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from Hirsch AT, et al. Circulation. 2006;113:e463-654. 
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Natural History of Atherosclerotic Natural History of Atherosclerotic 
Lower Extremity PADLower Extremity PAD

CLI=critical limb ischemia; CV=cardiovascular; MI=myocardial infarction



ClaudicationClaudication
claudicareclaudicare …… to limpto limp

•• More frequently single segment diseaseMore frequently single segment disease

•• AortoiliacAortoiliac more disabling than more disabling than femoropoplitealfemoropopliteal

•• Mortality approx 5% /yearMortality approx 5% /year

•• Limb loss est. 1Limb loss est. 1 --2% /year2% /year

•• Revascularization 5% /yearRevascularization 5% /year



Impact of LifestyleImpact of Lifestyle--limiting limiting 
ClaudicationClaudication on QOLon QOL

Varies with individual:
• Vocation
• Social factors
• Patient’s expectations
• Medical problems

Therapy must be individualized



Options in Limb Options in Limb Revascularization
for for claudicationclaudication

•• Endovascular reconstruction optionsEndovascular reconstruction options
–– Percutaneous transluminal angioplasty (PTA)Percutaneous transluminal angioplasty (PTA)

–– StentsStents (selective)(selective)

–– Numerous adjunctsNumerous adjuncts

–– EndovascularEndovascular--first strategy now widely acceptedfirst strategy now widely accepted

•• Surgical reconstruction optionsSurgical reconstruction options
–– AortoiliacAortoiliac / / aortofemoralaortofemoral reconstructionreconstruction

–– Femoropopliteal bypass (above knee and below Femoropopliteal bypass (above knee and below 
knee)knee)

–– Femorotibial bypassFemorotibial bypass

•• Hybrid techniquesHybrid techniques



Indications for Revascularization in the 
Patient With Intermittent Claudication

•• A predicted or observed lack of adequate response A predicted or observed lack of adequate response 
to to exercise therapy and exercise therapy and pharmacotherapiespharmacotherapies..

•• Presence of a Presence of a severe disabilitysevere disability, either being unable , either being unable 
to perform normal work or having very serious to perform normal work or having very serious 
impairment of other activities important to the impairment of other activities important to the 
patient.patient.

Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192.



Indications for Revascularization in the 
Patient With Intermittent Claudication

•• Absence of other disease that would limit exercise Absence of other disease that would limit exercise 
even if the claudication was improved (e.g., even if the claudication was improved (e.g., 
angina or chronic respiratory disease).angina or chronic respiratory disease).

•• The individualThe individual’’s anticipated natural history and s anticipated natural history and 
prognosis.prognosis.

•• The morphology of the lesion The morphology of the lesion 
–– intervention is low riskintervention is low risk
–– high probability of initial and longhigh probability of initial and long--term successterm success

Hirsch AT, et al. J Am Coll Cardiol. 2006;47:e1-e192.



Indications for Revascularization in the 
Patient With Intermittent Claudication

•• The morphology of the lesion The morphology of the lesion 
–– intervention is low riskintervention is low risk
–– high probability of initial and longhigh probability of initial and long--term successterm success

•• Measure of outcome:Measure of outcome:
–– PatencyPatency of the intervention is necessary for symptom of the intervention is necessary for symptom 

relief (as opposed to limb salvage in CLI)relief (as opposed to limb salvage in CLI)

•• ? The ? The ““endoendo--firstfirst……alwaysalways”” strategy in the (fairly) young, fit, strategy in the (fairly) young, fit, 
(previously) active patient with adequate GS vein and a (previously) active patient with adequate GS vein and a 
TASC D lesionTASC D lesion



–– Focal lesionsFocal lesions with good inflow and runoffwith good inflow and runoff
•• Shorter, Shorter, stenosesstenoses over occlusionsover occlusions

–– Single levelSingle level of disease of disease 
–– Significant medical risk factorsSignificant medical risk factors
–– Lack of Lack of autologousautologous conduitconduit
–– Vigilant followVigilant follow--up, up, recurrence can be recurrence can be 

retreated (often retreated (often endovascularlyendovascularly))
–– CARE not to treat so as negatively impact CARE not to treat so as negatively impact 

surgical bypass optionssurgical bypass options

ClaudicationClaudication:  Options for Revascularization:  Options for Revascularization
PercutaneousPercutaneous interventionintervention



