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How would you summarize your interpretation of the
findings and conclusions of the BEST-CLI trial?’

Dr. Clair: The BEST-CLI trial found that for patients
with chronic limb-threatening ischemia (CLTI) who
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have adequate length of single-segment great saphenous
vein (SS-GSV) and who are healthy enough to undergo
surgical bypass, the need for repeat intervention and
risk for major adverse limb events (MALE) is lower with
bypass surgery than for interventional therapy. This is an
important finding that reinforces the value of surgical
bypass and the importance of having a capable vascu-
lar surgeon to perform these procedures as part of the
team caring for these patients. However, it is important
to recognize that there are a limited number of patients
who meet all of these characteristics, and for those
patients who do not have SS-GSV, decision-making

may still be complex. Additionally, as our population
ages, patients are increasingly frail and this also impacts
decision-making.

Dr. Misra: BEST-CLI is a National Institutes of Health—
funded randomized clinical trial that investigated the clin-
ical outcomes of patients with CLTI who were candidates
for both surgery and endovascular treatment. Cohort 1
enrolled patients with an adequate GSV conduit, and
patients were randomized to either surgical bypass or
endovascular treatment. Cohort 2 enrolled patients with-
out an adequate saphenous vein conduit; however, this
cohort did not enroll the required number of patients,
and therefore it is hard to draw conclusions from it.

Dr. O’Banion: The authors have published what is
sure to be a landmark trial for decades to come. This
international, prospective, multicenter, multispecialty
trial enrolled two cohorts of patients: 1,434 patients
with SS-GSV and 396 patients without suitable SS-GSV
as determined by preoperative duplex ultrasound. After
two investigators at the respective enrolling institu-
tions with expertise in both open and endovascular
techniques predetermined clinical equipoise, patients
were randomized to either open or endovascular revas-
cularization. The primary outcomes of MALE or death
overwhelmingly favored the surgical arm in cohort 1
(P < .001), with major reinterventions and above-knee



amputations significantly higher in the endovascular
arm (P < .001 and P = .04, respectively). In cohort 2,
there was no significant difference between the primary
outcome in the two arms, although time to major rein-
tervention appeared to favor open surgery. Ultimately,
the authors present us with compelling data that while
open and endovascular revascularization are both safe
options, bypass with adequate SS-GSV should be con-
sidered as first-line therapy in CLTI patients of appro-
priate surgical risk.

Dr. Shishehbor: In relatively low-risk patients with
CLTI who are eligible for both endovascular and surgical
bypass and have a SS-GSV, surgical bypass may lead to
fewer repeat revascularization procedures. However, the
study design favored bypass due to the high number
of patients who failed the initial endovascular attempt
and subsequently underwent bypass.

What do you consider to be the strengths of the trial?
Its limitations?

Dr. O’Banion: The BEST-CLI trial was executed at
140 international sites with excellent detailed follow-up
data. The methodology of the trial accounted for the
inherent biases toward treatment algorithms in CLTI by
mandating two-provider clinical equipoise. The separa-
tion of the cohorts into those with suitable SS-GSV and
those without in addition to the stratification by degree
of ischemia (rest pain vs tissue loss) and complexity of
disease (presence or absence of tibial disease) is also
a major strength of the study. Some may say that the
results were driven by early failure in the endovascular
group; however, the authors did due diligence in per-
forming a sensitivity analysis, excluding those with tech-
nical failure or who were censored within 30 days and
noted continued significance of the primary outcome as
well as the major reintervention outcome in cohort 1.

There were a few inherent limitations specifically
related to the endovascular arm that are important
to highlight. The study period included a time when
paclitaxel-coated devices were drastically reduced due
to a meta-analysis published by Katsanos et al in 2018.2
We expect to see further details from the investigators
on the specific utilization of drug-coated and -eluting
devices on a per-limb, as-treated basis. Additionally,
recent technologies such as drug-eluting stents, intravas-
cular lithotripsy, dissection tacking devices, intravascular
ultrasound, and the use of retrograde access all have
increased in utility within the last few years, with data
demonstrating improved outcomes in the endovascular
space. However, little if any of these data are specific
to the CLTI population, with most study cohorts com-
posed primarily of patients with intermittent claudica-
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tion. | personally do not believe these new technologies
would change the overall results of the trial, but perhaps
the gaps would be narrowed, particularly in reinterven-
tion rates. Lastly, no hemodynamics beyond trial entry
or patency data were collected, limiting the ability for
WIfl (Wound, Ischemia, foot Infection) re-staging and
further investigation into long-term, limb-based patency
and technical success of interventions.

