homogenous groups with a similar type of intervention, studies were divided
into two groups: (1) LDR + aspirin (ASA) and/or P2Y12 inhibitor vs. ASA and/or P2Y12
inhibitor (Panel A in all the figures), and (2) LDR + ASA vs ASA (Panel B in all the figures).

2.5. Study Outcomes

Efficacy endpoints were a risk of CVEs, M1, stroke, cardiovascular death, and all-
cause mortality. Safety endpoints were a risk of any bleeding, major bleeding, intracranial
hemorrhage, and fatal bleeding. The definitions used for major bleeding and CVEs are
reported in Table 1, while the definition of any bleeding and the number of events for each
endpoint are reported in Tables 2 and 3.



J. Clin. Med. 2024, 13, 2033

or death from cardiovascular
causes

40f 14
Table 1. Main characteristics of the studies included in the systematic review.
. o . el. Total Number Total Number
Author (Year) Study Name Setting Age Men (%) FU Days CVEs Definition Treatment Groups of Patients of CVEs (%)
Death, M1, stroke, or severe LDR + ASA vs. ASA 329 39 (11.9)
Mega (2009) [10] ATLAS ACS 57 76.5 210 t ischemia requiri
g ACS-TIMI 46 . recurrent ischemia requiring LDR + DAPT vs. ; 184
revascularization DAPT 976 8 (4.9)
ATLAS Death, M1, stroke, or severe
Mega (2012) [29] ACS-TIMI 51 ACS 61 74.7 399 recurrent ischemia requiring ~ LDR + DAPT vs. DAPT 10,227 689 (6.7)
revascularization
. PIONEER . Death from cardiovascular LDR + DAPT vs.
Gibson (2016) [11] AF-PCI AF with CAD 70 75.5 360 causes, ML or stroke warfarin + DAPT 1403 72 (5.1)
. PAD with or Death from cardiovascular
Eikelboom (2017) [30] COMPASS without CAD 68 74.5 690 causes, ML or stroke LDR + ASA vs. ASA 18,278 875 (4.8)
Cardiovascular death, MI,
Ohman (2017) [13] GEMINI-ACS-1 ACS 62 75 326 stroke, or definite stent LDR + P2Y12 vs. DAPT 3037 148 (4.9)
thrombosis
. LDR + ASA with
Zannand (2018) [14] COMI\IEI‘;NDER HFrCE/E]‘D” ith 65 77.1 633 Death f“’rr“ a;?ykcause, M, or without 5022 1284 (25.6)
or stroke P2Y12 * vs. ASA
Acute limb ischemia, major
amputation for vascular
Bonaca (2020) [15] VOYAGER PAD 67 74 840 causes, M1, ischemic stroke, LDR + ASA vs. ASA 6564 1092 (16.3)

* ASA, alone or in combination with a P2Y12, was taken by 93.1% of the patients, with 34.8% taking dual antiplatelet therapy. CVEs: composite cardiovascular events, ACS: acute
coronary syndrome; AF: atrial fibrillation; CAD: coronary artery disease; HFrEF: heart failure with reduced ejection fraction; ISTH: International Society on Thrombosis and Haemostasis;
LDR: low-dose rivaroxaban, MI: myocardial infarction, PAD: peripheral artery disease; TIMI: thrombolysis in myocardial infarction.
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Table 2. Definitions of major and any bleeding with the number of events for each safety endpoint.

Number  Number . Numb.er of Numl:fer of Number Any Number Any Number Number Number Number
. . Major Major Major . . ICH Fatal Fatal
Study Name + Patients  Patients . . . . L Bleeding Bleeding ICH . .
Bleeding Bleedings Bleedings Any Bleeding Definition LDR Bleedings Bleeding
Treatment Arms LDR Control AP LDR Group, Control Control
Grou Grou Deficinition LDR Group, Control (%) Group, (%) Group, Group, (%) LDR Control
P P (%) Group, (%) ° p, & (%) P20 Group, (%)  Group, (%)
ATLAS
ACS-TIMI 46
77 252 1(1.3 4(1.6
LDR + ASA vs. Clinically significant (13) (16)
ASA TIMI major ~ _ bleeding (TIMI major, _ _ _ _
ATLAS bleeding TIMI rr:li.nolr, (t)tr retqui;ing
ACS-TIMI 46 medical attention
LDR + DAPT vs. 75 901 6(8) 33 (3.7)
DAPT
ATLAS TIMI major
ACS-TIMI 51 bleeding not TIMI bleeding requiring
LDR + DAPT vs. 5114 5113 associated with 65 (1.3) 19 (0.4) medical attention 492 (9.6) 282 (5.5) 14 (0.3) 5(0.1) 6(0.1) 6(0.1)
DAPT CABG
PIONEER
AF-PCI TIMI major TIMI clinically significant
LDR + DAPT vs. 706 697 bleeding 12 (1.7) 20 (2.9) bleeding 117 (16.6) 167 (24.0) - - -
warfarin + DAPT
COMPASS ISTH Major Calculated adding minor
LDR + ASA vs. 9152 9126 bleeding 206 (2.3) 116 (1.3) cwa & mino 1044 (11.4) 673 (7.4) 28 (0.3) 24(0.3) 15 (0.2) 10 (0.1)
e U8 and major TIMI bleedings
ASA modified
GEMINI-ACS-1 . -
LDR+P2Y12vs. 1519 1518 TIMI'major 10 (0.7) 8 (0.5) TIMI non-CABG clinically g 5 4, 74 (4.9) 1(0) 0(0) 0(0) 2(0)
bleeding significant bleeding
DAPT
COMMANDER ISTH major Bleeding requirin,
HF LDR + ASA 2507 2515 1) 82 (3.3) 50 (2.0) 18 requiring 61 (2.4) 48 (1.9) - - 9 (0.4) 9 (0.4)
bleeding hospitalization
vs. ASA
VOYAGER TIMI major
LDR + ASA vs. 3286 3278 bleedi ) 62 (1.9) 44 (1.3) N/A - - 13 (0.4) 27 (0.8) 6(0.2) 6(0.2)
ASA eeding