–– Diffuse, multifocal or multilevel diseaseDiffuse, multifocal or multilevel disease

–– Femoral or tibial bifurcation diseaseFemoral or tibial bifurcation disease

–– Lesions across flexion creases Lesions across flexion creases 
•• (CFA, POP)(CFA, POP)

–– Failure of percutaneous interventionFailure of percutaneous intervention

ButBut……advanced interventional techniques advanced interventional techniques 
allowing more successful allowing more successful percutaneouspercutaneous TxTx

ClaudicationClaudication:  Options for Revascularization:  Options for Revascularization
Surgical bypassSurgical bypass



MRA and CTAMRA and CTA

Planning 
Interventional strategy

- conservative vs
percutaneous vs

surgery



TASC 2007 Classification of TASC 2007 Classification of 
aortoaorto--iliac (inflow) lesionsiliac (inflow) lesions

•• TASC ATASC A
–– EV = excellent results EV = excellent results 

•• TASC BTASC B
–– EV = sufficiently good EV = sufficiently good 

resultsresults

•• TASC CTASC C
–– Surgery results superior, Surgery results superior, 

EV in high risk pts.EV in high risk pts.

•• TASC DTASC D
–– EV inferior, not justified as EV inferior, not justified as 

primary primary txtx..



EndovascularEndovascular options for options for claudicationclaudication
AortoAorto--iliac Interventioniliac Intervention

•• BE, SE, or BE, SE, or stentgraftsstentgrafts for aortic lesionsfor aortic lesions
•• BE BE stentsstents for iliac bifurcationfor iliac bifurcation

–– Precision of placement higher radial force, kissing Precision of placement higher radial force, kissing stentstent technique to technique to 
handle distal aortic diseasehandle distal aortic disease

•• SE SE stentsstents for EIAfor EIA
–– Consider covered Consider covered stentsstents for severe diseasefor severe disease

•• Allows more aggressive PTAAllows more aggressive PTA

•• DO NOTDO NOT stentstent across inguinal ligament or Jail across inguinal ligament or Jail 
profundaprofunda

•• Consider hybrid OR/Consider hybrid OR/endoendo case if CFA disease case if CFA disease 
presentpresent



AortoAorto --iliac occlusive Diseaseiliac occlusive Disease
((LericheLeriche Syndrome)Syndrome)

•• PulselessPulseless

•• ImpotenceImpotence

•• FatigueFatigue

•• AtrophyAtrophy

•• PallorPallor



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Aorto-bi-femoral bypass:  End-to-side



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Aorto-bi-femoral bypass:  End-to-side



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Aorto-bi-femoral bypass:  End-to-end



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Aorto-iliac endarterectomy



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Adjuvant profundaplasty



Aortoiliac Occlusive Disease:
Aortobiiliac/Aortobifemoral Bypass

•• Excellent longExcellent long--term term 
patency ratepatency rate
–– 85%85%––90% at 5 years90% at 5 years

•• Requires general Requires general 
anesthesiaanesthesia

•• 1%1%--3% mortality rate3% mortality rate

•• LongLong--term morbidityterm morbidity
–– RestenosisRestenosis, limb , limb occocc..

–– Infection, PSA, Infection, PSA, aortoaorto--
enteric fistulaenteric fistula



R CFA R CFA anastomoticanastomotic aneurysmaneurysm
11 years 11 years s/ps/p ABF bypassABF bypass

AnastomoticAnastomotic aneurysm at 15 aneurysm at 15 
yrs:yrs:

8% proximal 8% proximal anastomosisanastomosis
24% at femoral 24% at femoral anastomosisanastomosis



ABF CFA ABF CFA anastomoticanastomotic stenosisstenosis #1#1



ABF CFA ABF CFA anastomoticanastomotic stenosisstenosis #2#2



Bilateral iliac occlusionsBilateral iliac occlusions
horsehorse--shoe kidneyshoe kidney

