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This Journal feature begins with a case vignette highlighting a common clinical problem. Evidence
supporting various strategies is then presented, followed by a review of formal guidelines, when they exist.
The article ends with the authors’ clinical recommendations.

A 61-year-old woman presents with a 3-year history of discomfort in the right thigh
on exertion. Her symptoms have recently progressed to involve the right calf. She is
able to walk no more than 50 m before having to stop because of leg pain. Her medi-
cal history is notable for coronary-artery bypass surgery after a myocardial infarction
at 55 vears of age and for hyperlipidemia, for which she takes atorvastatin at a dose
of 40 mg daily. She has a smoking history of 50 pack-yvears and currently smokes
eight cigarettes per day. On examination, the blood pressure is 126/82 mm Hg, there
is a bruit over the right femoral artery, and pulses are diminished in the right leg.
How would you evaluate and manage this case?
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KEY CLINICAL POINTS

PERIPHERAL ARTERY DISEASE

Atherosclerotic peripheral artery disease affects more than 200 million persons worldwide, including at
least 8.5 million persons in the United States, and is associated with high rates of cardiovascular events
and death. Smoking and diabetes are the strongest risk factors.

Noninvasive vascular testing provides information on the presence, severity, and location of peripheral
artery disease. Exercise testing can uncover mild disease and quantify functional capacity.

In the treatment of peripheral artery disease, the main goals are to reduce cardiovascular risk and
improve functional capacity. Supervised exercise increases walking distance. Cilostazol can be used as
an adjunct to an exercise program.

Conventional angiography is typically performed when revascularization is being considered. Computed
tomography or magnetic resonance angiography can also be useful in planning for revascularization.
Revascularization, endovascular or surgical, is indicated for symptoms that persist despite medical
management o for limb salvage in the context of critical limb ischemia,



Figure 1. Noninvasive Arterial Testing in the Leg.

Shown are the results of measurement of segmental blood pressures and indexes in the leg and continuous-wave
Doppler examination of the patient discussed in the vignette. To obtain segmental blood pressures, cuffs are placed
at three or four sites on the legs. The higher of the two arm pressures is used to calculate each segment-brachial
index (the ratio of the systolic blood pressure at the segment to the systolic blood pressure in the arm). Peripheral
artery disease is considered to be present when the resting ankle-brachial index is 0.90 or less. Generally a drop in
the blood pressure of more than 20 mm Hg between two adjacent locations indicates a hemodynamically significant
stenosis. Continuous-wave Doppler waveforms can be qualitatively analyzed to assess arterial blood flow (circles in-
dicate sites of Doppler-probe placement). Normally, a triphasic or biphasic response is present, whereas a reduced
biphasic or monophasic signal indicates a hemodynamically significant stenosis. DP denotes dorsalis pedis, L left,
PT posterior tibial, and R right.



Table 1. Monimeasive Evaluation of Peripheral Artery Disease.®

Diagnosis, as assessed on the basis of resting or postecercise ABls

Peripheral artery disease is considered to be present when the ABI is =0.90
(mnormal rangs, 1.00 to 1.30; values of 0.91 to 0,99 are considered border-
lime low) or when the resting AEBEIl is normal but the postexercise ABI is
=090 or there is a =20%5 decrease in ABl after exercise

A high a8l (=1.40) is suggestive of poorly compressible arteries, and an
ABl of L300 to 1.40 is borderline high; toe—brachial indexes and tos
pressures can be used in such a situation

Disease sewverity, as assessed by resting or postexercise ABIs
Mild: resting or postexercise ABI, =0.90
Moderate: resting ABl, =0.70, or postexercise ABl, =050
Severe: resting ABI =050, or postexercise ABI, =015

Disease location, according to continuows-wave Doppler wawveforms and seg-
rmental Blood pressures

Proximal, invobying the aocrtoiliac and femoropopliteal locations
Cristal, imrobring the infrapopliteal location
Proximal and distal (multilevel disease)

Functional capacity, as assessed by the distance walked during exercise on a
treadmill

Pain-free walking distance
Maxirmal walking distance

Tissue oxygenation, as assessed with the use of transcutanecus occimetry, is
useful in assessing the healing potential of ischemic wounds and pos-
sible amputation sites, as well as in assessing candidacy for hyperbaric
oxygen or intermittent pnewumatic compression therapy

Concomitant atherosclerotic vasoular disease

Coronary heart disease: electrocardiogram positive for ischemia during
ENErCise

Subclavian artery disease: difference of =12 mm Hg in blood pressures in
the arm

#* The ankle—brachial index &ABI) is the ratio of the systolic blood pressure at
the ankle to the systolic blood pressure in the arm.?



Antiplatelet Agents

Patients with symptomatic peripheral artery dis-
ease should receive antiplatelet therapy in the
form of aspirin (at a dose of 75 to 325 myg daily).
A meta-analysis of randomized trials of aspirin
use in patients with peripheral artery disease
showed no significant reduction in the risk of
cardiovascular events but a significant reduc-
tion in the risk of nonfatal stroke.”” Aspirin did
not improve outcomes among persons with an
ankle—brachial index of 0.95 or less who did
not have symptoms.”” In a randomized trial
that included persons with symptomatic periph-
eral artery disease or other manifestations of
atherosclerotic vascular disease, clopidogrel (at a
dose of V5 mg daily) was slightly more effective
than aspirin in reducing the risk of a composite
outcome of ischemic stroke, mvocardial infarc-
tion, or death from wvascular causes.”! Dual anti-
platelet therapy can be considered in patients
with symptomatic peripheral artery disease who
are not at increased risk for bleeding.=-



Management of Symptomatic Peripheral Artery Disease

Reduce cardiovascular risk
High-intensity statin
Treatment of hypertension and diabetes
Smoking cessation
Antiplatelet aspirin (75-325 mg/day)
or clopidogrel (75 mg/day)
Improve functional capacity
Supervized exercise program
Cilostazol (100 mg, orally twice daily)
Revascularization if no response to exercise
and medication
Treat coexisting conditions
Follow-up
Assess adherence to lifestyle changes and drugs
and functional capacity
Maonitor for stent or graft patency in patients
who have undergone revascularization




Vorapaxar, a new antiplatelet agent that
blocks the thrombin protease-activated receptor

1, reduced the risk of cardiovascular death or
ischemic events among patients with atheroscle-
rotic vascular disease but increased the risk of
bleeding events, including intracranial hemor-
rhage.*”* In the subgroup of patients with periph-
eral artery disease, the drug reduced the risk of
acute limb ischemia and peripheral-revascular-
ization events,” which led to its approval for use
in patients with peripheral artery disease who
did not have a history of stroke. Warfarin is not
recommended, because the combination of war-
farin and aspirin did not result in a greater re-
duction in the risk of cardiovascular events than
aspirin alone and was associated with more
bleeding.*>®



Medications
Cilostazol, a phosphodiesterase inhibitor with
antiplatelet and vasodilatory properties, increases

the maximal walking distance on a treadmill by
approximately 25%, as compared with placebo.™
Side efftects include tachycardia, diarrhea, and
increased bleeding tendency; it is contraindicat-
ed in patients with heart failure or low ejection
fraction. Nafronyl, a 5-hydroxytryptamine—recep-
tor blocker that inhibits platelet aggregation,
may be more effective than cilostazol and is
approved in Europe for claudication.*” Atorvas-
tatin (at a dose of 80 mg daily for 12 months)
was associated with a modestly longer pain-free
walking time, but not a longer maximal walking
time, than was placebo.*”



SANOON-SXpanaaoic soent

Posteror tibial
artery

o

Figure 3. Major Arteries of the Legs and Endovascular Procedures for Treatment of Peripheral Artery Disease.

Bzlloon angioplasty, stenting (with balloon-expandable or self-expanding stents), and atherectomy are common endovascular procedures.