ASA: aspirin, DAPT: dual antiplatelet therapy, LDR: low-dose rivaroxaban, ICH: intracranial hemorrhage, TIMI: thrombolysis in myocardial infarction. S: included fatal bleeding,
symptomatic bleeding into a critical organ, bleeding into a surgical site requiring reoperation, and bleeding that led to hospitalization.
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Table 3. Number of events for each efficacy endpoint.

Number Nur'nber
. Patients
Patients

LDR Group Control
(%) Group
(%)

Study Name +
Treatment Arms

Number of
CVEs
Control
Group
(%)

Number of
CVEs
LDR Group
(%)

Number

MI

LDR Group

(%)

Number
MI Control
Group

Number
Stroke
LDR
Group

Number
Stroke
Control
Group

Number
All-Cause
Mortality

LDR
Group

Number
All-Cause
Mortality

Control

Group

Number
CV Death
LDR
Group

Number
CV Death
Control
Group

ATLAS
ACS-TIMI 46
LDR + ASA vs.
ASA

77 252

ATLAS
ACS-TIMI 46
LDR + DAPT vs.
DAPT

75 901

ATLAS
ACS-TIMI 51
LDR + DAPT vs.
DAPT

5114 5113

65 (1.3) 19 (0.4)

205 (4.0)

229 (4.5)

46 (0.9)

41 (08)

103 (2.0)

153 (3.0)

94 (1.8)

143 (2.8)

PIONEER
AF-PCI
LDR+DAPT vs.
warfarin + DAPT

706 697

12 (1.7) 20 (0.4)

17 (2.4)

21 (3.0)

10 (1.4)

7 (1.0)

14 (2.0)

11 (1.6)

COMPASS
LDR + ASA vs.
ASA

9152 9126

206 (2.3) 116 (1.3)

178 (1.9)

205 (2.2)

83 (0.9)

142 (1.6)

313 (34)

378 (4.1)

160 (1.7)

203 (2.2)

GEMINI-ACS-1
LDR + P2Y12 vs.
DAPT

1519 1518

10 (0.7) 8 (0.5)

56 (3.7)

49 (3.2)

7 (0.5)

12 (0.8)

22 (1.4)

23 (1.5)

19 (1.3)

17 (1.1)

COMMANDER
HF LDR + ASA
vs. ASA

2507 2515

82 (3.3) 50 (2.0)

98 (3.9)

118 (4.7)

51 (2.0)

76 (3.0)

546 (21.8)

556 (22.1)

453 (18.1)

476 (18.9)

VOYAGER
LDR + ASA vs.
ASA

3286 3278

62 (1.9) 44 (1.3)

131 (4.0)

148 (4.5)

71 (2.2)

82 (2.5)

321 (9.8)

297 (9.1)

199 (6.1)

174 (5.3)

ASA: aspirin, CVEs: cardiovascular events; MI: myocardial infarction, LDR: low-dose rivaroxaban, DAPT: dual antiplatelet therapies.
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2.6. Statistical Analyses

A primary analysis was performed on all included studies regardless of the type of
antiplatelet drug associated with LDR. We also performed a subgroup analysis including
only studies with ASA as antiplatelet treatment. Moreover, given the wide heterogeneity
of the population considered in this study, we performed two sensitivity analyses. These
analyses focused separately on patients with CAD and those with PAD. In these analyses,
instead of considering the original COMPASS study [12], we incorporated two different
post hoc analyses that specifically addressed the risk of adverse events in CAD [20] or
PAD [31] patients.

When not reported, hazard ratios (HR) and their standard errors were calculated
based on the number of subjects, number of events, and mean follow-up per group. Meta-
analyses for each endpoint were separately performed based on Bayesian random effect
models, using the logarithm of hazard ratios (HR) as outcome. The Bayesian approach has
been used since the number of studies involved was low [32]. Numbers needed to treat
(NNT) and numbers needed to harm (NNH) were also calculated for LDR+ASA vs. ASA
treatment, and their standard errors were assessed through bootstrap.

Analyses were performed using the R software (R development Core Team, 2021)
version 4.1.2.