Higher surgical risk…
Bilateral iliac stents placed



Surgical options for Surgical options for claudicaitonclaudicaiton
AortoAorto--iliac segmentiliac segment

Fem-fem Axillary-fem



Durability of Surgical Interventions for Durability of Surgical Interventions for 
Inflow ImprovementInflow Improvement
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Hybrid surgicalHybrid surgical--endoendo option for option for 
inflow procedureinflow procedure

•• CFA CFA endarterectomy/profundaplastyendarterectomy/profundaplasty, with proximal iliac , with proximal iliac 
artery interventionartery intervention



Stent DesignsStent Designs



Hybrid surgicalHybrid surgical--endoendo option for option for 
inflow procedureinflow procedure

•• Significant CFA and EIA disease, severe L Significant CFA and EIA disease, severe L claudclaud..



Hybrid surgicalHybrid surgical--endoendo option for option for 
inflow procedureinflow procedure

•• CFA CFA endarterectomy/profundaplastyendarterectomy/profundaplasty, with iliac artery , with iliac artery 
interventionintervention

Open SFA origin 
For future intervention?



Selective a-gram RIA, 
Occluded REIA, CFA

Occluded R CFA

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction



Right ilio-femoral PTFE stentgraft manufactured back -table
- 6 mm thin-walled PTFE sutured to…

- 394 Palmaz Corinthian stent
- mounted on 8mm x 4cm XXL balloon

- placed within 16f sheath

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction



Open R femoral access
Glidewire and glidecath

To cross obstruction

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction



Pre-PTA

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction



16f sheath 
insertion…

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction

Stentgraft positioning
And deployment



PTFE + 9f sheath to allow post-dilation of stentgraft

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and reconstructionand reconstruction



Retrograde A-gram

Profunda

SFA

PTFE

EndoluminalEndoluminal iliac artery bypass, with CFA iliac artery bypass, with CFA 
endarterectomyendarterectomy and and profundaplastyprofundaplasty



LongLong --term results of combined common term results of combined common 
femoral femoral endarterectomyendarterectomy and iliac and iliac stenting/stentstenting/stent

grafting for occlusive disease.grafting for occlusive disease.

–– METHODS: Patients undergoing CFA METHODS: Patients undergoing CFA 
endarterectomyendarterectomy with simultaneous iliac with simultaneous iliac stenting/stentstenting/stent
grafting between 1997 and 2006 were retrospectively grafting between 1997 and 2006 were retrospectively 
reviewed. reviewed. 

–– RESULTS: 171 patients Indications were rest pain RESULTS: 171 patients Indications were rest pain 
(32%), tissue loss (22%), and (32%), tissue loss (22%), and claudicationclaudication (46%). (46%). 

–– EIA in 39%, combined CIA and EIA lesions  in 61% . EIA in 39%, combined CIA and EIA lesions  in 61% . 
–– Complete CIA/EIA occlusions in 41%.Complete CIA/EIA occlusions in 41%.
–– StentStent grafts used in 41% of patients. Technical grafts used in 41% of patients. Technical 

success in 98%. Clinical improvement in 92%. success in 98%. Clinical improvement in 92%. 

J J VascVasc SurgSurg.. 2008 Aug;48(2):3622008 Aug;48(2):362--77

Section of Vascular Surgery, DartmouthSection of Vascular Surgery, Dartmouth--Hitchcock Hitchcock 
Medical Center, Lebanon, NHMedical Center, Lebanon, NH



LongLong --term results of combined common term results of combined common 
femoral femoral endarterectomyendarterectomy and iliac and iliac stenting/stentstenting/stent

grafting for occlusive disease.grafting for occlusive disease.

Section of Vascular Surgery, DartmouthSection of Vascular Surgery, Dartmouth--Hitchcock Medical Center, Hitchcock Medical Center, 
Lebanon, NHLebanon, NH

–– Median LOS 2 days. ThirtyMedian LOS 2 days. Thirty--day mortality 2.3% and 5day mortality 2.3% and 5--
year survival 60%.year survival 60%.

