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Abstract The use of stat ins for secondary prevent ion in pat ients with peripheral (ext racoronary) 
arterial disease is not  widespread. Their possible use has only relat ively recent ly been studied 
and data in the literature are somet imes cont roversial or are not  disclosed.

The aim of  this paper is to review the recent  l it erature and to discuss possible reasons for 
using stat ins in pat ients with ext racoronary atherosclerot ic arterial involvement ,  focusing on 
the areas in which they have been invest igated.

The main conclusions are that  stat ins should be prescribed with the obj ect ive of  reducing 
coronary and cerebrovascular morbidi t y and mort al i t y in pat ient s wi t h carot id disease, 
abdominal aort ic aneurysm and lower l imb occlusive disease. There is suffi cient  evidence to 
suggest  a reduct ion in the perioperat ive risk of vascular surgery when stat ins are used, and in 
pat ients with carot id stenosis they also appear to reduce perioperat ive risk in endarterectomy. 
Nevert heless,  t here are insuf f icient  dat a t o recommend t he use of  st at ins t o cont rol 
post -endarterectomy restenosis.

In pat ients with intermit tent  claudicat ion, stat ins improve walking distance and may be used 
for this purpose.

Finally,  t here is insuffi cient  evidence to recommend stat ins to prevent  restenosis in lower 
limb revascularizat ion procedures, to cont rol progression of abdominal aort ic aneurysms, or to 
reduce the severity of renal artery stenosis or renal dysfunct ion.
© 2011 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Secondary prevent ion in vascular surgery always includes 
correct ion of  risk factors for atherosclerosis,  ant iplatelet  
t her apy,  and i n some cases or al  ant i coagul at i on. 
Al t hough t he use of  st at i ns i s wel l  est abl i shed i n 
secondar y pr event i on of  i schemi c hear t  d i sease 
and cerebrovascul ar  di sease,  and i s i ncl uded i n t he 
int ernat ional  guidel ines,  t hey are less f requent ly used 
in ot her areas of  medicine,  such as vascular surgery,  and 
t here is evidence f rom various count ries t hat  t heir use in 
t he t reat ment  of  “ peripheral”  at herosclerot ic disease is 
not  widespread 1-4.

The aim of  t his paper is t o analyze t he recent  l i t erature 
and t o di scuss possi bl e reasons f or  usi ng st at i ns i n 
pat ient s wi t h ext racoronary at herosclerot i c ar t er ial 
involvement  5.

We should f i rst  clar i f y t he t erm per ipheral  ar t er ial 
di sease (PAD),  si nce i t  i s used i n t wo senses i n t he 
l i t er at ur e:  ext r acor onar y at her oscl er ot i c di sease, 
and l ower  l i mb occl usi ve di sease.  In t he pr esent  
review we use i t  wi t h t he f i rst  meaning,  but  regarding 
cerebrovascul ar  di sease,  i t  i s onl y ment i oned wi t h 
ref erence t o t he cur rent  use of  st at i ns i n occl usi ve 
disease of  t he ext racranial  ar t er ies,  par t i cular l y t he 
carot id bifurcat ion.

St at i ns (3-hydr oxy-3-met hyl gl ut ar yl  coenzyme A 
[ HMG-CoA]  reduct ase inhibi t ors) signi f i cant l y reduce 
LDL cholest erol  and are highly ef f ect ive in prevent ing 

coronary and cerebral  i schemic event s.  Besides t hei r 
l i pi d- l ower ing proper t i es,  t hey have been shown t o 
have paral lel  (pleiot ropic) ef fect s,  not ably in reducing 
infl ammat ion.

The benef icial  ef f ect s of  st at ins,  and t he f act  t hat  
t hey are general l y wel l  t olerat ed,  mean t hey play an 
import ant  role in secondary prevent ion of  coronary and 
cerebrovascular disease.

Wi t h regard t o secondary prevent ion in per ipheral 
vascular disease,  t heir value has been invest igated in t he 
fol lowing areas:

•  Reduct ion of  gl obal  cardiovascular  r i sk in vascular 
pat i ent s:  prevent i on of  maj or  vascul ar  event s i n 
coronary,  cerebral and lower l imb art erial  t errit ories.

•  Reduct ion of  per ioperat ive cardiac and non-cardiac 
complicat ions of  revascularizat ion surgery.

•  Reduct ion of  risk associated wit h atheromatous plaques 
in t he carot id bifurcat ion.

•  Reduc t i on  of  r i sk  of  car ot i d  r est enosi s af t e r 
endart erect omy.

•  Treat ment  of  chronic l ower  l imb occlusive disease, 
part icularly int ermit t ent  claudicat ion.

•  Improvement  of  pat ency of  inf rainguinal  bypass graf t s 
and reduct ion of  l imb loss rat es.

•  Reduct i on of  abdomi nal  aor t i c aneur ysm (AAA) 
expansion.

•  Benefi t  in renovascular disease and perioperat ive renal 
dysfunct ion.