3. Results

We included a total of 45,836 patients, 34,276 with CAD, and 11,560 with PAD (Table 1).
The mean age ranged from 54 to 70 years. Most patients included in the RCTs were men
(>70% in all studies). In a mean follow-up of 524 + 445 days, 4247 CVEs were registered.
For the PIONEER [11], ATLAS ACS-TIMI 46 [10], and ATLAS ACS 2-TIMI 51 [29] studies,
only the LDR 2.5 mg arm was considered.

3.1. LDR + Any Antiplatelet vs. Any Antiplatelet

For this analysis, 4247 CVEs and 3082 major bleedings were included.

The LDR + any antiplatelet treatment compared to regimens containing any an-
tiplatelet drug alone significantly decreased the risk of CVEs (HR 0.86, 95%CI 0.79-0.93)
(Figure 2, Panel A). In particular, LDR + any antiplatelet was associated with a significative
lower risk of stroke (HR 0.73, 95%CI 0.60-0.88) while the protective effect against MI (HR
0.88, 95%CI 0.77-1.02), cardiovascular death (HR 0.93, 95%CI 0.84-1.03), and all-cause
mortality (HR 0.92, 95%CI 0.82-1.03) was less pronounced (Figure 2, Panel A).

Regarding the safety endpoints, LDR was associated with a higher risk of major
bleeding (HR 1.72, 95%CI 1.42-2.08) and any bleeding (HR 1.45, 95%CI 1.31-1.60), while
the risk for intracranial hemorrhage (HR 1.14, 95%ClI 0.77-1.69) and fatal bleeding (HR 1.10,
95%CI 0.71-1.73) was not significantly increased (Figure 3, Panel A).

3.2. LDR + ASA vs. ASA Alone

We performed a subgroup analysis including 30,193 patients treated with LDR + ASA
vs. ASA alone (Table 1). A total of 3290 CVEs and 1831 major bleeding were registered.

Consistent with the main analysis, the treatment with LDR + ASA reduced the risk
of CVEs (HR 0.86, 95%CI 0.78-0.94) and stroke (HR 0.68, 95%CI 0.55-0.84) but was not
associated with a concomitant statistically significant reduction of MI (HR 0.86, 95%CI
0.71-1.05), cardiovascular death (HR 0.96, 95%CI 0.86-1.06), and all-cause mortality (HR
0.95, 95%CI 0.84-1.07) (Figure 2, Panel B).

The risk of major bleeding (HR 1.71, 95%CI 1.38-2.11) and any bleeding (HR 1.53,
95%CI 1.36-1.73) was increased while no significative association was found with the risk
of intracranial hemorrhage (HR 1.03, 95%CI 0.68-1.58) and fatal bleeding (HR 1.24, 95%CI
0.75-2.06) (Figure 3, Panel B).

The NNT and NNH for the LDR+ASA group showed an NNT to prevent one CVE of
63 (43-103), with a NNH of 107 (77-183).
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Figure 2. Efficacy endpoints (Panel A: LDR + any anti platelet vs. any anti platelet, Panel B: LDR + ASA

vs. ASA only) [10-15,29].
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Figure 3. Safety endpoints (Panel A: LDR + any anti platelet vs. any anti platelet, Panel B: LDR + ASA
vs. ASA only) [10-15,29].

3.3. Sensitivity Analyses

Analyzing only patients with CAD (Supplementary Figure S3), LDR was associated
with a reduced risk of CVEs and stroke both when associated with any antiplatelets (HR
0.86, 95%CI 0.78-0.95, and HR 0.81, 0.65-1.00, respectively) or with ASA alone (HR 0.86,
95%CI 0.77-0.96 and HR 0.76, 95%CI 0.59-0.98, respectively). A reduced risk of CV death
(HR 0.88, 95%CT 0.79-0.99) and MI (HR 0.87, 95%CI 0.77-0.99) was found when considering
LDR associated with any antiplatelets, whereas the magnitude of this protective effect in
those treated with ASA was less evident (HR for CV death 0.91, 95%CI 0.79-1.04 and HR
for MI 0.86, 95%CI 0.73-1.01). Consistent with the main analysis, LDR was associated with
a higher risk of any bleeding and major bleeding independently of the type of antiplatelet
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(Supplementary Figure S4), but not of intracranial hemorrhage or fatal bleeding (analysis
performed only in patients treated with any antiplatelets).

All patients with PAD considered on the sensitivity analysis were on ASA. In this
context, LDR was associated with a reduced risk of CVEs (HR 0.82, 95%CI 0.72-0.94),
and a higher risk of major bleeding (HR 1.53, 95%CI 1.11-2.10). Non-significant trends
for a protective effect of LDR were found for stroke (HR 0.77, 95%CI 0.58-1.03) and IMA
(HR 0.85, 95%CI 0.67-1.08), while a non-significant association was found for all-cause
mortality (HR 1.03, 95%CI 0.88-1.22) and CV death (HR 1.04, 95%CI 0.85-1.28). No analysis
was carried out for intracranial hemorrhage and fatal bleeding due to the small number
of events.

4. Risk of Bias Assessment

The risk of bias of RCTs included in the meta-analysis is presented in Figure 4. All
studies were considered at low risk of bias for the randomization process, deviations from
the intended interventions, missing outcome data, for the measurement of the outcome
domain, and in the selection of reported results. Thus, all RCTs included in the meta-
analysis had an overall low risk of bias.

