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During his opening remarks 
at ISET 2017, Critical Limb 
Ischemia (CLI) Global Soci-
ety President, Barry T. Katzen, 

MD, called attendees to action. The non-
profit, CLI Global Society was recently 

formed with a mission to improve qual-
ity of life by preventing amputations and 
death due to critical limb ischemia.  CLI 
manifests in nearly 1 million Medicare 
patients per year,1 resulting in a growing 
unmet need. 

CLI is a global problem due to many 
factors, including lack of consensus on 
definition and lack of awareness within 
the healthcare community and the gen-
eral public. Despite the great burden CLI 
imposes, research remains limited. A lack 
of consensus exists on best methods to 
prevent, diagnose, treat and rehabilitate 
patients with CLI. Despite the great 
need, a limited number of CLI specialists 
are available to treat this complex multi-
level, multi-vessel disease. Despite being 
a world-wide medical problem, no DRG 
exists for CLI. It is unacceptable that in 
2017, amputation often remains a first 
line treatment for CLI.

How can we fix the problem? A con-
certed effort can create change. The Society 
will provide unique services to members 
that are not duplicated by other societies.  
The CLI Global Society initiatives include:

• Create a facilitated new defini-
tion of CLI. 

• Amplify public and health pro-
fessional awareness of CLI.

• Create a public and professional 
effort to prevent CLI.

• Increase clinical cooperation and 
information sharing in the man-
agement of CLI.

• Improve the CLI standard of care 
for prevention, diagnosis, treat-
ment, and rehabilitation.

• Reduce time from symptom on-
set to provision of definitive care 
for CLI.

• Reduce variability in delivery of 
care that promotes preventable 
amputations.

• Identify disparities in access and 
treatment to quality CLI care.  
Identify strategies to correct 
these disparities.

• Advocate for team-based pro-
grams that simultaneously ad-
dress awareness, management, 
and treatment of CLI.

Please join Dr. Katzen and the other 
CLI Global Society Board Members to-
day at www.cliglobalsociety.org. Society 
members will receive discounted reg-
istration rates at medical meetings that 
include education on critical limb isch-
emia; a subscription to CLI Global, the 
official publication of the CLI Global 
Society; and the opportunity to get in-
volved with a strong, unified communi-
ty of physician, healthcare and industry 
leaders with a focused goal. Working to-
gether, we can prevent amputation and 
death due to critical limb ischemia. n
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It’s Monday morning and the begin-
ning of a new work week, and I am 
about to start my office. The phone 
rings and it is a referring physician’s 

office, and they need me to urgently see 
a patient with a non-healing ulcer of the 

lower extremity. I do what every one of 
us would do and accept to see the patient 
that day. This type of scenario repeats it-
self several times a week throughout the 
year. As vascular specialists, we are expe-
riencing firsthand the acute influx of the 

growing numbers of patients with pe-
ripheral arterial disease (PAD).1 

It is estimated that 1.3-1.7% of patients 
age 40-49 and 24-29% over the age of 80 
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The treatment of patients with 
critical limb ischemia (CLI) 
has been a constant source of 
challenge and change in recent 

years. This challenging disease — which 
threatens the independent living sta-
tus of our oldest patients, and presents 
morbidity and mortality risks akin to the 
most aggressive cancer diagnoses — has 
been an ever-present clinical battle for 
cardiovascular physicians. However, for 
three important reasons, there is good 
news on the horizon, both for patients 
with CLI and the physicians who pro-
vide their invasive and non-invasive car-
diovascular care. 

First, while financial analysts often de-
bate how much past performance will 
dictate future results, recent trends can be 
useful in predicting future outcomes for 

patients with critical limb ischemia. And 
if the last two decades can help us to learn 
about what lies ahead for CLI, then the 
news on the horizon is good. The num-
ber of major amputations in Medicare 
patients has fallen by 60% between 1996 
and 2011 (Figure 1), and recent trends 
suggest this good news will continue.1 
Why have these improvements occurred? 
This is likely a multidisciplinary “suc-
cess story,” with improvements in vascu-
lar care, medical therapies, and podiatric 
care — each contributing to the success 
in avoiding limb loss.2

Second, in addition to better results, 
cardiovascular physicians will have bet-
ter information to guide treatment for 
patients with CLI. The Best Endovascular 
versus Surgical Therapy for CLI (BEST-
CLI, www.bestcli.org) trial, funded by 
the National Heart, Lung, and Blood 
Institute in 2014, will compare open and 
endovascular treatments for patients with 
CLI to provide the highest quality infor-
mation for patients and their physicians.3 
The BEST-CLI trial, open in more than 
140 sites across the United States, recent-
ly randomized its 500th patient (Figure 
2). This study, which will evaluate limb 
preservation, cost effectiveness, and qual-
ity of life, will use lessons learned in more 
than 2,000 patients to help guide the de-
cisions made for treating CLI in its most 
advanced forms. 

Third, new evidence will emerge in the 
context of high quality clinical trials, and 
we will continue to study the care that 
is provided to patients with CLI in real-
world practice. Large registries — from 
institutions such as the Society for Vascular 
Surgery’s Vascular Quality Initiative (www.
vascularqualityinitiative.org)4,5, as well as 
the American College of Cardiology’s 
National Cardiovascular Data Registry 

Continued on page 20 
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Despite an improvement in vascular care, 
disparities in the care of patients with advanced 
PAD remain significant. Who better to address 
these challenges than our own specialty?
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CASE DESCRIPTION
A 71-year-old male presented with 

critical limb ischemia (CLI). His history 
is significant for coronary artery disease, 
ischemic cardiomyopathy with a severely 
reduced left ventricular ejection fraction 
(estimated left ventricular ejection frac-
tion of 15%), stage 4 severe chronic kid-
ney disease (CKD) (GFR= 23 mL/min, 
creatinine clearance = 24.85 mL/min), 
and heavy tobacco use. 

This was his second hospitalization 
over a four-month period. On his initial 
presentation he underwent a 1st and 3rd 
digit amputation. However, revasculariza-
tion was deferred by numerous practitio-
ners due to limited endovascular options 
and excessive cardiac risk associated with 
open surgical bypass. Poor healing at the 
prior amputation site and constant pain 
at rest prompted him to seek treatment. 

Physical examination revealed a dif-
fusely cool foot with infected, macerated, 
purulent amputation sites at the first and 
third digits, and a gangrenous second 
digit (Figure 1). Vascular examination re-
vealed a palpable common femoral artery 
pulse. The popliteal artery was not pal-
pable. Also noted were non-palpable and 
non-Dopplerable anterior tibial and pos-
terior tibial pulses.

Non-invasive testing was performed. 
Pulse volume recording revealed severely 
diseased waveforms at the calf and flat 
tracings at the ankle, metatarsal, and toe 
levels. An arterial duplex demonstrated 
femoro-popliteal occlusive disease. A long 
occlusion involving the entire extent of 
the superficial femoral and popliteal ar-
teries was apparent, along with faint re-
constitution in the posterior tibial and 
anterior tibial arteries (Figure 2). Venous 
duplex was also performed and failed to 
identify an available bypass conduit.

In addition to surrounding cellulitis, 
there was radiographic evidence of os-
teomyelitis of the second metatarsal and 
phalangeal joints. The patient was start-
ed on broad spectrum antibiotics upon 
admission.  

On hospital day 4, diagnostic angiog-
raphy confirmed that the aorta, iliac ar-
teries, the common femoral artery, and 
profunda femoral arteries were without 
significant disease. The ostial superficial 
femoral artery occlusion was long and 
moderately calcific. The proximal cap was 
concave in contour. The popliteal artery 
was totally occluded (Figure 3). The pos-
terior tibial artery reconstituted in the 
mid-calf and provided straight line flow 
to the foot. The anterior tibial artery also 
reconstituted in its mid-portion and was 
patent to at least the ankle. The pedal arch 
was not well visualized.

INTEGRATING LIMB 
PRESENTATION WITH PATIENT 
CLINICAL CHARACTERISTICS

Choosing the appropriate therapeutic 
approach to CLI can be complicated. 
While some patients should be offered 
open surgical revascularization, others 
will do better with an endovascular-first 
approach. Sometimes primary ampu-
tation is in the best interest of the pa-
tient. Decisions on the most appropriate 
patient-centered approach should in-
corporate patient, lesion and anatomical 
characteristics.