Dr. Misra: The strengths were its randomized design,
the large data set, and long-term (2-year) follow-up.
Some limitations include (1) the use of intention-to-
treat analysis with a high endovascular technical failure
rate; (2) endovascular failures were the driver of the
composite endpoint because mortality was similar
between endovascular therapy and bypass; (3) the high
early reintervention rate raises the possibility of poor
initial endovascular strategies; (4) the heterogeneity of
endovascular techniques used, with limited drug-coated
therapies; and (5) there was poor medical optimization.

Dr. Shishehbor: A strength of the trial is that it
enrolled a large number of CLTI patients. However, there
are several limitations:

+ Nonselective enrollment. This important selection
bias likely excluded TransAtlantic Inter-Society
Consensus (TASC) A and B endovascular cases.
There were only 2,800 screened patients and 1,830
subsequently enrolled in 100+ sites over > 5 years.

+ The design favored bypass, as approximately
15% to 20% of patients failed endovascular treat-
ment and subsequently underwent bypass.
Unfortunately, this rate of failure is not reflective of
true CLTI experts and indicates low endovascular
competency among operators.

« Enrolled patients had low- to moderate-risk CLTI
and the mean age was much younger than the
national and global CLTI population.

+ Underserved patients were not well represented.

+ Endovascular therapy was significantly suboptimal,
with nominal drug-coated balloon and drug-eluting
stent use.

« Over two-thirds of the operators were vascular sur-
geons, which is not representative of the physician
groups that treat CLTI.

+ There was no angiographic core lab adjudication.

Dr. Clair: | believe the strengths of the trial are its
prospective, randomized format and its “real-world”
design. Additional funding was obtained to allow for
2-year follow-up in the cohort with adequate GSV,
which allowed excellent insight into the real outcomes
for these patients with good surgical and interventional
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THE BEST-CLI TRIAL AT A GLANCE

International, prospective, 150 sites in the United States, Canada,
DIl randomized, open-label, e Finland, Italy, and New Zealand from

multicenter, superiority trial August 2014 to October 2019

2,525 patients aged 2 18 years with a diagnosis of CLTI assessed;
1,847 were randomized

Cohort 1 (n = 1,434): Cohort 2 (n = 396):

Had single-segment GSV and were Required alternative conduit and
assigned to surgery (n = 718) or were assigned to surgery (n = 197) or
endovascular therapy (n = 716) endovascular therapy (n = 199)

Composite of MALE, defined as above-ankle amputation of the index limb
or a major index limb reintervention (a new bypass graft or graft revision,
thrombectomy, or thrombolysis), or death from any cause

PRIMARY OUTCOME

The occurrence of MALE at any time or postoperative death at 30 days,
minor reinterventions, a major adverse cardiovascular event (composite of
myocardial infarction, stroke, or death), and serious adverse events

SECONDARY OUTCOMES

Cohort 2:
1.6 years for both groups

Cohort 1:
2.7 years for both groups

MEDIAN FOLLOW-UP

MEDIAN TIME TO
INDEX PROCEDURE

(surgical vs endovascular)

Cohort 1: Cohort 2:
4 days vs 1 day 4 days vs 1 day

Cohort 1: Cohort 2:
TECHNICAL SUCCESS 98% (surgical) 100% (surgical)
85% (endovascular) 80.6% (endovascular)

RESULTS: COHORT 2
Overall efficacy and safety outcomes were similar
between groups

RESULTS: COHORT 1
The primary outcome was seen in 42.6% of
patients in the surgical group and 57.4% in the
endovascular group

The primary outcome was seen in 42.8% of
patients in the surgical group and 47.7% in the
endovascular group

The surgical group had fewer major
reinterventions and above-ankle amputations as
compared with the endovascular group
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options and outcomes. The picture is not quite as rosy
as we might have guessed, showing that even with
excellent interventions, 10% (surgery) and 15% (inter-
vention) of patients will lose their limb within 2 years of
treatment. Some of the limitations of the trial include
the poor initial success rates with interventional ther-
apy, the minority of patients being treated with drug-
coated devices as part of an interventional strategy, and
the likely differences between patient groups because
of the methods utilized to determine clinical equipoise.
Despite these limitations, | do believe the real-world
nature of the trial provides dramatic value.