Prevenção secundária com estatinas na patologia art erial periférica aterosclerótica

Resumo A ut il ização de estat inas em prevenção secundária na patologia arterial periférica 
(ext ra-coronária) não é universal.  As razões para a sua eventual ut il ização são relat ivamente 
recentes e os dados da literatura são, por vezes, cont roversos ou não se encont ram divulgados.

O obj ect ivo dest e t rabalho consist e em rever a l i t erat ura recent e e discut ir as razões 
eventuais para uma maior ut il ização de estat inas em doentes com patologia do foro vascular 
«ext ra-coronár io» t endo sido seleccionadas as áreas em que est es f ármacos t êm sido 
estudados.

Conclui-se que as estat inas devem ser ut ilizadas com o obj ect ivo de reduzir a morbilidade e 
a mortal idade de causa coronária em doentes com patologia carot ídea,  aneurisma da aorta 
e doença oclusiva dos membros inferiores. Há evidência sufi ciente que comprova a redução do 
risco per-operatório em Cirurgia Vascular e a sua ut ilização em doentes com estenose carot ídea 
é também recomendada com o obj ect ivo de reduzir o risco per-operatório da endarterectomia. 
No ent ant o,  não há dados que permit am recomendar o uso de est at inas para cont rolo da 
re-estenose após endarterectomia carot ídea.

Há evidência que sugere um papel benéf ico das est at inas nos doent es com claudicação 
intermitente,  em termos de melhoria da distância de marcha, pelo que a sua ut il ização com 
este obj ect ivo é recomendada.

Finalmente, não há evidência sufi ciente que permita recomendar a ut il ização de estat inas 
com o obj ect ivo de prevenir a re-estenose e melhorar a performance dos procedimentos de 
revascularização convencional dos membros inferiores, de cont rolar a progressão dos aneurismas 
da aorta abdominal nem de melhorar a gravidade da estenose ou da disfunção renal.
© 2011 Sociedade Portuguesa de Cardiologia.  Publicado por Elsevier España, S.L. Todos os direit os 
reservados.
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The reasons for t he use of  st at ins for each of  t he above 
cl inical  goals wi l l  now be discussed in t he l ight  of  t he 
available evidence.

Reduction of global cardiovascular risk 
in vascular patients: prevention of major 
vascular events

Pat ient s wi t h chroni c obst ruct i on of  t he l ower  l imb 
ar t er i es,  carot i d st enosi s or  AAA have a l ower  l i f e 
expect ancy t han t hose of  t he same age w i t hout  
peripheral art erial  disease 6.  This is due mainly t o greater 
prevalence of  risk fact ors and occlusive disease in ot her 
t errit ories,  especial ly t he coronaries 7,8.

A diagnosis of  PAD should be f ol l owed by proact ive 
int ervent ion t o cont rol  r isk fact ors and t o ident i f y and 
t reat  lesions in other t errit ories,  since t his wil l  have clear 
benef i t s on survival .  Wi t h t his in mind,  st at in t herapy 
has been analyzed in var ious t r ials in PAD pat ient s.  In 
1998 t he Long-Term Int ervent ion wi t h Pravast at in in 
Ischaemic Disease (LIPID) t rial  9 was publ ished,  including 
9014 pat ient s wi t h a hist ory of  myocardial  inf arct ion 
or  angina,  f ol l owed f or  si x years.  Of  t hese,  995 had 
i nt ermi t t ent  cl audi cat i on;  of  t hese 38 % suf f ered a 
coronary,  cerebral  or  per ipheral  event  and 13 % died 
of  cardiovascular  cause,  as opposed t o 27. 5 % and 8 % 
respect ively in t he group wit hout  claudicat ion.  In t hose 
wi t h claudicat ion,  t he use of  40 mg/ day of  pravast at in 
reduced t he r i sk of  coronary,  cerebral  or  per ipheral 
event s (p=0.039) compared wit h placebo.

In 2002,  Aronow and Ahn published a randomized study 10 
of  pat ient s wi t h per ipheral  ar t er ial  disease,  including 
crit ical  ischemia,  of  whom 318 were t reat ed wit h st at ins 
and 342 received placebo;  f ol l ow-up was 39 mont hs. 
The incidence of  new coronary event s in t hose receiving 
st at ins was 48 %,  compared t o 73 % in t he cont rol  group 
(p <0.001).  Such a high incidence of  event s may have 
been due t o t he advanced age (mean 80 years [60-99] ) 
of  t he subj ect s.  There were al so hi ghl y si gni f i cant  
reduct ions in sudden deat h (p <0.0005),  new coronary 
event s (p <0.001) and f at al  myocardial  inf arct ion (MI) 
(p <0.007) in t he st at in group and in pat ient s wi t h and 
wit hout  previous MI.

