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TERMINOLOGY

 Peripheral arterial disease (PAD): Presence of stenosis or occlusion in the 
aorta or arteries of the limbs

 Major Adverse Cardiac Events (MACE): Myocardial infarction (MI), ischemic 
stroke, cardiovascular (CV) death

 Major Adverse Limb Events (MALE): Acute limb ischemia (ALI, “heart attack of 
the leg”), amputation (“limb loss”), chronic limb threatening/critical limb 
ischemia (CLTI/CLI) 



PREVALENCE OF PAD

 Worldwide, prevalence of lower extremity PAD is between 3-12%
 Estimated to affect >200 million people

 Due to aging, estimated number of people with PAD increased by 24% between 
2000-2010

 In Canada, 5% of ambulatory adults age ≥50 who underwent screening were 
diagnosed with PAD

Fowkes et al. Lancet. 2013, 382 (9901):1329-40.
Selvin & Erlinger. Circ. 2004, 110(6):738-43.

Bhagirath et al. Can J Cardiol. 2022, 38(5):634-644.



SPECTRUM OF CLINICAL DISEASE IN PAD
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PATHOBIOLOGY OF PAD

Bonaca et al. Circ Res. 2021, 128(12):1868-1884.



Beckman et al. Circ. 2019, 140(6):449-458.



Beckman et al. Circ. 2019, 140(6):449-458.



PAD IN CKD & ESKD



PREVALENCE OF PAD IN CKD & ESKD

 In patients on dialysis, 
prevalence is between 
23-46% (up to 10-fold 
higher)

 In non-dialysis patients 
with CKD ≥stage 3 (eGFR 
<60 mL/min), prevalence 
is between 7.4-24% (up 
to 5.5-fold higher)

Garimella et al. Am J Kidney Dis. 2012, 60(4):641-654.



INCIDENCE OF PAD BY EGFR AND ALBUMINURIA 

Matsushita et al. Lancet Diabetes Endocrinol. 2017, 5(9):718-728.



PATHOBIOLOGY OF PAD IN CKD & ESKD

Chen et al. Am J Cardiol. 2012, 110(1):136-141.
Arinze et al. Vasc Med. 2019, 24(3):251-260.

Bonaca et al. Circ Res. 2021, 128(12):1868-1884.
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OUTCOMES IN CKD & ESKD

Bourrier et al. Am J Kidney Dis. 2020, 75(5):705-712.

Stage of CKD
CKD G5D (dialysis):
17% no PAD vs. 26% PAD

41% no PAD vs. 55% 
PAD

51% no PAD vs. 73% 
PAD



OUTCOMES IN CKD & ESKD

 Among patients hospitalized with PAD +/- critical limb ischemia:
 Patients with CKD also had a 2-fold higher amputation rate and nearly 3-fold 

higher in-hospital mortality rate
 CKD remained a significant predictor of long-term outcome, with projected 

mortality rates after 4 years:
 Patients without known CKD: 27%
 Patients with known CKD:

 Stage 2: 46%
 Stage 3: 52%
 Stage 4: 72%
 Stage 5: 78%

Luders et al. Clin J Am Soc Nephrol. 2016, 11(2):216-222.



GUIDELINES ON DIAGNOSTIC EVALUATION
 NKF KDOQI (2005)

 At the time of dialysis initiation, all patients should be evaluated for the presence of 
peripheral vascular disease

 Evaluation should include physical examination including assessment of arterial pulse and 
skin integrity

 Further specialized studies, such as Duplex studies or invasive testing, should be undertaken 
if abnormalities are detected upon physical examination and interventions are considered

 KDIGO CKD (2012)
 We recommend that adults with CKD be regularly examined for signs of peripheral arterial 

disease and be considered for usual approaches to therapy

NKF KDOQI Guidelines. 2005.
KDIGO CKD Work Group. Kidney inter., Suppl. 2013.



EDINBURGH CLAUDICATION QUESTIONNAIRE

 Diagnostic questionnaire
 91.3% sensitivity and 99.3% 

specificity

 Not validated in CKD

Lend & Fowkes. J Clin Epidemiol. 1992, 45(10):1101-1109.