What are some of the practical implications of these
results in real-world settings?

Dr. Clair: Patients with CLTI should have an assess-
ment of their surgical risk, the availability of venous con-
duit, and an assessment of how complex any intervention
would be. It will be helpful over time to determine if the
types of cases that initially failed with endovascular thera-
py could be categorized or at least determine the charac-
teristics that might make success with an endovascular-
first approach less likely, particularly if venous conduit is
available. From a patient care perspective, | think this trial
justifies a more significant role for surgical revasculariza-
tion in patients with adequate and available conduit,
particularly if the intervention is complex (and we do
have some understanding of what makes an intervention
more complex). For those of us treating CLTI regularly,
| don'’t believe this is a dramatic shift in what we have
been doing already.

Dr. Shishehbor: We need to continue to improve
technical skills for endovascular intervention, enroll
underserved patients, and better understand the clinical
and frailty risk for surgery.

Dr. O’Banion: With the various specialties treating
CLT]I, often multidisciplinary collaboration in the care
of these patients is lacking. The BEST-CLI trial highlights
the importance of shared decision-making in this com-
plex patient population. All patients with CLTI should
undergo preoperative vein mapping, irrespective of the
treating physician, and surgeons should work closely
with interventional cardiology and interventional radi-
ology to allow for the best possible intervention for the
patient based on the availability of SS-GSV and patient
risk profile. There has been recent exponential growth
in the “endovascular-first” approach to patients with
CLTI, and this landmark study hopefully will compel
treating physicians to rethink algorithms based on
these high-quality data. If these data are put into real-
world practice, | suspect the volume of lower extremity
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bypasses performed will increase significantly, and we
must balance this with the training we are providing

for our future vascular surgeons to ensure competency
across both open and endovascular treatment methods,
irrespective of the complexity of disease.

Dr. Misra: The results of this study show that surgi-
cal revascularization is an ideal option for patients with
CLTI and adequate GSV conduit who are good surgical
candidates. The authors of this study need to be con-
gratulated for the enormous amount of hard work and
dedication needed to accomplish this study.

How does the BEST-CLI patient population compare
with those you treat in your practice?

Dr. O’Banion: Fresno, California, has one of the high-
est rates of CLTIl and one of the most underserved and
disadvantaged vascular communities in California and
the United States. Our patient population has a higher
proportion of Hispanics, diabetic patients, and dialysis
patients, which equate to a patient population that
inherently presents with heavily calcified below-the-knee
(BTK) disease. The BEST-CLI trial investigators acknowl-
edged the need for further investigation of revascular-
ization outcomes across the spectrum of infrapopliteal
anatomic complexity in this patient population. This will
become increasingly important in determining the best
treatment algorithm for these patients as we continue to
push the limits of revascularization into the below-the-
ankle (BTA) space. | will be looking forward to more data
from the study investigators as to the anatomic complex-
ity of disease treated and its influence on the outcomes.

Dr. Shishehbor: | was enrolling patients at two
institutions for BEST-CLI. At one location, we
screened almost 100 patients but not one qualified.
Unfortunately, a significant portion of our patients are
frail, lack a single-segment autologous saphenous vein
graft, and have already failed previous bypass. Other
important anatomic factors also exclude patients for
BEST-CLI. A significant portion of our patients (approxi-
mately 40%) have BTK and BTA disease.

Dr. Misra: Our patients tend to be older with a
higher percentage on dialysis. In addition, our patients
are typically not surgical candidates and do not have
adequate vein conduits.

Dr. Clair: Overall, the population is similar to what
| see in practice on a regular basis except for one impor-
tant area—patients with CLTI and prior failed stents. This
is an increasing part of the group of patients with CLTI,
and | believe the reason they have been excluded from
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the trial is because of the overall poor outcomes in rein-
terventions in this population. Additionally, the exclusion
of patients who are poor surgical candidates alters the
population from those with CLTI who are more fre-
quently seen.

Which data points would you like to see explored and
explained further?