–– FiveFive--year P, PA, SP  60%, 97%, and 98% year P, PA, SP  60%, 97%, and 98% 
–– Endovascular Endovascular reinterventionreintervention required in 14%; required in 14%; 
–– Inflow surgical procedures required in 10%. Inflow surgical procedures required in 10%. 
–– Use of Use of stentstent grafts compared with bare grafts compared with bare stentsstents was was 

associated with significantly higher PP (87% associated with significantly higher PP (87% vsvs 53%; 53%; 
P < .01). P < .01). 

J J VascVasc SurgSurg.. 2008 Aug;48(2):3622008 Aug;48(2):362--77



Requirements for Surgical Requirements for Surgical 
Intervention:  InfraIntervention:  Infra--inguinalinguinal

•• InflowInflow vesselvessel

•• Target vessel and Target vessel and outflowoutflow

•• ConduitConduit

–– AutologousAutologous veinvein
•• SaphenousSaphenous, cephalic, , cephalic, 

basilicbasilic

–– ProstheticProsthetic
•• PTFE, PTFE, dacrondacron

–– CryoCryo--preserved GSVpreserved GSV



Surgical options for Surgical options for claudicationclaudication
FemoralFemoral--distal bypassdistal bypass



Above-knee 
Fem-pop bypass

Surgical options for Surgical options for claudicationclaudication
FemoralFemoral--distal bypassdistal bypass

Flush SFA long 
occlusions



Below-knee
Fem-pop bypass

Surgical options for Surgical options for claudicationclaudication
FemoralFemoral--distal bypassdistal bypass



BK pop

TP trunk peroneal

CLI:  Surgical bypassCLI:  Surgical bypass



InfrainguinalInfrainguinal Disease:Disease:
55--Year Graft Year Graft PatencyPatency RatesRates

•• Prosthetic (PTFE, Prosthetic (PTFE, dacrondacron))

–– Above knee Above knee poplitealpopliteal 5050%%––80%80%

–– Below knee Below knee poplitealpopliteal 3030%%––50%50%

–– TibialTibial 1010%%––30%30%

–– Vein cuffs/patches have increased 3Vein cuffs/patches have increased 3--5 year 5 year 
patenciespatencies for prosthetic grafts by 10for prosthetic grafts by 10--30%, 30%, 
in some reportsin some reports



InfrainguinalInfrainguinal Disease:Disease:
55--Year Graft Year Graft PatencyPatency RatesRates

•• Reversed GSVReversed GSV
–– Above knee Above knee poplitealpopliteal 6565%%––90%90%

–– Below knee Below knee poplitealpopliteal 6060%%––80%80%

–– TibialTibial 6060%%––80%80%

•• In situ veinIn situ vein
–– Below knee Below knee poplitealpopliteal 6060%%––80%80%

–– TibialTibial 5050%%––75%75%



CLI: Surgical OptionsCLI: Surgical Options
FemFem--poppop--tibtib LevelLevel

ClaudicationClaudication

80%80%

75%75%

Critical limb Critical limb 

66%66%

47%47%

VeinVein

AKAK--PTFEPTFE

Five-year patency

TASC II 2007



Surgical Surgical InfrainguinalInfrainguinal Arterial Arterial 
RevascularizationRevascularization

•• ComplicationsComplications
–– Mortality   2 Mortality   2 –– 5 %5 %

–– Hemorrhage   2 %Hemorrhage   2 %

–– Acute graft thrombosis   3 Acute graft thrombosis   3 –– 7 %7 %
•• Secondary proceduresSecondary procedures

–– Wound infection 8 Wound infection 8 –– 19 %   19 %   



Graft FailureGraft Failure

EarlyEarly

Technical, disadvantaged conduit, Technical, disadvantaged conduit, 
poor runoffpoor runoff

MidMid--termterm

MyointimalMyointimal hyperplasiahyperplasia

LateLate

Progressive atherosclerosisProgressive atherosclerosis



Graft SurveillanceGraft Surveillance

Duplex scan/ABI q 3 months for first year Duplex scan/ABI q 3 months for first year 
and q 6 months thereafterand q 6 months thereafter

