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Lipid-lowering treatment in perip
heral artery disease
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Peripheral artery disease (PAD) is characterized by increased

cardiovascular (CV) risk, limbmorbidity and all-cause mortality.

According to the current guidelines (2016) of the American

Heart Association/American College of Cardiology on the

management of PAD patients, statin therapy is recommended

for PAD patients in order to treat dyslipidemia and reduce CV

risk.The present narrative review discusses the use of statins

and other lipid-lowering drugs such as ezetimibe, fibrates,

niacin, anacetrapib and proprotein convertase subtilisin/

kexin type 9 (PCSK9) inhibitors in PAD patients in terms of

both CV and limb outcomes. The clinical implications of

hypolipidemic drug therapy in special patient populations

including those with metabolic syndrome, non-alcoholic fatty

liver disease, chronic kidney disease and type 2 diabetes

mellitus, which may frequently co-exist with PAD, are also

considered.
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Introduction
Peripheral artery disease (PAD) represents a coronary

heart disease (CHD) equivalent as recognized by the

2001 National Cholesterol Education Program Adult

Treatment Panel III [1]. In this context, PAD is charac-

terized by increased cardiovascular (CV) morbidity and

mortality as well as total mortality [2,3�]. The most

common risk factors for PAD are advanced age, type

2 diabetes mellitus (T2DM) and smoking, followed by
www.sciencedirect.com
dyslipidemia and hypertension [4]. Of note, dyslipidemia

is frequently underdiagnosed and undertreated in PAD

patients [5,6]. Apart from CHD, PAD has been associated

with non-cardiac vascular diseases such as stroke, abdom-

inal aortic aneurysms (AAA), carotid disease and athero-

sclerotic renal artery stenosis [7–10]. Links between PAD

and metabolic diseases, including the metabolic syn-

drome (MetS) and non-alcoholic fatty liver disease

(NAFLD), as well as chronic kidney disease (CKD) have

also been reported [11–14]. These disorders may further

increase CV risk [15–18].

According to the current guidelines (2016) of the Ameri-

can Heart Association (AHA)/the American College of

Cardiology (ACC) on the management of PAD patients

[19�], several drugs may be used to improve CV risk

factors and reduce CV risk in these patients including

antiplatelet, antihypertensive and hypolipidemic agents.

The present narrative review discusses the use of lipid-

lowering drugs in PAD patients in terms of both CV and

lower extremity outcomes. The use of these drugs in

special patient populations such as those with MetS,

NAFLD, CKD, and T2DM is also considered.

Statins
Statins remain the first-line lipid-lowering therapy to treat

PAD patients as recommended by the current AHA/ACC

guidelines [19�]. Statins may beneficially affect not only

the quantity but also the quality of LDL-C, as they have

been reported to reduce the number of small dense LDL

(sdLDL) particles [20,21]. Furthermore, statins can

improve HDL functionality [22]. The clinical signifi-

cance of these lipid abnormalities has been discussed

elsewhere [23�,24]. Apart from improvements in the lipid

profile, statins exert pleiotropic properties including pla-

que stabilization, regression of atheroma and anti-inflam-

matory effects, thus minimizing CV risk in PAD patients

[25�,26].

Statins in PAD patients

Statins were shown to decrease CV and limb morbidity

as well as all-cause death in a cohort study of 1107 patients

with intermittent claudication [27]. In patients with

critical limb ischemia (CLI), statins reduced total mortal-

ity and CV events and increased amputation-free survival

[28,29]. Similar benefits were observed in the First-

Line Treatments in Patients With Critical Limb Ische-

mia (CRITISCH) registry following statin treatment;

increased amputation-free survival was seen in several
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populations of statin-treated patients including those

with T2DM, CKD and older than 75 years as well as

those undergoing endovascular therapy or bypass revas-

cularization [30�]. Statin therapy also decreased total

mortality in PAD patients with atrial fibrillation [31].

Furthermore, statin users had reduced CV mortality

and fewer lower-extremity amputations in a nationwide

database of PAD patients with T2DM [32]. Similarly, in

the REACH registry, statin therapy was associated with

lower rate of limb outcomes such as worsening symptoms,

amputations and revascularization [33]. Improved limb

salvage at one year was also observed in PAD patients

undergoing endovascular or surgical interventions who

were treated with a statin preoperatively [34]. Similar

benefits were observed in those administered a statin

postoperatively [35]. Furthermore, in patients with both

above-knee and below-knee amputations, statins

decreased one-year mortality [36]. However, there are

studies not reporting reductions in amputation rate fol-

lowing statin treatment in PAD patients [37].