Drug-eluting or covered stents and drug-coated balloons are being evaluated to reduce the rate of restenosis.
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Table 4. Recommendations for Antiplatelet and Antithrombotic Drugs

2005 Recommendations 2011 Focused Update Recommendations Comments

Class |

Antiplatelet therapy Is indicated to 1. Antiplatelet therapy is indicated to reduce the risk of MI, stroke,  Modified recommendation (wording clarified).

reduce the risk of MI, stroke, or
vascular death in individuals with
atherosclerotic lower extn I.’.'ITIIUJr PAD.
(Level of Evidence: A

Aspirin, in daily doses of 75 to 325
mg, Is recommended as safe and
effective antiplatelet therapy to reduce
the risk of MI, stroke, or vascular
death in individuals with
atherosclerotic lower extremity PAD.
(Level of Evidence: A

Clopidogrel (75 mg per day) s
recommended as an effective
alternative antiplatelet therapy to
aspirin to reduce the risk of MI,
stroke, or vascular death in individuals
with atherosclerotic lower extremity
PAD. (Level of Evidence: B)

and vascular death in individuals with symptomatic
atherosclerotic lower extremity PAD, including those with
intermittent claudication o critical limb ischemia, prior lower
extremity revascularization (endovascular or surgical), or prior
amputation for lower extremity ischemia (43-45).

(Level of Evidence: A)

2. Aspirin, typically In dally doses of 75 to 325 mg, is

recommended as safe and effective antiplatelet therapy to
reduce the risk of MI, stroke, or vascular death in individuals
with symptomatic atherosclerotic lower extremity PAD, including
those with intermittent claudication or critical limb ischemia,
prior lower extremity revascularization (endovascular or
surgical), or prior amputation for lower extremity ischemia
(44,45). (Level of Evidence: B)

3. Clopidogrel (75 mg per day) is recommended as a safe and

effective alternative antiplatelet therapy to aspirin to reduce the
risk of MI, ischemic stroke, or vascular death in individuals with
symptomatic atherosclerotic lower extremity PAD, including
those with intermittent claudication or critical limb ischemia,
prior lower extremity revascularization (endovascular or
surgical), or prior amputation for lower extremity ischemia (43).
(Level of Evidence: B)

Modified recommendation (wording clarified;
and level of evidence changed from A to B).

Modified recommendation (wording clarified).



Class lla

1.

Class 1Ib

1.

ﬂl.l'll]|]|ﬂtE.‘|'EI mﬂfﬂ[}}f can be useful to reduce the risk of M,
stroke, or vascular death in asymptumatlc individuals with an
ABI liss than or equal to 0.90 (45). (Level of Evidence: C)

The usefulness of antiplatelet therapy to reduce the risk of M,
stroke, or vascular death in asymptomatic individuals with
borderline abnormal ABI, defined as 0.91 to 0.99, is not well
established (46,47). (Level of Evidence: A

2. The combination of aspirin and clopidogrel may be considered

Class [ll: No benefit

Oral anticoagulation therapy with 1.

warfarin Is not Indicated to reduce the
risk of adverse cardiovascular
Ischemic events in individuals with
atherosclerotic lower extr EH'IIU_{ PAD.
(Level of Evidence: C)

to reduce the risk of cardiovascular events in |]EI|E-‘|'|IE With
syrmpmmanc atherosclerotic lower EI[I'EITIIt}f PAD, Includlng
those with intermittent claudication or critical limb Ischemia,
[]ﬂ[lf |ower EI[FE-‘[I'IH}I' revascularization (Enﬂuvascular or
SUI'QIEEﬂ, ar Dl'i[lf amputaﬂnn for lower E-‘IUEH'IIW Ischemia and
Who are not at increased risk of D|EEﬂ|ﬁg and who are at h|§]|]
perceived cardiovascular risk (48,49). (Level of Evidence: B)

In the absence of any other proven indication for warfarin, its
addition to antiplatelet therapy to reduce the risk of adverse
cardiovascular ischemic events in individuals with
atherosclerotic lower extremity PAD is of no benefit and s

potentially harmful due to increased risk of major bleeding (50).

(Level of Evidence: B)

New recommendation

New recommendation

New recommendation

Modified recommendation {|E."I.I'E.‘| of evidence
changed from C to B)

ABI Indicates ankle-brachial index; MI, myocardial infarction; and PAD, peripheral artery disease.
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ESC Guidelines on the diagnosis and treatment of
peripheral artery diseases

Document covering atherosclerotic disease of extracranial carotid
and vertebral, mesenteric, renal, upper and lower extremity arteries
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3.4.3 Antiplatelet and antithrombotic drugs

The Antithrombotic Trialists’ Collaboration meta-analysis com-
bined data from 42 randomized studies of 9706 patients with
intermittent claudication and/or peripheral arterial bypass or
angioplasty. The incidence of vascular death, non-fatal myocardial
infarction, and non-fatal stroke at follow-up was significantly
decreased, by 23%, by antiplatelet drugs.”” Low-dose aspirin
(75—=150 mg daily) was at least as effective as higher daily
doses. The efficacy of clopidogrel compared with aspirin was
studied in the randomized Clopidogrel versus Aspirin in Patients
at Risk for Ischaemic Events (CAPRIE) trial, including a subgroup
of 6452 patients with LEAD.”® At 1.9-year follow-up, the annual
combined incidence of vascular death, non-fatal myocardial infarc-
tion, and non-fatal stroke in the LEAD group was 3.7% and 4.9%,
respectively, in the clopidogrel and aspirin groups, with a signifi-
cant 23.8% decrease with clopidogrel. These benefits appeared
higher than in patients enrolled for CAD or stroke. The small
benefits of dual antiplatelet therapy do not justify its recommen-

dation in patients with LEAD due to an increased bleeding
r_isk-39.‘4ﬂ



Editorial

Comments on the ESC Guidelines on the Diagnosis and Treatment of Peripheral
Artery Diseases. A Report of the Task Force of the Clinical Practice Guidelines
Committee of the Spanish Society of Cardiology

Comentarios a la guia de practica clinica de la ESC sobre diagndstico y tratamiento de las
enfermedades arteriales periféricas. Un informe del Grupo de Trabajo del Comité de Guias
de Practica Clinica de la Sociedad Espaiiola de Cardiologia

SEC Task force for the ESC guidelines on peripheral artery disease; Angel Cequier * (coordinator),
César Carrascosa, Exuperio Diez-Tejedor, Marian Goicoechea, Alejandro Gonzalez-Garcia, Juan Quiles,
Rafael Ruiz-Salmerdn, and Vicen¢ Riambau

SEC Committee for Practice Guidelines: Angel M. Alonso Gémez, Manuel Anguita, Josep Comin,
Antonio Fernandez-Ortiz, Manuel Pan, and Fernando Worner



Medical Treatment

The following comments expand upon the details that are partially
discussed in the guidelines:

1. In addition to antiplatelet therapy, optimal medical treatment
must include high doses of statins?® (cholesterol bound to low density
lipoproteins<100 mg/dl) and angiotensin-converting enzyme
inhibitors for controlling hypertension.

Z. For symptomatic patients, antiplatelet medication is
recommended with low doses of aspirin (75 mg-325 mg).*' For
patients with asymptomatic carotid artery disease, low doses of
aspirin reduce the frequency of cardiovascular events, but do not
specifically affect the rate of ictus. The efficacy of antiplatelet
reatment is similar to thart of anticoagulants,”? and so in the case of
needing chronic oral anticoagulant therapy the treatment regimen
would only involve dicoumarin with an international normalized
ratio of 2.5 (range: 2-3). Double antiplatelet therapy with aspirin and
thienopyridines does not provide any added benefit compared to
antiplatelet monotherapy, except for following stent implantation
(during at least 1 month).
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Recommendation 6. Antiplatelet therapy in
peripheral arterial disease (PAD)

e All symptomatic patients with or without
a history of other cardiovascular disease should
be prescribed an antiplatelet drug long term to
reduce the risk of cardiovascular morbidity and
mortality [A].

e Aspirin/ASA is effective in patients with PAD
who also have clinical evidence of other forms
of cardiovascular disease (coronary or carotid)
[A].

e lhe use of aspirin/ AS5A in patients with PAD
who donot have clinical evidence of other forms
of cardiovascular disease can be considered [C].

e Clopidogrel is effective in reducing cardiovas-
cular events in a subgroup of patients with
symptomatic PAD, with or without other clini-
cal evidence of cardiovascular disease |B].