Risk of bias domains
D2 D3 D4 D5

Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. . Low

D3: Bias due to missing outcome data.
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.

Overall risk of bias

25% 50% 75% 100%

<]
o~

Figure 4. RoB2 for quality assessment of studies.
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5. Discussion

The main finding of our meta-analysis is that in patients with CAD and/or PAD, the
use of LDR and ASA significantly reduced the risk of CVEs, and in particular, of ischemic
stroke when compared to ASA alone. Second, we showed that compared to ASA treatment
alone, the increased risk of major bleeding observed in patients treated with LDR and ASA
was not associated with fatal bleeds or ICH. Third, the net clinical benefit between the
thrombotic and hemorrhagic risk showed in our analysis supports the use of combined
antithrombotic regimens containing LDR+ASA for the treatment of CAD/PAD patients
with a high atherosclerotic burden. Fourth, the findings of the primary analysis were
corroborated when separately assessing patients with CAD and those with PAD.

In patients who already had a first thrombotic event, despite being on top of the
antithrombotic treatment with antiplatelets, persistent coagulation cascade activation may
greatly contribute to the residual thrombotic risk. A recent meta-analysis showed that
patients with CAD presenting with persistent clotting activation, as shown by the elevation
of D-Dimer levels, were at higher risk of worse short- and long-term outcomes [33]. In
addition, patients with acute MI and persistent increased prothrombin fragment levels
were associated with in-hospital recurrent events and directly related to the severity of
CAD defined by angiography and coronary computed tomography [34-37].

Amongst the efficacy endpoints, we found a reduced risk of stroke in patients treated
with LDR, in both the overall analysis and the subgroup analyses. The importance of this
finding relies on the fact that patients included in this meta-analysis were not affected by
atrial fibrillation, thus suggesting that these strokes were of atherosclerotic origin. Current
recommendations indicate that patients suffering from atherosclerotic stroke should be
prescribed on long-term antiplatelet therapy [38]. Our data suggest that in this context
LDR+ASA could be considered as a possible alternative anti thrombotic treatment and
further RCTs specifically drawn to investigate these aspects in stroke patients with sinus
rhythm are needed.

We should carefully consider that besides the reduction in CVEs, the association
between LDR and ASA is associated with an increase in major bleeding. However, given
the lack of association of LDR with fatal bleeding and ICH, we could argue that this
increased risk of bleeding may be related to a higher rate of gastrointestinal bleeding in
LDR treated patients, as suggested by the COMPASS study [12].

The 2023 ESC guidelines for chronic and acute coronary syndrome recommend adding
LDR to ASA for long-term secondary prevention only in patients with a high-risk of
ischemic events and without a high bleeding risk [8,39]. The high bleeding risk was defined
as a history of intracerebral hemorrhage or ischemic stroke, recent gastrointestinal bleeding
or anemia, liver failure, bleeding diathesis or coagulopathy, extreme old age or frailty, or
renal failure requiring dialysis or with eGFR < 15 mL/min/1.73 m?. In the presence of these
factors, we believe that patients requiring treatment with LDR and ASA should be carefully
selected according to their thrombotic and hemorrhagic profile. The first patients who may
benefit from the addition of LDR may be those with severe poly-vascular disease [40], those
who already underwent an arterial coronary or peripheral revascularization, or those who
suffer from lower limb amputation. In addition, the pro-active management of modifiable
bleeding risk factors may help in reducing the risk of major bleeding in patients treated
with LDR as a secondary prevention strategy.

Limitations and Strengths

The analysis included only RCTs, which represent the best standard of clinical research
for the assessment of the safety and efficacy of new drugs. Despite this, we acknowledge
that efficacy endpoints were secondary endpoints in all RCTs. Large phase 4 observational
real-world studies are needed to confirm the clinical benefit of this secondary prevention
strategy. Furthermore, more than 70% of patients included in the RCTs were men, making
the generalizability of our results to female patients uncertain.
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6. Conclusions

LDR is associated with a significant reduction in recurrent CVEs and stroke in patients
with CAD/PAD. This benefit is associated with an increased risk of major bleedings, which
were not, however, fatal or intracranial.
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with coronary artery disease; Figure S4: Safety endpoints in patients with coronary artery disease;
Figure S5: Safety and efficacy endpoints in patients with peripheral artery disease; Table S1: Literature
online search strategies.

Author Contributions: Conceptualization, T.B., ED.S. and D.P; methodology, A.F, T.B.,, D.M,,
ED.S. and D.P,; software, A.E.,, T.B., D.M. and ED.S.; validation, G.G., E.G.B. and P.P,; formal anal-
ysis, A.F,; investigation, T.B., ED.S. and D.M.; resources, P.P.,; data curation, T.B., ED.S. and D.M,;
writing—original draft preparation, T.B., ED.S. and D.P.;; writing—review and editing, G.G., EG.B.,
G.Y.H.L. and P.P. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data utilized for this study has been extracted from the cited RCTs
and reported in the manuscript.

Conflicts of Interest: None of the authors have conflicts of interests related to the manuscript. None
of the authors received personal fees or are employed in any drug company.

References

1.

10.