Achievement of LDL-C < 70 mg/dl at a short-term fol-

low-up period (mean duration 4.8 months) after endovas-

cular intervention for PAD was associated with reduced

all-cause mortality and CV morbidity [38�]. Apart from
lowering CV risk, attaining LDL-C targets in PAD

patients can also improve limb symptoms [39]. Of note,

high-intensity statin use (i.e. atorvastatin 40–80 mg or

rosuvastatin 20–40 mg) was related to fewer CV events

and improved survival compared with low-moderate

statin therapy in patients with symptomatic PAD, despite

similar LDL-C levels [40�].

Statins are recommended in PAD patients undergoing

endovascular interventions as they can reduce revascu-

larization rates and postoperative CV events [37]. Lower

restenosis rates have been reported in statin-treated

patients undergoing stent implantation in the femoropo-

pliteal arteries [41]. Overall, statins may improve periop-

erative and long-term morbidity and mortality rates as

well as infrainguinal bypass graft patency rates, graft

restenosis and amputation incidence in PAD patients

[42�,43]. Statins may also prolong pain-free walking time

or distance and improve quality of life in PAD patients

[37,44,45].

PAD patients are suboptimally treated with statins,

although statin therapy is indicated in these high-risk

individuals [46–48]. In this context, PAD patients (as

well as those with ischemic stroke and DM) were less

likely to receive statin therapy compared with CHD

patients [49]. Admission to a vascular surgery department

can increase prescription of statins at discharge [50,51].

Furthermore, PAD patients involved in a guideline-

recommended risk-reduction educational program that

promoted the use of drugs reducing CV risk such as

statins, were reported to have fewer CV and limb events
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at the end of the seven-year follow-up period [52]. These

findings strongly support the need to intensify the imple-

mentation of current guidelines, and especially statin use,

in PAD patients.

Statins in PAD patients with comorbidities

CKD is frequently present in PAD patients, leading to

increased limb and CV morbidity and mortality as well as

worse outcomes following endovascular or surgical inter-

ventions [53,54]. Statins may improve renal function in

different patient populations including those with CHD,

MetS, T2DM, CKD, and PAD [55�,56–59]; these condi-

tions often coexist. Statins have also been shown to

decrease the risk of vascular events in patients with

advanced CKD [60] and the risk of contrast-induced

acute kidney injury (CI-AKI), an important side effect

of contrast media administration [61�,62]. CI-AKI has

been linked to increased CV and renal morbidity, total

mortality and prolonged hospitalization [63].

Statins are beneficial in several patient populations

including those with MetS, NAFLD, and T2DM. In

these patients, statins can not only improve lipids but

also decrease CV risk [64,65�,66]. In T2DM patients,

statins may also reduce the risk for diabetic complications

[67], whereas in NAFLD patients they can improve

hepatic biochemical and histological features

[15,17,65�]. Therefore, in PAD patients with these car-

diometabolic comorbidities, statins may exert several

beneficial effects and should be administered.

PAD patients are more likely to develop AAA [68,69].

Therefore, current AHA/ACC guidelines recommend

performing a screening duplex ultrasound for AAA in

patients with symptomatic PAD [19�]. Statins have

been shown to lower CV mortality and slow AAA growth

in patients with AAA but further evidence is needed to

establish these associations as there are conflict reports

[70,71].

Despite several beneficial effects, statins may increase

the risk for new-onset diabetes (NOD) [72], especially in

individuals at risk of developing T2DM such as women,

obese, older (>70 years), of Asian ethnicity and those with

prediabetes or MetS [73,74]. The statin-related risk for

NOD depends on statin type and dose as well as duration

of therapy [75]. Several molecular mechanisms have been

proposed to explain the diabetogenic effect of statins [76].

There is a need to establish whether PAD patients are

more prone to NOD development because in these

patients several risk factors for NOD may coexist includ-

ing older age, prediabetes, and MetS.

Ezetimibe
Ezetimibe has been reported to improve the lipid profile

and exert anti-atherogenic, antioxidant, and anti-inflam-

matory properties, thus further reducing CV risk [77�].
www.sciencedirect.com



Lipid-lowering treatment in peripheral artery disease Katsiki et al. 21
Ezetimibe may also improve LDL quality by decreasing

sdLDL particles [78], thus representing an attractive

therapeutic option for patients with mixed dyslipidemia

such as those with T2DM, MetS, or NAFLD [67,79–81].

