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         Practice Patterns 

 Over the course of the last decade, the total num-
ber of lower extremity vascular interventions 
have nearly doubled, while amputation rates 
have diminished [ 1 ]. Endovascular therapy of 
PAD, to treat both IC and CLI, has become more 
common as fi rst line treatment in North America 
[ 2 – 4 ]. An analysis of the Medicare database 
revealed that over a 10 year period (1996–2006), 
Medicare benefi ciaries had a more than threefold 
increase in endovascular interventions for lower 
extremity PAD and an associated almost half-
fold decrease in surgical bypass [ 1 ]. 

 Increasing utilization of endovascular therapy 
in North America has led to increased costs. A 
charge analysis within the National (Nationwide) 
Inpatient Sample (NIS) from 1997 to 2007 dem-
onstrated an increase in the average cost for 
endovascular intervention for both IC ($8670–
$14,084) and CLI ($13,903–$23,196). The average 
cost per procedure for endovascular intervention 
was higher than for bypass in both IC ($13,903 
vs $12,681; P = 0.02) and CLI ($23,196 vs 
$22,910; P = 0.04) cohorts [ 5 ,  6 ]. In addition, 
there has been a signifi cant regional variation in 

spending on vascular care with regions most 
aggressively using endovascular therapy having 
highest costs but not necessarily lowest regional 
amputation rates [ 6 ]. 

 In the past, endovascular procedures were 
mostly performed by interventional radiologists, 
while vascular surgeons performed open vascu-
lar surgery such as endarterectomy and bypass 
and interventional cardiologists focused on treat-
ing the heart. Over the course of the past two 
decades, this pattern has shifted to endovascular 
procedures being mostly performed by cardiolo-
gists, who expanded their practice to the periph-
ery, and vascular surgeons, who acquired 
endovascular skills [ 1 ,  7 ]. Endovascular skills 
were learned by established vascular surgeons 
who sought out 1–3 month “mini-endovascular 
fellowships” while incorporation of endovascu-
lar training into the formal vascular fellowship 
made these procedures a mandatory part of vas-
cular fellowship accreditation [ 8 ]. 

 Analysis of specifi c provider endovascular 
practice patterns in the State Inpatient Databases 
for New Jersey (2003–2007) revealed that inter-
ventional cardiologists, in comparison with vas-
cular surgeons, were more likely to treat patients 
with IC (80.7 % vs 60.7 %, P = 0.002) and less 
likely to treat patients with rest pain (6.2 % vs 
16.0 %, P = 0.002) or tissue loss (13.1 % vs 
23.3 %, P = .002). Stent use was similar. 
Cardiologists had higher hospital ($49,748 vs 
$42,158, P < 0.0001) and supply/equipment 
($19,128 vs $12,737, P < 0.0001) charges. 
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Finally, only 10.7 % of cardiologists, compared 
with 36.8 % of vascular surgeons (P < 0.05), were 
classifi ed as high volume practitioners [ 9 ].  

    Ambulatory Practice 

 In 2008, the Centers of Medicare and Medicaid 
Services (CMS) changed the reimbursement 
rates for endovascular interventions to encourage 
more of these procedures to be performed in the 
outpatient setting to avoid higher costs associated 
with inpatient procedures. The focus was origi-
nally on the percutaneous treatment of venous 
disease, however it was expanded to the treat-
ment of PAD. This has resulted in an increased 
volume of endovascular interventions in the out-
patient, offi ce based setting. Overall the shift 
from the inpatient to the outpatient facilities con-
sisted of approximately 25 % of cases which 
resulted in a fi vefold increase in outpatient treat-
ment. This shift correlated with a concomitant 
increase in physician ownership of outpatient 
intervention rooms where these procedures were 
performed. The use of atherectomy, which has 
higher reimbursement than angioplasty, has also 
signifi cantly increased in the outpatient setting 
from 7 to 125 procedures per 100,000 Medicare 
benefi ciaries in 2003 and 2011, respectively. This 
change has occurred despite a lack of evidence 
supporting improved effi cacy of this technique 
and was most likely due to increased reimburse-
ment [ 10 ]. The expected savings from perform-
ing endovascular procedures in the inpatient 
setting may have been partially offset by the 
increased use of the more expensive atherectomy 
procedures [ 10 ]. 

 An example of this phenomenon is high-
lighted by a physician practice in Michigan that 
documented a greater than twofold increase in 
treating patients in the outpatient setting from 
May 2006–April 2007 (period 1) to June 2007–
May 2008 (period 2). There was a concomitant 
increase in offi ce based endovascular cases from 
1.5 % during period 1 to 31 % in period 2. This 
led to a fi vefold increase in revenue to the group 
from these procedures. No deaths or amputations 
occurred as a result of procedures performed in 

the offi ce. Total payment by Medicare, payment 
to the hospital and to the physicians were higher 
in all the cases [ 11 ]. 

 Analysis of the New York State Inpatient 
Hospitalizations and Outpatient Surgeries 
Discharge Databases from 1998 through 2007 
was used to assess changes in practice patterns. 
There was a threefold increase in endovascular 
revascularization procedures performed in an 
outpatient setting. Outpatient data analysis 
revealed a fi vefold increase in vascular interven-
tion for IC and CLI. The number of endovascular 
interventions doubled for IC and quadrupled for 
CLI. Notwithstanding, patient comorbidities 
treated in 2006 were substantially greater than 
those in the previous decade while cardiac and 
bleeding complications have signifi cantly 
decreased [ 12 ].  