WIFI SCORING FOR 
PROGNOSTICATION AND 
CLINICAL DECISION MAKING 

The SVS-WIfI score incorporates 
three major elements: the wound char-
acteristics, the presence and extent of 
ischemia, and the presence and extent of 
infection. The score may be predictive 
of the yearly amputation risk and high-
light patients with either very favorable 
or, conversely, dismal prognoses. The cur-
rent patient presented with deep ulcer-
ation and digital gangrene (wound grade 
2), toe pressures of <30 mmHg (ischemia 
grade 3) and local infection without sys-
temic signs (infection grade 2) — trans-
lating to an absolute WIfI score of 232 
and a WIfI composite score of 7 (Table 1).  
The patient was estimated to have a 33% 
risk of major amputation, 57% risk of re-
intervention, major amputation, or steno-
sis (RAS), and a 22% chance of mortality 
at 1 year based on the composite score.1

INTEGRATED RISK ASSESSMENT 
While the presenting characteristics 

of the limb described above offer some 

insight, complete decision-making re-
quires integration of relevant patient 
clinical characteristics. Such characteris-
tics not only provide an overall sense of 
morbidity and mortality, but help guide 
the selection of various revasculariza-
tion strategies. Cardiac risk and contrast 
nephropathy risk both help elucidate 
the preferred revascularization method. 
While the Revised Cardiac Risk Index 
(RCRI) was commonly used, the recent-
ly published VQICRI assesses the risk of 
postoperative myocardial infarction after 
infrainguinal bypass. It was estimated that 
our patient would have a 7.8% risk of 
in-hospital postoperative MI if a surgical 
route was taken (Table 2). 

NEPHROPATHY AND DIALYSIS 
RISK ASSESSMENT

The benefits of endovascular revas-
cularization are tempered by the risk of 
contrast-induced nephropathy (CIN). 
Quantification of risk for CIN after per-
cutaneous intervention can be calculated 
using an online calculator. Employing an 
endovascular strategy on this patient was 
estimated to confer a 26.1% risk of CIN 
and a 1.09% risk for dialysis (Table 2).  

LESION CHARACTERISTICS 
Naturally, lesion characteristics must  

be taken into account when choosing 

Retrograde Transpedal 
Access for Treatment of CLI  
Andrew M. Galmer, DO, Ido Weinberg, MD, and Mitchell D. 
Weinberg, MD, Department of Cardiology, Division of Vascular 
Medicine, Northshore University Hospital, Manhasset, NY

Figure 2. Arterial duplex. Arterial duplex demonstrated femoro-popliteal occlu-
sive disease, with a long occlusion involving the entire extent of the superficial 
femoral and popliteal arteries, and with faint reconstitution in the posterior tibial 
and anterior tibial arteries.

A

C

B

D

Figure 1. Right foot. Purulent infected, macerated, amputation sites at the first and 
third digits was visible, along with a gangrenous second digit with associated edema.  

A B

Continued on page 16

Andrew M. Galmer, DO
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Wound healing and relief of isch-
emic rest pain are treatment goals 
in patients with lower extremity 

amputation (LEA). The long term effects 
of LEA are well known, including physi-
cal, economic, and quality of life issues. The 
increased energy expenditure required to 
walk with a limb prosthesis results in fewer 
than two-thirds of patients with a below-
knee amputation and fewer than one-half 
of patients with an above knee amputation 
ever achieving successful rehabilitation. 
Economically, per capita lifetime costs of 
LEA can exceed $500,000.1 Twenty-five 
percent of CLI patients will have some 
form of amputation within the first year 
simply by carrying the diagnosis of CLI.2 
Of these, 27% will require another am-
putation and/or revision within twelve 
months. Diabetic patients with CLI fare 
even worse.3,4 Fifty-five percent of diabetic 
patients with an amputation will have a 
contralateral amputation within 3-5 years.3 
Quality of life scores in patients with any 
amputation are very low, with reports of 
anxiety, depression, poor psychosocial 
life adjustments and lower overall quality 
of life. Finally, life expectancy in the CLI 

population is low, with an approximately 
50% mortality rate at 3 years.

These sobering statistics tell a most un-
fortunate but all too familiar tale. Better 
awareness of peripheral arterial disease 
(PAD) in general is needed. It is para-
mount to promptly identify those patients 
with CLI in order to initiate immediate 
treatment. All aspects of vascular care have 
to be addressed, from optimal medical 
management and risk factor modification 
to intervention and follow-up. As limb sal-
vage is the ultimate measure of success in 
the treatment of the CLI patient, I’d like 
to describe a recent case to highlight the 
need for limb preservation in patients who 
have already had an amputation on one 
leg. These patients are even less likely to 
ambulate than those discussed above if the 
remaining leg needs to be amputated. 5 

CASE HISTORY
A 59-year-old black female with a his-

tory of insulin-dependent diabetes mellitus, 
hypertension, and dyslipidemia contacted 
the office while still an inpatient at an 
outside hospital. She had been admitted 
there for progression of two non-healing 
right foot wounds, and a primary ampu-
tation had been recommended based on 
the appearance of the wound and non-
invasive vascular studies. Approximately 
two years prior, she had undergone a left 
below-knee amputation for progressive 
critical limb ischemia of the left foot. She 
remained somewhat active and ambulated 
with a prosthesis, but was adamantly op-
posed to any amputation on her right. She 

was discharged from the outside hospital 
and was evaluated as an outpatient in our 
office. Pre-procedural laboratory evalua-
tion revealed elevated hemoglobin A1C 
of 7.5 and serum glucose of 212. She ad-
mitted to noncompliance with her insulin 
and in routine home monitoring of her 
blood sugar. Initial wound evaluation was 
performed (Figure 1) and she was sent for 
urgent assessment by our wound care spe-
cialist. Shortly thereafter, she underwent 
lower extremity angiography (Figure 2) 
that demonstrated diffuse infrapopliteal 
disease with segmental occlusions of all 
three tibial vessels and moderate popliteal 
artery stenosis with calcification.

Successful angioplasty was performed 
on the anterior tibial, tibio-peronal trunk/
peroneal, and posterior tibial arteries with 
markedly improved flow (Figure 3). At 10 
weeks post intervention and wound care, 
the patient demonstrated a wound healing 
trajectory with nearly complete healing of 
the lateral and plantar wound (Figure 4).

Treating patients with CLI is challeng-
ing in several ways. In general, these patients 
have multiple vascular risk factors includ-
ing diabetes, hypertension, dyslipidemia, 
tobacco abuse, and end-stage renal disease. 
The systemic manifestations of these dis-
eases lead to high overall mortality, and 
also contribute to the extent and severity 
of the atherosclerotic lesions that lead to a 
threatened limb. Multi-segment and multi-
vessel disease is common in CLI patients 
with tissue loss. Diffuse and often aggressive 
calcification adds to the lesion complex-
ity frequently seen in below-knee disease.6 
The overall small size of the tibial arteries 
is a factor as well, especially in dealing with 
total occlusions. Acute procedural success 
has been enhanced with better tools and 
techniques. And while short-term wound 
healing and limb salvage improvements 
have been impressive, long-term patency is 
poor and the need for repeat intervention 
is still substantial. This is particularly true in 
Rutherford 6 patients. 

In addition to revascularization, atten-
tion to total medical management is key 
to avoiding amputation. The OLIVE study 
has shown the various indicators that dic-
tate limb prognosis in CLI patients, includ-
ing body-mass index (BMI), nutritional 
status, cardiac function, and wound status, 
among others.7 Improving as many  as pos-
sible of these factors individually is known 
to increase the chance of amputation-free 
survival. This highlights the need for mul-
tiple specialties with different areas of ex-
pertise to provide total care for the patient. 

SUMMARY
This case summarizes some of the frus-

trations faced by physicians who treat 
CLI. The patient described in this report 
was destined for a below-knee amputa-
tion based solely on the appearance of the 
wound without any consideration of her 
vascular status. It was presumed that there 
was no prospect of limb salvage! It is hard 
to imagine for those of us in the vascular 

A Case-Based Definition of 
Critical Limb Ischemia 
Bret Wiechmann, MD
Vascular & Interventional Physicians, Gainesville, Florida

Bret Wiechmann, MD

Figure 1. Photograph of right 
lateral and plantar foot wound, at 
presentation, with devascularized, 
hyperkeratotic rim and pink granu-
lation tissue at base.  

Figure 2. Lower extremity angiogram images demonstrate diffuse infrapopli-
teal disease with segmental occlusions of all three tibial vessels and moderate 
popliteal artery stenosis with calcification.