The same year also saw t he publ icat ion of  t he Heart  
Prot ect i on St udy (HPS) 11,  whi ch made a si gni f i cant  
cont ribut ion t o clari f ying t he role of  st at ins in reducing 
r isk in pat ient s wit h peripheral  art erial  disease.  Of  t he 
20 536 pat ient s enrol l ed,  2701 present ed per ipheral 
ar t er i al  obst r uct i on wi t hout  cor onar y di sease and 
4047 had evidence of  lower l imb occlusive disease as well 
as coronary disease.  In bot h groups t he use of  40 mg/ day 
simvast at in reduced t he relat ive r isk of  maj or vascular 
event s by 24 % (p <0.00001) and need for ext racoronary 
revascular izat ion,  mainl y carot id and l ower  l imb,  by 
16 % (p=0.006).  The st udy’s dat a indicat e t hat  t he use 
of  simvast at in f or  f i ve years would prevent  70 maj or 
vascular event s per 1000 pat ient s 12.  The long-t erm ef fect  
of  st at ins was conf i rmed in an observat ional  st udy by 
Fer inga et  al .  13,  in which t here was st i l l  benef i t  af t er 
eight  years of  fol low-up.

Similar result s have been seen in ot her t rials analyzing 
pat ient s wit h peripheral  art erial  disease.  In t he LEADER 
st udy 14,  bezaf ibrat e l ed t o reduced r i sk f or  nonf at al 
coronary event s,  more marked i n younger  pat i ent s 
(under  65 at  enrol l ment ) ,  but  had no ef f ect  on t he 
combined incidence of  coronary heart  disease and st roke. 
Mohler et  al .  15,  in a randomized double-bl ind t r ial  wi t h 
354 subj ect s,  also found a signifi cant  reduct ion (p=0.003) 
in vascular accident s at  12 mont hs in pat ient s t reat ed 
wi t h at orvast at in vs.  placebo.  A st udy by Schi l l inger et  
al.  16 showed lower risk of  death (RR 0.52,  95 % CI 0.3-0.91, 
p=0.022) and cumulat ive r isk of  deat h and MI (RR 0.48, 
95 % CI 0.29-0.79,  p=0.004) in pat ient s medicat ed wi t h 
st at ins.

Cardiovascul ar  r i sk i s al so higher  i n pat i ent s wi t h 
carot id st enosis.  The Nat ional  Cholest erol  Educat ion 
Program (NCEP) classi f ied carot id ar t ery disease,  l ike 
peripheral art ery disease,  as “ coronary heart  disease risk 
equivalent ”  in 2001 and 2004,  and recommended keeping 
LDL cholest erol  below 100 mg/ dl 17,18.  The same approach 
was adopt ed by t he Amer i can St roke Associat i on i n 
2004 19.

Pat i ent s wi t h AAA have si mi l ar  r i sk f or  cor onar y 
accident s t o t hose wi t h lower l imb disease and carot id 
st enosis (according t o t he NCEP) 18,  wi t h 2-year r isk of 
cardiovascular deat h of  6.3 % 17 and 8-year risk of  28 % as 
seen in t he UK Small  Aneurysm Trial  20.

Several st udies have confi rmed t he benefi t  of  st at ins in 
reducing global cardiovascular risk in pat ient s wit h AAA; 
in a fol low-up of  4.7 years,  pat ient s t reat ed wit h st at ins 
had 2.5 t imes lower overal l  mort al i t y and over 3 t imes 
lower vascular mort al i t y 21.

To summar i ze,  t here i s cl ear  evidence ( l evel  1)  of 
a si gni f i cant  r educt i on i n cor onar y mor bi di t y and 
mor t al i t y i n pat i ent s wi t h PAD when t r eat ed wi t h 
st at i ns,  and r ecent  gui del i nes r ecommend t hei r 
int ensive use 22,23.

Reduction of perioperative cardiac 
and non-cardiac complications 
of conventional or endovascular 
revascularization surgery

The i dea of  usi ng st at i ns t o r educe per i oper at i ve 
compl i cat i ons i n vascul ar  sur ger y ar ose f r om t he 
observat ion t hat  t hey decrease t he recurrence of  early 
i schemic event s af t er  acut e coronary syndromes and 
f ol lowing coronary revascular izat ion,  and hence could 
also reduce r isk in ot her  vascular  procedures 24.  Some 
st udies have shown t his benefi t  in general surgery and in 
lower l imb revascularizat ion 25.

In 2003 Poldermans et  al .  26 publ ished a ret rospect ive 
st udy of  2816 pat ient s undergoing maj or vascular surgery 
(el ect i ve and emer gent  t r eat ment  of  AAA,  car ot i d 
endar t erect omy and l ower  l imb revascul ar i zat i on) . 
Mor t al i t y was compared bet ween t hose t reat ed wi t h 
st at ins and cont rols;  160 subj ect s (5.7 %) died,  of  whom 
only 8 % were t reat ed wit h st at ins,  as opposed t o 25 % of 
cont rols (OR 0.22,  95 % CI 0.10-0.47,  p <0.001).  There 
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was t hus a 4-fold reduct ion in risk of  death in t he t reated 
group.