Soctety for Vascular Surgery practice guidelines for
atherosclerotic occlusive disease of the lower
extremitics;: Management of asymptomatic discase
and claudication

Society for Vascular Surgery Lower Extremity Guidelines Writing Group: Michael S. Conte, MD, (Co-Chair),”
Frank B. Pomposelli, MD, (Cn-Chair),h Daniel G. Clair, MD," Patrick J. Geraghty, MD,Ll

James F. McKinsey, MD," Joseph L. Mills, MD,f Gregory L. Moneta, MD,* M. Hassan Murad, MD,h
Richard J. Powell, MD,' Amy B. Reed, MD, Andres Schanzer, MD," and Anton N. Sidawy, MD, MPH,' San
Francisco, Calif, Boston and Worcester, Mass; Cleveland, Ohio; St. Louis, Mo; New York, NY; Tucson, Ariz; Portland,
Ore; Rochester, Minn; Lebanon, NH; Hershey, Pa; and Washington, D.C.

JOURNAL OF VASCULAR SURGERY 2015; 61: 25-41S



Antiplatelet therapy. The Aspirin for Asymptomatic
Atherosclerosis Trial”® randomized 3350 patients with
asymptomatic PAD to treatment with enteric-coated aspirin
(100 mg) or placebo. During 8 years of follow-up, no dit-
ference in vascular event rates was noted. However, this trial
used an epidemiologic method ot ABI determination in
which the lower of the ankle pressures was used to calculate
the ABI. Thus, the individuals in this study might not be
fully representative of the universe of PAD patients with a
greater burden of disease. At present, the benefit of ant-
platelet therapy for patients with asymptomatic PAD and no
other clinical cardiovascular disease 1s unknown.,



Antiplatelet and antithrombotic agents. Numerous
studies have demonstrated the benefit of antiplatelet therapy,
especially aspirin, in doses of 75 to 325 mg/d in reducing
rates of myocardial infarction, stroke, and vascular-related
deaths in individuals with symptomatic lower extremity
atherosclerosis.”’ The American Heart Association practice
guidelines for lower extremity ischemia rated this treatment

recommendation class I-A.*" In the 6452 patdents with PAD
in the Clopidogrel vs Aspirin In Patients At Risk ot Ischaemic
Events trial, clopidogrel reduced the myocardial infarction,
stroke, or vascular death rate by 23.8% more than aspirin
alone.”” Although a single study demonstrated that combi-
nation aspirin and clopidogrel therapy was associated with a
20% relative risk reducton for myocardial infarction, car-
diovascular death, or stroke,”” there is no evidence to date
that combination therapy is a more eftective treatment for
PAD than a single agent, and bleeding risks are increased.™



Wartarin has been demonstrated to reduce myocardial
infarction or stroke in patients with coronary artery disease,
although at the cost of a 4.5-ftold increase in major
bleeding.””"®® There is no evidence that warfarin decreases
the likelihood of adverse events related to PAD alone. Only
one prospective trial exists comparing the eftect of wartarin
vs aspirin on gratt patency. A similar number of graft occlu-
sions occurred in both study cohorts, with a twotold
increased risk of major bleeding in the warfarin cohort.””

Homocysteine-lowering drugs. Approximately 30% of
patients with known PAD have elevated serum levels ot homo-
cysteine compared with 1% in the general populaton.” Folic
acid and cobalamin (vitamin B;5) have been found to reduce
serum homocysteine levels by 25% and 7%, respectively, in
clinical tnals. However, there are no data demonstrating that
reducing homocysteine serum levels decreases the likelihood
of adverse cardiovascular events in patients with PAD,""
although clinical trials are ongoing.” ®” Pending the out-
comes of prospectve trials, treaung hyperhomocysteinemia
with folic aad to reduce serum levels to <10 pmol /L is
generally sate and well tolerated but is of no proven benefit.



Overview of lower extremity peripheral artery disease
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INTRODUCTION — Atherosclerosis results in the accumulation of lipid and fibrous material between
the layers of the arterial wall and causes disease of the coronary, cerebral, and peripheral arteries.
Atherosclerotic disease often involves the arteries providing flow to the lower extremities, referred to
as lower extremity peripheral artery disease (PAD). Atherosclerosis can lead to acute or chronic
symptoms due to embolism from more proximal disease, or due to thrombosis of an artery that has
been progressively narrowed.
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Antithrombotic therapy — Based upon randomized trials showing a reduced risk of myocardial
infarction, stroke, and vascular death, we recommend long-term antiplatelet therapy for patients
identified with lower extremity PAD. We do not use dual antiplatelet therapy in patients with PAD in
the absence of other indications (eg, drug-eluting stent, prosthetic distal lower extremity bypass).

Aspirin is the antiplatelet agent of choice; clopidogrel may be used if aspirin cannot be tolerated.
However, the Clopidogrel versus Aspirin in Patients at Risk of Ischemic Events (CAPRIE) trial found
that clopidogrel (75 mg/day) had a modest, although significant, advantage over aspirin (325 mg/day)
for the prevention of stroke, myocardial infarction (MI), and PAD in 19,183 patients with a recent
stroke, MI, or PAD (annual rate of 5.3 versus 5.8 percent) [23]. The Prevention of Cardiovascular
Events in Patients With Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background
of Aspirin-Thrombolysis In Myocardial Infarction 54 (PEGASUS-TIMI 54) trial randomly assigned
21,162 patients with prior myocardial infarction (Ml one to three years prior) to ticagrelor 90 mg twice
daily, ticagrelor 60 mg twice daily, or placebo, all on a background of low-dose aspirin [24]. A history
of PAD was obtained at baseline in a total of 1143 patients (5 percent). Among PAD patients with
prior MI, compared with placebo, use of ticagrelor reduced the absolute rate of major adverse
cardiovascular events (MACE) by 4.1 percent and reduced the risk for peripheral revascularization
for limb ischemia (hazard ratio [HR]: 0.63; 95% CI 0.43-0.93). However there was a 0.12 percent
absolute excess of major bleeding. A trial is ongoing (EUCLID, NCT01732822) to evaluate the role of
antiplatelet monotherapy (clopidogrel, ticagrelor) in patients with PAD.
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Objectives This study evaluated the efficacy and safety of ticagrelor on major cardiovascular (CV) events
and major adverse limb events in patients with PAD and a prior MI.

Methods PEGASUS-TIMI 54 (Prevention of Cardiovascular Events in Patients With Prior Heart Attack
Using Ticagrelor Compared to Placebo on a Background of Aspirin—Thrombolysis In Myocardial Infarction
o4) randomized 21,162 patients with prior Ml (1 to 3 years) to ticagrelor 90 mg twice daily, ticagrelor 60 mg
twice daily, or placebo, all on a background of low-dose aspirin. History of PAD was obtained at baseline.
Occurrences of major adverse cardiovascular events (MACE) (defined as CV death, MI, or stroke) and
major adverse limb events (MALE) (defined as acute limb ischemia or peripheral revascularization for
Ischemia) were recorded in follow-up.

Results A total of 1,143 patients (5%) had known PAD. In the placebo arm, those with PAD (n = 404) had
higher rates of MACE at 3 years than those without (n = 6,663; 19 3% vs. 8.4%; p < 0.001), which persisted
after adjusting for baseline differences (adjusted hazard ratio: 1.60; 95% confidence interval: 1.20 to 2.13;
p = 0.0013), and higher rates of acute limb ischemia (1.0% vs. 0.1%) and peripheral revascularization
procedures (9.15% vs. 0.46%). Whereas the relative risk reduction in MACE with ticagrelor was consistent,
regardless of PAD, patients with PAD had a greater absolute risk reduction of 4.1% (number needed to
treat: 25) due to their higher absolute risk. The absolute excess of TIMI major bleeding was 0.12% (number
needed to harm: 834). The 60-mg dose had particularly favorable outcomes for CV and all-cause mortality.
Ticagrelor (pooled doses) reduced the risk of MALE (hazard ratio: 0.65; 95% confidence interval: 0.44 to
0.95; p = 0.026).