Continued on page 8
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space, but that mentality is still out there 
in some parts of the medical community. 
Fortunately, the patient was able to advo-
cate for herself and made the bold call to try 

to find someone willing to at least provide 
another opinion or option. Part of our re-
sponsibility as vascular specialists is to educate 
other physicians and patients about PAD and 
the current status of CLI treatment. We have 
made tremendous strides in this endeavor, 
but much work still remains. n
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Figure 4. Photograph taken at 10 weeks post-intervention and wound care shows 
near complete healing of lateral and plantar wound.  

Figure 3. Angiographic images demonstrate markedly improved post anterior 
tibial, TP trunk/peroneal, and posterior tibial artery angioplasty. 
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The LIBERTY 360° study is 
a prospective, observation-
al, multicenter trial sponsored 
by Cardiovascular Systems, Inc. 

to evaluate procedural and long-term 
clinical and economic outcomes of en-
dovascular device interventions in pa-
tients with symptomatic lower extrem-
ity peripheral artery disease (PAD), 
including critical limb ischemia (CLI).1 
The design of this study is truly unique, 
with liberal inclusion criteria and few 
exclusion criteria, so that the study en-
compasses a broad range of patients 
and treatment modalities. Additional-
ly, any U.S. Food and Drug Administra-
tion–approved device could be utilized 
for endovascular treatment of the tar-
get lesion(s). LIBERTY includes quan-
titative and qualitative data collection, 
with patient follow-up at 30 days, 6, 12, 
18, and 24 months, and then annually up 
to 5 years. Clinical evaluations include 
physical examination, wound assessment, 
ankle-brachial index (ABI), toe-brachi-
al index, duplex ultrasound (DUS) test-
ing, 6-minute walk test, and EQ-5D-5L 
and VascuQoL questionnaires. In addi-
tion, health care resource utilization and 
hospital billing data from all index and 
subsequent PAD-related evaluations, of-
fice visits, treatment procedures, and 

hospitalizations will be collected to 
provide a thorough acute and long-
term economic analysis. LIBERTY 
study enrollment was completed in 
February, 2016 with 1,204 subjects en-
rolled across 51 sites in the U.S. 

STUDY OUTCOMES
Study outcomes include procedural 

and lesion success, major adverse events 
(MAEs), patency (DUS), quality of life 
(QoL), 6-minute walk test, and eco-
nomic analysis. 

STUDY RIGOR
Four core laboratories were utilized 

for independent analysis of procedural 
and lesion success (SynvaCor, Springfield, 
Ill.); rate of target vessel revascularization 
(TVR); DUS interpretations (VasCore, 
Boston, Mass.); 6-minute walk test (CPC 

6-Month Data from Landmark Clinical Trial Demonstrates 
Sustained Benefit of Endovascular Intervention in 
Patients with Lower Extremity Peripheral Arterial Disease
A roundtable interview discussing the significance of the LIBERTY 360° 
6-month results 

Tom P. Davis, MD
Director of the Cardiac Catheterization 
Lab, Peripheral Interventions and Disease
St. John Hospital and Medical Center
Detroit, Michigan
Disclosure: Consultant to 
Cardiovascular Systems, Inc.

Jihad A. Mustapha, MD
Director of Cardiovascular Research
Metro Health Hospital
University of Michigan Health
Wyoming, Michigan
Clinical Associate Professor of Medicine
Michigan State University, College of 
Osteopathic Medicine
East Lansing, Michigan
Disclosure: Consultant to 
Cardiovascular Systems, Inc.

George A. Pliagas, MD 
Vascular Surgeon
Premier Surgical Associates, 
Vascular Division
Tennova Physician’s Regional 
Medical Center
Knoxville, Tennessee
Disclosure: Consultant to 
Cardiovascular Systems, Inc.

Mahmood K. Razavi, MD
Medical Director, 
Comprehensive Aortic Center
Director, Dept. of Clinical Trials
St. Joseph Heart & Vascular Center
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Disclosure: Consultant to 
Cardiovascular Systems, Inc.

Figure 1. Enrollment and 6-month follow-up. The LIBERTY 360° study included 51 sites and 131 operators, with 37 indi-
vidual operators treating Rutherford 6 patients.
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Clinical Research, Aurora, Co.); and 
economic analysis (Mid America Heart 
Institute, Kansas City, Mo.).

ROUNDTABLE DISCUSSION
Four national key opinion leaders 

were asked to discuss the significance of 
the LIBERTY study design and findings 
from the 6-month data set, which was re-
cently presented as a late-breaking clini-
cal trial at the International Society of 
Endovascular Therapy (ISET) conference 
in February 2017.

1. What is unique or novel 
regarding the overall design of the 
LIBERTY study? 

Dr. Mustapha: The LIBERTY study is 
unique in that it represents as close to a real-
world experience as possible with various 
endovascular strategies across Rutherford 
Classes 2 to 6. Many of the subjects enrolled 
in LIBERTY would not have met the en-
rollment criteria for other clinical trials; in 
particular, those classified as Rutherford 
6. The LIBERTY study also includes any 
FDA-approved technology to treat claudi-
cation and CLI to give us a more represen-
tative landscape of endovascular treatment 
than what has been previously studied.

Dr. Razavi: Many industry-spon-
sored studies focus on a narrow group 
of patients to satisfy stringent inclusion/
exclusion criteria. These are not always 
applicable to our daily practice and it is 
hard to know how many of these devices 
perform in our everyday patients. The 
strength of LIBERTY is that it collected 
core-lab adjudicated data on an “all-com-
ers” basis, meaning various endovascular 
devices are included. Hence, this data is 
more relevant to daily practice.

Dr. Pliagas: I found it surprising but 
also reassuring that LIBERTY did not 
exclude any patient in the symptomatic 
Rutherford classes. We see and evaluate 
each and every patient in the office, re-
gardless of Rutherford classification. To me, 
this reinforces the fact that LIBERTY has 
real-world significance. LIBERTY is also 
unique in that it will track patient-centric 
outcomes using two different quality-of-
life (QoL) questionnaires and a walking 
assessment (required for Rutherford 2-5 
subjects only) at follow-up visits. 

Dr. Davis: Being able to utilize any 
FDA-approved technology for this broad 
patient set provides the medical commu-
nity a unique lens through a more con-
temporary landscape and treatment algo-
rithm than previous studies that have been 
published in the peripheral space. The ad-
dition of an economic core lab to analyze 
procedural costs will also bring tremen-
dous value to the medical community.

2. What is the primary takeaway 
from the 6-month results and how 
do these results build off of the 
existing 30-day data?

Dr. Razavi: We need to emphasize 
and share the 6-month LIBERTY data, 
including the very low rate of major 
adverse events in CLI patients in this 
study. This is of particular importance 
in Rutherford 6 patients. Existing lit-
erature, mostly based on surgical series, 
seem to indicate that as many as 40% of 
Rutherford 4-6 patients end up with an 
amputation within 6 months.2 Although 
only 100 Rutherford 6 patients were en-
rolled, this is one of the first Rutherford 
6 data sets that exists which captures pro-
cedural and long-term outcomes. Also, 
the 87.1% freedom from major ampu-
tation of the target limb at 6 months is 
very encouraging.

Dr. Mustapha: Marked improve-
ment in Rutherford classification was 
seen at 6 months. The Rutherford 4-5 
and Rutherford 6 groups demonstrated 
continued improvement from 30 days to 
6 months, while Rutherford 2-3 main-
tained improvement at 6 months. Patients 
also completed two QoL questionnaires 
at 6 months, and results demonstrated 
improved quality of life from baseline 
across all Rutherford Classes. 

Dr. Davis: Rutherford 6 patients 
continued to demonstrate a low inci-
dence of major adverse events out to 6 
months. This tracks well with the origi-
nally reported low rates of significant an-
giographic complications in this patient 
cohort. Interestingly, the “severe” com-
plications that did occur with this group 
required zero bail-out stent utilization. 

Dr. Pliagas: The 6-month data re-
veals that the endovascular intervention 
shows beneficial and sustainable results; 
however, as surveillance continues, it will 
also help us understand when and where 
we may need to re-intervene.