Dr. Clair: Because a significant component of the
increased MALE in the endovascular group was related to
early technical failures, | am interested in the characteris-
tics of the failed lesions, modes of failure, and treatment
methods. A wide range of therapies is reflected in the
endovascular group, and this provides incredibly impor-
tant information regarding the varied therapies and their
success (or failure) rates and modes and timing. It is unfor-
tunate that the issues with paclitaxel arose during the
performance of this trial, as this clearly reduced the use of
drug-eluting technologies in this patient population.

Dr. Shishehbor: We need a lot more information
about the baseline angiogram, mechanism of endovas-
cular failure, and number and type of patients treated
during the 5-year trial at these centers. Clearly, this raises
the concern of selection bias here, and we need to bet-
ter understand the overall CLTI population in these sites
over the 5 years. This will help with generalizability and
patient selection.

Dr. Misra: We need to have TASC classification of
the data. In addition, we need to understand why there
was such a high rate of reinterventions in a short period
of time in the endovascular arm. The 85% technical suc-
cess rate in the endovascular arm is lower than what is
reported in larger studies and should have been higher.

Dr. O’Banion: As stated previously, BTK disease is an
area of great interest, not only due to our heavy volume
here in Fresno but also given the recent explosion of
endovascular technology in this space. Understanding
outcomes specifically related to advanced infrapopliteal
GLASS (Global Limb Anatomic Staging System) staging
and how the pedal descriptor affects these outcomes is
of particular interest. | am also interested to see results
of the quality-of-life and cost-effectiveness analyses and
more information on the impact of reinterventions on
patients in the trial.

How might these findings affect limb preservation
patient workup and decision-making in your
practice?

Dr. Shishehbor: Obtaining venous mapping is
important information for consideration.

34 ENDOVASCULAR TODAY JANUARY 2023 VOL.22, NO. 1

Dr. O’Banion: Because of our younger, Hispanic
patient population presenting with advanced WIfl stages,
we typically take an “open first” approach in the presence
of adequate SS-GSV, appropriate anatomy, and suitable
patient risk. However, | do think that, like most, we have
become accustomed to treating less severe patients (rest
pain, lower GLASS staging) with an endovascular-first
approach, specifically those with isolated femoropopli-
teal lesions. These data have already made an impact on
our decision-making, reversing this endovascular-first
approach, and hopefully we will in turn see an improve-
ment in overall outcomes in our patient population.

Dr. Misra: This has the potential to limit treatment
in underserved populations and high-risk populations.
With limited resources, the ability to obtain vein map-
ping and a medical examination for clearance will hurt
those who are high-risk patients.

Dr. Clair: For the majority of vascular surgeons in
practice, CLTI is an increasing portion of our practice,
particularly in the South. Bypass is an important part of
our treatment, and endovascular therapy is used in cases
where vein is inadequate or the patient is a high-risk
surgical candidate. Hybrid therapies make up an impor-
tant component of what we do as well, and | don’t think
there is a way to reflect that in a trial like this. Overall,
| believe bypass may experience a bit of a “comeback,”
but in reality, this valuable method of revascularization
has never lost favor among surgeons experienced in
this technique. My own “return” to bypass happened
years ago, and it remains one of my favorite operations
because of its successful outcomes.

What are the important lessons from this trial regard-
ing optimal medical therapy (OMT)?

Dr. O’Banion: | think the trial has really highlighted
the need for increased focus on OMT for patients with
CLTI. Based on the Global Vascular Guidelines, all CLTI
patients should be on antiplatelet therapy (level 1A evi-
dence). Additionally, there is compelling evidence from
both the VOYAGER and COMPASS trials advocating for
rivaroxaban 2.5 mg in the CLTI patient population, and
this is further reiterated in the Global Vascular Guidelines
as level 2B evidence. In the BEST CLI trial, 72% of patients
were on antiplatelet therapy and 3.9% prescribed riva-
roxaban, and while this increased to 82.9% and 6.7%,
respectively, at 30-day follow-up, these statistics have
clear room for improvement. It’s also a little sobering to
see that the long-term mortality in the CLTI population
remains at approximately 10% per year, with little change
in the literature over decades despite advances in vascu-
lar medicine.