Conclusions Among stable patients with prior MI, those with concomitant PAD have heightened ischemic
risk. In these patients, ticagrelor reduced MACE, with a large absolute rnisk reduction, and MALE.
(Prevention of Cardiovascular Events in Patients With Prior Heart Attack Using Ticagrelor Compared to
Placebo on a Background of Aspirin [PEGASUS-TIMI 54]; NCT01225562)



Vorapaxar is a novel antagonist of protease-activated receptor (PAR-1), which is located on platelets,
vascular endothelium, and smooth muscle, and is the primary receptor for thrombin on human
platelets [25]. In the Trial to Assess the Effects of Vorapaxar in Preventing Heart Attack and Stroke in
Patients With Atherosclerosis-Thrombolysis in Myocardial Infarction 50 (TRA2°P-TIMI 50), 3787
patients with symptomatic PAD were included [26.27]. Among patients with symptomatic lower
extremity PAD, vorapaxar reduced the rate of first acute limb ischemia events, particularly among
those who had undergone revascularization [27.28]. (See "Surgical management of claudication”,
section on 'Antithrombotic therapy' and "Percutaneous interventional procedures in the patient with
lower extremity claudication”, section on 'Antiplatelet therapy' and 'Antithrombotic medications to
improve patency' below.)

No benefit over aspirin has been established for oral anticoagulation for reducing mortality, and the
rate of major bleeding events is increased. A meta-analysis identified nine trials involving 4889
patients with PAD evaluating oral anticoagulation that had conflicting results [29]. A randomized trial
is planned to more fully evaluate anticoagulant therapy in patients with PAD, the Warfarin and
Antiplatelet Vascular Evaluation (WAVE) trial (NCT00125671). The role of oral anticoagulation for
preventing graft thrombosis is discussed below. (See 'Antithrombotic medications to improve patency'
below.)

Whether or not antiplatelet therapy is beneficial for patients with asymptomatic PAD and no other
clinical cardiovascular disease is unknown. (See "Benefits and risks of aspirin in secondary and
primary prevention of cardiovascular disease".)




Vorapaxar in Patients With Peripheral Artery Disease
Results From TRA2°P-TIMI 50
Marc P. Bonaca, MD, MPH; Benjamin M. Scirica, MD; Mark A Creager, MD; Jeffrey Olin, MD;

Henri Bounameaux, MD; Mikael Dellborg, MD; Jessica M. Lamp, BA: Sabina A. Murphy, MPH;
Eugene Braunwald, MD; David A. Morrow, MD, MPH

Background—Vorapaxar is a novel antagonist of protease-activated receptor-1, the primary receptor for thrombin on human

platelets that 1s also present on vascular endothelium and smooth muscle. Patients with peripheral artery disease are
at risk of systemic atherothrombotic events, as well as acute and chronic limb ischemia and the need for peripheral
revascularization.

Methods and Results—The Trial to Assess the Effects of SCH 530348 in Preventing Heart Attack and Stroke in Patients

With Atherosclerosis (TRAZ°P-TIMI 50) was a randomized, double-blind, placebo-controlled trial of vorapaxar in 26449
patients with stable atherosclerotic vascular disease (myocardial infarction, stroke, or peripheral artery disease). Patients
with qualifying peripheral artery disease (n=3787) had a history of claudication and an ankle-brachial index of <0.85 or
prior revascularization for limb ischemia. The primary efficacy end point was cardiovascular death, myocardial infarction,
or stroke, and the principal safety end point was Global Utilization of Streptokinase and t-PA for Occluded Coronary
Arteries (GUSTO) bleeding. In the peripheral artery disease cohort, the primary end point did not differ significantly
with vorapaxar (11.3% versus 11.9%: hazard ratio, (.94; 95% confidence interval, 0.78-1.14; P=(0.53). However, rates
of hospitalization for acute limb ischemia (2.3% versus 3.9%: hazard ratio, 0.58; 95% confidence interval, 0.39-(0.86;
P=0.006) and peripheral artery revascularization ( 18.4% versus 22.2%:; hazard ratio, 0.84; 95% confidence interval, (.73—
0.97; P=0.017) were significantly lower in patients randomized to vorapaxar. Bleeding occurred more frequently with
vorapaxar compared with placebo (7.4% versus 4.5%; hazard ratio, 1.62; 95% confidence interval, 1.21-2.18; P=0.001).

Conclusions—Vorapaxar did not reduce the risk of cardiovascular death, myocardial infarction, or stroke in patients with

peripheral artery disease; however, vorapaxar significantly reduced acute limb ischemia and peripheral revascularization.
The beneficial effects of protease-activated receptor-1 antagonism on limb vascular events were accompanied by an
increased risk of bleeding.

Circulation 2013; 127 : 1522-1529



Acute Limb Ischemia and Outcomes With Vorapaxar in
Patients With Peripheral Artery Disease

Results From the Trial to Assess the Effects of Vorapaxar in Preventing
Heart Attack and Stroke in Patients With Atherosclerosis-Thrombolysis in
Myocardial Infarction 50 (TRA2°P-TIMI 50)

Marc P. Bonaca, MD, MPH; J. Antonio Gutierrez, MD, MHS; Mark A. Creager, MD;
Benjamin M. Scirica, MD; Jeffrey Olin, MD; Sabina A. Murphy, MPH;
Eugene Braunwald, MD; David A. Morrow, MD, MPH

Background—Patients with peripheral artery disease (PAD) are at heightened risk of acute limb ischemia (ALI), a morbid
event that may result in limb loss. We investigated the causes, sequelae, and predictors of ALI 1n a contemporary
population with symptomatic PAD and whether protease-activated receptor 1 antagonism with vorapaxar reduced ALI
overall and by type.



Methods and Results—The Trial to Assess the Effects of Vorapaxar in Preventing Heart Attack and Stroke in Patients With
Atherosclerosis-Thrombolysis in Myocardial Infarction 50 (TRA2°P-TIMI 50) was a randomized, double-blind, placebo-
controlled trial of vorapaxar in stable patients, including 3787 with symptomatic PAD. ALI was a prespecified adjudicated
end point using a formal definition. A total of 150 ALI events occurred in 108 patients during follow-up (placebo 3-year rate,
3.9%; 1.3% annualized). For patients with symptomatic PAD, previous peripheral revascularization, smoking, and the ankle-
brachial index were predictive of ALI The majority of ALI events occurred as a result of surgical graft thrombosis (56%),
followed by native vessel in situ thrombosis (27%). Stent thrombosis and thromboembolism caused ALI in 13% and 5%,
respectively. Amputation occurred in 17.6% presenting with ALL Vorapaxar reduced first ALI events by 41% (hazard ratio,
0.58; 95% confidence interval, 0.39-0.86; P=0.006) and total AL events by 41% (94 versus 56 events; risk ratio, 0.59;
95% confidence interval, 0.38-0.93; P=0.022). The efficacy of vorapaxar was consistent across types of ALL

Conclusions—In selected patients with symptomatic PAD and without atrial fibrillation, ALI occurs at a rate of 1.3%/y,
is most frequently caused by acute bypass graft thrombosis or in situ thrombosis of a diseased vessel, and often results
in limb loss. Vorapaxar reduces ALI in patients with symptomatic PAD with consistency across type, including PAD
resulting from surgical graft thrombosis and in-situ thrombosis.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov. Unique identifier: NCT00526474.

(Circulation. 2016;133:997-1005. 10.1161/CIRCULATIONAHA.115.019355.)
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The effects of oral anticoagulants in patients with
peripheral arterial disease: Rationale, design, and baseline
characteristics of the Warfarin and Antiplatelet Vascular

Evaluation (WAVE) trial, including a meta-analysis of
trials



Aims
Patients with peripheral arterial disease (FAD) are at a high risk for cardiovascular (CV) morbidity and mortality

even when treated with antiplatelet therapy. We present the rationale (including a meta-analysis of relevant trials ),
design, and baseline characteristics of the WAVE tnal evaluating oral anticoagulants (CAC) in PAD.