Poredos, P,; Jug, B. The prevalence of peripheral arterial disease in high risk subjects and coronary or cerebrovascular patients.
Angiology 2007, 58, 309-315. [CrossRef] [PubMed]

Hirsch, A.T.; Criqui, M.H.; Treat-Jacobson, D.; Regensteiner, ].G.; Creager, M.A.; Olin, ].W.; Krook, S.H.; Hunninghake, D.B.;
Comerota, A.].; Walsh, M.E.; et al. Peripheral arterial disease detection, awareness, and treatment in primary care. JAMA 2001,
286, 1317-1324. [CrossRef] [PubMed]

Gutierrez, J.A.; Mulder, H.; Jones, W.S.; Rockhold, EW.; Baumgartner, I.; Berger, J.S.; Blomster, J.I.; Fowkes, EG.R.; Held, P;
Katona, B.G; et al. Polyvascular Disease and Risk of Major Adverse Cardiovascular Events in Peripheral Artery Disease: A
Secondary Analysis of the EUCLID Trial. JAMA Netw. Open 2018, 1, €185239. [CrossRef] [PubMed]

Bhatt, D.L.; Eagle, K.A.; Ohman, E.M.; Hirsch, A.T.; Goto, S.; Mahoney, E.M.; Wilson, PW.; Alberts, M.].; D’Agostino, R.; Liau, C.S,;
et al. Comparative determinants of 4-year cardiovascular event rates in stable outpatients at risk of or with atherothrombosis.
JAMA 2010, 304, 1350-1357. [CrossRef] [PubMed]

Rapsomaniki, E.; Thuresson, M.; Yang, E.; Blin, P; Hunt, P.; Chung, S.C.; Stogiannis, D.; Pujades-Rodriguez, M.; Timmis, A.;
Denaxas, S.C.; et al. Using big data from health records from four countries to evaluate chronic disease outcomes: A study in
114 364 survivors of myocardial infarction. Eur. Heart J. Qual. Care Clin. Outcomes 2016, 2, 172-183. [CrossRef] [PubMed]
Abtan, J.; Bhatt, D.L.; Elbez, Y.; Sorbets, E.; Eagle, K.; Reid, C.M.; Baumgartner, I.; Wu, D.; Hanson, M.E.; Hannachi, H.; et al.
Geographic variation and risk factors for systemic and limb ischemic events in patients with symptomatic peripheral artery
disease: Insights from the REACH Registry. Clin. Cardiol. 2017, 40, 710-718. [CrossRef] [PubMed]

Aboyans, V.; Ricco, ].B.; Bartelink, M.E.L.; Bjorck, M.; Brodmann, M.; Cohnert, T.; Collet, ].P.; Czerny, M.; De Carlo, M.; Debus, S.;
et al. 2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration with the European
Society for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extracranial carotid and vertebral, mesenteric,
renal, upper and lower extremity arteriesEndorsed by: The European Stroke Organization (ESO)The Task Force for the Diagnosis
and Treatment of Peripheral Arterial Diseases of the European Society of Cardiology (ESC) and of the European Society for
Vascular Surgery (ESVS). Eur. Heart ]. 2018, 39, 763-816. [CrossRef] [PubMed]

Knuuti, J.; Wijns, W.; Saraste, A.; Capodanno, D.; Barbato, E.; Funck-Brentano, C.; Prescott, E.; Storey, R.E.; Deaton, C.; Cuisset, T.;
et al. 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur. Heart J. 2020, 41, 407-477.
[CrossRef] [PubMed]

Pastori, D.; Farcomeni, A.; Milanese, A.; Del Sole, F.; Menichelli, D.; Hiatt, W.R.; Violi, F. Statins and Major Adverse Limb Events
in Patients with Peripheral Artery Disease: A Systematic Review and Meta-Analysis. Thromb. Haemost. 2020, 120, 866-875.
[CrossRef]

Mega, J.L.; Braunwald, E.; Mohanavelu, S.; Burton, P.,; Poulter, R.; Misselwitz, E; Hricak, V.; Barnathan, E.S.; Bordes, P.; Witkowski,
A.; et al. Rivaroxaban versus placebo in patients with acute coronary syndromes (ATLAS ACS-TIMI 46): A randomised,
double-blind, phase II trial. Lancet 2009, 374, 29-38. [CrossRef]


https://www.mdpi.com/article/10.3390/jcm13072033/s1
https://doi.org/10.1177/0003319707302494
https://www.ncbi.nlm.nih.gov/pubmed/17626985
https://doi.org/10.1001/jama.286.11.1317
https://www.ncbi.nlm.nih.gov/pubmed/11560536
https://doi.org/10.1001/jamanetworkopen.2018.5239
https://www.ncbi.nlm.nih.gov/pubmed/30646395
https://doi.org/10.1001/jama.2010.1322
https://www.ncbi.nlm.nih.gov/pubmed/20805624
https://doi.org/10.1093/ehjqcco/qcw004
https://www.ncbi.nlm.nih.gov/pubmed/29474617
https://doi.org/10.1002/clc.22721
https://www.ncbi.nlm.nih.gov/pubmed/28520087
https://doi.org/10.1093/eurheartj/ehx095
https://www.ncbi.nlm.nih.gov/pubmed/28886620
https://doi.org/10.1093/eurheartj/ehz425
https://www.ncbi.nlm.nih.gov/pubmed/31504439
https://doi.org/10.1055/s-0040-1709711
https://doi.org/10.1016/S0140-6736(09)60738-8