Ezetimibe may be used as monotherapy in statin intoler-

ant patients [82].

In patients with acute coronary syndrome as well as in

those with advanced CKD, the combination of simva-

statin plus ezetimibe was shown to significantly decrease

the rate of CV events compared with simvastatin mono-

therapy in the Improved Reduction of Outcomes: Vytorin

Efficacy International Trial (IMPROVE-IT) [83] and

compared with placebo in the Study of Heart and Renal

Protection (SHARP) [60], respectively. Of note, 5.5% of

patients in the IMPROVE-IT trial had PAD. These

findings strongly support the use of ezetimibe in such

high-risk patients in order to achieve maximum CV

benefit. Furthermore, based on the results of the

IMPROVE-IT trial, the American Diabetes Association

current (2017) guidelines recommend the use of ezeti-

mibe plus statin combination in T2DM patients with

LDL-C levels > 50 mg/dl after an acute coronary syn-

drome [84].

The effects of ezetimibe on PAD progression remain

controversial; previous studies in PAD patients reported

no benefit in terms of local atherosclerosis (vessel wall,

lumen and volumes) and exercise performance following

ezetimibe treatment when compared with statin mono-

therapy despite effective LDL lowering and improve-

ments in the ankle-branchial index [85–87].

Fibrates
Fibrates are useful drugs to treat mixed (atherogenic)

dyslipidemia as they target not only TG metabolism but

also increase HDL-C and decrease small dense LDL

particles [88]. Therefore, fibrates may be considered in

patients with T2DM, MetS or NAFLD who frequently

have atherogenic dyslipidemia [89,90]. Especially, in

T2DM patients, fenofibrate was shown to reduce CV

events in those with elevated TG and low HDL-C levels

as reported in the Action to Control Cardiovascular Risk

in Diabetes (ACCORD) Lipid trial [91] and the ACCOR-

DION [92], whereas in the Fenofibrate Intervention and

Event Lowering in Diabetes (FIELD) study, fenofibrate

was found to decrease the rate of total CV events and non-

fatal myocardial infarction as well as microvascular com-

plications, including nephropathy, in T2DM patients

[93]. Furthermore, fenofibrate treatment was associated

with a lower risk of amputation in T2DM patients in the

FIELD study [94], thus highlighting its potential protec-

tive role also in PAD patients. Interestingly, a previous

meta-analysis found that fibrates significantly reduced

albuminuria as well as CV morbidity and mortality in

CKD patients [95]. These benefits may be of clinical

importance in fibrate-treated PAD patients. However,
www.sciencedirect.com
fibrates may raise serum creatinine levels by up to

30%, leading to an acute reduction in estimated glomer-

ular filtration rate (eGFR), possibly due to an increase in

the production of creatinine or vasodilatory prostaglan-

dins, thus not causing true kidney dysfunction [96]. This

effect can be reversible andmaymask an underlying renal

benefit [95].

In PAD patients, fibrates may be considered in patients

with low HDL and elevated TG levels to treat athero-

genic dyslipidemia as suggested by previous guidelines

[97]. Furthermore, in the Lower Extremity Arterial Dis-

ease Event Reduction (LEADER) trial [98] bezafibrate

significantly reduced CHDmorbidity in elderly men with

PAD. More research is needed to elucidate the effects of

fibrates on PAD outcomes.

Niacin
Niacin can increase HDL-C levels but this benefit was

not related to reduced CV risk [99] as reported in the

Atherothrombosis Intervention in Metabolic Syndrome

with Low HDL/High Triglycerides: Impact on Global

Health Outcomes (AIM-HIGH) trial [100] and the Heart

Protection Study 2-Treatment of HDL to Reduce the

Incidence of Vascular Events (HPS2-THRIVE) [101].

Due to these negative results in terms of CV risk as well

as niacin-induced serious adverse events (gastrointestinal,

musculoskeletal, and skin-related), niacin was withdrawn

from the EU market [102].

Limited data exist on the use of niacin in PAD patients.