Dr. Clair: We still have a long way to go to success-
fully optimize medical therapies for these patients. Over
one-third of patients were still smoking at the time of
the procedure, and just 70% of patients were treated
with statins. Although there are no data on overall use
of antiplatelet therapy (ie, percentage of patients on at
least one antiplatelet agent), only two-thirds of patients
were taking aspirin, and < 5% were taking any form of
direct oral anticoagulant. Finally, just 6.8% of patients
had any prior intervention for smoking cessation. We
need to improve our performance in these areas to
ensure we achieve best outcomes for these patients.

Dr. Shishehbor: Overall, we must do much better
with OMT in patients with peripheral artery disease
and CLTI. We have opportunities and our patients
can benefit from aggressive guideline-directed medical
therapy.

Dr. Misra: The low rate of medical management is
alarming despite many papers and guidelines recom-
mending medical management.

Beyond the endpoints and conclusions, what are
some of the larger learning points from this trial?

Dr. Shishehbor: As noted previously, we need angio-
graphic data and a better understanding of the endo-
vascular failures.

Dr. Misra: Core lab and clinical adjudication of
crossover should have occurred. In future trials, the
endovascular treatment and use of technologies also
need to be defined better, and clear guidelines should
be established on technical success and failure. We also
need increased participation from interventional cardi-
ologists and interventional radiologists.

Dr. Clair: There are several other major findings in
this trial. First, there is not as large a difference in peri-
procedural mortality and cardiac risk between the two
therapeutic arms as | would have predicted. Although
endovascular therapy does offer some early advantage,
it is not as dramatic as one might have expected. Much
of the difference in primary endpoint advantage for sur-
gery was driven by early (< 30 day) complications in the
endovascular arm. Improving this is critical to success
for these patients.

Dr. O’Banion: One of the major take-home messages
of this study should be that CLTl is an ever-evolving
field requiring multidisciplinary dedication to the care of
these vulnerable patients. Patients with the highest rates
of success across all outcome measures are those offered
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the best therapy given availability of conduit, anatomic
complexity of disease, and patient risk profile, all con-
cepts highlighted in the Global Vascular Guidelines.
BEST-CLI also demonstrates that despite technology and
advancements in the endovascular space, there still is no
adequate replacement for a well-done SS-GSV bypass,
and | think this drives home the importance of adequate
training of our future vascular surgeons across both open
and endovascular techniques.

What new questions does it raise? What would you
like to see in future analyses of this data set or subse-
quent trials?

Dr. O’Banion: It will be important to have greater
clarity as to the anatomic and physiologic complexity
of the patients enrolled in the trial. Subanalyses on this
study’s cohort of patients based on WIfl and GLASS stag-
ing will be revealing to further guide the best treatment
for patients with the most advanced clinical presentation
and the highest anatomic complexity of disease. We need
to continue to evaluate the hemodynamics necessary for
individual patients and investigate which revasculariza-
tion strategies will allow for the best outcomes given the
disease burden and clinical presentation. Additionally,
future studies examining trends in endovascular and
open revascularization will be telling to monitor the
impact of BEST-CLI on our real-world practices, as well
as monitor our commitment to improving best medical
therapy in this patient population.

Dr. Misra: We need more data on who was treated,
why the endovascular arm failed at a high rate, and
lesion characteristics before we can decide on how
future studies should be undertaken.

Dr. Clair: Several additional questions arise from
any good trial, and this one is no exception. | previ-
ously pointed out some of these, but beyond those are
issues related to medical therapy and its optimization
for these patients. How can we do better in this regard?
Is there a way we can predict who would truly benefit
from one approach or another? Are there some predic-
tive findings that would make one approach favorable
in specific patients? Although | appreciate the efficacy
of randomized trials in identifying the optimal therapy
for patients, this trial in particular highlights the hetero-
geneity in a population, the physicians treating them
and the approaches taken, and the ability to withstand
a procedure. There are myriad other factors that impact
outcomes for these patients, including patient genet-
ics, frailty, and responses to specific surgical or inter-
ventional approaches. All of these factors are specific
for individual patients, and while this trial is valuable,
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it is not as though every patient fits nicely into these
patient groups. As | noted earlier, hybrid therapies and
innovative techniques not assessed here also will have
an impact on caring for these patients. We still have
much to learn and a long way to go to improve out-
comes for these patients, but this is a large step in the
right direction to help answer some of these questions
and identify others that will move the needle in terms
of improving care and patient outcomes. H
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