Methods and Results

Nine trials involving 4889 patients with PAD evaluating OAC have conflicting results. Combining the data, it appears
that OAC may reduce mortality and graft occlusion but increase major bleeding compared with no treatment.
Compared with aspirin, OAC do not appear to reduce mortality (odds ratio [OR] = 1.04, 95% CI 0.55-1.29), although
the Cl are wide, or graft occclusion (OR = 0.91, 95% CI 0.77-1.06), and major bleeding is increased (OR = 1.96, 95%
Cl 1.43-2 69). Compared with aspirin, OAC used together with aspirin appears to increase mortality (OR = 1.57,
95% CI 1.16-2.12); may reduce graft occlusion (OR = 0.84, 95% CIl 0.62-1.12), and major bleeding is increased
(OR =213, 95% CI 1.27-3.57). To further clarify the efficacy and safety profile of OAC in patients with FAD, we
initiated the WAVE tnal in which patients with PAD are randomized to receive OAC (target international normalizing
ratio 2-3) plus antiplatelet therapy or antiplatelet therapy alone. Patients are treated for a minimum of 2.5 years and a
maximum of 3.5 years. The co—primary efiicacy cutcomes are (1) CV death, MI, and stroke; and (2) CV death, MI,
stroke, and acute limb or coronary ischemia requiring urgent intervention. The baseline characteristics of the study
population confirm that patients with PAD represent a high-risk group.

Conclusions

The results of previous randomized trials evaluating OAC in patients with PAD (who represent a group at a high risk
for thrombotic events) are inconclusive. WAVE is a large, international, randomized clinical trial designed to
determine if moderate levels of oral anticoagulation (international normalizing ratio 2-3) improve upon anfiplatelet
therapy alone.
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METHODS

We assigned patients with peripheral arterial disease to combination therapy with
an antiplatelet agent and an oral anticoagulant agent (target international normal-
ized ratio [INR], 2.0 to 3.0) or to antiplatelet therapy alone. The first coprimary out-
come was myocardial infarction, stroke, or death from cardiovascular causes; the sec-
ond coprimary outcome was myocardial infaretion, stroke, severe ischemia of the
peripheral or coronary arteries leading to urgent intervention, or death from cardio-
vascular causes.

RESULTS

A total of 2161 patients were randomly assigned to therapy. The mean follow-up time
was 35 months. Myocardial infarction, stroke, or death from cardiovascular causes oc-
curred in 132 of 1080 patients receiving combination therapy (12.29%) and in 144 of
1081 patients receiving antiplatelet therapy alone (13.3%) (relative risk, 0.92; 95% con-
fidence interval [CI], 0.73 to 1.16; P=0.48). Myocardial infarction, stroke, severe ische-
mia, or death from cardiovascular causes occurred in 172 patients receiving combina-
tion therapy (15.9%) as compared with 188 patients receiving antiplatelet therapy
alone (17.4%) (relative risk, 0.91; 95% CI, 0.74 to 1.12; P=0.37). Life-threatening bleed-
ing occurred in 43 patients receiving combination therapy (4.0%) as compared with
13 patients receiving antiplatelet therapy alone (1.29%) (relative risk, 3.41; 95% CI, 1.84
to 6.35; P<0.001).

CONCLUSIONS

In patients with peripheral arterial disease, the combination of an oral anticoagulant
and antiplatelet therapy was not more effective than antiplatelet therapy alone in pre-
venting major cardiovascular complications and was associated with an increase in
life-threatening bleeding. (ClinicalTrials.gov number, NCT00125671.)



Antithrombotic medications to improve patency — Following percutaneous or surgical
intervention, patients should be maintained on antiplatelet therapies prescribed to reduce
cardiovascular risk.

Whether dual antiplatelet therapy offers any additional benefit for those who have undergone lower
extremity percutaneous revascularization remains debated. (See "Percutaneous inferventional
procedures in the patient with lower extremity claudication”, section on 'Antiplatelet therapy'.)

Definitive data to support the use of antithrombotic therapy to improve the patency of lower extremit
surgical revascularization is overall lacking. Antiplatelet therapy may benefit those undergoing
prosthetic bypass, and although anticoagulation with vitamin K antagonists is not routinely used
following surgical revascularization, it may be useful in the following situations: following vein bypas
for those with either a suboptimal conduit or compromised distal runoff, or following prosthetic graft
bypass to reduce the ischemic consequences of graft thrombosis. (See "Surgical management of
claudication” and "Percutaneous interventional procedures in the patient with lower extremity
claudication”.)
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Importance Clinical decision making regarding the appropriate use of aspirin for the primary
prevention of atherosclerotic cardiovascular disease (ASCVD) events is complex, and requires an

individualized benefit to risk assessment.



Objecﬁve To review advances in the individualized assessment for ASCVD and bleedmg risk, and to
provide an update of the randomized clinical trial evidence that examined the use of aspirin for primary
prevention (primartly for ASCVD, and secondarily for colorectal cancer). The recently released 2016 US
Preventive Services Task Force recommendations are discussed, as well as the role of ASCVD risk, age, sex,
and aspirin dose/formulation in clinical decision making,

Evidence Review We performed a detailed review of peer-reviewed publications that were identified
through searches of MEDLINE and the Cochrane Database through 2016 using the literature search terms
“aspirin,” “primary prevention,” “cardiovascular disease,” ‘mortality, “cancer.” Bibliographies from these
references as well as meta-analyses of these randomized elimical trials were also reviewed.



Findings Evidence from a total of 11 trials involving more than 118 000 patients is available to guide
clinical decision making for aspirin use in the primary prevention of ASCVD. Clinicians should balance the
benefit to risk ratio and the individual's preferences, calculating the 10-vear ASCVD risk and evaluating risk
factors for gastrointestinal bleeding, to facilitate a safer and more personalized approach to appropriate
selection of candidates for low-dose aspirin (75 to 81 mg/d) for the primary prevention of ASCVD, with
secondary considerations for reducing colorectal cancer risk when taken for longer periods (>10 vears).
Both the net ASCVD benefit and the bleeding risk of aspirin therapy increased as the absolute ASCVD risk
increased, but the net benefits generally exceeded the risks at higher baseline ASCVD risk (210% ASCVD
10-vear risk). The Aspirin-Guide is a clinical decision making support tool (app for mobile devices) with
internal risk caleulators to help clinicians with this dual assessment by calculating the ASCVD risk and the
bleeding risk in the individual patient, and incorporating age- and sex-specific guidance based on
randomized trial results.

Conelusions and Relevance Balancing the benefit of ASCVD reduction with the risk of bleeding from
low-dose aspirin 1s difficult but essential for informed decision making and achieving a net clinical benefit
from aspirin for primary prevention. This 15 facilitated by a free and readily available evidence-based
clinical decision support tool.
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ABSTRACT

Although the use of oral anticoagulants (vitamin K antagonists) has been abandoned in primary cardiovascular prevention
due to lack of a favorable benefit-to-risk ratio, the indications for aspirin use in this setting continue to be a source of
major debate, with major international quidelines providing conflicting recommendations. Here, we review the evidence

in favor and against aspirin therapy in primary prevention based on the evidence accumulated so far, including recent
data linking aspirin with cancer protection. While awaiting the results of several ongoing studies, we arque for a prag-

matic approach to using low-dose aspirin in primary cardiovascular prevention and suggest its use in patients at high
cardiovascular risk, defined as =2 major cardiovascular events (death, myocardial infarction, or stroke) projected per
100 person-years, who are not at increased risk of bleeding. (J Am Coll Cardiol 2014;64:319-27) © 2014 by the American
College of Cardiology Foundation.
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CENTRAL ILLUSTRATION A Proposed Practical Stepwise Approach to the Use of
Aspirin in Primary CV Prevention

The first step should be an assessment of patient's eligibility to the treatment, by
assessing the 10-year risk of major cardiovascular (CV) events (death, myocardial
infarction, and stroke), according to local population risk estimates. Eligible patients will
be those with an estimated 10-year risk >20%. Patients with a 10-year risk between
10% and 20% will be deemed as “potentially eligible,” and those with a risk <10% will
be considered noneligible. The second step will be assessing safety in eligible and
potentially-eligible patients, through a history of bleeding without reversible causes, and
concurrent use of other medications that increase bleeding risk. In the absence of such
conditions, patients with a risk =20% should be given low-dose aspirin, and those with
a risk 10% to 20% should be engaged in a case-by-case discussion, factoring family
history of gastrointestinal cancer (espedally colon cancer) and patient values and
preferences; particularly motivated patients can then be prescribed low-dose aspirin.