In a prospect i ve,  randomized,  doubl e-bl i nd t r i al ,  
Durazzo et  al .  27 compared t he ef f ect  of  20 mg/ day of 
at orvast at i n i n 50 pat i ent s wi t h a pl acebo group of 
t he same si ze,  using t he endpoint  of  occur rence of 
cardiovascular event s fol lowing elect ive vascular surgery. 
Subj ect s were t reat ed per ioperat ively f or  45 days and 
were operat ed an average of  31 days,  and not  less t han 
t wo weeks,  af t er randomizat ion.  In a 6-mont h fol low-up 
t here was a clear  reduct ion of  coronary event s in t he 
t reat ment  group (at orvast at i n 8 % vs.  pl acebo 26 %, 
p=0.031),  a more t han 3-fold risk reduct ion.

In 2004 Kert ai et  al .  28 st udied 570 pat ient s undergoing 
resect ion of  AAA wit h a combined endpoint  of  mort al i t y 
and MI,  which occurred in 8.9 %.  Risk was lower in t he 
st at in group t han in t he non-st at in group (3.7 % vs.  11 %, 
OR 0.31,  95 % CI 0.13-0.74,  p=0.01),  even af ter adj ustment  
for ot her variables (OR 0.24,  95 % CI 0.10-0.70,  p=0.01). 
The use of  bet a-blockers was also associat ed wit h lower 
risk.

Al so i n  2004,  Li ndenauer  e t  al .  25 pub l i shed  a 
ret rospect i ve st udy of  780 591 pat i ent s undergoi ng 
non-cardiac surgery,  of  whom 65 399 underwent  vascular 
sur ger y and 13 862 wer e medi cat ed w i t h st at i ns. 
St at i ns were associat ed wi t h a signi f i cant  reduct ion 
in per ioperat ive mort al i t y (p <0.001) in al l  procedures 
(vascular and non-vascular).

Finally,  t he StaRRS (Stat ins for Risk Reduct ion in Surgery) 
st udy 29 i ncluded ret rospect ive dat a on 1163 pat ient s 
undergoing carot id endart erect omy,  aor t ic surgery or 
lower l imb revascularizat ion over a period of  t wo years. 
The incidence of  compl icat ions was signifi cant ly lower 
(p=0.001) in pat ient s t aking st at ins (9.9 %) t han in t he 
ot hers (16.5 %);  t he great est  di f f erences were seen in 
reduct ion of  myocardial  ischemia and congest ive heart  
f ai lure.  The benefi cial  ef fect  of  st at ins remained af t er 
adj ust ment  f or  age,  gender,  t ype of  surgery,  acui t y of 
surgery,  lef t  vent ricular dysfunct ion and diabet es.

The mechanism by which st at ins reduce perioperat ive 
r isk is presumably t hrough st abi l izat ion of  vulnerable 
at heromat ous plaques,  part icularly in t he coronaries and 
t he brain.

Al t hough t here are no l evel  1 st udies speci f i cal l y 
designed for t his purpose,  t here is st rong evidence for t he 
perioperat ive use of  st at ins in vascular surgery,  and t his 
should t herefore be included in t reat ment  prot ocols.

Carotid stenosis: reduction of perioperative 
risk and control of restenosis after 
endarterectomy

The use of  st at ins in cerebrovascular disease wil l  not  be 
discussed in dept h in t his paper.  However,  i t  is import ant  
t o ment i on t hat  t hei r  use i s recommended,  several 
st udies having demonst rat ed an overal l  reduct ion in 
relat ive risk for st roke,  including a met a-analysis of  over 
90 000 pat ient s 30.

Wi t h regard t o t he rol e of  l i pi d- l ower i ng t herapy 
in pat ient s wi t h carot id st enosis,  recent  st udies have 

suggest ed t hat  t hey reduce neurological  r isk associat ed 
wi t h car ot i d pl aques,  as wel l  as r educi ng over al l 
cardiovascular risk 31.

A ret rospect i ve st udy by McGi r t  et  al .  32 anal yzed 
1566 pat i ent s under goi ng car ot i d endar t er ect omy 
per f or med by 13 sur geons;  42 % of  p l aques wer e 
sympt omat ic and 42 % of  pat ient s were medicat ed wit h 
st at ins at  least  one week before surgery.  In t he st at in 
group t here was less perioperat ive st roke (1.2 % vs.  4.5 %, 
p <0. 01) and per ioperat ive t ransient  i schemic at t ack 
(1.5 % vs.  3. 6 %,  p <0.01),  and lower overal l  mort al i t y 
(0.3 % vs.  2.1 %,  p <0.01).  Mult ivariat e analysis correct ing 
f or ot her f act ors confi rmed t hat  st at ins independent ly 
reduced t he r isk of  st roke t hree-fold (OR 0.35,  95 % CI 
0.15-0.85,  p <0.05) and of  deat h fi ve-fold (OR 0.20,  95 % 
CI 0.04-0.99,  p <0.05) compared t o t he cont rol  group.