In the Cholesterol Lowering Atherosclerosis Study

(CLAS), colestipol plus niacin led to TG decreases

and HDL-C increases, along with LDL-C reductions;

these lipid improvements were associated with a

slower atherosclerosis progression in femoral arteries

[103]. However, in the Effect of Lipid Modification on

Peripheral Artery Disease after Endovascular Interven-

tion Trial (ELIMIT), no changes were observed in vessel

wall, lumen and volumes of the femoral arteries following

niacin therapy (combined with ezetimibe and simva-

statin) in PAD patients [86]. Furthermore, in such

patients, no benefits were recorded in terms of treadmill

walking time and claudication onset time after niacin

treatment [104]. Of note, coagulation factors were signifi-

cantly decreased in niacin-treated PAD patients as

reported in the Arterial Disease Multiple Intervention

Trial (ADMIT) [105]. Niacin was also shown to promote

recovery of limb function and revascularization in mice

with peripheral ischemia [106].

Cholesteryl ester transfer protein (CETP)
inhibitors
CETP inhibitors were developed as HDL-C-raising

drugs [107]. However, torcetrapib was associated with

increased CV morbidity and mortality probably due to

off-target effects in the Investigation of Lipid Level
Current Opinion in Pharmacology 2018, 39:19–26
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Management to Understand its Impact in Atherosclerotic

Events (ILLUMINATE) trial [108], whereas dalcetrapib

and evacetrapib had neutral CV effects in the dal-OUT-

COMES study [109] and the Assessment of Clinical

Effects of Cholesteryl Ester Transfer Protein Inhibition

with Evacetrapib in Patients at a High Risk for Vascular

Outcomes (ACCELERATE) trial [110], respectively,

leading to discontinuation of their development [111–

113]. In contrast, anacetrapib is the only CETP inhibitor

that was reported to significantly decrease the incidence

of major coronary events in patients with CV disease in

the recently published phase 3 Randomized Evaluation

of the Effects of Anacetrapib through Lipid Modification

(REVEAL) trial [114]. Of note, approximately 8% of

these patients had PAD. However, anacetrapib was found

to slightly increase blood pressure (by 0.7/0.3 mmHg for

systolic/diastolic blood pressure) and to accumulate in

adipose tissue [114]. Significantly more patients had

estimated glomerular filtration rate <60 ml/min/1.73 m2

in the anacetrapib group compared with placebo

(11.5 versus 10.6%; p = 0.04) [114]. It should be noted

that anacetrapib is not available in the market yet and the

manufacturing company decided against filing for

approval of the drug [115].

Proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors
PCSK9 inhibitors are a novel class of lipid-lowering drugs

administered subcutaneously every two weeks or once a

month [116,117]. These drugs have been reported to

significantly reduce LDL-C up to 73% when co-adminis-

tered with a statin � ezetimibe as well as improve other

lipid parameters including lipoprotein (a) [118]. There are

two PCSK9 inhibitors approved by both the Food and

Drug Administration (FDA) and the European Medicine

Agency (EMA): evolocumab and alirocumab. Previous

analyses reported potential CV benefits following treat-

ment with these drugs [119,120]. Furthermore, evolocu-

mab was shown to significantly reduce CV morbidity in

patients with CV disease and baseline LDL-C�70 mg/dl

(1.8 mmol/l) treated with a statin and/or ezetimibe in the

Further Cardiovascular Outcomes Research with PCSK9

Inhibition in Subjects with Elevated Risk (FOURIER)

trial [121]. Of note, 13.2% of the patients had symptom-

atic PAD. Furthermore, evolocumab did not affect glu-

cose metabolism and exerted its CV benefits to a similar

extent in patients with and without T2DM [122]. The

results of the ongoing randomized, placebo-controlled,

double-blind CV outcome clinical trial with alirocumab

[the Evaluation of Cardiovascular Outcomes After an

Acute Coronary Syndrome During Treatment With Alir-

ocumab (ODYSSEY OUTCOMES) trial] will further

elucidate the effects of PCSK9 inhibitors on CV risk

[123].With regard to safety, adverse events were tolerable

and minimal following treatment with PCSK9 inhibitors,

although currently available data are limited in terms of

both absolute numbers and follow-up time [124]. A recent
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meta-analysis did not find an increased rate of musculo-

skeletal and neurocognitive side effects with PCSK9

inhibitors [125]. Further trials are needed to establish

the safety of these drugs as well as their efficacy in special

patient populations such as those with PAD, CKD, MetS

and NAFLD.

Interestingly, PCSK9 inhibitors can significantly decrease

lipoprotein (a) [Lp(a)] levels [126]. Elevated Lp(a) con-

centrations have been associated with increased CV risk

[127] as well as with the presence of AAA [128,129]. As

PAD patients have a higher prevalence of AAA than the

general population (as discussed above), the use of drugs

may minimize the risk for developing AAA by lowering

Lp(a) levels. This may represent an attractive therapeutic

option.