CONCLUSIONS AND RECOMMENDATIONS

We recommend that aspirin use in the primary pre-
vention of acute MI and other atherothrombotic
cardiovascular events in subjects of both sexes is
guided by an assessment of the underlying cardio-
vascular risk (Grade of Recommendation: I, Level of
Evidence: B) (Central Illustration). We suggest that

aspirin be considered in the primary prevention of
CVD in both sexes at a level of risk of major cardio-
vascular events (death, MI, and stroke) =2 per 100
subject-years, provided they have no clear evidence
of increased risk of bleeding (GI bleeding or peptic
ulcer disease, no concurrent use of other medications
that increase bleeding risk) (Class of Recommenda-
tion: Ila, Level of Evidence: B).



Aspirin Use for the Primary Prevention of Cardiovascular Disease
and Colorectal Cancer: U.S. Preventive Services Task Force

Recommendation Statement

Kirsten Bibbins-Domingo, PhD, MD, MAS, on behalf of the U.5. Preventive Services Task Force*

Description: Update of the 2009 USPSTF recommendation on
aspirin use to prevent cardiovascular disease (CVD) events and
the 2007 recommendation on aspirin and nonsteroidal anti-
inflammatory drug use to prevent colorectal cancer (CRC).

Methods: The USPSTF reviewed 5 additional studies of aspirin
for the primary prevention of CVD and several additional analy-
ses of CRC follow-up data. The USPSTF also relied on commis-
sioned systematic reviews of all-cause mortality and total cancer
incidence and mortality and a comprehensive review of harms.
The USPSTF then used a microsimulation model to systemati-
cally estimate the balance of benefits and harms.

Population: This recommendation applies to adults aged 40
years or older without known CVD and without increased bleed-
ing risk.

Recommendations: The USPSTF recommends initiating low-
dose aspirin use for the primary prevention of CVD and CRC in
adults aged 50 to 59 years who have a 10% or greater 10-year
CVD risk, are not at increased risk for bleeding, have a life ex-
pectancy of at least 10 years, and are willing to take low-dose
aspirin daily for at least 10 years. (B recommendation)

The decision to initiate low-dose aspirin use for the primary
prevention of CVD and CRC in adults aged 60 to 69 years who
have a 10% or greater 10-year CVD risk should be an individual
one. Persons who are not at increased risk for bleeding, have a
life expectancy of at least 10 years, and are willing to take low-
dose aspirin daily for at least 10 years are more likely to benefit.
Persons who place a higher value on the potential benefits than
the potential harms may choose to initiate low-dose aspirin. (C
recommendation)

The current evidence is insufficient to assess the balance of
benefits and harms of initiating aspirin use for the primary pre-
vention of CVD and CRC in adults younger than 50 years. (|
statement)

The current evidence is insufficient to assess the balance of
benefits and harms of initiating aspirin use for the primary pre-
vention of CVD and CRC in adults aged 70 years or older. (I
statement)

Ann Intern Med. 2016;164:836-845. doi10.7326/M16-0577 www.annals.org
For author affiliation, see end of text.

This article was published at www.annals.erg on 12 April 2016.

* For a list of members of the USPSTF, see the Appendix (available at
www.annals.org).
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: Adults aged 50 to 59 y with a | Adults aged 60 to 69 y witha
Population 210% 10-y CVD risk 210% 10-y CVD risk Adults younger than 50 y Adults aged 70 y or older
Recommendation Initiate low-dose aspirin use. The decision to initiate low-dose No recommendation. No recommendation.

aspirin use is an individual one.

Grade: B Crade: C

Grade: | (insufficient evidence) | Grade: | (insufficient evidence)

Risk Assessment

Primary risk factors for CVD are older age, male sex, race/ethnicity, abnormal lipid levels, high blood pressure, diabetes, and
smoking. Risk factors for Gl bleeding with aspirin use include higher aspirin dose and longer duration of use, history of Gl ulcers or
upper Gl pain, bleeding disorders, renal failure, severe liver disease, and thrombocytopenia.

The USPSTF used a calculator derived from the ACC/AHA pooled cohort equations to predict 10-y risk for first atherosclerotic CVD
event.

Aspirin's anticlotting effect is useful for primary and secondary CVD prevention because it potentially decreases the accumulation of

Preventive blood clots that form as a result of reduced blood flow at atherosclerotic plaques, thereby reducing hypoxic damage to heart and
Medication brain tissue. The mechanisms for inhibition of adenoma or colorectal cancer development are not yet well-understood but may result
from aspirin's anti-inflammatory properties.
Treatment and A reasonable approach consistent with the evidence is to prescribe 81 mg/d (the most commaonly prescribed dose in the United
Dosage States), and assess CVD and bleeding risk factors starting at age 50 y and periodically thereafter, as well as when CVD and
bleeding risk factors are first detected or change.
The benefits of aspirin use The benefits of aspirin use The evidence on aspirin use is | The evidence on aspirin use is
Balance of Benefits outweigh the increased risk for outweigh the increaged rick for | insufficient and the balance of | insufficient and the balance of
and Harms bleeding by a moderate bleeding b I benefits and harms cannot be | benefits and harms cannot be
ing by a small amount. ) -
amount. determined. determined.
Other Relevant The USPSTF has made recommendations on smoking cessation and promoting a healthful diet and physical activity, as well as
USPSTF screening for carotid artery stenosis, coronary heart disease, high blood pressure, lipid disorders, obesity, diabetes, peripheral artery
Recommendations disease, and colorectal cancer. These recommendations are available on the USPSTF Web site

(www.uspreventiveservicestaskforce.org).
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Bleeding Risks With Aspirin Use for Primary Prevention in Adults:
A Systematic Review for the U.S. Preventive Services Task Force

Evelyn P. Whitlock, MD, MPH; Brittany U. Burda, MPH; Selvi B. Williams, MD, MPH; Janelle M. Guirguis-Blake, MD; and

Corinne V. Evans, MPP

Background: The balance between potential aspirin-related
risks and benefits is critical in primary prevention.

Purpose: To evaluate the risk for serious bleeding with regular
aspirin use in cardiovascular disease (CVD) primary prevention.

Data Sources: PubMed, MEDLINE, Cochrane Central Register
of Controlled Trials (2010 through 6 January 2015), and relevant
references from other reviews.

Study Selection: Randomized, controlled trials; cohort studies;
and meta-analyses comparing aspirin with placebo or no treat-
ment to prevent CVD or cancer in adults.

Data Extraction: One investigator abstracted data, another
checked for accuracy, and 2 assessed study quality.

Data Synthesis: In CVD primary prevention studies, very-low-
dose aspirin use (<100 mg daily or every other day) increased
major gastrointestinal (Gl) bleeding risk by 58% (odds ratio [OR],
1.58 [95% Cl, 1.29 to 1.95]) and hemorrhagic stroke risk by 27%
(OR, 1.27 [Cl, 0.96 to 1.68]). Projected excess bleeding events
with aspirin depend on baseline assumptions. Estimated excess

major bleeding events were 1.39 (Cl, 0.70 to 2.28) for Gl bleed-
ing and 0.32 (Cl, —0.05 to 0.82) for hemorrhagic stroke per 1000
person-years of aspirin exposure using baseline bleeding rates
from a community-based observational sample. Such events
could be greater among older persons, men, and those with
CVD risk factors that also increase bleeding risk.

Limitations: Power to detect effects on hemorrhagic stroke
was limited. Harms other than serious bleeding were not
examined.

Conclusion: Consideration of the safety of primary prevention
with aspirin requires an individualized assessment of aspirin's ef-
fects on bleeding risks and expected benefits because absolute
bleeding risk may vary considerably by patient.