Kennedy et  al .  33,  i n a 2005 ret rospect i ve st udy of 
2031 pat ient s undergoing carot id endart erect omy,  found 
t hat  st at ins reduced t he r i sk of  per ioperat i ve st roke 
t wo- f ol d (OR 0. 55,  95 % CI 0. 32-0. 95)  and of  deat h 
f our-f old (OR 0. 25,  95 % CI 0. 07-0. 90) in sympt omat ic 
pat i ent s,  al t hough t h i s e f f ec t  w as not  seen i n 
asympt omat ic pat ient s.

These resul t s are int erest ing in t hat  t hey suggest  t hat  
t he benefi t  seen in sympt omat ic pat ient s may be relat ed 
t o t he ant i -infl ammat ory act ion of  st at ins in st abi l izing 
at heromat ous pl aques,  reducing t hei r  vul nerabi l i t y 
t o rupt ure,  and making t hem l ess l i abl e t o become 
sympt omat ic.  By cont rast ,  asympt omat ic plaques are 
general l y more st abl e,  as shown i n many st udies 34.  
This hypot hesis i s suppor t ed by a st udy by Mol l oy et  
al .  35,  which showed a lower incidence of  sympt omat ic 
plaques in pat ient s who t ook st at ins in t he mont h prior 
t o surgery (p=0. 0049) and a l ower  rat e of  ipsi l at eral 
cerebral embolizat ion on t ranscranial Doppler ul t rasound 
(p=0. 0459) .  Gomez-Her nandez et  al .  36 per f or med 
hist ochemical analysis of  carot id plaques and found t hat  
t hose ret rieved f rom pat ient s t aking st at ins had a lower 
content  of  mat rix metal loproteinases,  part icularly MMP-1 
(p=0. 0176) and MMP-9 (p=0. 0018),  and int er l eukin-6 
(p=0. 0005).  These f indings suppor t  t he idea t hat  t he 
mechanism behind t he plaque st abi l izat ion at t r ibut ed 
t o st at i ns i s t hei r  abi l i t y t o r educe i nf l ammat i on, 
angiogenesis and prot eolysis 37,38.

An i mpor t ant  r et r ospect i ve st udy 39,  publ i shed i n 
2007,  on t he medicat ion t o use in pat ient s undergoing 
car ot i d  endar t er ec t omy ( 660 sympt omat i c  and 
901 asymptomat ic),  found t hat  t hose t reated wit h stat ins 
or  diuret ics were less l ikely t o suf f er  cerebrovascular 
sympt oms,  irrespect ive of  t heir init ial  cl inical  st at us.

Anot her  l i ne of  research t hat  appears t o conf i rm 
t he di rect  ef f ect  of  st at i ns on t he ar t er i al  wal l  and 
at heromat ous plaques concerns cont rol  of  progression, 
or even regression,  of  int ima-media t hickening (IMT) or 
of  t he lesions t hemselves as measured by ul t rasound 40.  
Di rect  modulat ion of  t he ar t er ial  wal l  and plaques by 
st at ins was demonst rat ed in a large met a-analysis 30 t hat  
showed a cor relat ion bet ween regression of  IMT and 
lowering of  LDL cholest erol  (r=0.65,  p=0.004).  Anot her 
met a-analysis of  3445 pat ient s conf i rmed t he role of 
st at ins in reducing t he rat e of  progression of  carot id 
at herosclerosis 41.
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Fur t hermore,  t here is evidence t o suggest  t hat  t he 
echogenici t y of  carot id at heroma increases af t er st at in 
use 42,  which impl ies a higher  cal cium 43 and col l agen 
cont ent  and hence a more st able st ruct ure.

These dat a show how st at ins cont ribut e t o remodel ing 
of  carot id at heroscl erot i c l esions,  reducing IMT and 
plaque progression and improving plaque st abil i t y.

There i s t hus evidence t hat  t reat ment  wi t h st at ins 
reduces perioperat ive neurological  r isk in pat ient s wit h 
carot id st enosis.  However,  t he level  of  evidence is not  
st rong,  and t he largest  st udies wit h t he most  conclusive 
resul t s were ret rospect ive.  There i s a need f or  l evel 
1 t rials t o ful ly clarify t his quest ion,  but  t here are ethical 
problems involved,  since stat in t herapy has unquest ioned 
benefi t  in reducing overal l  vascular risk 44.

In conclusion,  st at ins are recommended in pat ient s 
wi t h carot id st enosis in order t o reduce per ioperat ive 
risk in endart erect omy.

Anot her  quest ion i s t he rol e of  l i pids in rest enosis 
af t er  car ot i d endar t er ect omy and t he capaci t y of 
l i pi d- l ower i ng drugs t o reduce i t s i nci dence.  A l i nk 
bet ween hyper l ipidemia and great er r isk of  rest enosis 
has been post ulat ed since t he 1980s,  and a st udy by 
LaMuragl ia et  al .  45 suggest ed t hat  cholest erol  could be 
a marker of  early rest enosis.  The l ipid-lowering funct ion 
of  st at ins,  as wel l  as t heir ant i-infl ammat ory propert ies, 
may reduce t he int imal  hyperplasia t hat  accompanies 
scar format ion af t er surgical  procedures.  However,  t his 
is f ar  f rom proven,  and t he role of  l ipids in rest enosis 
and i t s cont rol  remains t he subj ect  of  debat e.  Thus, 
st at ins cannot  current ly be recommended for cont rol  of 
post -endart erect omy rest enosis.