J. Clin. Med. 2024, 13, 2033 13 of 14

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Gibson, C.M.; Mehran, R.; Bode, C.; Halperin, J.; Verheugt, FW.; Wildgoose, P.; Birmingham, M.; Ianus, J.; Burton, P,; van Eickels,
M.; et al. Prevention of Bleeding in Patients with Atrial Fibrillation Undergoing PCI. N. Engl. ]. Med. 2016, 375, 2423-2434.
[CrossRef]

Eikelboom, ].W.; Connolly, S.J.; Bosch, J.; Dagenais, G.R.; Hart, R.G.; Shestakovska, O.; Diaz, R.; Alings, M.; Lonn, E.M.; Anand,
S.S.; et al. Rivaroxaban with or without Aspirin in Stable Cardiovascular Disease. N. Engl. |. Med. 2017, 377, 1319-1330. [CrossRef]
Ohman, E.M.; Roe, M.T,; Steg, P.G.; James, S.K.; Povsic, T.J.; White, J.; Rockhold, E; Plotnikov, A.; Mundl, H.; Strony, J.; et al.
Clinically significant bleeding with low-dose rivaroxaban versus aspirin, in addition to P2Y12 inhibition, in acute coronary
syndromes (GEMINI-ACS-1): A double-blind, multicentre, randomised trial. Lancet 2017, 389, 1799-1808. [CrossRef]

Zannad, F; Anker, S.D.; Byra, W.M.; Cleland, ].G.F,; Fu, M.; Gheorghiade, M.; Lam, C.S.P; Mehra, M.R.; Neaton, ].D.; Nessel, C.C.;
et al. Rivaroxaban in Patients with Heart Failure, Sinus Rhythm, and Coronary Disease. N. Engl. |. Med. 2018, 379, 1332-1342.
[CrossRef] [PubMed]

Bonaca, M.P; Bauersachs, R.M.; Anand, S.S.; Debus, E.S.; Nehler, M.R ; Patel, M.R.; Fanelli, F.; Capell, W.H.; Diao, L.; Jaeger, N.;
et al. Rivaroxaban in Peripheral Artery Disease after Revascularization. N. Engl. |. Med. 2020, 382, 1994-2004. [CrossRef]
Gurbel, P.A.; Fox, K. A.A,; Tantry, U.S.; Ten Cate, H.; Weitz, ].I. Combination Antiplatelet and Oral Anticoagulant Therapy in
Patients With Coronary and Peripheral Artery Disease. Circulation 2019, 139, 2170-2185. [CrossRef] [PubMed]

Pignatelli, P.; Pastori, D.; Bartimoccia, S.; Menichelli, D.; Vicario, T.; Nocella, C.; Carnevale, R.; Violi, F. Anti Xa oral anticoagulants
inhibit in vivo platelet activation by modulating glycoprotein VI shedding. Pharmacol. Res. 2016, 113, 484-489. [CrossRef]
Cammisotto, V.; Carnevale, R.; Nocella, C.; Stefanini, L.; Bartimoccia, S.; Coluccia, A.; Silvestri, R.; Pignatelli, P.; Pastori, D.; Violi, E
Nox2-mediated platelet activation by glycoprotein (GP) VI: Effect of rivaroxaban alone and in combination with aspirin. Biochem.
Pharmacol. 2019, 163, 111-118. [CrossRef] [PubMed]

Petzold, T.; Thienel, M.; Dannenberg, L.; Mourikis, P.; Helten, C.; Ayhan, A.; M’Pembele, R.; Achilles, A.; Trojovky, K.; Konsek, D.;
et al. Rivaroxaban Reduces Arterial Thrombosis by Inhibition of FXa-Driven Platelet Activation via Protease Activated Receptor-1.
Circ. Res. 2020, 126, 486-500. [CrossRef]

Connolly, S.J.; Eikelboom, ].W.; Bosch, J.; Dagenais, G.; Dyal, L.; Lanas, F.; Metsarinne, K.; O’'Donnell, M.; Dans, A.L.; Ha, ].W.; et al.
Rivaroxaban with or without aspirin in patients with stable coronary artery disease: An international, randomised, double-blind,
placebo-controlled trial. Lancet 2018, 391, 205-218. [CrossRef]

Hess, C.N.; Debus, E.S.; Nehler, M.R.; Anand, S.S.; Patel, M.R.; Szarek, M.; Capell, W.H.; Hsia, J.; Beckman, J.A.; Brodmann, M.;
et al. Reduction in Acute Limb Ischemia With Rivaroxaban Versus Placebo in Peripheral Artery Disease After Lower Extremity
Revascularization: Insights From VOYAGER PAD. Circulation 2021, 144, 1831-1841. [CrossRef] [PubMed]