 
3. What struck you as interesting or 
surprising in the 6-month results?

Dr. Mustapha: The results of this 
novel all-comers PAD study contin-
ue to suggest that “watchful waiting” 
in Rutherford 2-3 patients and “pri-
mary amputation” in Rutherford 6 pa-
tients may not be necessary — periph-
eral vascular interventions (PVI) can be 

successful in those patient populations 
as well. In addition, these data demon-
strate that on average, PVI can restore 
Rutherford 4-5 patients with CLI status 
to moderate claudicant status. Therefore, 
LIBERTY provides further evidence to 
support PVI treatment in Rutherford 4-5 
patients, with continued improvement of 
Rutherford classification and sustained 
quality-of-life results out to 6 months.

Dr. Pliagas: It was excellent to 
see that even at 6 months, the freedom 
from major amputation was 96.8% in 
Rutherford 4-5 patients. This reinforces 
the fact that our dedication to endo-
vascular revascularization, and the time 
and effort we put forth to revascularize 
these ischemic limbs, plays a meaning-
ful role in changing our patients’ lives 
for the better. 

Dr. Davis: It was interesting to see 
Rutherford 6 patients continue to do 
very well 6 months after their procedure. 
This study demonstrated excellent pro-
cedural results in this difficult patient set, 
including low rates of significant angio-
graphic complications and a remarkable 
78% of Rutherford 6 patients discharged 
to home rate. Combined with a posi-
tive trend in major adverse events at 6 
months, the LIBERTY data pushes the 
envelope that we really do need to treat 
these patients in need. 

Dr. Razavi: A lower prevalence of 
hyperlipidemia in Rutherford 6 patients 
was a surprise to me. Perhaps these pa-
tients receive more aggressive medical 
management as compared to claudicants, 
which unfortunately, is often seen as a be-
nign condition. 

4. What is your interpretation of the 
significance of the more patient-centric 
data points such as change in Rutherford 
class and Quality of life (QoL)? Dr. 
Davis: At 6 months, it’s impressive to see 
that all Rutherford Class patients main-
tained the improvement in QoL scores 
from baseline to 30 days. This speaks to the 
clinical significance from the patient’s per-
spective in terms of what revascularization 
can do for decreasing symptoms of PAD, 
while improving important physical and 
emotional aspects of their lives. 

Dr. Pliagas: Analysis of Rutherford 
2-6 patients indicates that their QoL 
scores improved across the board in all 
domains, again reinforcing the benefits of 
endovascular intervention. We can hon-
estly say that we are making a difference 
in these patients’ lives.

Dr. Razavi: Many prospective mul-
ticenter studies in “real world” patients 
lack QoL data. These data are not only 
important to us and our patients but also 
to payors. However, anatomic and physi-
ologic endpoints such as patency and an-
kle brachial index are important metrics 
for comparative analyses and assessment 
of technologies and devices producing 
incremental improvements. Hence it is 
crucial that studies report both types of 
data moving forward.

Dr. Mustapha: The significance of 
change in the Rutherford Class is the 
value associated with it. For the patients 
that saw improvement from Rutherford 
4-6 to Rutherford 3 or less, the primary 
value that comes to mind is the reduc-
tion in mortality, which tends to correlate 
with long-standing advanced Rutherford 
classification. Also, the reduction in 
Rutherford Class means an improve-
ment in the clinical status of the patient. 
It appears that the improved QoL, across 
the board, is directly proportional to the 
improved clinical status and reduced 
Rutherford Class. 

5. What impact will these data have 
on the current treatment guidelines, 
especially in regards to treatment of 
patients with claudication and CLI?

Dr. Mustapha: Two important up-
dates were recently published with the 
2016 AHA/ACC Guidelines3 on the 
Management of Patients with PAD.  The 
updated guidelines state, “Revascularization 
is a reasonable treatment option for patients 
with lifestyle-limiting claudication and an 
inadequate response to medical manage-
ment and exercise” (Class IIa). Additionally, 
“an evaluation for revascularization options 
should be performed by an interdisciplinary 
care team before amputation in the patient 

Table 1. High freedom from MAEs at 6 months across all Rutherford Classes. Kaplan-Meier method used to estimate 
event-free rates. MAE defined as death (≤30 days after the procedure), major amputation of the target limb, and TVR.

Continued on page 12
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with CLI” (Class I). We practice in a world 
with limited guidance on the benefit of en-
dovascular treatment over surgical bypass in 
these difficult patients. This is probably best 
exemplified by the ongoing BEST-CLI 
trial designed to address that very question. 
Progress is most certainly being made and 
it is encouraging to see real-world clinical 
data from studies like LIBERTY to support 
the 2016 AHA/ACC Guidelines. 

Dr. Pliagas: The data continue to 
reinforce the notion that a high level of 
commitment to treating CLI patients 

adds benefit to this population, and may 
result in limb salvage and overall im-
provement in their daily lives. Specifically, 
the LIBERTY data have shown us that 
skilled operators can safely intervene on 
all symptomatic PAD patients with low 
rates of significant angiographic compli-
cations and high rates of procedural suc-
cess. Hopefully this will prompt other 
vascular societies to take the LIBERTY 
data into consideration, and help them 
develop new strategies and algorithms 
for treatment of PAD and CLI. 

Dr. Razavi: Professional society 
guidelines are usually behind practice, 

especially in fields such as endovascular 
treatment, where rapid change is a rule 
rather than the exception. The impact of 
this type of robust real-world observa-
tional study is more on our daily prac-
tice than on guidelines. Having said that, 
however, quality data are always influen-
tial in changing guidelines.

Dr. Davis: Endovascular intervention 
of claudicant patients can be done with 
low risk and sustained benefits. We contin-
ue to hear fear of “making matters worse” 
and “shutting down already patent run-off 
vessels” as a reason for not treating clau-
dicant patients, opting instead for medical 

management and monitoring. LIBERTY 
demonstrated that endovascular treatment 
led to worsened runoff status in only 5.9% 
of Rutherford 2-3 patients. At 6 months, 
the freedom from MAE rate was 92.6% in 
Rutherford 2-3 patients and these patients 
had a mean improvement of 1.4 ± 1.2 in 
Rutherford class from baseline.

6. What are you most excited about 
and what do we hope to learn 
regarding the future data releases 
for LIBERTY?

Dr. Razavi: I was pleased to see the 
sustained improvement of patients from 
30 days to 6 months, especially in re-
gards to the CLI patients with multiple 
comorbidities. I am particularly interest-
ed in seeing if these favorable 6-month 
outcomes continue to show durabil-
ity through 12 months and beyond. The 
long-term economic analysis will also be 
interesting and will shed much-needed 
light on the cost-effectiveness of different 
treatment strategies. 

Dr. Davis: I think one of the most ex-
citing aspects of LIBERTY are the limb 
salvage and wound status sub-analyses. 
Seventeen percent (17%) of Rutherford 6 
patients enrolled in LIBERTY had a pre-
vious major amputation of the non-target 
limb, demonstrating the advanced disease 
state captured in this trial and the potential 
opportunity for earlier intervention. We al-
ready see freedom from major amputation 
in 99.8% of Rutherford 2-3 patients, 96.8% 
of Rutherford 4-5 patients, and 87.1% of 
Rutherford 6 patients at 6 months, so it will 
be interesting to see if this limb salvage is 
sustained and if we see a corresponding im-
provement in wound status.

Dr. Pliagas: I truly liked that the 
LIBERTY study not only included all 
symptomatic PAD patients, but also includ-
ed various sites of care such as large teach-
ing hospitals, small community hospitals, VA 
centers, and outpatient clinics. With 15 of 
the 51 LIBERTY sites being office-based 

Figure 2. All Rutherford Classes demonstrated improvement in VascuQoL scores at 30 days, and either continued to 
improve or maintained improvement through 6 months.

Figure 3. Patients in all Rutherford classes showed improvement in Rutherford class from baseline to 30 days. Rutherford 4-5 and Rutherford 6 patients showed 
continued improvement from 30 days to 6 months, while Rutherford 2-3 patients maintained improvement at 6 months.

ROUNDTABLE from page 11
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labs, I am excited for additional analysis re-
garding the type of patients and procedures, 
as well as the safety of endovascular proce-
dures, at this particular site of care. 