Treatment of chronic lower limb 
occlusive disease (intermittent 
claudication)

Chronic l ower  l imb i schemia,  caused by obst ruct i on 
of  one or  more ar t er i al  segment s,  can have var i ous 
cl inical  mani f est at ions,  f or  which t here are di f f erent  
t herapeut ic approaches.  In cri t ical  ischemia surgical  or 
endovascular revascular izat ion is essent ial  t o save t he 
l imb.  In pat ient s wi t h int ermi t t ent  claudicat ion,  t he 
main problem is l imi t ed wal king dist ance and hence 
reduced qual it y of  l i fe.  In t his case t reatment  is basical ly 
medical,  wit h int ervent ion only in pat ient s wit h disabl ing 
claudicat ion,  and consist s of  correct ion of  r isk fact ors, 
exercise programs,  and drug t herapy wit h ant iplat elet s 
and peripheral vasodilat ors.  We now discuss t he addit ion 
of  st at ins t o t reat ment  prot ocols.

Int ermit t ent  claudicat ion,  which af fect s 2-7 % of  t hose 
aged over 55 46,  is a benign st age in t he nat ural  hist ory of 
lower l imb occlusive disease in which t hree-quart ers of 
pat ient s remain st able,  or see improvement  in walking 
dist ance,  wit h medical  t herapy,  exercise and cont rol  of 
r isk fact ors for at herosclerosis.  Only 5-10 % wi l l  require 
revascularizat ion,  and less t han 1 % wi l l  undergo maj or 
amput at ion.  However,  given t he general ized nat ure of 
at herosclerosis,  int ermit t ent  claudicat ion is an indicat or 
of  disease in ot her t err i t ories 8,46 t hat  is associat ed wit h 

2-4 t imes higher cardiovascular (coronary and cerebral) 
mort al i t y t han in t he general  populat ion wit hout  lower 
l imb ischemia.  In 2002 t he American Heart  Associat ion 
defi ned peripheral  art erial  disease as a “ coronary heart  
di sease r i sk equi val ent ”  and recommended t he use 
of  st at ins 47 in view of  t hei r  benef i t  in reducing maj or 
vascular event s and mort al i t y.

Various st udies have point ed t o t he possible impact  of 
l ipid-lowering t herapy on cl inical  improvement  in lower 
l imb ischemia.  The Program on t he Surgical  Cont rol  of 
t he Hyper l ipidemias (POSCH) st udy 48,  which assessed 
t he ef fect  of  cholest erol  lowering by part ial  i leal  bypass 
in 838 pat ient s wi t h previous MI and hyper l ipidemia, 
f ound a signi f i cant  reduct ion in de novo int ermi t t ent  
cl audi cat i on at  f our  years i n t he t reat ed group (RR 
0. 66,  95 % CI 0. 20-0. 90,  p=0. 009).  In 1998 a post -hoc 
analysis of  t he Scandinavian Simvast at in Survival  St udy 49 
showed t hat  in pat ient s wit h coronary disease fol lowed 
f or  5. 4 years,  st at i ns reduced de novo i nt ermi t t ent  
claudicat ion or  worsening of  previous claudicat ion by 
38 % (p=0.008).

These f indings,  t oget her  wi t h increasing awareness 
of  t he import ance of  l ipid lowering in reducing t he r isk 
of  at herosclerot ic mani f est at ions in t he coronary and 
cerebral  t err i t ories,  have prompt ed st udies focusing on 
ot her areas af fect ed by at herosclerosis.

The Lower Ext remit y Art erial  Disease Event  Reduct ion 
(LEADER) t r i al  50,  a randomi zed t r i al  of  bezaf i brat e 
(400 mg) compared wit h placebo t hat  included 783 men 
in each arm and a mean fol low-up of  4.6 years,  showed 
signi f i cant  improvement  in sympt oms of  int ermi t t ent  
cl audi cat i on f or  up t o t hree years.  Ot her  t r i al s on 
per ipheral  ar t er ial  disease f ol l owed,  which provided 
impor t ant  concl usions,  al t hough wi t h smal l  pat i ent  
number s.  A mul t i cent er  r andomi zed doubl e-bl i nd 
t r ial  by Mohler  et  al .  15 involved 354 pat ient s in t hree 
groups:  at orvast at in (10 mg or 80 mg) and placebo.  No 
signi f i cant  di f f erences were seen in t he endpoint  of 
maximal walking t ime in a 12-mont h fol low-up,  al t hough 
pain-f ree walking t ime increased signif icant ly (p=0.025) 
i n t he 80 mg at or vast at i n gr oup.  Physi cal  act i vi t y 
and qual i t y of  l i f e were assessed by quest ionnai res, 
wi t h bot h t reat ment  groups showing an improvement  
i n physi cal  act i v i t y ( p=0. 011) ,  but  t her e was no 
signif icant  di f ference in responses t o t he qual i t y of  l i f e 
quest ionnaires.