Byrne, R.A.; Rossello, X.; Coughlan, J.J.; Barbato, E.; Berry, C.; Chieffo, A.; Claeys, M.].; Dan, G.A.; Dweck, M.R.; Galbraith,
M.; et al. 2023 ESC Guidelines for the management of acute coronary syndromes. Eur. Heart ]. 2023, 44, 3720-3826. [CrossRef]
[PubMed]

Gerhard-Herman, M.D.; Gornik, H.L.; Barrett, C.; Barshes, N.R.; Corriere, M.A.; Drachman, D.E.; Fleisher, L.A.; Fowkes, FG.;
Hamburg, N.M.; Kinlay, S.; et al. 2016 AHA /ACC Guideline on the Management of Patients With Lower Extremity Peripheral
Artery Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice
Guidelines. Circulation 2017, 135, €726—€779. [CrossRef] [PubMed]

Chiarito, M.; Cao, D.; Cannata, F.; Godino, C.; Lodigiani, C.; Ferrante, G.; Lopes, R.D.; Alexander, ].H.; Reimers, B.; Condorelli, G.;
et al. Direct Oral Anticoagulants in Addition to Antiplatelet Therapy for Secondary Prevention After Acute Coronary Syndromes:
A Systematic Review and Meta-analysis. JAMA Cardiol. 2018, 3, 234-241. [CrossRef] [PubMed]

Khan, S.U.; Khan, M.Z.; Asad, Z.U.A,; Valavoor, S.; Khan, M.U.; Khan, M.S.; Krupica, T.; Alkhouli, M.; Kaluski, E. Efficacy
and safety of low dose rivaroxaban in patients with coronary heart disease: A systematic review and meta-analysis. ]. Thromb.
Thrombolysis 2020, 50, 913-920. [CrossRef] [PubMed]

Galli, M.; Capodanno, D.; Benenati, S.; D’Amario, D.; Crea, F.; Andreotti, F; Angiolillo, D.J. Efficacy and safety of dual pathway
inhibition in patients with cardiovascular disease: A systematic review and Meta-analysis. Eur. Heart |. Cardiovasc. Pharmacother.
2021. [CrossRef]

Sterne, J.A.C.; Savovic, ].; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M.; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BM]J 2019, 366, 14898. [CrossRef]

McGuinness, L.A.; Higgins, ].P.T. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res. Synth. Methods 2021, 12, 55-61. [CrossRef] [PubMed]

Mega, ].L.; Braunwald, E.; Wiviott, S.D.; Bassand, J.P; Bhatt, D.L.; Bode, C.; Burton, P.; Cohen, M.; Cook-Bruns, N.; Fox, K.A.; et al.
Rivaroxaban in patients with a recent acute coronary syndrome. N. Engl. . Med. 2012, 366, 9-19. [CrossRef]

Eikelboom, J.W.; Bhatt, D.L.; Fox, K.A.A,; Bosch, J.; Connolly, S.J.; Anand, S.S.; Avezum, A.; Berkowitz, S.D.; Branch, KR.H.;
Dagenais, G.R.; et al. Mortality Benefit of Rivaroxaban Plus Aspirin in Patients With Chronic Coronary or Peripheral Artery
Disease. J. Am. Coll. Cardiol. 2021, 78, 14-23. [CrossRef]

Anand, S.S.; Bosch, J.; Eikelboom, ].W.; Connolly, S.J.; Diaz, R.; Widimsky, P.; Aboyans, V.; Alings, M.; Kakkar, A.K.; Keltai, K.; et al.
Rivaroxaban with or without aspirin in patients with stable peripheral or carotid artery disease: An international, randomised,
double-blind, placebo-controlled trial. Lancet 2018, 391, 219-229. [CrossRef] [PubMed]

Higgins, ].P.; Thompson, S.G.; Spiegelhalter, D.]. A re-evaluation of random-effects meta-analysis. J. R. Stat. Soc. Ser. A. Stat. Soc.
2009, 172, 137-159. [CrossRef] [PubMed]


https://doi.org/10.1056/NEJMoa1611594
https://doi.org/10.1056/NEJMoa1709118
https://doi.org/10.1016/S0140-6736(17)30751-1
https://doi.org/10.1056/NEJMoa1808848
https://www.ncbi.nlm.nih.gov/pubmed/30146935
https://doi.org/10.1056/NEJMoa2000052
https://doi.org/10.1161/CIRCULATIONAHA.118.033580
https://www.ncbi.nlm.nih.gov/pubmed/31034291
https://doi.org/10.1016/j.phrs.2016.09.035
https://doi.org/10.1016/j.bcp.2019.02.016
https://www.ncbi.nlm.nih.gov/pubmed/30771281
https://doi.org/10.1161/CIRCRESAHA.119.315099
https://doi.org/10.1016/S0140-6736(17)32458-3
https://doi.org/10.1161/CIRCULATIONAHA.121.055146
https://www.ncbi.nlm.nih.gov/pubmed/34637332
https://doi.org/10.1093/eurheartj/ehad191
https://www.ncbi.nlm.nih.gov/pubmed/37622654
https://doi.org/10.1161/CIR.0000000000000471
https://www.ncbi.nlm.nih.gov/pubmed/27840333
https://doi.org/10.1001/jamacardio.2017.5306
https://www.ncbi.nlm.nih.gov/pubmed/29417147
https://doi.org/10.1007/s11239-020-02114-7
https://www.ncbi.nlm.nih.gov/pubmed/32281069
https://doi.org/10.1093/ehjcvp/pvab043
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1002/jrsm.1411
https://www.ncbi.nlm.nih.gov/pubmed/32336025
https://doi.org/10.1056/NEJMoa1112277
https://doi.org/10.1016/j.jacc.2021.04.083
https://doi.org/10.1016/S0140-6736(17)32409-1
https://www.ncbi.nlm.nih.gov/pubmed/29132880
https://doi.org/10.1111/j.1467-985X.2008.00552.x
https://www.ncbi.nlm.nih.gov/pubmed/19381330