Dr. Mustapha: For the first time, 
we were able to look at a trial involving 
Rutherford 6 patients with scientific op-
timism. It is hard not to be hopeful, and 
here is some insight as to why.  Rutherford 
Class 6 and some rare cases of complex 
Rutherford 5 patients have been forever 
labeled as “no option” patients. Today I can 
say with confidence that the “no option” 
label can be removed. This is primarily 
based on the data we have seen thus far from 
LIBERTY, especially from the Rutherford 
6 arm. The fact that 78% of Rutherford 
6 patients were discharged home post-
revascularization reinforces new hope for 
patients with advanced CLI. LIBERTY 
shows us that at 6 months, the rates of 
death, major amputation, and TVR/TLR 
in Rutherford 6 patients were numerically 
similar to  Rutherford 4-5 patients, yet 
there would be no debate on the benefit 
of treating a Rutherford 4 or 5 patient. We 
should therefore think hard and look deep 
into every Rutherford 6 patient before 
scheduling a life-changing amputation. 

The data are clear. Endovascular revascu-
larization is the new hope for amputation-
free survival for the Rutherford 6 patient. 

7. How will you personally utilize 
these findings (i.e. Will you share 
these with diagnosing physicians 
in your area? Will this change your 
treatment strategy? Will this inform 
the design of new trials moving 
forward, etc.)?

Dr. Pliagas: The data collected by 
LIBERTY allow us to share with our col-
leagues our passion and commitment to 
limb salvage and the treatment of CLI. It 
reinforces the fundamental idea proposed 
all along by CLI experts that no one should 
undergo an amputation without a selective 
angiogram and intervention. Finally, we 
see the guidelines starting to follow suit 
and stipulate the need for endovascular 
assessment prior to an amputation. With 
the advent of new technology, LIBERTY 
data can serve as a baseline standard of cur-
rent endovascular treatment options when 
evaluating future technologies. 

Dr. Davis: I will communicate this with 
the local diagnosing physician community, 

including podiatrists at various upcoming 
meetings, to share the benefits of treating 
an under-studied and under-diagnosed pa-
tient population. We need to ensure that 
the diagnosing community is aware that 
we have come a long way in treating CLI 
patients, and that a limb salvage focus and 
partnership can lead to fewer amputations. 
We know that the disease is prevalent and 
the patients are out there, but we need to 
educate those upstream diagnosing physi-
cians as to the benefit of endovascular treat-
ment in order to more broadly affect this 
at-risk population.

Dr. Mustapha: The LIBERTY trial 
changes everything for CLI patients. It will 
absolutely change my practice to become 
more aggressive in treating severe and com-
plex patients. I will definitely share this find-
ing with all specialties to increase awareness 
about the benefit of treating Rutherford 
5-6 patients who do receive benefit from 
revascularization. Transmetatarsal amputa-
tion is not associated with mortality, but 
major amputation is. It is the responsibil-
ity of everyone that is aware of the posi-
tive findings of the LIBERTY trial to raise 
awareness so patients receive what might 
end up being a lifesaving procedure.

Dr. Razavi: All of the above. While 
LIBERTY may not be randomized data 
powered to show a significant advantage 
of one treatment over another, it adds sub-
stantial insight in to a much needed data 
gap in real-world, advanced PAD and CLI 
patients. This is a significant milestone in 
the medical community, because it pro-
vides both procedural and long-term eco-
nomic, qualitative, and clinical outcomes 
for a wide variety of PAD patients. These 
aspects will continue to guide our decision 
making and help inform the study design 
of future endovascular device trials. n
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have PAD.2 Critical limb ischemia (CLI) 
as diagnosed by various methods has an 
incidence of 500-1000 cases per million 
population, but these are acknowledged 
as old statistics.2,3 It is estimated that 1% 
of Americans over the age of 50 will 
manifest some presentation of CLI.4,5 
According to the United States Census 
Bureau, the population aged 65 and over, 
by 2020, is projected to be 83.7 mil-
lion. That is double the population that 
was accounted for just five years ago in 
2012.6 Recent analysis and projections 
by The Sage Group indicate that patients 
with CLI could grow to 2.8-3.5 million 
patients by the year 2020.7 The Journal 
of Vascular Surgery, in October 2009, 

predicted a 6.1% shortage of vascular 
surgeons by the year 2020.8 Additionally, 
there are reports of cardiology workforce 
shortages of as much as 33%, resulting in 
longer wait times for appointments and 
treatment.9,10 Let us be cognizant of the 
fact that not every vascular surgeon and 
every cardiologist treats critical limb isch-
emia. This will strain our existing and fu-
ture work force even more.

In the interventional suite or operat-
ing room, we all have noticed that CLI 
patients have multilevel and multivessel 
disease. The skill level required to treat 
complex, calcified, long chronic total oc-
clusions is significant. Not only are ad-
vanced techniques required to revascu-
larize the affected limb, but the process is 
lengthy and time-consuming. At times, 

treatment requires a staged approach and 
even hybrid procedures. There are many 
who believe that the diagnosis of CLI 
should carry a modifier indicating the 
complexity of the case. Centers of ex-
cellence for CLI and advanced PAD are 
emerging. These usually require a mini-
mum of 100 CLI procedures per year.4 
Several studies are ongoing to deter-
mine which approaches are best suited 
for patients and their presentation.11-13 
The scope of all these individual stud-
ies is too extensive to present here, but 
there are conclusions indicating that a 
well performed, adequately sized venous 
bypass with satisfactory proximal and 
distal landing zones is the current gold 
standard.1 Concurrently, we have studies 
indicating that when physicians are free 

to individualize therapy to CLI patients, 
the endovascular-first approach achieved 
a noninferior amputation-free survival 
compared with bypass surgery.2 The de-
bates will certainly continue and in this 
era of complex interventions, hybrid 
techniques, and advanced endovascu-
lar techniques, we may eventually real-
ize that no single trial can proclaim one 
technique to be the superior approach.1 
Perhaps one day, as we change our end-
points and study objectives, we will learn 
from each other and realize that we had 
more options than we anticipated. 

As we consider best treatment algo-
rithm, we also have to take into account 
the reality that 36-50% of patients un-
dergo contralateral amputation within 
two years following their first amputa-
tion (Figure 1).14 I follow our amputees 
in our vascular clinic so that we can be 
aware of any progression of atheroscle-
rotic disease in the contralateral limb 
(Figure 2). Prior angiograms are avail-
able and the findings are documented in 
the operative notes. Future thoughts and 
recommendations are usually included 
in my concluding paragraph. 

The Vascular Group of New England 
published a study in 2012 showing that 
patients with contralateral amputations 
who presented with CLI in the intact 
limb had increased rates of adverse events, 
increased rates of one-year graft occlu-
sions, and increased rates of limb loss.15 
Taking this into account, the Vascular 
and Endovascular Divisions at Beth Israel 
Deaconess and Harvard concluded that 

PLIAGAS  from page 1

Figure 1. Within two years following their first amputation, 36-50% of patients will undergo a contralateral amputation.

Continued on page 15
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practices at WakeMed Health 
and Hospitals in Raleigh, North 

Carolina. He completed his residency in 
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medical residency, at Wayne State Uni-
versity in Detroit, Michigan. He com-
pleted cardiovascular and interventional 
cardiology fellowships at the Univer-
sity of North Carolina at Chapel Hill.  
He pursued further formal interven-
tional training in peripheral vascular and 
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Medical Center, New Orleans, Louisi-
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Dr. Rao is board certified in Internal 
Medicine, Cardiovascular Disease 
and Interventional Cardiology. He 
is a Registered Physician in Vascular 
Interpretation (RPVI) and an 
American Board of Vascular Medicine 
diplomate in Vascular Medicine and 
Endovascular Medicine. 

Dr. Rao shares with Dr. Mustapha his 
experiences developing a multidisciplinary 
CLI Center of Excellence at his institution.

What drove you to pursue the 
creation of a CLI Center?

In North Carolina, we have a large 
population of patients with critical limb 
ischemia for whom amputation has, his-
torically, been the most common option. 
Lower limb amputation often has rami-
fications beyond the patient’s immediate 
physical health, namely, the patient’s men-
tal health, loss of mobility, loss of produc-
tivity, and increased long-term mortality. 
Most physicians are unaware of the fact 
that patients with CLI often have 1-year 
prognoses worse than that of some cancers.

In this context, the concept of a mul-
tidisciplinary CLI Center of Excellence 

to prevent amputations in patients with 
critical limb ischemia not only becomes 
an urgent societal need, but also, in my 
opinion, a moral imperative.

What factors led to your decision to 
focus on CLI?