Using obj ect i ve paramet ers t o quant i f y pain- f ree 
t r eadmi l l  exer ci se,  Ar onow and Ahn 10 showed t hat  
t reatment  wit h simvastat in was associated wit h increased 
walking dist ance.

A st udy by McDermot t  et  al .  51 assessing t he relat ion 
bet ween cl inical  improvement  (and mot or funct ion) and 
l ipid lower ing by st at ins in pat ient s wi t h int ermi t t ent  
c l aud i cat i on f ound i mpr oved wal k i ng speed and 
performance score in t reat ed pat ient s,  independent ly of 
ot her f act ors including cholest erolemia and t reat ment  
wi t h ant iplat elet s,  ACE inhibi t ors,  bet a-blockers and 
vasodi lat ors.  These f indings suggest  t hat  t he pleiot ropic 
ef fect s of  st at ins have an import ant  role.

In a randomized double-bl ind t r ial  of  only 86 pat ient s 
w i t h  l ow er  l i mb  i schemi a and  chol est er o l emi a 
>220 mg/ dl ,  Mondi l l o et  al .  52 set  out  t o assess t he 
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immediat e ef fect  of  st at in t herapy,  t he st udy populat ion 
being randomized t o t wo groups,  each of  43 pat ient s: 
40 mg/ day simvast at in and placebo.  There was a mean 
improvement  in t ot al  walking dist ance of  126 met ers 
(95 % CI 101-151,  p <0. 001) and in pain-f ree wal king 
di st ance of  90 met ers (95 % CI 64-116,  p <0. 005)  i n 
t he simvast at in group.  Using an obj ect ive measure of 
hemodynamic st at us,  ankle-brachial  index (ABI),  t hey 
found t hat  t he simvast at in group present ed an increase 
in rest ing ABI of  0. 09 (95 % CI 0. 06-0. 12,  p <0. 01) and 
post -exercise ABI of  0.19 (95 % CI 0.14-0.24,  p <0.005). 
Thus,  as wel l  as subj ect ive improvement  in sympt oms 
of  int ermi t t ent  claudicat ion,  t here was also obj ect ive 
evi dence of  hemodynami c i mprovement  quant i f i ed 
non-invasively.

In conclusion,  t here appears t o be evidence suggest ing 
a benefi cial ef fect  of  st at ins in int ermit t ent  claudicat ion, 
wi t h improved walking dist ance.  This,  t oget her  wi t h 
t heir clear benefi t  in prevent ing vascular event s,  has led 
t o st at ins being recommended in pat ient s wi t h chronic 
l ower  l i mb i schemi a,  whi ch shoul d be ref l ect ed i n 
t reat ment  prot ocols.

Prevention of restenosis in lower limb 
revascularization procedures

It  has been suggest ed t hat  st at ins may help prevent  
early rest enosis of  inf rainguinal bypass graf t s,  wit h some 
st udies indicat ing t hat  t hey may increase pat ency in 
t hese graf t s and improve l imb salvage rat es.

In a ret rospect ive analysis of  293 pat ient s wit h crit ical 
ischemia undergoing 338 inf rainguinal bypass procedures, 
Henke et  al .  53 f ound t hat  st at ins were associat ed wi t h 
increased graf t  pat ency.  Simi lar ly,  Abbruzzese et  al .  54 
performed a ret rospect ive analysis of  189 inf rainguinal 
venous graf t s,  divided int o a group t reat ed wit h st at ins 
(n=94)  and a cont r ol  gr oup (n=95) .  Per i oper at i ve 
mort al i t y did not  di f f er  bet ween t he groups,  whi le at  
t wo years pr imary assist ed pat ency was great er in t he 
st at in group (94 % vs.  83 %,  p <0.02),  as was secondary 
pat ency (97 % vs.  87 %,  p <0.02).  Mul t ivar iat e analysis 
showed risk of  graf t  fai lure t o be 3.2 t imes great er in t he 
cont rol  group.

Despi t e t hese ret rospect i ve anal yses,  t he rol e of 
st at ins in improving graf t  pat ency has not  been proved; 
level 1 t rials wil l  be required,  and on t he basis of  current  
evidence t he use of  st at ins is not  recommended for t his 
purpose.

Reduction of abdominal aortic aneurysm 
expansion

The et i opat hogenesi s of  AAA i s mul t i f act or i al ,  wi t h 
hemodynamic,  genet ic,  infl ammat ory and biochemical 
f act ors being impl icat ed,  but  t here is as yet  no t heory 
unifying t he dif ferent  mechanisms,  nor is t here a known 
underlying cause for t he art erial  di lat at ion.