J. Clin. Med. 2024, 13, 2033 14 of 14

33.

34.

35.

36.

37.

38.

39.

40.

Biccire, EG.; Farcomeni, A.; Gaudio, C.; Pignatelli, P.; Tanzilli, G.; Pastori, D. D-dimer for risk stratification and antithrombotic
treatment management in acute coronary syndrome patients: Asystematic review and metanalysis. Thromb. J. 2021, 19, 102.
[CrossRef] [PubMed]

Ardissino, D.; Merlini, P.A.; Bauer, K.A.; Galvani, M.; Ottani, F.; Franchi, F; Bertocchi, F.; Rosenberg, R.D.; Mannucci, PM.
Coagulation activation and long-term outcome in acute coronary syndromes. Blood 2003, 102, 2731-2735. [CrossRef] [PubMed]

Merlini, P.A.; Bauer, K.A.; Oltrona, L.; Ardissino, D.; Cattaneo, M.; Belli, C.; Mannucci, PM.; Rosenberg, R.D. Persistent activation
of coagulation mechanism in unstable angina and myocardial infarction. Circulation 1994, 90, 61-68. [CrossRef] [PubMed]

Rho, R.; Tracy, R.P; Bovill, E.G.; Ball, S.P.; Becker, R.C. Plasma Markers of Procoagulant Activity Among Individuals with
Coronary Artery Disease. |. Thromb. Thrombolysis 1995, 2, 239-243. [CrossRef] [PubMed]

Borissoff, ].I.; Joosen, I.A.; Versteylen, M.O.; Spronk, H.M.; ten Cate, H.; Hofstra, L. Accelerated in vivo thrombin formation
independently predicts the presence and severity of CT angiographic coronary atherosclerosis. JACC Cardiovasc. Imaging 2012, 5,
1201-1210. [CrossRef] [PubMed]

Kleindorfer, D.O.; Towfighi, A.; Chaturvedi, S.; Cockroft, K.M.; Gutierrez, J.; Lombardi-Hill, D.; Kamel, H.; Kernan, W.N.; Kittner,
S.J.; Leira, E.C.; et al. 2021 Guideline for the Prevention of Stroke in Patients With Stroke and Transient Ischemic Attack: A
Guideline From the American Heart Association/American Stroke Association. Stroke A J. Cereb. Circ. 2021, 52, e364—e467.
[CrossRef] [PubMed]

Hamm, C.W.,; Bassand, J.P.; Agewall, S.; Bax, J.; Boersma, E.; Bueno, H.; Caso, P.; Dudek, D.; Gielen, S.; Huber, K.; et al. ESC
Guidelines for the management of acute coronary syndromes in patients presenting without persistent ST-segment elevation:
The Task Force for the management of acute coronary syndromes (ACS) in patients presenting without persistent ST-segment
elevation of the European Society of Cardiology (ESC). Eur. Heart J. 2011, 32, 2999-3054. [CrossRef]

Gutierrez, J.A.; Aday, A.W,; Patel, M.R.; Jones, W.S. Polyvascular Disease: Reappraisal of the Current Clinical Landscape. Circ.
Cardiovasc. Interv. 2019, 12, e007385. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s12959-021-00354-y
https://www.ncbi.nlm.nih.gov/pubmed/34922573
https://doi.org/10.1182/blood-2002-03-0954
https://www.ncbi.nlm.nih.gov/pubmed/12843003
https://doi.org/10.1161/01.CIR.90.1.61
https://www.ncbi.nlm.nih.gov/pubmed/8026047
https://doi.org/10.1007/BF01062716
https://www.ncbi.nlm.nih.gov/pubmed/10608030
https://doi.org/10.1016/j.jcmg.2012.01.023
https://www.ncbi.nlm.nih.gov/pubmed/23236969
https://doi.org/10.1161/STR.0000000000000375
https://www.ncbi.nlm.nih.gov/pubmed/34024117
https://doi.org/10.1093/eurheartj/ehr236
https://doi.org/10.1161/CIRCINTERVENTIONS.119.007385

	Introduction 
	Methods 
	Searches Strategy and Study Selection 
	Data Extraction 
	Risk-of-Bias Assessment 
	Treatment Groups 
	Study Outcomes 
	Statistical Analyses 

	Results 
	LDR + Any Antiplatelet vs. Any Antiplatelet 
	LDR + ASA vs. ASA Alone 
	Sensitivity Analyses 

	Risk of Bias Assessment 
	Discussion 
	Conclusions 
	References