As somebody who immigrated to the 
United States many years ago from a de-
veloping country with few resources, I 
feel incredibly grateful to the people of 
this wonderful state, who have provided 
me much personal and professional hap-
piness. Much like others, I have my own 
personal experience that was a strong 
motivating factor. My own grandmother, 
who was a very vibrant and productive 
member of society, unfortunately became 
a CLI statistic. She died within 8 months 
of a below-knee amputation. These life 
experiences have certainly steered me to 
focus my efforts on CLI care.

What outside factors have 
influenced you in your path to 
become a CLI specialist and 
develop a CLI Center?

My personal experiences aside, I have 
to say the strongest motivating factor has 
been the constant motivating presence of 
you, my friend, and someone I feel for-
tunate to call my mentor.  Your pioneer-
ing efforts in advancing CLI care in our 
country are second to none.  Your passion 
has certainly rubbed off on me.  

Thank you. I am humbled by your 
words and would be remiss if I 
didn’t mention that the success of 
the program I am fortunate enough 
to be involved in is definitely due to 
a team effort. 
You have developed a multispecialty 
CLI Center. What are the different 
specialties representing the mem-
bers of your CLI team?

At WakeMed Health and Hospitals, we 
truly believe in the concept of a mul-
tidisciplinary approach to amputation 
prevention. Our team includes vascular 
interventionalists, hospitalists, vascular 
surgeons, podiatrists, wound care thera-
pists, infectious disease physicians, and 
primary care physicians, who have the 
difficult task of managing the patients’ 
many comorbidities.

How were you able to bring the 
different specialties together?

This is often the most challenging part of 
starting a CLI program. Multidisciplinary 
CLI care is such a new concept that edu-
cating your colleagues and convincing 

them to change their practice patterns is 
the most challenging part of putting to-
gether a team. However, polite persis-
tence with data supporting your efforts 
and sharing good patient outcomes can 
often change the most resistant mind sets. 
Conducting lunch or dinner presentations 
with the goal of educating your peers on 
the latest data for CLI therapy is one way 
to start off your efforts. 

Are there similar centers you hope 
to emulate?

There are several hospitals across the 
nation where great CLI work is be-
ing done, but I think the gold standard 
is definitely your program at Metro 
Health University of Michigan Health in 
Wyoming, Michigan.

Again, thank you, Dr. Rao.  
The combined efforts of a 
multidisciplinary team can truly 
make a difference. How do the 
members of the differing specialty 
areas work together?

We utilize EPIC, an integrated elec-
tronic medical record system across 
WakeMed, that makes communication 
between the various arms of the CLI 
program quite easy and efficient. We also 
have identified a coordinator who watch-
es over the entire process to make sure 
that things don’t fall through the cracks.

For more urgent needs, there is, of 
course, the old-fashioned way of con-
tacting each other directly by telephone 
about the patient’s care. Our goal, over 
the next several months, is to have a for-
mal CLI clinic that is staffed by an endo-
vascular specialist and a wound care ther-
apist, and with immediate imaging ability 
so that it can truly be a “one-stop shop” 
for patients and referring  physicians.  

How is wound care provided to 
your CLI patients?

We have a formal wound clinic in 
which trained therapists, under the su-
pervision of a vascular surgeon or the 
referring podiatrist, provide wound care. 
For minor dressing changes, our clinics 
are staffed with medical assistants with 
the necessary resources and training. 

Was the development of a CLI 
Center a major paradigm shift in 
care for your institution?  

As I mentioned, this is often the most 
difficult part of setting up a CLI Center 
— changing established practice patterns. 
It took multiple meetings with the ad-
ministration to share the data and need 
for a CLI program, allocate resources, and 
formalize our efforts. From the initial 
shock of listening to a physician say that 
the only treatment for CLI is “Fem-Pop 
Chop,” we have come a long way in pro-
viding data-driven, state-of-the art care 
for these sick patients. 

Can you share lessons learned 
during this endeavor?

Setting up a CLI program is the most 
difficult professional task I have ever 
undertaken. Convincing the adminis-
tration of the need for an amputation 
prevention program and then bringing 
the various specialties to the table to 
build a program is a much more difficult 
task then one would think. One needs 
physicians with the requisite endovas-
cular skills, mountains of patience, well-
trained cath lab technologists, and a true 
“team building” mindset and approach 
to building a CLI program.

CLI Center of Excellence – 
Interview With 
Dr. Siddhartha Rao 
With J.A. Mustapha, MD

Siddhartha Rao, MD
Identify partners in your ultrasound lab — RVTs, cath lab nurses, and technologists that 
share your passion for CLI care —and invest time in their training.

Continued on page 15
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Has the institution of a 
multi-specialty approach to 
CLI care changed outcomes for 
your patients?  

Our preliminary data certainly sug-
gests markedly improved outcomes for 
patients. We have had recanalization rates 
of exceeding 80% in complex chronic 
total occlusions involving the arteries 
above and below the knee, thereby pro-
viding the first step in improving patient 
outcomes. Close follow-up with podia-
trists and wound care therapists, along 

with robust risk factor modification, have 
certainly led to dramatically improved 
outcomes in the last year since we have 
formalized our program. 

What are your next steps?
From a personal perspective, I hope 

to continue to learn new skills that will 
help me improve patient outcomes. From 
an institutional perspective, our immedi-
ate focus, over the next several months, 
is to set up a formal CLI clinic so that 
the entire process, starting from initial 
patient contact with the referring phy-
sician to revascularization and wound 

healing, becomes a smooth and stream-
lined process.

What advice can you give to 
a physician and/or institution 
planning to initiate a CLI Center?

Be patient. Pay your dues. The first 
thing you need to do, as a physician, is 
to hone your endovascular skills. This will 
take a lot of effort. It is my firm belief 
that you cannot be a CLI endovascular 
expert without being comfortable with 
ultrasound-guided antegrade femoral ar-
tery access and pedal access. Familiarize 
yourself with the necessary equipment, 

tips, and  tricks that will increase your 
chances of success when performing 
these complicated procedures. Identify 
partners in your ultrasound lab — RVTs, 
cath lab nurses and technologists — that 
share your passion for CLI care and in-
vest time in their training. Reach out to 
your colleagues from other specialties and 
share your data and outcomes so that you 
have support within your institution. You 
cannot have a CLI Center of Excellence 
without a “team” approach. n

Dr. Rao can be reached at Rao.
Siddhartha@gmail.com
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all patients should undergo close surveil-
lance and counseling to help prevent sub-
sequent amputations in their contralateral 
limb.16 With this in mind, when hemo-
dynamic lesions threaten the contralateral 
limb, my treatment protocol is to take 
these patients to the endosuite, where I 
intervene early in hopes of salvaging the 
remaining limb. In a similar scenario, be-
cause of the known progression of dis-
ease in the opposite limb, if, after initial 

salvage, a hemodynamic lesion is found 
in the contralateral limb, I then offer a 
separate staging procedure whereby the 
lesion is addressed. This is consistent with 
the finding that more than half of patients 
with CLI who end up with amputations 
usually do not have any intervention or 
workup the prior year.17 

So, my philosophy is simple and leads 
me to the following algorithm: I saved 
one limb from CLI and I will now pro-
ceed to intervene on the contralateral 
limb which is in what I consider to be 
in a “pre-CLI state.” Amputations cost 

the system significantly and bilateral am-
putations cost even more, imposing both 
financial and psychosocial strain on the 
family and our medical system.

Awareness and prevention have to be 
continuous and ongoing while we carry 
out our daily limb salvage procedures. 
Our role as vascular specialists who treat 
CLI is to prevent unnecessary amputa-
tions and improve quality of life.4 A team 
approach must be put in place that will 
contribute to patient, general public, and 
physician awareness. This helps with pa-
tient identification, coordination of care, 
providing clinical outpatient testing and 
evaluation, and long-term follow up. This 
streamlined approach allows the patient 
with critical limb ischemia to enter the 
system. The referral process must be ef-
fortless to accommodate the busy refer-
ring physician. This approach also requires 
educating the community you serve. The 
program you help set up will require your 
oversight and input.

Lower extremity ulcerations are a vas-
cular emergency and should undergo 
prompt evaluation. Up to 50% of CLI 
patients undergo amputation without a 
previous diagnostic or therapeutic en-
dovascular intervention.18 Most of the 
world-wide health systems, including 
England, Australia, Sweden, and Italy, have 
instituted this multidisciplinary team al-
gorithm with great success and have no-
ticed a decrease in their amputation rates 
of up to 51%.19 

Going forward, the multidisciplinary 
team helps build awareness and promotes 
widespread prevention throughout the 
community. Physicians with a passion for 
CLI and limb salvage will lead the way to 
improve the quality of life of our patients. 
CLI will continue to rise annually over the 
next 10-14 years. New techniques and de-
vices will emerge to assist us in the daily 
challenge that we face. In the past we had 
underestimated the impact of CLI on our 
health system, but with new studies, obser-
vations, and patient demographics, we are 
now ready to take on the CLI revolution. 