ANKLE-BRACHIAL INDEX (ABI)
 First-line diagnostic tool

 61% sensitivity and 92% specificity in general 
population

 Predictive of global vascular risk

Abramson et al. Can J Cardiol. 2022, 38(5):560-587.

ABI
≤0.9 Occlusive arterial disease
>0.9 to 1.0 Borderline low
>1.0 to 1.4 Normal
>1.4 Calcification of the arteries



THE DILEMMA: MEDIAL ARTERIAL CALCIFICATION

https://www.ahajournals.org/doi/10.1161/ATVBAHA.121.316252https://www.frontiersin.org/articles/10.3389/fphar.2022.907835/full



TOE BRACHIAL INDEX (TBI)

 TBI is more useful in ruling out PAD 
in CKD, given toe arteries are less 
affected by MAC

 Linear association between TBI and 
CV mortality

Hyun et al. J Vasc Surg. 2014, 60(2):390-395.

TBI
<0.6 or 0.7 Occlusive arterial disease
>0.6 or 0.7 Normal



THE DILEMMA: MEDIAL ARTERIAL CALCIFICATION

 Medial arterial calcification (MAC) results in decreased vessel 
compressibility and can lead to false normal ABI or elevated ABI

 Supranormal ABI in symptomatic patients requires evaluation for the 
presence and extent of PAD
 92 symptomatic patients with high ABI (>1.4) underwent angiography

 46.7% claudication, 52.2% critical limb ischemia
 18.5% on dialysis
 84% had infra-popliteal involvement, 48.8% found to have multi-level disease
 PAD was absent in only 4.7% 
 92% had TBI <0.7

Weinberg et al. Catheter Cardiovasc Interven. 2013, 81(6):1025-1030.



 CV risk reduction

 Claudication
 Relieve exertional symptoms

 Improve walking capability

 Improve quality of life

 CLTI
 Relieve ischemic rest pain

 Heal ischemic ulceration

 Prevent limb loss

GOALS OF THERAPY

Anticoagulation Forum. Peripheral Arterial Disease: Saving Life and Limb.



MEDICAL MANAGEMENT
DOMAIN RECOMMENDATION EVIDENCE
Smoking cessation – to prevent MACE and MALE Strong Moderate Quality

Smoking cessation – interventions including intensive counselling, NRT, bupropion, 
varenicline

Strong High Quality

Exercise – supervised exercise or structured home-based, preferably walking Strong High Quality

Exercise – if unable to walk, try alternative forms of exercise or resistance training Weak Moderate Quality

Diabetes – tight glycemic control to prevent MALE Weak Low Quality

Diabetes – SGLT-2 inhibitor in PAD for MACE Strong High Quality

Diabetes – use GLP-1 agonist or DPP-4 inhibitor Weak Low Quality

Blood pressure – use ACE inhibitor or ARB as first choice Strong Moderate Quality

Lipid-lowering – statin + ezetimibe + PCSK-9 inhibitor Strong High Quality

Lipid-lowering – add highly-purified fish oil if on maximal statin with elevated 
triglycerides

Strong Moderate Quality

Dual pathway inhibition – aspirin + low-dose rivaroxaban for symptomatic lower-
extremity PAD with high-risk features (if low bleeding risk)

Strong High Quality

Dual pathway inhibition or single antiplatelet therapy for low-risk symptomatic PAD 
(if low bleeding risk)

Strong High Quality 
Abramson, AL-Omron, Anand et al. Can J Cardiol. 2022, 38(5):560-587.