Primary Funding Source: Agency for Healthcare Research and
Quality.

Ann Intern Med. doi:10.73246/M15-2112
For author affiliations, see end of text.
This article was published at www.annals.org on 12 April 2016.

www.annals.org



outcomes. Measures to reduce intracerebral bleeding
attributable to aspirin, such as by detecting and ade-
quately treating hypertension (64), are high priority.
Even at low or very low doses, aspirin increases the
risk for bleeding events but absolute excess bleeding
events will vary depending on individual baseline
bleeding risks. Depending on the bleeding site, age is
the strongest common risk factor for increased baseline
bleeding, along with male sex, co-medications, and
specitic CVD risk factors. A history of Gl bleeding or
ulcers also greatly increases the baseline risk for bleed-
ing, which explains why persons with these risks have
been excluded from trials. Because no validated tools
for predicting bleeding risk are available in this clinical
scenario, pinpointing the balance between the benefits
and harms ot aspirin use, particularly considering the
first 10 years of regular use, will depend on qualitative
assessment of the baseline risk for bleeding alongside

CVD benefits.



Association of Aspirin Use
With Major Bleeding in Patients
With and Without Diabetes
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HERAPY WITH LOW-DOSE ASPI-
rin is used for the treatment of
cardiovascular disease. It is rec-

Context The benefit of aspirin for the primary prevention of cardiovascular events is
relatively small for individuals with and without diabetes. This benefit could easily be
offset by the risk of hemorrhage.

Objective To determine the incidence of major gastrointestinal and intracranial bleed-
ing episodes in individuals with and without diabetes taking aspirin.

Design, Setting, and Participants A population-based cohort study, using admin-
istrative data from 4.1 million citizens in 12 local health authorities in Puglia, Italy. Indi-
viduals with new prescriptions for low-dose aspirin (=300 mg) were identified during the
index period from January 1, 2003, to December 31, 2008, and were propensity-
matched on a 1-to-1 basis with individuals who did not take aspirin during this period.

Main Qutcome Measures Hospitalizations for major gastrointestinal bleeding or
cerebral hemorrhage occurring after the initiation of antiplatelet therapy.



Results There were 186425 individuals being treated with low-dose aspirin and
186425 matched controls without aspirin use. During a median follow-up of 5.7 years,

the overall incidence rate of hemorrhagic events was 5.58 (95% Cl, 5.39-5.77) per
1000 person-years for aspirin users and 3.60 (95% CI, 3.48-3.72) per 1000 person-

years for those without aspirin use (incidence rate ratio [IRR], 1.55; 95% Cl, 1.48-

1.63). The use of aspirin was associated with a greater risk of major bleeding in most
of the subgroups investigated but not in individuals with diabetes (IRR, 1.09; 95% Cl,

0.97-1.22). Irrespective of aspirin use, diabetes was independently associated with an
increased risk of major bleeding episodes (IRR, 1.36; 95% Cl, 1.28-1.44).

Conclusions In a population-based cohort, aspirin use was significantly associated
with an increased risk of major gastrointestinal or cerebral bleeding episodes. Patients
with diabetes had a high rate of bleeding that was not independently associated with

aspirin use.
JAMA 2012; 307 (21) : 2286-2294



In conclusion, weighing the ben-
efits of aspirin therapy against the po-
tential harms is of particular relevance
in the primary prevention setting. in
which benetfits seem to be lower than
expected based on results in high-risk
populations. In this population-based
cohort, aspirin use was signifticantly as-
sociated with an increased risk of ma-
jor bleeding, but this association was
not observed for patients with diabe-
tes. In this respect, diabetes might rep-
resent a different population in terms
of both expected benefits and risks as-
sociated with antiplatelet therapy.



CrossMark

ek for updates

E OPEN ACCESS

Citation: Garcia Rodriguez LA, Martin-Pérez M,
Hennekens CH, Rothwell PM, Lanas A (2016)
Bleeding Risk with Long-Term Low-Dose Aspirin: A
Systematic Review of Observational Studies. PLoS
ONE 11(8): e0160046. doi:10.1371 fournal.

pang (160046

Bleeding Risk with Long-Term Low-Dose
Aspirin: A Systematic Review of
Observational Studies

Luis A. Garcia F'Iudrl'guex', Mar Martin-Pérez’, Charles H. Hennekens?, Peter M. Rothwell®,
Angel Lanas**

1 Spanish Centre for Pharmacoepidemiologic Research (CEIFE), Madrid, Spain, 2 Charles E. Schmidt
College of Medicine, Florida Atlantic University, Boca Raton, Florida, United States of America, 3 Stroke
Prevention Research Unit, Nuffield Department of Clinical Neurosciences, John Radeliffe Hospital, University
of Oxford, Oxford, United Kingdom, 4 University of Zaragoza, University Clinic Hospital, IS Aragdn,
CIBERehd, Zaragoza, Spain

* angel.lanas @ gmail.com

Abstract

Background

Low-dose aspirin has proven effectiveness in secondary and primary prevention of cardio-
vascular events, but is also associated with an increased risk of major bleeding events. For
primary prevention, this absolute risk must be carefully weighed against the benefits of aspi-
rin; such assessments are currently limited by a lack of data from general populations.



Editor: Tobias EcHe, Universily of Colorado Denver,
UNITED STATES

Received: Aprl 5, 2016
Accepted: May 30, 2016
Published: August 4, 2016

Copyright: © 2016 Garcia Rodriguez etal. Thisis an
open aceess aricle disibuted under the terms of the
Creative Commons Atrbution License, which pemits

unrestncted use, distrbution, and repraduction in any
medium, provided the onginal author and source are
crediied.

Data Availability Statement: All relevant data are
within the paper and its Supparting |nformation fles.

Funding: The authars received no spadfic funding
for this work. Medical writing support was provided by
Cuford Phamagenesss, Oxford, UK, with funding
from Bayer Pharma AG. The funders had no role in
shudy design, data collection and analyss, decssion b
pliblish, or preparation of the manuscapt.

Competing Interests: Drs Garcia Rodriguez and
Martin-Perez work at CEIFE, which has receked
research grants from Bayer Phamma AG. Dr Garcla

Methods

Systematic searches of Medline and Embase were conducted to identify observational
studies published between 1946 and 4 March 2015 that reported the risks of gastrointestinal
(Gl) bleeding or intracranial hemorrhage (IGH) with long-tem, low-dose aspirin (75-325
mg/day). Pooled estimates of the relative risk (RR) for bleeding events with aspirin versus
non-use were calculated using random-effects models, based on reported estimates of RR
(including odds ratios, hazard ratios, incidence rate ratios and standardized incidence
ratios) in 39 arficles.

Findings

The incidence of Gl bleeding with low-dose aspirin was 0.48-3.64 cases per 1000 person-
years, and the overall pooled estimate of the RR with low-dose aspirin was 1.4 (95% confi-
dence interval [CI]: 1.2-1.7). For upper and lower Gl bleeding, the RRs with low-dose aspi-
rinwere 2.3 (2.0-2.6)and 1.8 (1.1-3.0), respectively. Neither aspirin dose nor duration of
use had consistent effects on RRs for upper Gl bleeding. The estimated RR for ICH with
low-dose aspirin was 1.4 (12-1.7) overall. Aspirin was associated with increased bleeding
risks when combined with non-steroidal anti-inflammatory drugs, clopidogrel and selective
serotonin reuptake inhibitors compared with monotherapy. By contrast, concomitant use of
proton pump inhibitors decreased upper Gl bleeding risks relative to aspirin monotherapy.



Conclusions

There was an approximately 40% increased risk of all GI bleeding with low-dose aspirin in the
observational studies reviewed here, a finding very similar to that reported in randomized trials
6, 20]. When UGIB was studied separately, there was an approximately twofold increased risk
of bleeding with low-dose aspirin. Neither aspirin dose nor the duration of treatment had con-
sistent effects on the RR for GI bleeding. The overall risk of ICH was also increased by approxi-
mately 40% with long-term low-dose aspirin, which is also similar to the estimates from
randomized trials, although an increase in risk was not consistently reported in all studies. In
users of low-dose aspirin, the absolute risk of bleeding, but not the RR for bleeding compared
with non-use, increased with age.