    Recommendations for Treating 
Intermittent Claudication 

 The SVS, the most prominent vascular society in 
North America, recently published consensus 
guidelines for the treatment of IC. A limited 
amount of level 1 evidence was cited to guide 
decisions [ 13 ]. Emphasis was placed on risk fac-
tor modifi cations including smoking cessation, 
medical therapies and increasing the use of exer-
cise programs to improve both cardiovascular 
and functional status for patients with PAD. 
Screening for PAD with non-invasive studies 
was not recommended. For patients with a suspi-
cion for IC, non-invasive studies using some 
combination of ankle brachial indices, toe pres-
sures, pulse volume recordings and doppler stud-
ies were recommended upon initial evaluation. If 
initial non-invasive studies were normal then an 
exercise study was recommended. Additional 
imaging was only recommended if an interven-
tion was planned. 

 The guidelines further suggested that initial 
treatment for symptomatic IC should consist of 
medical therapy and risk factor reduction. This 
includes smoking cessation, statin therapy, 
optimization of diabetes management, single 
agent antiplatelet therapy and medications such 
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as  cilostazol, pentoxyfylline, and ramipril, 
when not contraindicated. An exercise program 
was recommended at a minimum of three ses-
sions per week for at least 12 weeks when pos-
sible. Revascularization for IC was thought to 
be appropriate for selected patients with dis-
abling symptoms after a careful risk-benefi t 
analysis. Invasive treatments for IC should pro-
vide a predictable functional improvement with 
a reasonable durability. The recommended min-
imum threshold of a >50 % likelihood of sus-
tained effi cacy for at least 2 years was suggested 
as the benchmark and anatomic patency was 
considered a prerequisite for sustained revascu-
larization effi cacy. Endovascular approaches 
were preferred for most candidates with aorto-
iliac disease and for select patients with fem-
oro-popliteal disease when anatomic durability 
was expected. Factors thought to limit endovas-
cular durability included extensive calcifi ca-
tion, small-caliber arteries, diffuse infrainguinal 
disease and poor runoff and, as such, supported 
the use surgical bypass which was also recom-
mended to those who failed endovascular inter-
vention. Common femoral artery disease was 
advised to be treated surgically and saphenous 
vein was suggested as preferred conduit for 
infrainguinal bypass grafting. Regular follow 
up in patients undergoing intervention was 
advised [ 13 ].  

    Critical Limb Ischemia: Unresolved 
Challenges 

 Patterns of treatment for CLI vary widely across 
North America and there is a paucity of good 
quality scientifi c evidence to guide clinical prac-
tice. The Bypass vs. Angioplasty in Severe 
Ischaemia of the Leg (BASIL) trial, the only ran-
domized, controlled trial (RCT), in this space 
was a valiant attempt to create an evidence based 
standard of care but failed to do so due to numer-
ous shortcomings including use of a suboptimal 
primary endpoint, lack of lesion standardization, 
adequate power and limitation of intervention in 
the endovascular arm to angioplasty alone. 

 In October of 2013 the United States National 
Institutes of Health (NIH) funded the BEST-CLI 
trial. This prospective, multicenter, open label, 
superiority RCT initiated recruitment in the 
autumn of 2014 and aims to enroll 2100 patients 
at 140 sites in North America. This trial will 
compare treatment effi cacy, functional out-
comes and total cost in patients with CLI and 
infrainguinal PAD undergoing best open surgi-
cal or best endovascular revascularization. As 
such, BEST-CLI focuses on patients who are 
candidates for both infrainguinal bypass and 
endovascular therapy. It is designed as a prag-
matic trial in that the defi nition of best therapy 
is left up to the individual investigator. All com-
mercially available standard of care endovascu-
lar therapies are allowed, as are all surgical 
bypass techniques and types of conduit. At the 
risk of increasing heterogeneity, this feature will 
keep the trial relevant to clinical practice, over 
time. The BEST-CLI has a two-cohort design. 
The fi rst cohort will evaluate outcomes in 
patients who have adequate single segment 
great saphenous vein (SSGSV) available for 
bypass, while the second cohort will include 
patients without adequate SSGSV. Since quality 
of conduit is paramount to infrainguinal bypass 
success Cohort 1 will compare bypass with best 
conduit to endovascular therapy. The question 
of how bypass with suboptimal conduit com-
pares with endovascular therapy will be 
answered within Cohort 2. In each cohort, sub-
jects will be randomized within four strata 
defi ned by two dichotomous factors based on 
clinical presentation (ischemic rest pain alone 
vs. tissue loss) and anatomical classifi cation 
(presence or absence of signifi cant tibial dis-
ease). The primary endpoint in the BEST-CLI is 
Major Adverse Limb Event (MALE)-free sur-
vival. Other endpoints include amputation-free 
survival, reintervention and amputation free sur-
vival, which incorporates MALE and minor 
reinterventions and freedom from hemodynamic 
failure, which evaluates the end result of 
enhanced limb perfusion. Lastly, BEST-CLI 
includes a robust health related quality of life 
and cost effectiveness analysis [ 14 ].     
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