Finding the Optimal Balance Between Efficacy and 
Safety in PAD: 3 Decades

APTC, Antiplatelet Trialists’ Collaboration; PAD, peripheral artery disease. 1. Anand SS, et al. J Am Coll Cardiol 2018; 71:2306–15; 2. Hiatt WR, et al. N Engl J Med 2017; 376:32–40; 3. CAPRIE Steering Committee. Lancet 1996; 348:1329–39; 
4. Antithrombotic Trialists’ Collaboration. BMJ 2002; 324:74–86; 5. Bonaca MP, et al. N Engl J Med 2015; 372:1791–800; 6. Bonaca MP, et al. JACC: Cardiovasc Interv 2014; 9:2157–64; 7. Bhatt DL, et al. N Engl J Med 2006; 354:1706–17;
8. Anand SS, et al. Lancet 2018; 391:219–29; 9. Eikelboom JW, et al. N Engl J Med 2017; 377:1319–330; 10. WAVE Investigators. N Engl J Med 2007; 357:217–27.
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McClure et al. Curr Cardiol Rep. 2019, 21(10):115.



Global Science Forum 2019
Changing the Landscape in Cardiovascular Care
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COMPASS
 Inclusion Criteria

 Presence of CAD or PAD
 PAD defined as any of: Previous aorto-femoral bypass surgery, limb bypass surgery, or 

percutaneous transluminal angioplasty of iliac, infrainguinal arteries; previous limb or foot 
amputation for arterial vascular disease; history of claudication (with either ABI < 0.9 or ≥ 50% 
stenosis); previous carotid revascularization or asymptomatic carotid stenosis ≥ 50%

 If included for CAD, also required either of:
 Age ≥65 years
 Age <65 years with:

 Documented atherosclerosis or revascularization involving at least 1 additional vascular bed; 
current smoker; diabetes; renal dysfunction (eGFR < 60 mL/min); heart failure; non-lacunar 
stroke ≥ 1 month prior to randomization

 Exclusion criteria included eGFR <15 mL/min Eikelboom et al. N Engl J Med. 2017, 377(14):1319-1330.
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Population selected for lower extremity PAD only (no CAD enrichment)

PEP: CV death, MI, ischemic stroke, ALI, MVAMP

Concomitant CAD 32%

Population selected for PAD or CAD with enrichment

PAD outcome: CV death, MI, stroke, ALI, MVAMP

Concomitant CAD 65%



Anand et al. J Am Coll Cardiol. 2019, 73(25):3271-3280.

CART: Selecting the highest risk independent groups in the 
aspirin only arm of COMPASS trial



Events Prevented Per 1,000 Patients Treated with 
Rivaroxaban + Aspirin Over 30 Months
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Anand et al. J Am Coll Cardiol. 2019, 73(25):3271-3280.
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Kaplovitch et al. JAMA Cardiol. 2021, 6(1):21-29.



COMPASS: SECONDARY ANALYSIS IN CKD

Fox et al. J Am Coll Cardiol. 2019, 73(18):2243-2250.



COMPASS: SECONDARY ANALYSIS IN CKD

Fox et al. J Am Coll Cardiol. 2019, 73(18):2243-2250.



PAD GAP

Berger & Ladapo. J Am Coll Cardiol. 2017, 69(18):2293-2300.
Kaplovitch et al. Can J Cardiol. 2021, 3(11):1325-1332.
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UNDERTREATMENT OF PAD IN CKD

 28,652 patients underwent peripheral vascular intervention for critical 
limb ischemia, 47.5% with CKD (eGFR <60 mL/min)
 Goal-directed medical therapy included the composite use of antiplatelet therapy 

and statin, and ACE inhibitor or ARB if hypertension was present

 Patients with CKD versus those without CKD had lower prescription rates both 
before (31.7% vs. 38.9%) and after (36.5% vs. 48.8%) peripheral vascular 
intervention (p < 0.0001)

Jelani et al. Am J Nephrol. 2021, 52:845-853.



TAKE-HOME POINTS

 PAD is a disease with devastating consequences, that remains 
underdiagnosed and undertreated 

 Patients with CKD are at significantly increased risk of developing PAD, and  
co-existence of PAD and CKD is associated with distinctly higher rates of 
amputation, in-hospital and long-term mortality

 Patients with PAD and CKD have unique considerations in terms of risk factors, 
diagnostic evaluation and treatment

 PAD patients would ideally be served by close collaboration between surgical 
specialists, medical specialists and primary care
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