Conclusions
Statin therapy is recommended for PAD patients in order

to treat dyslipidemia and reduce CV risk. Statins may also

improve limb morbidity and outcomes after vascular

interventions, pain-free walking distance and quality of

life, as well as decrease all-cause mortality in these

patients. Furthermore, statins exert beneficial pleiotropic

effects in patients with T2DM, MetS, NAFLD, and

CKD. These metabolic disorders may frequently co-exist

with PAD, thus highlighting the clinical implications of

statin treatment in these high-risk patients. Ezetimibe

may be used in combination with statins, especially in

patients with mixed dyslipidemia. Fibrates can also be

used with statins but some degree of caution is required.

Further research is needed to elucidate the efficacy and

safety of other lipid-lowering drugs such as anacetrapib

and PCSK9 inhibitors in PAD patients.
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Djoussé L, Sutton-Tyrrell K, Newman AB et al.: Metabolic
syndrome and risk of incident peripheral artery disease: the
cardiovascular health study. Hypertension 2014, 63:413-419.

13. Garimella PS, Hirsch AT: Peripheral artery disease and chronic
kidney disease: clinical synergy to improve outcomes. Adv
Chronic Kidney Dis 2014, 21:460-471.

14. Katsiki N, Athyros VG, Karagiannis A, Mikhailidis DP:
Characteristics other than the diagnostic criteria associated
with metabolic syndrome: an overview. Curr Vasc Pharmacol
2014, 12:627-641.

15. Katsiki N, Mikhailidis DP, Mantzoros CS:Non-alcoholic fatty liver
disease and dyslipidemia: an update. Metabolism 2016,
65:1109-1123.

16. Athyros VG, Katsiki N, Karagiannis A, Mikhailidis DP: Editorial:
should chronic kidney disease be considered as a
coronary heart disease equivalent? Curr Vasc Pharmacol 2012,
10:374-377.

17. Athyros VG, Tziomalos K, Katsiki N, Doumas M, Karagiannis A,
Mikhailidis DP: Cardiovascular risk across the histological
spectrum and the clinical manifestations of non-alcoholic
fatty liver disease: an update. World J Gastroenterol 2015,
21:6820-6834.

18. Katsiki N, Athyros VG, Karagiannis A, Wierzbicki AS,
Mikhailidis DP: Should we expand the concept of coronary
heart disease equivalents? Curr Opin Cardiol 2014, 29:389-395.

19.
�

Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR,
Corriere MA, Drachman DE, Fleisher LA, Fowkes FG,
Hamburg NM, Kinlay S et al.: 2016 AHA/ACC guideline on the
www.sciencedirect.com
management of patientswith lower extremity peripheral artery
disease: executive summary: a report of the American College
of Cardiology/American Heart Association Task Force on
clinical practice guidelines. Circulation 2017, 135:e686-e725.

Current guidelines for PAD management by ACC/AHA.

20. Clementi A, Kim JC, Floris M, Cruz DN, Garzotto F, Zanella M,
Nalesso F, Brendolan A, Giavarina D, Soffiati G et al.: Statin
therapy is associated with decreased small, dense low-
density lipoprotein levels in patients undergoing peritoneal
dialysis. Contrib Nephrol 2012, 178:111-115.

21. Rizos CV, Kostapanos MS, Rizos EC, Tselepis AD, Elisaf MS: The
effect of rosuvastatin on low-density lipoprotein subfractions
in patients with impaired fasting glucose. J Cardiovasc
Pharmacol Ther 2015, 20:276-283.

22. Gomaraschi M, Adorni MP, Banach M, Bernini F, Franceschini G,
Calabresi L: Effects of established hypolipidemic drugs onHDL
concentration, subclass distribution, and function. Handb Exp
Pharmacol 2015, 224:593-615.

23.
�

Mikhailidis DP, Elisaf M, Rizzo M, Berneis K, Griffin B, Zambon A,
Athyros V, de Graaf J, März W, Parhofer KG et al.: European panel
on low density lipoprotein (LDL) subclasses: a statement on
the pathophysiology, atherogenicity and clinical significance
of LDL subclasses: executive summary. Curr Vasc Pharmacol
2011, 9:531-532.

An expert panel statement on the clinical significance of small dense LDL
particles.

24. Otocka-Kmiecik A, Mikhailidis DP, Nicholls SJ, Davidson M,
Rysz J, Banach M: Dysfunctional HDL: a novel important
diagnostic and therapeutic target in cardiovascular disease?
Prog Lipid Res 2012, 51:314-324.