It is now Friday morning, and the 
phone rings with another referral for a pa-
tient with Rutherford 5 ischemic lesions. 
I do what we all do; work the patient into 
an already full office schedule and start the 
workup in order to salvage his limb. n
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Figure 2. This patient’s contralateral limb will undergo close surveillance and 
early intervention if a hemodynamic lesion is identified.
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a revascularization approach. Inadequate 
saphenous vein conduits limited the sur-
gical revascularization options to non-
autologous conduit such as homografts 
and prosthetic grafts. As a general rule, the 
patency of bypass grafts declines with the 
incorporation of non-autologous graft 
and with the need for more distal infrap-
opliteal anastamosis sites. A meta-analysis 
of a pooled series showed that the 2-year 
patency of an infrapopliteal PTFE graft is 
32% compared to 76% for an in-situ vein 
bypass.  The frequently referenced BASIL 
trial demonstrated that overall survival and 
limb salvage was inferior with prosthetic 
material compared to a venous conduit. 
Novel graft materials have yet to bridge 
this gap.

Advances in endovascular techniques 
and technologies have rendered the vast 
majority of lesions amenable to percu-
taneous revascularization. The technical 
success of endovascular intervention for 
even the longest femoropopliteal lesions 
has been reported to be as high as 95%. 
However, despite these advances, the cor-
relation between technical success and 
patency, and the correlation between 
patency and limb salvage, is numerically 
less compelling. Yet the primary patency 
rates of very long femoropopliteal occlu-
sive disease at 1 year was reported to be 
63% in one study, a number that has been 
reproduced in a number of other works. 
Despite the apparent differences in pri-
mary patency between endovascular and 
surgical therapies, the limb salvage rates 
of the two therapies appear to be statis-
tically comparable. The two most com-
mon explanations for this are: (1) only 
a short period of enhanced perfusion is 
needed to achieve limb salvage; or (2) 
while endovascular patency rates are low-
er, secondary interventions help achieve 
comparable rates of limb. Whatever the 
reason, at the current time, revasculariza-
tion strategy should be based upon an 
integrated patient, wound, and anatomic 
assessment (Table 3).  

BACK TO THE CASE: TREATMENT
After the above assessment, the decision 

was made to attempt percutaneous revas-
cularization. Contralateral femoral access 
was obtained with a 6 Fr, 45 cm sheath. 
The posterior tibial artery was accessed 
proximal to the medial malleolus using ul-
trasound guidance and a 4 Fr pedal sheath 
was placed (Cook). A 260 cm, .035-inch, 
straight stiff Glidewire (Terumo) and an 
angled 135 cm, .035-inch support catheter 
(Navicross, Terumo) were used to traverse 
the proximal superficial femoral artery cap. 
As the wire became immediately extralu-
minal, the catheter and wire were used 
to blunt dissect to the level of the pop-
liteal artery. A 260 cm, .18-inch V18 wire 
(Boston Scientific) was advanced from the 
posterior tibial sheath with the support of 
a 90 cm, 0.18-inch CXI catheter (Cook). 

Figure 3. Diagnostic angiogram. 
The ostial superficial femoral artery 
occlusion was flush at the ostium 
(Panel A, arrow). The proximal cap 
was concave in contour. Note the 
complete occlusion of the super-
ficial femoral and popliteal artery 
demonstrated by the absence of 
distal reconstitution at the level of 
the knee (Panel B).  

A

B

Table 1.  Wound characteristics
WOUND CHARACTERISTICS 

WIfI Score Wound
2*

Ischemia
3**

Infection
2***

Composite Score
7

Risk Interpretation

Rate of Major Amputation 33%

Rate of RAS 57%

Mortality 22%
Using WIfI score to assess risk of major amputation, RAS, and mortality.2 
Recent work has sub-stratified patients’ composite scoring into three larger 
groups.1-3. 4-6, 7-9 The discussed patient’s score places him in the highest risk category.   
* Deep ulceration and digital gangrene (Wound grade 2)
** Toe pressures of <30 mmhg  (Ischemia grade 3)
*** Local infection without systemic signs (Infection grade 2)
 

Table 2.  Patient Characteristics
PATIENT CHARACTERISTICS Surgery Endovascular

MI risk with infrainguinal surgical 
bypass

7.8% ✔

CIN risk 26.1% ✔

Hemodialysis risk 1.09% ✔

Autologous venous conduit 
available

No ✔

Patient characteristics valuable to the selection of various revascularization strate-
gies. Integrating quantitative risk scores such as the above must be performed on 
a case-by-case basis. 
MI = myocardial infarction; CIN = contrast-induced nephropathy. 

Table 3.  Lesion characteristics
LESION CHARACTERISTICS Surgery Endovascular

TASC II D lesion* Yes ✔*

Antegrade access possible No ✔

Proximal and/or distal cap favorable 
(concave)

Yes ✔

Lesion length >30cm ✔

Heavily calcific** Yes ✔

2 or more vessel runoff *** Yes ✔

Pedal artery amenable for access Yes ✔

2 year patency of infra-popliteal 
PTFE graft5

32% ✔

Shown is a list of easily assessed lesion characteristics using non-invasive vascu-
lar imaging and diagnostic angiography. 
* Advances in technique and technology have rendered almost all lesions ame-
nable to percutaneous revascularization.
**Favors surgical if spares potential anastomoses.
***Diminishes harms of theoretical pedal vessel compromise associated with 
pedal access.

A B C

Figure 4. Virtual true lumen creation. “Virtual true lumen” creation was performed using the 4.0 x 80 mm balloon passed 
from the pedal sheath and the Outback (Cordis) reentry catheter passed via the femoral artery sheath. The needle punc-
tured the balloon (arrow) and the wire was passed into the ruptured balloon lumen where it was trapped. The wire was 
then externalized via the pedal sheath, facilitating balloon and stent placement from the femoral artery sheath.    

GALMER from page 4

Continued on page 18
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This wire too became extraluminal. The 
wire and catheter were passed to the level 
of the popliteal artery. Despite numerous 
“flossing” attempts with various wires, the 
two subintimal planes could not be uni-
fied. Double balloon disruption was per-
formed with a 4.0 mm x 80 mm balloon 
(Sterling, Boston Scientific) passed over 
the .018-inch wire via the pedal sheath, 
and a 4.0 mm x 100 mm balloon passed 
over the .035-inch wire from the con-
tralateral femoral sheath. However, de-
spite this, the wires could not be unified. 
Then, “virtual true lumen” creation was 
performed using the 4.0 x 80 mm bal-
loon passed from the pedal sheath and 
the Outback (Cordis) reentry catheter 
passed via the femoral artery sheath. The 
needle punctured the balloon (Figure 
4) and the wire was passed into the 
ruptured balloon lumen, where it was 
trapped. Then the wire was external-
ized via the pedal sheath. A 5.0 mm x 
120 mm self-expanding nitinol stent was 
placed in the popliteal artery, followed 
by three additional 6.0 mm x 120 mm 
stents that were deployed in the SFA. 
The final angiography result is demon-
strated below (Figure 5).

POST-PROCEDURAL COURSE
Upon completion of the case, dual 

antiplatelet therapy with aspirin and 
clopidogrel was prescribed. The pa-
tient underwent transmetatarsal am-
putation 1 day after revascularization 
and was discharged the following day. 
Physiologic testing was performed 2 
weeks after surgery with marked im-
provement in PVR waveforms and 
ABI (Figure 6).  He successfully healed 

his post-operative amputation wound 
within 4 weeks (Figure 7). n
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2006;32(2):155-168. Epub 2006 Apr 17.

8. Guo X, Xue G, Huang X, et al. Outcomes of 
endovascular treatment for patients with TASC 
II D femoropopliteal occlusive disease: a single 
center study. BMC Cardiovasc Disord. 2015; May 
29;15:44.

9. Richards C and Schneider PA. Explaining the 
discrepancy between lower patency and high-
er limb salvage rates after revascularization for 
critical limb ischemia. Vasc Disease Management. 
2016;13(11):E245-E251.