Degenerat ive al t erat ions in t he ar t er ial  wal l  in AAA 
appear  t o be dependent  on biochemical  mechanisms 
r el at ed t o syst emi c and l ocal  pr ot eol ysi s i n t he 
ext racel lular mat rix.  In general ,  infl ammat ory processes 
are cl osel y l i nked t o enzyme bal ance i n t he wal l ,  a 
relat ion t hat ,  as in at herosclerot ic disease,  appears t o 
be one of  t he cent ral  mechanisms in t he pat hogenesis of 
art erial  di lat at ion.

The import ance of  infl ammat ion led t o t he hypot hesis 
t hat  suppr essi on of  i nf l ammat or y phenomena and 
pharmacological  cont rol  of  met al loprot einase synt hesis 
coul d resul t  i n cont rol  of  di l at at i on.  One approach 
i nvol ved t he use of  st at i ns,  and Nagashima et  al .  55 
demonst rat ed reduced met al l oprot einase act i vi t y i n 
human aor t i c aneurysm wal l  wi t h cer i vast at in.  In an 
experimental st udy on aort ic aneurysms induced in mice, 
Kalyanasundaram et  al .  56 f ound t hat  aneurysms in mice 
t reat ed wit h simvast at in were signifi cant ly smal ler;  t hey 
also f ound reduced MMP-P act ivi t y and evidence t hat  
several  mediat ors of  infl ammat ion,  mat r ix remodel ing, 
and oxi dat i ve st r ess wer e downr egul at ed.  Ot her 
st udies 57,58 have confi rmed t hese fi ndings,  and St einmet z 
et  al .  59 have suggest ed t hat  t he mechanism by which 
st at ins cont rol  art erial  di lat at ion is independent  of  l ipid 
lowering.

In view of  t he evidence f rom smal l  observat ional  and 
exper iment al  st udies,  t he rol e of  st at i ns i n medical 
t reatment  of  AAA has not  been establ ished,  and t herefore 
t hey cannot  yet  be recommended for t his purpose 60.

Renovascular disease and perioperative 
renal dysfunction

Some studies have analyzed t he possible benefi t  of  st at ins 
in renal art ery stenosis,  and suggest  reduced severit y and 
improved survival  in pat ient s fol lowing st ent ing 61.

Thi s concl usi on,  based on spar se dat a,  was not  
confi rmed by t he AURORA st udy 62 in pat ient s undergoing 
hemodialysis,  in whom t here was no signifi cant  cl inical 
benef i t ,  despi t e cl ear  reduct ions in LDL cholest erol 
levels.

It  has al so r ecent l y been suggest ed t hat  st at i ns 
prot ect  against  renal dysfunct ion in pat ient s undergoing 
endovascular repair  of  AAAs wi t h suprarenal  endograf t  
fi xat ion 63.

In conclusion,  t he ef f ect s of  st at ins in pat ient s wi t h 
renal  ar t ery st enosis are not  f ul l y known and so t hey 
cannot  be recommended for t his purpose.

Questions await ing clari fi cation

As poi nt ed out  above,  di f f er ent  st udi es have used 
di f f erent  st at i ns i n varyi ng dosages and of t en wi t h 
di ver se pat i ent  gr oups.  For  t hi s r eason,  quest i ons 
concerning t he best  drug,  ideal  doses,  and l ipid t arget s 
for di f ferent  cat egories of  pat ient s,  remain t he subj ect  
of  debat e.
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Conclusion

The current  role of  st at ins in secondary prevent ion in 
pat ient s wi t h vascular  disease can be summar ized as 
fol lows:

•  St at ins should be prescr ibed wi t h t he obj ect i ve of 
reducing coronary and cerebrovascular morbidi t y and 
mort al i t y in pat ient s wit h carot id disease,  abdominal 
aort ic aneurysm and lower l imb occlusive disease;

•  St at i ns should be used per ioperat i vel y i n vascular 
surgery wit h t he aim of  reducing surgical risk;

•  The use of  st at ins in pat ient s wi t h carot id st enosis is 
recommended in order t o reduce perioperat ive risk in 
endart erect omy,  but  t here is insuffi cient  evidence t o 
recommend t heir use t o cont rol  rest enosis;

•  There are st udies t hat  suggest  st at ins are benefi cial 
i n i nt ermi t t ent  cl audicat i on by improving wal king 
di st ance and can t heref ore be prescr i bed f or  t hi s 
purpose;

•  There is insuf f icient  evidence t o recommend st at ins 
t o prevent  rest enosis in lower l imb revascular izat ion 
procedures,  t o cont rol  progression of  abdominal aort ic 
aneurysms,  or t o reduce t he sever i t y of  renal  art ery 
st enosis or renal dysfunct ion.

In vi ew of  t he above,  medi cat i on wi t h st at i ns i s 
cur rent l y recommended i n pat i ent s wi t h per i pheral 
vascular  disease,  which has recent l y been recognized 
by t he TransAt lant ic Int er-Societ y Consensus (TASC II) 
group 64 and in t he 2009 European Societ y f or  Vascular 
Surgery guidel ines on carot id disease 23.
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