25.
�

Chiesa ST, Papageorgiou N, Charakida M: Statins in peripheral
arterial disease. Curr Pharm Des 2017. September 26 [Epub
ahead of print].

A recent review on statin use in PAD patients.

26. Kitrou P, Katsanos K, Karnabatidis D, Reppas L, Brountzos E,
Spiliopoulos S: Current evidence and future perspectives on
anti-platelet and statin pharmacotherapy for patients with
symptomatic peripheral arterial disease. Curr Vasc Pharmacol
2017, 15:430-445.

27. Kumakura H, Kanai H, Hojo Y, Iwasaki T, Ichikawa S: Long-term
survival and fate of the leg in de novo intermittent claudication.
Eur Heart J Qual Care Clin Outcomes 2017, 3:208-215.

28. Westin GG, Armstrong EJ, Bang H, Yeo KK, Anderson D,
Dawson DL, Pevec WC, Amsterdam EA, Laird JR: Association
between statin medications and mortality, major adverse
cardiovascular event, and amputation-free survival in patients
with critical limb ischemia. J Am Coll Cardiol 2014, 63:682-690.

29. Suckow BD, Kraiss LW, Schanzer A, Stone DH, Kalish J,
DeMartino RR, Cronenwett JL, Goodney PP, Vascular Study
Group of New England: Statin therapy after infrainguinal bypass
surgery for critical limb ischemia is associated with improved
5-year survival. J Vasc Surg 2015, 61:126-133.

30.
�

Stavroulakis K, Borowski M, Torsello G, Bisdas T: CRITISCH
collaborators: association between statin therapy and
amputation-free survival in patients with critical limb ischemia
in the CRITISCH registry. J Vasc Surg 2017, 66:1534-1542.

The present study highlights the beneficial effects of statins on limb
survival in patients with CLI.

31. Proietti M, Raparelli V, Laroche C, Dan GA, Janion M, Popescu R,
Sinagra G, Vijgen J, Boriani G, Maggioni AP et al.: EORP-AF Gen
Pilot Investigators: Adverse outcomes in patients with atrial
fibrillation and peripheral arterial disease: a report from the
EURObservational research programme pilot survey on atrial
fibrillation. Europace 2017, 19:1439-1448.

32. Hsu CY, Chen YT, Su YW, Chang CC, Huang PH, Lin SJ: Statin
therapy reduces future risk of lower-limb amputation in
patients with diabetes and peripheral artery disease. J Clin
Endocrinol Metab 2017, 102:2373-2381.

33. Kumbhani DJ, Steg PG, Cannon CP, Eagle KA, Smith SC Jr,
Goto S, Ohman EM, Elbez Y, Sritara P, Baumgartner I et al.:
REACH Registry Investigators: Statin therapy and long-term
adverse limb outcomes in patients with peripheral artery
Current Opinion in Pharmacology 2018, 39:19–26

http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0655
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0655
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0655
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0655
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0655
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0660
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0660
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0660
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0660
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0665
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0665
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0665
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0670
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0670
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0670
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0670
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0675
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0675
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0675
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0675
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0675
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0680
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0680
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0680
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0685
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0685
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0685
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0685
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0690
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0690
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0690
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0690
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0695
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0695
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0695
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0700
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0700
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0700
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0700
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0705
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0705
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0705
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0705
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0710
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0710
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0710
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0715
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0715
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0715
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0715
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0720
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0720
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0720
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0725
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0725
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0725
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0725
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0730
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0730
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0730
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0730
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0730
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0735
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0735
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0735
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0740
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0745
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0745
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0745
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0745
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0745
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0750
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0750
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0750
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0750
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0755
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0755
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0755
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0755
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0760
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0765
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0765
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0765
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0765
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0770
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0770
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0770
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0775
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0775
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0775
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0775
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0775
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0780
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0780
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0780
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0785
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0785
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0785
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0785
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0785
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0790
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0790
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0790
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0790
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0790
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0795
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0795
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0795
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0795
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0800
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0805
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0805
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0805
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0805
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0810
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0810
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0810
http://refhub.elsevier.com/S1471-4892(17)30113-3/sbref0810


24 Cardiovascular and renal
disease: insights from the REACH registry. Eur Heart J 2014,
35:2864-2872.

34. Vogel TR, Dombrovskiy VY, Galiñanes EL, Kruse RL:Preoperative
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