Figure 5. Flow after intervention. The superficial femoral artery status post self-expanding stent placement (Panel A). The 
popliteal artery after self-expanding stent placement (Panel B). Patent posterior tibial and peroneal arteries after robust 
straight-line flow was successfully established into the tibioperoneal trunk (Panel C). Patent posterior tibial artery and 
plantar arteries at the ankle and foot with a non-diseased pedal arch filled via the lateral plantar artery (Panel D).  

A B C D

Figure 6. Comparison of ABI/PVR pre and post procedure. Single-level ankle-
brachial index and pulse volume recordings performed 24 hours post proce-
dure. A dramatic improvement in perfusion is demonstrated at the thigh, calf, 
ankle, and metatarsal levels.

A

B

C

Figure 7. Progression of wound 
healing. Initial photograph of the 
right foot prior to revascularization 
and transmetatarsal amputation 
(Panel A). Post-operative day 0 
status post transmetatarsal amputa-
tion with drain in place, which healed 
completely within four weeks (Panel 
B). At 6 months follow-up, complete-
ly intact right lower extremity noted 
without ulceration or gangrene after 
revascularization and transmetatar-
sal amputation (Panel C). 
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(https://cvquality.acc.org/NCDR-
Home.aspx) — provide a forum for bet-
ter understanding how treatments are 
used in everyday cardiovascular clini-
cal practice and offer the best way to 
understand how to guide quality im-
provement.6 Further, participation in 
registries and quality improvement has 
become a common lever for payers to 
use to drive patients and intervention-
alists toward the highest quality care, 
delivered to the right patients, at the 
lowest cost. And while physicians fo-
cus on target lesion revascularization or 
patency, registries will begin to study 
patient-centered outcomes, such as 
independent living status, ambulatory 
ability, and quality of life — the out-
comes that really matter most.

These structural evolutions — trials, 
registries, and outcomes assessments — 
have helped us to better understand the 
treatments we use to care for patients with 
CLI. These treatments continue to evolve 
as well. Novel drug delivery mechanisms, 

new atherectomy options, and innovative 
access techniques have made the long 
list of treatment options grow at an even 
faster rate for patients with CLI.   

Where will we go from here? New 
stent platforms, new local and systemic 
medical regimens, and new, less invasive 
approaches are likely to be the tools we 
will use to advance the care of patients 
with CLI in coming years.  

While these are certainly laudable 
goals, cardiovascular physicians should 
also not lose sight of two additional chal-
lenges — making these treatments less 
expensive and delivering them to the 
patients who need them the most. Costs 
for the treatment of CLI are among the 
greatest health care expenditures chal-
lenging the United States today, and pri-
oritizing treatments and treatment goals 
to better align with patient and societal 
goals is an achievable target. Should ev-
ery patient with claudication be treated 
with an expensive atherectomy proce-
dure, while others with advanced dia-
betes and CLI suffer limb loss at a rate 
several times higher than the national 
average? Should we focus our attention 

on a new bioabsorable stent platform, or 
find better ways to reach indigent, rural 
patients with foot ulceration and PAD, 
where simple treatments are likely to 
make a dramatic impact?  

Variation in the amputation risk has 
long been studied across the United 
States.7-10 And despite an improve-
ment in vascular care, disparities in the 
care of patients with advanced PAD 
remain significant. Who better to ad-
dress these challenges than our own 
specialty? If we can reduce amputa-
tion risk by more than 60% — as we 
have done in the last 15 years — then 
certainly we can determine how to 
deliver our life and limb-saving inter-
ventions where they are desperately 
needed most. Cardiovascular physicians 
have met many challenges before, and 
the challenge of disseminating vascular 
care more widely, more effectively, and 
with greater impact, lies ahead. While 
these woods are lovely, dark, and deep, 
we have miles to go before we sleep. n
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Figure 1. Fifteen-year trends in major lower limb amputation in Medicare patients. 

Figure 2. Enrollment trends in the BEST-CLI trial in 2016.
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April 5-9, 2017
SAWC - The Symposium on 
Advanced Wound Care
Location: San Diego, CA
Website: www.sawc.net

April 25-28, 2017
Charing Cross (CX)
Location: London, United Kingdom
Website: www.cxsymposium.com 

May 10-13, 2017
SCAI 2017  – Society of 
Cardiovascular Angiography 
& Intervention  
Location: New Orleans, LA
Website: www.SCAI.org

May 16-19,2017
EuroPCR
Location: Paris, France
Website: www.europcr.com

May 31-June 2, 2017
New Cardiovascular Horizons 
(NCVH)
Location: New Orleans, Louisiana
Website:   www.ncvh.org

May 31-June 3, 2017
2017 Vascular Annual Meeting
Location: San Diego, Calif.
https://vascular.org/
meetings/2017-vascular-annual-
meeting

June 1-2, 2017
MEET - Multidisciplinary 
European Endovascular Therapy
Location: Nice, France
Website: www.meetcongress.com

June 13-14, 2017
LINC New York @ Mount Sinai
Location: Mount Sinai Hospital, 
New York, NY
Website: www.leipzig-intervention-
al-course.com

June 14-17, 2017
Society for Vascular Medicine - 
28th Annual Scientific Sessions
Location: New Orleans, LA
Website:   www.vascularmed.org

June 29-July 2, 2017
(C3) Complex Cardiovascular 
Catheter Therapeutics
Location: Orlando, Florida
Website:  www.c3conference.net

July 24-27, 2017
Chicago Endovascular 
Conference (CVC)
Location: Chicago, Illinois
Website: www.cvcpvd.com

August 9-12, 2017
Amputation Prevention 
Symposium (AMP)
Location: Chicago, IL
Venue: Hilton Chicago
www.amptheclimeeting.com

September 16-20, 2017
CIRSE 2017: Cardiovascular and 
Interventional Radiological
Society of Europe Annual 
Congress
Location: Denmark
Website: www.cirse.org

September 11-15, 2017
Vascular InterVentional 
Advances  (VIVA 17)
Location: Las Vegas, Nevada 
Website: www.vivapvd.com

October 29-November 1, 2017
TCT 2017 – Transcatheter 
Cardiovascular Therapeutics
Location: Washington D.C
Website: www.tctconference.com

November 13-16, 2017
AIM Symposium
(25th Annual Symposium on 
Current Issues and New Tech-
niques In Interventional Radiology 
And Endovascular Therapy)
Location:  New York, New York
www.veithsymposium.org

November 14-18, 2017
VEITHSymposium
Location:  New York, New York
Website: www.veithsymposium.org 

December 7-9, 2017
VERVE Symposium
Location: Sydney, Australia 
www.vervesymposium.com

February 3-7, 2018
ISET 2018
2018 International Symposium on 
Endovascular Therapy
Location: Hollywood, Florida
Venue: The Diplomat Hotel
Website:  www.iset.org

JoAnn Dirtadian, a special friend and sup-
porter of the CLI Global Society, passed 
away unexpectedly on Tuesday, January 

3, 2017, with her loving family by her side.
Jo was born on October 10, 1964, in Utica, 

New York, the daughter of Donald and H. Suzanne 
Dirtadian. She was a 1982 graduate of UFA and re-

ceived her Associate’s Degree in Business from MVCC. Since 
2003, Jo was a valued member of Bard Peripheral Vascular, most 
recently as Convention Manager for the organization. In charge 
of over 250 meetings of all sizes, she took pride in her job and 
was passionate about events running smoothly. Jo’s enthusias-
tic contribution to the advancement of medical education will be 
greatly missed by the physicians and industry friends who have 
come to know her over the years.  

Jo was a devoted daughter, sister, and loyal friend to many. 
Her generous spirit helped many charities, especially those fo-
cused on underprivileged or sick children. Her work included 
spearheading the annual Angel Tree initiative that benefitted 
the Phoenix area Child Crisis Center, HopeKids, and Ronald 
McDonald House. Jo was instrumental in leading the annual 
Amanda Hope Rainbow Angels fundraising event. Jo was a 
friend to all who knew her. She will be greatly missed. n

In Memory of 
JO DIRTADIAN
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 Atherectomy System

Jetstream is engineered to predictably treat multiple 

morphologies, such as calcium, plaque or thrombus, commonly 

found in total occlusions. As reported in the Calcium Study, 

Jetstream’s front-cutting, expandable blades created statistically 

signifi cant luminal gain in severe and moderate calcium (post 
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helping minimize the risk of distal embolization.
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