Ongoing and future studies will provide further information on the benefit-risk profile of
low-dose aspirin in the prevention of CV events, particularly in primary prevention of CVD. In
the meantime, by providing estimates of bleeding risks in a real-world setting, the data pre-
sented in this review should assist clinicians in making individual clinical judgments |72 on
whether to prescribe low-dose aspirin for the prevention of CVD events.
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Importance The US Preventive Services Task Force recently recommended the use of aspirin to prevent
colorectal cancer and cardiovascular disease among many US adults. However, the association of aspirin
use with the risk for other cancer types and the potential population-wide effect of aspirin use on cancer,

particularly within the context of screening, remain uncertain.



Objectives To examine the potential benefits of aspirin use for overall and subtype-specific cancer
prevention at a range of doses and durations of use and to estimate the absolute benefit of aspirin in the
context of screening.

Design, Setting, and Participants Two large US prospective cohort studies, the Nurses' Health
Study (1080-2010) and Health Professionals Follow-up Study (1086-2012), followed up 135065 health care
professionals (88084 women and 47881 men, respectively) who reported on aspirin use biennially. The
women were aged 30 to 55 vears at enrollment in 1076; the men, aged 40 to 75 vears in 1086. Final follow-
up was completed on June 30, 2012, for the Nurses Health Study cohort and January 31, 2010, for the
Health Professionals Follow-up Study cohort, and data were accessed from September 15, 2014, to
December 17, 2015,

Main Outcomes and Measures Relative risks (RRs) for incident cancers and population-attributable
risk (PAR).



Main Outcomes and Measures Relative risks (RRs) for incident cancers and population-attributable
risk (PAR).

Results Among the 88084 women and 47881 men who underwent follow-up for as long as 32 vears,
20414 cancers among women and 7571 cancers among men were documented. Compared with nonregular
use, regular aspirin use was associated with a lower risk for overall cancer (RR, 0.97; 95% CI, 0.04-0.99),
which was primarily owing to a lower incidence of gastrointestinal tract cancers (RR, 0.85; 05% CI, 0.80-
0.01), especially colorectal cancers (RR, 0.81; 05% CI, 0.75-0.88). The benefit of aspirin on gastrointestinal
tract cancers appeared evident with the use of at least 0.5 to 1.5 standard aspirin tablets per week; the
minimum duration of regular use associated with a lower risk was 6 vears. Among individuals older than 50
vears, regular aspirin use could prevent 33 colorectal cancers per 100 000 person-vears (PAR, 17.0%)
among those who had not undergone a lower endoscopy and 18 colorectal cancers per 100 000 person-years
(PAR, 8.5%) among those who had. Regular aspirin use was not associated with the risk for breast,
advanced prostate, or lung cancer.

Conclusions and Relevanee Long-term aspirin use was associated with a modest but significantly
reduced risk for overall cancer, especially gastrointestinal tract tumors, Regular aspirin use may prevent a
substantial proportion of colorectal cancers and complement the benefits of screening.
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ing the use of aspirin as a true cancer chemopreventive agent
would typically require additional data from dedicated ran-
domized clinical trials regarding the ability of aspirin to pro-
tect against cancers with the definition of an effective dose,
the frequency and duration of treatment, and the clinical
population at risk. In addition, as we have seen with the US
Food and Drug Administration’s prior consideration of other
agents for possible CRC and polyp prevention effects, the
impact of such agents in the context of established and effec-
tive screening modalities, such as colonoscopy with polypec-
tomy, is also important.

sis, regular aspirin users experienced a statistically signifi-
cant 1526 reduction in the risk for all GI tract cancers, with a
significant 1924 reduction in the risk for CRC and a nonsignifi-
cant 1524 reduction in the risk for gastroesophageal cancer. They
also demonstrate that protection against GI tract cancers oc-
curs at relatively low doses (0.5-1.5 standard tablets per week)
that were used for various other reasons (eg, cardioprotec-
tion, headache, arthritis, musculoskeletal pain), with greater
risk reduction seen at increasing doses and with longer dura-
tion of use and 6 years suggested as the minimum duration of
use needed torealize cancer-protective benefits. The associa-



lated the proportion of incident cancers that could have been

prevented with regular aspirin use, or the partial population-
attributable risk, and found that 8.0% of all GI tract cancers

and 10.8% of CRCs could have been prevented with regular
aspirin use. In addition, their findings suggest that regular
aspirin use could have prevented 33 CRCs per 100000
person-years (17.0% of CRCs) among those who did not have
lower endoscopy, and another 18 CRCs per 100 000 person-
years (8.5%) could have been prevented among those who
did have lower endoscopy. This finding is important because
it suggests that aspirin use may complement CRC screening
and may have an absolute benefit regardless of endoscopy
status, a critical insight that few other studies have provided



Although the analysis by Cao and colleagues' provides
more context to the use of aspirin as a CRC-preventive agent,
the study provides no assessment of the potential harms of as-
pirin in these cohorts and does not assess the full range of as-
pirin’s benefits beyond its cancer-preventive effects. More-
over, aspirin’s long-term effects, if any, on cancer and overall
mortality are not addressed, although earlier observational
studies suggest inverse associations with cancer-specific and
all-cause mortality.?*-® To reflect accurately the often com-
plex, real-world clinical scenarios in which physicians and pa-
tients contemplate the use of aspirin, any truly informative
analysis of its use must weigh its cumulative benefits against
its cumulative risks. Few studies are capable of such an as-
sessment, but 2 ongoing randomized clinical trials of aspirin

in older patient populations”® should provide important ad-
ditional detail on all of these points. For now, learning that as-
pirin’s preventive effects on GI tract cancer seem to extend even

to those individuals whoundergo CRC screening provides fur-

ther support for aspirin’s possible future use as a cancer-
preventive agent.
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Summary

Background

Daily aspirin reduces the long-term risk of death due to cancer. However, the short-term effect is less
certain, especially in women, effects on cancer incidence are largely unknown, and the time course of
risk and benefit in primary prevention is unclear. We studied cancer deaths in all trials of daily aspirin

versus control and the time course of effects of low-dose aspirin on cancer incidence and other
oltecomes in triales in orimary oravaention



Methods

We studied individual patient data from randomised trials of daily aspirin versus no aspirinin
prevention of vascular events. Death due to cancer, all non-vascular death, vascular death, and all
deaths were assessed in all eligible trials. In trials of low-dose aspirin in primary prevention, we also
established the time course of effects on incident cancer, major vascular events, and major
extracranial bleeds, with stratification by age, sex, and smoking status.

Results

Allocation to aspirin reduced cancer deaths (562 vs 664 deaths; odds ratio [OR] 0-85, 95% Cl 0-76-
0-96, p=0-008; 34 trials, 69 224 participants), particularly from 5 years onwards (92 vs 145; OR 0-63,
95% Cl 0-49-0-82, p=0-0005), resulting in fewer non-vascular deaths overall (1021 vs 1173; OR 0-88,
95% CI 0-78-0-96, p=0-003; 51 trials, 77 549 participants). In trials in primary prevention, the
reduction in non-vascular deaths accounted for 87 (91%) of 96 deaths prevented. In six trials of daily
low-dose aspirin in primary prevention (35 535 participants), aspirin reduced cancer incidence from 3
years onwards (324 vs 421 cases; OR 0-76, 95% Cl 0-66-0-88, p=0-0003) in women (132 vs 176; OR 0-75,
95% Cl 0-59-0-94, p=0-01) and in men (192 vs 245; OR 0-77, 95% Cl 0-63-0-93, p=0-008). The reduced
risk of major vascular events on aspirin was initially offset by an increased risk of major bleeding, but
effects on both outcomes diminished with increasing follow-up, leaving only the reduced risk of
cancer (absolute reduction 3-13 [95% CI 1-44-4-82] per 1000 patients per year) from 3 years onwards.
Case-fatality from major extracranial bleeds was also lower on aspirin than on control (8/203 vs
15/132; OR 0-32, 95% Cl 0-12-0-83, p=0-009).