Focal increase in velocity >30cm/secFocal increase in velocity >30cm/sec

Velocity ratio >3.5Velocity ratio >3.5

Average graft velocity < 40 cm/secAverage graft velocity < 40 cm/sec

Decrease in ABI > 0.15Decrease in ABI > 0.15

Warning signs:



Cutting Balloon for 
vein graft stenosis

508 
cm/sec

120 
cm/sec

3 mm 
cutting

4 mm 
PTA



ClaudicationClaudication
The slippery slopeThe slippery slope……

Failed SFA stent
(After 9 mo)

Fem-AK pop vein bypass



Gets more slipperyGets more slippery……

Fem-AK pop vein bypass
(original)

“Jump graft” arm vein bypass
To TP Trunk

(2 years after original BPG)
Now occluded



Sometimes options are fewSometimes options are few……

Post-lytic and PTA of 2
Critical stenoses…

The future for this 
is not bright.

Would patient’s natural
History for IC have led to CLI
In absence of intervention?



Infrainguinal Disease:Infrainguinal Disease:
Traditional Therapeutic Strategy

Increasing symptomatology mandates increasing Increasing symptomatology mandates increasing 
aggressiveness of therapyaggressiveness of therapy

AsymptomaticAsymptomatic Exercise +Exercise +
ClaudicationClaudication Medicine +Medicine +

Severe claudicationSevere claudication Intervention:Intervention:
Rest painRest pain percutaneouspercutaneous
UlcerationUlceration oror surgicalsurgical
GangreneGangrene



OverOver--treatment can occur if technical feasibility is treatment can occur if technical feasibility is 
the only consideration !!the only consideration !!

AsymptomaticAsymptomatic Exercise +Exercise +

ClaudicationClaudication Medicine +Medicine +

Severe claudicationSevere claudication Intervention:Intervention:

Rest painRest pain percutaneouspercutaneous EVEV

UlcerationUlceration

GangreneGangrene

Infrainguinal Disease: Infrainguinal Disease: 
Contemporary Therapeutic Strategy ?

Complications, re-intervention, cost



Surgery for Surgery for ClaudicationClaudication
SummarySummary

•• Surgical therapy for Surgical therapy for claudicantsclaudicants only in approximately 5% of PAD only in approximately 5% of PAD 
patients.patients.
–– EncovascularEncovascular therapy for sometherapy for some
–– Medical therapy for all !!Medical therapy for all !!

•• Optimize inflow firstOptimize inflow first……may be adequate alonemay be adequate alone

•• TASC C and D lesions have better durability with surgical TASC C and D lesions have better durability with surgical 
proceduresprocedures
–– Although advances in endovascular technology may alter this Although advances in endovascular technology may alter this 

recommendationrecommendation

•• CFA CFA endarterectomyendarterectomy / / profundaplastyprofundaplasty can address the critical can address the critical 
fulcrum between inflow and out flowfulcrum between inflow and out flow



Surgery for Surgery for ClaudicationClaudication
SummarySummary

•• FemFem--pop bypass should be performed with pop bypass should be performed with 
autologousautologous vein, whenever possiblevein, whenever possible

•• Graft surveillance can impact bypass durability / Graft surveillance can impact bypass durability / 
longevitylongevity

•• Patient treatment individualizedPatient treatment individualized
–– True limitations of symptomsTrue limitations of symptoms
–– AnatomyAnatomy
–– Medical fitnessMedical fitness



Surgery for Surgery for ClaudicationClaudication
SummarySummary

•• I I agreeagree with judicious maximization of with judicious maximization of 
endovascular optionsendovascular options……

But sometimes surgery is the right answer But sometimes surgery is the right answer 
from the start (AOI, CFA, from the start (AOI, CFA, BKpopBKpop))

•• Keep in mind Keep in mind hybrid hybrid endoendo/surgical/surgical optionsoptions
–– can extend the durability of endovascular can extend the durability of endovascular 

results, while lessening invasiveness.results, while lessening invasiveness.



Thank you!!Thank you!!


